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Neutral Naturalness

•  Practical definition: symmetry-based solutions to the little hierarchy problem  

    with color-less top partners 

•  Stabilize weak scale up to                            , large hierarchy 

 cured by SUSY / compositeness / clockwork /… 

• Phenomenology radically non-standard, poses challenges  

    to collider-based experiments  

• Important interplay with other areas, especially cosmo

⇤ ⇠ 5 - 10 TeV
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About this discussion

• I will cover a few selected aspects of Neutral Naturalness, 

focusing mostly on very recent work 

• Not a comprehensive review.  

   I expect you will contribute more topics to the discussion 

• No relaxion & related theories, although they may broadly fit in NN  

See dedicated sessions later in this workshop
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Singlet scalar top partners

• The top partner zoo

Curtin, Verhaaren 2015



Singlet scalar top partners

• The top partner zoo

In Folded SUSY, folded stops carry SM electroweak charges 
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Singlet scalar top partners

• The top partner zoo

Models with singlet scalar top partners? 
From zero to two:  

• The Tripled Top               Cheng, Li, Salvioni, Verhaaren 2018 

• The Hyperbolic Higgs     Cohen, Craig, Giudice, McCullough 2018
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Folded Supersymmetry

Z2
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Burdman, Chacko,  
Goh, Harnik 2016

• Folded SUSY 

• Orbifold extra dimension with 
Scherk-Schwarz SUSY breaking, only  
SM fermions + folded scalars have zero modes 

• An accidental SUSY is preserved 

• Contribution of top sector to Higgs mass 
vanishes exactly at 1-loop



Folded Supersymmetry

Z2
<latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit>

SU(3)A
<latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit>

SU(3)B
<latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit>

SU(3)A ⇥ SU(3)B ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit>

• Folded SUSY 

• Contribution of top sector to Higgs mass  
vanishes exactly at 1-loop 

• Protection of Higgs mass is “too effective:” 

   Gauge/gaugino 1-loop term dominates, 

   vacuum preserves EW symmetry 
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64⇡4R2
<latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit>

Cohen, Craig, Lou,  
Pinner 2015

Burdman, Chacko,  
Goh, Harnik 2016
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<latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit><latexit sha1_base64="6vaVuN91LLTwRfwrSGTz7bPquQk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqp5b9e4uKvXLPI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDb1Y13</latexit>

SU(3)A
<latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit><latexit sha1_base64="akkL1A0/Am52Xq2ARUwjyrkkCVo=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahgpRdFfRY8eKxotsW2qVk02wbmk2WJCuUpT/CiwdFvPp7vPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmilCfSC5VO8Saciaob5jhtJ0oiuOQ01Y4up36rSeqNJPi0YwTGsR4IFjECDZWaj341YvT3k2vXHFr7gxomXg5qUCORq/81e1LksZUGMKx1h3PTUyQYWUY4XRS6qaaJpiM8IB2LBU4pjrIZudO0IlV+iiSypYwaKb+nshwrPU4Dm1njM1QL3pT8T+vk5roOsiYSFJDBZkvilKOjETT31GfKUoMH1uCiWL2VkSGWGFibEIlG4K3+PIyaZ7XPLfm3V9W6md5HEU4gmOoggdXUIc7aIAPBEbwDK/w5iTOi/PufMxbC04+cwh/4Hz+AMYTjnY=</latexit>

SU(3)B
<latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit><latexit sha1_base64="c0mzFV6nTExZdiGOygodWUtZ7VM=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUqigi6LblxWNG2hDWEymbRDJ5MwMxFCqL/ixoUibv0Qd/6N0zQLbT1w4XDOvXPnHj9hVCrL+jYqK6tr6xvVzdrW9s7unrl/0JVxKjBxcMxi0feRJIxy4iiqGOkngqDIZ6TnT25mfu+RCElj/qCyhLgRGnEaUoyUljyzPizeyAUJpvDeaZ6feNee2bBaVgG4TOySNECJjmd+DYMYpxHhCjMk5cC2EuXmSCiKGZnWhqkkCcITNCIDTTmKiHTzYvEUHmslgGEsdHEFC/X3RI4iKbPI150RUmO56M3E/7xBqsIrN6c8SRXheL4oTBlUMZwlAQMqCFYs0wRhQfVfIR4jgbDSedV0CPbiycuke9ayrZZ9d9Fon5ZxVMEhOAJNYINL0Aa3oAMcgEEGnsEreDOejBfj3fiYt1aMcqYO/sD4/AGBbZPu</latexit>

SU(3)A ⇥ SU(3)B ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit><latexit sha1_base64="I0ZoXqKhnDTcmIEsLYI3CXUDfSA=">AAACJHicbVC7TsMwFHXKq5RXgJHFokJqlyopCJBYCiyMRZAWqYkix3Faq85DtoNURf0YFn6FhYGHGFj4Ftw0SNByJUvH55zre328hFEhDeNTKy0sLi2vlFcra+sbm1v69k5HxCnHxMIxi/mdhwRhNCKWpJKRu4QTFHqMdL3h5UTv3hMuaBzdylFCnBD1IxpQjKSiXP3sxqod1t1zaEsaEgEzO38z48QfT6WLcSGpa7P+47NqZt3Vq0bDyAvOA7MAVVBU29XfbD/GaUgiiRkSomcaiXQyxCXFjIwrdipIgvAQ9UlPwQipSU6WLzSGB4rxYRBzdSIJc/Z3R4ZCIUahp5whkgMxq03I/7ReKoNTJ6NRkkoS4emgIGVQxnCSGPQpJ1iykQIIc6p2hXiAOMJS5VpRIZizX54HnWbDNBrm9VG1dVzEUQZ7YB/UgAlOQAtcgTawAAYP4Am8gFftUXvW3rWPqbWkFT274E9pX9+q6qJI</latexit>

• Folded SUSY 

• Contribution of top sector to Higgs mass  
vanishes exactly at 1-loop 

• Protection of Higgs mass is “too effective:” 

   Gauge/gaugino 1-loop term dominates, 

   vacuum preserves EW symmetry 

�m2
H

⇡ +
21⇣(3)g2

64⇡4R2
<latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit><latexit sha1_base64="6EzQzwT1aWwd1LLhDYtigQBcJ0I="></latexit>

Can we build a model with accidental SUSY in pure 4D?

Burdman, Chacko,  
Goh, Harnik 2016

Cohen, Craig, Lou,  
Pinner 2015



A Tripled Top model

• Add two copies of the MSSM top sector,  

• Superpotential

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>

W = yt (QAHu
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c
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c
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<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>
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<latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit>

few TeV

Cheng, Li, Salvioni,  
Verhaaren 2018

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>



A Tripled Top model

• Add two copies of the MSSM top sector,  

• Superpotential 

• Leading soft masses

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>

W = yt (QAHu
c
A +QBHu

c
B +QCHu

c
C)

<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

+M(u0
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c
B + u0
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C)

<latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit>
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⇣
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|ũc

B |
2 + |ũc
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2
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<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

raise SM-colored stops lower SU(2)-singlet  
hidden stops

few TeV

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>

Cheng, Li, Salvioni,  
Verhaaren 2018



A Tripled Top model

• Add two copies of the MSSM top sector,  

• Superpotential 

• Leading soft masses

SU(3)A ⇥ SU(3)B ⇥ SU(3)C ⇥ SU(2)⇥ U(1)
<latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit><latexit sha1_base64="jATS4d70PIJ/rLlEqdLSNDs4y5Q=">AAACM3icbVDLSsNAFJ3UV62vqEs3g0VoNyWpBV1WuxFXFU1baEKZTKft0MmDmYlQQv7JjT/iQhAXirj1H5w2KWrrhYFzz7mvOW7IqJCG8aLlVlbX1jfym4Wt7Z3dPX3/oCWCiGNi4YAFvOMiQRj1iSWpZKQTcoI8l5G2O25M9fY94YIG/p2chMTx0NCnA4qRVFRPv761Sqfl3gW0JfWIgLE9mxlz0k9S6XIupWkj+Umr5blmlcxyTy8aFWMWcBmYGSiCLJo9/cnuBzjyiC8xQ0J0TSOUToy4pJiRpGBHgoQIj9GQdBX0kdrkxLP7EniimD4cBFw9X8IZ+7sjRp4QE89VlR6SI7GoTcn/tG4kB+dOTP0wksTH6aJBxKAM4NRA2KecYMkmCiDMqboV4hHiCEtlc0GZYC5+eRm0qhXTqJg3tWK9ltmRB0fgGJSACc5AHVyBJrAABg/gGbyBd+1Re9U+tM+0NKdlPYfgT2hf3wJHp2g=</latexit>

W = yt (QAHu
c
A +QBHu

c
B +QCHu

c
C)

<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

+M(u0
Bu

c
B + u0

Cu
c
C) + !(QBQ

0c
B +QCQ

0c
C)

<latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit><latexit sha1_base64="2GRq4YI3Sg4Ju2y0KbIaQ2x7njo="></latexit>

Vs = + em2
⇣
| eQA|2 + |ũc

A|
2
⌘
� em2

⇣
|ũc
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2 + |ũc

C |
2
⌘

<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

raise SM-colored stops lower SU(2)-singlet  
hidden stops

accidental SUSY 
for

m̃ ! M
<latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit><latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit><latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit><latexit sha1_base64="d+Kn9bBjM27LW/j9Q4DFV5fAloM=">AAAB+HicbVBNS8NAEN3Ur1o/WvXoZbEInkoioh4LXrwIFewHNKFsNpN26e4m7G6EGvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvDDlTBvX/XZKa+sbm1vl7crO7t5+tXZw2NFJpii0acIT1QuJBs4ktA0zHHqpAiJCDt1wfDPzu4+gNEvkg5mkEAgylCxmlBgrDWpV3zAeQS6m2DcJvhvU6m7DnQOvEq8gdVSgNah9+VFCMwHSUE607ntuaoKcKMMoh2nFzzSkhI7JEPqWSiJAB/n88Ck+tUqE40TZkgbP1d8TORFaT0RoOwUxI73szcT/vH5m4usgZzLNDEi6WBRnHNsXZyngiCmghk8sIVQxeyumI6IINTarig3BW355lXTOG57b8O4v6s3LIo4yOkYn6Ax56Ao10S1qoTaiKEPP6BW9OU/Oi/PufCxaS04xc4T+wPn8AVldktQ=</latexit>

few TeV

Cheng, Li, Salvioni,  
Verhaaren 2018

Z3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

Z2
<latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit><latexit sha1_base64="GrZo+zemdhAasCf5UKah4+GftHo=">AAAB+HicbVDLSsNAFJ34rPXRqEs3g0VwVZIi2GXBjcsK9oFtCJPJTTt0MgkzE6GGfokbF4q49VPc+TdO0yy09cCFwzn3zp17gpQzpR3n29rY3Nre2a3sVfcPDo9q9vFJTyWZpNClCU/kICAKOBPQ1UxzGKQSSBxw6AfTm4XffwSpWCLu9SwFLyZjwSJGiTaSb9dGxRu5hHCOH/ymb9edhlMArxO3JHVUouPbX6MwoVkMQlNOlBq6Tqq9nEjNKId5dZQpSAmdkjEMDRUkBuXlxdI5vjBKiKNEmhIaF+rviZzESs3iwHTGRE/UqrcQ//OGmY5aXs5EmmkQdLkoyjjWCV6kgEMmgWo+M4RQycxfMZ0QSag2WVVNCO7qyeuk12y4TsO9u6q3W2UcFXSGztElctE1aqNb1EFdRFGGntErerOerBfr3fpYtm5Y5cwp+gPr8weCMZLw</latexit>



A Tripled Top model
• Departures from accidental SUSY limit: 

                      + SUSY mass for doublets, 
     
   Both OK as long as                                    , for example 
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!2 ln
M2

!2
<latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit>

em 6= M
<latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit>

!(QBQ0c
B +QCQ0c

C) 2 W
<latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit>

p
M2 � em2, ! ⌧ TeV

<latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit>



A Tripled Top model
• Departures from accidental SUSY limit: 

                      + SUSY mass for doublets, 
     
   Both OK as long as                                    , for example 

• Hypercharge assignments for hidden fields are free,  

   only requirement is invariance of Yukawas 

            We can choose

�m2
H

⇡ �Ncy2t
8⇡2

!2 ln
M2

!2
<latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit><latexit sha1_base64="9J044QtS3yICah5EV8+j4nYag/w="></latexit>

W = yt (QAHu
c
A +QBHu

c
B +QCHu

c
C)

<latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit><latexit sha1_base64="NngBm5f/uk9SGJygcvUsV4yUIsE="></latexit>

QB,C ,⇠ 2�1/2 uc
B,C ⇠ 10

<latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit><latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit><latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit><latexit sha1_base64="XRrxmq4/e0p3Iz7CjIfx0CrUFno=">AAACK3icbVDLTsJAFJ3iC/FVdelmIjFxgdgSEl0S2LiERB4JxWY6ncKE6YOZqQlp+j9u/BUXuvARt/6HA3Qh4EkmOTnn3My9x4kYFdIwPrXcxubW9k5+t7C3f3B4pB+fdEQYc0zaOGQh7zlIEEYD0pZUMtKLOEG+w0jXGTdmfveRcEHD4F5OIzLw0TCgHsVIKsnW6y07qZcaaQlagvrQ8pEcOV5SSe3kCprXldSaTGLkwngRe8DLOTO1DVsvGmVjDrhOzIwUQYamrb9abohjnwQSMyRE3zQiOUgQlxQzkhasWJAI4TEakr6iAfKJGCTzW1N4oRQXeiFXL5Bwrv6dSJAvxNR3VHK2o1j1ZuJ/Xj+W3u0goUEUSxLgxUdezKAM4aw46FJOsGRTRRDmVO0K8QhxhKWqt6BKMFdPXiedStk0ymarWqxVszry4Aycg0tgghtQA3egCdoAgyfwAt7Bh/asvWlf2vcimtOymVOwBO3nF5Ywpgo=</latexit>

SM-singlet scalar 
top partners

em 6= M
<latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit><latexit sha1_base64="kV1hwFsaTnZgJo9D1LCkXS3eV9w=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkB/VY8OJFqGA/oAlls5m2SzebuLtRSuzBv+LFgyJe/Rve/Ddu2xy09cHA470ZZuYFCWdKO863tbS8srq2Xtgobm5t7+zae/tNFaeSQoPGPJbtgCjgTEBDM82hnUggUcChFQwvJ37rHqRisbjVowT8iPQF6zFKtJG69mHZe2AhaMZDyKIx9gTc4ety1y45FWcKvEjcnJRQjnrX/vLCmKYRCE05UarjOon2MyI1oxzGRS9VkBA6JH3oGCpIBMrPpveP8YlRQtyLpSmh8VT9PZGRSKlRFJjOiOiBmvcm4n9eJ9W9Cz9jIkk1CDpb1Es51jGehIFDJoFqPjKEUMnMrZgOiCRUm8iKJgR3/uVF0qxWXKfi3lRLtbM8jgI6QsfoFLnoHNXQFaqjBqLoET2jV/RmPVkv1rv1MWtdsvKZA/QH1ucPDsCVag==</latexit>

!(QBQ0c
B +QCQ0c

C) 2 W
<latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit><latexit sha1_base64="vjdX/43cHsLqRYe9IDU6uOgPlvg=">AAACIXicbVDLSgMxFM34tr6qLt0EW6EilJkutMuiG5cK9gGdOmTSOzWYx5BkhDL0V9z4K25cKOJO/BnT2kW1HjhwOOdeknvilDNjff/TW1hcWl5ZXVsvbGxube8Ud/daRmWaQpMqrnQnJgY4k9C0zHLopBqIiDm04/uLcd5+AG2Ykjd2mEJPkIFkCaPEOisq1suhEjAguHIdnWPH2zxMNROA6QifOONizBnzGIdM4nY5Kpb8qj8BnhfBVJTQFFdR8SPsK5oJkJZyYkw38FPby4m2jHIYFcLMQEroPRlA10lJBJhePrlwhI+c08eJ0o7S4ok7u5ETYcxQxG5SEHtn/mZj87+sm9mk3suZTDMLkv48lGQcW4XHdeE+00AtHzpBqGbur5jeEU2odaUWXAnB35PnRatWDfxqcF0rNU6ndayhA3SIKihAZ6iBLtEVaiKKHtEzekVv3pP34r17Hz+jC950Zx/9gvf1Dd+QoM4=</latexit>

p
M2 � em2, ! ⌧ TeV

<latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit><latexit sha1_base64="PWlaXhOsGzJUopERN+q2pTr8cGY="></latexit>

also: Kats, McCullough,  
Perez, Soreq, Thaler 2017



Necessary ingredients

• A particular structure for the soft masses 

Possible origins in next slide 

• A “coincidence” 

   If no mechanism can explain it, tuning  

Vs = + em2
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<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

soft SUSY-breaking SUSY

em ⇠ M
<latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit><latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit><latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit><latexit sha1_base64="5gBVwllD+20muAGFp1Lxy4yrZbo=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovgqiQiKLopuHEjVLAPaEKZTG7aoTNJmJkoJRQ3/oobF4q49Svc+TdO2yy09cDlHs65l5l7gpQzpR3n21pYXFpeWS2tldc3Nre27Z3dpkoySaFBE57IdkAUcBZDQzPNoZ1KICLg0AoGV2O/dQ9SsSS+08MUfEF6MYsYJdpIXXvfe2AhaMZDyMXIu8SeYgKbftO1K07VmQDPE7cgFVSg3rW/vDChmYBYU06U6rhOqv2cSM0oh1HZyxSkhA5IDzqGxkSA8vPJCSN8ZJQQR4k0FWs8UX9v5EQoNRSBmRRE99WsNxb/8zqZjs79nMVppiGm04eijGOd4HEeOGQSqOZDQwiVzPwV0z6RhGqTWtmE4M6ePE+aJ1XXqbq3p5XaRRFHCR2gQ3SMXHSGauga1VEDUfSIntErerOerBfr3fqYji5Yxc4e+gPr8wczbZaZ</latexit>

(� =
p

M2 � em2)
<latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit><latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit><latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit><latexit sha1_base64="F+Rr7WyErvLD03fep+ECaBOw8Nk=">AAACEHicbVA9SwNBEN2LXzF+RS1tFoOoheEuCNoIghY2QgSjgdwl7O1NzJK9D3fnlHDkJ9j4V2wsFLG1tPPfuIlX+PVg4PHeDDPz/EQKjbb9YRUmJqemZ4qzpbn5hcWl8vLKhY5TxaHBYxmrps80SBFBAwVKaCYKWOhLuPT7RyP/8gaUFnF0joMEvJBdRaIrOEMjdcqbW+4xSGT0gLr6WmF22q7RHereigBQyACycNiuDbc75Ypdtcegf4mTkwrJUe+U390g5mkIEXLJtG45doJexhQKLmFYclMNCeN9dgUtQyMWgvay8UNDumGUgHZjZSpCOla/T2Qs1HoQ+qYzZNjTv72R+J/XSrG772UiSlKEiH8t6qaSYkxH6dBAKOAoB4YwroS5lfIeU4yjybBkQnB+v/yXXNSqjl11znYrh7t5HEWyRtbJFnHIHjkkJ6ROGoSTO/JAnsizdW89Wi/W61drwcpnVskPWG+foRabqw==</latexit>

� ⇠ few ⇥ (100 GeV)
<latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit><latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit><latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit><latexit sha1_base64="jmS1/UZ8HpBkTJZ3E/D0NRFPc8k=">AAACHHicbVBNS8NAEN34bf2qevSyWIR6KYkWFLwICnpUsFVoQtlsJ3VxNwm7E6WE/hAv/hUvHhTx4kHw37ipFbT1wcDjvRlm5oWpFAZd99OZmJyanpmdmy8tLC4tr5RX15omyTSHBk9koq9CZkCKGBooUMJVqoGpUMJleHNU+Je3oI1I4gvspRAo1o1FJDhDK7XLu/4xSGTUN0JRXzG81iqP4K5PfRQKDK16rusf/Dgn0Oxvt8sVt+YOQMeJNyQVMsRZu/zudxKeKYiRS2ZMy3NTDHKmUXAJ/ZKfGUgZv2FdaFkaM7s4yAfP9emWVTo0SrStGOlA/T2RM2VMT4W2szjSjHqF+J/XyjDaD3IRpxlCzL8XRZmkmNAiKdoRGjjKniWMa2FvpfyaacbR5lmyIXijL4+T5k7Nc2veeb1yWB/GMUc2yCapEo/skUNySs5Ig3ByTx7JM3lxHpwn59V5+26dcIYz6+QPnI8vksug+w==</latexit>

⇠ few %
<latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit><latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit><latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit><latexit sha1_base64="58eTAZoJjCuo/3ltOOa5gViyrbY=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gKrkoiBQU3BTcuK9gHNKFMppN26EwSZiZKiV34K25cKOLW33Dn3zhps9DWAwOHc+7lnjlBwpnSjvNtrayurW9slrbK2zu7e/v2wWFbxakktEViHstugBXlLKItzTSn3URSLAJOO8H4Ovc791QqFkd3epJQX+BhxEJGsDZS3z72FBPIE1iPpMhC+jD1rpBX7dsVp+bMgJaJW5AKFGj27S9vEJNU0EgTjpXquU6i/QxLzQin07KXKppgMsZD2jM0woIqP5vln6KqUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKy0ADJinRfGIIJpKZrIiMsMREm8rKpgR38cvLpH1ec52ae1uvNOpFHSU4gVM4AxcuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP1IhlZU=</latexit>⇠ �2

M2
<latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit><latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit><latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit><latexit sha1_base64="LuR8zcoX6azjL58Utu6HzcvPazw=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiAxVUmFgLESDCxIRaIPqQmV4960Vp2HbAepivIDLPwKCwMIsbKz8Te4aQZoOZKto3Puvb4+XsyZVJb1bZSWlldW18rrlY3Nre0dc3evLaNEUGjRiEei6xEJnIXQUkxx6MYCSOBx6Hjjy6nfeQAhWRTeqUkMbkCGIfMZJUpLffPIyWekAgaZI1mAHV8QmjpXwBW5r2fpjb76ZtWqWTnwIrELUkUFmn3zyxlENAkgVJQTKXu2FSs3JUIxyiGrOImEmNAxGUJP05AEIN003yTDx1oZYD8S+oQK5+rvjpQEUk4CT1cGRI3kvDcV//N6ifIv3JSFcaIgpLOH/IRjFeFpNHjABFDFJ5oQKpjeFdMR0XEoHWBFh2DPf3mRtOs126rZt6fVxlkRRxkdoEN0gmx0jhroGjVRC1H0iJ7RK3oznowX4934mJWWjKJnH/2B8fkDAnicFQ==</latexit> M ⇠ few TeV

<latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit><latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit><latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit><latexit sha1_base64="yC/bw12+3/c1dF4iaukiVEiAJWk=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSiIFBTcFN26ECn1BE8pketMOnUnCzEQpIWs3/oobF4q49Qvc+TdOH4K2Hhg4c8693HtPkHCmtON8WUvLK6tr64WN4ubW9s6uvbffVHEqKTRozGPZDogCziJoaKY5tBMJRAQcWsHwauy37kAqFkd1PUrAF6QfsZBRoo3UtY9usKeYwJ4geiBFFsJ97l3+/OrQzLt2ySk7E+BF4s5ICc1Q69qfXi+mqYBIU06U6rhOov2MSM0oh7zopQoSQoekDx1DIyJA+dnklByfGKWHw1iaF2k8UX93ZEQoNRKBqRzvqOa9sfif10l1eOFnLEpSDRGdDgpTjnWMx7ngHpNANR8ZQqhkZldMB0QSqk16RROCO3/yImmelV2n7N5WStXKLI4COkTH6BS56BxV0TWqoQai6AE9oRf0aj1az9ab9T4tXbJmPQfoD6yPb34Imrs=</latexit>



The soft masses?

• Soft masses of equal size and opposite sign? 

1. First guess: D-term of an extra U(1), charges +1 and -1 

   But then, Yukawas are not invariant 

   Insertions of U(1)-breaking field will spoil the 
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<latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit>

Z3
<latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit>



The soft masses?

• Soft masses of equal size and opposite sign? 

1. First guess: D-term of an extra U(1), charges +1 and -1 

   But then, Yukawas are not invariant 

   Insertions of U(1)-breaking field will spoil the  

2. Working model: exploit properties of strongly coupled SUSY gauge theories 

   Top fields are composite mesons            of s-confining SQCD
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<latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit><latexit sha1_base64="BhM3iDUwkBvHAnjBxRHj/vqbUpo="></latexit>

Z3
<latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit><latexit sha1_base64="AB3NvJl0K2zD04NCRUlPXLkAyYc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVdK6qHpu1burVeq1PI4inMApnIMHV1CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDcv412</latexit>

SU(N), F = N + 1
<latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit><latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit><latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit><latexit sha1_base64="gBlKM/9Uv2i03HQScnrSVkP8qts=">AAAB/nicbVBNS8NAEJ3Ur1q/ouLJy2IRKkpJpKAXoSCIp1LRtIU2lM1mW5duPtzdCCUU/CtePCji1d/hzX/jts1BWx8MPN6bYWaeF3MmlWV9G7mFxaXllfxqYW19Y3PL3N5pyCgRhDok4pFoeVhSzkLqKKY4bcWC4sDjtOkNLsd+85EKyaLwTg1j6ga4H7IeI1hpqWvu3Tql2tFJ5yHBPrpCF6iGjpHdNYtW2ZoAzRM7I0XIUO +aXx0/IklAQ0U4lrJtW7FyUywUI5yOCp1E0hiTAe7TtqYhDqh008n5I3SoFR/1IqErVGii/p5IcSDlMPB0Z4DVvZz1xuJ/XjtRvXM3ZWGcKBqS6aJewpGK0DgL5DNBieJDTTARTN+KyD0WmCidWEGHYM++PE8ap2XbKts3lWK1ksWRh304gBLYcAZVuIY6OEAghWd4hTfjyXgx3o2PaWvOyGZ24Q+Mzx/CrJK2</latexit>

PiP j
<latexit sha1_base64="ujSHs5Kqd+lLQJIBOZ0S4ZhXOK8=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUmkoMuCG5cR7APaECbTSTt2kgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4ZxzZ+6cIOFMadv+tiobm1vbO9Xd2t7+weFR/bjRUyKVhHaJ4EIOAqwoZzHtaqY5HSSS4ijgtB/Mbgq//0ilYiK+1/OEehGexCxkBGsj+fWG6zM0EiZS3JC5uf/g15t2y14ArROnJE0o4fr1r9FYkDSisSYcKzV07ER7GZaaEU7z2ihVNMFkhid0aGiMI6q8bLF7js6NMkahkObEGi3U3xMZjpSaR4FJRlhP1apXiP95w1SH117G4iTVNCbLh8KUIy1QUQQaM0mJ5nNDMJHM7IrIFEtMtKmrZkpwVr+8TnqXLcduOXftZqdd1lGFUziDC3DgCjpwCy50gcATPMMrvFm59WK9Wx/LaMUqZ07gD6zPH/velFo=</latexit><latexit sha1_base64="ujSHs5Kqd+lLQJIBOZ0S4ZhXOK8=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUmkoMuCG5cR7APaECbTSTt2kgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4ZxzZ+6cIOFMadv+tiobm1vbO9Xd2t7+weFR/bjRUyKVhHaJ4EIOAqwoZzHtaqY5HSSS4ijgtB/Mbgq//0ilYiK+1/OEehGexCxkBGsj+fWG6zM0EiZS3JC5uf/g15t2y14ArROnJE0o4fr1r9FYkDSisSYcKzV07ER7GZaaEU7z2ihVNMFkhid0aGiMI6q8bLF7js6NMkahkObEGi3U3xMZjpSaR4FJRlhP1apXiP95w1SH117G4iTVNCbLh8KUIy1QUQQaM0mJ5nNDMJHM7IrIFEtMtKmrZkpwVr+8TnqXLcduOXftZqdd1lGFUziDC3DgCjpwCy50gcATPMMrvFm59WK9Wx/LaMUqZ07gD6zPH/velFo=</latexit><latexit sha1_base64="ujSHs5Kqd+lLQJIBOZ0S4ZhXOK8=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUmkoMuCG5cR7APaECbTSTt2kgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4ZxzZ+6cIOFMadv+tiobm1vbO9Xd2t7+weFR/bjRUyKVhHaJ4EIOAqwoZzHtaqY5HSSS4ijgtB/Mbgq//0ilYiK+1/OEehGexCxkBGsj+fWG6zM0EiZS3JC5uf/g15t2y14ArROnJE0o4fr1r9FYkDSisSYcKzV07ER7GZaaEU7z2ihVNMFkhid0aGiMI6q8bLF7js6NMkahkObEGi3U3xMZjpSaR4FJRlhP1apXiP95w1SH117G4iTVNCbLh8KUIy1QUQQaM0mJ5nNDMJHM7IrIFEtMtKmrZkpwVr+8TnqXLcduOXftZqdd1lGFUziDC3DgCjpwCy50gcATPMMrvFm59WK9Wx/LaMUqZ07gD6zPH/velFo=</latexit><latexit sha1_base64="ujSHs5Kqd+lLQJIBOZ0S4ZhXOK8=">AAAB+3icbVDLSsNAFL2pr1pftS7dDBbBVUmkoMuCG5cR7APaECbTSTt2kgkzE7GE/IobF4q49Ufc+TdO2iy09cDA4ZxzZ+6cIOFMadv+tiobm1vbO9Xd2t7+weFR/bjRUyKVhHaJ4EIOAqwoZzHtaqY5HSSS4ijgtB/Mbgq//0ilYiK+1/OEehGexCxkBGsj+fWG6zM0EiZS3JC5uf/g15t2y14ArROnJE0o4fr1r9FYkDSisSYcKzV07ER7GZaaEU7z2ihVNMFkhid0aGiMI6q8bLF7js6NMkahkObEGi3U3xMZjpSaR4FJRlhP1apXiP95w1SH117G4iTVNCbLh8KUIy1QUQQaM0mJ5nNDMJHM7IrIFEtMtKmrZkpwVr+8TnqXLcduOXftZqdd1lGFUziDC3DgCjpwCy50gcATPMMrvFm59WK9Wx/LaMUqZ07gD6zPH/velFo=</latexit>
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soft masses of IR composites soft masses of UV constituents
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SM glueball spectrum 
Chen et al., 2005

Hidden sector confinement

•  Hidden QCD confines at few GeV 

•  No light matter, low-energy spectrum  
    is made of glueballs 

•  Lightest glueball has JPC = 0++, decays 
    to SM via mixing with the Higgs 

•  Lifetime is much longer than e.g. in Folded SUSY (~ mm) 

•  Large uncertainty because depends on subleading soft masses
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SM glueball spectrum 
Chen et al., 2005

Hidden sector confinement

•  Hidden QCD confines at few GeV 

•  No light matter, low-energy spectrum  
    is made of glueballs 

•  Lightest glueball has JPC = 0++, decays 
    to SM via mixing with the Higgs 

•  Lifetime is much longer than e.g. in Folded SUSY (~ mm) 

•  Large uncertainty because depends on subleading soft masses
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<latexit sha1_base64="x+FeMEU+qgCxWyyn5z68nucwYGk="></latexit><latexit sha1_base64="x+FeMEU+qgCxWyyn5z68nucwYGk="></latexit><latexit sha1_base64="x+FeMEU+qgCxWyyn5z68nucwYGk="></latexit><latexit sha1_base64="x+FeMEU+qgCxWyyn5z68nucwYGk="></latexit>

SM glueball spectrum 
Chen et al., 2005

Assume hidden glueballs escape LHC detectors 

Look for other, more robust signatures
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<latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit>

SM-colored stops

Glueballs of hidden color

! EW-doublet supermultiplets

� SM-singlet stops

Spectrum of BSM states: 𝞓 < 𝟂



𝞓 < 𝟂 : light singlet scalars 

•  If              ,  the singlet scalars  
    are at the bottom of matter spectrum in hidden sectors 

•  Dominant production of heavier EW-doublet states, 
    they decay down to light scalar 

� < !
<latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

typical LHC event results  

in formation of               “squirky” pair s̃c�s̃
c⇤
�

<latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit>

How does the             system de-excite?s̃c�s̃
c⇤
�

<latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit>

decay of fermions  
requires light neutralino



𝞓 < 𝟂 : light singlet scalars 

•  If              ,  the singlet scalars  
    are at the bottom of matter spectrum in hidden sectors 

•  Dominant production of heavier EW-doublet states, 
    they decay down to light scalar 

� < !
<latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

typical LHC event results  

in formation of               “squirky” pair s̃c�s̃
c⇤
�

<latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit>

How does the             system de-excite?s̃c�s̃
c⇤
�

<latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit>

decay of fermions  
requires light neutralino

Glueball radiation is prompt, but does not complete de-excitation 

Residual kinetic energy

K . m0 ' 7⇤QCDB,C
 ! n ⇠ 10

<latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit><latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit><latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit><latexit sha1_base64="oiZ/3Xp4vixxqKwkfoxeEIzmNHg="></latexit>



𝞓 < 𝟂 : light singlet scalars 

•  If              ,  the singlet scalars  
    are at the bottom of matter spectrum in hidden sectors 

•  Dominant production of heavier EW-doublet states, 
    they decay down to light scalar 

� < !
<latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit><latexit sha1_base64="wy6krsAOSbKOjXjXfj3Weh4GGUE=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1IOHgh48VrAf0ISy2U7apbvZsLsRaugv8eJBEa/+FG/+G7dtDtr6YODx3gwz86KUM20879tZWV1b39gsbZW3d3b3Ku7+QUvLTFFoUsml6kREA2cJNA0zHDqpAiIiDu1odDP124+gNJPJgxmnEAoySFjMKDFW6rmV4Ba4IfgaB1LAgPTcqlfzZsDLxC9IFRVo9NyvoC9pJiAxlBOtu76XmjAnyjDKYVIOMg0poSMygK6lCRGgw3x2+ASfWKWPY6lsJQbP1N8TORFaj0VkOwUxQ73oTcX/vG5m4qswZ0maGUjofFGccWwknqaA+0wBNXxsCaGK2VsxHRJFqLFZlW0I/uLLy6R1VvO9mn9/Xq1fFHGU0BE6RqfIR5eoju5QAzURRRl6Rq/ozXlyXpx352PeuuIUM4foD5zPH5yDklw=</latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

typical LHC event results  

in formation of               “squirky” pair s̃c�s̃
c⇤
�

<latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit><latexit sha1_base64="sZDXEosOPm03jn5S0wNuiVfKw0o=">AAACFXicbZC7SgNBFIZn4y3G26qlzWAQLCTsimDKgBaWEcwFsjHMTk6SIbMXZs4KYdmXsPFVbCwUsRXsfBsnyRaa+MPAz3fO4cz5/VgKjY7zbRVWVtfWN4qbpa3tnd09e/+gqaNEcWjwSEaq7TMNUoTQQIES2rECFvgSWv74alpvPYDSIgrvcBJDN2DDUAwEZ2hQzz7zUMg+pDrredcgkd1zuoRSw5jGrGeXnYozE102bm7KJFe9Z395/YgnAYTIJdO64zoxdlOmUHAJWclLNMSMj9kQOsaGLADdTWdXZfTEkD4dRMq8EOmM/p5IWaD1JPBNZ8BwpBdrU/hfrZPgoNpNRRgnCCGfLxokkmJEpxHRvlDAUU6MYVwJ81fKR0wxjibIkgnBXTx52TTPK65TcW8vyrVqHkeRHJFjckpccklq5IbUSYNw8kieySt5s56sF+vd+pi3Fqx85pD8kfX5A6dVn7M=</latexit>

How does the             system de-excite?s̃c�s̃
c⇤
�

<latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit><latexit sha1_base64="593mBWCnQsomcmsp+/8QxKePIwg=">AAACIHicbZDLSgMxFIYz9VbrbdSlm2ARXJUZEeuyoAuXFewFOrVkMqdtaOZCckYowzyKG1/FjQtFdKdPY3pZaOuBwM/3n5Oc/H4ihUbH+bIKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1faZBikiaKBACe1EAQt9CS1/dDXxWw+gtIijOxwn0A3ZIBJ9wRka1LOr3vSOTEGQeyhkAJnOe941SGT3nC6hzDCmMe/ZZafiTIsuC3cuymRe9Z796QUxT0OIkEumdcd1EuxmTKHgEvKSl2pIGB+xAXSMjFgIuptNl8vpiSEB7cfKnAjplP6eyFio9Tj0TWfIcKgXvQn8z+uk2L/sZiJKUoSIzx7qp5JiTCdp0UAo4CjHRjCuhNmV8iFTjKPJtGRCcBe/vCyaZxXXqbi35+XaxTyOIjkix+SUuKRKauSG1EmDcPJInskrebOerBfr3fqYtRas+cwh+VPW9w8+9aTN</latexit>

The Higgs VEV gives a small mass mixing of singlet and doublet scalars, 

       inherits coupling to the Z
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<latexit sha1_base64="HbwE3AwKBWLr4r6K/NKSkxJomaI="></latexit><latexit sha1_base64="HbwE3AwKBWLr4r6K/NKSkxJomaI="></latexit><latexit sha1_base64="HbwE3AwKBWLr4r6K/NKSkxJomaI="></latexit><latexit sha1_base64="HbwE3AwKBWLr4r6K/NKSkxJomaI="></latexit>

s̃c�
<latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit><latexit sha1_base64="+l9PVVU/B2vSCkDxWFv559LecuU=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KokI9ljQg8cK9gPaGDabSbt088HuRCwhf8WLB0W8+ke8+W/ctjlo64OBx3szzMzzU8EV2va3sba+sbm1Xdmp7u7tHxyaR7WuSjLJoMMSkci+TxUIHkMHOQropxJo5Avo+ZPrmd97BKl4Et/jNAU3oqOYh5xR1JJn1obIRQC5KrzhDQikD8wz63bDnsNaJU5J6qRE2zO/hkHCsghiZIIqNXDsFN2cSuRMQFEdZgpSyiZ0BANNYxqBcvP57YV1ppXAChOpK0Zrrv6eyGmk1DTydWdEcayWvZn4nzfIMGy6OY/TDCFmi0VhJixMrFkQVsAlMBRTTSiTXN9qsTGVlKGOq6pDcJZfXiXdi4ZjN5y7y3qrWcZRISfklJwTh1yRFrklbdIhjDyRZ/JK3ozCeDHejY9F65pRzhyTPzA+fwBUi5SU</latexit>

~ 0.1 mm, still prompt

Z⇤
<latexit sha1_base64="Nqf/quOc2C+6g7cqvpaph7Sn7EM=">AAACBXicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPERiovXlkpxyPlt3ZyTLSk1PC79Ah2j5Dv6Az+CSuICEkVYazexqdyeIBdfGdb+ctfWNza3twk5xd2//4LB0dNzSUaIoa9JIRKoToGaCS9Y03AjWiRXDMBCsHUyuZ377kSnNI3ln0pj5IY4kH3KKxkqdyv1DD7Wp9Etlt+rOQVaJl5My5Gj0S9+9QUSTkElDBWrd9dzY+Bkqw6lg02Iv0SxGOsER61oqMWTaz+b3Tsm5VQZkGClb0pC5+nsiw1DrNAxsZ4hmrJe9mfivF4gJKoXp0n4zvPIzLuPEMEkX64eJICYis0jIgCtGjUgtQaq4/YDQMSqkxgZXtNF4y0Gsklat6rlV77ZWrrt5SAU4hTO4AA8uoQ430IAmUBDwDC/w6jw5b86787FoXXPymRP4A+fzBxSPmK0=</latexit><latexit sha1_base64="Nqf/quOc2C+6g7cqvpaph7Sn7EM=">AAACBXicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPERiovXlkpxyPlt3ZyTLSk1PC79Ah2j5Dv6Az+CSuICEkVYazexqdyeIBdfGdb+ctfWNza3twk5xd2//4LB0dNzSUaIoa9JIRKoToGaCS9Y03AjWiRXDMBCsHUyuZ377kSnNI3ln0pj5IY4kH3KKxkqdyv1DD7Wp9Etlt+rOQVaJl5My5Gj0S9+9QUSTkElDBWrd9dzY+Bkqw6lg02Iv0SxGOsER61oqMWTaz+b3Tsm5VQZkGClb0pC5+nsiw1DrNAxsZ4hmrJe9mfivF4gJKoXp0n4zvPIzLuPEMEkX64eJICYis0jIgCtGjUgtQaq4/YDQMSqkxgZXtNF4y0Gsklat6rlV77ZWrrt5SAU4hTO4AA8uoQ430IAmUBDwDC/w6jw5b86787FoXXPymRP4A+fzBxSPmK0=</latexit><latexit sha1_base64="Nqf/quOc2C+6g7cqvpaph7Sn7EM=">AAACBXicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPERiovXlkpxyPlt3ZyTLSk1PC79Ah2j5Dv6Az+CSuICEkVYazexqdyeIBdfGdb+ctfWNza3twk5xd2//4LB0dNzSUaIoa9JIRKoToGaCS9Y03AjWiRXDMBCsHUyuZ377kSnNI3ln0pj5IY4kH3KKxkqdyv1DD7Wp9Etlt+rOQVaJl5My5Gj0S9+9QUSTkElDBWrd9dzY+Bkqw6lg02Iv0SxGOsER61oqMWTaz+b3Tsm5VQZkGClb0pC5+nsiw1DrNAxsZ4hmrJe9mfivF4gJKoXp0n4zvPIzLuPEMEkX64eJICYis0jIgCtGjUgtQaq4/YDQMSqkxgZXtNF4y0Gsklat6rlV77ZWrrt5SAU4hTO4AA8uoQ430IAmUBDwDC/w6jw5b86787FoXXPymRP4A+fzBxSPmK0=</latexit><latexit sha1_base64="Nqf/quOc2C+6g7cqvpaph7Sn7EM=">AAACBXicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPERiovXlkpxyPlt3ZyTLSk1PC79Ah2j5Dv6Az+CSuICEkVYazexqdyeIBdfGdb+ctfWNza3twk5xd2//4LB0dNzSUaIoa9JIRKoToGaCS9Y03AjWiRXDMBCsHUyuZ377kSnNI3ln0pj5IY4kH3KKxkqdyv1DD7Wp9Etlt+rOQVaJl5My5Gj0S9+9QUSTkElDBWrd9dzY+Bkqw6lg02Iv0SxGOsER61oqMWTaz+b3Tsm5VQZkGClb0pC5+nsiw1DrNAxsZ4hmrJe9mfivF4gJKoXp0n4zvPIzLuPEMEkX64eJICYis0jIgCtGjUgtQaq4/YDQMSqkxgZXtNF4y0Gsklat6rlV77ZWrrt5SAU4hTO4AA8uoQ430IAmUBDwDC/w6jw5b86787FoXXPymRP4A+fzBxSPmK0=</latexit>

fSM
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𝞓 < 𝟂 : light singlet scalars 

➡  Resonant signals well below current sensitivity 

➡  Very light singlets are allowed

Cheng, Li, Salvioni,  
Verhaaren, in progress

•  Lowest-lying bound state is 0++ 

•  Annihilates dominantly to hidden glueballs, BR(SM) ~ % level 

• Extra particles from cascade decays may give further constraints

see also: Burdman, Lichtenstein 2018



Tripled Top parameter space

singlet scalar top partners

EW-charged  
supermultiplets

Drell-Yan 
 + 

resonant signals

� > !
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(1) SM-singlet scalar top partners 
• Tripled Top 
• Hyperbolic Higgs 

(2) ZN  models 

(3) Probing UV completions at colliders 

(4) Signatures in cosmology

Plan



The Hyperbolic Higgs

•  Tree-level potential with flat direction 

 Accidentally U(2,2) symmetric [not a symmetry of full theory] 

•  Each Higgs charged under its own  

  

 One massless mode,

V = � (|HH|2 � |H|2 � f
2)2
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<latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit><latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit><latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit><latexit sha1_base64="/Ota0NyYfmHd5AWAtHEg0YMEGD8=">AAAB+3icbVBNT8JAEJ36ifhV8ehlI5jAhbRc5EjixSNGCyTQkO2yhQ3bbbO7NZKGv+LFg8Z49Y9489+4QA8KvmSSl/dmMjMvSDhT2nG+ra3tnd29/cJB8fDo+OTUPit1VJxKQj0S81j2AqwoZ4J6mmlOe4mkOAo47QbTm4XffaRSsVg86FlC/QiPBQsZwdpIQ7tUufeqjdpAs4gq5FXdWmVol526swTaJG5OypCjPbS/BqOYpBEVmnCsVN91Eu1nWGpGOJ0XB6miCSZTPKZ9QwU2q/xsefscXRllhMJYmhIaLdXfExmOlJpFgemMsJ6odW8h/uf1Ux02/YyJJNVUkNWiMOVIx2gRBBoxSYnmM0MwkczcisgES0y0iatoQnDXX94knUbdderuXaPcauZxFOACLqEKLlxDC26hDR4QeIJneIU3a269WO/Wx6p1y8pnzuEPrM8ftGmSOw==</latexit>

hSM = cos ✓ h+ sin ✓ hH tan ✓ = v
vH
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Cohen, Craig, Giudice,  
McCullough 2018



The Hyperbolic Higgs

V = � (|HH|2 � |H|2 � f
2)2
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Cohen, Craig, Giudice,  
McCullough 2018
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|HH|2 � |H|2

�
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respects U(2,2) 

L = (ytH Q Uc + h.c.) + y
2
t

⇣
|HH · eQH|2 + |HH|2|eU c

H
|2
⌘
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•  Tree-level potential with flat direction 

 Accidentally U(2,2) symmetric [not a symmetry of full theory] 

•  Couplings to matter 

     quadratic 1-loop correction

Z2 symmetry



The Hyperbolic Higgs
Cohen, Craig, Giudice,  
McCullough 2018•  Diagrammatic cancellation
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The Hyperbolic Higgs
Cohen, Craig, Giudice,  
McCullough 2018•  Diagrammatic cancellation 

 Integrate out heavy radial mode
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A 5D SUSY completion

• U(1)X  D-term potential 
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A 5D SUSY completion

• U(1)X  D-term potential 

• SUSY breaking gives at 1-loop
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Phenomenology

• SM and hyperbolic Higgses mix, universal coupling modification 

   + non-universal correction for the top 

• Higgs decays to hyperbolic glue,

mt(H) = 1
⇡R arctan(⇡Ryt|H|)
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⇣
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yhPP
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= cos ✓ ' 1� 1.5% !2
⇣

TeV
vH
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Spontaneous breaking of hidden color?

• What if the hyperbolic stops get VEVs?
Cohen, Craig, Giudice,  
McCullough 2018hetL,R

H
i 6= 0
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Spontaneous breaking of hidden color?

• What if the hyperbolic stops get VEVs? 

  -  8 dofs eaten by massive                gluons 

  -  radial modes mix with the Higgs  

           →   Higgs is partly its own top partner 

• No hidden confinement, collider pheno strongly altered

Cohen, Craig, Giudice,  
McCullough 2018hetL,R

H
i 6= 0
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Source: 45worlds.com



Spontaneous breaking of hidden color?

• What if the hyperbolic stops get VEVs? 

  -  8 dofs eaten by massive                gluons 

  -  radial modes mix with the Higgs  

           →   Higgs is partly its own top partner 

• No hidden confinement, collider pheno strongly altered 

• For tripled top: only one light singlet stop in each sector, expect

Cohen, Craig, Giudice,  
McCullough 2018hetL,R

H
i 6= 0
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depending on VEV size, SU(2) glueballs  
may still be at bottom of the spectrum

SU(N) glueballs: Teper hep-th/9812187



Spontaneous breaking of hidden color?

• Broader question: 

Gauged and unbroken hidden            motivated by 2-loop naturalness, 

              

Yields very rich phenomenology, hidden hadron signatures 

• Does relaxing this (motivated) assumption lead to different signatures, 

as opposed to just subtracting some? 

If so, may be worthwhile to pursue…
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<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

��1 ⇠ 10% for ⇤ = 5 TeV
<latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit><latexit sha1_base64="AL3211rZqz29TJIsQ6l0mtuvdpU="></latexit>

Craig, Katz, Strassler,  
Sundrum 2015

gA
<latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit><latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit><latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit><latexit sha1_base64="M5F7Gi4gklT4FxVhlER8etB0lM8=">AAACAXicbVBNS8NAEJ34WetX1aOXYCt4kJL0oseKF48VTFtoQ9lsJu3SzSbsboQSevIHeNWf4E28+kv8Bf4Nt20O2vpg4PHeDDPzgpQzpR3ny1pb39jc2i7tlHf39g8OK0fHbZVkkqJHE57IbkAUcibQ00xz7KYSSRxw7ATj25nfeUSpWCIe9CRFPyZDwSJGiTaSVxsObmqDStWpO3PYq8QtSBUKtAaV736Y0CxGoSknSvVcJ9V+TqRmlOO03M8UpoSOyRB7hgoSo/Lz+bFT+9wooR0l0pTQ9lz9PZGTWKlJHJjOmOiRWvZm4r+eMqeMMFxar6NrP2cizTQKutgeZdzWiT2Lww6ZRKr5xBBCJTMP2HREJKHahFY2ybjLOaySdqPuOnX3vlFtXhYZleAUzuACXLiCJtxBCzygwOAZXuDVerLerHfrY9G6ZhUzJ/AH1ucPtdeWvA==</latexit>

(numerically, ~ weak gauge)
�m2

h ⇠ 3y2
t g

2
s

4⇡4 ⇤2
<latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit><latexit sha1_base64="XLVERuYUunKI0zciuJ2lbgGM9UU="></latexit>



A Twin Higgs example

• Top partners = right-handed neutrinos     

               cannot be exact, broken by Yukawas  

• Take e.g.                            invariant theory, 

Chacko, Goh, Harnik 2005

⇠ y⌫`HN
<latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit>

SU(3)N
<latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit>

N
<latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit>

SU(6)⇥ SU(4)
<latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit>

Qc =
�
tcA N c

i

�
⇠ (6̄,1)

<latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit>

Q =

0

@
qA ✓

Ni

Ei

◆
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A ⇠ (6,4)

<latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit> Lt = yt⌃QQ
c ! ytqAHt

c

A
+ ytf

⇣
1� H
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⌘
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c

i
+ . . .

<latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit>

SU(4)
h⌃i�! SU(3)

<latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit>

Batell, McCullough 2015

� yt

2f
<latexit sha1_base64="b3eGyXOqwp9JxEVDrksYOzkdwAc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi63gxZLkoseCF48V7Ae0IWy2m3bpZhN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemHKmtON8WxubW9s7u5W96v7B4dGxfVLrqiSThHZIwhPZD7GinAna0Uxz2k8lxXHIaS+c3s793iOViiXiQc9S6sd4LFjECNZGCuxa4woNI4lJPgt0kXtR0QjsutN0FkDrxC1JHUq0A/trOEpIFlOhCcdKDVwn1X6OpWaE06I6zBRNMZniMR0YKnBMlZ8vbi/QhVFGKEqkKaHRQv09keNYqVkcms4Y64la9ebif94g09GNnzORZpoKslwUZRzpBM2DQCMmKdF8ZggmkplbEZlgk4Q2cVVNCO7qy+uk6zVdp+nee/WWV8ZRgTM4h0tw4RpacAdt6ACBJ3iGV3izCuvFerc+lq0bVjlzCn9gff4A9TqTrg==</latexit><latexit sha1_base64="b3eGyXOqwp9JxEVDrksYOzkdwAc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi63gxZLkoseCF48V7Ae0IWy2m3bpZhN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemHKmtON8WxubW9s7u5W96v7B4dGxfVLrqiSThHZIwhPZD7GinAna0Uxz2k8lxXHIaS+c3s793iOViiXiQc9S6sd4LFjECNZGCuxa4woNI4lJPgt0kXtR0QjsutN0FkDrxC1JHUq0A/trOEpIFlOhCcdKDVwn1X6OpWaE06I6zBRNMZniMR0YKnBMlZ8vbi/QhVFGKEqkKaHRQv09keNYqVkcms4Y64la9ebif94g09GNnzORZpoKslwUZRzpBM2DQCMmKdF8ZggmkplbEZlgk4Q2cVVNCO7qy+uk6zVdp+nee/WWV8ZRgTM4h0tw4RpacAdt6ACBJ3iGV3izCuvFerc+lq0bVjlzCn9gff4A9TqTrg==</latexit><latexit sha1_base64="b3eGyXOqwp9JxEVDrksYOzkdwAc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi63gxZLkoseCF48V7Ae0IWy2m3bpZhN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemHKmtON8WxubW9s7u5W96v7B4dGxfVLrqiSThHZIwhPZD7GinAna0Uxz2k8lxXHIaS+c3s793iOViiXiQc9S6sd4LFjECNZGCuxa4woNI4lJPgt0kXtR0QjsutN0FkDrxC1JHUq0A/trOEpIFlOhCcdKDVwn1X6OpWaE06I6zBRNMZniMR0YKnBMlZ8vbi/QhVFGKEqkKaHRQv09keNYqVkcms4Y64la9ebif94g09GNnzORZpoKslwUZRzpBM2DQCMmKdF8ZggmkplbEZlgk4Q2cVVNCO7qy+uk6zVdp+nee/WWV8ZRgTM4h0tw4RpacAdt6ACBJ3iGV3izCuvFerc+lq0bVjlzCn9gff4A9TqTrg==</latexit><latexit sha1_base64="b3eGyXOqwp9JxEVDrksYOzkdwAc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi63gxZLkoseCF48V7Ae0IWy2m3bpZhN2N2IJ+StePCji1T/izX/jts1BWx8MPN6bYWZemHKmtON8WxubW9s7u5W96v7B4dGxfVLrqiSThHZIwhPZD7GinAna0Uxz2k8lxXHIaS+c3s793iOViiXiQc9S6sd4LFjECNZGCuxa4woNI4lJPgt0kXtR0QjsutN0FkDrxC1JHUq0A/trOEpIFlOhCcdKDVwn1X6OpWaE06I6zBRNMZniMR0YKnBMlZ8vbi/QhVFGKEqkKaHRQv09keNYqVkcms4Y64la9ebif94g09GNnzORZpoKslwUZRzpBM2DQCMmKdF8ZggmkplbEZlgk4Q2cVVNCO7qy+uk6zVdp+nee/WWV8ZRgTM4h0tw4RpacAdt6ACBJ3iGV3izCuvFerc+lq0bVjlzCn9gff4A9TqTrg==</latexit>

ytf
<latexit sha1_base64="SHgjIhaXoX7QdodpNNBZqYxRq5s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF48V7Ae0oWy2m3bpZhN2J0II/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLW9s7uXnm/cnB4dHxSPT3rmjjVjHdYLGPdD6jhUijeQYGS9xPNaRRI3gtmdwu/98S1EbF6xCzhfkQnSoSCUbRSr56NkIT1UbXmNtwlyCbxClKDAu1R9Ws4jlkacYVMUmMGnpugn1ONgkk+rwxTwxPKZnTCB5YqGnHj58tz5+TKKmMSxtqWQrJUf0/kNDImiwLbGVGcmnVvIf7nDVIMb/1cqCRFrthqUZhKgjFZ/E7GQnOGMrOEMi3srYRNqaYMbUIVG4K3/vIm6TYbntvwHpq1VrOIowwXcAnX4MENtOAe2tABBjN4hld4cxLnxXl3PlatJaeYOYc/cD5/AD62jsg=</latexit><latexit sha1_base64="SHgjIhaXoX7QdodpNNBZqYxRq5s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF48V7Ae0oWy2m3bpZhN2J0II/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLW9s7uXnm/cnB4dHxSPT3rmjjVjHdYLGPdD6jhUijeQYGS9xPNaRRI3gtmdwu/98S1EbF6xCzhfkQnSoSCUbRSr56NkIT1UbXmNtwlyCbxClKDAu1R9Ws4jlkacYVMUmMGnpugn1ONgkk+rwxTwxPKZnTCB5YqGnHj58tz5+TKKmMSxtqWQrJUf0/kNDImiwLbGVGcmnVvIf7nDVIMb/1cqCRFrthqUZhKgjFZ/E7GQnOGMrOEMi3srYRNqaYMbUIVG4K3/vIm6TYbntvwHpq1VrOIowwXcAnX4MENtOAe2tABBjN4hld4cxLnxXl3PlatJaeYOYc/cD5/AD62jsg=</latexit><latexit sha1_base64="SHgjIhaXoX7QdodpNNBZqYxRq5s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF48V7Ae0oWy2m3bpZhN2J0II/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLW9s7uXnm/cnB4dHxSPT3rmjjVjHdYLGPdD6jhUijeQYGS9xPNaRRI3gtmdwu/98S1EbF6xCzhfkQnSoSCUbRSr56NkIT1UbXmNtwlyCbxClKDAu1R9Ws4jlkacYVMUmMGnpugn1ONgkk+rwxTwxPKZnTCB5YqGnHj58tz5+TKKmMSxtqWQrJUf0/kNDImiwLbGVGcmnVvIf7nDVIMb/1cqCRFrthqUZhKgjFZ/E7GQnOGMrOEMi3srYRNqaYMbUIVG4K3/vIm6TYbntvwHpq1VrOIowwXcAnX4MENtOAe2tABBjN4hld4cxLnxXl3PlatJaeYOYc/cD5/AD62jsg=</latexit><latexit sha1_base64="SHgjIhaXoX7QdodpNNBZqYxRq5s=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LLaCp5L0oseCF48V7Ae0oWy2m3bpZhN2J0II/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ndLW9s7uXnm/cnB4dHxSPT3rmjjVjHdYLGPdD6jhUijeQYGS9xPNaRRI3gtmdwu/98S1EbF6xCzhfkQnSoSCUbRSr56NkIT1UbXmNtwlyCbxClKDAu1R9Ws4jlkacYVMUmMGnpugn1ONgkk+rwxTwxPKZnTCB5YqGnHj58tz5+TKKmMSxtqWQrJUf0/kNDImiwLbGVGcmnVvIf7nDVIMb/1cqCRFrthqUZhKgjFZ/E7GQnOGMrOEMi3srYRNqaYMbUIVG4K3/vIm6TYbntvwHpq1VrOIowwXcAnX4MENtOAe2tABBjN4hld4cxLnxXl3PlatJaeYOYc/cD5/AD62jsg=</latexit>

N<latexit sha1_base64="LQcY/Xdb4HHgGqfOPet39NbgAuk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++XmnU8ziKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNYsI0c</latexit><latexit sha1_base64="LQcY/Xdb4HHgGqfOPet39NbgAuk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++XmnU8ziKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNYsI0c</latexit><latexit sha1_base64="LQcY/Xdb4HHgGqfOPet39NbgAuk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++XmnU8ziKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNYsI0c</latexit><latexit sha1_base64="LQcY/Xdb4HHgGqfOPet39NbgAuk=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtyl0TJgYyURzQckR9jb7CVL9vaO3TkhHPkJNhaK2PqL7Pw3bpIrNPHBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTtolTzXiLxTLW3YAaLoXiLRQoeTfRnEaB5J1gcjP3O09cGxGrR5wm3I/oSIlQMIpWeqjeVQfliltzFyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5N2vea5Ne++XmnU8ziKcAbncAkeXEEDbqEJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QNYsI0c</latexit>



A Twin Higgs example

• Top partners = right-handed neutrinos     

               cannot be exact, broken by Yukawas  

• Take e.g.                            invariant theory, 

• The “twin bottom”      has mass                       

and can mix with the SM neutrinos,  

example

⇠ y⌫`HN
<latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit>

SU(3)N
<latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit>

N
<latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit>

SU(6)⇥ SU(4)
<latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit>

Qc =
�
tcA N c

i

�
⇠ (6̄,1)

<latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit>

Q =
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A ⇠ (6,4)

<latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit> Lt = yt⌃QQ
c ! ytqAHt
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<latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit>

SU(4)
h⌃i�! SU(3)

<latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit>

E
<latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit>

⇠ yEf cos(h/f)EEc
<latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit>

E<latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit>

Ē
<latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit>

“sterile neutrino,”  
decays to 3 SM fermions

h
<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

⇠ �
ME

c(HA · `)
<latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit>

Batell, McCullough 2015



A Twin Higgs example

• Top partners = right-handed neutrinos     

               cannot be exact, broken by Yukawas  

• Take e.g.                            invariant theory, 

• The “twin bottom”      has mass                       

and can mix with the SM neutrinos,  

example

⇠ y⌫`HN
<latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit>

SU(3)N
<latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit>

N
<latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit>

SU(6)⇥ SU(4)
<latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit>

Qc =
�
tcA N c
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⇠ (6̄,1)

<latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit>
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A ⇠ (6,4)

<latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit> Lt = yt⌃QQ
c ! ytqAHt
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<latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit>

SU(4)
h⌃i�! SU(3)

<latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit>

E
<latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit>

⇠ yEf cos(h/f)EEc
<latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit>

E<latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit>

Ē
<latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit>

“sterile neutrino,”  
decays to 3 SM fermions

h
<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

• If                spontaneously broken at         , can we access 
   massive gluons at (future) colliders? 

SU(3)N
<latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit>

⇠ f
<latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit><latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit><latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit><latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit>

⇠ �
ME

c(HA · `)
<latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit>

Batell, McCullough 2015



A Twin Higgs example

• Top partners = right-handed neutrinos     

               cannot be exact, broken by Yukawas  

• Take e.g.                            invariant theory, 

• The “twin bottom”      has mass                       

and can mix with the SM neutrinos,  

example

⇠ y⌫`HN
<latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit><latexit sha1_base64="aEu+t3ZHRl/5Efj8IVhbsB7LrEo=">AAACFXicbVDLSgNBEJyNrxhfUQ8evAwmggcJu0HQY8BLThLBPCC7LLOTTjJkZnaZmRVCyHf4AV71E7yJV89+gb/hJNmDJhY0FFXddHdFCWfauO6Xk1tb39jcym8Xdnb39g+Kh0ctHaeKQpPGPFadiGjgTELTMMOhkyggIuLQjka3M7/9CEqzWD6YcQKBIAPJ+owSY6WweFL2NRN4HPoyxT5w7l/iOr4rh8WSW3HnwKvEy0gJZWiExW+/F9NUgDSUE627npuYYEKUYZTDtOCnGhJCR2QAXUslEaCDyfyBKT63Sg/3Y2VLGjxXf09MiNB6LCLbKYgZ6mVvJv7raXvKEHpL603/JpgwmaQGJF1s76ccmxjPIsI9poAaPraEUMXsA5gOiSLU2CALNhlvOYdV0qpWPLfi3VdLtassozw6RWfoAnnoGtVQHTVQE1E0Rc/oBb06T86b8+58LFpzTjZzjP7A+fwBmPmdlQ==</latexit>

SU(3)N
<latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit>

N
<latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit><latexit sha1_base64="0AAP8trNzOAWdTc8lXSTjKGEe8s=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxJRPOAZAmzs73JkNkHM7NCWHLwA7zqJ3gTr36KX+BvOEn2oIkFDUVVN91dXiK40rb9ZRXW1jc2t4rbpZ3dvf2D8uFRW8WpZNhisYhl16MKBY+wpbkW2E0k0tAT2PHG1zO/84hS8Th60JME3ZAOIx5wRrWR7qu31UG5YtfsOcgqcXJSgRzNQfm778csDTHSTFCleo6daDejUnMmcFrqpwoTysZ0iD1DIxqicrP5qVNyZhSfBLE0FWkyV39PZDRUahJ6pjOkeqSWvZn4r6fMKSP0l9br4MrNeJSkGiO22B6kguiYzMIgPpfItJgYQpnk5gHCRlRSpk1kJZOMs5zDKmnXa45dc+7qlcZFnlERTuAUzsGBS2jADTShBQyG8Awv8Go9WW/Wu/WxaC1Y+cwx/IH1+QNEdZX3</latexit>

SU(6)⇥ SU(4)
<latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit>

Qc =
�
tcA N c

i

�
⇠ (6̄,1)

<latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit><latexit sha1_base64="/f6/41jqjbMeec1xMAXrua4UYN4="></latexit>

Q =
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A ⇠ (6,4)

<latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit><latexit sha1_base64="k4SGxpLelQoruZ//CA5eCkK2pI8="></latexit> Lt = yt⌃QQ
c ! ytqAHt

c

A
+ ytf

⇣
1� H

†
H

2f2

⌘
NiN

c

i
+ . . .

<latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit><latexit sha1_base64="ZbGDDebV48N3JaXID7lYEujc7cc="></latexit>

SU(4)
h⌃i�! SU(3)

<latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit><latexit sha1_base64="YvaK22vWk0esMA3XEJF4XkH3a+4="></latexit>

E
<latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit><latexit sha1_base64="rjje/4+CpR2visKf/CKp3uUklqA=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DIniMaB6QLGF2tjcZMvtgZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprvLSwRX2ra/rMLa+sbmVnG7tLO7t39QPjxqqziVDFssFrHselSh4BG2NNcCu4lEGnoCO974euZ3HlEqHkcPepKgG9JhxAPOqDbSffWmOihX7Jo9B1klTk4qkKM5KH/3/ZilIUaaCapUz7ET7WZUas4ETkv9VGFC2ZgOsWdoRENUbjY/dUrOjOKTIJamIk3m6u+JjIZKTULPdIZUj9SyNxP/9ZQ5ZYT+0nodXLkZj5JUY8QW24NUEB2TWRjE5xKZFhNDKJPcPEDYiErKtImsZJJxlnNYJe16zbFrzl290rjIMyrCCZzCOThwCQ24hSa0gMEQnuEFXq0n6816tz4WrQUrnzmGP7A+fwA2C5Xu</latexit>

⇠ yEf cos(h/f)EEc
<latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit><latexit sha1_base64="fce/yjWmuLCxAaNqOUa+9cGwMLM=">AAACG3icbVDLSsNAFJ3UV62vqEsRBluhbmrSjS4LUnBZwT6giWEymTRDJ5kwMxFC6Mrv8APc6ie4E7cu/AJ/w+ljodUDFw7n3Mu99/gpo1JZ1qdRWlldW98ob1a2tnd298z9g57kmcCkiznjYuAjSRhNSFdRxcggFQTFPiN9f3w19fv3REjKk1uVp8SN0SihIcVIackzj2uOpDHMvTYMoYO5hPXoPDyDbdi+wzXPrFoNawb4l9gLUgULdDzzywk4zmKSKMyQlEPbSpVbIKEoZmRScTJJUoTHaESGmiYoJtItZm9M4KlWAhhyoStRcKb+nChQLGUe+7ozRiqSy95U/NeT+pSIBEvrVXjpFjRJM0USPN8eZgwqDqdBwYAKghXLNUFYUP0AxBESCCsdZ0UnYy/n8Jf0mg3batg3zWqrucioDI7ACagDG1yAFrgGHdAFGDyAJ/AMXoxH49V4M97nrSVjMXMIfsH4+AaDTZ7+</latexit>

⇠ �
ME

c(HA · `)
<latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit><latexit sha1_base64="H7hrR7+2bzVHM8EBAvDZONkqNYc="></latexit>

E<latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit><latexit sha1_base64="MUYoT5DZ4Ak6ngORMtC/eSKi6Mc=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggseI5gHJEmZnO8mQ2dllZlYISw5+gFf9BG/i1U/xC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4eua3H1FpHssHM0nQj+hQ8gFn1FjpvnJT6ZfKbtWdg6wSLydlyNHol757YczSCKVhgmrd9dzE+BlVhjOB02Iv1ZhQNqZD7FoqaYTaz+anTsm5VUIyiJUtachc/T2R0UjrSRTYzoiakV72ZuK/nranjDBcWm8GV37GZZIalGyxfZAKYmIyC4OEXCEzYmIJZYrbBwgbUUWZsZEVbTLecg6rpFWrem7Vu6uV67U8owKcwhlcgAeXUIdbaEATGAzhGV7g1Xly3px352PRuubkMyfwB87nDzVxlew=</latexit>

Ē
<latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit><latexit sha1_base64="NlDUttiJwwZdMdVfsMdkOJA6TPg=">AAACBXicbVDLSgNBEOz1GeMr6tHLYCJ4Cru56DEggscI5iHJEmZnO8mQmd1lZlYIS85+gFf9BG/i1e/wC/wNJ8keNLGgoajqprsrSATXxnW/nLX1jc2t7cJOcXdv/+CwdHTc0nGqGDZZLGLVCahGwSNsGm4EdhKFVAYC28H4eua3H1FpHkf3ZpKgL+kw4gPOqLHSQ6UXUJXdTCv9UtmtunOQVeLlpAw5Gv3Sdy+MWSoxMkxQrbuemxg/o8pwJnBa7KUaE8rGdIhdSyMqUfvZ/OApObdKSAaxshUZMld/T2RUaj2Rge2U1Iz0sjcT//W0PWWE4dJ6M7jyMx4lqcGILbYPUkFMTGaRkJArZEZMLKFMcfsAYSOqKDM2uKJNxlvOYZW0alXPrXp3tXK9lmdUgFM4gwvw4BLqcAsNaAIDCc/wAq/Ok/PmvDsfi9Y1J585gT9wPn8ALDGYsQ==</latexit>

“sterile neutrino,”  
decays to 3 SM fermions

h
<latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit><latexit sha1_base64="Z7cXxZJImbRnP9RrgG/loPYjScA=">AAAB/3icbVDLSgNBEOz1GeMr6tHLYCJ4CrtB0GPAi8eI5gHJEmZne7NDZh/MzAphycEP8Kqf4E28+il+gb/hJNmDJhY0FFXddHd5qeBK2/aXtba+sbm1Xdop7+7tHxxWjo47KskkwzZLRCJ7HlUoeIxtzbXAXiqRRp7Arje+mfndR5SKJ/GDnqToRnQU84Azqo10Xwtrw0rVrttzkFXiFKQKBVrDyvfAT1gWYayZoEr1HTvVbk6l5kzgtDzIFKaUjekI+4bGNELl5vNTp+TcKD4JEmkq1mSu/p7IaaTUJPJMZ0R1qJa9mfivp8wpIfpL63Vw7eY8TjONMVtsDzJBdEJmYRCfS2RaTAyhTHLzAGEhlZRpE1nZJOMs57BKOo26Y9edu0a1eVlkVIJTOIMLcOAKmnALLWgDgxE8wwu8Wk/Wm/VufSxa16xi5gT+wPr8AW4ZlhE=</latexit>

• If                spontaneously broken at         , can we access 
   massive gluons at (future) colliders? 

• Recent work with “minimal ingredients:”                           Twin Higgs

SU(3)N
<latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit><latexit sha1_base64="O+hTOcpAoWn7bsJjYWtHcIWL+ko=">AAACBXicbVDLTsJAFJ3iC/GFunQzEUxwQ1o00SWJG1cGowUMNGQ6vYUJM20zMzUhhLUf4FY/wZ1x63f4Bf6GA3Sh4ElucnLOvbn3Hj/hTGnb/rJyK6tr6xv5zcLW9s7uXnH/oKniVFJwacxj2faJAs4icDXTHNqJBCJ8Di1/eDX1W48gFYujez1KwBOkH7GQUaKN9FC+cytnp72bcq9Ysqv2DHiZOBkpoQyNXvG7G8Q0FRBpyolSHcdOtDcmUjPKYVLopgoSQoekDx1DIyJAeePZwRN8YpQAh7E0FWk8U39PjIlQaiR80ymIHqhFbyr+6ylzygCChfU6vPTGLEpSDRGdbw9TjnWMp5HggEmgmo8MIVQy8wCmAyIJ1Sa4gknGWcxhmTRrVceuOre1Uv08yyiPjtAxqiAHXaA6ukYN5CKKBHpGL+jVerLerHfrY96as7KZQ/QH1ucPoamXvg==</latexit>

⇠ f
<latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit><latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit><latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit><latexit sha1_base64="y8COnNjamarCHPieJMYiGEzY7Sc=">AAACBHicbVDLSgNBEOyNrxhfUY9eBhPBU9gNgh4DXjxGMA9IljA725sMmdldZmaFEHL1A7zqJ3gTr/6HX+BvOEn2oIkFDUVVN91dQSq4Nq775RQ2Nre2d4q7pb39g8Oj8vFJWyeZYthiiUhUN6AaBY+xZbgR2E0VUhkI7ATj27nfeUSleRI/mEmKvqTDmEecUWOlbrWvuSRRdVCuuDV3AbJOvJxUIEdzUP7uhwnLJMaGCap1z3NT40+pMpwJnJX6mcaUsjEdYs/SmErU/nRx74xcWCUkUaJsxYYs1N8TUyq1nsjAdkpqRnrVm4v/etqeMsJwZb2Jbvwpj9PMYMyW26NMEJOQeSIk5AqZERNLKFPcPkDYiCrKjM2tZJPxVnNYJ+16zXNr3n290rjKMyrCGZzDJXhwDQ24gya0gIGAZ3iBV+fJeXPenY9la8HJZ07hD5zPHwApmAY=</latexit>

SO(6)/SO(5)
<latexit sha1_base64="67SgXJUuNAImBDY+srRFnwiUq58=">AAACCXicbVDLTgIxFL3jE/GFunTTCCawwRnia0nixp0Y5ZHAhHQ6BRo6nbHtmJAJX+AHuNVPcGfc+hV+gb9hgVkoeJI2J+fcm3vv8SLOlLbtL2tpeWV1bT2zkd3c2t7Zze3tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8mfvORSsVCca9HEXUD3BesxwjWRnILdzfF89KJ+c9KhW4ub5ftKdAicVKShxS1bu6744ckDqjQhGOl2o4daTfBUjPC6TjbiRWNMBniPm0bKnBAlZtMlx6jY6P4qBdK84RGU/V3R4IDpUaBZyoDrAdq3puI/3rKrDKg/tx43bt0EyaiWFNBZtN7MUc6RJNYkM8kJZqPDMFEMnMAIgMsMdEmvKxJxpnPYZE0KmXHLju3lXz1NM0oA4dwBEVw4AKqcA01qAOBB3iGF3i1nqw36936mJUuWWnPAfyB9fkDSdaYjQ==</latexit><latexit sha1_base64="67SgXJUuNAImBDY+srRFnwiUq58=">AAACCXicbVDLTgIxFL3jE/GFunTTCCawwRnia0nixp0Y5ZHAhHQ6BRo6nbHtmJAJX+AHuNVPcGfc+hV+gb9hgVkoeJI2J+fcm3vv8SLOlLbtL2tpeWV1bT2zkd3c2t7Zze3tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8mfvORSsVCca9HEXUD3BesxwjWRnILdzfF89KJ+c9KhW4ub5ftKdAicVKShxS1bu6744ckDqjQhGOl2o4daTfBUjPC6TjbiRWNMBniPm0bKnBAlZtMlx6jY6P4qBdK84RGU/V3R4IDpUaBZyoDrAdq3puI/3rKrDKg/tx43bt0EyaiWFNBZtN7MUc6RJNYkM8kJZqPDMFEMnMAIgMsMdEmvKxJxpnPYZE0KmXHLju3lXz1NM0oA4dwBEVw4AKqcA01qAOBB3iGF3i1nqw36936mJUuWWnPAfyB9fkDSdaYjQ==</latexit><latexit sha1_base64="67SgXJUuNAImBDY+srRFnwiUq58=">AAACCXicbVDLTgIxFL3jE/GFunTTCCawwRnia0nixp0Y5ZHAhHQ6BRo6nbHtmJAJX+AHuNVPcGfc+hV+gb9hgVkoeJI2J+fcm3vv8SLOlLbtL2tpeWV1bT2zkd3c2t7Zze3tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8mfvORSsVCca9HEXUD3BesxwjWRnILdzfF89KJ+c9KhW4ub5ftKdAicVKShxS1bu6744ckDqjQhGOl2o4daTfBUjPC6TjbiRWNMBniPm0bKnBAlZtMlx6jY6P4qBdK84RGU/V3R4IDpUaBZyoDrAdq3puI/3rKrDKg/tx43bt0EyaiWFNBZtN7MUc6RJNYkM8kJZqPDMFEMnMAIgMsMdEmvKxJxpnPYZE0KmXHLju3lXz1NM0oA4dwBEVw4AKqcA01qAOBB3iGF3i1nqw36936mJUuWWnPAfyB9fkDSdaYjQ==</latexit><latexit sha1_base64="67SgXJUuNAImBDY+srRFnwiUq58=">AAACCXicbVDLTgIxFL3jE/GFunTTCCawwRnia0nixp0Y5ZHAhHQ6BRo6nbHtmJAJX+AHuNVPcGfc+hV+gb9hgVkoeJI2J+fcm3vv8SLOlLbtL2tpeWV1bT2zkd3c2t7Zze3tN1QYS0LrJOShbHlYUc4ErWumOW1FkuLA47TpDa8mfvORSsVCca9HEXUD3BesxwjWRnILdzfF89KJ+c9KhW4ub5ftKdAicVKShxS1bu6744ckDqjQhGOl2o4daTfBUjPC6TjbiRWNMBniPm0bKnBAlZtMlx6jY6P4qBdK84RGU/V3R4IDpUaBZyoDrAdq3puI/3rKrDKg/tx43bt0EyaiWFNBZtN7MUc6RJNYkM8kJZqPDMFEMnMAIgMsMdEmvKxJxpnPYZE0KmXHLju3lXz1NM0oA4dwBEVw4AKqcA01qAOBB3iGF3i1nqw36936mJUuWWnPAfyB9fkDSdaYjQ==</latexit>

Serra, Torre 2017 
Csáki, Ma, Shu 2017

Batell, McCullough 2015



(1) SM-singlet scalar top partners 
• Tripled Top 
• Hyperbolic Higgs 

(2) ZN  models 

(3) Probing UV completions at colliders 

(4) Signatures in cosmology

Plan



ZN - symmetric quantum corrections

• A scalar coupled in ZN - invariant way  
can have its scalar potential exponentially suppressed in N 

• Concretely:     periodic, shift symmetry broken to                        by 

 ZN  acts as                       

• A ZN - invariant potential for     requires at least  
N insertions, since for m < N

Hook 2018

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

� ! �+ 2⇡f
<latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit>

✏ sin
⇣

�
f + ✓

⌘

<latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit>

� ! �+ 2⇡f
N

<latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit>

L =
PN

k=1

h
m + ✏ sin

⇣
�
f + 2⇡k

N

⌘i
 k c

k
<latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit>

ZN
<latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit>

…

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

PN
k=1 sin

m
⇣

�
f + 2⇡k

N

⌘
= constant

<latexit sha1_base64="G/TUOt4oB64tN2suDDRj3gDurLM="></latexit><latexit sha1_base64="G/TUOt4oB64tN2suDDRj3gDurLM="></latexit><latexit sha1_base64="G/TUOt4oB64tN2suDDRj3gDurLM="></latexit><latexit sha1_base64="G/TUOt4oB64tN2suDDRj3gDurLM="></latexit>



ZN - symmetric quantum corrections

• A scalar coupled in ZN - invariant way  
can have its scalar potential exponentially suppressed in N 

• Concretely:     periodic, shift symmetry broken to                        by 

 ZN  acts as                       

• A ZN - invariant potential for     requires at least  
N insertions, so

Hook 2018

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

� ! �+ 2⇡f
<latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit>

✏ sin
⇣

�
f + ✓

⌘

<latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit>

� ! �+ 2⇡f
N

<latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit>
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k
<latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit>

ZN
<latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit>

…

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

[  frequencies must match,                                  ]eiN�/f = (ei�/f )N
<latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit><latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit><latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit><latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit>

m2
� ⇠ N3✏N

⇤N�4f2
<latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit><latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit><latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit><latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit>
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k=1 sin
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⇤N�4 cos
⇣
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⌘

<latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit><latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit><latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit><latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit>



ZN - symmetric quantum corrections

• A scalar coupled in ZN - invariant way  
can have its scalar potential exponentially suppressed in N 

• Concretely:     periodic, shift symmetry broken to                        by 

 ZN  acts as                       

• A ZN - invariant potential for     requires at least  
N insertions, so

Hook 2018

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

� ! �+ 2⇡f
<latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit><latexit sha1_base64="5YMoqxI10EES1Rw+FSlyknbKAmM=">AAACF3icbZDLSsNAFIZP6q3WW9SVuBlsBUEoSTa6LLhxWcFeoAllMpm0QycXZiZCCcXn8AHc6iO4E7cufQJfw2mahbb+MPDxn3M4c34/5Uwqy/oyKmvrG5tb1e3azu7e/oF5eNSVSSYI7ZCEJ6LvY0k5i2lHMcVpPxUURz6nPX9yM6/3HqiQLInv1TSlXoRHMQsZwUpbQ/Ok4aZjhlyVoAIukaOBobAxNOtW0yqEVsEuoQ6l2kPz2w0SkkU0VoRjKQe2lSovx0Ixwums5maSpphM8IgONMY4otLLixNm6Fw7AQoToV+sUOH+nshxJOU08nVnhNVYLtfm5r81qb8ypsHSehVeezmL00zRmCy2hxlHOoV5SChgghLFpxowEUwfgMgYC0yUjrKmk7GXc1iFrtO0raZ959RbTplRFU7hDC7AhitowS20oQMEHuEZXuDVeDLejHfjY9FaMcqZY/gj4/MHTpid5Q==</latexit>

✏ sin
⇣

�
f + ✓

⌘

<latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit><latexit sha1_base64="JwdH0zhb4aZXlQgrx66sJ+/nVH0="></latexit>

� ! �+ 2⇡f
N

<latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit><latexit sha1_base64="HYokusEBP1oK8xbtQNb5M5vbgrY=">AAACIHicbZDLSsNAFIYnXmu9RV26GdoKglCSbHRZcONKKtgLNKFMJpNm6CQZZiZCCdn7HD6AW30Ed+JSX8DXcJpmoa0/DPz85xzOnM/njEplWZ/G2vrG5tZ2bae+u7d/cGgeHfdlmglMejhlqRj6SBJGE9JTVDEy5IKg2Gdk4E+v5/XBAxGSpsm9mnHixWiS0JBipHQ0Nhstl0cUuiqFpbmAbigQzh2XUxgW+W3RGptNq22VgqvGrkwTVOqOzW83SHEWk0RhhqQc2RZXXo6EopiRou5mknCEp2hCRtomKCbSy8tbCnimkwCGqdAvUbBMf0/kKJZyFvu6M0Yqksu1efhvTeqvRCRYWq/CKy+nCc8USfBie5gxqHHMacGACoIVm2mDsKD6AIgjpAEpzbSuydjLHFZN32nbVtu+c5odp2JUA6egAc6BDS5BB9yALugBDB7BM3gBr8aT8Wa8Gx+L1jWjmjkBf2R8/QCBnqJV</latexit>
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h
m + ✏ sin

⇣
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N

⌘i
 k c

k
<latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit><latexit sha1_base64="g+P6Q8rNNSkp2eYale10dpByEYw="></latexit>

ZN
<latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit><latexit sha1_base64="zUA87CFxcHU0LAofHhsC/QaB47k=">AAACDnicbVBLTsMwEHXKr5RfgCUbixaJVZV0A8tKbFihItGPaKPIcaatVceJbKdSFfUOHIAtHIEdYssVOAHXwE2zgJaRLD29NzPP84KEM6Ud58sqbWxube+Udyt7+weHR/bxSUfFqaTQpjGPZS8gCjgT0NZMc+glEkgUcOgGk5uF3p2CVCwWD3qWgBeRkWBDRok2lG/bg3xHJiGc1x79u5pvV526kxdeB24Bqqiolm9/D8KYphEITTlRqu86ifYyIjWjHOaVQaogIXRCRtA3UJAIlJflrnN8YZgQD2NpntA4Z39PZCRSahYFpjMieqxWtQX5r6bMV8bmpr/2enjtZUwkqQZBl+7DlGMd40U2OGQSqOYzAwiVzByA6ZhIQrVJsGKScVdzWAedRt116u59o9psFBmV0Rk6R5fIRVeoiW5RC7URRVP0jF7Qq/VkvVnv1seytWQVM6foT1mfP3IgnA8=</latexit>

…

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

[  frequencies must match,                                  ]eiN�/f = (ei�/f )N
<latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit><latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit><latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit><latexit sha1_base64="atA66TL6j6OI4OiElOJj1MJP/L0=">AAACJnicbZC7SgNBFIZn4y3GW9TSZjARYhN302gjBGysQgRzgWQTZmfPJkNmL8zMCmHZV/A5fABbfQQ7ETs7X8PJJoUm/jDw851zOHN+J+JMKtP8NHJr6xubW/ntws7u3v5B8fCoLcNYUGjRkIei6xAJnAXQUkxx6EYCiO9w6DiTm1m98wBCsjC4V9MIbJ+MAuYxSpRGw2KljGGQMNzA/WjM8IWX4mtcydAcYC89HzRweVgsmVUzE1411sKU0ELNYfG774Y09iFQlBMpe5YZKTshQjHKIS30YwkRoRMygp62AfFB2kl2UYrPNHGxFwr9AoUz+nsiIb6UU9/RnT5RY7lcm8F/a1J/ZQzu0nrlXdkJC6JYQUDn272YYxXiWWbYZQKo4lNtCBVMH4DpmAhClU62oJOxlnNYNe1a1TKr1l2tVK8tMsqjE3SKKshCl6iOblETtRBFj+gZvaBX48l4M96Nj3lrzljMHKM/Mr5+ANf5or4=</latexit>

• TH cancellation is a version of N = 4, but 2 copies are enough 
(gauge invariance forbids odd powers of h) 

• First non-vanishing term is familiar quartic,                               
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<latexit sha1_base64="FovhAHed7iFqlJDWrD4m4fmqiUY="></latexit><latexit sha1_base64="FovhAHed7iFqlJDWrD4m4fmqiUY="></latexit><latexit sha1_base64="FovhAHed7iFqlJDWrD4m4fmqiUY="></latexit><latexit sha1_base64="FovhAHed7iFqlJDWrD4m4fmqiUY="></latexit>
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<latexit sha1_base64="dwLwbGrQSfHj93omLGdxKWe83u4="></latexit><latexit sha1_base64="dwLwbGrQSfHj93omLGdxKWe83u4="></latexit><latexit sha1_base64="dwLwbGrQSfHj93omLGdxKWe83u4="></latexit><latexit sha1_base64="dwLwbGrQSfHj93omLGdxKWe83u4="></latexit>
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� ⇠ N3✏N

⇤N�4f2
<latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit><latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit><latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit><latexit sha1_base64="kQbpf89LTuL88zCtN/R3rDa9Lz4="></latexit>
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<latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit><latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit><latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit><latexit sha1_base64="Hq7dcc770VDZj0BeenZAaXiIE5o="></latexit>



Solving the hierarchy problem discretely

• Exponential suppression holds as long as     does not hit a phase transition 

• V can be unsuppressed on other side of transition     

       

exploit this to address little hierarchy problem 

Hook 2018
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<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>



Solving the hierarchy problem discretely

•      as modulus of the Higgs mass. Take N copies of the SM, for example N = 3  

Hook 2018

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>
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<latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit>
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<latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit><latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit><latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit><latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit>

where                                       and 

across      field space, one  
of the masses flips sign

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>
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<latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit><latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit><latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit><latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit>



Solving the hierarchy problem discretely

•      as modulus of the Higgs mass. Take N copies of the SM, for example N = 3  

• Integrate Higgses out classically

Hook 2018
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<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

V =
P

k
m

2
H,k

(�) |Hk|2 + �|Hk|4, m
2
H,k

(�) = �m
2
H
+ ✏

2 cos
⇣

�

f
+ 2⇡k

N

⌘

<latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit>

m2
H

= Ncy
2
t

8⇡2 ⇤2
<latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit><latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit><latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit><latexit sha1_base64="OxsDfjiBlDGEI5NU2RFXBgrZWNk="></latexit>

where                                       and 

across      field space, one  
of the masses flips sign

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

m2
H

. ✏2 . 2m2
H

<latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit><latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit><latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit><latexit sha1_base64="3110E9vk7o/RdewBJpXJ6OHD5X0=">AAACKnicbVDLSgMxFM3UV62vUZdugq3gQsrMbHRZcNNlBfuAdhwy6W0bmmSGJCOU0p/wO/wAt/oJ7opbwd8wfSxq64HA4ZxzubknTjnTxvOmTm5re2d3L79fODg8Oj5xT88aOskUhTpNeKJaMdHAmYS6YYZDK1VARMyhGQ/vZ37zGZRmiXw0oxRCQfqS9RglxkqRe1MSUfUpwB0OWmsmcAdSzXgiV7UAz0OlyC16ZW8OvEn8JSmiJWqR+9PpJjQTIA3lROu276UmHBNlGOUwKXQyDSmhQ9KHtqWSCNDheH7VBF9ZpYt7ibJPGjxXVyfGRGg9ErFNCmIGet2bif962n5lAN219aZ3F46ZTDMDki629zKOTYJnveEuU0ANH1lCqGL2AEwHRBFqbLsF24y/3sMmaQRl3yv7D0GxEiw7yqMLdImukY9uUQVVUQ3VEUUv6A29ow/n1fl0ps7XIppzljPn6A+c718HNKYq</latexit>
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<latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit><latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit><latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit><latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit>

    - independent if all masses negative 

(would need at least N insertions)

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>



Solving the hierarchy problem discretely

•      as modulus of the Higgs mass. Take N copies of the SM, for example N = 3  

• Integrate Higgses out classically

Hook 2018

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>
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<latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit><latexit sha1_base64="PuDB3xf+Yfh9HLB4UWuhbmzks3A="></latexit>
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<latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit><latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit><latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit><latexit sha1_base64="d9Pg+Z3IeYsuxSP+RR+D6wqk80M="></latexit>
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⌘

<latexit sha1_base64="mAQh/IoloyxmydyYudw+oRDoEAc="></latexit><latexit sha1_base64="mAQh/IoloyxmydyYudw+oRDoEAc="></latexit><latexit sha1_base64="mAQh/IoloyxmydyYudw+oRDoEAc="></latexit><latexit sha1_base64="mAQh/IoloyxmydyYudw+oRDoEAc="></latexit>

�
<latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit><latexit sha1_base64="nCZdRkazH+QA/bvNYxq1bua+cR4=">AAACAnicbVC7TsNAEFyHVwivACXNiQSJKrLTQBmJhjJI5CElVnQ+r+Mj54fuzkiRlY4PoIVPoEO0/AhfwG9wSVxAwkgrjWZ2tbvjpYIrbdtfVmljc2t7p7xb2ds/ODyqHp90VZJJhh2WiET2PapQ8Bg7mmuB/VQijTyBPW9yM/d7jygVT+J7PU3Rjeg45gFnVBupWx+mIa+PqjW7YS9A1olTkBoUaI+q30M/YVmEsWaCKjVw7FS7OZWaM4GzyjBTmFI2oWMcGBrTCJWbL66dkQuj+CRIpKlYk4X6eyKnkVLTyDOdEdWhWvXm4r+eMqeE6K+s18G1m/M4zTTGbLk9yATRCZnnQXwukWkxNYQyyc0DhIVUUqZNahWTjLOawzrpNhuO3XDumrVWs8ioDGdwDpfgwBW04Bba0AEGD/AML/BqPVlv1rv1sWwtWcXMKfyB9fkDzkSXYg==</latexit>

    - independent if all masses negative 

(would need at least N insertions)
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Solving the hierarchy problem discretely

•      as modulus of the Higgs mass. Take N copies of the SM, for example N = 3  

• Integrate Higgses out classically

Hook 2018
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    - independent if all masses negative 

(would need at least N insertions)

at minimum, one of the  
masses is small (and positive)
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Questions/comments

• Wrong sign of SM Higgs mass can be fixed, e.g. by adding 

• Larger N  faces two issues: 

• Our sector is reheated preferentially, à la Nnaturalness 

• Cross-quartics lead to Higgs mixing, decays to hidden sectors 

• Constraints on     need to be worked out      

• A model where the other masses are large and positive,  

so only the Higgs is copied N times?
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tuning ~ 1/N^2
dominates over UV potential,  
too large for light Higgs 
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(1) SM-singlet scalar top partners 
• Tripled Top 
• Hyperbolic Higgs 

(2) ZN  models 

(3) Probing UV completions at colliders 

(4) Signatures in cosmology

Plan



Probing UV completions

• In neutral naturalness, low-energy theory is elusive by construction 

Furthermore, signatures (e.g. coupling modifications) are not unique to NN 

• UV completion at multi-TeV can be key to characterisation, even discovery 

Assess reach of future colliders 

• Example: Twin Higgs 

In weakly coupled completions, scalar radial mode is robust feature 
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Radial mode at colliders

• At hadron colliders     produced in gluon fusion  

Best reach in 

• At high-energy lepton colliders dominant production in WW  fusion 

Best reach in 

• If Z2 is broken only softly, 

completely fix potential  

   is genuine test of TH mechanism
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<latexit sha1_base64="BkS9oeFEhT2Ki2eaHB+cooIRRQY=">AAACDXicbVDLSsNAFL2pr1ofjbp0M9gKrkpSF7osuHFZwaZCE8pkMmmHTiZhZiKU0G/wA9zqJ7gTt36DX+BvOG2z0NYDFw7n3Mu994QZZ0o7zpdV2djc2t6p7tb29g8O6/bRsafSXBLaIylP5UOIFeVM0J5mmtOHTFKchJz2w8nN3O8/UqlYKu71NKNBgkeCxYxgbaShXW/6io0SjHydIs9rDu2G03IWQOvELUkDSnSH9rcfpSRPqNCEY6UGrpPpoMBSM8LprObnimaYTPCIDgwVOKEqKBaHz9C5USIUp9KU0Gih/p4ocKLUNAlNZ4L1WK16c/FfT5lTxjRaWa/j66BgIss1FWS5Pc45Mp/Po0ERk5RoPjUEE8nMA4iMscREmwBrJhl3NYd14rVbrtNy79qNzmWZURVO4QwuwIUr6MAtdKEHBHJ4hhd4tZ6sN+vd+li2Vqxy5gT+wPr8AXjLmuk=</latexit><latexit sha1_base64="BkS9oeFEhT2Ki2eaHB+cooIRRQY=">AAACDXicbVDLSsNAFL2pr1ofjbp0M9gKrkpSF7osuHFZwaZCE8pkMmmHTiZhZiKU0G/wA9zqJ7gTt36DX+BvOG2z0NYDFw7n3Mu994QZZ0o7zpdV2djc2t6p7tb29g8O6/bRsafSXBLaIylP5UOIFeVM0J5mmtOHTFKchJz2w8nN3O8/UqlYKu71NKNBgkeCxYxgbaShXW/6io0SjHydIs9rDu2G03IWQOvELUkDSnSH9rcfpSRPqNCEY6UGrpPpoMBSM8LprObnimaYTPCIDgwVOKEqKBaHz9C5USIUp9KU0Gih/p4ocKLUNAlNZ4L1WK16c/FfT5lTxjRaWa/j66BgIss1FWS5Pc45Mp/Po0ERk5RoPjUEE8nMA4iMscREmwBrJhl3NYd14rVbrtNy79qNzmWZURVO4QwuwIUr6MAtdKEHBHJ4hhd4tZ6sN+vd+li2Vqxy5gT+wPr8AXjLmuk=</latexit><latexit sha1_base64="BkS9oeFEhT2Ki2eaHB+cooIRRQY=">AAACDXicbVDLSsNAFL2pr1ofjbp0M9gKrkpSF7osuHFZwaZCE8pkMmmHTiZhZiKU0G/wA9zqJ7gTt36DX+BvOG2z0NYDFw7n3Mu994QZZ0o7zpdV2djc2t6p7tb29g8O6/bRsafSXBLaIylP5UOIFeVM0J5mmtOHTFKchJz2w8nN3O8/UqlYKu71NKNBgkeCxYxgbaShXW/6io0SjHydIs9rDu2G03IWQOvELUkDSnSH9rcfpSRPqNCEY6UGrpPpoMBSM8LprObnimaYTPCIDgwVOKEqKBaHz9C5USIUp9KU0Gih/p4ocKLUNAlNZ4L1WK16c/FfT5lTxjRaWa/j66BgIss1FWS5Pc45Mp/Po0ERk5RoPjUEE8nMA4iMscREmwBrJhl3NYd14rVbrtNy79qNzmWZURVO4QwuwIUr6MAtdKEHBHJ4hhd4tZ6sN+vd+li2Vqxy5gT+wPr8AXjLmuk=</latexit><latexit sha1_base64="BkS9oeFEhT2Ki2eaHB+cooIRRQY=">AAACDXicbVDLSsNAFL2pr1ofjbp0M9gKrkpSF7osuHFZwaZCE8pkMmmHTiZhZiKU0G/wA9zqJ7gTt36DX+BvOG2z0NYDFw7n3Mu994QZZ0o7zpdV2djc2t6p7tb29g8O6/bRsafSXBLaIylP5UOIFeVM0J5mmtOHTFKchJz2w8nN3O8/UqlYKu71NKNBgkeCxYxgbaShXW/6io0SjHydIs9rDu2G03IWQOvELUkDSnSH9rcfpSRPqNCEY6UGrpPpoMBSM8LprObnimaYTPCIDgwVOKEqKBaHz9C5USIUp9KU0Gih/p4ocKLUNAlNZ4L1WK16c/FfT5lTxjRaWa/j66BgIss1FWS5Pc45Mp/Po0ERk5RoPjUEE8nMA4iMscREmwBrJhl3NYd14rVbrtNy79qNzmWZURVO4QwuwIUr6MAtdKEHBHJ4hhd4tZ6sN+vd+li2Vqxy5gT+wPr8AXjLmuk=</latexit>

HL-LHC

33 TeV

100 TeV

Buttazzo, Sala, Tesi 2015

� ! hh ! 4b
<latexit sha1_base64="UC56Xqdhoy2hvF5iwxBh1mTkm0k=">AAACE3icbVDLSsNAFJ3UV62vqLhyM9gKrkpSBV0W3LisYB/QhDKZTJqhM5MwMxFK6Gf4AW71E9yJWz/AL/A3nLRZaOuBGQ7n3Mu99wQpo0o7zpdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMAKcKoIF1NNSODVBLEA0b6weS28PuPRCqaiAc9TYnP0VjQiGKkjTSyTxqeomOOoKcTGMfFfxU0RnbdaTpzwFXilqQOSnRG9rcXJjjjRGjMkFJD10m1nyOpKWZkVvMyRVKEJ2hMhoYKxIny8/n6M3hulBBGiTRPaDhXf3fkiCs15YGp5EjHatkrxH89ZVaJSbg0Xkc3fk5Fmmki8GJ6lDFoLi8CgiGVBGs2NQRhSc0BEMdIIqxNjDWTjLucwyrptZqu03TvW/X2ZZlRFZyCM3ABXHAN2uAOdEAXYJCDZ/ACXq0n6816tz4WpRWr7DkGf2B9/gDXFp0+</latexit><latexit sha1_base64="UC56Xqdhoy2hvF5iwxBh1mTkm0k=">AAACE3icbVDLSsNAFJ3UV62vqLhyM9gKrkpSBV0W3LisYB/QhDKZTJqhM5MwMxFK6Gf4AW71E9yJWz/AL/A3nLRZaOuBGQ7n3Mu99wQpo0o7zpdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMAKcKoIF1NNSODVBLEA0b6weS28PuPRCqaiAc9TYnP0VjQiGKkjTSyTxqeomOOoKcTGMfFfxU0RnbdaTpzwFXilqQOSnRG9rcXJjjjRGjMkFJD10m1nyOpKWZkVvMyRVKEJ2hMhoYKxIny8/n6M3hulBBGiTRPaDhXf3fkiCs15YGp5EjHatkrxH89ZVaJSbg0Xkc3fk5Fmmki8GJ6lDFoLi8CgiGVBGs2NQRhSc0BEMdIIqxNjDWTjLucwyrptZqu03TvW/X2ZZlRFZyCM3ABXHAN2uAOdEAXYJCDZ/ACXq0n6816tz4WpRWr7DkGf2B9/gDXFp0+</latexit><latexit sha1_base64="UC56Xqdhoy2hvF5iwxBh1mTkm0k=">AAACE3icbVDLSsNAFJ3UV62vqLhyM9gKrkpSBV0W3LisYB/QhDKZTJqhM5MwMxFK6Gf4AW71E9yJWz/AL/A3nLRZaOuBGQ7n3Mu99wQpo0o7zpdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMAKcKoIF1NNSODVBLEA0b6weS28PuPRCqaiAc9TYnP0VjQiGKkjTSyTxqeomOOoKcTGMfFfxU0RnbdaTpzwFXilqQOSnRG9rcXJjjjRGjMkFJD10m1nyOpKWZkVvMyRVKEJ2hMhoYKxIny8/n6M3hulBBGiTRPaDhXf3fkiCs15YGp5EjHatkrxH89ZVaJSbg0Xkc3fk5Fmmki8GJ6lDFoLi8CgiGVBGs2NQRhSc0BEMdIIqxNjDWTjLucwyrptZqu03TvW/X2ZZlRFZyCM3ABXHAN2uAOdEAXYJCDZ/ACXq0n6816tz4WpRWr7DkGf2B9/gDXFp0+</latexit><latexit sha1_base64="UC56Xqdhoy2hvF5iwxBh1mTkm0k=">AAACE3icbVDLSsNAFJ3UV62vqLhyM9gKrkpSBV0W3LisYB/QhDKZTJqhM5MwMxFK6Gf4AW71E9yJWz/AL/A3nLRZaOuBGQ7n3Mu99wQpo0o7zpdVWVvf2Nyqbtd2dvf2D+zDo55KMolJFycskYMAKcKoIF1NNSODVBLEA0b6weS28PuPRCqaiAc9TYnP0VjQiGKkjTSyTxqeomOOoKcTGMfFfxU0RnbdaTpzwFXilqQOSnRG9rcXJjjjRGjMkFJD10m1nyOpKWZkVvMyRVKEJ2hMhoYKxIny8/n6M3hulBBGiTRPaDhXf3fkiCs15YGp5EjHatkrxH89ZVaJSbg0Xkc3fk5Fmmki8GJ6lDFoLi8CgiGVBGs2NQRhSc0BEMdIIqxNjDWTjLucwyrptZqu03TvW/X2ZZlRFZyCM3ABXHAN2uAOdEAXYJCDZ/ACXq0n6816tz4WpRWr7DkGf2B9/gDXFp0+</latexit>

Buttazzo, Redigolo, Sala, Tesi 2018

{GF ,mh, ghV V /gSMhV V ,m�}
<latexit sha1_base64="SKQfGG7zG6h6aLye7NX/SDb2cFY="></latexit><latexit sha1_base64="SKQfGG7zG6h6aLye7NX/SDb2cFY="></latexit><latexit sha1_base64="SKQfGG7zG6h6aLye7NX/SDb2cFY="></latexit><latexit sha1_base64="SKQfGG7zG6h6aLye7NX/SDb2cFY="></latexit>

� ! SM SM
<latexit sha1_base64="f39udF4Zdsl0v7VBgHG6aht+/Ps=">AAACJHicbVC7TsMwFHXKq5RXgJHFogUxVUkXkFgqsbAgFUEfUhNVjuO0Vm0nsh2kKuof8B18ACt8AhtiYGHlN3DaDNByJEvH59yre+8JEkaVdpxPq7Syura+Ud6sbG3v7O7Z+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPxVe53H4hUNBb3epIQn6OhoBHFSBtpYJ/WPEWHHEFPx9DjSI8kz+5upt7l719tYFedujMDXCZuQaqgQGtgf3thjFNOhMYMKdV3nUT7GZKaYkamFS9VJEF4jIakb6hAnCg/m90zhSdGCWEUS/OEhjP1d0eGuFITHpjKfEe16OXiv54yq4xIuDBeRxd+RkWSaiLwfHqUMmgCyRODIZUEazYxBGFJzQEQj5BEWJtcKyYZdzGHZdJp1F2n7t42qk23yKgMjsAxOAMuOAdNcA1aoA0weATP4AW8Wk/Wm/VufcxLS1bRcwj+wPr6ARZ8pNI=</latexit><latexit sha1_base64="f39udF4Zdsl0v7VBgHG6aht+/Ps=">AAACJHicbVC7TsMwFHXKq5RXgJHFogUxVUkXkFgqsbAgFUEfUhNVjuO0Vm0nsh2kKuof8B18ACt8AhtiYGHlN3DaDNByJEvH59yre+8JEkaVdpxPq7Syura+Ud6sbG3v7O7Z+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPxVe53H4hUNBb3epIQn6OhoBHFSBtpYJ/WPEWHHEFPx9DjSI8kz+5upt7l719tYFedujMDXCZuQaqgQGtgf3thjFNOhMYMKdV3nUT7GZKaYkamFS9VJEF4jIakb6hAnCg/m90zhSdGCWEUS/OEhjP1d0eGuFITHpjKfEe16OXiv54yq4xIuDBeRxd+RkWSaiLwfHqUMmgCyRODIZUEazYxBGFJzQEQj5BEWJtcKyYZdzGHZdJp1F2n7t42qk23yKgMjsAxOAMuOAdNcA1aoA0weATP4AW8Wk/Wm/VufcxLS1bRcwj+wPr6ARZ8pNI=</latexit><latexit sha1_base64="f39udF4Zdsl0v7VBgHG6aht+/Ps=">AAACJHicbVC7TsMwFHXKq5RXgJHFogUxVUkXkFgqsbAgFUEfUhNVjuO0Vm0nsh2kKuof8B18ACt8AhtiYGHlN3DaDNByJEvH59yre+8JEkaVdpxPq7Syura+Ud6sbG3v7O7Z+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPxVe53H4hUNBb3epIQn6OhoBHFSBtpYJ/WPEWHHEFPx9DjSI8kz+5upt7l719tYFedujMDXCZuQaqgQGtgf3thjFNOhMYMKdV3nUT7GZKaYkamFS9VJEF4jIakb6hAnCg/m90zhSdGCWEUS/OEhjP1d0eGuFITHpjKfEe16OXiv54yq4xIuDBeRxd+RkWSaiLwfHqUMmgCyRODIZUEazYxBGFJzQEQj5BEWJtcKyYZdzGHZdJp1F2n7t42qk23yKgMjsAxOAMuOAdNcA1aoA0weATP4AW8Wk/Wm/VufcxLS1bRcwj+wPr6ARZ8pNI=</latexit><latexit sha1_base64="f39udF4Zdsl0v7VBgHG6aht+/Ps=">AAACJHicbVC7TsMwFHXKq5RXgJHFogUxVUkXkFgqsbAgFUEfUhNVjuO0Vm0nsh2kKuof8B18ACt8AhtiYGHlN3DaDNByJEvH59yre+8JEkaVdpxPq7Syura+Ud6sbG3v7O7Z+wcdFacSkzaOWSx7AVKEUUHammpGeokkiAeMdIPxVe53H4hUNBb3epIQn6OhoBHFSBtpYJ/WPEWHHEFPx9DjSI8kz+5upt7l719tYFedujMDXCZuQaqgQGtgf3thjFNOhMYMKdV3nUT7GZKaYkamFS9VJEF4jIakb6hAnCg/m90zhSdGCWEUS/OEhjP1d0eGuFITHpjKfEe16OXiv54yq4xIuDBeRxd+RkWSaiLwfHqUMmgCyRODIZUEazYxBGFJzQEQj5BEWJtcKyYZdzGHZdJp1F2n7t42qk23yKgMjsAxOAMuOAdNcA1aoA0weATP4AW8Wk/Wm/VufcxLS1bRcwj+wPr6ARZ8pNI=</latexit>

Chacko, Kilic, Najjari, Verhaaren 2017

also: Katz, Mariotti, Pokorski, 
Redigolo, Ziegler 2016



Strongly coupled UV completions

• Radial mode may be too broad to observe 

• Expect new vector-like fermions charged under both SM and Twin 

• Simplest way to introduce them:                              invariant top Yukawa 

• Their mass      cuts off logarithmic divergences in Higgs potential 

• More in general, they appear as composite resonances / KK modes

SU(6)⇥ SU(4)
<latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit>

Lt = yt⌃QQc + fM( eqAeqA + eqBeqB)
<latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit><latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit><latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit><latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit>

Qc =
�
tcA tcB

�
⇠ (6̄,1)

<latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit>

Q =

✓
qA eqB
eqA qB

◆
⇠ (6,4)

<latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit>

fM
<latexit sha1_base64="eqRgd6yiOvAbtr1E2ABNYMzXsBc=">AAACDXicbVBLSgNBEO2Jvxg/GXXpZjARXIWZbHQZcONGiGA+kAyhp6eSNOnpGbprlDDkDB7ArR7Bnbj1DJ7Aa9hJZqGJDwoe71VRVS9IBNfoul9WYWNza3unuFva2z84LNtHx20dp4pBi8UiVt2AahBcQgs5CugmCmgUCOgEk+u533kApXks73GagB/RkeRDzigaaWCXq/1HHgJyEUJ2O6sO7Ipbcxdw1omXkwrJ0RzY3/0wZmkEEpmgWvc8N0E/owo5EzAr9VMNCWUTOoKeoZJGoP1scfjMOTdK6AxjZUqis1B/T2Q00noaBaYzojjWq95c/NfT5pQxhCvrcXjlZ1wmKYJky+3DVDgYO/NonJArYCimhlCmuHnAYWOqKEMTYMkk463msE7a9Zrn1ry7eqXh5RkVySk5IxfEI5ekQW5Ik7QIIyl5Ji/k1Xqy3qx362PZWrDymRPyB9bnD7TTm6s=</latexit><latexit sha1_base64="eqRgd6yiOvAbtr1E2ABNYMzXsBc=">AAACDXicbVBLSgNBEO2Jvxg/GXXpZjARXIWZbHQZcONGiGA+kAyhp6eSNOnpGbprlDDkDB7ArR7Bnbj1DJ7Aa9hJZqGJDwoe71VRVS9IBNfoul9WYWNza3unuFva2z84LNtHx20dp4pBi8UiVt2AahBcQgs5CugmCmgUCOgEk+u533kApXks73GagB/RkeRDzigaaWCXq/1HHgJyEUJ2O6sO7Ipbcxdw1omXkwrJ0RzY3/0wZmkEEpmgWvc8N0E/owo5EzAr9VMNCWUTOoKeoZJGoP1scfjMOTdK6AxjZUqis1B/T2Q00noaBaYzojjWq95c/NfT5pQxhCvrcXjlZ1wmKYJky+3DVDgYO/NonJArYCimhlCmuHnAYWOqKEMTYMkk463msE7a9Zrn1ry7eqXh5RkVySk5IxfEI5ekQW5Ik7QIIyl5Ji/k1Xqy3qx362PZWrDymRPyB9bnD7TTm6s=</latexit><latexit sha1_base64="eqRgd6yiOvAbtr1E2ABNYMzXsBc=">AAACDXicbVBLSgNBEO2Jvxg/GXXpZjARXIWZbHQZcONGiGA+kAyhp6eSNOnpGbprlDDkDB7ArR7Bnbj1DJ7Aa9hJZqGJDwoe71VRVS9IBNfoul9WYWNza3unuFva2z84LNtHx20dp4pBi8UiVt2AahBcQgs5CugmCmgUCOgEk+u533kApXks73GagB/RkeRDzigaaWCXq/1HHgJyEUJ2O6sO7Ipbcxdw1omXkwrJ0RzY3/0wZmkEEpmgWvc8N0E/owo5EzAr9VMNCWUTOoKeoZJGoP1scfjMOTdK6AxjZUqis1B/T2Q00noaBaYzojjWq95c/NfT5pQxhCvrcXjlZ1wmKYJky+3DVDgYO/NonJArYCimhlCmuHnAYWOqKEMTYMkk463msE7a9Zrn1ry7eqXh5RkVySk5IxfEI5ekQW5Ik7QIIyl5Ji/k1Xqy3qx362PZWrDymRPyB9bnD7TTm6s=</latexit><latexit sha1_base64="eqRgd6yiOvAbtr1E2ABNYMzXsBc=">AAACDXicbVBLSgNBEO2Jvxg/GXXpZjARXIWZbHQZcONGiGA+kAyhp6eSNOnpGbprlDDkDB7ArR7Bnbj1DJ7Aa9hJZqGJDwoe71VRVS9IBNfoul9WYWNza3unuFva2z84LNtHx20dp4pBi8UiVt2AahBcQgs5CugmCmgUCOgEk+u533kApXks73GagB/RkeRDzigaaWCXq/1HHgJyEUJ2O6sO7Ipbcxdw1omXkwrJ0RzY3/0wZmkEEpmgWvc8N0E/owo5EzAr9VMNCWUTOoKeoZJGoP1scfjMOTdK6AxjZUqis1B/T2Q00noaBaYzojjWq95c/NfT5pQxhCvrcXjlZ1wmKYJky+3DVDgYO/NonJArYCimhlCmuHnAYWOqKEMTYMkk463msE7a9Zrn1ry7eqXh5RkVySk5IxfEI5ekQW5Ik7QIIyl5Ji/k1Xqy3qx362PZWrDymRPyB9bnD7TTm6s=</latexit>

Chacko, Goh, Harnik 2005

Geller, Telem 2014 
Barbieri, Greco, Rattazzi, Wulzer 2015 
Low, Tesi, Wang 2015



Strongly coupled UV completions

• Radial mode may be too broad to observe 

• Expect new vector-like fermions charged under both SM and Twin 

• Simplest way to introduce them:                              invariant top YukawaSU(6)⇥ SU(4)
<latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit><latexit sha1_base64="3qtvXpVwTvn3mtC4K9MXQqUnm9A=">AAACEXicbVDLTsJAFJ36RHxVWbqZCCawIS0h6pLEjUuMFkigIdPpABOmj8zcmjQNX+EHuNVPcGfc+gV+gb/hAF0oeJJJTs65N+fO8WLBFVjWl7GxubW9s1vYK+4fHB4dmyenHRUlkjKHRiKSPY8oJnjIHOAgWC+WjASeYF1vejP3u49MKh6FD5DGzA3IOOQjTgloaWiWKvdO9bI2AB4whTVv1ipDs2zVrQXwOrFzUkY52kPze+BHNAlYCFQQpfq2FYObEQmcCjYrDhLFYkKnZMz6moZEZ7nZ4vgZvtCKj0eR1C8EvFB/b2QkUCoNPD0ZEJioVW8u/uspfcqE+SvxMLp2Mx7GCbCQLtNHicAQ4Xk92OeSURCpJoRKrj+A6YRIQkGXWNTN2Ks9rJNOo25bdfuuUW41844K6Aydoyqy0RVqoVvURg6iKEXP6AW9Gk/Gm/FufCxHN4x8p4T+wPj8Abe9m3Q=</latexit>

Lt = yt⌃QQc + fM( eqAeqA + eqBeqB)
<latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit><latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit><latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit><latexit sha1_base64="FkYZgzbeH42zoPKTKyuZebepu+4="></latexit>

Qc =
�
tcA tcB

�
⇠ (6̄,1)

<latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit>

Q =

✓
qA eqB
eqA qB

◆
⇠ (6,4)

<latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit>

SM color and twin weak  →  high-energy portal at hadron colliders

T
<latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit><latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit><latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit><latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit>

T
<latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit><latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit><latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit><latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit>

ZB
<latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit><latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit><latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit><latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit>

bB
<latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit><latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit><latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit><latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit>

bB
<latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit><latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit><latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit><latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit>

twin hadronization, 
glueballs or mesons

t̄t+ displaced vertex
<latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit><latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit><latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit><latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit>

Ĝ0++
<latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit><latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit><latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit><latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit>

b
<latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit><latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit><latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit><latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit>

t
<latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit><latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit><latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit><latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit>

b̄
<latexit sha1_base64="8eHByzPx4fIhMTS6UBhT5I0/hVM=">AAACBXicbVDLTgJBEOzFF+IL9ehlI5h4Irtc9EjixSMm8jCwIbOzDUyYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXmHCmjed9OYWNza3tneJuaW//4PCofHzS1nGqKLZozGPVDYlGziS2DDMcu4lCIkKOnXByM/c7j6g0i+W9mSYYCDKSbMgoMVZ6qPZDorJwVh2UK17NW8BdJ35OKpCjOSh/96OYpgKloZxo3fO9xAQZUYZRjrNSP9WYEDohI+xZKolAHWSLg2fuhVUidxgrW9K4C/X3REaE1lMR2k5BzFivenPxX0/bU8YYraw3w+sgYzJJDUq63D5MuWtidx6JGzGF1PCpJYQqZh9w6ZgoQo0NrmST8VdzWCftes33av5dvdKo5xkV4QzO4RJ8uIIG3EITWkBBwDO8wKvz5Lw5787HsrXg5DOn8AfO5w9awJjO</latexit><latexit sha1_base64="8eHByzPx4fIhMTS6UBhT5I0/hVM=">AAACBXicbVDLTgJBEOzFF+IL9ehlI5h4Irtc9EjixSMm8jCwIbOzDUyYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXmHCmjed9OYWNza3tneJuaW//4PCofHzS1nGqKLZozGPVDYlGziS2DDMcu4lCIkKOnXByM/c7j6g0i+W9mSYYCDKSbMgoMVZ6qPZDorJwVh2UK17NW8BdJ35OKpCjOSh/96OYpgKloZxo3fO9xAQZUYZRjrNSP9WYEDohI+xZKolAHWSLg2fuhVUidxgrW9K4C/X3REaE1lMR2k5BzFivenPxX0/bU8YYraw3w+sgYzJJDUq63D5MuWtidx6JGzGF1PCpJYQqZh9w6ZgoQo0NrmST8VdzWCftes33av5dvdKo5xkV4QzO4RJ8uIIG3EITWkBBwDO8wKvz5Lw5787HsrXg5DOn8AfO5w9awJjO</latexit><latexit sha1_base64="8eHByzPx4fIhMTS6UBhT5I0/hVM=">AAACBXicbVDLTgJBEOzFF+IL9ehlI5h4Irtc9EjixSMm8jCwIbOzDUyYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXmHCmjed9OYWNza3tneJuaW//4PCofHzS1nGqKLZozGPVDYlGziS2DDMcu4lCIkKOnXByM/c7j6g0i+W9mSYYCDKSbMgoMVZ6qPZDorJwVh2UK17NW8BdJ35OKpCjOSh/96OYpgKloZxo3fO9xAQZUYZRjrNSP9WYEDohI+xZKolAHWSLg2fuhVUidxgrW9K4C/X3REaE1lMR2k5BzFivenPxX0/bU8YYraw3w+sgYzJJDUq63D5MuWtidx6JGzGF1PCpJYQqZh9w6ZgoQo0NrmST8VdzWCftes33av5dvdKo5xkV4QzO4RJ8uIIG3EITWkBBwDO8wKvz5Lw5787HsrXg5DOn8AfO5w9awJjO</latexit><latexit sha1_base64="8eHByzPx4fIhMTS6UBhT5I0/hVM=">AAACBXicbVDLTgJBEOzFF+IL9ehlI5h4Irtc9EjixSMm8jCwIbOzDUyYmd3MzJqQDWc/wKt+gjfj1e/wC/wNB9iDgpV0UqnqTndXmHCmjed9OYWNza3tneJuaW//4PCofHzS1nGqKLZozGPVDYlGziS2DDMcu4lCIkKOnXByM/c7j6g0i+W9mSYYCDKSbMgoMVZ6qPZDorJwVh2UK17NW8BdJ35OKpCjOSh/96OYpgKloZxo3fO9xAQZUYZRjrNSP9WYEDohI+xZKolAHWSLg2fuhVUidxgrW9K4C/X3REaE1lMR2k5BzFivenPxX0/bU8YYraw3w+sgYzJJDUq63D5MuWtidx6JGzGF1PCpJYQqZh9w6ZgoQo0NrmST8VdzWCftes33av5dvdKo5xkV4QzO4RJ8uIIG3EITWkBBwDO8wKvz5Lw5787HsrXg5DOn8AfO5w9awJjO</latexit>

Cheng, Jung, Salvioni, Tsai 2015 [assume Fraternal TH setup]



Strongly coupled UV completions

• Radial mode may be too broad to observe 

• Expect new vector-like fermions charged under both SM and Twin 

• Simplest way to introduce them:                              invariant top Yukawa

Qc =
�
tcA tcB

�
⇠ (6̄,1)

<latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit><latexit sha1_base64="Odh2uQCa71h98aq/D9fczZmBJNc="></latexit>

Q =

✓
qA eqB
eqA qB

◆
⇠ (6,4)

<latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit><latexit sha1_base64="bHuOck/cRpA/omPRMJPpI1rVMYs="></latexit>

T
<latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit><latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit><latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit><latexit sha1_base64="1FVxEq6ttvVzLo7gUuIV8bqWZJw=">AAACCXicbVDLSsNAFL3xWeur6tJNsBVclaQbXRbcuKzQF7ShTCY37dDJJM5MhBL6BX6AW/0Ed+LWr/AL/A0nbRbaemDgcM693DPHTzhT2nG+rI3Nre2d3dJeef/g8Oi4cnLaVXEqKXZozGPZ94lCzgR2NNMc+4lEEvkce/70Nvd7jygVi0VbzxL0IjIWLGSUaCN5tWFE9IQSnrXntVGl6tSdBex14hakCgVao8r3MIhpGqHQlBOlBq6TaC8jUjPKcV4epgoTQqdkjANDBYlQedki9Ny+NEpgh7E0T2h7of7eyEik1CzyzWSeUa16ufivp0yUCQYr53V442VMJKlGQZfXw5TbOrbzWuyASaSazwwhVDLzAZtOiCRUm/LKphl3tYd10m3UXafu3jeqTbfoqATncAFX4MI1NOEOWtABCg/wDC/waj1Zb9a79bEc3bCKnTP4A+vzB4kEmow=</latexit>

T
<latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit><latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit><latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit><latexit sha1_base64="XgTs9plpBDA5nCLj4SzoTfu089k=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWAruCpJN7osuHFZoS9oQplMJu3QyUyYmQglxO/wA9zqJ7gTt279An/DSZuFth64cDjnXu69J0gYVdpxvqzKxubW9k51t7a3f3B4ZB+f9JVIJSY9LJiQwwApwignPU01I8NEEhQHjAyC2W3hDx6IVFTwrp4nxI/RhNOIYqSNNLbPGp4wfjGeeTHSU4xY1s3zxtiuO01nAbhO3JLUQYnO2P72QoHTmHCNGVJq5DqJ9jMkNcWM5DUvVSRBeIYmZGQoRzFRfrb4IIeXRglhJKQpruFC/T2RoVipeRyYzuJIteoV4r+eMqdMSbiyXkc3fkZ5kmrC8XJ7lDKoBSwygiGVBGs2NwRhSc0DEE+RRFibJGsmGXc1h3XSbzVdp+net+ptt8yoCs7BBbgCLrgGbXAHOqAHMHgEz+AFvFpP1pv1bn0sWytWOXMK/sD6/AF3Tp/j</latexit>

ZB
<latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit><latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit><latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit><latexit sha1_base64="s/ZvapVItkzTDpudGWAhFPP1dMM=">AAACAXicbVBNT8JAEJ36ifiFevTSCCaeSMtFj0QvHjGxQISGbLdT2LDdNrtbE9Jw8gd41Z/gzXj1l/gL/Bsu0IOCL5nk5b2ZzMwLUs6Udpwva219Y3Nru7RT3t3bPzisHB23VZJJih5NeCK7AVHImUBPM82xm0okccCxE4xvZn7nEaViibjXkxT9mAwFixgl2khe7WFwXRtUqk7dmcNeJW5BqlCgNah898OEZjEKTTlRquc6qfZzIjWjHKflfqYwJXRMhtgzVJAYlZ/Pj53a50YJ7SiRpoS25+rviZzESk3iwHTGRI/UsjcT//WUOWWE4dJ6HV35ORNpplHQxfYo47ZO7FkcdsgkUs0nhhAqmXnApiMiCdUmtLJJxl3OYZW0G3XXqbt3jWrTLTIqwSmcwQW4cAlNuIUWeECBwTO8wKv1ZL1Z79bHonXNKmZO4A+szx+kBpa1</latexit>

bB
<latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit><latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit><latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit><latexit sha1_base64="HKI419Cs4pev8o/6HIKvrXbLt8w=">AAACDnicbVBLTsMwFHwpv1J+AZZsIlokVlHSDSwr2LAsEm2R2ihyHKe16tiR7VSqot6BA7CFI7BDbLkCJ+AaOG0X0DKSpdHMG73niTJGlfa8L6uysbm1vVPdre3tHxwe2ccnXSVyiUkHCybkY4QUYZSTjqaakcdMEpRGjPSi8W3p9yZEKir4g55mJEjRkNOEYqSNFNp2YyCMX8aLaBbeNEK77rneHM468ZekDku0Q/t7EAucp4RrzJBSfd/LdFAgqSlmZFYb5IpkCI/RkPQN5SglKijml8+cC6PETiKkeVw7c/V3okCpUtM0MpMp0iO16pXiv54yp4xIvLJeJ9dBQXmWa8LxYnuSM0cLp+zGiakkWLOpIQhLaj7g4BGSCGvTYM0046/2sE66Tdf3XP++WW+5y46qcAbncAk+XEEL7qANHcAwgWd4gVfryXqz3q2PxWjFWmZO4Q+szx93o5wR</latexit>

bB
<latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit><latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit><latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit><latexit sha1_base64="zeDBjhLNgl5AlDJJyVx8BFyyDoU=">AAACAXicbVDLTgJBEOzFF+IL9ehlIph4Irtc9Ej04hETF0hgQ2Zne2HC7CMzsyZkw8kP8Kqf4M149Uv8An/DAfagYCWdVKq6093lp4IrbdtfVmljc2t7p7xb2ds/ODyqHp90VJJJhi5LRCJ7PlUoeIyu5lpgL5VII19g15/czv3uI0rFk/hBT1P0IjqKecgZ1UZy6/7wpj6s1uyGvQBZJ05BalCgPax+D4KEZRHGmgmqVN+xU+3lVGrOBM4qg0xhStmEjrBvaEwjVF6+OHZGLowSkDCRpmJNFurviZxGSk0j33RGVI/VqjcX//WUOWWMwcp6HV57OY/TTGPMltvDTBCdkHkcJOASmRZTQyiT3DxA2JhKyrQJrWKScVZzWCedZsOxG859s9ZqFBmV4QzO4RIcuIIW3EEbXGDA4Rle4NV6st6sd+tj2VqyiplT+APr8wev/5a6</latexit>

twin hadronization, 
glueballs or mesons

t̄t+ displaced vertex
<latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit><latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit><latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit><latexit sha1_base64="sj39HGSb3Qd7nkDYuM3wo3A+m7g=">AAACJXicbVDJSgNBEO2JW4zbqEcvjYkoCGEmFwUvAS8eI5gFMiH09FSSJj0L3TViGPIJfocf4FU/wZsInjz6G3aWgyY+KHi8V0VVPT+RQqPjfFq5ldW19Y38ZmFre2d3z94/aOg4VRzqPJaxavlMgxQR1FGghFaigIW+hKY/vJ74zXtQWsTRHY4S6ISsH4me4AyN1LVPS57PVIZjpOfUCxkOVJgFQieScQi8KzOL8DAude2iU3amoMvEnZMimaPWtb+9IOZpCBFyybRuu06CnYwpFFzCuOClGhLGh6wPbUMjFoLuZNOHxvTEKAHtxcpUhHSq/p7IWKj1KPRN5+RkvehNxH89bU4ZQLCwHnuXnUxESYoQ8dn2XiopxnQSGQ2EAo5yZAjjSpgHKB8wxTiaYAsmGXcxh2XSqJRdp+zeVorVyjyjPDkix+SMuOSCVMkNqZE64eSRPJMX8mo9WW/Wu/Uxa81Z85lD8gfW1w/hGaXX</latexit>

Ĝ0++
<latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit><latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit><latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit><latexit sha1_base64="EKIRFgkYb8MoLUU0n2+sRVLy4Es=">AAACEHicbVDLSsNAFJ34rPUV69JNsBWEQkm60WXBhS4r2Ae0MUwmk3boZBJmbsQS8hN+gFv9BHfi1j/wC/wNp20W2nrgwuGce7n3Hj/hTIFtfxlr6xubW9ulnfLu3v7BoXlU6ao4lYR2SMxj2fexopwJ2gEGnPYTSXHkc9rzJ1czv/dApWKxuINpQt0IjwQLGcGgJc+s1IZjDNl17mX2fVav53nNM6t2w57DWiVOQaqoQNszv4dBTNKICiAcKzVw7ATcDEtghNO8PEwVTTCZ4BEdaCpwRJWbzW/PrTOtBFYYS10CrLn6eyLDkVLTyNedEYaxWvZm4r+e0qeMabC0HsJLN2MiSYEKstgeptyC2JqlYwVMUgJ8qgkmkukHLDLGEhPQGZZ1Ms5yDquk22w4dsO5bVZbzSKjEjpBp+gcOegCtdANaqMOIugRPaMX9Go8GW/Gu/GxaF0ziplj9AfG5w9MD5x5</latexit>

b
<latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit><latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit><latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit><latexit sha1_base64="7MJndv9wqkGQ8mmjdSgkl8pXQdA=">AAACAHicbVC7TsNAEFzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7M1JkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qeBK2/aXtbG5tb2zW9mr7h8cHh3XTk57Kskkwy5LRCIHHlUoeIxdzbXAQSqRRp7Avje9Lfz+I0rFk/hBz1J0IzqJecAZ1YXU8EhjXKvbTXsBsk6cktShRGdc+x75CcsijDUTVKmhY6fazanUnAmcV0eZwpSyKZ3g0NCYRqjcfHHrnFwaxSdBIk3FmizU3xM5jZSaRZ7pjKgO1apXiP96ypwSor+yXgc3bs7jNNMYs+X2IBNEJ6RIg/hcItNiZghlkpsHCAuppEybzKomGWc1h3XSazUdu+nct+rtVplRBc7hAq7AgWtowx10oAsMQniGF3i1nqw36936WLZuWOXMGfyB9fkDvKaWMw==</latexit>

t
<latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit><latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit><latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit><latexit sha1_base64="unpCO2wnPrEJ6Ha0nrLVaWvBV1g=">AAACAHicbVC7TsNAEDzzDOEVoKQ5kSBRRXYaKCPRUAaJPKTEis7ndXzK+aG7NVJkpeEDaOET6BAtf8IX8BucExeQMNJKo5ld7e54qRQabfvL2tjc2t7ZrexV9w8Oj45rJ6c9nWSKQ5cnMlEDj2mQIoYuCpQwSBWwyJPQ96a3hd9/BKVFEj/gLAU3YpNYBIIzLKQG0sa4Vreb9gJ0nTglqZMSnXHte+QnPIsgRi6Z1kPHTtHNmULBJcyro0xDyviUTWBoaMwi0G6+uHVOL43i0yBRpmKkC/X3RM4irWeRZzojhqFe9QrxX0+bU0LwV9ZjcOPmIk4zhJgvtweZpJjQIg3qCwUc5cwQxpUwD1AeMsU4msyqJhlnNYd10ms1Hbvp3Lfq7VaZUYWckwtyRRxyTdrkjnRIl3ASkmfyQl6tJ+vNerc+lq0bVjlzRv7A+vwB2YyWRQ==</latexit>

b̄
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(1) SM-singlet scalar top partners 
• Tripled Top 
• Hyperbolic Higgs 

(2) ZN  models 

(3) Probing UV completions at colliders 

(4) Signatures in cosmology
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Cosmology of Mirror Twin Higgs

• The Mirror TH ( = Z2 broken only softly) has well-known conflict with cosmology: 

too much dark radiation in the form of twin photon and neutrinos  

• Several solutions proposed in last ~ 2 years
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Cosmology of Mirror Twin Higgs

• The Mirror TH ( = Z2 broken only softly) has well-known conflict with cosmology: 

too much dark radiation in the form of twin photon and neutrinos  

• Asymmetric reheating of the two sectors after decoupling, for example  

by decays of right-handed neutrinos 

• Does not require hard Z2 breaking 
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Chacko, Craig, Fox, Harnik 2016

also: Craig, Koren, Trott 2016



Cosmology of Mirror Twin Higgs

• The Mirror TH ( = Z2 broken only softly) has well-known conflict with cosmology: 

too much dark radiation in the form of twin photon and neutrinos  

• Cosmological signatures predicted both  

in large scale structure (twin BAO) 

and in CMB: different effects from twin photon / neutrinos  

   (scattering vs free stream), testable prediction

�Ne↵ ⇡ 5.6
<latexit sha1_base64="mdYHqKekDM1ySPOkDFtKACiyXk8=">AAACKXicbVDLSsNAFJ34rPVVdelmsBUEISQFH8uCLlxJBfuAJpTJ9KYdOnkwMxFLyEf4HX6AW/0Ed+rWhb/htM3Cth4YOJxz79x7jxdzJpVlfRpLyyura+uFjeLm1vbObmlvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5w6ux33oAIVkU3qtRDG5A+iHzGSVKS93SqTP5IxXQyyrONXBF8G03dUSAwfcz7JA4FtEjPjPPK91S2TKtCfAisXNSRjnq3dKP04toEkCoKCdSdmwrVm5KhGKUQ1Z0EgkxoUPSh46mIQlAuulkoQwfa6WH/UjoFyo8Uf92pCSQchR4ujIgaiDnvbH4ryf1KgN97ux45V+6KQvjREFIp9P9hGMV4XFsuMcEUMVHmhAqmD4A0wERhCodblEnY8/nsEiaVdO2TPuuWq5V84wK6BAdoRNkowtUQzeojhqIoif0gl7Rm/FsvBsfxte0dMnIew7QDIzvX4IVpnw=</latexit><latexit sha1_base64="mdYHqKekDM1ySPOkDFtKACiyXk8=">AAACKXicbVDLSsNAFJ34rPVVdelmsBUEISQFH8uCLlxJBfuAJpTJ9KYdOnkwMxFLyEf4HX6AW/0Ed+rWhb/htM3Cth4YOJxz79x7jxdzJpVlfRpLyyura+uFjeLm1vbObmlvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5w6ux33oAIVkU3qtRDG5A+iHzGSVKS93SqTP5IxXQyyrONXBF8G03dUSAwfcz7JA4FtEjPjPPK91S2TKtCfAisXNSRjnq3dKP04toEkCoKCdSdmwrVm5KhGKUQ1Z0EgkxoUPSh46mIQlAuulkoQwfa6WH/UjoFyo8Uf92pCSQchR4ujIgaiDnvbH4ryf1KgN97ux45V+6KQvjREFIp9P9hGMV4XFsuMcEUMVHmhAqmD4A0wERhCodblEnY8/nsEiaVdO2TPuuWq5V84wK6BAdoRNkowtUQzeojhqIoif0gl7Rm/FsvBsfxte0dMnIew7QDIzvX4IVpnw=</latexit><latexit sha1_base64="mdYHqKekDM1ySPOkDFtKACiyXk8=">AAACKXicbVDLSsNAFJ34rPVVdelmsBUEISQFH8uCLlxJBfuAJpTJ9KYdOnkwMxFLyEf4HX6AW/0Ed+rWhb/htM3Cth4YOJxz79x7jxdzJpVlfRpLyyura+uFjeLm1vbObmlvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5w6ux33oAIVkU3qtRDG5A+iHzGSVKS93SqTP5IxXQyyrONXBF8G03dUSAwfcz7JA4FtEjPjPPK91S2TKtCfAisXNSRjnq3dKP04toEkCoKCdSdmwrVm5KhGKUQ1Z0EgkxoUPSh46mIQlAuulkoQwfa6WH/UjoFyo8Uf92pCSQchR4ujIgaiDnvbH4ryf1KgN97ux45V+6KQvjREFIp9P9hGMV4XFsuMcEUMVHmhAqmD4A0wERhCodblEnY8/nsEiaVdO2TPuuWq5V84wK6BAdoRNkowtUQzeojhqIoif0gl7Rm/FsvBsfxte0dMnIew7QDIzvX4IVpnw=</latexit><latexit sha1_base64="mdYHqKekDM1ySPOkDFtKACiyXk8=">AAACKXicbVDLSsNAFJ34rPVVdelmsBUEISQFH8uCLlxJBfuAJpTJ9KYdOnkwMxFLyEf4HX6AW/0Ed+rWhb/htM3Cth4YOJxz79x7jxdzJpVlfRpLyyura+uFjeLm1vbObmlvvymjRFBo0IhHou0RCZyF0FBMcWjHAkjgcWh5w6ux33oAIVkU3qtRDG5A+iHzGSVKS93SqTP5IxXQyyrONXBF8G03dUSAwfcz7JA4FtEjPjPPK91S2TKtCfAisXNSRjnq3dKP04toEkCoKCdSdmwrVm5KhGKUQ1Z0EgkxoUPSh46mIQlAuulkoQwfa6WH/UjoFyo8Uf92pCSQchR4ujIgaiDnvbH4ryf1KgN97ux45V+6KQvjREFIp9P9hGMV4XFsuMcEUMVHmhAqmD4A0wERhCodblEnY8/nsEiaVdO2TPuuWq5V84wK6BAdoRNkowtUQzeojhqIoif0gl7Rm/FsvBsfxte0dMnIew7QDIzvX4IVpnw=</latexit>

(�Ne↵ . 0.6 at 95% CL)
<latexit sha1_base64="KVhQx4Go4aCLsk+U+rauT0N+ru4="></latexit><latexit sha1_base64="KVhQx4Go4aCLsk+U+rauT0N+ru4="></latexit><latexit sha1_base64="KVhQx4Go4aCLsk+U+rauT0N+ru4="></latexit><latexit sha1_base64="KVhQx4Go4aCLsk+U+rauT0N+ru4="></latexit>

Chacko, Curtin, Geller, Tsai 2018
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4 ⇡ 0.68

<latexit sha1_base64="QS5XpcnLsBCEIjY84s/IfGdt8DI="></latexit><latexit sha1_base64="QS5XpcnLsBCEIjY84s/IfGdt8DI="></latexit><latexit sha1_base64="QS5XpcnLsBCEIjY84s/IfGdt8DI="></latexit><latexit sha1_base64="QS5XpcnLsBCEIjY84s/IfGdt8DI="></latexit>

⇤CDM+MTH

⇤CDM+DR
<latexit sha1_base64="/t3/GuHFTdPC67l728DlRd5t1Co=">AAACMXicfVDLSsNAFJ34rPVVdelmsBUEoSTd6LLQLrqwUKUvaEKZTCbt0JkkzEyEEvJLbvwTcdOFIm79CadtFtqKBwYO55zL3HvciFGpTHNmbGxube/s5vby+weHR8eFk9OuDGOBSQeHLBR9F0nCaEA6iipG+pEgiLuM9NxJbe73HomQNAzaahoRh6NRQH2KkdLSsNAo2b5AOLHv9IyHEltwWKs3U3gNbY7UWPCk2W6k6X+B+kOaloaFolk2F4DrxMpIEWRoDQsvthfimJNAYYakHFhmpJwECUUxI2nejiWJEJ6gERloGiBOpJMsLk7hpVY86IdCv0DBhfpzIkFcyil3dXK+pFz15uJf3iBW/q2T0CCKFQnw8iM/ZlCFcF4f9KggWLGpJggLqneFeIx0g0qXnNclWKsnr5NupWyZZeu+UqxWsjpy4BxcgCtggRtQBQ3QAh2AwRN4BW/g3Xg2ZsaH8bmMbhjZzBn4BePrG6EWqTA=</latexit><latexit sha1_base64="/t3/GuHFTdPC67l728DlRd5t1Co=">AAACMXicfVDLSsNAFJ34rPVVdelmsBUEoSTd6LLQLrqwUKUvaEKZTCbt0JkkzEyEEvJLbvwTcdOFIm79CadtFtqKBwYO55zL3HvciFGpTHNmbGxube/s5vby+weHR8eFk9OuDGOBSQeHLBR9F0nCaEA6iipG+pEgiLuM9NxJbe73HomQNAzaahoRh6NRQH2KkdLSsNAo2b5AOLHv9IyHEltwWKs3U3gNbY7UWPCk2W6k6X+B+kOaloaFolk2F4DrxMpIEWRoDQsvthfimJNAYYakHFhmpJwECUUxI2nejiWJEJ6gERloGiBOpJMsLk7hpVY86IdCv0DBhfpzIkFcyil3dXK+pFz15uJf3iBW/q2T0CCKFQnw8iM/ZlCFcF4f9KggWLGpJggLqneFeIx0g0qXnNclWKsnr5NupWyZZeu+UqxWsjpy4BxcgCtggRtQBQ3QAh2AwRN4BW/g3Xg2ZsaH8bmMbhjZzBn4BePrG6EWqTA=</latexit><latexit sha1_base64="/t3/GuHFTdPC67l728DlRd5t1Co=">AAACMXicfVDLSsNAFJ34rPVVdelmsBUEoSTd6LLQLrqwUKUvaEKZTCbt0JkkzEyEEvJLbvwTcdOFIm79CadtFtqKBwYO55zL3HvciFGpTHNmbGxube/s5vby+weHR8eFk9OuDGOBSQeHLBR9F0nCaEA6iipG+pEgiLuM9NxJbe73HomQNAzaahoRh6NRQH2KkdLSsNAo2b5AOLHv9IyHEltwWKs3U3gNbY7UWPCk2W6k6X+B+kOaloaFolk2F4DrxMpIEWRoDQsvthfimJNAYYakHFhmpJwECUUxI2nejiWJEJ6gERloGiBOpJMsLk7hpVY86IdCv0DBhfpzIkFcyil3dXK+pFz15uJf3iBW/q2T0CCKFQnw8iM/ZlCFcF4f9KggWLGpJggLqneFeIx0g0qXnNclWKsnr5NupWyZZeu+UqxWsjpy4BxcgCtggRtQBQ3QAh2AwRN4BW/g3Xg2ZsaH8bmMbhjZzBn4BePrG6EWqTA=</latexit><latexit sha1_base64="/t3/GuHFTdPC67l728DlRd5t1Co=">AAACMXicfVDLSsNAFJ34rPVVdelmsBUEoSTd6LLQLrqwUKUvaEKZTCbt0JkkzEyEEvJLbvwTcdOFIm79CadtFtqKBwYO55zL3HvciFGpTHNmbGxube/s5vby+weHR8eFk9OuDGOBSQeHLBR9F0nCaEA6iipG+pEgiLuM9NxJbe73HomQNAzaahoRh6NRQH2KkdLSsNAo2b5AOLHv9IyHEltwWKs3U3gNbY7UWPCk2W6k6X+B+kOaloaFolk2F4DrxMpIEWRoDQsvthfimJNAYYakHFhmpJwECUUxI2nejiWJEJ6gERloGiBOpJMsLk7hpVY86IdCv0DBhfpzIkFcyil3dXK+pFz15uJf3iBW/q2T0CCKFQnw8iM/ZlCFcF4f9KggWLGpJggLqneFeIx0g0qXnNclWKsnr5NupWyZZeu+UqxWsjpy4BxcgCtggRtQBQ3QAh2AwRN4BW/g3Xg2ZsaH8bmMbhjZzBn4BePrG6EWqTA=</latexit>
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Ĥe
, vB/vA) = (2.5%, 7.5%, 3)

<latexit sha1_base64="2hofJJNV1pt2HroindRnAcZeig4="></latexit><latexit sha1_base64="2hofJJNV1pt2HroindRnAcZeig4="></latexit><latexit sha1_base64="2hofJJNV1pt2HroindRnAcZeig4="></latexit><latexit sha1_base64="2hofJJNV1pt2HroindRnAcZeig4="></latexit>

(r
Ĥ
, r

Ĥe
, vB/vA) = (10%, 0%, 3.6)

<latexit sha1_base64="2FQzq0tSKC9p0DDOGSzJUlLjGg0="></latexit><latexit sha1_base64="2FQzq0tSKC9p0DDOGSzJUlLjGg0="></latexit><latexit sha1_base64="2FQzq0tSKC9p0DDOGSzJUlLjGg0="></latexit><latexit sha1_base64="2FQzq0tSKC9p0DDOGSzJUlLjGg0="></latexit>

(r
Ĥ
, r

Ĥe
, vB/vA) = (9.5%, 0%, 3.6)

<latexit sha1_base64="zrdxF4UNfdGORS6MAiFzXFmb+VU="></latexit><latexit sha1_base64="zrdxF4UNfdGORS6MAiFzXFmb+VU="></latexit><latexit sha1_base64="zrdxF4UNfdGORS6MAiFzXFmb+VU="></latexit><latexit sha1_base64="zrdxF4UNfdGORS6MAiFzXFmb+VU="></latexit>

�Neff = 0.4



Cosmology of Mirror Twin Higgs

• “Minimal Mirror TH”, hard Z2  breaking from Yukawas 

raise temperature of twin QCD phase transition to 

• Neutrino portal can also help, delaying decoupling to < 1 GeV 

• Z2 - breaking mass in Higgs potential can be generated radiatively 

• In all cases, the extra radiation should be detectable in future CMB experiments: 

at Stage-IV 

TB
QCD > Tdec > TA

QCD
<latexit sha1_base64="RIKvLfiKx5CO2XSHMcTBgD9xChw=">AAACG3icbVC7TsMwFHXKq5RXgJHFokViqpIuMKFCGRhbqS+pDZHjOK1VO4lsB6mK8h8s/AoLAwgxITHwN7htBmg50pWOz7lXvvd4MaNSWda3UVhb39jcKm6Xdnb39g/Mw6OujBKBSQdHLBJ9D0nCaEg6iipG+rEgiHuM9LxJY+b3HoiQNArbahoTh6NRSAOKkdKSa9YqbTcdCg5bjdvsPr3J4BXMFZ/gX6+Ff53BimuWrao1B1wldk7KIEfTNT+HfoQTTkKFGZJyYFuxclIkFMWMZKVhIkmM8ASNyEDTEHEinXR+WwbPtOLDIBK6QgXn6u+JFHEpp9zTnRypsVz2ZuJ/3iBRwaWT0jBOFAnx4qMgYVBFcBYU9KkgWLGpJggLqneFeIwEwkrHWdIh2Msnr5JurWpbVbtVK9dreRxFcAJOwTmwwQWogzvQBB2AwSN4Bq/gzXgyXox342PRWjDymWPwB8bXD12Nnw4=</latexit><latexit sha1_base64="RIKvLfiKx5CO2XSHMcTBgD9xChw=">AAACG3icbVC7TsMwFHXKq5RXgJHFokViqpIuMKFCGRhbqS+pDZHjOK1VO4lsB6mK8h8s/AoLAwgxITHwN7htBmg50pWOz7lXvvd4MaNSWda3UVhb39jcKm6Xdnb39g/Mw6OujBKBSQdHLBJ9D0nCaEg6iipG+rEgiHuM9LxJY+b3HoiQNArbahoTh6NRSAOKkdKSa9YqbTcdCg5bjdvsPr3J4BXMFZ/gX6+Ff53BimuWrao1B1wldk7KIEfTNT+HfoQTTkKFGZJyYFuxclIkFMWMZKVhIkmM8ASNyEDTEHEinXR+WwbPtOLDIBK6QgXn6u+JFHEpp9zTnRypsVz2ZuJ/3iBRwaWT0jBOFAnx4qMgYVBFcBYU9KkgWLGpJggLqneFeIwEwkrHWdIh2Msnr5JurWpbVbtVK9dreRxFcAJOwTmwwQWogzvQBB2AwSN4Bq/gzXgyXox342PRWjDymWPwB8bXD12Nnw4=</latexit><latexit sha1_base64="RIKvLfiKx5CO2XSHMcTBgD9xChw=">AAACG3icbVC7TsMwFHXKq5RXgJHFokViqpIuMKFCGRhbqS+pDZHjOK1VO4lsB6mK8h8s/AoLAwgxITHwN7htBmg50pWOz7lXvvd4MaNSWda3UVhb39jcKm6Xdnb39g/Mw6OujBKBSQdHLBJ9D0nCaEg6iipG+rEgiHuM9LxJY+b3HoiQNArbahoTh6NRSAOKkdKSa9YqbTcdCg5bjdvsPr3J4BXMFZ/gX6+Ff53BimuWrao1B1wldk7KIEfTNT+HfoQTTkKFGZJyYFuxclIkFMWMZKVhIkmM8ASNyEDTEHEinXR+WwbPtOLDIBK6QgXn6u+JFHEpp9zTnRypsVz2ZuJ/3iBRwaWT0jBOFAnx4qMgYVBFcBYU9KkgWLGpJggLqneFeIwEwkrHWdIh2Msnr5JurWpbVbtVK9dreRxFcAJOwTmwwQWogzvQBB2AwSN4Bq/gzXgyXox342PRWjDymWPwB8bXD12Nnw4=</latexit><latexit sha1_base64="RIKvLfiKx5CO2XSHMcTBgD9xChw=">AAACG3icbVC7TsMwFHXKq5RXgJHFokViqpIuMKFCGRhbqS+pDZHjOK1VO4lsB6mK8h8s/AoLAwgxITHwN7htBmg50pWOz7lXvvd4MaNSWda3UVhb39jcKm6Xdnb39g/Mw6OujBKBSQdHLBJ9D0nCaEg6iipG+rEgiHuM9LxJY+b3HoiQNArbahoTh6NRSAOKkdKSa9YqbTcdCg5bjdvsPr3J4BXMFZ/gX6+Ff53BimuWrao1B1wldk7KIEfTNT+HfoQTTkKFGZJyYFuxclIkFMWMZKVhIkmM8ASNyEDTEHEinXR+WwbPtOLDIBK6QgXn6u+JFHEpp9zTnRypsVz2ZuJ/3iBRwaWT0jBOFAnx4qMgYVBFcBYU9KkgWLGpJggLqneFeIwEwkrHWdIh2Msnr5JurWpbVbtVK9dreRxFcAJOwTmwwQWogzvQBB2AwSN4Bq/gzXgyXox342PRWjDymWPwB8bXD12Nnw4=</latexit>

Barbieri, Hall, Harigaya 2016

Csáki, Kuflik, Lombardo 2017

�Ne↵ . 0.04 (95% CL)
<latexit sha1_base64="/VFdCd6ez7UnJHIvMIROrz5qLHg=">AAACGHicbVDLSgNBEJyNrxhfUY9eBpNAvMTdoKi3QDx4EIlgHpANYXbSmwyZ2V1mZoWw5DO8+CtePCjiNTf/xsnjoNGChqKqm+4uL+JMadv+slIrq2vrG+nNzNb2zu5edv+gocJYUqjTkIey5REFnAVQ10xzaEUSiPA4NL1hdeo3H0EqFgYPehRBR5B+wHxGiTZSN3uad6+Ba4LvuokrBQbfH2OXg1KKCWyX7DOcx8X81blbyOPq7Uk3mzPiDPgvcRYkhxaodbMTtxfSWECgKSdKtR070p2ESM0oh3HGjRVEhA5JH9qGBkSA6iSzx8a4YJQe9kNpKtB4pv6cSIhQaiQ80ymIHqhlbyr+57Vj7V92EhZEsYaAzhf5Mcc6xNOUcI9JoJqPDCFUMnMrpgMiCdUmy4wJwVl++S9plEuOXXLuy7lKeRFHGh2hY1REDrpAFXSDaqiOKHpCL+gNvVvP1qv1YX3OW1PWYuYQ/YI1+QZ3fpwj</latexit><latexit sha1_base64="/VFdCd6ez7UnJHIvMIROrz5qLHg=">AAACGHicbVDLSgNBEJyNrxhfUY9eBpNAvMTdoKi3QDx4EIlgHpANYXbSmwyZ2V1mZoWw5DO8+CtePCjiNTf/xsnjoNGChqKqm+4uL+JMadv+slIrq2vrG+nNzNb2zu5edv+gocJYUqjTkIey5REFnAVQ10xzaEUSiPA4NL1hdeo3H0EqFgYPehRBR5B+wHxGiTZSN3uad6+Ba4LvuokrBQbfH2OXg1KKCWyX7DOcx8X81blbyOPq7Uk3mzPiDPgvcRYkhxaodbMTtxfSWECgKSdKtR070p2ESM0oh3HGjRVEhA5JH9qGBkSA6iSzx8a4YJQe9kNpKtB4pv6cSIhQaiQ80ymIHqhlbyr+57Vj7V92EhZEsYaAzhf5Mcc6xNOUcI9JoJqPDCFUMnMrpgMiCdUmy4wJwVl++S9plEuOXXLuy7lKeRFHGh2hY1REDrpAFXSDaqiOKHpCL+gNvVvP1qv1YX3OW1PWYuYQ/YI1+QZ3fpwj</latexit><latexit sha1_base64="/VFdCd6ez7UnJHIvMIROrz5qLHg=">AAACGHicbVDLSgNBEJyNrxhfUY9eBpNAvMTdoKi3QDx4EIlgHpANYXbSmwyZ2V1mZoWw5DO8+CtePCjiNTf/xsnjoNGChqKqm+4uL+JMadv+slIrq2vrG+nNzNb2zu5edv+gocJYUqjTkIey5REFnAVQ10xzaEUSiPA4NL1hdeo3H0EqFgYPehRBR5B+wHxGiTZSN3uad6+Ba4LvuokrBQbfH2OXg1KKCWyX7DOcx8X81blbyOPq7Uk3mzPiDPgvcRYkhxaodbMTtxfSWECgKSdKtR070p2ESM0oh3HGjRVEhA5JH9qGBkSA6iSzx8a4YJQe9kNpKtB4pv6cSIhQaiQ80ymIHqhlbyr+57Vj7V92EhZEsYaAzhf5Mcc6xNOUcI9JoJqPDCFUMnMrpgMiCdUmy4wJwVl++S9plEuOXXLuy7lKeRFHGh2hY1REDrpAFXSDaqiOKHpCL+gNvVvP1qv1YX3OW1PWYuYQ/YI1+QZ3fpwj</latexit><latexit sha1_base64="/VFdCd6ez7UnJHIvMIROrz5qLHg=">AAACGHicbVDLSgNBEJyNrxhfUY9eBpNAvMTdoKi3QDx4EIlgHpANYXbSmwyZ2V1mZoWw5DO8+CtePCjiNTf/xsnjoNGChqKqm+4uL+JMadv+slIrq2vrG+nNzNb2zu5edv+gocJYUqjTkIey5REFnAVQ10xzaEUSiPA4NL1hdeo3H0EqFgYPehRBR5B+wHxGiTZSN3uad6+Ba4LvuokrBQbfH2OXg1KKCWyX7DOcx8X81blbyOPq7Uk3mzPiDPgvcRYkhxaodbMTtxfSWECgKSdKtR070p2ESM0oh3HGjRVEhA5JH9qGBkSA6iSzx8a4YJQe9kNpKtB4pv6cSIhQaiQ80ymIHqhlbyr+57Vj7V92EhZEsYaAzhf5Mcc6xNOUcI9JoJqPDCFUMnMrpgMiCdUmy4wJwVl++S9plEuOXXLuy7lKeRFHGh2hY1REDrpAFXSDaqiOKHpCL+gNvVvP1qv1YX3OW1PWYuYQ/YI1+QZ3fpwj</latexit>

(Snowmass, 1309.5383)



More…

• Fine tuning analyses 

• Electroweak precision 

• Tadpole-induced EWSB 

• Twin SIMPs

Katz, Mariotti, Pokorski, Redigolo, Ziegler 2016 
Contino, Greco, Mahbubani, Rattazzi, Torre 2017

Contino, Greco, Mahbubani, Rattazzi, Torre 2017

Harnik, Howe, Kearney 2016

Hochberg, Kuflik, Murayama 2018



Thanks!



Backup



The soft masses

SU(2)
<latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit><latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit><latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit><latexit sha1_base64="dBKnwZe3qVxYVVUyVL01elMM5Jo=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkpSCuqt4MVjRaOFNpTNdtIu3WzC7kYopb/BiwcVr/4hb/4bt20O2vpg4PHeDDPzwlRwbVz32ymsrW9sbhW3Szu7e/sH5cOjB51kiqHPEpGodkg1Ci7RN9wIbKcKaRwKfAxH1zP/8QmV5om8N+MUg5gOJI84o8ZK/p1frZ/3yhW35s5BVomXkwrkaPXKX91+wrIYpWGCat3x3NQEE6oMZwKnpW6mMaVsRAfYsVTSGHUwmR87JWdW6ZMoUbakIXP198SExlqP49B2xtQM9bI3E//zOpmJLoMJl2lmULLFoigTxCRk9jnpc4XMiLEllClubyVsSBVlxuZTsiF4yy+vEr9eu6p5t41Ks5GnUYQTOIUqeHABTbiBFvjAgMMzvMKbI50X5935WLQWnHzmGP7A+fwB9XaNnQ==</latexit>

F = 3
<latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit><latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit><latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit><latexit sha1_base64="NFumvvBpVDXs3OJ5dW40QNRTjoc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oB6EgiAeKxhbaEPZbLft0s0m7E6EEvobvHhQ8eof8ua/cdvmoK0PBh7vzTAzL0ykMOi6305hZXVtfaO4Wdra3tndK+8fPJo41Yz7LJaxboXUcCkU91Gg5K1EcxqFkjfD0c3Ubz5xbUSsHnCc8CCiAyX6glG0kn9Lrsl5t1xxq+4MZJl4OalAjka3/NXpxSyNuEImqTFtz00wyKhGwSSflDqp4QllIzrgbUsVjbgJstmxE3JilR7px9qWQjJTf09kNDJmHIW2M6I4NIveVPzPa6fYvwwyoZIUuWLzRf1UEozJ9HPSE5ozlGNLKNPC3krYkGrK0OZTsiF4iy8vE/+selX17muVei1PowhHcAyn4MEF1OEOGuADAwHP8ApvjnJenHfnY95acPKZQ/gD5/MHpJyNaA==</latexit>

Cheng, Li, Salvioni,  
Verhaaren, 1803.03651

Vs = + em2
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| eQA|2 + |ũc
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2 + |ũc
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2
⌘

<latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit><latexit sha1_base64="iw+bR39VyeH9pQUZWz3mWShoHGY="></latexit>

m2
ij = m2

Pi
+m2

P j
� 2

b

X

k

Trk(m
2
Pk

+m2
Pk

)
<latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit><latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit><latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit><latexit sha1_base64="Yma/8bguE91motNpwubdUQnHGKA="></latexit>

em2
P em2

P em2
P0
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A
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P 1
uc
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P 1

em2
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<latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit><latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit><latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit><latexit sha1_base64="eKZ93pAIAoAa0xsNObMwGqJWUTo="></latexit>

em2
P em2

P em2
P0

@

1

A
em2

P 2

em2
P 2

em2
P 1

em2
P em2

P em2
P0

@

1

A
em2

P 2
uc
A

em2
P 2

em2
P 1

<latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit><latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit><latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit><latexit sha1_base64="k6J0aWi51uHTcZ2Ftvy15RlVEso="></latexit>

QA
<latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit><latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit><latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit><latexit sha1_base64="KZEm8nRQE3Js1VlMMWBJqtOMO/s=">AAACAnicbVBNT8JAEJ3iF+IX6tFLI5h4Ii0XPWK8eITEggk0ZLpsYcN22+xuTZqGm3ev+he8Ga/+Ef+BP8MFelDwJZO8vDeTmXlBwpnSjvNllTY2t7Z3yruVvf2Dw6Pq8UlXxakk1CMxj+VDgIpyJqinmeb0IZEUo4DTXjC9nfu9RyoVi8W9zhLqRzgWLGQEtZG8emd4Ux9Wa07DWcBeJ25BalCgPax+D0YxSSMqNOGoVN91Eu3nKDUjnM4qg1TRBMkUx7RvqMCIKj9fHDuzL4wyssNYmhLaXqi/J3KMlMqiwHRGqCdq1ZuL/3oBn6KUmK3s1+G1nzORpJoKslwfptzWsT3Pwx4xSYnmmSFIJDMf2GSCEok2qVVMNO5qEOuk22y4TsPtNGutZhFSGc7gHC7BhStowR20wQMCDJ7hBV6tJ+vNerc+lq0lq5g5hT+wPn8AWjmXJg==</latexit>

•       - symmetric YukawasZ3
<latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit><latexit sha1_base64="mwK70lR1rFKTHv/cRU0DDJOa/ns=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lUsMeCF48V7Qe2oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+8f+Zb9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5qVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDGt+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmldVD236t1dVeq1PI4inMApnIMH11CHW2hAExgM4Rle4c2Rzovz7nwsWgtOPnMMf+B8/gDd8416</latexit>

W 3 gt

⇤2
UV
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⇤2
G

⇤2
UV

<latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit><latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit><latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit><latexit sha1_base64="TbeuM64Ue8CGy/ZTmk6zr9CACJo="></latexit>

(e.g.: m2
P 2

> 0 , m2
P 1

= 0)
<latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit><latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit><latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit><latexit sha1_base64="fshbb3yD1uC34dHGpsch7gKKhmE="></latexit>



Soft masses of composite mesons

•  s-confinement = smooth confinement without chiral symmetry breaking and    
   with non-vanishing confining superpotential  

•  In the UV, from  

•  Anomalous U(1) symmetry 

         is promoted to background vector superfield 

•  Only invariant object is                               

  and 

•  In the IR, effective Kähler potential for mesons starts with

1
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d4✓Z F

✓
S(µUV) + S†(µUV)�

T

4⇡2
lnZ

◆
P †eV P

<latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit><latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit><latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit><latexit sha1_base64="rS00PeDFDZOjP2wz8iUnVv8bRXg="></latexit>

Z ! Z��†, P ! P/�, S(µUV) ! S(µUV) +
T

4⇡2
ln�

<latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit><latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit><latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit><latexit sha1_base64="ib9rbXBZz2GDpoK3tCoCBEG+x5A="></latexit>

m2
P (µUV) = �[lnZ]✓2✓̄2 � [lnF (µUV)]✓2✓̄2

µUV!1
������! �[lnZ]✓2✓̄2

<latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit><latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit><latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit><latexit sha1_base64="/nLstbcJIxTue1b3S1U8WzoSuFs="></latexit>

P !
p
Z P

<latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit><latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit><latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit><latexit sha1_base64="zL9/ak8NGNb9SpFuaZTK5dYTTVI=">AAACEXicbZDLSsNAFIYnXmu9xbp0M1gEF1KSIuiy4MZlBHvBJpST6aQdOrk4MxFD6FO4d6uv4E7c+gS+gY/hpM1CW38Y+PnPOZwzn59wJpVlfRkrq2vrG5uVrer2zu7evnlQ68g4FYS2Scxj0fNBUs4i2lZMcdpLBIXQ57TrT66KeveBCsni6FZlCfVCGEUsYASUjgZmzcGuirEr74XK76bumVMdmHWrYc2El41dmjoq5QzMb3cYkzSkkSIcpOzbVqK8HIRihNNp1U0lTYBMYET72kYQUunls9un+EQnQxzEQr9I4Vn6eyKHUMos9HVnCGosF2tF+G/N5xMQArKF/Sq49HIWJamiEZmvD1KONYMCDx4yQYnimTZABNM/wGQMAojSEAs09iKIZdNpNmyrYd+c11vNElIFHaFjdIpsdIFa6Bo5qI0IekTP6AW9Gk/Gm/FufMxbV4xy5hD9kfH5A9NpnMs=</latexit>

Z
<latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit><latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit><latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit><latexit sha1_base64="ldqMZo285bp/QzwQ+YHtmmi8YJk=">AAAB/3icbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF49V7Ae2oUy2m3bpZhN2N0IIPXj3qn/Bm3j1p/gP/BkmbQ7a+mDg8d4MM/O8SHBtbPvLKq2tb2xulbcrO7t7+wfVw6OODmNFWZuGIlQ9DzUTXLK24UawXqQYBp5gXW96nfvdR6Y0D+W9SSLmBjiW3OcUTSbdPVSG1Zpdt+cgq8QpSA0KtIbV78EopHHApKECte47dmTcFJXhVLBZZRBrFiGd4pj1MyoxYNpN55fOyFmmjIgfqqykIXP190SKgdZJ4GWdAZqJXvZy8V/PE1NUCpOl/ca/clMuo9gwSRfr/VgQE5I8DDLiilEjkowgVTz7gNAJKqQmiyyPxlkOYpV0GnXHrju3F7VmowipDCdwCufgwCU04QZa0AYKPjzDC7xaT9ab9W59LFpLVjFzDH9gff4AlHeWNQ==</latexit>

I = ⇤†
hZ

2T/b⇤h
<latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit><latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit><latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit><latexit sha1_base64="sa9RBcqcH5kKNww+zQfu2Mm8Ge4="></latexit>

(⇤h = µUVe�8⇡2S/b)
<latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit><latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit><latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit><latexit sha1_base64="H7MpX7z4kMzvjJMthz6QApzlHhE="></latexit>

K � cMij

M†
ijZiZj̄Mij

I
+ · · ·

<latexit sha1_base64="NhDJ/VBtTTUBHV9Y4HR9P1bcTbc=">AAACTnicbVFNSxxBEO3ZaNysJlmTYy6NiyAoy4wI8bjgxRAkBlwVnXWo6alZ2+35oLtGWJr5WfkfuYrXBPILcgtJ7zoHXfOg4PHqFUW9ikslDfn+ndd6sbT8cqX9qrO69vrN2+76u1NTVFrgUBSq0OcxGFQyxyFJUnheaoQsVngWTw5m/bNb1EYW+QlNSxxlMM5lKgWQk6Lul888NFVpkDgXkT2KrLypax6mGoTlR1dhAuMx6r nMLyLpyoYxaDtzNW77qebbPBRJQSbq9vy+Pwd/ToKG9FiD46j7K0wKUWWYk1BgzGXglzSyoEkKhXUnrAyWICYwxktHc8jQjOz88JpvOiXhaaFd5cTn6uMJC5kx0yx2zgzo2iz2ZuJ/e7GagNYwXdhP6f7IyrysCHPxsD6tFKeCz7LlidQoSE0dAaGlu4CLa3BJkvtAx0UTLAbxnJzu9gO/H3zd6w12mpDa7APbYFssYB/ZgB2yYzZkgn1j9+wH++l99357f7y/D9aW18y8Z0/Qav8DOSu1aA==</latexit><latexit sha1_base64="NhDJ/VBtTTUBHV9Y4HR9P1bcTbc=">AAACTnicbVFNSxxBEO3ZaNysJlmTYy6NiyAoy4wI8bjgxRAkBlwVnXWo6alZ2+35oLtGWJr5WfkfuYrXBPILcgtJ7zoHXfOg4PHqFUW9ikslDfn+ndd6sbT8cqX9qrO69vrN2+76u1NTVFrgUBSq0OcxGFQyxyFJUnheaoQsVngWTw5m/bNb1EYW+QlNSxxlMM5lKgWQk6Lul888NFVpkDgXkT2KrLypax6mGoTlR1dhAuMx6r nMLyLpyoYxaDtzNW77qebbPBRJQSbq9vy+Pwd/ToKG9FiD46j7K0wKUWWYk1BgzGXglzSyoEkKhXUnrAyWICYwxktHc8jQjOz88JpvOiXhaaFd5cTn6uMJC5kx0yx2zgzo2iz2ZuJ/e7GagNYwXdhP6f7IyrysCHPxsD6tFKeCz7LlidQoSE0dAaGlu4CLa3BJkvtAx0UTLAbxnJzu9gO/H3zd6w12mpDa7APbYFssYB/ZgB2yYzZkgn1j9+wH++l99357f7y/D9aW18y8Z0/Qav8DOSu1aA==</latexit><latexit sha1_base64="NhDJ/VBtTTUBHV9Y4HR9P1bcTbc=">AAACTnicbVFNSxxBEO3ZaNysJlmTYy6NiyAoy4wI8bjgxRAkBlwVnXWo6alZ2+35oLtGWJr5WfkfuYrXBPILcgtJ7zoHXfOg4PHqFUW9ikslDfn+ndd6sbT8cqX9qrO69vrN2+76u1NTVFrgUBSq0OcxGFQyxyFJUnheaoQsVngWTw5m/bNb1EYW+QlNSxxlMM5lKgWQk6Lul888NFVpkDgXkT2KrLypax6mGoTlR1dhAuMx6r nMLyLpyoYxaDtzNW77qebbPBRJQSbq9vy+Pwd/ToKG9FiD46j7K0wKUWWYk1BgzGXglzSyoEkKhXUnrAyWICYwxktHc8jQjOz88JpvOiXhaaFd5cTn6uMJC5kx0yx2zgzo2iz2ZuJ/e7GagNYwXdhP6f7IyrysCHPxsD6tFKeCz7LlidQoSE0dAaGlu4CLa3BJkvtAx0UTLAbxnJzu9gO/H3zd6w12mpDa7APbYFssYB/ZgB2yYzZkgn1j9+wH++l99357f7y/D9aW18y8Z0/Qav8DOSu1aA==</latexit><latexit sha1_base64="NhDJ/VBtTTUBHV9Y4HR9P1bcTbc=">AAACTnicbVFNSxxBEO3ZaNysJlmTYy6NiyAoy4wI8bjgxRAkBlwVnXWo6alZ2+35oLtGWJr5WfkfuYrXBPILcgtJ7zoHXfOg4PHqFUW9ikslDfn+ndd6sbT8cqX9qrO69vrN2+76u1NTVFrgUBSq0OcxGFQyxyFJUnheaoQsVngWTw5m/bNb1EYW+QlNSxxlMM5lKgWQk6Lul888NFVpkDgXkT2KrLypax6mGoTlR1dhAuMx6r nMLyLpyoYxaDtzNW77qebbPBRJQSbq9vy+Pwd/ToKG9FiD46j7K0wKUWWYk1BgzGXglzSyoEkKhXUnrAyWICYwxktHc8jQjOz88JpvOiXhaaFd5cTn6uMJC5kx0yx2zgzo2iz2ZuJ/e7GagNYwXdhP6f7IyrysCHPxsD6tFKeCz7LlidQoSE0dAaGlu4CLa3BJkvtAx0UTLAbxnJzu9gO/H3zd6w12mpDa7APbYFssYB/ZgB2yYzZkgn1j9+wH++l99357f7y/D9aW18y8Z0/Qav8DOSu1aA==</latexit>

µIR ! 0
<latexit sha1_base64="N10QDrR64SOQC/oCstIbGLitKVY=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARXJSSiKDgpuBGd1XsA5oQJtNJO3RmEmYmQoj9Dvdu9RfciVvX/oGf4bTNQlsPXDiccy/33hMmjCrtOF9WaWl5ZXWtvF7Z2Nza3rF399oqTiUmLRyzWHZDpAijgrQ01Yx0E0kQDxnphKOrid95IFLRWNzrLCE+RwNBI4qRNlJgH3g8DXJPcnhzN/Zq0NMx9C6dwK46dWcKuEjcglRBgWZgf3v9GKecCI0ZUqrnOon2cyQ1xYyMK16qSILwCA1Iz1CBOFF+Pr1/DI+N0odRLE0JDafq74kccaUyHppOjvRQzXsT8V8vZCMkJcrm9uvows+pSFJNBJ6tj1IGzeuTiGCfSoI1ywxBWFLzAcRDJBHWJsiKicadD2KRtE/rrlN3b8+qjVoRUhkcgiNwAlxwDhrgGjRBC2DwCJ7BC3i1nqw36936mLWWrGJmH/yB9fkDbF2eHQ==</latexit><latexit sha1_base64="N10QDrR64SOQC/oCstIbGLitKVY=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARXJSSiKDgpuBGd1XsA5oQJtNJO3RmEmYmQoj9Dvdu9RfciVvX/oGf4bTNQlsPXDiccy/33hMmjCrtOF9WaWl5ZXWtvF7Z2Nza3rF399oqTiUmLRyzWHZDpAijgrQ01Yx0E0kQDxnphKOrid95IFLRWNzrLCE+RwNBI4qRNlJgH3g8DXJPcnhzN/Zq0NMx9C6dwK46dWcKuEjcglRBgWZgf3v9GKecCI0ZUqrnOon2cyQ1xYyMK16qSILwCA1Iz1CBOFF+Pr1/DI+N0odRLE0JDafq74kccaUyHppOjvRQzXsT8V8vZCMkJcrm9uvows+pSFJNBJ6tj1IGzeuTiGCfSoI1ywxBWFLzAcRDJBHWJsiKicadD2KRtE/rrlN3b8+qjVoRUhkcgiNwAlxwDhrgGjRBC2DwCJ7BC3i1nqw36936mLWWrGJmH/yB9fkDbF2eHQ==</latexit><latexit sha1_base64="N10QDrR64SOQC/oCstIbGLitKVY=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARXJSSiKDgpuBGd1XsA5oQJtNJO3RmEmYmQoj9Dvdu9RfciVvX/oGf4bTNQlsPXDiccy/33hMmjCrtOF9WaWl5ZXWtvF7Z2Nza3rF399oqTiUmLRyzWHZDpAijgrQ01Yx0E0kQDxnphKOrid95IFLRWNzrLCE+RwNBI4qRNlJgH3g8DXJPcnhzN/Zq0NMx9C6dwK46dWcKuEjcglRBgWZgf3v9GKecCI0ZUqrnOon2cyQ1xYyMK16qSILwCA1Iz1CBOFF+Pr1/DI+N0odRLE0JDafq74kccaUyHppOjvRQzXsT8V8vZCMkJcrm9uvows+pSFJNBJ6tj1IGzeuTiGCfSoI1ywxBWFLzAcRDJBHWJsiKicadD2KRtE/rrlN3b8+qjVoRUhkcgiNwAlxwDhrgGjRBC2DwCJ7BC3i1nqw36936mLWWrGJmH/yB9fkDbF2eHQ==</latexit><latexit sha1_base64="N10QDrR64SOQC/oCstIbGLitKVY=">AAACFXicbVDLSsNAFJ3UV62vqODGzWARXJSSiKDgpuBGd1XsA5oQJtNJO3RmEmYmQoj9Dvdu9RfciVvX/oGf4bTNQlsPXDiccy/33hMmjCrtOF9WaWl5ZXWtvF7Z2Nza3rF399oqTiUmLRyzWHZDpAijgrQ01Yx0E0kQDxnphKOrid95IFLRWNzrLCE+RwNBI4qRNlJgH3g8DXJPcnhzN/Zq0NMx9C6dwK46dWcKuEjcglRBgWZgf3v9GKecCI0ZUqrnOon2cyQ1xYyMK16qSILwCA1Iz1CBOFF+Pr1/DI+N0odRLE0JDafq74kccaUyHppOjvRQzXsT8V8vZCMkJcrm9uvows+pSFJNBJ6tj1IGzeuTiGCfSoI1ywxBWFLzAcRDJBHWJsiKicadD2KRtE/rrlN3b8+qjVoRUhkcgiNwAlxwDhrgGjRBC2DwCJ7BC3i1nqw36936mLWWrGJmH/yB9fkDbF2eHQ==</latexit>

Arkani-Hamed, Rattazzi 
hep-th/9804068
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<latexit sha1_base64="ZrsaTxO/V9WjLXj8Gn9luZu6v4I="></latexit><latexit sha1_base64="ZrsaTxO/V9WjLXj8Gn9luZu6v4I="></latexit><latexit sha1_base64="ZrsaTxO/V9WjLXj8Gn9luZu6v4I="></latexit><latexit sha1_base64="ZrsaTxO/V9WjLXj8Gn9luZu6v4I="></latexit>
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M

Spectrum of BSM states: 𝞓 > 𝟂
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⇤QCDB,C
<latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit><latexit sha1_base64="Kj8fa3YkGhIiTiIHK+ITY+HEodE=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEF1ISEXQjFOvChYsW7AOaECaTSTt0JgkzE6GE4MZfceNCEbd+hTv/xmmbhbYeGDiccy537vETRqWyrG+jtLS8srpWXq9sbG5t75i7ex0ZpwKTNo5ZLHo+koTRiLQVVYz0EkEQ9xnp+qPGxO8+ECFpHN2rcUJcjgYRDSlGSkueeeDc6XCAvCxzBIetxk3uZdenjTz3zKpVs6aAi8QuSBUUaHrmlxPEOOUkUpghKfu2lSg3Q0JRzEhecVJJEoRHaED6mkaIE+lm0xNyeKyVAIax0C9ScKr+nsgQl3LMfZ3kSA3lvDcR//P6qQov3YxGSapIhGeLwpRBFcNJHzCggmDFxpogLKj+K8RDJBBWurWKLsGeP3mRdM5qtlWzW+fV+lVRRxkcgiNwAmxwAergFjRBG2DwCJ7BK3gznowX4934mEVLRjGzD/7A+PwBbtiWxw==</latexit>

SM-colored stops

Glueballs of hidden color

�

!

SM-singlet stops

EW-doublet supermultiplets



𝞓 > 𝟂 : quirk phenomenology

•  If              ,  then target are the EW-doublet supermultiplets with mass 

•  Fermions have larger Drell-Yan production than scalars, 

� > !
<latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit>

⇠ !
<latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit>

QB,C ⇠ 2�1/2 ⇠
✓
 0

 �

◆

<latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit>

“quirky” 
bound state

de-excites down to ground state 
via emission of soft photons

(electrically-neutral pairs too, 
via mass mixing)

 0
<latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit>

 +
<latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit>

ŝ > 4m2
 

<latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit><latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit><latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit><latexit sha1_base64="9m24YXEld1vq0VgRyAMZlvw9C/A=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1gEVyUpRV1JwY3LCvYBTQyT6aQdOpmEmYlQQ/FX3LhQxK3/4c6/cfpYaOuBC4dz7uXee8KUM6Ud59sqrKyurW8UN0tb2zu7e/b+QUslmSS0SRKeyE6IFeVM0KZmmtNOKimOQ07b4fB64rcfqFQsEXd6lFI/xn3BIkawNlJgH3kDrHM1RleohuLASxW7rwZ22ak4U6Bl4s5JGeZoBPaX10tIFlOhCcdKdV0n1X6OpWaE03HJyxRNMRniPu0aKnBMlZ9Prx+jU6P0UJRIU0Kjqfp7IsexUqM4NJ0x1gO16E3E/7xupqNLP2cizTQVZLYoyjjSCZpEgXpMUqL5yBBMJDO3IjLAEhNtAiuZENzFl5dJq1pxnYp7WyvXz+dxFOEYTuAMXLiAOtxAA5pA4BGe4RXerCfrxXq3PmatBWs+cwh/YH3+AAm+lEE=</latexit>

Kang, Luty 0805.4642 
Burdman et al. 0805.4667



𝞓 > 𝟂 : quirk phenomenology

•  If              ,  then target are the EW-doublet supermultiplets with mass 

•  Fermions have larger Drell-Yan production than scalars, 

� > !
<latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit><latexit sha1_base64="LqQzypi9zov+kWNtZYlUFPipYXk=">AAAB+HicbVBNS8NAEN34WetHox69LBbBU0lE1JMU9OCxgv2AJpTNdtIu3c2G3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZF6WcaeN5387K6tr6xmZpq7y9s7tXcfcPWlpmikKTSi5VJyIaOEugaZjh0EkVEBFxaEejm6nffgSlmUwezDiFUJBBwmJGibFSz60Et8ANwdc4kAIGpOdWvZo3A14mfkGqqECj534FfUkzAYmhnGjd9b3UhDlRhlEOk3KQaUgJHZEBdC1NiAAd5rPDJ/jEKn0cS2UrMXim/p7IidB6LCLbKYgZ6kVvKv7ndTMTX4U5S9LMQELni+KMYyPxNAXcZwqo4WNLCFXM3orpkChCjc2qbEPwF19eJq2zmu/V/Pvzav2iiKOEjtAxOkU+ukR1dIcaqIkoytAzekVvzpPz4rw7H/PWFaeYOUR/4Hz+AJ+Zkl4=</latexit>

⇠ !
<latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit><latexit sha1_base64="0KQ5wrLq8i9gOD4XSB3trJteQd8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPBi8cKthaSUDbbTbt0P8LuRiihP8OLB0W8+mu8+W/ctjlo64OBx3szzMxLMs6M9f1vr7K2vrG5Vd2u7ezu7R/UD4+6RuWa0A5RXOlegg3lTNKOZZbTXqYpFgmnj8n4duY/PlFtmJIPdpLRWOChZCkj2DopjAwTKFKCDnG/3vCb/hxolQQlaUCJdr/+FQ0UyQWVlnBsTBj4mY0LrC0jnE5rUW5ohskYD2noqMSCmriYnzxFZ04ZoFRpV9Kiufp7osDCmIlIXKfAdmSWvZn4nxfmNr2JCyaz3FJJFovSnCOr0Ox/NGCaEssnjmCimbsVkRHWmFiXUs2FECy/vEq6F83Abwb3l43WVRlHFU7gFM4hgGtowR20oQMEFDzDK7x51nvx3r2PRWvFK2eO4Q+8zx8CxZEG</latexit>

QB,C ⇠ 2�1/2 ⇠
✓
 0

 �

◆

<latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit><latexit sha1_base64="JUBF9DjX/7t3m+LGe8Zr+d3Xb2o="></latexit>

“quirky” 
bound state

de-excites down to ground state 
via emission of soft photons

n = 1
<latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit><latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit><latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit><latexit sha1_base64="FrcuZHD6GdRuEeOCep9Dy3uXDiI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ8OKxgmkLbSib7aZdutmE3YlQQn+DFw+KePUHefPfuG1z0NYHA4/3ZpiZF6ZSGHTdb6e0tr6xuVXeruzs7u0fVA+PWibJNOM+S2SiOyE1XArFfRQoeSfVnMah5O1wfDfz209cG5GoR5ykPIjpUIlIMIpW8hW5JV6/WnPr7hxklXgFqUGBZr/61RskLIu5QiapMV3PTTHIqUbBJJ9WepnhKWVjOuRdSxWNuQny+bFTcmaVAYkSbUshmau/J3IaGzOJQ9sZUxyZZW8m/ud1M4xuglyoNEOu2GJRlEmCCZl9TgZCc4ZyYgllWthbCRtRTRnafCo2BG/55VXSuqh7bt17uKw1roo4ynACp3AOHlxDA+6hCT4wEPAMr/DmKOfFeXc+Fq0lp5g5hj9wPn8AcZmNvA==</latexit>

annihilation of              states 

 +
<latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit><latexit sha1_base64="WNTw0qCkfdNqMRWYlCXmXr/qxJA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBosgCCURUZcFNy4r2Ac0IUymk3boZCbMTIQQ4q+4caGIWz/EnX/jpM1CWw8MHM65h3vnhAmjSjvOt1VbW9/Y3KpvN3Z29/YP7MOjvhKpxKSHBRNyGCJFGOWkp6lmZJhIguKQkUE4uy39wSORigr+oLOE+DGacBpRjLSRArvpCWOX6dxLFC2C/LwI7JbTduaAq8StSAtU6Ab2lzcWOI0J15ghpUauk2g/R1JTzEjR8FJFEoRnaEJGhnIUE+Xn8+MLeGqUMYyENI9rOFd/J3IUK5XFoZmMkZ6qZa8U//NGqY5u/JzyJNWE48WiKGVQC1g2AcdUEqxZZgjCkppbIZ4iibA2fTVMCe7yl1dJ/6LtOm33/rLVuarqqINjcALOgAuuQQfcgS7oAQwy8AxewZv1ZL1Y79bHYrRmVZkm+APr8wd5N5U/</latexit>

 0
<latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit><latexit sha1_base64="WULDPwwpaeq6JsUmhTNQF3tllWM=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeAF48RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0O/NbT9xYodUDjlMeJnSgRCwYRSc1u6kVPb9XrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqbSfwUwwn1KBgkk9L3czylLIRHfCOo4om3IaT+bVTcuaUPom1caWQzNXfExOaWDtOIteZUBzaZW8m/ud1MoxvwolQaYZcscWiOJMENZm9TvrCcIZy7AhlRrhbCRtSQxm6gEouhGD55VXSvKgGfjW4v6zUrvI4inACp3AOAVxDDe6gDg1g8AjP8ApvnvZevHfvY9Fa8PKZY/gD7/MHRvOO4Q==</latexit>

resonant 
signals



𝞓 > 𝟂 : quirk phenomenology

•  Strongest bounds come from charged channel  
    (decays to pure hidden gluons forbidden) 

•  Neutral channels give 

from  ⌥+0 ! `⌫
<latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit><latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit><latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit><latexit sha1_base64="HJUl5cV/ugYxx3dfywWxtkdmjBc=">AAACA3icbVDLSgMxFL3js9ZX1Z1ugkUQhDIjgl0W3Lis4LSFzlAy6W0bmskMSUYoQ8GNv+LGhSJu/Ql3/o3pY6GtBwKHc+7l5pwoFVwb1/12VlbX1jc2C1vF7Z3dvf3SwWFDJ5li6LNEJKoVUY2CS/QNNwJbqUIaRwKb0fBm4jcfUGmeyHszSjGMaV/yHmfUWKlTOg78VHNhaX7hjklgEhKgECSQWadUdivuFGSZeHNShjnqndJX0E1YFqM0TFCt256bmjCnynAmcFwMMo0pZUPax7alksaow3yaYUzOrNIlvUTZJw2Zqr83chprPYojOxlTM9CL3kT8z2tnplcNcy7TzKBks0O9TBCbdFII6XKFzIiRJZQpbv9K2IAqyoytrWhL8BYjL5PGZcVzK97dVblWnddRgBM4hXPw4BpqcAt18IHBIzzDK7w5T86L8+58zEZXnPnOEfyB8/kDCNaXFA==</latexit>

⌥+�,00 ! ``
<latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit><latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit><latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit><latexit sha1_base64="cSPTJixEYqiHN5bnswO4KSW3lNU=">AAACCHicbVBPS8MwHP3Vv3P+q3r0YHAIgjpaEdxx4MXjBLsN1jLSLN3C0rQkqTDKjl78Kl48KOLVj+DNb2PW7aCbDxIe7/1+JO+FKWdKO863tbS8srq2Xtoob25t7+zae/tNlWSSUI8kPJHtECvKmaCeZprTdiopjkNOW+HwZuK3HqhULBH3epTSIMZ9wSJGsDZS1z7yvVQxbmh+dnGOHGeMfJ0gn3JeXF274lSdAmiRuDNSgRkaXfvL7yUki6nQhGOlOq6T6iDHUjPC6bjsZ4qmmAxxn3YMFTimKsiLIGN0YpQeihJpjtCoUH9v5DhWahSHZjLGeqDmvYn4n9fJdFQLcibSTFNBpg9FGUcm6qQV1GOSEs1HhmAimfkrIgMsMdGmu7IpwZ2PvEial1XXqbp3V5V6bVZHCQ7hGE7BhWuowy00wAMCj/AMr/BmPVkv1rv1MR1dsmY7B/AH1ucPcayYSQ==</latexit>

⌘+� ! ��
<latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit><latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit><latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit><latexit sha1_base64="5KbINqLPQZkkxTgG/Q5dSJWFZy8=">AAACA3icbVDLSgMxFM3UV62vUXe6CRZBEMuMCHZZcOOygn1AZxjupJk2NJkZkoxQhoIbf8WNC0Xc+hPu/BvTdhbaeiDhcM69JOeEKWdKO863VVpZXVvfKG9WtrZ3dvfs/YO2SjJJaIskPJHdEBTlLKYtzTSn3VRSECGnnXB0M/U7D1QqlsT3epxSX8AgZhEjoI0U2Ece1RDk5xcT7OkEewMQAuZ3YFedmjMDXiZuQaqoQDOwv7x+QjJBY004KNVznVT7OUjNCKeTipcpmgIZwYD2DI1BUOXnswwTfGqUPo4SaU6s8Uz9vZGDUGosQjMpQA/VojcV//N6mY7qfs7iNNM0JvOHooxjk3ZaCO4zSYnmY0OASGb+iskQJBBtaquYEtzFyMukfVlznZp7d1Vt1Is6yugYnaAz5KJr1EC3qIlaiKBH9Ixe0Zv1ZL1Y79bHfLRkFTuH6A+szx8hJJcn</latexit>! & 600 GeV

<latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit><latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit><latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit><latexit sha1_base64="tzWW1Y+Ur4ZwpZUdjTJNP56RwN8=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFXRRcKHLCvYBTSiT6U07dCYJMxOhhG7d+CtuXCji1j9w5984abPQ1gMDh3POZe49QcKZ0o7zbZWWlldW18rrlY3Nre0de3evpeJUUmjSmMeyExAFnEXQ1Exz6CQSiAg4tIPRde63H0AqFkf3epyAL8ggYiGjRBupZ2MvFjAg2BtoExL4zHG8S08QPZQiu4HWpGdXnZozBV4kbkGqqECjZ395/ZimAiJNOVGq6zqJ9jMiNaMcJhUvVZAQOiID6BoaEQHKz6aXTPCRUfo4jKV5kcZT9fdERoRSYxGYZL6jmvdy8T+vm+rwws9YlKQaIjr7KEw51jHOa8F9JoFqPjaEUMnMrpgOiSRUm/IqpgR3/uRF0jqpuU7NvTut1q+KOsroAB2iY+Sic1RHt6iBmoiiR/SMXtGb9WS9WO/WxyxasoqZffQH1ucPeh2ZiA==</latexit>

! & 700 GeV
<latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit><latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit><latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit><latexit sha1_base64="fmN+b2km6l7V1Jqk8GFhBq7lLmY=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRKuii4EKXFewDmlAm05t26EwSZiZCCd268VfcuFDErX/gzr9x0mahrQcGDuecy9x7goQzpR3n2yqtrK6tb5Q3K1vbO7t79v5BW8WppNCiMY9lNyAKOIugpZnm0E0kEBFw6ATj69zvPIBULI7u9SQBX5BhxEJGiTZS38ZeLGBIsDfUJiRw3XG8S08QPZIiu4H2tG9XnZozA14mbkGqqECzb395g5imAiJNOVGq5zqJ9jMiNaMcphUvVZAQOiZD6BkaEQHKz2aXTPGJUQY4jKV5kcYz9fdERoRSExGYZL6jWvRy8T+vl+rwws9YlKQaIjr/KEw51jHOa8EDJoFqPjGEUMnMrpiOiCRUm/IqpgR38eRl0j6ruU7NvTuvNq6KOsroCB2jU+SiOmqgW9RELUTRI3pGr+jNerJerHfrYx4tWcXMIfoD6/MHe7GZiQ==</latexit>

from  



Higgs quartic and T parameter

(� ⌧ !)
<latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit><latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit><latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit><latexit sha1_base64="FghN4SXBXfUp/7gErVfwoio6kAw=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g61QNyUpgi4LunBZwT6gCWUyvWmHTjJhZiLUUPwVNy4Ucet/uPNvnLZZaOuBC4dz7uXee4KEM6Ud59taWV1b39gsbBW3d3b39u2Dw5YSqaTQpIIL2QmIAs5iaGqmOXQSCSQKOLSD0fXUbz+AVEzE93qcgB+RQcxCRok2Us8+Lle8G+CaeJxjT0QwIOflnl1yqs4MeJm4OSmhHI2e/eX1BU0jiDXlRKmu6yTaz4jUjHKYFL1UQULoiAyga2hMIlB+Nrt+gs+M0sehkKZijWfq74mMREqNo8B0RkQP1aI3Ff/zuqkOr/yMxUmqIabzRWHKsRZ4GgXuMwlU87EhhEpmbsV0SCSh2gRWNCG4iy8vk1at6jpV965Wql/kcRTQCTpFFeSiS1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpnjtAfWJ8/nz6T+w==</latexit>

•  Higgs quartic: for example 

    Numerically,  

•  T parameter: leading contribution comes from light scalars, 

    Numerical example: 
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<latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit><latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit><latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit><latexit sha1_base64="r7kjaUX6SL+qwkG4XbKf8x+wtcA="></latexit>

M = 2 TeV, � = 300 GeV, ! = 500 GeV ! � . 0.14
<latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit><latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit><latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit><latexit sha1_base64="Umu6zs0MDjqOQnNdLy/2pHxRFMQ="></latexit>

but, 2-loop corrections important… 

� = 300 GeV, ! = 500 GeV ! bTsc,B+C ⇡ 4⇥ 10�4
<latexit sha1_base64="OMHV8gT6fTyr23kqOtmuu9ndO/E="></latexit><latexit sha1_base64="OMHV8gT6fTyr23kqOtmuu9ndO/E="></latexit><latexit sha1_base64="OMHV8gT6fTyr23kqOtmuu9ndO/E="></latexit><latexit sha1_base64="OMHV8gT6fTyr23kqOtmuu9ndO/E="></latexit>

under control (even welcome)



Reach on scalar singlets at future colliders

Buttazzo, Redigolo, Sala, Tesi 2018

BR(� ! ZZ, hh) = 1/4
<latexit sha1_base64="OxS8cSiLg/DepsppyFE81+Tom7c=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hgtSkFHQjFN24rGIftAllMp00QycPZiZCCf0CN/6KGxeKuHXtzr9x0mahrQcGDufcy9xznIhRIQ3jW8utrK6tb+Q3C1vbO7t7+v5BW4Qxx6SFQxbyroMEYTQgLUklI92IE+Q7jHSc8XXqdx4IFzQM7uUkIraPRgF1KUZSSQO9XLJ8JD3uJ1d304oVeRRaMoS93in0vBN4Cc2zOiwN9KJRNWaAy8TMSBFkaA70L2sY4tgngcQMCdE3jUjaCeKSYkamBSsWJEJ4jEakr2iAfCLsZBZnCstKGUI35OoFEs7U3xsJ8oWY+I6aTG8Xi14q/uf1Y+le2AkNoliSAM8/cmMGVeC0GziknGDJJoogzKm6FWIPcYSlarCgSjAXIy+Tdq1qGlXztlZs1LM68uAIHIMKMME5aIAb0AQtgMEjeAav4E170l60d+1jPprTsp1D8Afa5w+oI5k0</latexit><latexit sha1_base64="OxS8cSiLg/DepsppyFE81+Tom7c=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hgtSkFHQjFN24rGIftAllMp00QycPZiZCCf0CN/6KGxeKuHXtzr9x0mahrQcGDufcy9xznIhRIQ3jW8utrK6tb+Q3C1vbO7t7+v5BW4Qxx6SFQxbyroMEYTQgLUklI92IE+Q7jHSc8XXqdx4IFzQM7uUkIraPRgF1KUZSSQO9XLJ8JD3uJ1d304oVeRRaMoS93in0vBN4Cc2zOiwN9KJRNWaAy8TMSBFkaA70L2sY4tgngcQMCdE3jUjaCeKSYkamBSsWJEJ4jEakr2iAfCLsZBZnCstKGUI35OoFEs7U3xsJ8oWY+I6aTG8Xi14q/uf1Y+le2AkNoliSAM8/cmMGVeC0GziknGDJJoogzKm6FWIPcYSlarCgSjAXIy+Tdq1qGlXztlZs1LM68uAIHIMKMME5aIAb0AQtgMEjeAav4E170l60d+1jPprTsp1D8Afa5w+oI5k0</latexit><latexit sha1_base64="OxS8cSiLg/DepsppyFE81+Tom7c=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hgtSkFHQjFN24rGIftAllMp00QycPZiZCCf0CN/6KGxeKuHXtzr9x0mahrQcGDufcy9xznIhRIQ3jW8utrK6tb+Q3C1vbO7t7+v5BW4Qxx6SFQxbyroMEYTQgLUklI92IE+Q7jHSc8XXqdx4IFzQM7uUkIraPRgF1KUZSSQO9XLJ8JD3uJ1d304oVeRRaMoS93in0vBN4Cc2zOiwN9KJRNWaAy8TMSBFkaA70L2sY4tgngcQMCdE3jUjaCeKSYkamBSsWJEJ4jEakr2iAfCLsZBZnCstKGUI35OoFEs7U3xsJ8oWY+I6aTG8Xi14q/uf1Y+le2AkNoliSAM8/cmMGVeC0GziknGDJJoogzKm6FWIPcYSlarCgSjAXIy+Tdq1qGlXztlZs1LM68uAIHIMKMME5aIAb0AQtgMEjeAav4E170l60d+1jPprTsp1D8Afa5w+oI5k0</latexit><latexit sha1_base64="OxS8cSiLg/DepsppyFE81+Tom7c=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hgtSkFHQjFN24rGIftAllMp00QycPZiZCCf0CN/6KGxeKuHXtzr9x0mahrQcGDufcy9xznIhRIQ3jW8utrK6tb+Q3C1vbO7t7+v5BW4Qxx6SFQxbyroMEYTQgLUklI92IE+Q7jHSc8XXqdx4IFzQM7uUkIraPRgF1KUZSSQO9XLJ8JD3uJ1d304oVeRRaMoS93in0vBN4Cc2zOiwN9KJRNWaAy8TMSBFkaA70L2sY4tgngcQMCdE3jUjaCeKSYkamBSsWJEJ4jEakr2iAfCLsZBZnCstKGUI35OoFEs7U3xsJ8oWY+I6aTG8Xi14q/uf1Y+le2AkNoliSAM8/cmMGVeC0GziknGDJJoogzKm6FWIPcYSlarCgSjAXIy+Tdq1qGlXztlZs1LM68uAIHIMKMME5aIAb0AQtgMEjeAav4E170l60d+1jPprTsp1D8Afa5w+oI5k0</latexit>

hadron: � ! ZZ, lepton: � ! hh ! 4b
<latexit sha1_base64="5EAdsKhVMKNO3Zeb8sUkq6xj1MY=">AAACHHicbVDNS8MwHE3n15xfVY9egpvgQUY7B4qngRePE9wHW8tI03QNS9OSpMIo+0O8+K948aCIFw+C/41Zt4PbfBDyeO/3I3nPSxiVyrJ+jMLa+sbmVnG7tLO7t39gHh61ZZwKTFo4ZrHoekgSRjlpKaoY6SaCoMhjpOONbqd+55EISWP+oMYJcSM05DSgGCktDczLEPki5jew4iQhhY6KYa9XuYCMJGpRDsP8qnuVgVm2ql YOuErsOSmDOZoD88vxY5xGhCvMkJR920qUmyGhKGZkUnJSSRKER2hI+ppyFBHpZnm4CTzTig+DWOjDFczVvxsZiqQcR56ejJAK5bI3Ff/z+qkKrt2M8iRVhOPZQ0HKoA45bQr6VBCs2FgThAXVf4U4RAJhpfss6RLs5cirpF2r2lbVvq+VG/V5HUVwAk7BObDBFWiAO9AELYDBE3gBb+DdeDZejQ/jczZaMOY7x2ABxvcvdiifCA==</latexit><latexit sha1_base64="5EAdsKhVMKNO3Zeb8sUkq6xj1MY=">AAACHHicbVDNS8MwHE3n15xfVY9egpvgQUY7B4qngRePE9wHW8tI03QNS9OSpMIo+0O8+K948aCIFw+C/41Zt4PbfBDyeO/3I3nPSxiVyrJ+jMLa+sbmVnG7tLO7t39gHh61ZZwKTFo4ZrHoekgSRjlpKaoY6SaCoMhjpOONbqd+55EISWP+oMYJcSM05DSgGCktDczLEPki5jew4iQhhY6KYa9XuYCMJGpRDsP8qnuVgVm2ql YOuErsOSmDOZoD88vxY5xGhCvMkJR920qUmyGhKGZkUnJSSRKER2hI+ppyFBHpZnm4CTzTig+DWOjDFczVvxsZiqQcR56ejJAK5bI3Ff/z+qkKrt2M8iRVhOPZQ0HKoA45bQr6VBCs2FgThAXVf4U4RAJhpfss6RLs5cirpF2r2lbVvq+VG/V5HUVwAk7BObDBFWiAO9AELYDBE3gBb+DdeDZejQ/jczZaMOY7x2ABxvcvdiifCA==</latexit><latexit sha1_base64="5EAdsKhVMKNO3Zeb8sUkq6xj1MY=">AAACHHicbVDNS8MwHE3n15xfVY9egpvgQUY7B4qngRePE9wHW8tI03QNS9OSpMIo+0O8+K948aCIFw+C/41Zt4PbfBDyeO/3I3nPSxiVyrJ+jMLa+sbmVnG7tLO7t39gHh61ZZwKTFo4ZrHoekgSRjlpKaoY6SaCoMhjpOONbqd+55EISWP+oMYJcSM05DSgGCktDczLEPki5jew4iQhhY6KYa9XuYCMJGpRDsP8qnuVgVm2ql YOuErsOSmDOZoD88vxY5xGhCvMkJR920qUmyGhKGZkUnJSSRKER2hI+ppyFBHpZnm4CTzTig+DWOjDFczVvxsZiqQcR56ejJAK5bI3Ff/z+qkKrt2M8iRVhOPZQ0HKoA45bQr6VBCs2FgThAXVf4U4RAJhpfss6RLs5cirpF2r2lbVvq+VG/V5HUVwAk7BObDBFWiAO9AELYDBE3gBb+DdeDZejQ/jczZaMOY7x2ABxvcvdiifCA==</latexit><latexit sha1_base64="5EAdsKhVMKNO3Zeb8sUkq6xj1MY=">AAACHHicbVDNS8MwHE3n15xfVY9egpvgQUY7B4qngRePE9wHW8tI03QNS9OSpMIo+0O8+K948aCIFw+C/41Zt4PbfBDyeO/3I3nPSxiVyrJ+jMLa+sbmVnG7tLO7t39gHh61ZZwKTFo4ZrHoekgSRjlpKaoY6SaCoMhjpOONbqd+55EISWP+oMYJcSM05DSgGCktDczLEPki5jew4iQhhY6KYa9XuYCMJGpRDsP8qnuVgVm2ql YOuErsOSmDOZoD88vxY5xGhCvMkJR920qUmyGhKGZkUnJSSRKER2hI+ppyFBHpZnm4CTzTig+DWOjDFczVvxsZiqQcR56ejJAK5bI3Ff/z+qkKrt2M8iRVhOPZQ0HKoA45bQr6VBCs2FgThAXVf4U4RAJhpfss6RLs5cirpF2r2lbVvq+VG/V5HUVwAk7BObDBFWiAO9AELYDBE3gBb+DdeDZejQ/jczZaMOY7x2ABxvcvdiifCA==</latexit>


