
Ennio Salvioni 
CERN

Z portal  
to a Confining Hidden Sector



Ennio Salvioni 
CERN

Z portal  
to a Confining Hidden Sector

based on [2019, JHEP] + in progress 
with H.-C. Cheng (UC Davis), C. Verhaaren (UC Irvine), L. Li (HKUST)



Motivation

Ennio Salvioni

[Chacko, Goh, Harnik 2005] 
[Burdman, Chacko, Goh, Harnik 2006] 
[Cai, Cheng, Terning 2008] 
[Serra, Torre 2017] 
[Csáki, Ma, Shu 2017]

[Cheng, Li, Salvioni, Verhaaren 2018] 
[Cohen, Craig, Giudice, McCullough 2018] 
[Serra, Stelzl, Torre, Weiler 2019] 
…

1

from Xabier’s intro yesterday

This talk: a confining hidden sector with heavy mediators



Motivation

• Light hidden sectors are key area of current & future advances 

at collider experiments (and beyond) 

• Theory space is vast, some theory guidance helps  

to identify targets & chart progress 

• Important motivation are theories of Neutral Naturalness 
[models that solve little hierarchy problem with symmetry, but color-neutral top partners] 

• Many proposals: Twin Higgs(es), Folded SUSY, Tripled Top, Hyperbolic Higgs, 

…
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To me, one of the most promising  
directions in LHC physics
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Motivation

• Light hidden sectors are key area of current & future advances 

at collider experiments (and beyond) 

• Theory space is vast, some theory guidance helps  

to identify targets & chart progress 

• Important motivation are theories of Neutral Naturalness 
[little hierarchy problem solved by symmetry, but color-neutral top partners] 

• Generic expectation: hidden sector that confines at
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Hidden valleys from neutral naturalness

•  Many models. Aim to identify representative cases with distinct    

 phenomenology  motivated targets for searches 

•  Which portals connect visible and hidden sector? 

 Higgs is “mandatory,” but others can play key role 

•  This talk: include the Z portal 

 Striking implications for detection prospects

→
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In this talk
•  Hidden QCD with at least 1 light fermion flavor

ĝ
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In this talk
•  Hidden QCD with at least 1 light fermion flavor 

•  Coupled to SM by Higgs and Z portals

visible sector hidden sector

ĝ
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Ultraviolet origin?
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 = TeV-scale fermions charged under 
SM electroweak + hidden color
Q

• Specific motivation: models with accidental SUSY 

Top partners are scalar EW doublets  , singlets      can be naturally light 

one light flavor in hidden sector 

•  But ingredients are pretty generic

Q̃

[Cheng, Li, Salvioni, Verhaaren 2018 + 2019]

Q
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In this talk
•  Hidden QCD with 1 light fermion flavor 

•  Coupled to SM by Higgs and Z portals

visible sector hidden sector
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In this talk
•  Hidden QCD with 1 light fermion flavor 

•  Coupled to SM by Higgs and Z portals
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µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo="></latexit>

6



In this talk
•  Hidden QCD with 1 light fermion flavor 

•  Coupled to SM by Higgs and Z portals

Ennio Salvioni

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
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In this talk
•  Hidden QCD with 1 light fermion flavor 

•  Connected to SM by Higgs and Z portals

Ennio Salvioni

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
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Z portal

•  At the LHC, NZ / Nh  ~ 103 

   Z decays to hidden sector dominate

Higgs portal
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• SU(3) QCD with 1 flavor: no chiral symmetry             no Goldstone bosons 

• Partial results available from lattice:  

   Baryons significantly heavier than mesons 

   Ratio of scalar/pseudoscalar meson masses: 

   No info on vector meson 

The hidden hadrons

mŜ/mP̂ ⇡ 1.5
<latexit sha1_base64="yEsQOcZGwW6Tzq2xm5KIN+M41xE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokUwhaQI0bESC2MR9CE1UeS4TmvVTiLbQVRRP4GFX2FhACFWRjb+BrcNErQcydK559yr63uChFGpbPvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFotOgCRhNCJNRRUjnUQQxANG2sHwcuK374iQNI5u1SghHkf9iIYUI6Ul3zyucD9zB0hlN+MxPIU/VUNXLkoSEd9Dxzqv+GbZtuwp4CJxclIGORq++en2YpxyEinMkJRdx06UlyGhKGZkXHJTSRKEh6hPuppGiBPpZdODxvBIKz0YxkK/SMGp+nsiQ1zKEQ90J0dqIOe9ifif101VWPMyGiWpIhGeLQpTBlUMJ+nAHhUEKzbSBGFB9V8hHiCBsNIZlnQIzvzJi6RVtZwzq3pdLddreRxFcAAOwQlwwAWogyvQAE2AwQN4Ai/g1Xg0no03433WWjDymX3wB8bHNyfUm/c=</latexit>

Ennio Salvioni

[Farchioni et al. 2007]

m2
⌘0 / Nf/Nc

<latexit sha1_base64="7OdnPvnXqycgrfylCatb10F6bus=">AAACDnicbVC7TsMwFHXKq5RXgZHFoq3EVJKqAsZKLEyoSPQh9RE57k1r1U4i20Gqon4BC7/CwgBCrMxs/A1umwFarmTfo3PulX2OF3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUVGEsKTRoyEPZ9ogCzgJoaKY5tCMJRHgcWt74eqa3HkAqFgb3ehJBT5BhwHxGiTaUmy8VRb/iJl3QpN+NJBMwxaaHkQ7xrevjc3PTopsv2GV7XngVOCkooLTqbv6rOwhpLCDQlBOlOo4d6V5CpGaUwzTXjRVEhI7JEDoGBkSA6iVzO1NcMswA+6E0J9B4zv7eSIhQaiI8MymIHqllbUb+p3Vi7V/1EhZEsYaALh7yY46N11k2eMAkUM0nBhAqmfkrpiMiCdUmwZwJwVm2vAqalbJTLVfvKoXaRRpHFp2gU3SGHHSJaugG1VEDUfSIntErerOerBfr3fpYjGasdOcY/Snr8wdOXZrx</latexit>
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• SU(3) QCD with 1 flavor: no chiral symmetry             no Goldstone bosons 

• Partial results available from lattice:  

   Baryons significantly heavier than mesons 

   Ratio of scalar/pseudoscalar meson masses: 

   No info on vector meson 

• Assume 

• Mesons decay back to visible sector through Z and h portals

The hidden hadrons

mŜ/mP̂ ⇡ 1.5
<latexit sha1_base64="yEsQOcZGwW6Tzq2xm5KIN+M41xE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokUwhaQI0bESC2MR9CE1UeS4TmvVTiLbQVRRP4GFX2FhACFWRjb+BrcNErQcydK559yr63uChFGpbPvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFotOgCRhNCJNRRUjnUQQxANG2sHwcuK374iQNI5u1SghHkf9iIYUI6Ul3zyucD9zB0hlN+MxPIU/VUNXLkoSEd9Dxzqv+GbZtuwp4CJxclIGORq++en2YpxyEinMkJRdx06UlyGhKGZkXHJTSRKEh6hPuppGiBPpZdODxvBIKz0YxkK/SMGp+nsiQ1zKEQ90J0dqIOe9ifif101VWPMyGiWpIhGeLQpTBlUMJ+nAHhUEKzbSBGFB9V8hHiCBsNIZlnQIzvzJi6RVtZwzq3pdLddreRxFcAAOwQlwwAWogyvQAE2AwQN4Ai/g1Xg0no03433WWjDymX3wB8bHNyfUm/c=</latexit>

0�+
<latexit sha1_base64="vWEwUMJ7vf95Us34M0eJEatx3xM=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BFtBEMtuPSieCl48VrAf0K4lm2bb0Gx2TbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+Ua5ldW19Y38ZmFre2d3r7h/0NRRoihr0EhEqu0TzQSXrGG4EawdK0ZCX7CWP7qZ+q0npjSP5L0Zx8wLyUDygFNirNQuOw/p+dmk3CuWnIozA14mbkZKkKHeK351+xFNQiYNFUTrjuvExkuJMpwKNil0E81iQkdkwDqWShIy7aWzeyf4xCp9HETKljR4pv6eSEmo9Tj0bWdIzFAvelPxP6+TmODKS7mME8MknS8KEoFNhKfP4z5XjBoxtoRQxe2tmA6JItTYiAo2BHfx5WXSrFbci0r1rlqqXWdx5OEIjuEUXLiEGtxCHRpAQcAzvMIbekQv6B19zFtzKJs5hD9Anz96EY7q</latexit>

1��
<latexit sha1_base64="jbBcaltm4ixPv5ICA74mjq0TZt8=">AAAB73icbVA9TwJBEJ3FL8Qv1NJmI5jYQO6w0FiR2FhiIh8JnGRv2YMNe3vn7p4JufAnbCw0xta/Y+e/cYErFHzJJC/vzWRmnh8Lro3jfKPc2vrG5lZ+u7Czu7d/UDw8aukoUZQ1aSQi1fGJZoJL1jTcCNaJFSOhL1jbH9/M/PYTU5pH8t5MYuaFZCh5wCkxVuqU3Ye0UpmW+8WSU3XmwKvEzUgJMjT6xa/eIKJJyKShgmjddZ3YeClRhlPBpoVeollM6JgMWddSSUKmvXR+7xSfWWWAg0jZkgbP1d8TKQm1noS+7QyJGellbyb+53UTE1x5KZdxYpiki0VBIrCJ8Ox5POCKUSMmlhCquL0V0xFRhBobUcGG4C6/vEpatap7Ua3d1Ur16yyOPJzAKZyDC5dQh1toQBMoCHiGV3hDj+gFvaOPRWsOZTPH8Afo8wd+p47t</latexit> 0++

<latexit sha1_base64="1Z9zqvlubGDFEvnKetYP88ov9pA=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BFtBKJTdelA8Fbx4rGA/oF1LNs22odnsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDaO841ya+sbm1v57cLO7t7+QfHwqKWjRFHWpJGIVMcnmgkuWdNwI1gnVoyEvmBtf3wz89tPTGkeyXsziZkXkqHkAafEWKlTdh7SSmVa7hdLTtWZA68SNyMlyNDoF796g4gmIZOGCqJ113Vi46VEGU4FmxZ6iWYxoWMyZF1LJQmZ9tL5vVN8ZpUBDiJlSxo8V39PpCTUehL6tjMkZqSXvZn4n9dNTHDlpVzGiWGSLhYFicAmwrPn8YArRo2YWEKo4vZWTEdEEWpsRAUbgrv88ipp1aruRbV2VyvVr7M48nACp3AOLlxCHW6hAU2gIOAZXuENPaIX9I4+Fq05lM0cwx+gzx93A47o</latexit>

mP̂ . mV̂ < mŜ
<latexit sha1_base64="F2YKb1DB4PtOay9IP6uP5InloxQ=">AAACGXicbZDLSgMxFIYz9VbrbdSlm2AruCozdaGIi4IblxXtBdphyKSZNjTJDElGKMO8hhtfxY0LRVzqyrcxbUfR1h8Cf75zDsn5g5hRpR3n0yosLa+srhXXSxubW9s79u5eS0WJxKSJIxbJToAUYVSQpqaakU4sCeIBI+1gdDmpt++IVDQSt3ocE4+jgaAhxUgb5NtOhftpb4h02sgy2GNEKUU5/IYtAy9+bjdZVvHtslN1poKLxs1NGeRq+PZ7rx/hhBOhMUNKdV0n1l6KpKaYkazUSxSJER6hAekaKxAnykunm2XwyJA+DCNpjtBwSn9PpIgrNeaB6eRID9V8bQL/q3UTHZ55KRVxoonAs4fChEEdwUlMsE8lwZqNjUFYUvNXiIdIIqxNmCUTgju/8qJp1aruSbV2XSvXz/M4iuAAHIJj4IJTUAdXoAGaAIN78AiewYv1YD1Zr9bbrLVg5TP74I+sjy/4vaDd</latexit>

[Farchioni et al. 2007]

(JPC)
<latexit sha1_base64="qKjIlox+Y8GRa9dLV5vM8v2PWp0=">AAAB8XicbVBNT8JAEJ3iF+IX6tHLRjDBC2nrQY4kXIwnTOQjQiXbZQsbtttmd2tCGv6FFw8a49V/481/4wI9KPiSSV7em8nMPD/mTGnb/rZyG5tb2zv53cLe/sHhUfH4pK2iRBLaIhGPZNfHinImaEszzWk3lhSHPqcdf9KY+50nKhWLxL2extQL8UiwgBGsjfRQrtw+ps3G7LI8KJbsqr0AWidORkqQoTkofvWHEUlCKjThWKmeY8faS7HUjHA6K/QTRWNMJnhEe4YKHFLlpYuLZ+jCKEMURNKU0Gih/p5IcajUNPRNZ4j1WK16c/E/r5fooOalTMSJpoIsFwUJRzpC8/fRkElKNJ8agolk5lZExlhiok1IBROCs/ryOmm7Veeq6t65pXotiyMPZ3AOFXDgGupwA01oAQEBz/AKb5ayXqx362PZmrOymVP4A+vzB8Qdj6I=</latexit>

Ennio Salvioni

m2
⌘0 / Nf/Nc

<latexit sha1_base64="7OdnPvnXqycgrfylCatb10F6bus=">AAACDnicbVC7TsMwFHXKq5RXgZHFoq3EVJKqAsZKLEyoSPQh9RE57k1r1U4i20Gqon4BC7/CwgBCrMxs/A1umwFarmTfo3PulX2OF3GmtG1/W5m19Y3Nrex2bmd3b/8gf3jUVGEsKTRoyEPZ9ogCzgJoaKY5tCMJRHgcWt74eqa3HkAqFgb3ehJBT5BhwHxGiTaUmy8VRb/iJl3QpN+NJBMwxaaHkQ7xrevjc3PTopsv2GV7XngVOCkooLTqbv6rOwhpLCDQlBOlOo4d6V5CpGaUwzTXjRVEhI7JEDoGBkSA6iVzO1NcMswA+6E0J9B4zv7eSIhQaiI8MymIHqllbUb+p3Vi7V/1EhZEsYaALh7yY46N11k2eMAkUM0nBhAqmfkrpiMiCdUmwZwJwVm2vAqalbJTLVfvKoXaRRpHFp2gU3SGHHSJaugG1VEDUfSIntErerOerBfr3fpYjGasdOcY/Snr8wdOXZrx</latexit>
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• It turns out, all lightest mesons decay dominantly via Z portal 

• Pseudoscalar 

• Vector 

• Scalar

Hidden meson decays

P̂<latexit sha1_base64="JOd2sQncLYSrqcSkbWmkiYyY/7Y=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhmzWm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzByzMj/c=</latexit>

ZL
<latexit sha1_base64="zVsoDSrtpN28PalgMZAsj79T2RQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNhYWmHhAhAvZW/Zgw97uZXfPhFz4DTYWGmPrD7Lz37jAFQq+ZJKX92YyMy9MONPGdb+dwtr6xuZWcbu0s7u3f1A+PGppmSpCfSK5VJ0Qa8qZoL5hhtNOoiiOQ07b4fhm5refqNJMigczSWgQ46FgESPYWMmvPvbvqv1yxa25c6BV4uWkAjma/fJXbyBJGlNhCMdadz03MUGGlWGE02mpl2qaYDLGQ9q1VOCY6iCbHztFZ1YZoEgqW8Kgufp7IsOx1pM4tJ0xNiO97M3E/7xuaqKrIGMiSQ0VZLEoSjkyEs0+RwOmKDF8YgkmitlbERlhhYmx+ZRsCN7yy6ukVa95F7X6fb3SuM7jKMIJnMI5eHAJDbiFJvhAgMEzvMKbI5wX5935WLQWnHzmGP7A+fwBvbWN8w==</latexit>

V̂
<latexit sha1_base64="BirNpsXaX1bG5q+BhGA4TKmYA9I=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhm7Wm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzBzXwj/0=</latexit>

ZT
<latexit sha1_base64="NGpIkhM3MQJQOeEG1F2BhKmDZwU=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYcECEC9lb9mDD3u5ld8+EXPgNNhYaY+sPsvPfuMAVCr5kkpf3ZjIzL0w408Z1v53CxubW9k5xt7S3f3B4VD4+aWuZKkJ9IrlU3RBrypmgvmGG026iKI5DTjvh5G7ud56o0kyKlpkmNIjxSLCIEWys5FcfB63qoFxxa+4CaJ14OalAjuag/NUfSpLGVBjCsdY9z01MkGFlGOF0VuqnmiaYTPCI9iwVOKY6yBbHztCFVYYoksqWMGih/p7IcKz1NA5tZ4zNWK96c/E/r5ea6CbImEhSQwVZLopSjoxE88/RkClKDJ9agoli9lZExlhhYmw+JRuCt/ryOmnXa95Vrf5QrzRu8ziKcAbncAkeXEMD7qEJPhBg8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwDJ3Y37</latexit>

f
<latexit sha1_base64="PaD4lz5TYvx5l/jBM1GhO+P42us=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n01rPbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AgN6NQA==</latexit>

f̄
<latexit sha1_base64="5l4uEfGaNc45gxlFPb09TJap4aA=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYCGjgQvaWPdiwH5fdPRNy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8KOHMWN//9gpr6xubW8Xt0s7u3v5B+fCobVSqCW0RxZV+iLChnEnassxy+pBoikXEaSca38z8zhPVhil5bycJDQUeShYzgq2THqu9COssnlb75Ypf8+dAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzQ+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CjMmk9RSSRaL4pQjq9DsezRgmhLLJ45gopm7FZER1phYl1HJhRAsv7xK2vVacFGr39Urjes8jiKcwCmcQwCX0IBbaEILCAh4hld487T34r17H4vWgpfPHMMfeJ8/QgSQBQ==</latexit>

f
<latexit sha1_base64="PaD4lz5TYvx5l/jBM1GhO+P42us=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n01rPbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AgN6NQA==</latexit>

f̄
<latexit sha1_base64="5l4uEfGaNc45gxlFPb09TJap4aA=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYCGjgQvaWPdiwH5fdPRNy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8KOHMWN//9gpr6xubW8Xt0s7u3v5B+fCobVSqCW0RxZV+iLChnEnassxy+pBoikXEaSca38z8zhPVhil5bycJDQUeShYzgq2THqu9COssnlb75Ypf8+dAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzQ+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CjMmk9RSSRaL4pQjq9DsezRgmhLLJ45gopm7FZER1phYl1HJhRAsv7xK2vVacFGr39Urjes8jiKcwCmcQwCX0IBbaEILCAh4hld487T34r17H4vWgpfPHMMfeJ8/QgSQBQ==</latexit>

Z⇤
<latexit sha1_base64="kFIwQanxjUuPkODjTB8S+i5BuDI=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LjRWJjSUm8hHhJHvLHmzY2zt350wI4U/YWGiMrX/Hzn/jAlco+JJJXt6bycy8IJHCoOt+Oyura+sbm7mt/PbO7t5+4eCwYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXk/95hPXRsTqDkcJ9yPaVyIUjKKVWqX7hw41WOoWim7ZnYEsEy8jRchQ6xa+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwwv/bFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukUSl75+XKbaVYvcriyMExnMAZeHABVbiBGtSBgYRneIU359F5cd6dj3nripPNHMEfOJ8/OruPaA==</latexit>

Ŝ
<latexit sha1_base64="wk6WUc1Pb/e4XqpKO3YDVqbY2qU=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYY5cPAhewtC2zYvbvszpmQC7/CxkJjbP05dv4bF7hCwZdM8vLeTGbmBbEUBl3328mtrW9sbuW3Czu7e/sHxcOjpokSzXiDRTLS7YAaLkXIGyhQ8nasOVWB5K1gfDPzW09cGxGFDziJua/oMBQDwSha6bHcHVFM76flXrHkVtw5yCrxMlKCDPVe8avbj1iieIhMUmM6nhujn1KNgkk+LXQTw2PKxnTIO5aGVHHjp/ODp+TMKn0yiLStEMlc/T2RUmXMRAW2U1EcmWVvJv7ndRIcXPmpCOMEecgWiwaJJBiR2fekLzRnKCeWUKaFvZWwEdWUoc2oYEPwll9eJc1qxbuoVO+qpdp1FkceTuAUzsGDS6jBLdShAQwUPMMrvDnaeXHenY9Fa87JZo7hD5zPHzFej/o=</latexit>

V̂
<latexit sha1_base64="BirNpsXaX1bG5q+BhGA4TKmYA9I=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhm7Wm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzBzXwj/0=</latexit>

Ŝ
<latexit sha1_base64="wk6WUc1Pb/e4XqpKO3YDVqbY2qU=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYY5cPAhewtC2zYvbvszpmQC7/CxkJjbP05dv4bF7hCwZdM8vLeTGbmBbEUBl3328mtrW9sbuW3Czu7e/sHxcOjpokSzXiDRTLS7YAaLkXIGyhQ8nasOVWB5K1gfDPzW09cGxGFDziJua/oMBQDwSha6bHcHVFM76flXrHkVtw5yCrxMlKCDPVe8avbj1iieIhMUmM6nhujn1KNgkk+LXQTw2PKxnTIO5aGVHHjp/ODp+TMKn0yiLStEMlc/T2RUmXMRAW2U1EcmWVvJv7ndRIcXPmpCOMEecgWiwaJJBiR2fekLzRnKCeWUKaFvZWwEdWUoc2oYEPwll9eJc1qxbuoVO+qpdp1FkceTuAUzsGDS6jBLdShAQwUPMMrvDnaeXHenY9Fa87JZo7hD5zPHzFej/o=</latexit>

h
<latexit sha1_base64="o6lKlVntQXVese0qUPT8s1zNCMo=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n11VO2XK27NnYOsEi8nFcjR7Je/eoOYpRFXyCQ1puu5CfoZ1SiY5NNSLzU8oWxMh7xrqaIRN342P3VKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuGVnwmVpMgVWywKU0kwJrO/yUBozlBOLKFMC3srYSOqKUObTsmG4C2/vEra9Zp3Uavf1SuN6zyOIpzAKZyDB5fQgFtoQgsYDOEZXuHNkc6L8+58LFoLTj5zDH/gfP4Ag+iNQg==</latexit>�

<latexit sha1_base64="98PbOyM3nvZypwLwVgNgEzVEqGY=">AAAB7HicbVBNS8NAEJ2tX7V+VT16WWwFTyWpBz0WBPFYwbSFNpTNdpMu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1LBtXGcb1Ta2Nza3invVvb2Dw6PqscnHZ1kijKPJiJRvYBoJrhknuFGsF6qGIkDwbrB5Hbud5+Y0jyRj2aaMj8mkeQhp8RYyasPoqg+rNachrMAXiduQWpQoD2sfg1GCc1iJg0VROu+66TGz4kynAo2qwwyzVJCJyRifUsliZn288WxM3xhlREOE2VLGrxQf0/kJNZ6Gge2MyZmrFe9ufif189MeOPnXKaZYZIuF4WZwCbB88/xiCtGjZhaQqji9lZMx0QRamw+FRuCu/ryOuk0G+5Vo/nQrLXuijjKcAbncAkuXEML7qENHlDg8Ayv8IYkekHv6GPZWkLFzCn8Afr8AfmWjiQ=</latexit>

fh
<latexit sha1_base64="HmImLMlgK11GrHE3bxhPDyklgnc=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9iNB8VTwIvHCOYByRJmJ7PJkHksM71CWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dUSK4Bd//9gobm1vbO8Xd0t7+weFR+fikbXVqKGtRLbTpRsQywRVrAQfBuolhREaCdaLJ3dzvPDFjuVaPME1YKMlI8ZhTAk7qVeNB1jcSj2fVQbni1/wF8DoJclJBOZqD8ld/qGkqmQIqiLW9wE8gzIgBTgWblfqpZQmhEzJiPUcVkcyG2eLkGb5wyhDH2rhSgBfq74mMSGunMnKdksDYrnpz8T+vl0J8E2ZcJSkwRZeL4lRg0Hj+Px5ywyiIqSOEGu5uxXRMDKHgUiq5EILVl9dJu14Lrmr1h3qlcZvHUURn6BxdogBdowa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AFugJCq</latexit>

f̄h
<latexit sha1_base64="iVsXz58Kreh3xiYSgNMWq3KsRCE=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWDiibR40Hgi8eIREwETaJrtsoUN222zu9WQ2p/ixYPGePWXePPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YFcPuypOJaEdEvNY3gdYUc4E7WimOb1PJMVRwGkvmFzP/N4DlYrF4k5PE+pFeCRYyAjWRvLtan0QYJmFuZ8NZITGed23a07DmQOtErcgNSjQ9u2vwTAmaUSFJhwr1XedRHsZlpoRTvPKIFU0wWSCR7RvqMARVV42Pz1Hp0YZojCWpoRGc/X3RIYjpaZRYDojrMdq2ZuJ/3n9VIeXXsZEkmoqyGJRmHKkYzTLAQ2ZpETzqSGYSGZuRWSMJSbapFUxIbjLL6+SbrPhnjeat81a66qIowzHcAJn4MIFtOAG2tABAo/wDK/wZj1ZL9a79bFoLVnFzBH8gfX5A7xBk6A=</latexit>

fh
<latexit sha1_base64="HmImLMlgK11GrHE3bxhPDyklgnc=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBhPBU9iNB8VTwIvHCOYByRJmJ7PJkHksM71CWPIZXjwo4tWv8ebfOEn2oIkFDUVVN91dUSK4Bd//9gobm1vbO8Xd0t7+weFR+fikbXVqKGtRLbTpRsQywRVrAQfBuolhREaCdaLJ3dzvPDFjuVaPME1YKMlI8ZhTAk7qVeNB1jcSj2fVQbni1/wF8DoJclJBOZqD8ld/qGkqmQIqiLW9wE8gzIgBTgWblfqpZQmhEzJiPUcVkcyG2eLkGb5wyhDH2rhSgBfq74mMSGunMnKdksDYrnpz8T+vl0J8E2ZcJSkwRZeL4lRg0Hj+Px5ywyiIqSOEGu5uxXRMDKHgUiq5EILVl9dJu14Lrmr1h3qlcZvHUURn6BxdogBdowa6R03UQhRp9Ixe0ZsH3ov37n0sWwtePnOK/sD7/AFugJCq</latexit>

f̄h
<latexit sha1_base64="iVsXz58Kreh3xiYSgNMWq3KsRCE=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWDiibR40Hgi8eIREwETaJrtsoUN222zu9WQ2p/ixYPGePWXePPfuEAPCr5kkpf3ZjIzL0g4U9pxvq3S2vrG5lZ5u7Kzu7d/YFcPuypOJaEdEvNY3gdYUc4E7WimOb1PJMVRwGkvmFzP/N4DlYrF4k5PE+pFeCRYyAjWRvLtan0QYJmFuZ8NZITGed23a07DmQOtErcgNSjQ9u2vwTAmaUSFJhwr1XedRHsZlpoRTvPKIFU0wWSCR7RvqMARVV42Pz1Hp0YZojCWpoRGc/X3RIYjpaZRYDojrMdq2ZuJ/3n9VIeXXsZEkmoqyGJRmHKkYzTLAQ2ZpETzqSGYSGZuRWSMJSbapFUxIbjLL6+SbrPhnjeat81a66qIowzHcAJn4MIFtOAG2tABAo/wDK/wZj1ZL9a79bFoLVnFzBH8gfX5A7xBk6A=</latexit>
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Hidden meson decays

Decay length  
[meters]

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

mP̂ = mV̂ = 2⇤
<latexit sha1_base64="IABxYQAyMwGFWAW8pQI6ucfpmsQ=">AAACEnicbVDLSsNAFJ3UV62vqEs3g62gICWJC10oFNy4cFHBPqAJYTKZtEMnD2YmQgn5Bjf+ihsXirh15c6/cZpG0OqBgXPPuXdm7vESRoU0jE+tsrC4tLxSXa2trW9sbunbO10RpxyTDo5ZzPseEoTRiHQklYz0E05Q6DHS88aXU793R7igcXQrJwlxQjSMaEAxkkpy9aNG6Gb2CMmsnefwAn5X3aKy7GNoX6vbfNRw9brRNArAv8QsSR2UaLv6h+3HOA1JJDFDQgxMI5FOhrikmJG8ZqeCJAiP0ZAMFI1QSISTFSvl8EApPgxirk4kYaH+nMhQKMQk9FRniORIzHtT8T9vkMrgzMlolKSSRHj2UJAyKGM4zQf6lBMs2UQRhDlVf4V4hDjCUqVYUyGY8yv/JV2raZ40rRur3jov46iCPbAPDoEJTkELXIE26AAM7sEjeAYv2oP2pL1qb7PWilbO7IJf0N6/AODMnEo=</latexit>

• Hidden confinement scale 

• Mediation scale

⇤
<latexit sha1_base64="euZxYq4vqPjiANt/ZXDLGfcny0E=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBFvBVZmpC8VVwY0LFxXsQ9qhZDKZNjTJDElGKEO/wo0LRdz6Oe78G9N2Ftp6IHA451xy7wkSzrRx3W+nsLa+sblV3C7t7O7tH5QPj9o6ThWhLRLzWHUDrClnkrYMM5x2E0WxCDjtBOObmd95okqzWD6YSUJ9gYeSRYxgY6XHav/OZkNcHZQrbs2dA60SLycVyNEclL/6YUxSQaUhHGvd89zE+BlWhhFOp6V+qmmCyRgPac9SiQXVfjZfeIrOrBKiKFb2SYPm6u+JDAutJyKwSYHNSC97M/E/r5ea6MrPmExSQyVZfBSlHJkYza5HIVOUGD6xBBPF7K6IjLDCxNiOSrYEb/nkVdKu17yLWv2+Xmlc53UU4QRO4Rw8uIQG3EITWkBAwDO8wpujnBfn3flYRAtOPnMMf+B8/gDEqo+z</latexit>

M
<latexit sha1_base64="jvIWCf705GtVZma2L5eFaBcBILs=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFhPBKtzFQrEK2NgIEc0HJEfY2+wlS/b2jt05IYT8BBsLRWz9RXb+GzfJFZr4YODx3gwz84JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqZ+a0nro2I1SOOE+5HdKBEKBhFKz2U78q9YsmtuHOQVeJlpAQZ6r3iV7cfszTiCpmkxnQ8N0F/QjUKJvm00E0NTygb0QHvWKpoxI0/mZ86JWdW6ZMw1rYUkrn6e2JCI2PGUWA7I4pDs+zNxP+8TorhlT8RKkmRK7ZYFKaSYExmf5O+0JyhHFtCmRb2VsKGVFOGNp2CDcFbfnmVNKsV76JSva+WatdZHHk4gVM4Bw8uoQa3UIcGMBjAM7zCmyOdF+fd+Vi05pxs5hj+wPn8AVrhjSc=</latexit>

Two main parameters determine pheno:
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Description of Hidden Sector 

Phenomenology



Indirect constraint

L6 ⇠ y2
t

M2

�
iH

†
$
DµH  R�

µ
 R + |H|2m   + cg↵d

12⇡ |H|2Ĝµ⌫Ĝ
µ⌫
�

<latexit sha1_base64="fKZx4X6517WZmB+yGoi0waWfPEo=">AAAC03icbVHfb9MwEHbCr1F+rMAjLxYd0tBQlQQJ9jgJJPoAUpnoNqlurYvrpNbsJLKdocqLQIhX/jne+Bf4K3DaIEHHSba+++6+8/kuraQwNop+BuG16zdu3tq53btz99793f6DhyemrDXjE1bKUp+lYLgUBZ9YYSU/qzQHlUp+mp6/buOnF1wbURYf7ariMwV5ITLBwHqK9n/tEQV2yUC6dw19iYkRCpNMA3MraudJ4977C5 NU5PsCj+ZkAXnONSZlW5VbInlmtciXFrQuP7k3lKi6GZHnm4y2LUcqIxp6THJQCuY+jluGHuMDjC9Hl/MEK9oy25I1d9B1w2iOCchqCXTRuDghlWg6NVmCdW8b6nxpUtRN58//+Ovun+3R/iAaRmvDV0HcgQHqbEz7P8iiZLXihWUSjJnGUWVnDrQVTPKmR2rDK2DnkPOphwUobmZuvZMGP/XMAmel9qeweM3+rXCgjFmp1Ge2CzDbsZb8X2xa2+xw5kRR1ZYXbPNQVktsS9wuGC+E5szKlQfAtPC9YrYEP0LrF9bzQ4i3v3wVnCTD+MUw+ZAMjg67ceygx+gJ2kcxeoWO0AiN0QSxYBxcBJ+DL+EkdOHX8NsmNQw6zSP0j4XffwM35ORI</latexit>

•  EW precision:

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

H
†

<latexit sha1_base64="NM9WoAwJyhVUEpO0n50Oys5BBrQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgz0WvPRYwX5AGstms0mXbjZhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbm+angGmz72yptbe/s7pX3KweHR8cn1dOzvk4yRVmPJiJRQ59oJrhkPeAg2DBVjMS+YAN/erfwB09MaZ7IB5ilzItJJHnIKQEjufXO4yggUcRUfVyt2Q17CbxJnILUUIHuuPo1ChKaxUwCFURr17FT8HKigFPB5pVRpllK6JREzDVUkphpL1+ePMdXRglwmChTEvBS/T2Rk1jrWeybzpjARK97C/E/z80gbHk5l2kGTNLVojATGBK8+B8HXDEKYmYIoYqbWzGdEEUomJQqJgRn/eVN0m82nJtG875Za7eKOMroAl2ia+SgW9RGHdRFPURRgp7RK3qzwHqx3q2PVWvJKmbO0R9Ynz9OLpCU</latexit>

H
†

<latexit sha1_base64="NM9WoAwJyhVUEpO0n50Oys5BBrQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LLaCp5LUgz0WvPRYwX5AGstms0mXbjZhdyKU0J/hxYMiXv013vw3btsctPXBwOO9GWbm+angGmz72yptbe/s7pX3KweHR8cn1dOzvk4yRVmPJiJRQ59oJrhkPeAg2DBVjMS+YAN/erfwB09MaZ7IB5ilzItJJHnIKQEjufXO4yggUcRUfVyt2Q17CbxJnILUUIHuuPo1ChKaxUwCFURr17FT8HKigFPB5pVRpllK6JREzDVUkphpL1+ePMdXRglwmChTEvBS/T2Rk1jrWeybzpjARK97C/E/z80gbHk5l2kGTNLVojATGBK8+B8HXDEKYmYIoYqbWzGdEEUomJQqJgRn/eVN0m82nJtG875Za7eKOMroAl2ia+SgW9RGHdRFPURRgp7RK3qzwHqx3q2PVWvJKmbO0R9Ynz9OLpCU</latexit>

H
<latexit sha1_base64="i3ybX2VfWvMkAKHoY1V+WtgiwU0=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxocQoHwlcyN6ywIa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZeEEth0HW/ndzW9s7uXn6/cHB4dHxSPD1rmyjRjLdYJCPdDajhUijeQoGSd2PNaRhI3gmmdwu/88S1EZF6xFnM/ZCOlRgJRtFKD+VGeVAsuRV3CbJJvIyUIENzUPzqDyOWhFwhk9SYnufG6KdUo2CSzwv9xPCYsikd856liobc+Ony1Dm5ssqQjCJtSyFZqr8nUhoaMwsD2xlSnJh1byH+5/USHNX8VKg4Qa7YatEokQQjsvibDIXmDOXMEsq0sLcSNqGaMrTpFGwI3vrLm6RdrXg3lep9tVSvZXHk4QIu4Ro8uIU6NKAJLWAwhmd4hTdHOi/Ou/Oxas052cw5/IHz+QNSro0g</latexit>

� bT . 10�3 ! M & 0.9 TeV
<latexit sha1_base64="s0SWScbuigX/2zFG8lYBdPT4gBs="></latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

 
<latexit sha1_base64="b5x7g6DCp8oN7KxkKcXvazIxtAw=">AAAB7XicbVBNSwMxEJ34WetX1aOXYCt4Krv1YI8FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+0cbm1vbObmGvuH9weHRcOjltG5VqylpUCaW7ITFMcMlallvBuolmJA4F64ST27nfeWLacCUf7DRhQUxGkkecEuukdqWfGF4ZlMpe1VsArxM/J2XI0RyUvvpDRdOYSUsFMabne4kNMqItp4LNiv3UsITQCRmxnqOSxMwE2eLaGb50yhBHSruSFi/U3xMZiY2ZxqHrjIkdm1VvLv7n9VIb1YOMyyS1TNLloigV2Co8fx0PuWbUiqkjhGrubsV0TDSh1gVUdCH4qy+vk3at6l9Xa/e1cqOex1GAc7iAK/DhBhpwB01oAYVHeIZXeEMKvaB39LFs3UD5zBn8Afr8Ads9jp4=</latexit>

• Here: explore direct probes

� bT = 4
3
Ndy

2
t

16⇡2
m2

t
M2

<latexit sha1_base64="0fMr1QC+9ciCo1VlMtotp+Wlmlg="></latexit>

Ennio Salvioni

�

<latexit sha1_base64="rZn36fRgl2RfYf4AJZUw78RNtL0=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBhNBL2E3BPUY8OIxgnlAsoTZyWwyZHZ2mekVQshHePGgiFe/x5t/4yTZgyYWNBRV3XR3BYkUBl3328ltbG5t7+R3C3v7B4dHxeOTlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDf3209cGxGrR5wk3I/oUIlQMIpWapd7gRhelfvFkltxFyDrxMtICTI0+sWv3iBmacQVMkmN6Xpugv6UahRM8lmhlxqeUDamQ961VNGIG3+6OHdGLqwyIGGsbSkkC/X3xJRGxkyiwHZGFEdm1ZuL/3ndFMNbfypUkiJXbLkoTCXBmMx/JwOhOUM5sYQyLeythI2opgxtQgUbgrf68jppVSterVJ7qJbq11kceTiDc7gED26gDvfQgCYwGMMzvMKbkzgvzrvzsWzNOdnMKfyB8/kDGO+OuA==</latexit>
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Decay length  
[meters]

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

Ennio Salvioni

Phenomenology/1

⇤ ⇠ 1 GeV : Z ! hidden jets, long-lived mesons

<latexit sha1_base64="xLspmqgdKq0aYCV3Q3fCQVrychQ="></latexit>
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Phenomenology/1

•  Hidden jets made of long-lived mesons 

•  Similarities with emerging/semi-visible jets, but relatively soft production mode 

 and democratic  

  

• LHC: ATLAS and CMS searches not sensitive. LHCb has best reach 

Resolve single                   decay inside the VELO 

• Benchmark:

V̂ ! fSMf̄SM
<latexit sha1_base64="WUq3ELegK/M9kd3dDdetxjSlI9s=">AAACEnicbVBLSwMxGMzWV62vVY9egq2gl7JbQT0WvHgRKtoHdJclm2bb0CS7JFmhLP0NXvwrXjwo4tWTN/+NabuItg4EJjPfRzITJowq7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nfvidS0Vjc6VFCfI76gkYUI22kwD6peAOks9YYejqGUZB5ksPba3MNkcyi8Y9QCeyyU3WmgIvEzUkZ5GgE9qfXi3HKidCYIaW6rpNoP0NSU8zIuOSliiQID1GfdA0ViBPlZ9NIY3hklB6MYmmO0HCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfgZFUmqicCzh6KUQZN+0g/sUUmwZiNDEJbU/BXiAZIIa9NiyZTgzkdeJK1a1T2t1m5q5fpZXkcRHIBDcAxccA7q4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zx/8gfXxDQEAnQI=</latexit>

V̂ ! µµ
<latexit sha1_base64="5LI19Ei7tENPtQAgeAu6KN/S6rE=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsxUUJcFNy4r2Ad0hpJJ0zY0yQzJHaEOxV9x40IRt/6HO//GtJ2Fth4SOJxzL/feEyWCG/C8b2dldW19Y7OwVdze2d3bdw8OmyZONWUNGotYtyNimOCKNYCDYO1EMyIjwVrR6Gbqtx6YNjxW9zBOWCjJQPE+pwSs1HWPy8GQQNac4ABiHMjUvnLXLXkVbwa8TPyclFCOetf9CnoxTSVTQAUxpuN7CYQZ0cCpYJNikBqWEDoiA9axVBHJTJjNtp/gM6v0cD/W9ivAM/V3R0akMWMZ2UpJYGgWvan4n9dJoX8dZlwlKTBF54P6qcD20GkUuMc1oyDGlhCqud0V0yHRhIINrGhD8BdPXibNasW/qFTvqqXaZR5HAZ2gU3SOfHSFaugW1VEDUfSIntErenOenBfn3fmYl644ec8R+gPn8weEN5ST</latexit>

[Schwaller, Stolarski, Weiler 2015] 
[Cohen, Lisanti, Lou 2015]

Ennio Salvioni

[Pierce, Shakya, Tsai, Zhao 2017]

mP̂ = mV̂ = 1 GeV

<latexit sha1_base64="iPlgqwEcimhUlSVzN2lqqJ7Vm4c=">AAACDHicbVDLSgMxFM34rPVVdekm2Aquykwp6kYouNBlBTsttEPJpJk2NMkMSUYow7h346+4caGIWz/AnX9jOh1BWw8Ezj3nXm7u8SNGlbbtL2tpeWV1bb2wUdzc2t7ZLe3tuyqMJSYtHLJQdnykCKOCtDTVjHQiSRD3GWn748up374jUtFQ3OpJRDyOhoIGFCNtpH6pXOH9pDdCOmmmKbyAP5WbVU7l/oq4psuu2hngInFyUgY5mv3SZ28Q4pgToTFDSnUdO9JegqSmmJG02IsViRAeoyHpGioQJ8pLsmNSeGyUAQxCaZ7QMFN/TySIKzXhvunkSI/UvDcV//O6sQ7OvYSKKNZE4NmiIGZQh3CaDBxQSbBmE0MQltT8FeIRkghrk1/RhODMn7xI3FrVqVfrN7Vy4zSPowAOwRE4AQ44Aw1wDZqgBTB4AE/gBbxaj9az9Wa9z1qXrHzmAPyB9fENAsmaRQ==</latexit>

 is collider-stable, neglect heavier hadronŝP

hNP̂ i
hNV̂ i = 1

3

<latexit sha1_base64="Qgj2xV8C1+qwG3pQD3602X9e6gA=">AAACOHicbVDLSsNAFJ3UV62vqEs3g63gqiS1YDdCwY0rrWAf0IQymU7aoZNJmJkIJeSz3PgZ7sSNC0Xc+gVO0yxq64GBwzn3Mfd4EaNSWdarUVhb39jcKm6Xdnb39g/Mw6OODGOBSRuHLBQ9D0nCKCdtRRUjvUgQFHiMdL3J9czvPhIhacgf1DQiboBGnPoUI6WlgXlXcXyBcOIwxEeMwNtB4oyRSlppCh2RaemK2Vkw4RWcT7DT5CKtDMyyVbUywFVi56QMcrQG5oszDHEcEK4wQ1L2bStSboKEoliPLzmxJBHCEzQifU05Coh0k+zwFJ5pZQj9UOjHFczUxY4EBVJOA09XBkiN5bI3E//z+rHyG25CeRQrwvF8kR8zqEI4SxEOqSBYsakmCAuq/wrxGOkYlM66pEOwl09eJZ1a1a5X6/e1crORx1EEJ+AUnAMbXIImuAEt0AYYPIE38AE+jWfj3fgyvuelBSPvOQZ/YPz8AtTzrY8=</latexit>
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Phenomenology/1

•  Hidden jets made of long-lived mesons 

•  Similarities with emerging/semi-visible jets, but relatively soft production mode 

 and democratic  

  

• ATLAS and CMS searches not sensitive, best reach @ LHCb 
Resolve single                   decay inside the VELO 

• Benchmark: 

V̂ ! fSMf̄SM
<latexit sha1_base64="WUq3ELegK/M9kd3dDdetxjSlI9s=">AAACEnicbVBLSwMxGMzWV62vVY9egq2gl7JbQT0WvHgRKtoHdJclm2bb0CS7JFmhLP0NXvwrXjwo4tWTN/+NabuItg4EJjPfRzITJowq7ThfVmFpeWV1rbhe2tjc2t6xd/daKk4lJk0cs1h2QqQIo4I0NdWMdBJJEA8ZaYfDy4nfvidS0Vjc6VFCfI76gkYUI22kwD6peAOks9YYejqGUZB5ksPba3MNkcyi8Y9QCeyyU3WmgIvEzUkZ5GgE9qfXi3HKidCYIaW6rpNoP0NSU8zIuOSliiQID1GfdA0ViBPlZ9NIY3hklB6MYmmO0HCq/t7IEFdqxEMzyZEeqHlvIv7ndVMdXfgZFUmqicCzh6KUQZN+0g/sUUmwZiNDEJbU/BXiAZIIa9NiyZTgzkdeJK1a1T2t1m5q5fpZXkcRHIBDcAxccA7q4Ao0QBNg8ACewAt4tR6tZ+vNep+NFqx8Zx/8gfXxDQEAnQI=</latexit>

V̂ ! µµ
<latexit sha1_base64="5LI19Ei7tENPtQAgeAu6KN/S6rE=">AAAB/XicbVDLSgMxFM34rPU1PnZugq3gqsxUUJcFNy4r2Ad0hpJJ0zY0yQzJHaEOxV9x40IRt/6HO//GtJ2Fth4SOJxzL/feEyWCG/C8b2dldW19Y7OwVdze2d3bdw8OmyZONWUNGotYtyNimOCKNYCDYO1EMyIjwVrR6Gbqtx6YNjxW9zBOWCjJQPE+pwSs1HWPy8GQQNac4ABiHMjUvnLXLXkVbwa8TPyclFCOetf9CnoxTSVTQAUxpuN7CYQZ0cCpYJNikBqWEDoiA9axVBHJTJjNtp/gM6v0cD/W9ivAM/V3R0akMWMZ2UpJYGgWvan4n9dJoX8dZlwlKTBF54P6qcD20GkUuMc1oyDGlhCqud0V0yHRhIINrGhD8BdPXibNasW/qFTvqqXaZR5HAZ2gU3SOfHSFaugW1VEDUfSIntErenOenBfn3fmYl644ec8R+gPn8weEN5ST</latexit>

M > 1.6 (2.0) TeV
<latexit sha1_base64="GCv8lvEkmvUGafT+ujHCsN7QnpM=">AAAB/nicbVDLSgNBEOyNrxhfq+LJy2AiRJBldxX1JAEvXoQIeUGyhNnJJBky+2BmVghLwF/x4kERr36HN//GSbIHjRY0FFXddHf5MWdS2faXkVtaXlldy68XNja3tnfM3b2GjBJBaJ1EPBItH0vKWUjriilOW7GgOPA5bfqjm6nffKBCsiisqXFMvQAPQtZnBCstdc2D0h26Ro510Tktu5Z9UkI12kBds2hb9gzoL3EyUoQM1a752elFJAloqAjHUrYdO1ZeioVihNNJoZNIGmMywgPa1jTEAZVeOjt/go610kP9SOgKFZqpPydSHEg5DnzdGWA1lIveVPzPayeqf+WlLIwTRUMyX9RPOFIRmmaBekxQovhYE0wE07ciMsQCE6UTK+gQnMWX/5KGazlnlnvvFivnWRx5OIQjKIMDl1CBW6hCHQik8AQv8Go8Gs/Gm/E+b80Z2cw+/ILx8Q1UNJHR</latexit>

for L = 15 (300) fb�1
<latexit sha1_base64="9kigIdRJ7v2QS+vb05QR4cbYbw0=">AAACBnicbVDLSsNAFJ3UV62vqEsRBhuhgpakVXQjFNy4cFHBPqCNZTKdtEMnM2FmIpTQlRt/xY0LRdz6De78G9M2C209q8M593LPPV7IqNK2/W1kFhaXlleyq7m19Y3NLXN7p65EJDGpYcGEbHpIEUY5qWmqGWmGkqDAY6ThDa7GfuOBSEUFv9PDkLgB6nHqU4x0InXMfV9IaN3AS+ictY8LZds+sqDvWffxiTOyOmbeLtoTwHnipCQPUlQ75le7K3AUEK4xQ0q1HDvUboykppiRUa4dKRIiPEA90kooRwFRbjx5YwQPE6ULx4F8wTWcqL83YhQoNQy8ZDJAuq9mvbH4n9eKtH/hxpSHkSYcTw/5EYNawHEnsEslwZoNE4KwpElWiPtIIqyT5nJJCc7sy/OkXio65WLptpSvnKZ1ZMEeOAAF4IBzUAHXoApqAINH8AxewZvxZLwY78bHdDRjpDu74A+Mzx/475Tv</latexit>

Ennio Salvioni

BR ⇡ 10�2

c⌧V̂ /cm

<latexit sha1_base64="ZJ5fijNzPrfN3cdqbxFOSf8+OvQ="></latexit>

B
R
(Z

!
 
 
)

<latexit sha1_base64="QHHrtCWNBiofnz4uxOhJsenGM3s=">AAACEHicbVC7TsMwFHV4lvIKMLJYtIiyVElVAWMFC2NB9CGaqHJcp7XqOJHtIFVRPoGFX2FhACFWRjb+BqfNAC1XsnV07j32PceLGJXKsr6NpeWV1bX1wkZxc2t7Z9fc22/LMBaYtHDIQtH1kCSMctJSVDHSjQRBgcdIxxtfZf3OAxGShvxOTSLiBmjIqU8xUprqmydlJ0BqJILk8jat3DsqhE6oBdl7iRNJmmbXablvlqyqNS24COwclEBezb755QxCHAeEK8yQlD3bipSbIKEoZiQtOrEkEcJjNCQ9DTkKiHSTqaEUHmtmAP1Q6MMVnLK/FQkKpJwEnp7MtpfzvYz8r9eLlX/hJpRHsSIczz7yYwa17SwdOKCCYMUmGiAsqN4V4hESCCudYVGHYM9bXgTtWtWuV+s3tVLjLI+jAA7BEagAG5yDBrgGTdACGDyCZ/AK3own48V4Nz5mo0tGrjkAf8r4/AGtVpz1</latexit>

`T 2 [6, 22] mm

<latexit sha1_base64="JVb8tAqz9iGOHy5+P75dXcQZLEA=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAruJCSBK0uC25cVugL0lAm00k7dGYSZiZCiV34K25cKOLW33Dn3zhts9DqgQuHc+7l3nvChFGlHefLKqysrq1vFDdLW9s7u3v2/kFbxanEpIVjFstuiBRhVJCWppqRbiIJ4iEjnXB8M/M790QqGoumniQk4GgoaEQx0kbq20eVHmGs34Q9KqBfO/e8oAI579tlp+rMAf8SNydlkKPRtz97gxinnAiNGVLKd51EBxmSmmJGpqVeqkiC8BgNiW+oQJyoIJvfP4WnRhnAKJamhIZz9edEhrhSEx6aTo70SC17M/E/z091dB1kVCSpJgIvFkUpgzqGszDggEqCNZsYgrCk5laIR0girE1kJROCu/zyX9L2qu5F9fLOK9dreRxFcAxOwBlwwRWog1vQAC2AwQN4Ai/g1Xq0nq03633RWrDymUPwC9bHN9A5lAA=</latexit>

background estimate: 
[Ilten, Soreq, Thaler, Williams, Xue 2016]

pV̂T > 1 GeV

<latexit sha1_base64="XWOihcxum4mnmfmWj+sK+cQJXV4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAruCpJ8bWSggtdVmjTQhvDZDpth04ezNwIJWTjr7hxoYhbP8Odf+O0zUJbD1w4nHMv997jx4IrsKxvY2l5ZXVtvbBR3Nza3tk19/YdFSWSsiaNRCTbPlFM8JA1gYNg7VgyEviCtfzRzcRvPTKpeBQ2YBwzNyCDkPc5JaAlzzwsx17jIe0OCaROluFrbJfxLXM8s2RVrCnwIrFzUkI56p751e1FNAlYCFQQpTq2FYObEgmcCpYVu4liMaEjMmAdTUMSMOWm0wcyfKKVHu5HUlcIeKr+nkhJoNQ48HVnQGCo5r2J+J/XSaB/5aY8jBNgIZ0t6icCQ4QnaeAel4yCGGtCqOT6VkyHRBIKOrOiDsGef3mRONWKfVY5v6+Wahd5HAV0hI7RKbLRJaqhO1RHTURRhp7RK3oznowX4934mLUuGfnMAfoD4/MHgdWVBA==</latexit>
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Phenomenology/1
•  For                       , other production mechanisms become important: 

 Bremsstrahlung, meson decays, Drell-Yan, … 

• Hidden fermions have no electric charge, vector meson couples dominantly   

to neutral current 

• No global analysis available yet for this scenario.  

To gain first impression, approximate      as “kinetically mixed dark photon” with

mV̂ . GeV
<latexit sha1_base64="uelnRn3aAu/tn3S08wd6mcqtmDM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LLaCBylJBfVY8KDHCvYDmlI222m7dDcJuxuhhPwBL/4VLx4U8erdm//GTZuDtj4YeLw3w8w8P+JMacf5tgorq2vrG8XN0tb2zu6evX/QUmEsKTRpyEPZ8YkCzgJoaqY5dCIJRPgc2v7kOvPbDyAVC4N7PY2gJ8goYENGiTZS365URD/xxkQnrTTFHgelFBPemSeIHkuR3EArrfTtslN1ZsDLxM1JGeVo9O0vbxDSWECgKSdKdV0n0r2ESM0oh7TkxQoiQidkBF1DAyJA9ZLZNyk+McoAD0NpKtB4pv6eSIhQaip805kdqRa9TPzP68Z6eNVLWBDFGgI6XzSMOdYhzqLBAyaBaj41hFDJzK2YjokkVJsASyYEd/HlZdKqVd3zau2uVq5f5HEU0RE6RqfIRZeojm5RAzURRY/oGb2iN+vJerHerY95a8HKZw7RH1ifP6S3m98=</latexit>

V̂
<latexit sha1_base64="3depJuvSS2cb+pMlbLxVm1nug1U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BFvBU0kqqMeCF48VbKu0oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5YCzkK9pBoRmQoWCcc38z8zhPThsfqHicJCyQZKh5xStBKj9XeiGDWnlb75YpX8+ZwV4mfkwrkaPbLX71BTFPJFFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWqqIZCbI5gdP3TOrDNwo1rYUunP190RGpDETGdpOSXBklr2Z+J/XTTG6DjKukhSZootFUSpcjN3Z9+6Aa0ZRTCwhVHN7q0tHRBOKNqOSDcFffnmVtOs1/6JWv6tXGpd5HEU4gVM4Bx+uoAG30IQWUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/ADS8j/k=</latexit>

Ennio Salvioni

" ⇡ 10�7
� mV̂
GeV

�2 � 2 TeV
M

�2

<latexit sha1_base64="zU8I7sNuTDOHA1nS/WNWXQsuuzQ="></latexit>

chiral couplings
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Phenomenology/1
•  For                       , other production mechanisms become important: 

 Bremsstrahlung, meson decays, Drell-Yan, … 

• Constituents have no electric charge, vector meson couples to neutral current 

• No global analysis available yet.  

To gain first impression, approximate      as “kinetically mixed dark photon” with

mV̂ . GeV
<latexit sha1_base64="uelnRn3aAu/tn3S08wd6mcqtmDM=">AAACDXicbVBNS8NAEN3Ur1q/oh69LLaCBylJBfVY8KDHCvYDmlI222m7dDcJuxuhhPwBL/4VLx4U8erdm//GTZuDtj4YeLw3w8w8P+JMacf5tgorq2vrG8XN0tb2zu6evX/QUmEsKTRpyEPZ8YkCzgJoaqY5dCIJRPgc2v7kOvPbDyAVC4N7PY2gJ8goYENGiTZS365URD/xxkQnrTTFHgelFBPemSeIHkuR3EArrfTtslN1ZsDLxM1JGeVo9O0vbxDSWECgKSdKdV0n0r2ESM0oh7TkxQoiQidkBF1DAyJA9ZLZNyk+McoAD0NpKtB4pv6eSIhQaip805kdqRa9TPzP68Z6eNVLWBDFGgI6XzSMOdYhzqLBAyaBaj41hFDJzK2YjokkVJsASyYEd/HlZdKqVd3zau2uVq5f5HEU0RE6RqfIRZeojm5RAzURRY/oGb2iN+vJerHerY95a8HKZw7RH1ifP6S3m98=</latexit>

V̂
<latexit sha1_base64="3depJuvSS2cb+pMlbLxVm1nug1U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BFvBU0kqqMeCF48VbKu0oWy2m3bp7ibsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8MBHcoOd9O4W19Y3NreJ2aWd3b/+gfHjUNnGqKWvRWMT6ISSGCa5YCzkK9pBoRmQoWCcc38z8zhPThsfqHicJCyQZKh5xStBKj9XeiGDWnlb75YpX8+ZwV4mfkwrkaPbLX71BTFPJFFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWqqIZCbI5gdP3TOrDNwo1rYUunP190RGpDETGdpOSXBklr2Z+J/XTTG6DjKukhSZootFUSpcjN3Z9+6Aa0ZRTCwhVHN7q0tHRBOKNqOSDcFffnmVtOs1/6JWv6tXGpd5HEU4gVM4Bx+uoAG30IQWUJDwDK/w5mjnxXl3PhatBSefOYY/cD5/ADS8j/k=</latexit>

mV̂ [GeV]
<latexit sha1_base64="LCDgCeMOSItWa3QGS6GO6dOBDvA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWwFTyWpgh4LHvRYwcZCGsJmu2mX7m7C7kYIof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzL0oZVdpxvq3K2vrG5lZ1u7azu7d/YB8eeSrJJCY9nLBE9iOkCKOC9DTVjPRTSRCPGHmIJtcz/+GRSEUTca/zlAQcjQSNKUbaSKFdb/KwGIyRLrzptAn9G+IFod1wWs4ccJW4JWmAEt3Q/hoME5xxIjRmSCnfdVIdFEhqihmZ1gaZIinCEzQivqECcaKCYn78FJ4aZQjjRJoSGs7V3xMF4krlPDKdHOmxWvZm4n+en+n4KiioSDNNBF4sijMGdQJnScAhlQRrlhuCsKTmVojHSCKsTV41E4K7/PIq8dot97zVvms3OhdlHFVwDE7AGXDBJeiAW9AFPYBBDp7BK3iznqwX6936WLRWrHKmDv7A+vwBzHWUKg==</latexit>

"
<latexit sha1_base64="fLCXNrrY0V67rvVJQ16d8PiuUmU=">AAAB9HicbVDLTgJBEOzFF+IL9ehlI5h4Irt4kCOJF4+YyCOBDZkdemHC7Mw6M0tCNnyHFw8a49WP8ebfODwOClbSSaWqO91dYcKZNp737eS2tnd29/L7hYPDo+OT4ulZS8tUUWxSyaXqhEQjZwKbhhmOnUQhiUOO7XB8N/fbE1SaSfFopgkGMRkKFjFKjJWCcm9CFCaacSnK/WLJq3gLuJvEX5ESrNDoF796A0nTGIWhnGjd9b3EBBlRhlGOs0Iv1ZgQOiZD7FoqSIw6yBZHz9wrqwzcSCpbwrgL9fdERmKtp3FoO2NiRnrdm4v/ed3URLUgYyJJDQq6XBSl3DXSnSfgDphCavjUEkIVs7e6dEQUocbmVLAh+Osvb5JWteLfVKoP1VK9toojDxdwCdfgwy3U4R4a0AQKT/AMr/DmTJwX5935WLbmnNXMOfyB8/kDdOuR2w==</latexit>

effect of

BR(V̂ ! ⌫⌫)
<latexit sha1_base64="rJ5EoKCXgy/fuAv0dFlZKQHzoeY=">AAACC3icbVC7TsMwFHV4lvIKMLJYbZHKUiUFCcYKFsaC6ENqospx3daq7US2g1RF2Vn4FRYGEGLlB9j4G5w2A7Rc6UpH59yre88JIkaVdpxva2V1bX1js7BV3N7Z3du3Dw7bKowlJi0cslB2A6QIo4K0NNWMdCNJEA8Y6QST60zvPBCpaCju9TQiPkcjQYcUI22ovl2qeBzpseTJ1V1a9cZIJ+0UejqEnoizPq307bJTc2YFl4GbgzLIq9m3v7xBiGNOhMYMKdVznUj7CZKaYkbSohcrEiE8QSPSM1AgTpSfzLyk8MQwAzgMpWmh4Yz9vZEgrtSUB2Yye1wtahn5n9aL9fDST6iIYk0Enh8axgwaq1kwcEAlwZpNDUBYUvMrxGMkEdYmvqIJwV20vAza9Zp7Vqvf1suN8zyOAjgGJVAFLrgADXADmqAFMHgEz+AVvFlP1ov1bn3MR1esfOcI/Cnr8weBTJoB</latexit>

[bounds from PBC, 1901.09966]

Ennio Salvioni

" ⇡ 10�7
� mV̂
GeV

�2 � 2 TeV
M

�2

<latexit sha1_base64="zU8I7sNuTDOHA1nS/WNWXQsuuzQ="></latexit>
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Bounds from meson FCNC decays?

Ennio Salvioni

✏Z ' gZ
q

Nc
2

m2
t

M2

| (0)|m1/2

V̂

m2
Z

⇡ 3.2⇥ 10�7
�

⇤
1 GeV

�3/2 � mV̂
2 GeV

�1/2 � 2 TeV
M

�2

<latexit sha1_base64="Z0rZr2COG2dwTEL9+/FQms09UA0="></latexit>

Conservative estimate:

BR(B ! Kff̄)NP  BR(B ! K  )perturbative

<latexit sha1_base64="HNjQnewWmybSAcg0573BKzIt+nw="></latexit>

BR(B!Kff̄)NP

BR(B!Kff̄)SM
.

�
mt
M

�4 BR(V̂!⌫⌫̄)

BR(V̂!ff̄)
< 0.01

<latexit sha1_base64="rZc2Q2BRp/nOt7dboJW7ghGflDs="></latexit>

for M > 1 TeV

V̂

<latexit sha1_base64="C2Xva+fKLZJXRN9hY8z5EXvNtss=">AAAB8HicbVDLTgJBEOzFF+IL9ehlI5h4IruEqEcSLx4xkYeBDZkdBpgwM7uZ6TUhG77CiweN8ernePNvHGAPClbSSaWqO91dYSy4Qc/7dnIbm1vbO/ndwt7+weFR8fikZaJEU9akkYh0JySGCa5YEzkK1ok1IzIUrB1Obud++4lpwyP1gNOYBZKMFB9yStBKj+XemGDampX7xZJX8RZw14mfkRJkaPSLX71BRBPJFFJBjOn6XoxBSjRyKtis0EsMiwmdkBHrWqqIZCZIFwfP3AurDNxhpG0pdBfq74mUSGOmMrSdkuDYrHpz8T+vm+DwJki5ihNkii4XDRPhYuTOv3cHXDOKYmoJoZrbW106JppQtBkVbAj+6svrpFWt+LVK7b5aql9lceThDM7hEny4hjrcQQOaQEHCM7zCm6OdF+fd+Vi25pxs5hT+wPn8ATW0j/w=</latexit>

B

<latexit sha1_base64="/HK/I/16rMkDFhSTwcZ4v2bx0IM=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvE15HoxSNGERLYkNlhFibMzm5mek0I4RO8eNAYr36RN//GAfagYCWdVKq6090VJFIYdN1vJ7eyura+kd8sbG3v7O4V9w8eTZxqxhsslrFuBdRwKRRvoEDJW4nmNAokbwbDm6nffOLaiFg94CjhfkT7SoSCUbTSffm63C2W3Io7A1kmXkZKkKHeLX51ejFLI66QSWpM23MT9MdUo2 CSTwqd1PCEsiHt87alikbc+OPZqRNyYpUeCWNtSyGZqb8nxjQyZhQFtjOiODCL3lT8z2unGF75Y6GSFLli80VhKgnGZPo36QnNGcqRJZRpYW8lbEA1ZWjTKdgQvMWXl8ljteKdVc7vqqXaRRZHHo7gGE7Bg0uowS3UoQEM+vAMr/DmSOfFeXc+5q05J5s5hD9wPn8ASkCNHA==</latexit>

K

<latexit sha1_base64="HLT5ulJKsUF8VgjB4Qr5H+Qu4zY=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIph4IrvE15HEi4kXjCIksCGzwyxMmJ3dzPSaEMInePGgMV79Im/+jQPsQcFKOqlUdae7K0ikMOi6305uZXVtfSO/Wdja3tndK+4fPJo41Yw3WCxj3Qqo4VIo3kCBkrcSzWkUSN4MhtdTv/nEtRGxesBRwv2I9pUIBaNopfvybblbLLkVdwayTLyMlCBDvVv86vRilkZcIZPUmLbnJuiPqUbBJJ8UOqnhCWVD2udtSxWNuPHHs1Mn5MQqPRLG2pZCMlN/T4xpZMwoCmxnRHFgFr2p+J/XTjG88sdCJSlyxeaLwlQSjMn0b9ITmjOUI0so08LeStiAasrQplOwIXiLLy+Tx2rFO6uc31VLtYssjjwcwTGcggeXUIMbqEMDGPThGV7hzZHOi/PufMxbc042cwh/4Hz+AFftjSU=</latexit>

see e.g. [Dror, Lasenby, Pospelov 2018]E
mV̂

⇥ m2
V̂

m2
Z

mV̂ ! 0
�! 0

<latexit sha1_base64="dKInEWpWBhh99vX02bIsBsfTtDQ="></latexit>
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Decay length  
[meters]

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

Ennio Salvioni

Phenomenology/2

⇤ ⇠ 10 GeV,M ⇠ fewTeV : Z ! 2 mesons, prompt decays

<latexit sha1_base64="iAXqiaCOMoJJYKSmEVGomJoHRac="></latexit>
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Phenomenology/2
• If mesons have masses of 10-30 GeV, the Z decays to 2-body final states 

• Example:

Z
<latexit sha1_base64="D5QxxiuwbntnDTB3Hj4s/d/gdfc=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHxEI2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPj6Uw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm7nffuLaiEg94DTm/ZCOlAgEo2il+/JjeVAsuRV3AbJOvIyUIENjUPzqDSOWhFwhk9SYrufG2E+pRsEknxV6ieExZRM64l1LFQ256aeLU2fkwipDEkTalkKyUH9PpDQ0Zhr6tjOkODar3lz8z+smGNT6qVBxglyx5aIgkQQjMv+bDIXmDOXUEsq0sLcSNqaaMrTpFGwI3urL66RVrXhXlepdtVSvZXHk4QzO4RI8uIY63EIDmsBgBM/wCm+OdF6cd+dj2ZpzsplT+APn8wduCI0y</latexit>

P̂
<latexit sha1_base64="7JmnDHNMR49cOXHkJc+Xdryqz90=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDBrzaqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPLDKP9Q==</latexit>

Ŝ
<latexit sha1_base64="NkmGGpxxUHlVyaPYMj6tb1oBfzI=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHwYuZG9ZYMPe3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweTm7nffuLaiEg94DTmfkhHSgwFo2ilx3JvTDG9n5X7xZJbcRcg68TLSAkyNPrFr94gYknIFTJJjel6box+SjUKJvms0EsMjymb0BHvWqpoyI2fLg6ekQurDMgw0rYUkoX6eyKloTHTMLCdIcWxWfXm4n9eN8FhzU+FihPkii0XDRNJMCLz78lAaM5QTi2hTAt7K2FjqilDm1HBhuCtvrxOWtWKd1Wp3lVL9VoWRx7O4BwuwYNrqMMtNKAJDEJ4hld4c7Tz4rw7H8vWnJPNnMIfOJ8/MMSP+A==</latexit>

Z⇤
<latexit sha1_base64="GXyv/HG8nXeGa5Db5zbxVF+93ls=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LKUlsLDGRjwgn2Vv2YMPe3rk7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZuYFiRQGXffbWVvf2Nzazu3kd/f2Dw4LR8dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8Hoeua3nrg2IlZ3OE64H9GBEqFgFK3ULt0/dKnBUq9QdMvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/m907JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYlj1J0IlKXLFFovCVBKMyex50heaM5RjSyjTwt5K2JBqytBGlLcheMsvr5Jmpexdliu3lWKtmsWRg1M4gwvw4ApqcAN1aAADCc/wCm/Oo/PivDsfi9Y1J5s5gT9wPn8AOiGPZg==</latexit>

V̂
<latexit sha1_base64="w+fzccgTYvXQCqxBQreUkBX/izk=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDDrzKqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPNVaP+w==</latexit>

µ
<latexit sha1_base64="4ZpGEnEbSOhdGSiDep/tw0WScZc=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8yJHEi0dMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NS+lBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdrf0e09UaRbLRzNPaCDwRLKIEWys5NeHIq2PqjW34eZAm8QrSA0KdEbVr+E4Jqmg0hCOtR54bmKCDCvDCKeLyjDVNMFkhid0YKnEguogy49doCurjFEUK1vSoFz9PZFhofVchLZTYDPV695S/M8bpCZqBRmTSWqoJKtFUcqRidHyczRmihLD55Zgopi9FZEpVpgYm0/FhuCtv7xJus2Gd9NoPjRr7VYRRxku4BKuwYNbaMM9dMAHAgye4RXeHOm8OO/Ox6q15BQz5/AHzucPE9mOKg==</latexit>

µ
<latexit sha1_base64="4ZpGEnEbSOhdGSiDep/tw0WScZc=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8yJHEi0dMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NS+lBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdrf0e09UaRbLRzNPaCDwRLKIEWys5NeHIq2PqjW34eZAm8QrSA0KdEbVr+E4Jqmg0hCOtR54bmKCDCvDCKeLyjDVNMFkhid0YKnEguogy49doCurjFEUK1vSoFz9PZFhofVchLZTYDPV695S/M8bpCZqBRmTSWqoJKtFUcqRidHyczRmihLD55Zgopi9FZEpVpgYm0/FhuCtv7xJus2Gd9NoPjRr7VYRRxku4BKuwYNbaMM9dMAHAgye4RXeHOm8OO/Ox6q15BQz5/AHzucPE9mOKg==</latexit>

b̄
<latexit sha1_base64="ogIQzjEpS8i3FbIgjqI8dh8bv/I=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHbxIEcSLx4xEdDAhrSlCw1td9N2TciGX+HFg8Z49ed4899YYA8KvmSSl/dmMjOPJIIb6/vfXmFjc2t7p7hb2ts/ODwqH590TJxqyto0FrF+INgwwRVrW24Fe0g0w5II1iWTm7nffWLa8Fjd22nCQolHikecYuukx2qfYJ2RWXVQrvg1fwG0ToKcVCBHa1D+6g9jmkqmLBXYmF7gJzbMsLacCjYr9VPDEkwneMR6jiosmQmzxcEzdOGUIYpi7UpZtFB/T2RYGjOVxHVKbMdm1ZuL/3m91EaNMOMqSS1TdLkoSgWyMZp/j4ZcM2rF1BFMNXe3IjrGGlPrMiq5EILVl9dJp14Lrmr1u3ql2cjjKMIZnMMlBHANTbiFFrSBgoRneIU3T3sv3rv3sWwtePnMKfyB9/kDO1KP/w==</latexit>

b
<latexit sha1_base64="NrkCzRO8/09lvkfd1kwZNbFSmBA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoSAIXsrfswYa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj7pmDjVjLdZLGPdDajhUijeRoGSdxPNaRRI/hhMbub+4xPXRsTqAacJ9yM6UiIUjKKV7qtBdVCuuDV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXTqNe+qVr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gB6MI06</latexit>

Z ! (bb̄)(µµ) +X
<latexit sha1_base64="YtTaIxOHxCivjYtQNS7Z09AEZeA=">AAACB3icbVDLSgMxFM3UV62vUZeCBFuhRSgzdaELFwU3LivYB3aGkkkzbWiSGZKMUIbu3Pgrblwo4tZfcOffmLaz0NYDFw7n3EtyThAzqrTjfFu5ldW19Y38ZmFre2d3z94/aKkokZg0ccQi2QmQIowK0tRUM9KJJUE8YKQdjK6nfvuBSEUjcafHMfE5GggaUoy0kXr2cene0xEsB16AZBpMKmWPJ9BMBZ7BTqlnF52qMwNcJm5GiiBDo2d/ef0IJ5wIjRlSqus6sfZTJDXFjEwKXqJIjPAIDUjXUIE4UX46yzGBp0bpwzCSZoSGM/X3RYq4UmMemE2O9FAtelPxP6+b6PDST6mIE00Enj8UJgya5NNSYJ9KgjUbG4KwpOavEA+RRFib6gqmBHcx8jJp1aruebV2WyvWr7I68uAInIAycMEFqIMb0ABNgMEjeAav4M16sl6sd+tjvpqzsptD8AfW5w+F2pci</latexit>

ĝZZµ(Ŝ @µP̂ � P̂ @µŜ)
<latexit sha1_base64="hq3znWiDkCTWjxsxmHhWI/ATcsg="></latexit>
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Phenomenology/2
• No dedicated LHC search yet, but can learn from 

• CMS analysis: 

• For Z signal, selection efficiency ~ 10 times smaller than for Higgs (!)

h ! aa ! (bb̄)(µµ)
<latexit sha1_base64="OaDbKVfbX8eKcuQfeVAi6892lTg=">AAACCXicbVC7TsMwFHV4lvIKMLJYtEjtUiVloGMlFsYi0YfURNWN67RW7SSyHaQq6srCr7AwgBArf8DG3+C2GaDlSNc6OudeXd8TJJwp7Tjf1sbm1vbObmGvuH9weHRsn5x2VJxKQtsk5rHsBaAoZxFta6Y57SWSggg47QaTm7nffaBSsTi619OE+gJGEQsZAW2kgY3LY0/HGGD+VgIvAJkFs2rFEyk2VS0P7JJTcxbA68TNSQnlaA3sL28Yk1TQSBMOSvVdJ9F+BlIzwums6KWKJkAmMKJ9QyMQVPnZ4pIZvjTKEIexNBVpvFB/T2QglJqKwHQK0GO16s3F/7x+qsOGn7EoSTWNyHJRmHJsrp7HgodMUqL51BAgkpm/YjIGCUSb8IomBHf15HXSqdfcq1r9rl5qNvI4CugcXaAKctE1aqJb1EJtRNAjekav6M16sl6sd+tj2bph5TNn6A+szx8RAJie</latexit>

mZ
<latexit sha1_base64="IKgpWOwLBUVq3maRQmBpLIkW2XQ=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsopCSxscTEAyJcyN6yBxt29y67eybkwm+wsdAYW3+Qnf/GBa5Q8CWTvLw3k5l5YcKZNq777RS2tnd294r7pYPDo+OT8ulZR8epItQnMY9VL8Saciapb5jhtJcoikXIaTec3i787hNVmsXywcwSGgg8lixiBBsr+VUxfKwOyxW35i6BNomXkwrkaA/LX4NRTFJBpSEca9333MQEGVaGEU7npUGqaYLJFI9p31KJBdVBtjx2jq6sMkJRrGxJg5bq74kMC61nIrSdApuJXvcW4n9ePzVRM8iYTFJDJVktilKOTIwWn6MRU5QYPrMEE8XsrYhMsMLE2HxKNgRv/eVN0qnXvEatfl+vtJp5HEW4gEu4Bg9uoAV30AYfCDB4hld4c6Tz4rw7H6vWgpPPnMMfOJ8/72aOEg==</latexit>

[CMS, 1812.06359]

13 TeV, 35.9 fb�1
<latexit sha1_base64="zsQfyHhTX9OUefk7KbqsULMQgDo=">AAAB/3icbVDLSgNBEOyNrxhfq4IXL4OJ4EHD7gZRbwEvHiPkBckaZiezccjsg5lZIaw5+CtePCji1d/w5t84SfagiQUNRVU33V1ezJlUlvVt5JaWV1bX8uuFjc2t7R1zd68po0QQ2iARj0Tbw5JyFtKGYorTdiwoDjxOW97weuK3HqiQLArrahRTN8CDkPmMYKWlnnlgV1CdNk9R5bx8hXyvdJee2eNSzyxaZWsKtEjsjBQhQ61nfnX7EUkCGirCsZQd24qVm2KhGOF0XOgmksaYDPGAdjQNcUClm07vH6NjrfSRHwldoUJT9fdEigMpR4GnOwOs7uW8NxH/8zqJ8i/dlIVxomhIZov8hCMVoUkYqM8EJYqPNMFEMH0rIvdYYKJ0ZAUdgj3/8iJpOmW7UnZunWLVyeLIwyEcwQnYcAFVuIEaNIDAIzzDK7wZT8aL8W58zFpzRjazD39gfP4AVhCTCw==</latexit>

Ennio Salvioni 18



(One) path to improve sensitivity

• Dimuon scouting @CMS: limited reconstruction at HLT,                

can operate at higher rates 

• Threshold at L1:                            for both muons 

• Very recently applied to inclusive dimuon resonance search

Ennio Salvioni

pµT > 4 GeV

<latexit sha1_base64="XImd20X2mb/vF2/8txmDeaWypo8=">AAAB+nicbVDLSgMxFM34rPU11aWbYCu4KjOlYFdScKHLCn1BOw6ZNNOGJpkhyShlrH/ixoUibv0Sd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9u5nfzu3v7BoV04aqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK9mfueeSEUj0dSTmHgcDQUNKUbaSL5dKMV+867PE3gJq6Wna9L27aJTduaAq8TNSBFkaPj2V38Q4YQToTFDSvVcJ9ZeiqSmmJFpvp8oEiM8RkPSM1QgTpSXzk+fwjOjDGAYSVNCw7n6eyJFXKkJD0wnR3qklr2Z+J/XS3RY81Iq4kQTgReLwoRBHcFZDnBAJcGaTQxBWFJzK8QjJBHWJq28CcFdfnmVtCtlt1qu3laK9VoWRw6cgFNwDlxwAergBjRAC2DwAJ7BK3izHq0X6936WLSuWdnMMfgD6/MHC52SiQ==</latexit>

[CMS, 1912.04776]
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(One) path to improve sensitivity

• Dimuon scouting @CMS: limited reconstruction at HLT,                

can operate at higher rates 

• Threshold at L1:                            for both muons 

• Very recently applied to inclusive dimuon resonance search 

• For                            , limit from inclusive search is comparable  
to crude recast of h  aa →

Ennio Salvioni

pµT > 4 GeV

<latexit sha1_base64="XImd20X2mb/vF2/8txmDeaWypo8=">AAAB+nicbVDLSgMxFM34rPU11aWbYCu4KjOlYFdScKHLCn1BOw6ZNNOGJpkhyShlrH/ixoUibv0Sd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9u5nfzu3v7BoV04aqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK9mfueeSEUj0dSTmHgcDQUNKUbaSL5dKMV+867PE3gJq6Wna9L27aJTduaAq8TNSBFkaPj2V38Q4YQToTFDSvVcJ9ZeiqSmmJFpvp8oEiM8RkPSM1QgTpSXzk+fwjOjDGAYSVNCw7n6eyJFXKkJD0wnR3qklr2Z+J/XS3RY81Iq4kQTgReLwoRBHcFZDnBAJcGaTQxBWFJzK8QjJBHWJq28CcFdfnmVtCtlt1qu3laK9VoWRw6cgFNwDlxwAergBjRAC2DwAJ7BK3izHq0X6936WLSuWdnMMfgD6/MHC52SiQ==</latexit>

[CMS, 1912.04776]

Mincl & 0.9 TeV
⇣

BP̂ Ŝ
1

⌘1/4

<latexit sha1_base64="ox/lWR0X6W6rfk1z4JQVXvrXjh0="></latexit>

Mh!aa & 1.25 TeV
⇣

BP̂ Ŝ
1

⌘1/4

<latexit sha1_base64="aGY9A15M9OiLH5g7Snuxyj9Dhkc=">AAACTHicbZBNbxMxEIa9obQlfAU4crGaIpVL2I2CisSlggsXpCCatFIcVrOON2vV3l3Zs0iR5R/YSw/c+BVcOIAQEs42h34wkuVX7zsje56sVtJiHH+POne27m7v7N7r3n/w8NHj3pOnU1s1hosJr1RlTjOwQslSTFCiEqe1EaAzJU6ys/fr/OSrMFZW5TGuajHXsCxlLjlgsNIe3/+YOlowrCiAp2yJoVfTZDB8zd4yDVgY7Y 7FNERK5HjAcgPctQEH5d751LEC0I19e3323rvEMyOXBb784pJXI7+f9vrxIG6L3hbJRvTJpsZp7xtbVLzRokSuwNpZEtc4d2BQciV8lzVW1MDPYClmQZaghZ27FoanL4KzoHllwimRtu7VCQfa2pXOQud6C3szW5v/y2YN5m/mTpZ1g6Lklw/ljaIB3ZosXUgjOKpVEMCNDH+lvICACwP/boCQ3Fz5tpgOB8loMPo07B+NNjh2yXOyRw5IQg7JEflAxmRCODknP8gv8ju6iH5Gf6K/l62daDPzjFyrzvY/N120Eg==</latexit>

mV̂ = 20 GeV

<latexit sha1_base64="es7sYApj/UhoZa4kGj3tCyo3r0U=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkFPUiFDzosYJNC20Im+22Xbq7CbsbocQI/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDMvjBlV2nG+raXlldW19cJGcXNre2fX3tv3VJRITJo4YpFsh0gRRgVpaqoZaceSIB4y0gpHVxO/dU+kopG40+OY+BwNBO1TjLSRAvuwzIO0O0Q69bIMXsKqU368Jl5gl5yKMwVcJG5OSiBHI7C/ur0IJ5wIjRlSquM6sfZTJDXFjGTFbqJIjPAIDUjHUIE4UX46vT+DJ0bpwX4kTQkNp+rviRRxpcY8NJ0c6aGa9ybif14n0f0LP6UiTjQReLaonzCoIzgJA/aoJFizsSEIS2puhXiIJMLaRFY0IbjzLy8Sr1pxa5XabbVUP8vjKIAjcAxOgQvOQR3cgAZoAgwewDN4BW/Wk/VivVsfs9YlK585AH9gff4AGcmU0g==</latexit>

leading

trailing

after scouting selection on muons
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(One) path to improve sensitivity

• Dimuon scouting @CMS: limited reconstruction at HLT (event size ~ kB),                

can operate at higher rates 

• Threshold at L1:                            for both muons (!) 

• Very recently applied to inclusive dimuon resonance search 

• For                            , limit from inclusive search is comparable  
to crude recast of h  aa →

Ennio Salvioni

pµT > 4 GeV

<latexit sha1_base64="XImd20X2mb/vF2/8txmDeaWypo8=">AAAB+nicbVDLSgMxFM34rPU11aWbYCu4KjOlYFdScKHLCn1BOw6ZNNOGJpkhyShlrH/ixoUibv0Sd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9u5nfzu3v7BoV04aqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK9mfueeSEUj0dSTmHgcDQUNKUbaSL5dKMV+867PE3gJq6Wna9L27aJTduaAq8TNSBFkaPj2V38Q4YQToTFDSvVcJ9ZeiqSmmJFpvp8oEiM8RkPSM1QgTpSXzk+fwjOjDGAYSVNCw7n6eyJFXKkJD0wnR3qklr2Z+J/XS3RY81Iq4kQTgReLwoRBHcFZDnBAJcGaTQxBWFJzK8QjJBHWJq28CcFdfnmVtCtlt1qu3laK9VoWRw6cgFNwDlxwAergBjRAC2DwAJ7BK3izHq0X6936WLSuWdnMMfgD6/MHC52SiQ==</latexit>

[CMS, 1912.04776]

Mincl & 0.9 TeV
⇣

BP̂ Ŝ
1

⌘1/4

<latexit sha1_base64="ox/lWR0X6W6rfk1z4JQVXvrXjh0="></latexit>

Mh!aa & 1.25 TeV
⇣

BP̂ Ŝ
1

⌘1/4

<latexit sha1_base64="aGY9A15M9OiLH5g7Snuxyj9Dhkc=">AAACTHicbZBNbxMxEIa9obQlfAU4crGaIpVL2I2CisSlggsXpCCatFIcVrOON2vV3l3Zs0iR5R/YSw/c+BVcOIAQEs42h34wkuVX7zsje56sVtJiHH+POne27m7v7N7r3n/w8NHj3pOnU1s1hosJr1RlTjOwQslSTFCiEqe1EaAzJU6ys/fr/OSrMFZW5TGuajHXsCxlLjlgsNIe3/+YOlowrCiAp2yJoVfTZDB8zd4yDVgY7Y 7FNERK5HjAcgPctQEH5d751LEC0I19e3323rvEMyOXBb784pJXI7+f9vrxIG6L3hbJRvTJpsZp7xtbVLzRokSuwNpZEtc4d2BQciV8lzVW1MDPYClmQZaghZ27FoanL4KzoHllwimRtu7VCQfa2pXOQud6C3szW5v/y2YN5m/mTpZ1g6Lklw/ljaIB3ZosXUgjOKpVEMCNDH+lvICACwP/boCQ3Fz5tpgOB8loMPo07B+NNjh2yXOyRw5IQg7JEflAxmRCODknP8gv8ju6iH5Gf6K/l62daDPzjFyrzvY/N120Eg==</latexit>

mV̂ = 20 GeV

<latexit sha1_base64="es7sYApj/UhoZa4kGj3tCyo3r0U=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEVPJWkFPUiFDzosYJNC20Im+22Xbq7CbsbocQI/hUvHhTx6t/w5r9x2+agrQ8GHu/NMDMvjBlV2nG+raXlldW19cJGcXNre2fX3tv3VJRITJo4YpFsh0gRRgVpaqoZaceSIB4y0gpHVxO/dU+kopG40+OY+BwNBO1TjLSRAvuwzIO0O0Q69bIMXsKqU368Jl5gl5yKMwVcJG5OSiBHI7C/ur0IJ5wIjRlSquM6sfZTJDXFjGTFbqJIjPAIDUjHUIE4UX46vT+DJ0bpwX4kTQkNp+rviRRxpcY8NJ0c6aGa9ybif14n0f0LP6UiTjQReLaonzCoIzgJA/aoJFizsSEIS2puhXiIJMLaRFY0IbjzLy8Sr1pxa5XabbVUP8vjKIAjcAxOgQvOQR3cgAZoAgwewDN4BW/Wk/VivVsfs9YlK585AH9gff4AGcmU0g==</latexit>

leading

trailing

•  Key step: select two b’s with smallest feasible  at HLT 

•  Ongoing discussion with CMS experimentalists

pT

after scouting selection on muons
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(One) path to improve sensitivity

• Dimuon scouting @CMS: limited reconstruction at HLT (event size ~ kB),                

can operate at higher rates 

• Threshold at L1:                            for both muons (!) 

• Very recently applied to inclusive dimuon resonance search

Ennio Salvioni

pµT > 4 GeV

<latexit sha1_base64="XImd20X2mb/vF2/8txmDeaWypo8=">AAAB+nicbVDLSgMxFM34rPU11aWbYCu4KjOlYFdScKHLCn1BOw6ZNNOGJpkhyShlrH/ixoUibv0Sd/6NaTsLbT1w4XDOvdx7TxAzqrTjfFtr6xubW9u5nfzu3v7BoV04aqsokZi0cMQi2Q2QIowK0tJUM9KNJUE8YKQTjK9mfueeSEUj0dSTmHgcDQUNKUbaSL5dKMV+867PE3gJq6Wna9L27aJTduaAq8TNSBFkaPj2V38Q4YQToTFDSvVcJ9ZeiqSmmJFpvp8oEiM8RkPSM1QgTpSXzk+fwjOjDGAYSVNCw7n6eyJFXKkJD0wnR3qklr2Z+J/XS3RY81Iq4kQTgReLwoRBHcFZDnBAJcGaTQxBWFJzK8QjJBHWJq28CcFdfnmVtCtlt1qu3laK9VoWRw6cgFNwDlxwAergBjRAC2DwAJ7BK3izHq0X6936WLSuWdnMMfgD6/MHC52SiQ==</latexit>

[CMS, 1912.04776]

•  Key step: select two b’s with smallest feasible  at HLT 

•  Ongoing discussion with CMS experimentalists

pT

[LHCb, 1910.06926]

For inclusive dimuons, 
LHCb actually wins at low masses
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Prospects

•  Neutral Naturalness motivates confining hidden sector 

 at                                        clear target for colllider experiments 

•  Z portal not considered before, striking impact on signatures 

  

•  : LHCb has leading sensitivity to hidden jets of long-lived   
  mesons 

•  : prompt decays. Acceptance is limiting factor, but ideas 
    welcome  

•   scenario: more parameters (quark masses, isospin pattern), 

 study in progress.  decays to pions  

→

Λ = O(1) GeV

Λ = O(10) GeV

Nf ≥ 2
ω̂

Ennio Salvioni

0.1 . ⇤/GeV . 10

<latexit sha1_base64="cORlxuUN3rQnuR+ULuMflOlUL7E=">AAACGXicbVDLSgMxFM34rPU16tJNsBVc1ZlS1GXBhS5cVLAP6JSSSW/b0GRmSDJCGfobbvwVNy4Ucakr/8ZMO4i2HggczrmH3Hv8iDOlHefLWlpeWV1bz23kN7e2d3btvf2GCmNJoU5DHsqWTxRwFkBdM82hFUkgwufQ9EeXqd+8B6lYGNzpcQQdQQYB6zNKtJG6tlN0Sq7HQSnFBPZuTLJH8Cn2BNFDKZIraEzwj+86xa5dcErOFHiRuBkpoAy1rv3h9UIaCwg05USptutEupMQqRnlMMl7sYKI0BEZQNvQgAhQnWR62QQfG6WH+6E0L9B4qv5OJEQoNRa+mUwXVvNeKv7ntWPdv+gkLIhiDQGdfdSPOdYhTmvCPSaBaj42hFDJzK6YDokkVJsy86YEd/7kRdIol9xKqXJbLlTPsjpy6BAdoRPkonNURdeohuqIogf0hF7Qq/VoPVtv1vtsdMnKMgfoD6zPb43Dnr8=</latexit>

[Cheng, Li, Salvioni, Verhaaren, ongoing]
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Backup



Neutral Naturalness

• Discrete symmetry relates the SM to hidden sector

Hidden sector

has own SU(3) 
 color symmetry

T

• 1 loop:
ŷtf

<latexit sha1_base64="qP4RsIzZTS0+eGNZmVxeZSzcvhM=">AAAB83icbVDLSgNBEOyNrxhfUY9eBhPBU9iNgh4DXjxGMA/ILmF2MpsMmX0w0yssS37DiwdFvPoz3vwbJ8keNLGgoajqprvLT6TQaNvfVmljc2t7p7xb2ds/ODyqHp90dZwqxjsslrHq+1RzKSLeQYGS9xPFaehL3vOnd3O/98SVFnH0iFnCvZCOIxEIRtFIbt2dUMyz2RCD+rBasxv2AmSdOAWpQYH2sPrljmKWhjxCJqnWA8dO0MupQsEkn1XcVPOEsikd84GhEQ259vLFzTNyYZQRCWJlKkKyUH9P5DTUOgt90xlSnOhVby7+5w1SDG69XERJijxiy0VBKgnGZB4AGQnFGcrMEMqUMLcSNqGKMjQxVUwIzurL66TbbDhXjeZDs9a6LuIowxmcwyU4cAMtuIc2dIBBAs/wCm9War1Y79bHsrVkFTOn8AfW5w++zZFx</latexit>

� ŷt

2f
<latexit sha1_base64="V23TQTY55vfclIp2OHo47maEj4w=">AAACAXicbVDLSsNAFJ3UV62vqhvBzWAruLEkUdBlwY3LCvYBbQiT6aQdOpmEmRuhhLjxV9y4UMStf+HOv3H6WGjrgQuHc+7l3nuCRHANtv1tFVZW19Y3ipulre2d3b3y/kFLx6mirEljEatOQDQTXLImcBCskyhGokCwdjC6mfjtB6Y0j+U9jBPmRWQgecgpASP55aPqOe6FitCsNySQjXMf8swN86pfrtg1ewq8TJw5qaA5Gn75q9ePaRoxCVQQrbuOnYCXEQWcCpaXeqlmCaEjMmBdQyWJmPay6Qc5PjVKH4exMiUBT9XfExmJtB5HgemMCAz1ojcR//O6KYTXXsZlkgKTdLYoTAWGGE/iwH2uGAUxNoRQxc2tmA6JyQNMaCUTgrP48jJpuTXnoubeuZX65TyOIjpGJ+gMOegK1dEtaqAmougRPaNX9GY9WS/Wu/Uxay1Y85lD9AfW5w/ojJaB</latexit>

yt
Z2 ! ŷt

<latexit sha1_base64="Ovf7EcjF3+rAAgwTmwGFOfn1eLA="></latexit>

quadratic corrections  
to Higgs mass cancel out 

Nc

Nc

top  
partner

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>

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>

top

Ennio Salvioni

⇤UV ⇠ 5 -10 TeV
<latexit sha1_base64="tVcAgR0rfO51bIEU/SkN69WLOeY=">AAACDXicbVC7TsMwFHXKq5RXgZHFokFigCopIBgrsTAwFKlJKzVR5DhOa9VOIttBqqL+AAu/wsIAQqzsbPwN7mOAwpEsHZ1zrq7vCTNGpbKsL6O0tLyyulZer2xsbm3vVHf3XJnmAhMHpywV3RBJwmhCHEUVI91MEMRDRjrh8Hrid+6JkDRN2mqUEZ+jfkJjipHSUlA1Te9WpyMUFJ7g0HHH0JOUwwvvxDw1bcuEbeIG1ZpVt6aAf4k9JzUwRyuofnpRinNOEoUZkrJnW5nyCyQUxYyMK14uSYbwEPVJT9MEcSL9YnrNGB5pJYJxKvRLFJyqPycKxKUc8VAnOVIDuehNxP+8Xq7iK7+gSZYrkuDZojhnUKVwUg2MqCBYsZEmCAuq/wrxAAmElS6wokuwF0/+S9xG3T6rN+4ateb5vI4yOACH4BjY4BI0wQ1oAQdg8ACewAt4NR6NZ+PNeJ9FS8Z8Zh/8gvHxDRHtmPA=</latexit>

Twin Higgs

[Chacko, Goh,  
Harnik 2005]



Hidden confinement

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>

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>

g
<latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit>

Hidden sector

• Discrete symmetry relates the SM to hidden sector
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<latexit sha1_base64="AgyAXQqClA9t4ukF3ScLEx+OtnY="></latexit>

if hidden color is only global 

• 2 loops:

Ennio Salvioni

[Craig, Katz, Strassler, Sundrum 2015]

⇤UV ⇠ 5 -10 TeV
<latexit sha1_base64="tVcAgR0rfO51bIEU/SkN69WLOeY=">AAACDXicbVC7TsMwFHXKq5RXgZHFokFigCopIBgrsTAwFKlJKzVR5DhOa9VOIttBqqL+AAu/wsIAQqzsbPwN7mOAwpEsHZ1zrq7vCTNGpbKsL6O0tLyyulZer2xsbm3vVHf3XJnmAhMHpywV3RBJwmhCHEUVI91MEMRDRjrh8Hrid+6JkDRN2mqUEZ+jfkJjipHSUlA1Te9WpyMUFJ7g0HHH0JOUwwvvxDw1bcuEbeIG1ZpVt6aAf4k9JzUwRyuofnpRinNOEoUZkrJnW5nyCyQUxYyMK14uSYbwEPVJT9MEcSL9YnrNGB5pJYJxKvRLFJyqPycKxKUc8VAnOVIDuehNxP+8Xq7iK7+gSZYrkuDZojhnUKVwUg2MqCBYsZEmCAuq/wrxAAmElS6wokuwF0/+S9xG3T6rN+4ateb5vI4yOACH4BjY4BI0wQ1oAQdg8ACewAt4NR6NZ+PNeJ9FS8Z8Zh/8gvHxDRHtmPA=</latexit>

Twin Higgs

[Chacko, Goh,  
Harnik 2005]

has own SU(3) 
 color symmetry



Hidden confinement

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>

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>

g
<latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit><latexit sha1_base64="CsE8jzhBMJxm7Kix3FwdzY/q7wQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LLaCp5IURI8FLx4r2g9oQ9lsJ+nSzSbsboRS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBVcG9f9dgobm1vbO8Xd0t7+weFR+fikrZNMMWyxRCSqG1CNgktsGW4EdlOFNA4EdoLx7dzvPKHSPJGPZpKiH9NI8pAzaqz0UI2qg3LFrbkLkHXi5aQCOZqD8ld/mLAsRmmYoFr3PDc1/pQqw5nAWamfaUwpG9MIe5ZKGqP2p4tTZ+TCKkMSJsqWNGSh/p6Y0ljrSRzYzpiakV715uJ/Xi8z4Y0/5TLNDEq2XBRmgpiEzP8mQ66QGTGxhDLF7a2EjaiizNh0SjYEb/XlddKu1zy35t3XK42rPI4inME5XIIH19CAO2hCCxhE8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwB/lI04</latexit>

Hidden sector

⇤UV ⇠ 5 -10 TeV
<latexit sha1_base64="tVcAgR0rfO51bIEU/SkN69WLOeY=">AAACDXicbVC7TsMwFHXKq5RXgZHFokFigCopIBgrsTAwFKlJKzVR5DhOa9VOIttBqqL+AAu/wsIAQqzsbPwN7mOAwpEsHZ1zrq7vCTNGpbKsL6O0tLyyulZer2xsbm3vVHf3XJnmAhMHpywV3RBJwmhCHEUVI91MEMRDRjrh8Hrid+6JkDRN2mqUEZ+jfkJjipHSUlA1Te9WpyMUFJ7g0HHH0JOUwwvvxDw1bcuEbeIG1ZpVt6aAf4k9JzUwRyuofnpRinNOEoUZkrJnW5nyCyQUxYyMK14uSYbwEPVJT9MEcSL9YnrNGB5pJYJxKvRLFJyqPycKxKUc8VAnOVIDuehNxP+8Xq7iK7+gSZYrkuDZojhnUKVwUg2MqCBYsZEmCAuq/wrxAAmElS6wokuwF0/+S9xG3T6rN+4ateb5vI4yOACH4BjY4BI0wQ1oAQdg8ACewAt4NR6NZ+PNeJ9FS8Z8Zh/8gvHxDRHtmPA=</latexit>

• Discrete symmetry relates the SM to hidden sector

Twin Higgs

[Chacko, Goh,  
Harnik 2005]
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<latexit sha1_base64="AgyAXQqClA9t4ukF3ScLEx+OtnY="></latexit>

• 2 loops:

gauge hidden SU(3) with gs ' ĝs at ⇤UV
<latexit sha1_base64="90BK7pDohmrmMmAvMZdJp5avujk=">AAACFXicbVC7SgNBFJ31bXytWtoMJoKFhN0IahmwsbBQMA/IhuXuZJIMmdldZ+4KYclP2PgrNhaK2Ap2/o2TR+HrwIXDOffO3HuiVAqDnvfpzM0vLC4tr6wW1tY3Nrfc7Z26STLNeI0lMtHNCAyXIuY1FCh5M9UcVCR5Ixqcj/3GHddGJPENDlPeVtCLRVcwQCuF7lGpFxoaGKH4LQ36gHlvFJoSBaSl4NK+04EwD7SitfqoFLpFr+xNQP8Sf0aKZIar0P0IOgnLFI+RSTCm5XsptnPQKJjko0KQGZ4CG0CPtyyNQXHTzidXjeiBVTq0m2hbMdKJ+n0iB2XMUEW2UwH2zW9vLP7ntTLsnrVzEacZ8phNP+pmkmJCxxHRjtCcoRxaAkwLuytlfdDA0AZZsCH4v0/+S+qVsn9crlxXitWTWRwrZI/sk0Pik1NSJRfkitQII/fkkTyTF+fBeXJenbdp65wzm9klP+C8fwF4/522</latexit>

,  confines at ⇤ & ⇤QCD
<latexit sha1_base64="SFRWiSlnFx/Zsb/ZD1x96nwKRFI=">AAACDHicbVDLSgMxFL1TX7W+qi7dBFvBVZmpoC4LdeHCRQv2AZ2hZDJpG5rMDElGKEM/wI2/4saFIm79AHf+jWk7C209EDg551ySe/yYM6Vt+9vKra1vbG7ltws7u3v7B8XDo7aKEkloi0Q8kl0fK8pZSFuaaU67saRY+Jx2/HF95nceqFQsCu/1JKaewMOQDRjB2kj9Yqns3pl0gJE71CYmUHbvp64UqFm/mZZNyq7Yc6BV4mSkBBka/eKXG0QkETTUhGOleo4day/FUjPC6bTgJorGmIzxkPYMDbGgykvny0zRmVECNIikOaFGc/X3RIqFUhPhm6TAeqSWvZn4n9dL9ODaS1kYJ5qGZPHQIOFIR2jWDAqYpETziSGYSGb+isgIS0y06a9gSnCWV14l7WrFuahUm9VS7TKrIw8ncArn4MAV1OAWGtACAo/wDK/wZj1ZL9a79bGI5qxs5hj+wPr8AfM3mj0=</latexit>

at

Ennio Salvioni

[Craig, Katz, Strassler, Sundrum 2015]

has own SU(3) 
 color symmetry



Hidden meson decays

Decay length  
[meters]

M = 2 TeV
<latexit sha1_base64="1uW7ViKUXkq9KASMBqt/yDPUUH4=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFhPBKtzFwjRCwMZGiJDEwOUIe5u5ZMne7rG7J4QjP8PGQhFbf42d/8ZNcoUmPhh4vDfDzLww4Uwb1/12ChubW9s7xd3S3v7B4VH5+KSrZaoodKjkUvVCooEzAR3DDIdeooDEIYfHcHI79x+fQGkmRdtMEwhiMhIsYpQYK/nVe3yD61Xchu6gXHFr7gJ4nXg5qaAcrUH5qz+UNI1BGMqJ1r7nJibIiDKMcpiV+qmGhNAJGYFvqSAx6CBbnDzDF1YZ4kgqW8Lghfp7IiOx1tM4tJ0xMWO96s3F/zw/NVEjyJhIUgOCLhdFKcdG4vn/eMgUUMOnlhCqmL0V0zFRhBqbUsmG4K2+vE669Zp3Vas/1CvNRh5HEZ2hc3SJPHSNmugOtVAHUSTRM3pFb45xXpx352PZWnDymVP0B87nD2Bdj1M=</latexit>

mP̂ = mV̂ = 2⇤
<latexit sha1_base64="IABxYQAyMwGFWAW8pQI6ucfpmsQ=">AAACEnicbVDLSsNAFJ3UV62vqEs3g62gICWJC10oFNy4cFHBPqAJYTKZtEMnD2YmQgn5Bjf+ihsXirh15c6/cZpG0OqBgXPPuXdm7vESRoU0jE+tsrC4tLxSXa2trW9sbunbO10RpxyTDo5ZzPseEoTRiHQklYz0E05Q6DHS88aXU793R7igcXQrJwlxQjSMaEAxkkpy9aNG6Gb2CMmsnefwAn5X3aKy7GNoX6vbfNRw9brRNArAv8QsSR2UaLv6h+3HOA1JJDFDQgxMI5FOhrikmJG8ZqeCJAiP0ZAMFI1QSISTFSvl8EApPgxirk4kYaH+nMhQKMQk9FRniORIzHtT8T9vkMrgzMlolKSSRHj2UJAyKGM4zQf6lBMs2UQRhDlVf4V4hDjCUqVYUyGY8yv/JV2raZ40rRur3jov46iCPbAPDoEJTkELXIE26AAM7sEjeAYv2oP2pL1qb7PWilbO7IJf0N6/AODMnEo=</latexit>

⇤/2 < �m < 3⇤/2
<latexit sha1_base64="0u/2/tsPd5txt4q1cK6m9qxJ8gk=">AAACD3icbVC7TsMwFHXKq5RXgJHFogUxlSQd6MBQCQYGhiLRh9REleM4rVXHiWwHqYr6Byz8CgsDCLGysvE3uG0GaDmSpaNzztX1PX7CqFSW9W0UVlbX1jeKm6Wt7Z3dPXP/oC3jVGDSwjGLRddHkjDKSUtRxUg3EQRFPiMdf3Q19TsPREga83s1TogXoQGnIcVIaalvnlbcW50O0Dl04CV0rwlTCEaa1nIDaqfSN8tW1ZoBLhM7J2WQo9k3v9wgxmlEuMIMSdmzrUR5GRKKYkYmJTeVJEF4hAakpylHEZFeNrtnAk+0EsAwFvpxBWfq74kMRVKOI18nI6SGctGbiv95vVSFdS+jPEkV4Xi+KEwZVDGclgMDKghWbKwJwoLqv0I8RAJhpSss6RLsxZOXSdup2rWqc+eUG/W8jiI4AsfgDNjgAjTADWiCFsDgETyDV/BmPBkvxrvxMY8WjHzmEPyB8fkD7WmYwQ==</latexit>

Ŝ
<latexit sha1_base64="wk6WUc1Pb/e4XqpKO3YDVqbY2qU=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYY5cPAhewtC2zYvbvszpmQC7/CxkJjbP05dv4bF7hCwZdM8vLeTGbmBbEUBl3328mtrW9sbuW3Czu7e/sHxcOjpokSzXiDRTLS7YAaLkXIGyhQ8nasOVWB5K1gfDPzW09cGxGFDziJua/oMBQDwSha6bHcHVFM76flXrHkVtw5yCrxMlKCDPVe8avbj1iieIhMUmM6nh ujn1KNgkk+LXQTw2PKxnTIO5aGVHHjp/ODp+TMKn0yiLStEMlc/T2RUmXMRAW2U1EcmWVvJv7ndRIcXPmpCOMEecgWiwaJJBiR2fekLzRnKCeWUKaFvZWwEdWUoc2oYEPwll9eJc1qxbuoVO+qpdp1FkceTuAUzsGDS6jBLdShAQwUPMMrvDnaeXHenY9Fa87JZo7hD5zPHzFej/o=</latexit>

Z⇤
<latexit sha1_base64="kFIwQanxjUuPkODjTB8S+i5BuDI=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LjRWJjSUm8hHhJHvLHmzY2zt350wI4U/YWGiMrX/Hzn/jAlco+JJJXt6bycy8IJHCoOt+Oyura+sbm7mt/PbO7t5+4eCwYeJUM15nsYx1K6CGS6F4HQVK3ko0p1EgeTMYXk/95hPXRsTqDkcJ9yPaVyIUjKKVWqX7hw41WOoWim7ZnYEsEy8jRchQ6xa+Or2YpRFXyCQ1pu25CfpjqlEwySf5Tmp4QtmQ9nnbUkUjbvzx7N4JObVKj4SxtqWQzNTfE2MaGTOKAtsZURyYRW8q/ue1Uwwv/bFQSYpcsfmiMJUEYzJ9nvSE5gzlyBLKtLC3EjagmjK0EeVtCN7iy8ukUSl75+XKbaVYvcriyMExnMAZeHABVbiBGtSBgYRneIU359F5cd6dj3nripPNHMEfOJ8/OruPaA==</latexit>

V̂
<latexit sha1_base64="BirNpsXaX1bG5q+BhGA4TKmYA9I=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTssNFYkNpaYCGjgQvaWPdiwu3fZnTMhF36FjYXG2Ppz7Pw3LnCFgi+Z5OW9mczMCxPBDXret1NYW9/Y3Cpul3Z29/YPyodHbROnmrIWjUWsH0JimOCKtZCjYA+JZkSGgnXC8c3M7zwxbXis7nGSsECSoeIRpwSt9FjtjQhm7Wm1X654NW8Od5X4OalAjma//NUbxDSVTCEVxJiu7yUYZEQjp4JNS73UsITQMRmyrqWKSGaCbH7w1D2zysCNYm1LoTtXf09kRBozkaHtlARHZtmbif953RSjqyDjKkmRKbpYFKXCxdidfe8OuGYUxcQSQjW3t7p0RDShaDMq2RD85ZdXSbte8y9q9bt6pXGdx1GEEziFc/DhEhpwC01oAQUJz/AKb452Xpx352PRWnDymWP4A+fzBzXwj/0=</latexit>

f
<latexit sha1_base64="PaD4lz5TYvx5l/jBM1GhO+P42us=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n01rPbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AgN6NQA==</latexit>

f̄
<latexit sha1_base64="5l4uEfGaNc45gxlFPb09TJap4aA=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpaYCGjgQvaWPdiwH5fdPRNy4VfYWGiMrT/Hzn/jAlco+JJJXt6bycy8KOHMWN//9gpr6xubW8Xt0s7u3v5B+fCobVSqCW0RxZV+iLChnEnassxy+pBoikXEaSca38z8zhPVhil5bycJDQUeShYzgq2THqu9COssnlb75Ypf8+dAqyTISQVyNPvlr95AkVRQaQnHxnQDP7FhhrVlhNNpqZcammAyxkPadVRiQU2YzQ+eojOnDFCstCtp0Vz9PZFhYcxERK5TYDsyy95M/M/rpja+CjMmk9RSSRaL4pQjq9DsezRgmhLLJ45gopm7FZER1phYl1HJhRAsv7xK2vVacFGr39Urjes8jiKcwCmcQwCX0IBbaEILCAh4hld487T34r17H4vWgpfPHMMfeJ8/QgSQBQ==</latexit>

�m ⌘ mŜ �mV̂
<latexit sha1_base64="RPqr4GG5FN7j7r0k49sJ4IOXuhA=">AAACFHicbVDLSgNBEJz1GeMr6tHLYBQEMezGgx4FPXiMaB6QDWF20jGDM7vrTG8gLPsRXvwVLx4U8erBm3/j5IGosaChpqqb6a4glsKg6346M7Nz8wuLuaX88srq2nphY7NmokRzqPJIRroRMANShFBFgRIasQamAgn14PZs6Nf7oI2IwmscxNBS7CYUXcEZWqldONj1z0Eio4r6cJeIPlXt1O8xTK+yjB5+v2pZttsuFN2SOwKdJt6EFMkElXbhw+9EPFEQIpfMmKbnxthKmUbBJWR5PzEQM37LbqBpacgUmFY6Oiqje1bp0G6kbYVIR+rPiZQpYwYqsJ2KYc/89Ybif14zwe5JKxVhnCCEfPxRN5EUIzpMiHaEBo5yYAnjWthdKe8xzTjaHPM2BO/vydOkVi55R6XyZbl4ejKJI0e2yQ7ZJx45JqfkglRIlXByTx7JM3lxHpwn59V5G7fOOJOZLfILzvsXrfyd8g==</latexit>

�Ŝ / (�m)7
<latexit sha1_base64="Lh5lx/f9SLGMGTbHwGGkMLiR+I8=">AAACEHicbVA9SwNBFNyLXzF+nVraLCaiNuEuFrEUFLSMaFTIxfBus0mW7N4du++EcOQn2PhXbCwUsbW089+4iSk0OrAwzLzH25kwkcKg5306uZnZufmF/GJhaXlldc1d37gycaoZr7NYxvomBMOliHgdBUp+k2gOKpT8Ouwfj/zrO66NiKNLHCS8qaAbiY5ggFZqubul4BSUglYW9ACzi+GQBomOE4zpXnDCJQJV+7fVUsstemVvDPqX+BNSJBPUWu5H0I5ZqniETIIxDd9LsJmBRsEkHxaC1PAEWB+6vGFpBIqbZjYONKQ7VmnTTqzti5CO1Z8bGShjBiq0kwqwZ6a9kfif10ixc9jMRJSkyCP2faiTSmrjjtqhbaE5QzmwBJgW9q+U9UADQ9thwZbgT0f+S64qZf+gXDmvFI8OJ3XkyRbZJnvEJ1VyRM5IjdQJI/fkkTyTF+fBeXJenbfv0Zwz2dkkv+C8fwEKrpvk</latexit>

⇤ [GeV]
<latexit sha1_base64="w18UI+m7q5toVkgbHirNaF5KIMA=">AAAB+HicbVC7TsMwFHXKq5RHA4wsFi0SU5WUgY6VGGBgKBJ9SGlUOc5Na9VxIttBKlW/hIUBhFj5FDb+BrfNAC1HsnR0zrm61ydIOVPacb6twsbm1vZOcbe0t39wWLaPjjsqySSFNk14InsBUcCZgLZmmkMvlUDigEM3GF/P/e4jSMUS8aAnKfgxGQoWMUq0kQZ2udq/M+mQVLF3Ax1/YFecmrMAXiduTiooR2tgf/XDhGYxCE05UcpznVT7UyI1oxxmpX6mICV0TIbgGSpIDMqfLg6f4XOjhDhKpHlC44X6e2JKYqUmcWCSMdEjterNxf88L9NRw58ykWYaBF0uijKOdYLnLeCQSaCaTwwhVDJzK6YjIgnVpquSKcFd/fI66dRr7mWtfl+vNBt5HUV0is7QBXLRFWqiW9RCbURRhp7RK3qznqwX6936WEYLVj5zgv7A+vwB/Z6R+A==</latexit>

Ennio Salvioni



Phenomenology/2

•  At LHC, very clean final state from 

•  Start from CMS search for light Z’, but implement our own analysis   

Z ! V̂ Ŝ ! (µµ)(µµ) +X
<latexit sha1_base64="Tew7DxjvKNNb5oQHuAc6iLYxjbs=">AAACGXicbVDLSgMxFM3UV62vUZdugq1QEcpMBXVZcOOyon1gZyiZNNOGJpkhyQhl6G+48VfcuFDEpa78G9N2QG29JNzDOfeSnBPEjCrtOF9Wbml5ZXUtv17Y2Nza3rF395oqSiQmDRyxSLYDpAijgjQ01Yy0Y0kQDxhpBcPLid66J1LRSNzqUUx8jvqChhQjbaiu7ZTuPB1Bb4B02hzP+o3phit7PDHn+AecwHapaxedijMtuAjcDBRBVvWu/eH1IpxwIjRmSKmO68TaT5HUFDMyLniJIjHCQ9QnHQMF4kT56dTZGB4ZpgfDSJorNJyyvzdSxJUa8cBMcqQHal6bkP9pnUSHF35KRZxoIvDsoTBh0PiexAR7VBKs2cgAhCU1f4V4gCTC2oRZMCG485YXQbNacU8r1etqsXaWxZEHB+AQlIELzkENXIE6aAAMHsATeAGv1qP1bL1Z77PRnJXt7IM/ZX1+Ax/Qnmk=</latexit>

[CMS, 1808.03684]

|m(µ+
1 µ

�
2 )�m(µ+

2 µ
�
1 )| < 1 GeV

<latexit sha1_base64="dR7XH0C3HoxBkQmlMfKoPsH2z7s=">AAACHHicbZDLSgMxFIYz9VbrbdSlm2ArVKRlZirowkXBhS4r2Au005JJ0zY0mRmSjFDaPogbX8WNC0XcuBB8GzPtLLT1QMjP959Dcn4vZFQqy/o2Uiura+sb6c3M1vbO7p65f1CTQSQwqeKABaLhIUkY9UlVUcVIIxQEcY+Ruje8jv36AxGSBv69GoXE5ajv0x7FSGnUMUu5Cc+3eNSx22cwvp124RQW4Bw6CbQ1nMAraOfgDa l1zKxVtGYFl4WdiCxIqtIxP1vdAEec+AozJGXTtkLljpFQFDMyzbQiSUKEh6hPmlr6iBPpjmfLTeGJJl3YC4Q+voIz+ntijLiUI+7pTo7UQC56MfzPa0aqd+mOqR9Givh4/lAvYlAFME4KdqkgWLGRFggLqv8K8QAJhJXOM6NDsBdXXhY1p2iXis6dky2fJ3GkwRE4BnlggwtQBregAqoAg0fwDF7Bm/FkvBjvxse8NWUkM4fgTxlfP4gRnTc=</latexit>

|m(µ+
1 µ

�
1 )�m(µ+

1 µ
�
1 )| or

<latexit sha1_base64="RvbuAph7qDBjyGdppNFt2RPTL4M=">AAACF3icbVDLSsNAFJ3UV62vqEs3g61QkYakCrosuHFZwT6gjWEynbRDZ5IwMxFK2r9w46+4caGIW935N07bLLT1wOUezrmXmXv8mFGpbPvbyK2srq1v5DcLW9s7u3vm/kFTRonApIEjFom2jyRhNCQNRRUj7VgQxH1GWv7weuq3HoiQNArv1CgmLkf9kAYUI6Ulz7RKY17u8sRz7s/gvFdOYQUui+MSjIRnFm3LngEuEycjRZCh7plf3V6EE05ChRmSsuPYsXJTJBTFjEwK3USSGOEh6pOOpiHiRLrp7K4JPNFKDwaR0BUqOFN/b6SISznivp7kSA3kojcV//M6iQqu3JSGcaJIiOcPBQmDKoLTkGCPCoIVG2mCsKD6rxAPkEBY6SgLOgRn8eRl0qxazrlVva0WaxdZHHlwBI5BGTjgEtTADaiDBsDgETyDV/BmPBkvxrvxMR/NGdnOIfgD4/MHTT2cNQ==</latexit>

13 TeV, 77.3 fb�1
<latexit sha1_base64="QGXRO4WkwWYU5jpOjlHThdMpJ0Y=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAjuNCQpIu6LLhxWaEvaGOZTCft0MkkzEyEEurGX3HjQhG3/oU7/8Zpm4W2HrhwOOde7r0nSBiVynG+jcLa+sbmVnG7tLO7t39gHh61ZJwKTJo4ZrHoBEgSRjlpKqoY6SSCoChgpB2Mb2Z++4EISWPeUJOE+BEachpSjJSW+uaJ5VYs2CCtS1it2hUYBtZ9duVOrb5ZdmxnDrhK3JyUQY563/zqDWKcRoQrzJCUXddJlJ8hoShmZFrqpZIkCI/RkHQ15Sgi0s/mH0zhuVYGMIyFLq7gXP09kaFIykkU6M4IqZFc9mbif143VeG1n1GepIpwvFgUpgyqGM7igAMqCFZsognCgupbIR4hgbDSoZV0CO7yy6uk5dluxfbuvHLNy+MoglNwBi6AC6qgBm5BHTQBBo/gGbyCN+PJeDHejY9Fa8HIZ47BHxifPxQbk2c=</latexit>

now

HL-LHC

(I) M & 1.5, 2.0, 3.3 TeV
⇣

BV̂ Ŝ
0.1

⌘1/4

<latexit sha1_base64="s0aj2Aa3g0kK46GRIG6vdqdZVA0="></latexit>

Ennio Salvioni



Hidden meson decays

⇣
| (0)|2 = ⇤3

4⇡

⌘

<latexit sha1_base64="6xi++RTPXQ+DCoYpRLWY9lcjopQ="></latexit>

Ennio Salvioni



Phenomenology/2
•  For larger                       , at least some of the mesons become long-lived

Ennio Salvioni

M & 5 TeV

<latexit sha1_base64="a2ZquZQGTfDZ98sPbyULEXtNgF8=">AAACA3icbVDLSgMxFM3UV62vUXe6CbaCqzJT6gPcFNy4ESr0BZ1SMmmmDU0yQ5IRylBw46+4caGIW3/CnX9jpp2Fth64cDjnXu69x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8ftFQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2xzep334gUtFQNPQkIj2OhoIGFCNtpL59VLrzhtr4HJ571x5HeiR50iCtaalvF52yMwNcJm5GiiBDvW9/eYMQx5wIjRlSqus6ke4lSGqKGZkWvFiRCOExGpKuoQJxonrJ7IcpPDXKAAahNCU0nKm/JxLElZpw33SmR6pFLxX/87qxDq56CRVRrInA80VBzKAOYRoIHFBJsGYTQxCW1NwK8QhJhLWJrWBCcBdfXiatStmtlqv3lWLtIosjD47BCTgDLrgENXAL6qAJMHgEz+AVvFlP1ov1bn3MW3NWNnMI/sD6/AHre5cH</latexit>

Z
<latexit sha1_base64="D5QxxiuwbntnDTB3Hj4s/d/gdfc=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHxEI2Vv2YMPe3mV3zoRc+Ak2Fhpj6y+y89+4wBUKvmSSl/dmMjPPj6Uw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHu+NRwKRRvokDJO7HmNPQlb/uTm7nffuLaiEg94DTm/ZCOlAgEo2il+/JjeVAsuRV3AbJOvIyUIENjUPzqDSOWhFwhk9SYrufG2E+pRsEknxV6ieExZRM64l1LFQ256aeLU2fkwipDEkTalkKyUH9PpDQ0Zhr6tjOkODar3lz8z+smGNT6qVBxglyx5aIgkQQjMv+bDIXmDOXUEsq0sLcSNqaaMrTpFGwI3urL66RVrXhXlepdtVSvZXHk4QzO4RI8uIY63EIDmsBgBM/wCm+OdF6cd+dj2ZpzsplT+APn8wduCI0y</latexit>

P̂
<latexit sha1_base64="7JmnDHNMR49cOXHkJc+Xdryqz90=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDBrzaqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPLDKP9Q==</latexit>

Ŝ
<latexit sha1_base64="NkmGGpxxUHlVyaPYMj6tb1oBfzI=">AAAB8HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoHwYuZG9ZYMPe3mV3zoRc+BU2Fhpj68+x89+4wBUKvmSSl/dmMjMviKUw6LrfTm5jc2t7J79b2Ns/ODwqHp+0TJRoxpsskpHuBNRwKRRvokDJO7HmNAwkbweTm7nffuLaiEg94DTmfkhHSgwFo2ilx3JvTDG9n5X7xZJbcRcg68TLSAkyNPrFr94gYknIFTJJjel6box+SjUKJvms0EsMjymb0BHvWqpoyI2fLg6ekQurDMgw0rYUkoX6eyKloTHTMLCdIcWxWfXm4n9eN8FhzU+FihPkii0XDRNJMCLz78lAaM5QTi2hTAt7K2FjqilDm1HBhuCtvrxOWtWKd1Wp3lVL9VoWRx7O4BwuwYNrqMMtNKAJDEJ4hld4c7Tz4rw7H8vWnJPNnMIfOJ8/MMSP+A==</latexit>

Z⇤
<latexit sha1_base64="GXyv/HG8nXeGa5Db5zbxVF+93ls=">AAAB73icbVA9TwJBEJ3zE/ELtbTZCCZW5A4LKUlsLDGRjwgn2Vv2YMPe3rk7Z0IIf8LGQmNs/Tt2/hsXuELBl0zy8t5MZuYFiRQGXffbWVvf2Nzazu3kd/f2Dw4LR8dNE6ea8QaLZazbATVcCsUbKFDydqI5jQLJW8Hoeua3nrg2IlZ3OE64H9GBEqFgFK3ULt0/dKnBUq9QdMvuHGSVeBkpQoZ6r/DV7ccsjbhCJqkxHc9N0J9QjYJJPs13U8MTykZ0wDuWKhpx40/m907JuVX6JIy1LYVkrv6emNDImHEU2M6I4tAsezPxP6+TYlj1J0IlKXLFFovCVBKMyex50heaM5RjSyjTwt5K2JBqytBGlLcheMsvr5Jmpexdliu3lWKtmsWRg1M4gwvw4ApqcAN1aAADCc/wCm/Oo/PivDsfi9Y1J5s5gT9wPn8AOiGPZg==</latexit>

V̂
<latexit sha1_base64="w+fzccgTYvXQCqxBQreUkBX/izk=">AAAB8HicbVA9TwJBEJ3DL8Qv1NLmIphYkTsspCSxscREQAMXsrfswYbdvcvunAm58CtsLDTG1p9j579xgSsUfMkkL+/NZGZemAhu0PO+ncLG5tb2TnG3tLd/cHhUPj7pmDjVlLVpLGL9EBLDBFesjRwFe0g0IzIUrBtObuZ+94lpw2N1j9OEBZKMFI84JWilx2p/TDDrzKqDcsWreQu468TPSQVytAblr/4wpqlkCqkgxvR8L8EgIxo5FWxW6qeGJYROyIj1LFVEMhNki4Nn7oVVhm4Ua1sK3YX6eyIj0pipDG2nJDg2q95c/M/rpRg1goyrJEWm6HJRlAoXY3f+vTvkmlEUU0sI1dze6tIx0YSizahkQ/BXX14nnXrNv6rV7+qVZiOPowhncA6X4MM1NOEWWtAGChKe4RXeHO28OO/Ox7K14OQzp/AHzucPNVaP+w==</latexit>

µ
<latexit sha1_base64="4ZpGEnEbSOhdGSiDep/tw0WScZc=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8yJHEi0dMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NS+lBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdrf0e09UaRbLRzNPaCDwRLKIEWys5NeHIq2PqjW34eZAm8QrSA0KdEbVr+E4Jqmg0hCOtR54bmKCDCvDCKeLyjDVNMFkhid0YKnEguogy49doCurjFEUK1vSoFz9PZFhofVchLZTYDPV695S/M8bpCZqBRmTSWqoJKtFUcqRidHyczRmihLD55Zgopi9FZEpVpgYm0/FhuCtv7xJus2Gd9NoPjRr7VYRRxku4BKuwYNbaMM9dMAHAgye4RXeHOm8OO/Ox6q15BQz5/AHzucPE9mOKg==</latexit>

µ
<latexit sha1_base64="4ZpGEnEbSOhdGSiDep/tw0WScZc=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDxRFo8yJHEi0dMLJBAQ7bLFjbsbpvdrQlp+A1ePGiMV3+QN/+NS+lBwZdM8vLeTGbmhQln2rjut1Pa2t7Z3SvvVw4Oj45PqqdnXR2nilCfxDxW/RBrypmkvmGG036iKBYhp71wdrf0e09UaRbLRzNPaCDwRLKIEWys5NeHIq2PqjW34eZAm8QrSA0KdEbVr+E4Jqmg0hCOtR54bmKCDCvDCKeLyjDVNMFkhid0YKnEguogy49doCurjFEUK1vSoFz9PZFhofVchLZTYDPV695S/M8bpCZqBRmTSWqoJKtFUcqRidHyczRmihLD55Zgopi9FZEpVpgYm0/FhuCtv7xJus2Gd9NoPjRr7VYRRxku4BKuwYNbaMM9dMAHAgye4RXeHOm8OO/Ox6q15BQz5/AHzucPE9mOKg==</latexit>

b̄
<latexit sha1_base64="ogIQzjEpS8i3FbIgjqI8dh8bv/I=">AAAB8HicbVBNTwIxEJ3FL8Qv1KOXRjDxRHbxIEcSLx4xEdDAhrSlCw1td9N2TciGX+HFg8Z49ed4899YYA8KvmSSl/dmMjOPJIIb6/vfXmFjc2t7p7hb2ts/ODwqH590TJxqyto0FrF+INgwwRVrW24Fe0g0w5II1iWTm7nffWLa8Fjd22nCQolHikecYuukx2qfYJ2RWXVQrvg1fwG0ToKcVCBHa1D+6g9jmkqmLBXYmF7gJzbMsLacCjYr9VPDEkwneMR6jiosmQmzxcEzdOGUIYpi7UpZtFB/T2RYGjOVxHVKbMdm1ZuL/3m91EaNMOMqSS1TdLkoSgWyMZp/j4ZcM2rF1BFMNXe3IjrGGlPrMiq5EILVl9dJp14Lrmr1u3ql2cjjKMIZnMMlBHANTbiFFrSBgoRneIU3T3sv3rv3sWwtePnMKfyB9/kDO1KP/w==</latexit>

b
<latexit sha1_base64="NrkCzRO8/09lvkfd1kwZNbFSmBA=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsspCSxscQoSAIXsrfswYa9vcvunAm58BNsLDTG1l9k579xgSsUfMkkL+/NZGZekEhh0HW/ncLG5tb2TnG3tLd/cHhUPj7pmDjVjLdZLGPdDajhUijeRoGSdxPNaRRI/hhMbub+4xPXRsTqAacJ9yM6UiIUjKKV7qtBdVCuuDV3AbJOvJxUIEdrUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophg0/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nXTqNe+qVr+rV5qNPI4inME5XIIH19CEW2hBGxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gB6MI06</latexit>

prompt 
or displaced

hadronic DV

BR(Z !   ) ⇠ M�4, c⌧meson ⇠ M4

<latexit sha1_base64="+v6JrndHqmZbHQn6do9pgxflx6w="></latexit>



Phenomenology/2
•  For larger                       , at least some of the mesons become long-lived

Ennio Salvioni

M & 5 TeV

<latexit sha1_base64="a2ZquZQGTfDZ98sPbyULEXtNgF8=">AAACA3icbVDLSgMxFM3UV62vUXe6CbaCqzJT6gPcFNy4ESr0BZ1SMmmmDU0yQ5IRylBw46+4caGIW3/CnX9jpp2Fth64cDjnXu69x48YVdpxvq3cyura+kZ+s7C1vbO7Z+8ftFQYS0yaOGSh7PhIEUYFaWqqGelEkiDuM9L2xzep334gUtFQNPQkIj2OhoIGFCNtpL59VLrzhtr4HJ571x5HeiR50iCtaalvF52yMwNcJm5GiiBDvW9/eYMQx5wIjRlSqus6ke4lSGqKGZkWvFiRCOExGpKuoQJxonrJ7IcpPDXKAAahNCU0nKm/JxLElZpw33SmR6pFLxX/87qxDq56CRVRrInA80VBzKAOYRoIHFBJsGYTQxCW1NwK8QhJhLWJrWBCcBdfXiatStmtlqv3lWLtIosjD47BCTgDLrgENXAL6qAJMHgEz+AVvFlP1ov1bn3MW3NWNnMI/sD6/AHre5cH</latexit>

At TeraZ, reach up to M ~ 20 TeV

BP̂ Ŝ

<latexit sha1_base64="47v6Hhj5PgT7aSuxRfWKpN1P2OQ=">AAACB3icbVDLSsNAFJ34rPUVdSnIYCu4Kkkp6LLoxmVF+4AmhMl00g6dTMLMRCghOzf+ihsXirj1F9z5N07SLLT1wDCHc+7l3nv8mFGpLOvbWFldW9/YrGxVt3d29/bNg8OejBKBSRdHLBIDH0nCKCddRRUjg1gQFPqM9P3pde73H4iQNOL3ahYTN0RjTgOKkdKSZ57UnRCpCUYsvcq81JkglXay4rvLsrpn1qyGVQAuE7skNVCi45lfzijCSUi4wgxJObStWLkpEopiRrKqk0gSIzxFYzLUlKOQSDct7sjgmVZGMIiEflzBQv3dkaJQylno68p8abno5eJ/3jBRwaWbUh4ninA8HxQkDKoI5qHAERUEKzbTBGFB9a4QT5BAWOnoqjoEe/HkZdJrNuxWo3XbrLWbZRwVcAxOwTmwwQVogxvQAV2AwSN4Bq/gzXgyXox342NeumKUPUfgD4zPH28umaA=</latexit>



Phenomenology/2

• At GigaZ factory, background is negligible after cuts 

• Sensitivity on mediation scale:

NB < 0.1 events
<latexit sha1_base64="L1VVoauZ/FC+mEbN2+MlAe55d8g=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5BUUBcuim5cSQX7gDaEyXTSDp08mJkUS+ivuHGhiFt/xJ1/47TNQlsPDBzOuYd75/gJZ1LZ9rdRWFvf2Nwqbpd2dvf2D8zDckvGqSC0SWIei46PJeUsok3FFKedRFAc+py2/dHtzG+PqZAsjh7VJKFuiAcRCxjBSkueWa7eezfoGtmWU0V0TCMlPbNiW/YcaJU4OalAjoZnfvX6MUlDHSYcS9l17ES5GRaKEU6npV4qaYLJCA9oV9MIh1S62fz2KTrVSh8FsdAvUmiu/k5kOJRyEvp6MsRqKJe9mfif101VcOVmLEpSRSOyWBSkHKkYzYpAfSYoUXyiCSaC6VsRGWKBidJ1lXQJzvKXV0mrZjnnVu2hVqlf5HUU4RhO4AwcuIQ63EEDmkDgCZ7hFd6MqfFivBsfi9GCkWeO4A+Mzx/D9pJM</latexit>

e+e� ! bb̄``
<latexit sha1_base64="9+SCqhYPOcWK/99SATfVolSPmuI=">AAACCXicbVDLSgMxFM3UV62vUZdugm1BEMvMuNBlwY3LCvYBnWnJpLdtaOZBkhHK0K0bf8WNC0Xc+gfu/BvT6Sy09UDC4Zxccs/xY86ksqxvo7C2vrG5Vdwu7ezu7R+Yh0ctGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D25/czP32AwjJovBeTWPwAjIK2ZBRorTUN3EFeucYehfYVRH2XZ+I1J9hFzjPrkrfLFs1KwNeJXZOyihHo29+uYOIJgGEinIiZde2YuWlRChGOcxKbiIhJnRCRtDVNCQBSC/NksxwVSsDPIyEPqHCmfp7IiWBlNNAb1gNiBrLZW8u/ud1EzW89lIWxomCkC4+GiYc69DzWvCACaCKTzUhVDC9K6ZjIghVurySLsFejrxKWk7Nvqw5d0657uR1FNEJOkVnyEZXqI5uUQM1EUWP6Bm9ojfjyXgx3o2PxdOCkc8coz8wPn8ArVSYYQ==</latexit>

Ennio Salvioni

(I) M & 5.4 TeV
⇣

BP̂ Ŝ
1

⌘1/4
(II) M & 5.2 TeV

⇣
BP̂ Ŝ
1

⌘1/4
(GigaZ)

<latexit sha1_base64="3Stg8lkST+OUG1zoYxVI2o/iyus="></latexit>

|m`` �mV̂ | < 0.5 GeV

<latexit sha1_base64="qDwLTcymU8v7lWFGdFRhOXBIKAw=">AAACHHicbVDLSgMxFM3Ud32NunQTbAU3lhmtKOii4EKXFewDOqVk0ts2mMwMSUYo43yIG3/FjQtF3LgQ/BszbRfaeiDh5Jx7yb3HjzhT2nG+rdzc/MLi0vJKfnVtfWPT3tquqzCWFGo05KFs+kQBZwHUNNMcmpEEInwODf/uMvMb9yAVC4NbPYygLUg/YD1GiTZSxz4uPohO4gHnOLtSfIiz94DopJ6mD/gCO6UT79wTRA+kSK6gnhY7dsEpOSPgWeJOSAFNUO3Yn143pLGAQFNOlGq5TqTbCZGaUQ5p3osVRITekT60DA2IANVORsuleN8oXdwLpTmBxiP1d0dChFJD4ZvKbEg17WXif14r1r2zdsKCKNYQ0PFHvZhjHeIsKdxlEqjmQ0MIlczMiumASEK1yTNvQnCnV54l9aOSWy6Vb44KlfIkjmW0i/bQAXLRKaqga1RFNUTRI3pGr+jNerJerHfrY1yasyY9O+gPrK8f4rCgkw==</latexit>

mbb 2 [mP̂ � 10 GeV,mP̂ + 5 GeV]

<latexit sha1_base64="6UHXWKoRIJeJnJQKpCMiipmXhkE="></latexit>

mbb`` < 85 GeV

<latexit sha1_base64="+pxfT57AjzbeGMvxn+1VBjF0lVM=">AAACDHicbVDLSsNAFJ34rPVVdelmsBVclaRULOii4EKXFewDmlAm09t26EwSZiZCCf0AN/6KGxeKuPUD3Pk3TtostPXAhcM593LvPX7EmdK2/W2trK6tb2zmtvLbO7t7+4WDw5YKY0mhSUMeyo5PFHAWQFMzzaETSSDC59D2x9ep334AqVgY3OtJBJ4gw4ANGCXaSL1CsSR6ie+7wHlaU3yFa+fupSuIHkmR3EBrWjJddtmeAS8TJyNFlKHRK3y5/ZDGAgJNOVGq69iR9hIiNaMcpnk3VhAROiZD6BoaEAHKS2bPTPGpUfp4EEpTgcYz9fdEQoRSE+GbzvRIteil4n9eN9aDmpewIIo1BHS+aBBzrEOcJoP7TALVfGIIoZKZWzEdEUmoNvnlTQjO4svLpFUpO9Vy9a5SrFezOHLoGJ2gM+SgC1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpmjtAfWJ8/KhOaYQ==</latexit>



Phenomenology/2

NB < 0.1 events
<latexit sha1_base64="L1VVoauZ/FC+mEbN2+MlAe55d8g=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDLaCq5BUUBcuim5cSQX7gDaEyXTSDp08mJkUS+ivuHGhiFt/xJ1/47TNQlsPDBzOuYd75/gJZ1LZ9rdRWFvf2Nwqbpd2dvf2D8zDckvGqSC0SWIei46PJeUsok3FFKedRFAc+py2/dHtzG+PqZAsjh7VJKFuiAcRCxjBSkueWa7eezfoGtmWU0V0TCMlPbNiW/YcaJU4OalAjoZnfvX6MUlDHSYcS9l17ES5GRaKEU6npV4qaYLJCA9oV9MIh1S62fz2KTrVSh8FsdAvUmiu/k5kOJRyEvp6MsRqKJe9mfif101VcOVmLEpSRSOyWBSkHKkYzYpAfSYoUXyiCSaC6VsRGWKBidJ1lXQJzvKXV0mrZjnnVu2hVqlf5HUU4RhO4AwcuIQ63EEDmkDgCZ7hFd6MqfFivBsfi9GCkWeO4A+Mzx/D9pJM</latexit>

e+e� ! bb̄``
<latexit sha1_base64="9+SCqhYPOcWK/99SATfVolSPmuI=">AAACCXicbVDLSgMxFM3UV62vUZdugm1BEMvMuNBlwY3LCvYBnWnJpLdtaOZBkhHK0K0bf8WNC0Xc+gfu/BvT6Sy09UDC4Zxccs/xY86ksqxvo7C2vrG5Vdwu7ezu7R+Yh0ctGSWCQpNGPBIdn0jgLISmYopDJxZAAp9D25/czP32AwjJovBeTWPwAjIK2ZBRorTUN3EFeucYehfYVRH2XZ+I1J9hFzjPrkrfLFs1KwNeJXZOyihHo29+uYOIJgGEinIiZde2YuWlRChGOcxKbiIhJnRCRtDVNCQBSC/NksxwVSsDPIyEPqHCmfp7IiWBlNNAb1gNiBrLZW8u/ud1EzW89lIWxomCkC4+GiYc69DzWvCACaCKTzUhVDC9K6ZjIghVurySLsFejrxKWk7Nvqw5d0657uR1FNEJOkVnyEZXqI5uUQM1EUWP6Bm9ojfjyXgx3o2PxdOCkc8coz8wPn8ArVSYYQ==</latexit>

Ennio Salvioni

|m`` �mV̂ | < 0.5 GeV

<latexit sha1_base64="qDwLTcymU8v7lWFGdFRhOXBIKAw=">AAACHHicbVDLSgMxFM3Ud32NunQTbAU3lhmtKOii4EKXFewDOqVk0ts2mMwMSUYo43yIG3/FjQtF3LgQ/BszbRfaeiDh5Jx7yb3HjzhT2nG+rdzc/MLi0vJKfnVtfWPT3tquqzCWFGo05KFs+kQBZwHUNNMcmpEEInwODf/uMvMb9yAVC4NbPYygLUg/YD1GiTZSxz4uPohO4gHnOLtSfIiz94DopJ6mD/gCO6UT79wTRA+kSK6gnhY7dsEpOSPgWeJOSAFNUO3Yn143pLGAQFNOlGq5TqTbCZGaUQ5p3osVRITekT60DA2IANVORsuleN8oXdwLpTmBxiP1d0dChFJD4ZvKbEg17WXif14r1r2zdsKCKNYQ0PFHvZhjHeIsKdxlEqjmQ0MIlczMiumASEK1yTNvQnCnV54l9aOSWy6Vb44KlfIkjmW0i/bQAXLRKaqga1RFNUTRI3pGr+jNerJerHfrY1yasyY9O+gPrK8f4rCgkw==</latexit>

mbb 2 [mP̂ � 10 GeV,mP̂ + 5 GeV]

<latexit sha1_base64="6UHXWKoRIJeJnJQKpCMiipmXhkE="></latexit>

mbb`` < 85 GeV

<latexit sha1_base64="+pxfT57AjzbeGMvxn+1VBjF0lVM=">AAACDHicbVDLSsNAFJ34rPVVdelmsBVclaRULOii4EKXFewDmlAm09t26EwSZiZCCf0AN/6KGxeKuPUD3Pk3TtostPXAhcM593LvPX7EmdK2/W2trK6tb2zmtvLbO7t7+4WDw5YKY0mhSUMeyo5PFHAWQFMzzaETSSDC59D2x9ep334AqVgY3OtJBJ4gw4ANGCXaSL1CsSR6ie+7wHlaU3yFa+fupSuIHkmR3EBrWjJddtmeAS8TJyNFlKHRK3y5/ZDGAgJNOVGq69iR9hIiNaMcpnk3VhAROiZD6BoaEAHKS2bPTPGpUfp4EEpTgcYz9fdEQoRSE+GbzvRIteil4n9eN9aDmpewIIo1BHS+aBBzrEOcJoP7TALVfGIIoZKZWzEdEUmoNvnlTQjO4svLpFUpO9Vy9a5SrFezOHLoGJ2gM+SgC1RHt6iBmoiiR/SMXtGb9WS9WO/Wx7x1xcpmjtAfWJ8/KhOaYQ==</latexit>

• At GigaZ factory, background is negligible after cuts 

• At LEP1 ? N total
Z ⇡ 2.2⇥ 107

<latexit sha1_base64="AjhVXS+6Mf3PyKZQCLbngV0SS/k=">AAACEXicbVC7SgNBFJ31GeNr1dJmMBFShd0VjGXAxkoimAdmN2F2MkmGzD6YuSuGJb9g46/YWChia2fn3zhJttDEAwOHc+7lzjl+LLgCy/o2VlbX1jc2c1v57Z3dvX3z4LChokRSVqeRiGTLJ4oJHrI6cBCsFUtGAl+wpj+6nPrNeyYVj8JbGMfMC8gg5H1OCWipa5aK1927TurKAEMEREywS+JYRg/YKTsu8IApbFudSrFrFqyyNQNeJnZGCihDrWt+ub2IJgELgQqiVNu2YvBSIoFTwSZ5N1EsJnREBqytaUj0KS+dJZrgU630cD+S+oWAZ+rvjZQESo0DX08GBIZq0ZuK/3ntBPoXXsrDOAEW0vmhfiJ0eDytB/e4ZBTEWBNCJdd/xXRIJKGgS8zrEuzFyMuk4ZTts7Jz4xSq51kdOXSMTlAJ2aiCqugK1VAdUfSIntErejOejBfj3fiYj64Y2c4R+gPj8wfZgZux</latexit>

sensitivity is marginal at best  

[hep-ex/0509008]

NS ⇡ 3.0BP̂ Ŝ

�
1.2 TeV

M

�4

<latexit sha1_base64="8Fz4ly6LDgRhE6Vpd75fccn+TgA="></latexit>

(✏LEP1
b ⇠ 0.3)

<latexit sha1_base64="p7rAdPrfheyShHrS4/MlE+YbaO4=">AAACCnicbVC7TsMwFHXKq5RXgJHF0CKVJUpKBYyVEBIDQ5HoQ2pC5bhOa9VOIttBqqLOLPwKCwMIsfIFbPwNbpsBWo50peNz7pXvPX7MqFS2/W3klpZXVtfy64WNza3tHXN3rymjRGDSwBGLRNtHkjAakoaiipF2LAjiPiMtf3g58VsPREgahXdqFBOPo35IA4qR0lLXPCyVXRJLyvTDv09dweHNVd0Zu5JyaFunJ6WuWbQtewq4SJyMFEGGetf8cnsRTjgJFWZIyo5jx8pLkVAUMzIuuIkkMcJD1CcdTUPEifTS6SljeKyVHgwioStUcKr+nkgRl3LEfd3JkRrIeW8i/ud1EhVceCkN40SREM8+ChIGVQQnucAeFQQrNtIEYUH1rhAPkEBY6fQKOgRn/uRF0qxYTtWq3laKtbMsjjw4AEegDBxwDmrgGtRBA2DwCJ7BK3gznowX4934mLXmjGxmH/yB8fkDXI2Ytw==</latexit>



•  Add two copies of MSSM top sector,

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) +M(QBQ

0c
B +QCQ

0c
C)

<latexit sha1_base64="BpqZHIjk6SeP/tXnDTUDevbg8Tk="></latexit>

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>

raise colored stops lower color-neutral “stops”

Superpotential:

Soft masses:

[Cheng, Li, Salvioni, Verhaaren 2019]

few TeV

Theory motivation

Vs = + em2(| eQA|2 + |ũc
A|2)� em2(| eQB |2 + | eQC |2)

<latexit sha1_base64="MQfWOnwkZASHze0AVbFW6+ivkcw="></latexit>

Ennio Salvioni
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em ! M
<latexit sha1_base64="qS445EG+41xoLL+Fx2xnyZjJ4sU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g63gqiR1YZcFN26ECvYBbSiTyU07dDIJMxOlhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uMnnCntON/Wyura+sZmYau4vbO7t28fHLZUnEoKTRrzWHZ8ooAzAU3NNIdOIoFEPoe2P7qa+u17kIrF4k6PE/AiMhAsZJRoI/Xt43LvgQWgGQ8giyY9HeObct8uORVnBrxM3JyUUI5G3/7qBTFNIxCacqJU13US7WVEakY5TIq9VEFC6IgMoGuoIBEoL5tdP8FnRglwGEtTQuOZ+nsiI5FS48g3nRHRQ7XoTcX/vG6qw5qXMZGkGgSdLwpTjs2P0yhwwCRQzceGECqZuRXTIZGEahNY0YTgLr68TFrVintRqd5WS/VaHkcBnaBTdI5cdInq6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB/RGlNs=</latexit>

0
<latexit sha1_base64="eCTaYlRH8sGt8X2keNVY9P8DkzE=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n3VrfbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ALtCNCg==</latexit>

 
<latexit sha1_base64="vmKbJv603SbxLDjJF/381snKFuY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYCJ4CrsR1GPAi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNalV5iWKVfKvtVfw60SoKclCFHo1/66g0USQWVlnBsTDfwExtmWFtGOJ0We6mhCSZjPKRdRyUW1ITZ/NopOnfKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauObMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1ARVdCMHyy6ukVasGl9Xafa1cv8rjKMApnMEFBHANdbiDBjSBwCM8wyu8ecp78d69j0XrmpfPnMAfeJ8/2qOOnA==</latexit>

hidden (⇥2)
<latexit sha1_base64="SXkAoONpudJ/K3vrT6GFwtHX5DA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFeilJPCieCl48VrAf0Iay2WzbpZtN2J0IodS/4sWDIl79Id78N27bHLT1wcDjvRlm5gWJ4Boc59sqbGxube8Ud0t7+weHR/bxSVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOMLmd+51HpjSP5QNkCfMjMpJ8yCkBIw3s8piHIZO4WusDj5jG3kV1YFecurMAXiduTiooR3Ngf/XDmKYRk0AF0brnOgn4U6KAU8FmpX6qWULohIxYz1BJzCJ/ujh+hs+NEuJhrExJwAv198SURFpnUWA6IwJjverNxf+8XgrDa3/KZZICk3S5aJgKDDGeJ4FDrhgFkRlCqOLmVkzHRBEKJq+SCcFdfXmdtL26e1n37r1K4yaPo4hO0RmqIRddoQa6Q03UQhRl6Bm9ojfryXqx3q2PZWvBymfK6A+szx+DKpNY</latexit>

visible
<latexit sha1_base64="3sieyFk4VKmMsTOrUj8DHwXslkw=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCruxiFgFbCwjmAckS5id3E2GzM4uM7OBsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53C1vbO7l5xv3RweHR8Uj49a+s4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcr/wO1NUmsfyycwS9CM6kjzkjBordaZccxsdlCtu1V2CbBIvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwLnpX6qMaFsQkfYs1TSCLWfLdedkyurDEkYK/ukIUv190RGI61nUWCTETVjve4txP+8XmrCWz/jMkkNSrb6KEwFMTFZ3E6GXCEzYmYJZYrbXQkbU0WZsQ2VbAne+smbpF2rejfV2mOt0rjL6yjCBVzCNXhQhwY8QBNawGACz/AKb07ivDjvzscqWnDymXP4A+fzB4Ygj6g=</latexit>

color-neutral, EW-doublet  
scalar top partners

Accidental supersymmetry
in limit

Ennio Salvioni [Cheng, Li, Salvioni, Verhaaren 2019]
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0
<latexit sha1_base64="eCTaYlRH8sGt8X2keNVY9P8DkzE=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTssNFYkNpYYBUngQvaWPdiwt3fZnTMhF36CjYXG2PqL7Pw3LnCFgi+Z5OW9mczMCxIpDLrut1NYW9/Y3Cpul3Z29/YPyodHbROnmvEWi2WsOwE1XArFWyhQ8k6iOY0CyR+D8c3Mf3zi2ohYPeAk4X5Eh0qEglG00n3VrfbLFbfmzkFWiZeTCuRo9stfvUHM0ogrZJIa0/XcBP2MahRM8mmplxqeUDamQ961VNGIGz+bnzolZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDKz4RKUuSKLRaFqSQYk9nfZCA0ZygnllCmhb2VsBHVlKFNp2RD8JZfXiXtes27qNXv6pXGdR5HEU7gFM7Bg0towC00oQUMhvAMr/DmSOfFeXc+Fq0FJ585hj9wPn8ALtCNCg==</latexit>

 
<latexit sha1_base64="vmKbJv603SbxLDjJF/381snKFuY=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYCJ4CrsR1GPAi8cI5gHJEmYns8mYeSwzs0JY8g9ePCji1f/x5t84SfagiQUNRVU33V1Rwpmxvv/tra1vbG5tF3aKu3v7B4elo+OWUakmtEkUV7oTYUM5k7RpmeW0k2iKRcRpOxrfzvz2E9WGKflgJwkNBR5KFjOCrZNalV5iWKVfKvtVfw60SoKclCFHo1/66g0USQWVlnBsTDfwExtmWFtGOJ0We6mhCSZjPKRdRyUW1ITZ/NopOnfKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauObMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1ARVdCMHyy6ukVasGl9Xafa1cv8rjKMApnMEFBHANdbiDBjSBwCM8wyu8ecp78d69j0XrmpfPnMAfeJ8/2qOOnA==</latexit>

hidden (⇥2)
<latexit sha1_base64="SXkAoONpudJ/K3vrT6GFwtHX5DA=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WWyFeilJPCieCl48VrAf0Iay2WzbpZtN2J0IodS/4sWDIl79Id78N27bHLT1wcDjvRlm5gWJ4Boc59sqbGxube8Ud0t7+weHR/bxSVvHqaKsRWMRq25ANBNcshZwEKybKEaiQLBOMLmd+51HpjSP5QNkCfMjMpJ8yCkBIw3s8piHIZO4WusDj5jG3kV1YFecurMAXiduTiooR3Ngf/XDmKYRk0AF0brnOgn4U6KAU8FmpX6qWULohIxYz1BJzCJ/ujh+hs+NEuJhrExJwAv198SURFpnUWA6IwJjverNxf+8XgrDa3/KZZICk3S5aJgKDDGeJ4FDrhgFkRlCqOLmVkzHRBEKJq+SCcFdfXmdtL26e1n37r1K4yaPo4hO0RmqIRddoQa6Q03UQhRl6Bm9ojfryXqx3q2PZWvBymfK6A+szx+DKpNY</latexit>

visible
<latexit sha1_base64="3sieyFk4VKmMsTOrUj8DHwXslkw=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCruxiFgFbCwjmAckS5id3E2GzM4uM7OBsOQjbCwUsfV77PwbJ8kWmnhg4HDOucy9J0gE18Z1v53C1vbO7l5xv3RweHR8Uj49a+s4VQxbLBax6gZUo+ASW4Ybgd1EIY0CgZ1gcr/wO1NUmsfyycwS9CM6kjzkjBordaZccxsdlCtu1V2CbBIvJxXI0RyUv/rDmKURSsME1brnuYnxM6oMZwLnpX6qMaFsQkfYs1TSCLWfLdedkyurDEkYK/ukIUv190RGI61nUWCTETVjve4txP+8XmrCWz/jMkkNSrb6KEwFMTFZ3E6GXCEzYmYJZYrbXQkbU0WZsQ2VbAne+smbpF2rejfV2mOt0rjL6yjCBVzCNXhQhwY8QBNawGACz/AKb07ivDjvzscqWnDymXP4A+fzB4Ygj6g=</latexit>

Accidental supersymmetry

em ! M
<latexit sha1_base64="qS445EG+41xoLL+Fx2xnyZjJ4sU=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g63gqiR1YZcFN26ECvYBbSiTyU07dDIJMxOlhuKvuHGhiFv/w51/47TNQlsPXDiccy/33uMnnCntON/Wyura+sZmYau4vbO7t28fHLZUnEoKTRrzWHZ8ooAzAU3NNIdOIoFEPoe2P7qa+u17kIrF4k6PE/AiMhAsZJRoI/Xt43LvgQWgGQ8giyY9HeObct8uORVnBrxM3JyUUI5G3/7qBTFNIxCacqJU13US7WVEakY5TIq9VEFC6IgMoGuoIBEoL5tdP8FnRglwGEtTQuOZ+nsiI5FS48g3nRHRQ7XoTcX/vG6qw5qXMZGkGgSdLwpTjs2P0yhwwCRQzceGECqZuRXTIZGEahNY0YTgLr68TFrVintRqd5WS/VaHkcBnaBTdI5cdInq6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB/RGlNs=</latexit>

in limit

[Cheng, Li, Salvioni, Verhaaren 2019]Ennio Salvioni

A very light Dirac fermion 
at bottom of spectrum 


