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Setup

European Strategy for Particle Physics Update 2020, 1910.11775

SMEFT with generic d=6 operators:

<latexit sha1_base64="xb14Y35922x2KCwW6xswsz+BvRg=">AAAB9XicbVDLSsNAFL2pr1pfVZduBotQNyWRoi6LbtxZwT6gjWUynbRDJ5MwM1FKyH+4caGIW//FnX/jpM1CWw8MHM65l3vmeBFnStv2t1VYWV1b3yhulra2d3b3yvsHbRXGktAWCXkoux5WlDNBW5ppTruRpDjwOO14k+vM7zxSqVgo7vU0om6AR4L5jGBtpId+gPWYYJ7cplXndFCu2DV7BrRMnJxUIEdzUP7qD0MSB1RowrFSPceOtJtgqRnhNC31Y0UjTCZ4RHuGChxQ5Saz1Ck6McoQ+aE0T2g0U39vJDhQahp4ZjJLqRa9TPzP68Xav3QTJqJYU0Hmh/yYIx2irAI0ZJISzaeGYCKZyYrIGEtMtCmqZEpwFr+8TNpnNee8Vr+rVxpXeR1FOIJjqIIDF9CAG2hCCwhIeIZXeLOerBfr3fqYjxasfOcQ/sD6/AHKf5IO</latexit>

O(1)
factors

MFV

Low-energy facilities much stronger than colliders
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Focussing on the Yukawas
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Higgs Production 
Higgs Decays
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Higgs-mediated

3



Focussing on the Yukawas

<latexit sha1_base64="gmREBjRAQSDFTf5ZTaAFQgTkCFg=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRS1GXRTRcuqtgHtCVMppN26CQTZiZCDcVfceNCEbf+hzv/xkmbhbYeGDiccw/3zvFjzpR2nG9raXlldW29sFHc3Nre2bX39ptKJJLQBhFcyLaPFeUsog3NNKftWFIc+py2/NF15rceqFRMRPd6HNNeiAcRCxjB2kiefdgVxs7SaeDdTFANBd6dZ5ecsjMFWiRuTkqQo+7ZX92+IElII004VqrjOrHupVhqRjidFLuJojEmIzygHUMjHFLVS6fXT9CJUfooENK8SKOp+juR4lCpceibyRDroZr3MvE/r5Po4LKXsihONI3IbFGQcKQFyqpAfSYp0XxsCCaSmVsRGWKJiTaFFU0J7vyXF0nzrOyelyu3lVL1Kq+jAEdwDKfgwgVUoQZ1aACBR3iGV3iznqwX6936mI0uWXnmAP7A+vwB8CaU5A==</latexit>

fLHfR

Higgs Production 
Higgs Decays

fjfi

h

fk fl

2

Tree-level 
Higgs-mediated

fi
fk

h

fj

�

1

Loop-level Higgs-mediated
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Flavour Symmetries
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Flavour Symmetries
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GF rules the fermion interactions:

4



Flavour Symmetries
<latexit sha1_base64="gtdjalsorbsCMXaIhku7+rBsFB4=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozIuqyVFCXLdgHtEPJpJk2NJMZk0yhDP0ONy4Ucalf4Re4c+O3mGm70NYDgcM593JPjhdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7hK/caQSsVCcadHEXUD3BPMZwRrI7ntAOs+wTy5GXeuO/mCXbQnQIvEmZFC6aD6zd7KH5VO/rPdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsA92jJU4IAqN5mEHqNjo3SRH0rzhEYT9fdGggOlRoFnJtOQat5Lxf+8Vqz9SzdhIoo1FWR6yI850iFKG0BdJinRfGQIJpKZrIj0scREm55ypgRn/suLpH5adM6LZ1WnUCrDFFk4hCM4AQcuoAS3UIEaELiHB3iCZ2toPVov1ut0NGPNdvbhD6z3H6iwlb0=</latexit>

GF rules the fermion interactions:

Allows to describe masses and mixings
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GF rules the fermion interactions:

Allows to describe masses and mixings

Rules Yukawa interactions

Rules the fermion interactions in any d>4 ops.

When        is present, the bounds from 

different experiments/observables can be 


MUCH STRONGER linked
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|de| < 1.1⇥ 10�29 e cm @90% C.L.
ACME II, Nature 562(2018)7727
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|̃b| . 0.24<latexit sha1_base64="9zChtjpdpibaBRDmFoPhDws3lBA=">AAACCXicbVDJSgNBEO2Je9xGPXppDIIghJkgLregF48KJgqZEGo6laRJz0J3jRCSXL149TO8eFDEq3/gLX9jJ/Hg9qDg8V4VVfXCVElDnjdycjOzc/MLi0v55ZXVtXV3Y7NqkkwLrIhEJfomBINKxlghSQpvUo0QhQqvw+7Z2L++RW1kEl9RL8V6BO1YtqQAslLD5YOApGpi0IU0hUZAkA0ChcYYGXGvWDppuAWv6E3A/xL/ixTKO8H+w6jcu2i4H0EzEVmEMQkFxtR8L6V6HzRJoXCYDzKDKYgutLFmaQwRmnp/8smQ71qlyVuJthUTn6jfJ/oQGdOLQtsZAXXMb28s/ufVMmod1/syTjPCWEwXtTLFKeHjWHhTahSkepaA0NLeykUHNAiy4eVtCP7vl/+SaqnoHxYPLv1C+ZRNsci22Q7bYz47YmV2zi5YhQl2xx7ZM3tx7p0n59V5m7bmnK+ZLfYDzvsnZGedGQ==</latexit>

|̃⌧ | . 0.29

<latexit sha1_base64="wG61mDCvmXnPreIdIezjZ0ljjz0=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIwjCjYjwOevEYwSyQCaGnU5M06Vno7hHCJCcvfoA/4cWDIl79Bm/5GzvLQRMfFDzeq6Kqnp9wJpVtj4yl5ZXVtfXcRn5za3tn19zbr8o4FRQqNOaxqPtEAmcRVBRTHOqJABL6HGp+72bs1x5ASBZH96qfQDMknYgFjBKlpZZ5NPAU423weiRJSIsOPA5SShZi2zovtcyibdkT4EXizEjRLXinzyO3X26Z3147pmkIkaKcSNlw7EQ1MyIUoxyGeS+VkBDaIx1oaBqREGQzm7wxxMdaaeMgFroihSfq74mMhFL2Q193hkR15bw3Fv/zGqkKrpoZi5JUQUSni4KUYxXjcSa4zQRQxfuaECqYvhXTLhGEKp1cXofgzL+8SKpnlnNpXdw5RfcaTZFDh6iATpCDSshFt6iMKoiiR/SC3tC78WS8Gh/G57R1yZjNHKA/ML5+AORXm7c=</latexit>

|̃c| . 0.37
<latexit sha1_base64="byjoboyZxTyjMzuVaeEKKbikDlY=">AAACBnicbVC7SgNBFJ31GRMfUUsRBqNgFXZV1DJoYxnBPCAbltnZm2TIzO4yMxsISSobf8XGQlFbwT+w80O0dvIoNPHAhcM593LvPX7MmdK2/WnNzS8sLi2nVtKZ1bX1jezmVllFiaRQohGPZNUnCjgLoaSZ5lCNJRDhc6j47cuhX+mAVCwKb3Q3hrogzZA1GCXaSF52t+9qxgNw2ySOieeKpO9yUEoxgY8dL5uz8/YIeJY4E5Ir7H+9vHcy30Uv++EGEU0EhJpyolTNsWNd7xGpGeUwSLuJgpjQNmlCzdCQCFD13uiNAT4wSoAbkTQVajxSf0/0iFCqK3zTKYhuqWlvKP7n1RLdOK/3WBgnGkI6XtRIONYRHmaCAyaBat41hFDJzK2YtogkVJvk0iYEZ/rlWVI+yjun+ZNrJ1e4QGOk0A7aQ4fIQWeogK5QEZUQRbfoHj2iJ+vOerCerddx65w1mdlGf2C9/QBBsJ1o</latexit>

|̃µ| . 31

<latexit sha1_base64="FyawwE0l4KJEoLisjTyqMkLbzIY=">AAACCHicbZC7SgNBFIZn4y3GW9TSwiFBEISwK2IsF20sI5gLZJdldnKSDJm9MDMrLElKG2vfwsZCEVsfwS5v42ySQhN/GPj4zzmcOb8fcyaVaU6M3Mrq2vpGfrOwtb2zu1fcP2jIKBEU6jTikWj5RAJnIdQVUxxasQAS+Bya/uAmqzcfQEgWhfcqjcENSC9kXUaJ0pZXPB45ivEOOAMSx8SDkcNBSskCbFZM06p6xXIGmfAyWHMo2yXn7HlipzWv+O10IpoEECrKiZRty4yVOyRCMcphXHASCTGhA9KDtsaQBCDd4fSQMT7RTgd3I6FfqPDU/T0xJIGUaeDrzoCovlysZeZ/tXaiulfukIVxoiCks0XdhGMV4SwV3GECqOKpBkIF03/FtE8EoUpnV9AhWIsnL0PjvGJdVi7urLJ9jWbKoyNUQqfIQlVko1tUQ3VE0SN6QW/o3XgyXo0P43PWmjPmM4foj4yvH9ZCnCs=</latexit>

|̃e| . 0.0017

(See also                                                                    )Fuchs et all, JHEP 05 (2020) 056; Brod & Stamou, JHEP 07 (2021) 080 5
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e≠ e≠
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“
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E

1

<latexit sha1_base64="6NADBU4FO8pqSJPoRCLRm6U5VCQ=">AAACJnicbVDJSiRBEM1ybdutnTl6SWwEQS0qRVxghEIvc/CgYKvQ1TZZ2dFtYtZCZtQwTXX9xfyBF3/FiwdlEG9+itnLwe1BwOO9CCLihamSBj3vxRkbn5icmi7NlGfn5hcWK0s/zk2SaQE1kahEX4bcgJIx1FCigstUA49CBRfhzVHfv/gD2sgkPsNuCo2Id2LZloKjlZqVg16rCb1fzGUByggMZd5Vvrm1XwQIfzGnQEVUBB vBBvVt7XvB6sg4co/dolmpeq43AP1K2IhU/ZVg/d+L3z1pVh6DViKyCGIUihtTZ16KjZxrlEJBUQ4yAykXN7wDdUtjbk9q5IM3C7pqlRZtJ9pWjHSgvp/IeWRMNwptZ8Tx2nz2+uJ3Xj3D9l4jl3GaIcRiuKidKYoJ7WdGW1KDQNW1hAst7a1UXHPNBdpkyzYE9vnlr+R8y2U77vYpq/qHZIgSWSYrZI0wskt88puckBoR5Jbck0fy5Nw5D85/53nYOuaMZn6SD3Be3wB/ZaWv</latexit>

|de| < 1.1⇥ 10�29 e cm @90% C.L.
ACME II, Nature 562(2018)7727

<latexit sha1_base64="+3+6LFD9wFBLjazEiSeFCuqeRhU="></latexit>

Le↵ = � y p
2

�
   + i̃  �5 

�
h

<latexit sha1_base64="gRYFCvI2ixId+asOwN9kTGskciM=">AAACCHicbZBNS0JBFIbn2pfZl9WyRYMSBIHcK1EtpTYtDfIDvCJzx6MOzv1g5txA1GWb1v2LNi2KaNtPaOe/aa66KO2FgYf3nMOZ83qRFBpte2KlVlbX1jfSm5mt7Z3dvez+QVWHseJQ4aEMVd1jGqQIoIICJdQjBcz3JNS8/k1Srz2A0iIM7nEQQdNn3UB0BGdorFb2eOSikG1w+yyKWAtHrgSttfCpXbBtp9jK5hNIRJfBmUO+lHPPnielQbmV/XbbIY99CJBLpnXDsSNsDplCwSWMM26sIWK8z7rQMBgwH3RzOD1kTE+M06adUJkXIJ26vyeGzNd64Hum02fY04u1xPyv1oixc9UciiCKEQI+W9SJJcWQJqnQtlDAUQ4MMK6E+SvlPaYYR5NdxoTgLJ68DNViwbkonN85+dI1mSlNjkiOnBKHXJISuSVlUiGcPJIX8kberSfr1fqwPmetKWs+c0j+yPr6AeZanDU=</latexit>

|̃t| . 0.0012
<latexit sha1_base64="esEvNY6aDEHNLkDVg3bO1tO7geI=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIQpgJQT0GvXiMYBbIDENPp5I06Vno7hGGSU5e/AB/wosHRbz6Dd7yN3aWgyY+KHi8V0VVPT/mTCrLGhsrq2vrG5u5rfz2zu7evnlw2JBRIijUacQj0fKJBM5CqCumOLRiASTwOTT9wc3Ebz6AkCwK71UagxuQXsi6jBKlJc88GTqK8Q44AxLHxPOHDgcpJQuwVSpXPLNolawp8DKx56RYLTjnz+NqWvPMb6cT0SSAUFFOpGzbVqzcjAjFKIdR3kkkxIQOSA/amoYkAOlm0zdG+FQrHdyNhK5Q4an6eyIjgZRp4OvOgKi+XPQm4n9eO1HdKzdjYZwoCOlsUTfhWEV4kgnuMAFU8VQTQgXTt2LaJ4JQpZPL6xDsxZeXSaNcsi9KlTu7WL1GM+TQMSqgM2SjS1RFt6iG6oiiR/SC3tC78WS8Gh/G56x1xZjPHKE/ML5+ANy0m7I=</latexit>

|̃b| . 0.24<latexit sha1_base64="9zChtjpdpibaBRDmFoPhDws3lBA=">AAACCXicbVDJSgNBEO2Je9xGPXppDIIghJkgLregF48KJgqZEGo6laRJz0J3jRCSXL149TO8eFDEq3/gLX9jJ/Hg9qDg8V4VVfXCVElDnjdycjOzc/MLi0v55ZXVtXV3Y7NqkkwLrIhEJfomBINKxlghSQpvUo0QhQqvw+7Z2L++RW1kEl9RL8V6BO1YtqQAslLD5YOApGpi0IU0hUZAkA0ChcYYGXGvWDppuAWv6E3A/xL/ixTKO8H+w6jcu2i4H0EzEVmEMQkFxtR8L6V6HzRJoXCYDzKDKYgutLFmaQwRmnp/8smQ71qlyVuJthUTn6jfJ/oQGdOLQtsZAXXMb28s/ufVMmod1/syTjPCWEwXtTLFKeHjWHhTahSkepaA0NLeykUHNAiy4eVtCP7vl/+SaqnoHxYPLv1C+ZRNsci22Q7bYz47YmV2zi5YhQl2xx7ZM3tx7p0n59V5m7bmnK+ZLfYDzvsnZGedGQ==</latexit>

|̃⌧ | . 0.29

<latexit sha1_base64="wG61mDCvmXnPreIdIezjZ0ljjz0=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIwjCjYjwOevEYwSyQCaGnU5M06Vno7hHCJCcvfoA/4cWDIl79Bm/5GzvLQRMfFDzeq6Kqnp9wJpVtj4yl5ZXVtfXcRn5za3tn19zbr8o4FRQqNOaxqPtEAmcRVBRTHOqJABL6HGp+72bs1x5ASBZH96qfQDMknYgFjBKlpZZ5NPAU423weiRJSIsOPA5SShZi2zovtcyibdkT4EXizEjRLXinzyO3X26Z3147pmkIkaKcSNlw7EQ1MyIUoxyGeS+VkBDaIx1oaBqREGQzm7wxxMdaaeMgFroihSfq74mMhFL2Q193hkR15bw3Fv/zGqkKrpoZi5JUQUSni4KUYxXjcSa4zQRQxfuaECqYvhXTLhGEKp1cXofgzL+8SKpnlnNpXdw5RfcaTZFDh6iATpCDSshFt6iMKoiiR/SC3tC78WS8Gh/G57R1yZjNHKA/ML5+AORXm7c=</latexit>

|̃c| . 0.37
<latexit sha1_base64="byjoboyZxTyjMzuVaeEKKbikDlY=">AAACBnicbVC7SgNBFJ31GRMfUUsRBqNgFXZV1DJoYxnBPCAbltnZm2TIzO4yMxsISSobf8XGQlFbwT+w80O0dvIoNPHAhcM593LvPX7MmdK2/WnNzS8sLi2nVtKZ1bX1jezmVllFiaRQohGPZNUnCjgLoaSZ5lCNJRDhc6j47cuhX+mAVCwKb3Q3hrogzZA1GCXaSF52t+9qxgNw2ySOieeKpO9yUEoxgY8dL5uz8/YIeJY4E5Ir7H+9vHcy30Uv++EGEU0EhJpyolTNsWNd7xGpGeUwSLuJgpjQNmlCzdCQCFD13uiNAT4wSoAbkTQVajxSf0/0iFCqK3zTKYhuqWlvKP7n1RLdOK/3WBgnGkI6XtRIONYRHmaCAyaBat41hFDJzK2YtogkVJvk0iYEZ/rlWVI+yjun+ZNrJ1e4QGOk0A7aQ4fIQWeogK5QEZUQRbfoHj2iJ+vOerCerddx65w1mdlGf2C9/QBBsJ1o</latexit>

|̃µ| . 31

<latexit sha1_base64="FyawwE0l4KJEoLisjTyqMkLbzIY=">AAACCHicbZC7SgNBFIZn4y3GW9TSwiFBEISwK2IsF20sI5gLZJdldnKSDJm9MDMrLElKG2vfwsZCEVsfwS5v42ySQhN/GPj4zzmcOb8fcyaVaU6M3Mrq2vpGfrOwtb2zu1fcP2jIKBEU6jTikWj5RAJnIdQVUxxasQAS+Bya/uAmqzcfQEgWhfcqjcENSC9kXUaJ0pZXPB45ivEOOAMSx8SDkcNBSskCbFZM06p6xXIGmfAyWHMo2yXn7HlipzWv+O10IpoEECrKiZRty4yVOyRCMcphXHASCTGhA9KDtsaQBCDd4fSQMT7RTgd3I6FfqPDU/T0xJIGUaeDrzoCovlysZeZ/tXaiulfukIVxoiCks0XdhGMV4SwV3GECqOKpBkIF03/FtE8EoUpnV9AhWIsnL0PjvGJdVi7urLJ9jWbKoyNUQqfIQlVko1tUQ3VE0SN6QW/o3XgyXo0P43PWmjPmM4foj4yvH9ZCnCs=</latexit>

|̃e| . 0.0017

(See also                                                                    )Fuchs et all, JHEP 05 (2020) 056; Brod & Stamou, JHEP 07 (2021) 080 5
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e≠ e≠

“

e≠

Â

“
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C D

E

1

<latexit sha1_base64="6NADBU4FO8pqSJPoRCLRm6U5VCQ=">AAACJnicbVDJSiRBEM1ybdutnTl6SWwEQS0qRVxghEIvc/CgYKvQ1TZZ2dFtYtZCZtQwTXX9xfyBF3/FiwdlEG9+itnLwe1BwOO9CCLihamSBj3vxRkbn5icmi7NlGfn5hcWK0s/zk2SaQE1kahEX4bcgJIx1FCigstUA49CBRfhzVHfv/gD2sgkPsNuCo2Id2LZloKjlZqVg16rCb1fzGUByggMZd5Vvrm1XwQIfzGnQEVUBB vBBvVt7XvB6sg4co/dolmpeq43AP1K2IhU/ZVg/d+L3z1pVh6DViKyCGIUihtTZ16KjZxrlEJBUQ4yAykXN7wDdUtjbk9q5IM3C7pqlRZtJ9pWjHSgvp/IeWRMNwptZ8Tx2nz2+uJ3Xj3D9l4jl3GaIcRiuKidKYoJ7WdGW1KDQNW1hAst7a1UXHPNBdpkyzYE9vnlr+R8y2U77vYpq/qHZIgSWSYrZI0wskt88puckBoR5Jbck0fy5Nw5D85/53nYOuaMZn6SD3Be3wB/ZaWv</latexit>

|de| < 1.1⇥ 10�29 e cm @90% C.L.
ACME II, Nature 562(2018)7727

<latexit sha1_base64="+3+6LFD9wFBLjazEiSeFCuqeRhU="></latexit>

Le↵ = � y p
2

�
   + i̃  �5 

�
h

<latexit sha1_base64="gRYFCvI2ixId+asOwN9kTGskciM=">AAACCHicbZBNS0JBFIbn2pfZl9WyRYMSBIHcK1EtpTYtDfIDvCJzx6MOzv1g5txA1GWb1v2LNi2KaNtPaOe/aa66KO2FgYf3nMOZ83qRFBpte2KlVlbX1jfSm5mt7Z3dvez+QVWHseJQ4aEMVd1jGqQIoIICJdQjBcz3JNS8/k1Srz2A0iIM7nEQQdNn3UB0BGdorFb2eOSikG1w+yyKWAtHrgSttfCpXbBtp9jK5hNIRJfBmUO+lHPPnielQbmV/XbbIY99CJBLpnXDsSNsDplCwSWMM26sIWK8z7rQMBgwH3RzOD1kTE+M06adUJkXIJ26vyeGzNd64Hum02fY04u1xPyv1oixc9UciiCKEQI+W9SJJcWQJqnQtlDAUQ4MMK6E+SvlPaYYR5NdxoTgLJ68DNViwbkonN85+dI1mSlNjkiOnBKHXJISuSVlUiGcPJIX8kberSfr1fqwPmetKWs+c0j+yPr6AeZanDU=</latexit>

|̃t| . 0.0012
<latexit sha1_base64="esEvNY6aDEHNLkDVg3bO1tO7geI=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIQpgJQT0GvXiMYBbIDENPp5I06Vno7hGGSU5e/AB/wosHRbz6Dd7yN3aWgyY+KHi8V0VVPT/mTCrLGhsrq2vrG5u5rfz2zu7evnlw2JBRIijUacQj0fKJBM5CqCumOLRiASTwOTT9wc3Ebz6AkCwK71UagxuQXsi6jBKlJc88GTqK8Q44AxLHxPOHDgcpJQuwVSpXPLNolawp8DKx56RYLTjnz+NqWvPMb6cT0SSAUFFOpGzbVqzcjAjFKIdR3kkkxIQOSA/amoYkAOlm0zdG+FQrHdyNhK5Q4an6eyIjgZRp4OvOgKi+XPQm4n9eO1HdKzdjYZwoCOlsUTfhWEV4kgnuMAFU8VQTQgXTt2LaJ4JQpZPL6xDsxZeXSaNcsi9KlTu7WL1GM+TQMSqgM2SjS1RFt6iG6oiiR/SC3tC78WS8Gh/G56x1xZjPHKE/ML5+ANy0m7I=</latexit>

|̃b| . 0.24<latexit sha1_base64="9zChtjpdpibaBRDmFoPhDws3lBA=">AAACCXicbVDJSgNBEO2Je9xGPXppDIIghJkgLregF48KJgqZEGo6laRJz0J3jRCSXL149TO8eFDEq3/gLX9jJ/Hg9qDg8V4VVfXCVElDnjdycjOzc/MLi0v55ZXVtXV3Y7NqkkwLrIhEJfomBINKxlghSQpvUo0QhQqvw+7Z2L++RW1kEl9RL8V6BO1YtqQAslLD5YOApGpi0IU0hUZAkA0ChcYYGXGvWDppuAWv6E3A/xL/ixTKO8H+w6jcu2i4H0EzEVmEMQkFxtR8L6V6HzRJoXCYDzKDKYgutLFmaQwRmnp/8smQ71qlyVuJthUTn6jfJ/oQGdOLQtsZAXXMb28s/ufVMmod1/syTjPCWEwXtTLFKeHjWHhTahSkepaA0NLeykUHNAiy4eVtCP7vl/+SaqnoHxYPLv1C+ZRNsci22Q7bYz47YmV2zi5YhQl2xx7ZM3tx7p0n59V5m7bmnK+ZLfYDzvsnZGedGQ==</latexit>

|̃⌧ | . 0.29

<latexit sha1_base64="wG61mDCvmXnPreIdIezjZ0ljjz0=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIwjCjYjwOevEYwSyQCaGnU5M06Vno7hHCJCcvfoA/4cWDIl79Bm/5GzvLQRMfFDzeq6Kqnp9wJpVtj4yl5ZXVtfXcRn5za3tn19zbr8o4FRQqNOaxqPtEAmcRVBRTHOqJABL6HGp+72bs1x5ASBZH96qfQDMknYgFjBKlpZZ5NPAU423weiRJSIsOPA5SShZi2zovtcyibdkT4EXizEjRLXinzyO3X26Z3147pmkIkaKcSNlw7EQ1MyIUoxyGeS+VkBDaIx1oaBqREGQzm7wxxMdaaeMgFroihSfq74mMhFL2Q193hkR15bw3Fv/zGqkKrpoZi5JUQUSni4KUYxXjcSa4zQRQxfuaECqYvhXTLhGEKp1cXofgzL+8SKpnlnNpXdw5RfcaTZFDh6iATpCDSshFt6iMKoiiR/SC3tC78WS8Gh/G57R1yZjNHKA/ML5+AORXm7c=</latexit>

|̃c| . 0.37
<latexit sha1_base64="byjoboyZxTyjMzuVaeEKKbikDlY=">AAACBnicbVC7SgNBFJ31GRMfUUsRBqNgFXZV1DJoYxnBPCAbltnZm2TIzO4yMxsISSobf8XGQlFbwT+w80O0dvIoNPHAhcM593LvPX7MmdK2/WnNzS8sLi2nVtKZ1bX1jezmVllFiaRQohGPZNUnCjgLoaSZ5lCNJRDhc6j47cuhX+mAVCwKb3Q3hrogzZA1GCXaSF52t+9qxgNw2ySOieeKpO9yUEoxgY8dL5uz8/YIeJY4E5Ir7H+9vHcy30Uv++EGEU0EhJpyolTNsWNd7xGpGeUwSLuJgpjQNmlCzdCQCFD13uiNAT4wSoAbkTQVajxSf0/0iFCqK3zTKYhuqWlvKP7n1RLdOK/3WBgnGkI6XtRIONYRHmaCAyaBat41hFDJzK2YtogkVJvk0iYEZ/rlWVI+yjun+ZNrJ1e4QGOk0A7aQ4fIQWeogK5QEZUQRbfoHj2iJ+vOerCerddx65w1mdlGf2C9/QBBsJ1o</latexit>

|̃µ| . 31

<latexit sha1_base64="FyawwE0l4KJEoLisjTyqMkLbzIY=">AAACCHicbZC7SgNBFIZn4y3GW9TSwiFBEISwK2IsF20sI5gLZJdldnKSDJm9MDMrLElKG2vfwsZCEVsfwS5v42ySQhN/GPj4zzmcOb8fcyaVaU6M3Mrq2vpGfrOwtb2zu1fcP2jIKBEU6jTikWj5RAJnIdQVUxxasQAS+Bya/uAmqzcfQEgWhfcqjcENSC9kXUaJ0pZXPB45ivEOOAMSx8SDkcNBSskCbFZM06p6xXIGmfAyWHMo2yXn7HlipzWv+O10IpoEECrKiZRty4yVOyRCMcphXHASCTGhA9KDtsaQBCDd4fSQMT7RTgd3I6FfqPDU/T0xJIGUaeDrzoCovlysZeZ/tXaiulfukIVxoiCks0XdhGMV4SwV3GECqOKpBkIF03/FtE8EoUpnV9AhWIsnL0PjvGJdVi7urLJ9jWbKoyNUQqfIQlVko1tUQ3VE0SN6QW/o3XgyXo0P43PWmjPmM4foj4yvH9ZCnCs=</latexit>

|̃e| . 0.0017

(See also                                                                    )Fuchs et all, JHEP 05 (2020) 056; Brod & Stamou, JHEP 07 (2021) 080 5
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An Example: eEDM
<latexit sha1_base64="gtdjalsorbsCMXaIhku7+rBsFB4=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozIuqyVFCXLdgHtEPJpJk2NJMZk0yhDP0ONy4Ucalf4Re4c+O3mGm70NYDgcM593JPjhdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7hK/caQSsVCcadHEXUD3BPMZwRrI7ntAOs+wTy5GXeuO/mCXbQnQIvEmZFC6aD6zd7KH5VO/rPdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsA92jJU4IAqN5mEHqNjo3SRH0rzhEYT9fdGggOlRoFnJtOQat5Lxf+8Vqz9SzdhIoo1FWR6yI850iFKG0BdJinRfGQIJpKZrIj0scREm55ypgRn/suLpH5adM6LZ1WnUCrDFFk4hCM4AQcuoAS3UIEaELiHB3iCZ2toPVov1ut0NGPNdvbhD6z3H6iwlb0=</latexit>

GFAssuming the presence of       :
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An Example: eEDM
<latexit sha1_base64="gtdjalsorbsCMXaIhku7+rBsFB4=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozIuqyVFCXLdgHtEPJpJk2NJMZk0yhDP0ONy4Ucalf4Re4c+O3mGm70NYDgcM593JPjhdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7hK/caQSsVCcadHEXUD3BPMZwRrI7ntAOs+wTy5GXeuO/mCXbQnQIvEmZFC6aD6zd7KH5VO/rPdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsA92jJU4IAqN5mEHqNjo3SRH0rzhEYT9fdGggOlRoFnJtOQat5Lxf+8Vqz9SzdhIoo1FWR6yI850iFKG0BdJinRfGQIJpKZrIj0scREm55ypgRn/suLpH5adM6LZ1WnUCrDFFk4hCM4AQcuoAS3UIEaELiHB3iCZ2toPVov1ut0NGPNdvbhD6z3H6iwlb0=</latexit>

GFAssuming the presence of       :
<latexit sha1_base64="gXPMdOmaiw7EgcrYEm0rX6WXFuc=">AAACKHicbZC7SkNBEIb3eI3xFrW0WYyCVThHRO0M2lhGMFHICWHOZqJL9lzYnRMMIY9j4wP4ApY2Ioqk9R20dpNYqMnAsj/fP8Pu/EGipCHX7TtT0zOzc/OZhezi0vLKam5tvWLiVAssi1jF+ioAg0pGWCZJCq8SjRAGCi+D1unAv2yjNjKOLqiTYC2E60g2pQCyqJ479kmqBvotSBKoo28vHd/yP9QP08mcIK3n8m7BHRYfF96PyBe3Px8e24tfpXruxW/EIg0xIqHAmKrnJlTrgiYpFPayfmowAdGCa6xaGUGIptYdLtrjO5Y0eDPW9kTEh/T3RBdCYzphYDtDoBvz3xvASV41peZRrSujJCWMxOihZqo4xXyQGm9IjYJUxwoQWtq/cnEDGgTZbLM2BO//yuOislfwDgr7516+eMJGlWGbbIvtMo8dsiI7YyVWZoLdsSf2yt6ce+fZeXf6o9Yp52dmg/0p5+Mbg+ishw==</latexit>

̃e ⇡ ̃µ ⇡ ̃⌧
<latexit sha1_base64="HgbB6BNWrlTa6uON/gG2G0S9LiE=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZOmbWjmQnJGLEPfxY1L30LcuFCKGxf6LKaXhb0cCPn5/nNIzu/HgiuwrG8js7K6tr6R3cxtbe/s7pn7BzUVJZKyKo1EJBs+UUzwkFWBg2CNWDIS+ILV/d7tyK8/MKl4FN5DP2ZuQDohb3NKQCPPvHGAixZzeiSOiZc4+pLRI56hdCkFz8xbBWtceFHYU5EvHlV++UvpteyZQ6cV0SRgIVBBlGraVgxuSiRwKtgg5ySKxYT2SIc1tQxJwJSbjncc4FNNWrgdSX1CwGP6fyIlgVL9wNedAYGumvdGcJnXTKB97aY8jBNgIZ081E4EhgiPAsMtLhkF0deCUMn1XzHtEkko6FhzOgR7fuVFUTsv2JeFi4qdL5bQpLLoGJ2gM2SjK1REd6iMqoiiJ/SGPtCn8Wy8G0Pja9KaMaYzh2imjJ8/a/6psA==</latexit>

̃u ⇡ ̃c ⇡ ̃t
<latexit sha1_base64="zK249JmnFhymmIsBbqzRRpCDAeM=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZPJtKGZzJBkxDL0Xdy49C3EjQuluHGhz2J6WdjLgZCf7z+H5Px+wqhUlvVt5FZW19Y38puFre2d3T1z/6Ah41RgUscxi0XLR5IwykldUcVIKxEERT4jTb93O/KbD0RIGvN71U+IG6EOpyHFSGnkmTeOoiwgTg8lCfICR18ifoQzVC6lvmcWrZI1Lrgo7Kkolo9qv/Sl8lr1zKETxDiNCFeYISnbtpUoN0NCUczIoOCkkiQI91CHtLXkKCLSzcY7DuCpJgEMY6EPV3BM/09kKJKyH/m6M0KqK+e9EVzmtVMVXrsZ5UmqCMeTh8KUQRXDUWAwoIJgxfpaICyo/ivEXSQQVjrWgg7Bnl95UTTOS/Zl6aJmF8sVMKk8OAYn4AzY4AqUwR2ogjrA4Am8gQ/waTwb78bQ+Jq05ozpzCGYKePnD02mqZ0=</latexit>

̃d ⇡ ̃s ⇡ ̃b
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An Example: eEDM
<latexit sha1_base64="gtdjalsorbsCMXaIhku7+rBsFB4=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozIuqyVFCXLdgHtEPJpJk2NJMZk0yhDP0ONy4Ucalf4Re4c+O3mGm70NYDgcM593JPjhdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7hK/caQSsVCcadHEXUD3BPMZwRrI7ntAOs+wTy5GXeuO/mCXbQnQIvEmZFC6aD6zd7KH5VO/rPdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsA92jJU4IAqN5mEHqNjo3SRH0rzhEYT9fdGggOlRoFnJtOQat5Lxf+8Vqz9SzdhIoo1FWR6yI850iFKG0BdJinRfGQIJpKZrIj0scREm55ypgRn/suLpH5adM6LZ1WnUCrDFFk4hCM4AQcuoAS3UIEaELiHB3iCZ2toPVov1ut0NGPNdvbhD6z3H6iwlb0=</latexit>

GFAssuming the presence of       :

Direct bounds:

<latexit sha1_base64="9zChtjpdpibaBRDmFoPhDws3lBA=">AAACCXicbVDJSgNBEO2Je9xGPXppDIIghJkgLregF48KJgqZEGo6laRJz0J3jRCSXL149TO8eFDEq3/gLX9jJ/Hg9qDg8V4VVfXCVElDnjdycjOzc/MLi0v55ZXVtXV3Y7NqkkwLrIhEJfomBINKxlghSQpvUo0QhQqvw+7Z2L++RW1kEl9RL8V6BO1YtqQAslLD5YOApGpi0IU0hUZAkA0ChcYYGXGvWDppuAWv6E3A/xL/ixTKO8H+w6jcu2i4H0EzEVmEMQkFxtR8L6V6HzRJoXCYDzKDKYgutLFmaQwRmnp/8smQ71qlyVuJthUTn6jfJ/oQGdOLQtsZAXXMb28s/ufVMmod1/syTjPCWEwXtTLFKeHjWHhTahSkepaA0NLeykUHNAiy4eVtCP7vl/+SaqnoHxYPLv1C+ZRNsci22Q7bYz47YmV2zi5YhQl2xx7ZM3tx7p0n59V5m7bmnK+ZLfYDzvsnZGedGQ==</latexit>

|̃⌧ | . 0.29

<latexit sha1_base64="byjoboyZxTyjMzuVaeEKKbikDlY=">AAACBnicbVC7SgNBFJ31GRMfUUsRBqNgFXZV1DJoYxnBPCAbltnZm2TIzO4yMxsISSobf8XGQlFbwT+w80O0dvIoNPHAhcM593LvPX7MmdK2/WnNzS8sLi2nVtKZ1bX1jezmVllFiaRQohGPZNUnCjgLoaSZ5lCNJRDhc6j47cuhX+mAVCwKb3Q3hrogzZA1GCXaSF52t+9qxgNw2ySOieeKpO9yUEoxgY8dL5uz8/YIeJY4E5Ir7H+9vHcy30Uv++EGEU0EhJpyolTNsWNd7xGpGeUwSLuJgpjQNmlCzdCQCFD13uiNAT4wSoAbkTQVajxSf0/0iFCqK3zTKYhuqWlvKP7n1RLdOK/3WBgnGkI6XtRIONYRHmaCAyaBat41hFDJzK2YtogkVJvk0iYEZ/rlWVI+yjun+ZNrJ1e4QGOk0A7aQ4fIQWeogK5QEZUQRbfoHj2iJ+vOerCerddx65w1mdlGf2C9/QBBsJ1o</latexit>

|̃µ| . 31

<latexit sha1_base64="FyawwE0l4KJEoLisjTyqMkLbzIY=">AAACCHicbZC7SgNBFIZn4y3GW9TSwiFBEISwK2IsF20sI5gLZJdldnKSDJm9MDMrLElKG2vfwsZCEVsfwS5v42ySQhN/GPj4zzmcOb8fcyaVaU6M3Mrq2vpGfrOwtb2zu1fcP2jIKBEU6jTikWj5RAJnIdQVUxxasQAS+Bya/uAmqzcfQEgWhfcqjcENSC9kXUaJ0pZXPB45ivEOOAMSx8SDkcNBSskCbFZM06p6xXIGmfAyWHMo2yXn7HlipzWv+O10IpoEECrKiZRty4yVOyRCMcphXHASCTGhA9KDtsaQBCDd4fSQMT7RTgd3I6FfqPDU/T0xJIGUaeDrzoCovlysZeZ/tXaiulfukIVxoiCks0XdhGMV4SwV3GECqOKpBkIF03/FtE8EoUpnV9AhWIsnL0PjvGJdVi7urLJ9jWbKoyNUQqfIQlVko1tUQ3VE0SN6QW/o3XgyXo0P43PWmjPmM4foj4yvH9ZCnCs=</latexit>

|̃e| . 0.0017

Indirect bounds:

<latexit sha1_base64="VWFDneL41zVAbqJckVL+gObKZcI=">AAACEHicbZA9SwNBEIb3/DZ+RS1tDqNoIeFORC2DNpYRTBRyIcxtJrpk9+7YnQuEIz/Bxr8iiIUiYmdp5w/R2j1j4dcLCw/vzDA7b5hIYcjzXp2R0bHxicmp6cLM7Nz8QnFxqW7iVHOs8VjG+iwEg1JEWCNBEs8SjaBCiadh9zCvn/ZQGxFHJ9RPsKngPBIdwYGs1SpuBCRkG4MuJAm0MtwKVLoVEKSDQKIxRiiv7Hn+XqtYyiGX+xf8LyhV1t5unnoz79VW8SVoxzxVGBGXYEzD9xJqZqBJcImDQpAaTIB34RwbFiNQaJrZ50EDd906bbcTa/sicj/d7xMZKGP6KrSdCujC/K7l5n+1Rkqd/WYmoiQljPhwUSeVLsVuno7bFho5yb4F4FrYv7r8AjRwshkWbAj+75P/Qn277O+Wd479UuWADTXFVtgq22Q+22MVdsSqrMY4u2TX7I7dO1fOrfPgPA5bR5yvmWX2Q87zB8WuoNE=</latexit>

̃e,µ,⌧ . 0.0017

<latexit sha1_base64="gXPMdOmaiw7EgcrYEm0rX6WXFuc=">AAACKHicbZC7SkNBEIb3eI3xFrW0WYyCVThHRO0M2lhGMFHICWHOZqJL9lzYnRMMIY9j4wP4ApY2Ioqk9R20dpNYqMnAsj/fP8Pu/EGipCHX7TtT0zOzc/OZhezi0vLKam5tvWLiVAssi1jF+ioAg0pGWCZJCq8SjRAGCi+D1unAv2yjNjKOLqiTYC2E60g2pQCyqJ479kmqBvotSBKoo28vHd/yP9QP08mcIK3n8m7BHRYfF96PyBe3Px8e24tfpXruxW/EIg0xIqHAmKrnJlTrgiYpFPayfmowAdGCa6xaGUGIptYdLtrjO5Y0eDPW9kTEh/T3RBdCYzphYDtDoBvz3xvASV41peZRrSujJCWMxOihZqo4xXyQGm9IjYJUxwoQWtq/cnEDGgTZbLM2BO//yuOislfwDgr7516+eMJGlWGbbIvtMo8dsiI7YyVWZoLdsSf2yt6ce+fZeXf6o9Yp52dmg/0p5+Mbg+ishw==</latexit>

̃e ⇡ ̃µ ⇡ ̃⌧
<latexit sha1_base64="HgbB6BNWrlTa6uON/gG2G0S9LiE=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZOmbWjmQnJGLEPfxY1L30LcuFCKGxf6LKaXhb0cCPn5/nNIzu/HgiuwrG8js7K6tr6R3cxtbe/s7pn7BzUVJZKyKo1EJBs+UUzwkFWBg2CNWDIS+ILV/d7tyK8/MKl4FN5DP2ZuQDohb3NKQCPPvHGAixZzeiSOiZc4+pLRI56hdCkFz8xbBWtceFHYU5EvHlV++UvpteyZQ6cV0SRgIVBBlGraVgxuSiRwKtgg5ySKxYT2SIc1tQxJwJSbjncc4FNNWrgdSX1CwGP6fyIlgVL9wNedAYGumvdGcJnXTKB97aY8jBNgIZ081E4EhgiPAsMtLhkF0deCUMn1XzHtEkko6FhzOgR7fuVFUTsv2JeFi4qdL5bQpLLoGJ2gM2SjK1REd6iMqoiiJ/SGPtCn8Wy8G0Pja9KaMaYzh2imjJ8/a/6psA==</latexit>

̃u ⇡ ̃c ⇡ ̃t
<latexit sha1_base64="zK249JmnFhymmIsBbqzRRpCDAeM=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZPJtKGZzJBkxDL0Xdy49C3EjQuluHGhz2J6WdjLgZCf7z+H5Px+wqhUlvVt5FZW19Y38puFre2d3T1z/6Ah41RgUscxi0XLR5IwykldUcVIKxEERT4jTb93O/KbD0RIGvN71U+IG6EOpyHFSGnkmTeOoiwgTg8lCfICR18ifoQzVC6lvmcWrZI1Lrgo7Kkolo9qv/Sl8lr1zKETxDiNCFeYISnbtpUoN0NCUczIoOCkkiQI91CHtLXkKCLSzcY7DuCpJgEMY6EPV3BM/09kKJKyH/m6M0KqK+e9EVzmtVMVXrsZ5UmqCMeTh8KUQRXDUWAwoIJgxfpaICyo/ivEXSQQVjrWgg7Bnl95UTTOS/Zl6aJmF8sVMKk8OAYn4AzY4AqUwR2ogjrA4Am8gQ/waTwb78bQ+Jq05ozpzCGYKePnD02mqZ0=</latexit>

̃d ⇡ ̃s ⇡ ̃b

<latexit sha1_base64="gRYFCvI2ixId+asOwN9kTGskciM=">AAACCHicbZBNS0JBFIbn2pfZl9WyRYMSBIHcK1EtpTYtDfIDvCJzx6MOzv1g5txA1GWb1v2LNi2KaNtPaOe/aa66KO2FgYf3nMOZ83qRFBpte2KlVlbX1jfSm5mt7Z3dvez+QVWHseJQ4aEMVd1jGqQIoIICJdQjBcz3JNS8/k1Srz2A0iIM7nEQQdNn3UB0BGdorFb2eOSikG1w+yyKWAtHrgSttfCpXbBtp9jK5hNIRJfBmUO+lHPPnielQbmV/XbbIY99CJBLpnXDsSNsDplCwSWMM26sIWK8z7rQMBgwH3RzOD1kTE+M06adUJkXIJ26vyeGzNd64Hum02fY04u1xPyv1oixc9UciiCKEQI+W9SJJcWQJqnQtlDAUQ4MMK6E+SvlPaYYR5NdxoTgLJ68DNViwbkonN85+dI1mSlNjkiOnBKHXJISuSVlUiGcPJIX8kberSfr1fqwPmetKWs+c0j+yPr6AeZanDU=</latexit>

|̃t| . 0.0012

<latexit sha1_base64="wG61mDCvmXnPreIdIezjZ0ljjz0=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIwjCjYjwOevEYwSyQCaGnU5M06Vno7hHCJCcvfoA/4cWDIl79Bm/5GzvLQRMfFDzeq6Kqnp9wJpVtj4yl5ZXVtfXcRn5za3tn19zbr8o4FRQqNOaxqPtEAmcRVBRTHOqJABL6HGp+72bs1x5ASBZH96qfQDMknYgFjBKlpZZ5NPAU423weiRJSIsOPA5SShZi2zovtcyibdkT4EXizEjRLXinzyO3X26Z3147pmkIkaKcSNlw7EQ1MyIUoxyGeS+VkBDaIx1oaBqREGQzm7wxxMdaaeMgFroihSfq74mMhFL2Q193hkR15bw3Fv/zGqkKrpoZi5JUQUSni4KUYxXjcSa4zQRQxfuaECqYvhXTLhGEKp1cXofgzL+8SKpnlnNpXdw5RfcaTZFDh6iATpCDSshFt6iMKoiiR/SC3tC78WS8Gh/G57R1yZjNHKA/ML5+AORXm7c=</latexit>

|̃c| . 0.37
<latexit sha1_base64="GsMF2Y2V6qcEPSkLiFa/CM/KS90=">AAACDHicbVC7SgNBFJ31GRMfUUubwShYSNgNopZBG8sI5gHZEGYnNzpk9sHM3UBY8gE2/oqNiCJWgh9g54do7WySQhMPDBzOOZc793iRFBpt+9Oam19YXFrOrGRzq2vrG/nNrZoOY8WhykMZqobHNEgRQBUFSmhECpjvSah7vfPUr/dBaREGVziIoOWz60B0BWdopHa+4KKQHXB7LIpYO4kP+SEOXQlaa+FTu2jbTsmkUpKCzhJnQgrlva/Ht37uu9LOf7idkMc+BMgl07rp2BG2EqZQcAnDrBtriBjvsWtoGhowH3QrGR0zpPtG6dBuqMwLkI7U3xMJ87Ue+J5J+gxv9LSXiv95zRi7p61EBFGMEPDxom4sKYY0bYZ2hAKOcmAI40qYv1J+wxTjaPrLmhKc6ZNnSa1UdI6LR5dOoXxGxsiQHbJLDohDTkiZXJAKqRJObsk9eSLP1p31YL1Yr+PonDWZ2SZ/YL3/ABtsnsc=</latexit>

̃u,c,t . 0.0012

<latexit sha1_base64="esEvNY6aDEHNLkDVg3bO1tO7geI=">AAACBnicbVDJSgNBEO1xjXEb9ShCkyAIQpgJQT0GvXiMYBbIDENPp5I06Vno7hGGSU5e/AB/wosHRbz6Dd7yN3aWgyY+KHi8V0VVPT/mTCrLGhsrq2vrG5u5rfz2zu7evnlw2JBRIijUacQj0fKJBM5CqCumOLRiASTwOTT9wc3Ebz6AkCwK71UagxuQXsi6jBKlJc88GTqK8Q44AxLHxPOHDgcpJQuwVSpXPLNolawp8DKx56RYLTjnz+NqWvPMb6cT0SSAUFFOpGzbVqzcjAjFKIdR3kkkxIQOSA/amoYkAOlm0zdG+FQrHdyNhK5Q4an6eyIjgZRp4OvOgKi+XPQm4n9eO1HdKzdjYZwoCOlsUTfhWEV4kgnuMAFU8VQTQgXTt2LaJ4JQpZPL6xDsxZeXSaNcsi9KlTu7WL1GM+TQMSqgM2SjS1RFt6iG6oiiR/SC3tC78WS8Gh/G56x1xZjPHKE/ML5+ANy0m7I=</latexit>

|̃b| . 0.24
<latexit sha1_base64="rikHfl7TuoL0DhKHIj5SiXTPijM=">AAACCXicbVC7SgNBFJ31GRMfUUubwShYhLAbgloGbSwjmAdkwzI7ezcZMvtgZjYQlrQ2/oqNhUFs8wd2fojWTh6FJh64cDjnXu69x405k8o0P4219Y3Nre3MTja3u7d/kD88asgoERTqNOKRaLlEAmch1BVTHFqxABK4HJpu/3bqNwcgJIvCBzWMoROQbsh8RonSkpPHtmLcA7tP4pg4qVeURXdkc5BSssAslStOvmCWzBnwKrEWpFA9+xpPBrnvmpP/sL2IJgGEinIiZdsyY9VJiVCMchhl7URCTGifdKGtaUgCkJ109skIn2vFw34kdIUKz9TfEykJpBwGru4MiOrJZW8q/ue1E+Vfd1IWxomCkM4X+QnHKsLTWLDHBFDFh5oQKpi+FdMeEYQqHV5Wh2Atv7xKGuWSdVmq3FuF6g2aI4NO0Cm6QBa6QlV0h2qojih6RM/oFY2NJ+PFeDPe561rxmLmGP2BMfkBrDWeGQ==</latexit>

̃d,s,b . 0.24
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Impact on Baryogenesis
Fuchs et all, JHEP 05 (2020) 056

In the SMEFT case, with d=6 ops. modifying the Yukawas, 
have concluded the following:
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Impact on Baryogenesis
Fuchs et all, JHEP 05 (2020) 056

In the SMEFT case, with d=6 ops. modifying the Yukawas, 
have concluded the following:

Strong sphalerons wash out baryon asymmetry 
generated by both       and 

<latexit sha1_base64="0zD2eX3G8WBbEphILoETsdjDYBY=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6giWUymbRDJ5Nh5kYpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkBypsFxvqzc0vLK6lp+vbCxubW9U9zda+okVYQ2SMIT1Q6wppwJ2gAGnLalojgOOG0Fg6ux37qjSrNE3MBQUj/GPcEiRjAY6dYDxkPqDbCUuAvdYskpOxPYi8SdkVLloP7N3qoftW7x0wsTksZUAOFY647rSPAzrIARTkcFL9VUYjLAPdoxVOCYaj+bXD2yj40S2lGiTAmwJ+rviQzHWg/jwHTGGPp63huL/3mdFKJLP2NCpkAFmS6KUm5DYo8jsEOmKAE+NAQTxcytNuljhQmYoAomBHf+5UXSPC275+WzuluqVNEUeXSIjtAJctEFqqBrVEMNRJBCD+gJPVv31qP1Yr1OW3PWbGYf/YH1/gOtTJZX</latexit>

̃t
<latexit sha1_base64="NGTFxdHkOWVW1KLEnsZ5xqKgPJQ=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoBt0iyWn7ExgLxJ3RkqVg/o3fat+1LrFTy9McBoTrjEDpTquI7SfgdQUMzIqeKkiAvAAeqRjKIeYKD+bXD2yj40S2lEiTXFtT9TfExnESg3jwHTGoPtq3huL/3mdVEeXfka5SDXheLooSpmtE3scgR1SSbBmQ0MAS2putXEfJGBtgiqYENz5lxdJ87TsnpfP6m6pUkVT5NEhOkInyEUXqIKuUQ01EEYSPaAn9GzdW4/Wi/U6bc1Zs5l99AfW+w+SBJZF</latexit>

̃b
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Impact on Baryogenesis
Fuchs et all, JHEP 05 (2020) 056

In the SMEFT case, with d=6 ops. modifying the Yukawas, 
have concluded the following:

Strong sphalerons wash out baryon asymmetry 
generated by both       and 

<latexit sha1_base64="0zD2eX3G8WBbEphILoETsdjDYBY=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6giWUymbRDJ5Nh5kYpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkBypsFxvqzc0vLK6lp+vbCxubW9U9zda+okVYQ2SMIT1Q6wppwJ2gAGnLalojgOOG0Fg6ux37qjSrNE3MBQUj/GPcEiRjAY6dYDxkPqDbCUuAvdYskpOxPYi8SdkVLloP7N3qoftW7x0wsTksZUAOFY647rSPAzrIARTkcFL9VUYjLAPdoxVOCYaj+bXD2yj40S2lGiTAmwJ+rviQzHWg/jwHTGGPp63huL/3mdFKJLP2NCpkAFmS6KUm5DYo8jsEOmKAE+NAQTxcytNuljhQmYoAomBHf+5UXSPC275+WzuluqVNEUeXSIjtAJctEFqqBrVEMNRJBCD+gJPVv31qP1Yr1OW3PWbGYf/YH1/gOtTJZX</latexit>

̃t
<latexit sha1_base64="NGTFxdHkOWVW1KLEnsZ5xqKgPJQ=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoBt0iyWn7ExgLxJ3RkqVg/o3fat+1LrFTy9McBoTrjEDpTquI7SfgdQUMzIqeKkiAvAAeqRjKIeYKD+bXD2yj40S2lEiTXFtT9TfExnESg3jwHTGoPtq3huL/3mdVEeXfka5SDXheLooSpmtE3scgR1SSbBmQ0MAS2putXEfJGBtgiqYENz5lxdJ87TsnpfP6m6pUkVT5NEhOkInyEUXqIKuUQ01EEYSPaAn9GzdW4/Wi/U6bc1Zs5l99AfW+w+SBJZF</latexit>

̃b

A valid possibility is with       if 
<latexit sha1_base64="fDPxJoYnpXC1wzFrIi7IhwgOUFo=">AAAB+nicbVDLSgNBEJz1GeMrUfDiZTEInsKuiHoM8eIxAfOA7BJ6J7PJkNndYaZXCTGf4sWDIuLNT/ALvHnxW5w8DppY0FBUddPdFUjBNTrOl7W0vLK6tp7ZyG5ube/s5vJ7dZ2kirIaTUSimgFoJnjMashRsKZUDKJAsEbQvxr7jVumNE/iGxxI5kfQjXnIKaCR2rm8h1x0mNcHKaHtIaTtXMEpOhPYi8SdkULpoPrN38oflXbu0+skNI1YjFSA1i3XkegPQSGngo2yXqqZBNqHLmsZGkPEtD+cnD6yj43SscNEmYrRnqi/J4YQaT2IAtMZAfb0vDcW//NaKYaX/pDHMkUW0+miMBU2JvY4B7vDFaMoBoYAVdzcatMeKKBo0sqaENz5lxdJ/bTonhfPqm6hVCZTZMghOSInxCUXpESuSYXUCCV35IE8kWfr3nq0XqzXaeuSNZvZJ39gvf8AdjOX2A==</latexit>

̃⌧
<latexit sha1_base64="BM6zVzY1dPBfyvzSSai3uz4OJwI=">AAACBnicbVC7SgNBFJ2Nrxhfq4KNCINBsAq7IpoyxMYyAfOAbAh3J5NkyOyDmbtCCKls/BULLRSxtfAL7Gz8FiePQhMPDHM451xm7vFjKTQ6zpeVWlpeWV1Lr2c2Nre2d+zdvaqOEsV4hUUyUnUfNJci5BUUKHk9VhwCX/Ka378a+7VbrrSIwhscxLwZQDcUHcEAjdSyjzwUss29PsQxtDyExOuiiQfUyTn5lp011wR0kbgzki0clL/FY/Gj1LI/vXbEkoCHyCRo3XCdGJtDUCiY5KOMl2geA+tDlzcMDSHgujmcrDGiJ0Zp006kzAmRTtTfE0MItB4EvkkGgD09743F/7xGgp18cyjCOEEesulDnURSjOi4E9oWijOUA0OAKWH+SlkPFDA0zWVMCe78youkepZzL3LnZTdbKJIp0uSQHJNT4pJLUiDXpEQqhJE78kCeyYt1bz1Zr9bbNJqyZjP75A+s9x9zeZwo</latexit>

̃⌧ & 0.08

(Analysis done with only one       at a time, but similar 
results with more than one       contemporary)

<latexit sha1_base64="y0YqxanV81OBDiLZRaoU/mAhHcA=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoEu7xZJTdiawF4k7I6XKQf2bvlU/at3ipxcmOI0J15iBUh3XEdrPQGqKGRkVvFQRAXgAPdIxlENMlJ9Nrh7Zx0YJ7SiRpri2J+rviQxipYZxYDpj0H01743F/7xOqqNLP6NcpJpwPF0UpczWiT2OwA6pJFizoSGAJTW32rgPErA2QRVMCO78y4ukeVp2z8tndbdUqaIp8ugQHaET5KILVEHXqIYaCCOJHtATerburUfrxXqdtuas2cw++gPr/QecoJZM</latexit>

̃i
<latexit sha1_base64="y0YqxanV81OBDiLZRaoU/mAhHcA=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoEu7xZJTdiawF4k7I6XKQf2bvlU/at3ipxcmOI0J15iBUh3XEdrPQGqKGRkVvFQRAXgAPdIxlENMlJ9Nrh7Zx0YJ7SiRpri2J+rviQxipYZxYDpj0H01743F/7xOqqNLP6NcpJpwPF0UpczWiT2OwA6pJFizoSGAJTW32rgPErA2QRVMCO78y4ukeVp2z8tndbdUqaIp8ugQHaET5KILVEHXqIYaCCOJHtATerburUfrxXqdtuas2cw++gPr/QecoJZM</latexit>

̃i
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Impact on Baryogenesis
Fuchs et all, JHEP 05 (2020) 056

In the SMEFT case, with d=6 ops. modifying the Yukawas, 
have concluded the following:

Strong sphalerons wash out baryon asymmetry 
generated by both       and 

<latexit sha1_base64="0zD2eX3G8WBbEphILoETsdjDYBY=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6giWUymbRDJ5Nh5kYpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkBypsFxvqzc0vLK6lp+vbCxubW9U9zda+okVYQ2SMIT1Q6wppwJ2gAGnLalojgOOG0Fg6ux37qjSrNE3MBQUj/GPcEiRjAY6dYDxkPqDbCUuAvdYskpOxPYi8SdkVLloP7N3qoftW7x0wsTksZUAOFY647rSPAzrIARTkcFL9VUYjLAPdoxVOCYaj+bXD2yj40S2lGiTAmwJ+rviQzHWg/jwHTGGPp63huL/3mdFKJLP2NCpkAFmS6KUm5DYo8jsEOmKAE+NAQTxcytNuljhQmYoAomBHf+5UXSPC275+WzuluqVNEUeXSIjtAJctEFqqBrVEMNRJBCD+gJPVv31qP1Yr1OW3PWbGYf/YH1/gOtTJZX</latexit>

̃t
<latexit sha1_base64="NGTFxdHkOWVW1KLEnsZ5xqKgPJQ=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoBt0iyWn7ExgLxJ3RkqVg/o3fat+1LrFTy9McBoTrjEDpTquI7SfgdQUMzIqeKkiAvAAeqRjKIeYKD+bXD2yj40S2lEiTXFtT9TfExnESg3jwHTGoPtq3huL/3mdVEeXfka5SDXheLooSpmtE3scgR1SSbBmQ0MAS2putXEfJGBtgiqYENz5lxdJ87TsnpfP6m6pUkVT5NEhOkInyEUXqIKuUQ01EEYSPaAn9GzdW4/Wi/U6bc1Zs5l99AfW+w+SBJZF</latexit>

̃b

A valid possibility is with       if 
<latexit sha1_base64="fDPxJoYnpXC1wzFrIi7IhwgOUFo=">AAAB+nicbVDLSgNBEJz1GeMrUfDiZTEInsKuiHoM8eIxAfOA7BJ6J7PJkNndYaZXCTGf4sWDIuLNT/ALvHnxW5w8DppY0FBUddPdFUjBNTrOl7W0vLK6tp7ZyG5ube/s5vJ7dZ2kirIaTUSimgFoJnjMashRsKZUDKJAsEbQvxr7jVumNE/iGxxI5kfQjXnIKaCR2rm8h1x0mNcHKaHtIaTtXMEpOhPYi8SdkULpoPrN38oflXbu0+skNI1YjFSA1i3XkegPQSGngo2yXqqZBNqHLmsZGkPEtD+cnD6yj43SscNEmYrRnqi/J4YQaT2IAtMZAfb0vDcW//NaKYaX/pDHMkUW0+miMBU2JvY4B7vDFaMoBoYAVdzcatMeKKBo0sqaENz5lxdJ/bTonhfPqm6hVCZTZMghOSInxCUXpESuSYXUCCV35IE8kWfr3nq0XqzXaeuSNZvZJ39gvf8AdjOX2A==</latexit>

̃⌧
<latexit sha1_base64="BM6zVzY1dPBfyvzSSai3uz4OJwI=">AAACBnicbVC7SgNBFJ2Nrxhfq4KNCINBsAq7IpoyxMYyAfOAbAh3J5NkyOyDmbtCCKls/BULLRSxtfAL7Gz8FiePQhMPDHM451xm7vFjKTQ6zpeVWlpeWV1Lr2c2Nre2d+zdvaqOEsV4hUUyUnUfNJci5BUUKHk9VhwCX/Ka378a+7VbrrSIwhscxLwZQDcUHcEAjdSyjzwUss29PsQxtDyExOuiiQfUyTn5lp011wR0kbgzki0clL/FY/Gj1LI/vXbEkoCHyCRo3XCdGJtDUCiY5KOMl2geA+tDlzcMDSHgujmcrDGiJ0Zp006kzAmRTtTfE0MItB4EvkkGgD09743F/7xGgp18cyjCOEEesulDnURSjOi4E9oWijOUA0OAKWH+SlkPFDA0zWVMCe78youkepZzL3LnZTdbKJIp0uSQHJNT4pJLUiDXpEQqhJE78kCeyYt1bz1Zr9bbNJqyZjP75A+s9x9zeZwo</latexit>

̃⌧ & 0.08

<latexit sha1_base64="VWFDneL41zVAbqJckVL+gObKZcI=">AAACEHicbZA9SwNBEIb3/DZ+RS1tDqNoIeFORC2DNpYRTBRyIcxtJrpk9+7YnQuEIz/Bxr8iiIUiYmdp5w/R2j1j4dcLCw/vzDA7b5hIYcjzXp2R0bHxicmp6cLM7Nz8QnFxqW7iVHOs8VjG+iwEg1JEWCNBEs8SjaBCiadh9zCvn/ZQGxFHJ9RPsKngPBIdwYGs1SpuBCRkG4MuJAm0MtwKVLoVEKSDQKIxRiiv7Hn+XqtYyiGX+xf8LyhV1t5unnoz79VW8SVoxzxVGBGXYEzD9xJqZqBJcImDQpAaTIB34RwbFiNQaJrZ50EDd906bbcTa/sicj/d7xMZKGP6KrSdCujC/K7l5n+1Rkqd/WYmoiQljPhwUSeVLsVuno7bFho5yb4F4FrYv7r8AjRwshkWbAj+75P/Qn277O+Wd479UuWADTXFVtgq22Q+22MVdsSqrMY4u2TX7I7dO1fOrfPgPA5bR5yvmWX2Q87zB8WuoNE=</latexit>

̃e,µ,⌧ . 0.0017If there is       , then                         and therefore, 
baryogenesis cannot be explained even with      !  

<latexit sha1_base64="gtdjalsorbsCMXaIhku7+rBsFB4=">AAAB9HicbVDLSgMxFL1TX7W+qoIbN8EiuCozIuqyVFCXLdgHtEPJpJk2NJMZk0yhDP0ONy4Ucalf4Re4c+O3mGm70NYDgcM593JPjhdxprRtf1mZpeWV1bXsem5jc2t7J7+7V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7hK/caQSsVCcadHEXUD3BPMZwRrI7ntAOs+wTy5GXeuO/mCXbQnQIvEmZFC6aD6zd7KH5VO/rPdDUkcUKEJx0q1HDvSboKlZoTTca4dKxphMsA92jJU4IAqN5mEHqNjo3SRH0rzhEYT9fdGggOlRoFnJtOQat5Lxf+8Vqz9SzdhIoo1FWR6yI850iFKG0BdJinRfGQIJpKZrIj0scREm55ypgRn/suLpH5adM6LZ1WnUCrDFFk4hCM4AQcuoAS3UIEaELiHB3iCZ2toPVov1ut0NGPNdvbhD6z3H6iwlb0=</latexit>

GF
<latexit sha1_base64="fDPxJoYnpXC1wzFrIi7IhwgOUFo=">AAAB+nicbVDLSgNBEJz1GeMrUfDiZTEInsKuiHoM8eIxAfOA7BJ6J7PJkNndYaZXCTGf4sWDIuLNT/ALvHnxW5w8DppY0FBUddPdFUjBNTrOl7W0vLK6tp7ZyG5ube/s5vJ7dZ2kirIaTUSimgFoJnjMashRsKZUDKJAsEbQvxr7jVumNE/iGxxI5kfQjXnIKaCR2rm8h1x0mNcHKaHtIaTtXMEpOhPYi8SdkULpoPrN38oflXbu0+skNI1YjFSA1i3XkegPQSGngo2yXqqZBNqHLmsZGkPEtD+cnD6yj43SscNEmYrRnqi/J4YQaT2IAtMZAfb0vDcW//NaKYaX/pDHMkUW0+miMBU2JvY4B7vDFaMoBoYAVdzcatMeKKBo0sqaENz5lxdJ/bTonhfPqm6hVCZTZMghOSInxCUXpESuSYXUCCV35IE8kWfr3nq0XqzXaeuSNZvZJ39gvf8AdjOX2A==</latexit>

̃⌧

(Analysis done with only one       at a time, but similar 
results with more than one       contemporary)

<latexit sha1_base64="y0YqxanV81OBDiLZRaoU/mAhHcA=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoEu7xZJTdiawF4k7I6XKQf2bvlU/at3ipxcmOI0J15iBUh3XEdrPQGqKGRkVvFQRAXgAPdIxlENMlJ9Nrh7Zx0YJ7SiRpri2J+rviQxipYZxYDpj0H01743F/7xOqqNLP6NcpJpwPF0UpczWiT2OwA6pJFizoSGAJTW32rgPErA2QRVMCO78y4ukeVp2z8tndbdUqaIp8ugQHaET5KILVEHXqIYaCCOJHtATerburUfrxXqdtuas2cw++gPr/QecoJZM</latexit>

̃i
<latexit sha1_base64="y0YqxanV81OBDiLZRaoU/mAhHcA=">AAAB9XicbVDLSsNAFJ3UV62vquDGTbAIrkoioi5L3bhswT6gieVmMmmHTibDzEQpof/hxoUi7sSf8AvcufFbnD4W2nrgwuGce7n3nkAwqrTjfFm5peWV1bX8emFjc2t7p7i711RJKjFp4IQlsh2AIoxy0tBUM9IWkkAcMNIKBldjv3VHpKIJv9FDQfwYepxGFIM20q2nKQuJNwAhoEu7xZJTdiawF4k7I6XKQf2bvlU/at3ipxcmOI0J15iBUh3XEdrPQGqKGRkVvFQRAXgAPdIxlENMlJ9Nrh7Zx0YJ7SiRpri2J+rviQxipYZxYDpj0H01743F/7xOqqNLP6NcpJpwPF0UpczWiT2OwA6pJFizoSGAJTW32rgPErA2QRVMCO78y4ukeVp2z8tndbdUqaIp8ugQHaET5KILVEHXqIYaCCOJHtATerburUfrxXqdtuas2cw++gPr/QecoJZM</latexit>

̃i
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How General is this?
<latexit sha1_base64="gXPMdOmaiw7EgcrYEm0rX6WXFuc=">AAACKHicbZC7SkNBEIb3eI3xFrW0WYyCVThHRO0M2lhGMFHICWHOZqJL9lzYnRMMIY9j4wP4ApY2Ioqk9R20dpNYqMnAsj/fP8Pu/EGipCHX7TtT0zOzc/OZhezi0vLKam5tvWLiVAssi1jF+ioAg0pGWCZJCq8SjRAGCi+D1unAv2yjNjKOLqiTYC2E60g2pQCyqJ479kmqBvotSBKoo28vHd/yP9QP08mcIK3n8m7BHRYfF96PyBe3Px8e24tfpXruxW/EIg0xIqHAmKrnJlTrgiYpFPayfmowAdGCa6xaGUGIptYdLtrjO5Y0eDPW9kTEh/T3RBdCYzphYDtDoBvz3xvASV41peZRrSujJCWMxOihZqo4xXyQGm9IjYJUxwoQWtq/cnEDGgTZbLM2BO//yuOislfwDgr7516+eMJGlWGbbIvtMo8dsiI7YyVWZoLdsSf2yt6ce+fZeXf6o9Yp52dmg/0p5+Mbg+ishw==</latexit>

̃e ⇡ ̃µ ⇡ ̃⌧

<latexit sha1_base64="HgbB6BNWrlTa6uON/gG2G0S9LiE=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZOmbWjmQnJGLEPfxY1L30LcuFCKGxf6LKaXhb0cCPn5/nNIzu/HgiuwrG8js7K6tr6R3cxtbe/s7pn7BzUVJZKyKo1EJBs+UUzwkFWBg2CNWDIS+ILV/d7tyK8/MKl4FN5DP2ZuQDohb3NKQCPPvHGAixZzeiSOiZc4+pLRI56hdCkFz8xbBWtceFHYU5EvHlV++UvpteyZQ6cV0SRgIVBBlGraVgxuSiRwKtgg5ySKxYT2SIc1tQxJwJSbjncc4FNNWrgdSX1CwGP6fyIlgVL9wNedAYGumvdGcJnXTKB97aY8jBNgIZ081E4EhgiPAsMtLhkF0deCUMn1XzHtEkko6FhzOgR7fuVFUTsv2JeFi4qdL5bQpLLoGJ2gM2SjK1REd6iMqoiiJ/SGPtCn8Wy8G0Pja9KaMaYzh2imjJ8/a/6psA==</latexit>

̃u ⇡ ̃c ⇡ ̃t

<latexit sha1_base64="zK249JmnFhymmIsBbqzRRpCDAeM=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZPJtKGZzJBkxDL0Xdy49C3EjQuluHGhz2J6WdjLgZCf7z+H5Px+wqhUlvVt5FZW19Y38puFre2d3T1z/6Ah41RgUscxi0XLR5IwykldUcVIKxEERT4jTb93O/KbD0RIGvN71U+IG6EOpyHFSGnkmTeOoiwgTg8lCfICR18ifoQzVC6lvmcWrZI1Lrgo7Kkolo9qv/Sl8lr1zKETxDiNCFeYISnbtpUoN0NCUczIoOCkkiQI91CHtLXkKCLSzcY7DuCpJgEMY6EPV3BM/09kKJKyH/m6M0KqK+e9EVzmtVMVXrsZ5UmqCMeTh8KUQRXDUWAwoIJgxfpaICyo/ivEXSQQVjrWgg7Bnl95UTTOS/Zl6aJmF8sVMKk8OAYn4AzY4AqUwR2ogjrA4Am8gQ/waTwb78bQ+Jq05ozpzCGYKePnD02mqZ0=</latexit>

̃d ⇡ ̃s ⇡ ̃b
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How General is this?
<latexit sha1_base64="gXPMdOmaiw7EgcrYEm0rX6WXFuc=">AAACKHicbZC7SkNBEIb3eI3xFrW0WYyCVThHRO0M2lhGMFHICWHOZqJL9lzYnRMMIY9j4wP4ApY2Ioqk9R20dpNYqMnAsj/fP8Pu/EGipCHX7TtT0zOzc/OZhezi0vLKam5tvWLiVAssi1jF+ioAg0pGWCZJCq8SjRAGCi+D1unAv2yjNjKOLqiTYC2E60g2pQCyqJ479kmqBvotSBKoo28vHd/yP9QP08mcIK3n8m7BHRYfF96PyBe3Px8e24tfpXruxW/EIg0xIqHAmKrnJlTrgiYpFPayfmowAdGCa6xaGUGIptYdLtrjO5Y0eDPW9kTEh/T3RBdCYzphYDtDoBvz3xvASV41peZRrSujJCWMxOihZqo4xXyQGm9IjYJUxwoQWtq/cnEDGgTZbLM2BO//yuOislfwDgr7516+eMJGlWGbbIvtMo8dsiI7YyVWZoLdsSf2yt6ce+fZeXf6o9Yp52dmg/0p5+Mbg+ishw==</latexit>

̃e ⇡ ̃µ ⇡ ̃⌧

<latexit sha1_base64="HgbB6BNWrlTa6uON/gG2G0S9LiE=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZOmbWjmQnJGLEPfxY1L30LcuFCKGxf6LKaXhb0cCPn5/nNIzu/HgiuwrG8js7K6tr6R3cxtbe/s7pn7BzUVJZKyKo1EJBs+UUzwkFWBg2CNWDIS+ILV/d7tyK8/MKl4FN5DP2ZuQDohb3NKQCPPvHGAixZzeiSOiZc4+pLRI56hdCkFz8xbBWtceFHYU5EvHlV++UvpteyZQ6cV0SRgIVBBlGraVgxuSiRwKtgg5ySKxYT2SIc1tQxJwJSbjncc4FNNWrgdSX1CwGP6fyIlgVL9wNedAYGumvdGcJnXTKB97aY8jBNgIZ081E4EhgiPAsMtLhkF0deCUMn1XzHtEkko6FhzOgR7fuVFUTsv2JeFi4qdL5bQpLLoGJ2gM2SjK1REd6iMqoiiJ/SGPtCn8Wy8G0Pja9KaMaYzh2imjJ8/a/6psA==</latexit>

̃u ⇡ ̃c ⇡ ̃t

<latexit sha1_base64="zK249JmnFhymmIsBbqzRRpCDAeM=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZPJtKGZzJBkxDL0Xdy49C3EjQuluHGhz2J6WdjLgZCf7z+H5Px+wqhUlvVt5FZW19Y38puFre2d3T1z/6Ah41RgUscxi0XLR5IwykldUcVIKxEERT4jTb93O/KbD0RIGvN71U+IG6EOpyHFSGnkmTeOoiwgTg8lCfICR18ifoQzVC6lvmcWrZI1Lrgo7Kkolo9qv/Sl8lr1zKETxDiNCFeYISnbtpUoN0NCUczIoOCkkiQI91CHtLXkKCLSzcY7DuCpJgEMY6EPV3BM/09kKJKyH/m6M0KqK+e9EVzmtVMVXrsZ5UmqCMeTh8KUQRXDUWAwoIJgxfpaICyo/ivEXSQQVjrWgg7Bnl95UTTOS/Zl6aJmF8sVMKk8OAYn4AzY4AqUwR2ogjrA4Am8gQ/waTwb78bQ+Jq05ozpzCGYKePnD02mqZ0=</latexit>

̃d ⇡ ̃s ⇡ ̃b

We verified this is the case for two extreme cases:
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How General is this?
<latexit sha1_base64="gXPMdOmaiw7EgcrYEm0rX6WXFuc=">AAACKHicbZC7SkNBEIb3eI3xFrW0WYyCVThHRO0M2lhGMFHICWHOZqJL9lzYnRMMIY9j4wP4ApY2Ioqk9R20dpNYqMnAsj/fP8Pu/EGipCHX7TtT0zOzc/OZhezi0vLKam5tvWLiVAssi1jF+ioAg0pGWCZJCq8SjRAGCi+D1unAv2yjNjKOLqiTYC2E60g2pQCyqJ479kmqBvotSBKoo28vHd/yP9QP08mcIK3n8m7BHRYfF96PyBe3Px8e24tfpXruxW/EIg0xIqHAmKrnJlTrgiYpFPayfmowAdGCa6xaGUGIptYdLtrjO5Y0eDPW9kTEh/T3RBdCYzphYDtDoBvz3xvASV41peZRrSujJCWMxOihZqo4xXyQGm9IjYJUxwoQWtq/cnEDGgTZbLM2BO//yuOislfwDgr7516+eMJGlWGbbIvtMo8dsiI7YyVWZoLdsSf2yt6ce+fZeXf6o9Yp52dmg/0p5+Mbg+ishw==</latexit>

̃e ⇡ ̃µ ⇡ ̃⌧

<latexit sha1_base64="HgbB6BNWrlTa6uON/gG2G0S9LiE=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZOmbWjmQnJGLEPfxY1L30LcuFCKGxf6LKaXhb0cCPn5/nNIzu/HgiuwrG8js7K6tr6R3cxtbe/s7pn7BzUVJZKyKo1EJBs+UUzwkFWBg2CNWDIS+ILV/d7tyK8/MKl4FN5DP2ZuQDohb3NKQCPPvHGAixZzeiSOiZc4+pLRI56hdCkFz8xbBWtceFHYU5EvHlV++UvpteyZQ6cV0SRgIVBBlGraVgxuSiRwKtgg5ySKxYT2SIc1tQxJwJSbjncc4FNNWrgdSX1CwGP6fyIlgVL9wNedAYGumvdGcJnXTKB97aY8jBNgIZ081E4EhgiPAsMtLhkF0deCUMn1XzHtEkko6FhzOgR7fuVFUTsv2JeFi4qdL5bQpLLoGJ2gM2SjK1REd6iMqoiiJ/SGPtCn8Wy8G0Pja9KaMaYzh2imjJ8/a/6psA==</latexit>

̃u ⇡ ̃c ⇡ ̃t

<latexit sha1_base64="zK249JmnFhymmIsBbqzRRpCDAeM=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZPJtKGZzJBkxDL0Xdy49C3EjQuluHGhz2J6WdjLgZCf7z+H5Px+wqhUlvVt5FZW19Y38puFre2d3T1z/6Ah41RgUscxi0XLR5IwykldUcVIKxEERT4jTb93O/KbD0RIGvN71U+IG6EOpyHFSGnkmTeOoiwgTg8lCfICR18ifoQzVC6lvmcWrZI1Lrgo7Kkolo9qv/Sl8lr1zKETxDiNCFeYISnbtpUoN0NCUczIoOCkkiQI91CHtLXkKCLSzcY7DuCpJgEMY6EPV3BM/09kKJKyH/m6M0KqK+e9EVzmtVMVXrsZ5UmqCMeTh8KUQRXDUWAwoIJgxfpaICyo/ivEXSQQVjrWgg7Bnl95UTTOS/Zl6aJmF8sVMKk8OAYn4AzY4AqUwR2ogjrA4Am8gQ/waTwb78bQ+Jq05ozpzCGYKePnD02mqZ0=</latexit>

̃d ⇡ ̃s ⇡ ̃b

We verified this is the case for two extreme cases:

Minimal Flavour Violation (MFV)
Effective approach where any 
source of flavour and CP violation 
is controlled by the Yukawas!
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How General is this?
<latexit sha1_base64="gXPMdOmaiw7EgcrYEm0rX6WXFuc=">AAACKHicbZC7SkNBEIb3eI3xFrW0WYyCVThHRO0M2lhGMFHICWHOZqJL9lzYnRMMIY9j4wP4ApY2Ioqk9R20dpNYqMnAsj/fP8Pu/EGipCHX7TtT0zOzc/OZhezi0vLKam5tvWLiVAssi1jF+ioAg0pGWCZJCq8SjRAGCi+D1unAv2yjNjKOLqiTYC2E60g2pQCyqJ479kmqBvotSBKoo28vHd/yP9QP08mcIK3n8m7BHRYfF96PyBe3Px8e24tfpXruxW/EIg0xIqHAmKrnJlTrgiYpFPayfmowAdGCa6xaGUGIptYdLtrjO5Y0eDPW9kTEh/T3RBdCYzphYDtDoBvz3xvASV41peZRrSujJCWMxOihZqo4xXyQGm9IjYJUxwoQWtq/cnEDGgTZbLM2BO//yuOislfwDgr7516+eMJGlWGbbIvtMo8dsiI7YyVWZoLdsSf2yt6ce+fZeXf6o9Yp52dmg/0p5+Mbg+ishw==</latexit>

̃e ⇡ ̃µ ⇡ ̃⌧

<latexit sha1_base64="HgbB6BNWrlTa6uON/gG2G0S9LiE=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZOmbWjmQnJGLEPfxY1L30LcuFCKGxf6LKaXhb0cCPn5/nNIzu/HgiuwrG8js7K6tr6R3cxtbe/s7pn7BzUVJZKyKo1EJBs+UUzwkFWBg2CNWDIS+ILV/d7tyK8/MKl4FN5DP2ZuQDohb3NKQCPPvHGAixZzeiSOiZc4+pLRI56hdCkFz8xbBWtceFHYU5EvHlV++UvpteyZQ6cV0SRgIVBBlGraVgxuSiRwKtgg5ySKxYT2SIc1tQxJwJSbjncc4FNNWrgdSX1CwGP6fyIlgVL9wNedAYGumvdGcJnXTKB97aY8jBNgIZ081E4EhgiPAsMtLhkF0deCUMn1XzHtEkko6FhzOgR7fuVFUTsv2JeFi4qdL5bQpLLoGJ2gM2SjK1REd6iMqoiiJ/SGPtCn8Wy8G0Pja9KaMaYzh2imjJ8/a/6psA==</latexit>

̃u ⇡ ̃c ⇡ ̃t

<latexit sha1_base64="zK249JmnFhymmIsBbqzRRpCDAeM=">AAACI3icbZDLSgMxFIYz9VbrbVRw4yZYBFdlRkTFVakbly3YC3SGIZPJtKGZzJBkxDL0Xdy49C3EjQuluHGhz2J6WdjLgZCf7z+H5Px+wqhUlvVt5FZW19Y38puFre2d3T1z/6Ah41RgUscxi0XLR5IwykldUcVIKxEERT4jTb93O/KbD0RIGvN71U+IG6EOpyHFSGnkmTeOoiwgTg8lCfICR18ifoQzVC6lvmcWrZI1Lrgo7Kkolo9qv/Sl8lr1zKETxDiNCFeYISnbtpUoN0NCUczIoOCkkiQI91CHtLXkKCLSzcY7DuCpJgEMY6EPV3BM/09kKJKyH/m6M0KqK+e9EVzmtVMVXrsZ5UmqCMeTh8KUQRXDUWAwoIJgxfpaICyo/ivEXSQQVjrWgg7Bnl95UTTOS/Zl6aJmF8sVMKk8OAYn4AzY4AqUwR2ogjrA4Am8gQ/waTwb78bQ+Jq05ozpzCGYKePnD02mqZ0=</latexit>

̃d ⇡ ̃s ⇡ ̃b

We verified this is the case for two extreme cases:

Minimal Flavour Violation (MFV)

Froggatt-Nielsen (FN)

Effective approach where any 
source of flavour and CP violation 
is controlled by the Yukawas!

Simplest flavour model, but low 
predictivity power!
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The Formalism

<latexit sha1_base64="Rm1HOIj+ZTsiEylAx/sosTrUQd0="></latexit>

L =�Q
0
LH̃Y

0
uu

0
R �Q

0
LHY

0
dd

0
R � L

0
LHY

0
ee

0
R+

�
⇣
Q

0
LH̃C

0
uu

0
R +Q

0
LHC

0
dd

0
R

⌘
H

†
H

⇤2
q

� L
0
LHC

0
ee

0
R
H

†
H

⇤2
`

+ h.c.

SMEFT with d=6 operators affecting the Yukawas: 

primed fields in the flavour basis!
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The Formalism

<latexit sha1_base64="Rm1HOIj+ZTsiEylAx/sosTrUQd0="></latexit>

L =�Q
0
LH̃Y

0
uu

0
R �Q

0
LHY

0
dd

0
R � L

0
LHY

0
ee

0
R+

�
⇣
Q

0
LH̃C

0
uu

0
R +Q

0
LHC

0
dd

0
R

⌘
H

†
H

⇤2
q

� L
0
LHC

0
ee

0
R
H

†
H

⇤2
`

+ h.c.

SMEFT with d=6 operators affecting the Yukawas: 

<latexit sha1_base64="CGw+AqIn9wrSPiH/oCmgSQdNeeU="></latexit>

L =�

u0
L

✓
Y 0
u +

v2

2⇤2
q

C 0
u

◆
u0
R + d0L

✓
Y 0
d +

v2

2⇤2
q

C 0
d

◆
d0R + e0L

✓
Y 0
e +

v2

2⇤2
`

C 0
e

◆
e0R

�
vp
2
+

�

u0
L

✓
Y 0
u +

3v2

2⇤2
q

C 0
u

◆
u0
R + d0L

✓
Y 0
d +

3v2

2⇤2
q

C 0
d

◆
d0R + e0L

✓
Y 0
e +

3v2

2⇤2
`

C 0
e

◆
e0R

�
hp
2
+

+ h.c. + . . .

After EWSB:
primed fields in the flavour basis!
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The Formalism

<latexit sha1_base64="Rm1HOIj+ZTsiEylAx/sosTrUQd0="></latexit>

L =�Q
0
LH̃Y

0
uu

0
R �Q

0
LHY

0
dd

0
R � L

0
LHY

0
ee

0
R+

�
⇣
Q

0
LH̃C

0
uu

0
R +Q

0
LHC

0
dd

0
R

⌘
H

†
H

⇤2
q

� L
0
LHC

0
ee

0
R
H

†
H

⇤2
`

+ h.c.

SMEFT with d=6 operators affecting the Yukawas: 

<latexit sha1_base64="CGw+AqIn9wrSPiH/oCmgSQdNeeU="></latexit>

L =�

u0
L

✓
Y 0
u +

v2

2⇤2
q

C 0
u

◆
u0
R + d0L

✓
Y 0
d +

v2

2⇤2
q

C 0
d

◆
d0R + e0L

✓
Y 0
e +

v2

2⇤2
`

C 0
e

◆
e0R

�
vp
2
+

�

u0
L

✓
Y 0
u +

3v2

2⇤2
q

C 0
u

◆
u0
R + d0L

✓
Y 0
d +

3v2

2⇤2
q

C 0
d

◆
d0R + e0L

✓
Y 0
e +

3v2

2⇤2
`

C 0
e

◆
e0R

�
hp
2
+

+ h.c. + . . .

After EWSB:

masses ≠ Higgs couplings!

primed fields in the flavour basis!
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<latexit sha1_base64="lUiMnFxhklpqmUE4ZMxp0rwqfg8=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0UUhJKUom6EYjcuXFQwfdCkYTKZtEMnD2YmhRL6HW78FTcuFHEnbvwbp4+Fth64cDjnHmbu8RJGhTSMby23srq2vpHfLGxt7+zu6fsHDRGnHBMLxyzmLQ8JwmhELEklI62EExR6jDS9QW3iN4eECxpHD3KUECdEvYgGFCOpJFc326ducG77AUc4G3bL46xs36m4jxSvKe+64QawrcZyg67to56rF42SMQVcJuacFMEcdVf/tP0YpyGJJGZIiI5pJNLJEJcUMzIu2KkgCcID1CMdRSMUEuFk09PG8EQpPgxiriaScKr+TmQoFGIUemozRLIvFr2J+J/XSWVw5WQ0SlJJIjx7KEgZlDGc9AR9ygmWbKQIwpyqv0LcR6olqdosqBLMxZOXSaNcMi9KlftKsXozryMPjsAxOAMmuARVcAvqwAIYPIJn8AretCftRXvXPmarOW2eOQR/oH39AAzrn6Q=</latexit>

Y 0
f +

v2

2⇤2
C 0

f = VfYfU
†
f

going to the mass basis:

<latexit sha1_base64="+u9JCkMUrh/bDSJLJKwy2r/Zv10=">AAADe3icfVLbbtNAEN3YXIq5peURCa2IgEDASqIWeEGq6AsPeSgV6UXZYG12x8mq60t31xWR5Y/g13jjT3hBYu04KGmjjmTp7MyZ4zmjmaRSaNPt/m447q3bd+5u3fPuP3j46HFze+dYJ5liMGSJTNTphGqQIoahEUbCaaqARhMJJ5Pzg7 J+cglKiyT+ZuYpjCM6jUUoGDU2FWw3fpKImhmjMh8Un7yX+B1JLL+Uy7NgUJwFGc6CI8JDRVl+WeREXyjTL7wVHrc8fBZwzIMjfCMTFkzAsEESdzAh1QQSQjNan6PKte00nWXf977tHFinnAYX9nEQZESJ6cy8LgfGnlVbn3ApwW+Q4EsJa2VNAVYVAG+UICBlpQJLldJmBcc1f/bfbW22Qwz8MPnMZ37RIZInRgfNVtfvVoGvg14NWqiOw6D5i/CEZRHEhkmq9ajXTc04p8oIJqHwSKYhpeycTmFkYUwj0OO8up0Cv7AZjsNE2S82uMquduQ00noeTSyzPBR9tVYmN9VGmQk/jnMRp5mBmC1+FGYSmwSXh4i5UMCMnFtAmRJ2Vsxm1C7J2HP17BJ6Vy1fB8d9v/fe3/2629r/XK9jCz1Fz1Eb9dAHtI++oEM0RKzxx3nmvHLazl+35b5x3y6oTqPueYLWwt37BzwUHn4=</latexit>

L =� uLYuuR
vp
2
� dLYddR

vp
2
� eLYeeR

vp
2
+

�

uL

✓
Yu +

v2

⇤2
q

Cu

◆
uR + dL

✓
Yd +

v2

⇤2
q

Cd

◆
dR + eL

✓
Ye +

v2

⇤2
`

Ce

◆
eR

�
hp
2
+

+ h.c. + . . .

where                        .
<latexit sha1_base64="17R/mUDNDiK60Zq+S2h0a1G/l7I=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FQSKepFKPbisYJpC20Mm81uu3SzCbsbodQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZemHKmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiSTmHg44Ylsh0gRzgTxNNOctFNJUBxy0goH9YnfeiBSsUTc6WFK/Bj1BKMMI22kwD6oB/QKNgN6341QD9ZPAgq9gAZ22ak4U8BF4uakDHI0AvurGyU4i4nQmCOlOq6Tan+EpGaYk3GpmymSIjxAPdIxVKCYKH80vX8Mj40SQZpIU0LDqfp7YoRipYZxaDpjpPtq3puI/3mdTNNLf8REmmki8GwRzTjUCZyEASMmCdZ8aAjCkplbIe4jibA2kZVMCO78y4ukeVZxzyvV22q5dp3HUQSH4AicAhdcgBq4AQ3gAQwewTN4BW/Wk/VivVsfs9aClc/sgz+wPn8AgA2Ufw==</latexit>

Cf = V †
f C

0
fUf
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<latexit sha1_base64="lUiMnFxhklpqmUE4ZMxp0rwqfg8=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0UUhJKUom6EYjcuXFQwfdCkYTKZtEMnD2YmhRL6HW78FTcuFHEnbvwbp4+Fth64cDjnHmbu8RJGhTSMby23srq2vpHfLGxt7+zu6fsHDRGnHBMLxyzmLQ8JwmhELEklI62EExR6jDS9QW3iN4eECxpHD3KUECdEvYgGFCOpJFc326ducG77AUc4G3bL46xs36m4jxSvKe+64QawrcZyg67to56rF42SMQVcJuacFMEcdVf/tP0YpyGJJGZIiI5pJNLJEJcUMzIu2KkgCcID1CMdRSMUEuFk09PG8EQpPgxiriaScKr+TmQoFGIUemozRLIvFr2J+J/XSWVw5WQ0SlJJIjx7KEgZlDGc9AR9ygmWbKQIwpyqv0LcR6olqdosqBLMxZOXSaNcMi9KlftKsXozryMPjsAxOAMmuARVcAvqwAIYPIJn8AretCftRXvXPmarOW2eOQR/oH39AAzrn6Q=</latexit>

Y 0
f +

v2

2⇤2
C 0

f = VfYfU
†
f

going to the mass basis:

<latexit sha1_base64="+u9JCkMUrh/bDSJLJKwy2r/Zv10=">AAADe3icfVLbbtNAEN3YXIq5peURCa2IgEDASqIWeEGq6AsPeSgV6UXZYG12x8mq60t31xWR5Y/g13jjT3hBYu04KGmjjmTp7MyZ4zmjmaRSaNPt/m447q3bd+5u3fPuP3j46HFze+dYJ5liMGSJTNTphGqQIoahEUbCaaqARhMJJ5Pzg7 J+cglKiyT+ZuYpjCM6jUUoGDU2FWw3fpKImhmjMh8Un7yX+B1JLL+Uy7NgUJwFGc6CI8JDRVl+WeREXyjTL7wVHrc8fBZwzIMjfCMTFkzAsEESdzAh1QQSQjNan6PKte00nWXf977tHFinnAYX9nEQZESJ6cy8LgfGnlVbn3ApwW+Q4EsJa2VNAVYVAG+UICBlpQJLldJmBcc1f/bfbW22Qwz8MPnMZ37RIZInRgfNVtfvVoGvg14NWqiOw6D5i/CEZRHEhkmq9ajXTc04p8oIJqHwSKYhpeycTmFkYUwj0OO8up0Cv7AZjsNE2S82uMquduQ00noeTSyzPBR9tVYmN9VGmQk/jnMRp5mBmC1+FGYSmwSXh4i5UMCMnFtAmRJ2Vsxm1C7J2HP17BJ6Vy1fB8d9v/fe3/2629r/XK9jCz1Fz1Eb9dAHtI++oEM0RKzxx3nmvHLazl+35b5x3y6oTqPueYLWwt37BzwUHn4=</latexit>

L =� uLYuuR
vp
2
� dLYddR

vp
2
� eLYeeR

vp
2
+

�

uL

✓
Yu +

v2

⇤2
q

Cu

◆
uR + dL

✓
Yd +

v2

⇤2
q

Cd

◆
dR + eL

✓
Ye +

v2

⇤2
`

Ce

◆
eR

�
hp
2
+

+ h.c. + . . .

where                        .
<latexit sha1_base64="17R/mUDNDiK60Zq+S2h0a1G/l7I=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FQSKepFKPbisYJpC20Mm81uu3SzCbsbodQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZemHKmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiSTmHg44Ylsh0gRzgTxNNOctFNJUBxy0goH9YnfeiBSsUTc6WFK/Bj1BKMMI22kwD6oB/QKNgN6341QD9ZPAgq9gAZ22ak4U8BF4uakDHI0AvurGyU4i4nQmCOlOq6Tan+EpGaYk3GpmymSIjxAPdIxVKCYKH80vX8Mj40SQZpIU0LDqfp7YoRipYZxaDpjpPtq3puI/3mdTNNLf8REmmki8GwRzTjUCZyEASMmCdZ8aAjCkplbIe4jibA2kZVMCO78y4ukeVZxzyvV22q5dp3HUQSH4AicAhdcgBq4AQ3gAQwewTN4BW/Wk/VivVsfs9aClc/sgz+wPn8AgA2Ufw==</latexit>

Cf = V †
f C

0
fUf

The matching with the      formalism is:<latexit sha1_base64="MvHv+wWY5lzMNaKCo7srfxV4RMY=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJkajyg=</latexit>
<latexit sha1_base64="NgXWvTHgkU2HayxlXm4XkxOTJCE="></latexit>

YfKf = Yf +
v2

⇤2
diag(ReCf )

<latexit sha1_base64="8hiYQY3FM8aykB3E7tHujIiIpCk="></latexit>

Yf K̃f =
v2

⇤2
diag(ImCf )

<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{<latexit sha1_base64="+3+6LFD9wFBLjazEiSeFCuqeRhU="></latexit>

Le↵ = � y p
2

�
   + i̃  �5 

�
h

10



<latexit sha1_base64="lUiMnFxhklpqmUE4ZMxp0rwqfg8=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0UUhJKUom6EYjcuXFQwfdCkYTKZtEMnD2YmhRL6HW78FTcuFHEnbvwbp4+Fth64cDjnHmbu8RJGhTSMby23srq2vpHfLGxt7+zu6fsHDRGnHBMLxyzmLQ8JwmhELEklI62EExR6jDS9QW3iN4eECxpHD3KUECdEvYgGFCOpJFc326ducG77AUc4G3bL46xs36m4jxSvKe+64QawrcZyg67to56rF42SMQVcJuacFMEcdVf/tP0YpyGJJGZIiI5pJNLJEJcUMzIu2KkgCcID1CMdRSMUEuFk09PG8EQpPgxiriaScKr+TmQoFGIUemozRLIvFr2J+J/XSWVw5WQ0SlJJIjx7KEgZlDGc9AR9ygmWbKQIwpyqv0LcR6olqdosqBLMxZOXSaNcMi9KlftKsXozryMPjsAxOAMmuARVcAvqwAIYPIJn8AretCftRXvXPmarOW2eOQR/oH39AAzrn6Q=</latexit>

Y 0
f +

v2

2⇤2
C 0

f = VfYfU
†
f

going to the mass basis:

<latexit sha1_base64="+u9JCkMUrh/bDSJLJKwy2r/Zv10=">AAADe3icfVLbbtNAEN3YXIq5peURCa2IgEDASqIWeEGq6AsPeSgV6UXZYG12x8mq60t31xWR5Y/g13jjT3hBYu04KGmjjmTp7MyZ4zmjmaRSaNPt/m447q3bd+5u3fPuP3j46HFze+dYJ5liMGSJTNTphGqQIoahEUbCaaqARhMJJ5Pzg7 J+cglKiyT+ZuYpjCM6jUUoGDU2FWw3fpKImhmjMh8Un7yX+B1JLL+Uy7NgUJwFGc6CI8JDRVl+WeREXyjTL7wVHrc8fBZwzIMjfCMTFkzAsEESdzAh1QQSQjNan6PKte00nWXf977tHFinnAYX9nEQZESJ6cy8LgfGnlVbn3ApwW+Q4EsJa2VNAVYVAG+UICBlpQJLldJmBcc1f/bfbW22Qwz8MPnMZ37RIZInRgfNVtfvVoGvg14NWqiOw6D5i/CEZRHEhkmq9ajXTc04p8oIJqHwSKYhpeycTmFkYUwj0OO8up0Cv7AZjsNE2S82uMquduQ00noeTSyzPBR9tVYmN9VGmQk/jnMRp5mBmC1+FGYSmwSXh4i5UMCMnFtAmRJ2Vsxm1C7J2HP17BJ6Vy1fB8d9v/fe3/2629r/XK9jCz1Fz1Eb9dAHtI++oEM0RKzxx3nmvHLazl+35b5x3y6oTqPueYLWwt37BzwUHn4=</latexit>

L =� uLYuuR
vp
2
� dLYddR

vp
2
� eLYeeR

vp
2
+

�

uL

✓
Yu +

v2

⇤2
q

Cu

◆
uR + dL

✓
Yd +

v2

⇤2
q

Cd

◆
dR + eL

✓
Ye +

v2

⇤2
`

Ce

◆
eR

�
hp
2
+

+ h.c. + . . .

where                        .
<latexit sha1_base64="17R/mUDNDiK60Zq+S2h0a1G/l7I=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4tF9FQSKepFKPbisYJpC20Mm81uu3SzCbsbodQe/CtePCji1b/hzX/jts1BWx8MPN6bYWZemHKmtON8W4Wl5ZXVteJ6aWNza3vH3t1rqiSTmHg44Ylsh0gRzgTxNNOctFNJUBxy0goH9YnfeiBSsUTc6WFK/Bj1BKMMI22kwD6oB/QKNgN6341QD9ZPAgq9gAZ22ak4U8BF4uakDHI0AvurGyU4i4nQmCOlOq6Tan+EpGaYk3GpmymSIjxAPdIxVKCYKH80vX8Mj40SQZpIU0LDqfp7YoRipYZxaDpjpPtq3puI/3mdTNNLf8REmmki8GwRzTjUCZyEASMmCdZ8aAjCkplbIe4jibA2kZVMCO78y4ukeVZxzyvV22q5dp3HUQSH4AicAhdcgBq4AQ3gAQwewTN4BW/Wk/VivVsfs9aClc/sgz+wPn8AgA2Ufw==</latexit>

Cf = V †
f C

0
fUf

The matching with the      formalism is:<latexit sha1_base64="MvHv+wWY5lzMNaKCo7srfxV4RMY=">AAAB7XicbVBNSwMxEM3Wr1q/qh69BIvgqexKUY9FLx4r2A9olzKbZtvYbBKSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCAzlTNCmZZbTjtIUkojTdjS+nfntJ6oNk+LBThQNExgKFjMC1kmt3hiUgn654lf9OfAqCXJSQTka/fJXbyBJmlBhCQdjuoGvbJiBtoxwOi31UkMVkDEMaddRAQk1YTa/dorPnDLAsdSuhMVz9fdEBokxkyRynQnYkVn2ZuJ/Xje18XWYMaFSSwVZLIpTjq3Es9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05knvxXv3PhatBS+fOUZ/4H3+AJkajyg=</latexit>
<latexit sha1_base64="NgXWvTHgkU2HayxlXm4XkxOTJCE="></latexit>

YfKf = Yf +
v2

⇤2
diag(ReCf )

<latexit sha1_base64="8hiYQY3FM8aykB3E7tHujIiIpCk="></latexit>

Yf K̃f =
v2

⇤2
diag(ImCf )

<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{<latexit sha1_base64="+3+6LFD9wFBLjazEiSeFCuqeRhU="></latexit>

Le↵ = � y p
2

�
   + i̃  �5 

�
h

<latexit sha1_base64="Q4xO+m4nL1xIyynSIpULpc5Zl+Q="></latexit>

r2 ⌘ v2|ŷ  |2

2m2
 

= 2
 + ̃2

 Useful:
10



MFV case

<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="wohqH8ezfW79v8RQgmXFHNMSANM="></latexit>

t = c = u ' 1 +
v2

⇤2
q

Re c0u
<latexit sha1_base64="KLwyIqAzcjGjfuX+J07yMwv1wpE="></latexit>

̃t = ̃c = ̃u ' v2

⇤2
q

Im c0u

<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{ <latexit sha1_base64="iS86wh4VQnv0P0pjnQJ9yQp7gUE="></latexit>

r2t = r2c = r2u ' 1 +
v4

⇤4
q

|c0u|2 + 2
v2

⇤2
q

Re c0u

and similarly for the down quarks and the charged leptons.
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MFV case

<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="wohqH8ezfW79v8RQgmXFHNMSANM="></latexit>

t = c = u ' 1 +
v2

⇤2
q

Re c0u
<latexit sha1_base64="KLwyIqAzcjGjfuX+J07yMwv1wpE="></latexit>

̃t = ̃c = ̃u ' v2

⇤2
q

Im c0u

<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{
There are NO flavour violating couplings!

<latexit sha1_base64="iS86wh4VQnv0P0pjnQJ9yQp7gUE="></latexit>

r2t = r2c = r2u ' 1 +
v4

⇤4
q

|c0u|2 + 2
v2

⇤2
q

Re c0u

and similarly for the down quarks and the charged leptons.
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FN case
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,iiDiagonal:

12



FN case
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,iiDiagonal:

<latexit sha1_base64="d4XqadqC8ehhP1l5JesQA+IRpGE=">AAACh3ichVFdaxNBFJ1dq7bxK+qjL4NBSDXE3STUvghVXwQFK5i2kInL3dm7ydDZD2buFsOwf8Uf5Zv/xkmaB21FLwwczjl35s65aa2VpSj6GYQ3dm7eur2717lz9979B92Hj05s1RiJU1npypylYFGrEqekSONZbRCKVONpev5urZ9eoLGqKr/QqsZ5AYtS5UoCeSrpfv+Q5K9j/oKLLDcg3cXXUevER39BBh4Kwm9E5DIFi1 ZozKkvCqClBO0+tf14X8jKckFLJEhcPojjdiAG/7SMRv+1jMetMGqxpP2k24uG0ab4dRBvQY9t6zjp/hBZJZsCS5IarJ3FUU1zB4aU1Nh2RGOxBnkOC5x5WEKBdu42Obb8mWcynlfGn5L4hv29w0Fh7apIvXM9vr2qrcm/abOG8sO5U2XdEJby8qG80Zwqvl4Kz5RBSXrlAUij/KxcLsHvg/zqOj6E+OqXr4OT0TA+GE4+T3pHb7dx7LIn7Cnrs5i9YkfsPTtmUyaDneB5MA4m4V74MjwIDy+tYbDtecz+qPDNL/Vbwp4=</latexit>

Kf = 1 +
v2

⇤2
diag (O(1) cos ✓f,11, O(1) cos ✓f,22, O(1) cos ✓f,33)

<latexit sha1_base64="oAi+5qag0+Lusn+kaZiZwbYA1R8="></latexit>

K̃f =
v2

⇤2
diag (O(1) sin ✓f,11, O(1) sin ✓f,22, O(1) sin ✓f,33)

<latexit sha1_base64="mzvmeHvqLMqTtyXC299OM0fG4jc="></latexit>

r2 ' 1 +O(1)2
v4

⇤4
+ 2O(1)

v2

⇤2
cos ✓f, 
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FN case
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,iiDiagonal:

<latexit sha1_base64="d4XqadqC8ehhP1l5JesQA+IRpGE=">AAACh3ichVFdaxNBFJ1dq7bxK+qjL4NBSDXE3STUvghVXwQFK5i2kInL3dm7ydDZD2buFsOwf8Uf5Zv/xkmaB21FLwwczjl35s65aa2VpSj6GYQ3dm7eur2717lz9979B92Hj05s1RiJU1npypylYFGrEqekSONZbRCKVONpev5urZ9eoLGqKr/QqsZ5AYtS5UoCeSrpfv+Q5K9j/oKLLDcg3cXXUevER39BBh4Kwm9E5DIFi1 ZozKkvCqClBO0+tf14X8jKckFLJEhcPojjdiAG/7SMRv+1jMetMGqxpP2k24uG0ab4dRBvQY9t6zjp/hBZJZsCS5IarJ3FUU1zB4aU1Nh2RGOxBnkOC5x5WEKBdu42Obb8mWcynlfGn5L4hv29w0Fh7apIvXM9vr2qrcm/abOG8sO5U2XdEJby8qG80Zwqvl4Kz5RBSXrlAUij/KxcLsHvg/zqOj6E+OqXr4OT0TA+GE4+T3pHb7dx7LIn7Cnrs5i9YkfsPTtmUyaDneB5MA4m4V74MjwIDy+tYbDtecz+qPDNL/Vbwp4=</latexit>

Kf = 1 +
v2

⇤2
diag (O(1) cos ✓f,11, O(1) cos ✓f,22, O(1) cos ✓f,33)

<latexit sha1_base64="oAi+5qag0+Lusn+kaZiZwbYA1R8="></latexit>

K̃f =
v2

⇤2
diag (O(1) sin ✓f,11, O(1) sin ✓f,22, O(1) sin ✓f,33)

<latexit sha1_base64="mzvmeHvqLMqTtyXC299OM0fG4jc="></latexit>

r2 ' 1 +O(1)2
v4

⇤4
+ 2O(1)

v2

⇤2
cos ✓f, 

<latexit sha1_base64="+iH6gbIozjfsjMOXhmNjhqy62dA="></latexit>

Cu,ij ⇡ O(1)✏nQi+nuj ei✓u,ij

Off-diagonal:
<latexit sha1_base64="773syqHl1qt6wjNIC0SRXsrSw/8="></latexit>

Cd,ij ⇡ O(1)✏nQi+ndj ei✓d,ij
<latexit sha1_base64="rqVZnYZsFMqrwAjkRCfCXOzRrjk="></latexit>

Ce,ij ⇡ O(1)✏nLi+nej ei✓e,ij

<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{
12



Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

13



Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f
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Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="CePaRS1Mbi/XDhqfeHrLARPlNuU="></latexit>

Im Ce,33

Im Ce,11
=

m⌧

me
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Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="CePaRS1Mbi/XDhqfeHrLARPlNuU="></latexit>

Im Ce,33

Im Ce,11
=

m⌧

me

<latexit sha1_base64="tW9zG3pc7Gdv7sYQRiix8tJaZG8=">AAACCnicbZA9TwJBEIb3/ET8Qi1tTomJFbkzRCyJNpaYyEfCETK3DLBh7yO7cyYEqG38KzYWGmPrL7Dz37gHFAq+ySZP3pnJ7Lx+LIUmx/m2VlbX1jc2M1vZ7Z3dvf3cwWFNR4niWOWRjFTDB41ShFglQRIbsUIIfIl1f3CT1usPqLSIwnsaxtgKoBeKruBAxmrnTsYeCdlBbwBxDG2PIBl7ErXWInAKjuOW2rl8CqnsZXDnkGdzVdq5L68T8STAkLgErZuuE1NrBIoElzjJeonGGPgAetg0GEKAujWanjKxz4zTsbuRMi8ke+r+nhhBoPUw8E1nANTXi7XU/K/WTKh71RqJME4IQz5b1E2kTZGd5mJ3hEJOcmgAuBLmrzbvgwJOJr2sCcFdPHkZahcF97JQvCvmy9fzODLsmJ2yc+ayEiuzW1ZhVcbZI3tmr+zNerJerHfrY9a6Ys1njtgfWZ8/136aVA==</latexit>

|̃⌧ | . 0.0017
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Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="CePaRS1Mbi/XDhqfeHrLARPlNuU="></latexit>

Im Ce,33

Im Ce,11
=

m⌧

me

<latexit sha1_base64="tW9zG3pc7Gdv7sYQRiix8tJaZG8=">AAACCnicbZA9TwJBEIb3/ET8Qi1tTomJFbkzRCyJNpaYyEfCETK3DLBh7yO7cyYEqG38KzYWGmPrL7Dz37gHFAq+ySZP3pnJ7Lx+LIUmx/m2VlbX1jc2M1vZ7Z3dvf3cwWFNR4niWOWRjFTDB41ShFglQRIbsUIIfIl1f3CT1usPqLSIwnsaxtgKoBeKruBAxmrnTsYeCdlBbwBxDG2PIBl7ErXWInAKjuOW2rl8CqnsZXDnkGdzVdq5L68T8STAkLgErZuuE1NrBIoElzjJeonGGPgAetg0GEKAujWanjKxz4zTsbuRMi8ke+r+nhhBoPUw8E1nANTXi7XU/K/WTKh71RqJME4IQz5b1E2kTZGd5mJ3hEJOcmgAuBLmrzbvgwJOJr2sCcFdPHkZahcF97JQvCvmy9fzODLsmJ2yc+ayEiuzW1ZhVcbZI3tmr+zNerJerHfrY9a6Ys1njtgfWZ8/136aVA==</latexit>

|̃⌧ | . 0.0017

FN:
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,ii
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Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="CePaRS1Mbi/XDhqfeHrLARPlNuU="></latexit>

Im Ce,33

Im Ce,11
=

m⌧

me

<latexit sha1_base64="tW9zG3pc7Gdv7sYQRiix8tJaZG8=">AAACCnicbZA9TwJBEIb3/ET8Qi1tTomJFbkzRCyJNpaYyEfCETK3DLBh7yO7cyYEqG38KzYWGmPrL7Dz37gHFAq+ySZP3pnJ7Lx+LIUmx/m2VlbX1jc2M1vZ7Z3dvf3cwWFNR4niWOWRjFTDB41ShFglQRIbsUIIfIl1f3CT1usPqLSIwnsaxtgKoBeKruBAxmrnTsYeCdlBbwBxDG2PIBl7ErXWInAKjuOW2rl8CqnsZXDnkGdzVdq5L68T8STAkLgErZuuE1NrBIoElzjJeonGGPgAetg0GEKAujWanjKxz4zTsbuRMi8ke+r+nhhBoPUw8E1nANTXi7XU/K/WTKh71RqJME4IQz5b1E2kTZGd5mJ3hEJOcmgAuBLmrzbvgwJOJr2sCcFdPHkZahcF97JQvCvmy9fzODLsmJ2yc+ayEiuzW1ZhVcbZI3tmr+zNerJerHfrY9a6Ys1njtgfWZ8/136aVA==</latexit>

|̃⌧ | . 0.0017

FN:
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,ii

<latexit sha1_base64="Ug2ShtOmhJeTvSuyAIWkrKpyRUc="></latexit>

Im Ce,33

Im Ce,11
= O(1)

m⌧

me

sin ✓e,33
sin ✓e,11
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Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="CePaRS1Mbi/XDhqfeHrLARPlNuU="></latexit>

Im Ce,33

Im Ce,11
=

m⌧

me

<latexit sha1_base64="tW9zG3pc7Gdv7sYQRiix8tJaZG8=">AAACCnicbZA9TwJBEIb3/ET8Qi1tTomJFbkzRCyJNpaYyEfCETK3DLBh7yO7cyYEqG38KzYWGmPrL7Dz37gHFAq+ySZP3pnJ7Lx+LIUmx/m2VlbX1jc2M1vZ7Z3dvf3cwWFNR4niWOWRjFTDB41ShFglQRIbsUIIfIl1f3CT1usPqLSIwnsaxtgKoBeKruBAxmrnTsYeCdlBbwBxDG2PIBl7ErXWInAKjuOW2rl8CqnsZXDnkGdzVdq5L68T8STAkLgErZuuE1NrBIoElzjJeonGGPgAetg0GEKAujWanjKxz4zTsbuRMi8ke+r+nhhBoPUw8E1nANTXi7XU/K/WTKh71RqJME4IQz5b1E2kTZGd5mJ3hEJOcmgAuBLmrzbvgwJOJr2sCcFdPHkZahcF97JQvCvmy9fzODLsmJ2yc+ayEiuzW1ZhVcbZI3tmr+zNerJerHfrY9a6Ys1njtgfWZ8/136aVA==</latexit>

|̃⌧ | . 0.0017

FN:
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,ii

<latexit sha1_base64="Ug2ShtOmhJeTvSuyAIWkrKpyRUc="></latexit>

Im Ce,33

Im Ce,11
= O(1)

m⌧

me

sin ✓e,33
sin ✓e,11

<latexit sha1_base64="2xHkXIPwsQf6RgNG/WrfFnzKaC0="></latexit>

|̃⌧ | . O(1) 0.0017
sin ✓e,33
sin ✓e,11

<latexit sha1_base64="JAz7EhPJb3dST2I2fxpGwxcJevo=">AAACFXicbVBNS8NAEN34WetX1aOXYBE8lJLYoh6LXjxWsB/QlLLZTtqlm03YnQgl5E948a948aCIV8Gb/8btx0FbHww83pthZp4fC67Rcb6tldW19Y3N3FZ+e2d3b79wcNjUUaIYNFgkItX2qQbBJTSQo4B2rICGvoCWP7qZ+K0HUJpH8h7HMXRDOpA84IyikXqFktcPFGWpp7n0cAhIeymUKpUsW5BcN8t6haJTdqawl4k7J0UyR71X+PL6EUtCkMgE1brjOjF2U6qQMwFZ3ks0xJSN6AA6hkoagu6m068y+9QofTuIlCmJ9lT9PZHSUOtx6JvOkOJQL3oT8T+vk2Bw1U25jBMEyWaLgkTYGNmTiOw+V8BQjA2hTHFzq82G1KSEJsi8CcFdfHmZNM/L7kW5elct1q7nceTIMTkhZ8Qll6RGbkmdNAgjj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+AEJQn4A=</latexit>

sin ✓e,33
sin ✓e,11
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Back to the eEDM
<latexit sha1_base64="EAhAt3AxGC6eUy17zQQNfe7EBPo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16CRbBU0mkqMeiF48V7Ac0IUw2m3bp5oPdiVJqf4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXZIIrtO1vo7S2vrG5Vd6u7Ozu7R+Y1cOOSnNJWZumIpW9ABQTPGFt5ChYL5MM4kCwbjC6mfndByYVT5N7HGfMi2GQ8IhTQC35ZtVFLkLmjiDLwHcRct+s2XV7DmuVOAWpkQIt3/xyw5TmMUuQClCq79gZehOQyKlg04qbK5YBHcGA9TVNIGbKm8xPn1qnWgmtKJW6ErTm6u+JCcRKjeNAd8aAQ7XszcT/vH6O0ZU34UmWI0voYlGUCwtTa5aDFXLJKIqxJkAl17dadAgSKOq0KjoEZ/nlVdI5rzsX9cZdo9a8LuIok2NyQs6IQy5Jk9ySFmkTSh7JM3klb8aT8WK8Gx+L1pJRzByRPzA+fwCXO5Q6</latexit>

̃⌧The complete expression for the bound on      reads: 
<latexit sha1_base64="pZE50/Vfr1H2vp6RYlA2DtwF+bY="></latexit>

|̃⌧ | . 0.0017
me

m⌧

Im Ce,33

Im Ce,11

MFV:
<latexit sha1_base64="yGJoQ/I27X0NuahwnUdeclJO1UI=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFdlRkp6kYoduOygn1IO5RMmmlDk8yYZApl6He4caGIWz/GnX9j2s5CWw/ccDjnXu7NCWLOtHHdb2dldW19YzO3ld/e2d3bLxwcNnSUKELrJOKRagVYU84krRtmOG3FimIRcNoMhtWp3xxRpVkkH8w4pr7AfclCRrCxkl8964Y3xD6PtrqFoltyZ0DLxMtIETLUuoWvTi8iiaDSEI61bntubPwUK8MIp5N8J9E0xmSI+7RtqcSCaj+dHT1Bp1bpoTBStqRBM/X3RIqF1mMR2E6BzUAvelPxP6+dmPDaT5mME0MlmS8KE45MhKYJoB5TlBg+tgQTxeytiAywwsTYnPI2BG/xy8ukcVHyLkvl+3KxcpvFkYNjOIFz8OAKKnAHNagDgSd4hld4c0bOi/PufMxbV5xs5gj+wPn8ARXCkQU=</latexit>

C 0
f = c0fY

0
f

<latexit sha1_base64="CePaRS1Mbi/XDhqfeHrLARPlNuU="></latexit>

Im Ce,33

Im Ce,11
=

m⌧

me

<latexit sha1_base64="tW9zG3pc7Gdv7sYQRiix8tJaZG8=">AAACCnicbZA9TwJBEIb3/ET8Qi1tTomJFbkzRCyJNpaYyEfCETK3DLBh7yO7cyYEqG38KzYWGmPrL7Dz37gHFAq+ySZP3pnJ7Lx+LIUmx/m2VlbX1jc2M1vZ7Z3dvf3cwWFNR4niWOWRjFTDB41ShFglQRIbsUIIfIl1f3CT1usPqLSIwnsaxtgKoBeKruBAxmrnTsYeCdlBbwBxDG2PIBl7ErXWInAKjuOW2rl8CqnsZXDnkGdzVdq5L68T8STAkLgErZuuE1NrBIoElzjJeonGGPgAetg0GEKAujWanjKxz4zTsbuRMi8ke+r+nhhBoPUw8E1nANTXi7XU/K/WTKh71RqJME4IQz5b1E2kTZGd5mJ3hEJOcmgAuBLmrzbvgwJOJr2sCcFdPHkZahcF97JQvCvmy9fzODLsmJ2yc+ayEiuzW1ZhVcbZI3tmr+zNerJerHfrY9a6Ys1njtgfWZ8/136aVA==</latexit>

|̃⌧ | . 0.0017

FN:
<latexit sha1_base64="nv5jlhh9MjISf3XrXif1S3dvgQE=">AAACH3icbVDLSgNBEJz1bXxFPXoZDIKChF0R9Sh68aaC8UE2ht5Jrxky+2CmVwzL/okXf8WLB0XEm3/jJO7BV8FAUVXNdFeQKmnIdT+ckdGx8YnJqenKzOzc/EJ1cencJJkW2BCJSvRlAAaVjLFBkhRephohChReBL3DgX9xi9rIJD6jfoqtCG5iGUoBZKV2deewnYebUhY+pKlO7rgfAXUFqPy4WL8aesUGXufSpy4SlOGiXa25dXcI/pd4JamxEift6rvfSUQWYUxCgTFNz02plYMmKRQWFT8zmILowQ02LY0hQtPKh/cVfM0qHR4m2r6Y+FD9PpFDZEw/CmxysL357Q3E/7xmRuFeK5dxmhHG4uujMFOcEj4oi3ekRkGqbwkILe2uXHRBgyBbacWW4P0++S8536p7O/Xt0+3a/kFZxxRbYatsnXlsl+2zI3bCGkywe/bIntmL8+A8Oa/O21d0xClnltkPOB+fI0Kjrg==</latexit>

Cf,ii ⇡ O(Yf,i)e
i✓f,ii

<latexit sha1_base64="Ug2ShtOmhJeTvSuyAIWkrKpyRUc="></latexit>

Im Ce,33

Im Ce,11
= O(1)

m⌧

me

sin ✓e,33
sin ✓e,11

<latexit sha1_base64="2xHkXIPwsQf6RgNG/WrfFnzKaC0="></latexit>

|̃⌧ | . O(1) 0.0017
sin ✓e,33
sin ✓e,11

<latexit sha1_base64="JAz7EhPJb3dST2I2fxpGwxcJevo=">AAACFXicbVBNS8NAEN34WetX1aOXYBE8lJLYoh6LXjxWsB/QlLLZTtqlm03YnQgl5E948a948aCIV8Gb/8btx0FbHww83pthZp4fC67Rcb6tldW19Y3N3FZ+e2d3b79wcNjUUaIYNFgkItX2qQbBJTSQo4B2rICGvoCWP7qZ+K0HUJpH8h7HMXRDOpA84IyikXqFktcPFGWpp7n0cAhIeymUKpUsW5BcN8t6haJTdqawl4k7J0UyR71X+PL6EUtCkMgE1brjOjF2U6qQMwFZ3ks0xJSN6AA6hkoagu6m068y+9QofTuIlCmJ9lT9PZHSUOtx6JvOkOJQL3oT8T+vk2Bw1U25jBMEyWaLgkTYGNmTiOw+V8BQjA2hTHFzq82G1KSEJsi8CcFdfHmZNM/L7kW5elct1q7nceTIMTkhZ8Qll6RGbkmdNAgjj+SZvJI368l6sd6tj1nrijWfOSJ/YH3+AEJQn4A=</latexit>

sin ✓e,33
sin ✓e,11

<latexit sha1_base64="qNakoFhoQN3rewrk0rgk2XTUiTo=">AAACGnicbZDLSgNBEEV7fMb4irp0MxiECBJmJKjLoBt3RjAPyIRQ06lok54H3TVCGPMdbvwVNy4UcSdu/Bt7kiw0eqHhcKuKrrp+LIUmx/my5uYXFpeWcyv51bX1jc3C1nZDR4niWOeRjFTLB41ShFgnQRJbsUIIfIlNf3Ce1Zt3qLSIwmsaxtgJ4CYUfcGBjNUtuPceCdlDbwBxDF2PILn3JGqtReAFQLccZHo5KrkH3qFTdhz3pFsoZpDJ/gvuFIpsqlq38OH1Ip4EGBKXoHXbdWLqpKBIcImjvJdojIEP4AbbBkMIUHfS8Wkje984PbsfKfNCssfuz4kUAq2HgW86s231bC0z/6u1E+qfdlIRxglhyCcf9RNpU2RnOdk9oZCTHBoAroTZ1ea3oICTSTNvQnBnT/4LjaOye1yuXFWK1bNpHDm2y/ZYibnshFXZBauxOuPsgT2xF/ZqPVrP1pv1Pmmds6YzO+yXrM9vkHegew==</latexit>

|̃⌧ | . O(1) 0.0017
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Collider Bounds
<latexit sha1_base64="IcX/RgRD96Z7MnWSvpwNhW4nI/g="></latexit>

µF
P =

�P

�SM
P

� (h ! F )

�SM (h ! F )

 
�h,tot

�SM
h,tot

!�1

The signal strength:
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Collider Bounds
<latexit sha1_base64="IcX/RgRD96Z7MnWSvpwNhW4nI/g="></latexit>

µF
P =

�P

�SM
P

� (h ! F )

�SM (h ! F )

 
�h,tot

�SM
h,tot

!�1

The signal strength:

<latexit sha1_base64="jMuhrr6f9S2oK9XptnQMUgcDu1w=">AAACnHichZFda9RAFIYn8avGj67tlQgyuCiCsiSlaG+kpYpEpLCiuy3sbMNkMkmHTibpzIm4hPlV/pPe9d842U1RW8Fz9cx73jNn5py0lsJAGF54/o2bt27fWbsb3Lv/4OH64NHG1FSNZnzCKlnpo5QaLoXiExAg+VGtOS1TyQ/T0/dd/vA710ZU6hssaj4vaaFELhgFJyWDnyTXlLXEiKKkydj2dEyA/4D264F1Gn6HA5LyQq iWuVbGBhEmZ2cNzfCLlS+vNLZ47Iyr83T/o319ybHFhAQ6geOt/5QVxe8ygNi+6jG2AeEqu+yeDIbhKFwGvg5RD0PUxzgZnJOsYk3JFTBJjZlFYQ3zlmoQTHJ3eWN4TdkpLfjMoaIlN/N2OVyLnzslw91T80oBXqp/VrS0NGZRps5ZUjgxV3Od+K/crIF8Z94KVTfAFVs1yhuJocLdpnAmNGcgFw4o08K9FbMT6rYFbp/dEKKrX74O061R9Ga0/WV7uLffj2MNPUHP0EsUobdoD8VojCaIeY+9XS/2PvlP/Q/+Z/9gZfW9vmYT/RX+9BcQbsvT</latexit>

�P

�SM
P

=

(
1 for P = VBF,VH

r2t for P = ggF, ttH + tH
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Collider Bounds
<latexit sha1_base64="IcX/RgRD96Z7MnWSvpwNhW4nI/g="></latexit>

µF
P =

�P

�SM
P

� (h ! F )

�SM (h ! F )

 
�h,tot

�SM
h,tot

!�1

The signal strength:

<latexit sha1_base64="jMuhrr6f9S2oK9XptnQMUgcDu1w=">AAACnHichZFda9RAFIYn8avGj67tlQgyuCiCsiSlaG+kpYpEpLCiuy3sbMNkMkmHTibpzIm4hPlV/pPe9d842U1RW8Fz9cx73jNn5py0lsJAGF54/o2bt27fWbsb3Lv/4OH64NHG1FSNZnzCKlnpo5QaLoXiExAg+VGtOS1TyQ/T0/dd/vA710ZU6hssaj4vaaFELhgFJyWDnyTXlLXEiKKkydj2dEyA/4D264F1Gn6HA5LyQq iWuVbGBhEmZ2cNzfCLlS+vNLZ47Iyr83T/o319ybHFhAQ6geOt/5QVxe8ygNi+6jG2AeEqu+yeDIbhKFwGvg5RD0PUxzgZnJOsYk3JFTBJjZlFYQ3zlmoQTHJ3eWN4TdkpLfjMoaIlN/N2OVyLnzslw91T80oBXqp/VrS0NGZRps5ZUjgxV3Od+K/crIF8Z94KVTfAFVs1yhuJocLdpnAmNGcgFw4o08K9FbMT6rYFbp/dEKKrX74O061R9Ga0/WV7uLffj2MNPUHP0EsUobdoD8VojCaIeY+9XS/2PvlP/Q/+Z/9gZfW9vmYT/RX+9BcQbsvT</latexit>

�P

�SM
P

=

(
1 for P = VBF,VH

r2t for P = ggF, ttH + tH

<latexit sha1_base64="GukOqDmIcPk2JUQx1i9yF35KXJI=">AAACE3icbZDLSsNAFIYn9VbrLerSTbAIolCSUtSNUHTjsoK9QJOGyWTaDp1MhpmJUELfwY2v4saFIm7duPNtnKZZ2NYfBj7+cw5nzh9wSqSy7R+jsLK6tr5R3Cxtbe/s7pn7By0ZJwLhJoppLDoBlJgShpuKKIo7XGAYBRS3g9HttN5+xEKSmD2oMcdeBAeM9AmCSlu+eSZ6Vd/lkly7I8g5zLhXPXcVoSGe83yzbFfsTNYyODmUQa6Gb367YYySCDOFKJSy69hceSkUiiCKJyU3kZhDNIID3NXIYISll2Y3TawT7YRWPxb6MWVl7t+JFEZSjqNAd0ZQDeVibWr+V+smqn/lpYTxRGGGZov6CbVUbE0DskIiMFJ0rAEiQfRfLTSEAiKlYyzpEJzFk5ehVa04F5Xafa1cv8njKIIjcAxOgQMuQR3cgQZoAgSewAt4A+/Gs/FqfBifs9aCkc8cgjkZX7/xRJ43</latexit>

r2 = 2
 + ̃2
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Collider Bounds
<latexit sha1_base64="IcX/RgRD96Z7MnWSvpwNhW4nI/g="></latexit>

µF
P =

�P

�SM
P

� (h ! F )

�SM (h ! F )

 
�h,tot

�SM
h,tot

!�1

The signal strength:

<latexit sha1_base64="jMuhrr6f9S2oK9XptnQMUgcDu1w=">AAACnHichZFda9RAFIYn8avGj67tlQgyuCiCsiSlaG+kpYpEpLCiuy3sbMNkMkmHTibpzIm4hPlV/pPe9d842U1RW8Fz9cx73jNn5py0lsJAGF54/o2bt27fWbsb3Lv/4OH64NHG1FSNZnzCKlnpo5QaLoXiExAg+VGtOS1TyQ/T0/dd/vA710ZU6hssaj4vaaFELhgFJyWDnyTXlLXEiKKkydj2dEyA/4D264F1Gn6HA5LyQq iWuVbGBhEmZ2cNzfCLlS+vNLZ47Iyr83T/o319ybHFhAQ6geOt/5QVxe8ygNi+6jG2AeEqu+yeDIbhKFwGvg5RD0PUxzgZnJOsYk3JFTBJjZlFYQ3zlmoQTHJ3eWN4TdkpLfjMoaIlN/N2OVyLnzslw91T80oBXqp/VrS0NGZRps5ZUjgxV3Od+K/crIF8Z94KVTfAFVs1yhuJocLdpnAmNGcgFw4o08K9FbMT6rYFbp/dEKKrX74O061R9Ga0/WV7uLffj2MNPUHP0EsUobdoD8VojCaIeY+9XS/2PvlP/Q/+Z/9gZfW9vmYT/RX+9BcQbsvT</latexit>
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We performed �
2 fits on the data listed before, obtaining constraints on the r2 parame-

ters. The results of the fit are shown at 95% C.L.. Each value has been obtained switching
on NP contributions only to one Yukawa coupling at a time. The results are shown in
Tab. 7. In the second column we show the bounds obtained from the data presented in
Refs. [65–68] (see Tabs. 2–5). Notice that the inclusion of the associated production data,
given in the third line of Tab. 4, would require a di↵erent expression for the cross section,
�P/�

SM

P = (�SM

VH
+ r

2

t �
SM

ttH
)/(�SM

VH
+ �

SM

ttH
), and it turns out that the inclusion of this data

does not change the result of the �2 at the approximation considered. For this reason and
without any impact on the results, we decided to adopt a simplified approach not including
these data. Finally, in the third column the constraints arising from the total decay width
of the Higgs boson are shown, using its experimental determination by CMS in Ref. [70]
and reported in Eq. (3.11).

Modified Coupling µF Ref. [65–68] �CMS
h,tot. Ref. [70]
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t . 1.15 r
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b . 2.68
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⌧ . 1.40 r
2

⌧ . 17

µµh 0.36 . r
2

µ . 1.85 r
2

µ . 4600

Table 7: 95% C.L. limits on r
2

 after �
2
fits to data on the Higgs signal strength from

Ref. [65–68] in the second column, and using the total Higgs decay width from Ref. [70] in

the third column, when NP modifies only a single fermion-Higgs coupling at a time.

As expected, the inclusion of data on h ! µµ from Refs. [67] and [68] largely improves
the bounds on µµh. On the other hand, the data on the total Higgs decay width does not
provide bounds stronger than those from the signal strengths.

Fig. 1 shows the results of Tab. 7 expressed in terms of  and ̃ . The bounds obtained
from data in Tab. 2 are in red, from data in Tab. 3 are in blue, from data in Tab. 4 are in
orange, from data in Tab. 5 are in purple, from data in Eq. (3.11) and reported in the third
column of Tab. 7 are in brown, while the combined results from collider data reported in
the second column of of Tab. 7 are in black, and eventually from EDM data in Eqs. (3.5)
and (3.6) are in green. The star indicates the SM case with  � 1 = ̃ = 0. If a line is
not present in the plot, it means that the corresponding bound is too weak and it is out
of scale.

It is interesting to note that the EDM bounds can have very strong impact. In the top
case, the constraint on ̃t is so strong that the t can only be very close to 1 and �1. For
the bottom and ⌧ cases, b,⌧ can span a slightly larger range of values around 1 and �1.
For charm, the absence of a lower bound on r

2

c implies that c can take any value between
2 and �2. Finally, for the µ plot, there is a lower (rather weak) bound on r

2

µ, but the EDM
one is too weak to further reduce the parameter space and therefore µ and ̃µ can take
almost any value between 1.5 and �1.5.

15

We performed �
2 fits on the data listed before, obtaining constraints on the r2 parame-

ters. The results of the fit are shown at 95% C.L.. Each value has been obtained switching
on NP contributions only to one Yukawa coupling at a time. The results are shown in
Tab. 7. In the second column we show the bounds obtained from the data presented in
Refs. [65–68] (see Tabs. 2–5). Notice that the inclusion of the associated production data,
given in the third line of Tab. 4, would require a di↵erent expression for the cross section,
�P/�

SM

P = (�SM

VH
+ r

2

t �
SM

ttH
)/(�SM

VH
+ �

SM

ttH
), and it turns out that the inclusion of this data

does not change the result of the �2 at the approximation considered. For this reason and
without any impact on the results, we decided to adopt a simplified approach not including
these data. Finally, in the third column the constraints arising from the total decay width
of the Higgs boson are shown, using its experimental determination by CMS in Ref. [70]
and reported in Eq. (3.11).

Modified Coupling µF Ref. [65–68] �CMS
h,tot. Ref. [70]

tth 0.97 . r
2

t . 1.15 r
2

t . 13

cch r
2

c . 2.36 r
2

c . 35

bbh 0.73 . r
2

b . 1.08 r
2

b . 2.68

⌧⌧h 0.56 . r
2

⌧ . 1.40 r
2

⌧ . 17

µµh 0.36 . r
2

µ . 1.85 r
2

µ . 4600

Table 7: 95% C.L. limits on r
2

 after �
2
fits to data on the Higgs signal strength from

Ref. [65–68] in the second column, and using the total Higgs decay width from Ref. [70] in

the third column, when NP modifies only a single fermion-Higgs coupling at a time.

As expected, the inclusion of data on h ! µµ from Refs. [67] and [68] largely improves
the bounds on µµh. On the other hand, the data on the total Higgs decay width does not
provide bounds stronger than those from the signal strengths.

Fig. 1 shows the results of Tab. 7 expressed in terms of  and ̃ . The bounds obtained
from data in Tab. 2 are in red, from data in Tab. 3 are in blue, from data in Tab. 4 are in
orange, from data in Tab. 5 are in purple, from data in Eq. (3.11) and reported in the third
column of Tab. 7 are in brown, while the combined results from collider data reported in
the second column of of Tab. 7 are in black, and eventually from EDM data in Eqs. (3.5)
and (3.6) are in green. The star indicates the SM case with  � 1 = ̃ = 0. If a line is
not present in the plot, it means that the corresponding bound is too weak and it is out
of scale.

It is interesting to note that the EDM bounds can have very strong impact. In the top
case, the constraint on ̃t is so strong that the t can only be very close to 1 and �1. For
the bottom and ⌧ cases, b,⌧ can span a slightly larger range of values around 1 and �1.
For charm, the absence of a lower bound on r

2

c implies that c can take any value between
2 and �2. Finally, for the µ plot, there is a lower (rather weak) bound on r

2

µ, but the EDM
one is too weak to further reduce the parameter space and therefore µ and ̃µ can take
almost any value between 1.5 and �1.5.

15

15



16



We performed �
2 fits on the data listed before, obtaining constraints on the r2 parame-

ters. The results of the fit are shown at 95% C.L.. Each value has been obtained switching
on NP contributions only to one Yukawa coupling at a time. The results are shown in
Tab. 7. In the second column we show the bounds obtained from the data presented in
Refs. [65–68] (see Tabs. 2–5). Notice that the inclusion of the associated production data,
given in the third line of Tab. 4, would require a di↵erent expression for the cross section,
�P/�

SM

P = (�SM

VH
+ r

2

t �
SM

ttH
)/(�SM

VH
+ �

SM

ttH
), and it turns out that the inclusion of this data

does not change the result of the �2 at the approximation considered. For this reason and
without any impact on the results, we decided to adopt a simplified approach not including
these data. Finally, in the third column the constraints arising from the total decay width
of the Higgs boson are shown, using its experimental determination by CMS in Ref. [70]
and reported in Eq. (3.11).

Modified Coupling µF Ref. [65–68] �CMS
h,tot. Ref. [70]

tth 0.97 . r
2

t . 1.15 r
2

t . 13

cch r
2

c . 2.36 r
2

c . 35

bbh 0.73 . r
2

b . 1.08 r
2

b . 2.68

⌧⌧h 0.56 . r
2

⌧ . 1.40 r
2

⌧ . 17

µµh 0.36 . r
2

µ . 1.85 r
2

µ . 4600

Table 7: 95% C.L. limits on r
2

 after �
2
fits to data on the Higgs signal strength from

Ref. [65–68] in the second column, and using the total Higgs decay width from Ref. [70] in

the third column, when NP modifies only a single fermion-Higgs coupling at a time.

As expected, the inclusion of data on h ! µµ from Refs. [67] and [68] largely improves
the bounds on µµh. On the other hand, the data on the total Higgs decay width does not
provide bounds stronger than those from the signal strengths.

Fig. 1 shows the results of Tab. 7 expressed in terms of  and ̃ . The bounds obtained
from data in Tab. 2 are in red, from data in Tab. 3 are in blue, from data in Tab. 4 are in
orange, from data in Tab. 5 are in purple, from data in Eq. (3.11) and reported in the third
column of Tab. 7 are in brown, while the combined results from collider data reported in
the second column of of Tab. 7 are in black, and eventually from EDM data in Eqs. (3.5)
and (3.6) are in green. The star indicates the SM case with  � 1 = ̃ = 0. If a line is
not present in the plot, it means that the corresponding bound is too weak and it is out
of scale.

It is interesting to note that the EDM bounds can have very strong impact. In the top
case, the constraint on ̃t is so strong that the t can only be very close to 1 and �1. For
the bottom and ⌧ cases, b,⌧ can span a slightly larger range of values around 1 and �1.
For charm, the absence of a lower bound on r

2

c implies that c can take any value between
2 and �2. Finally, for the µ plot, there is a lower (rather weak) bound on r

2

µ, but the EDM
one is too weak to further reduce the parameter space and therefore µ and ̃µ can take
almost any value between 1.5 and �1.5.

15

We performed �
2 fits on the data listed before, obtaining constraints on the r2 parame-

ters. The results of the fit are shown at 95% C.L.. Each value has been obtained switching
on NP contributions only to one Yukawa coupling at a time. The results are shown in
Tab. 7. In the second column we show the bounds obtained from the data presented in
Refs. [65–68] (see Tabs. 2–5). Notice that the inclusion of the associated production data,
given in the third line of Tab. 4, would require a di↵erent expression for the cross section,
�P/�

SM

P = (�SM

VH
+ r

2

t �
SM

ttH
)/(�SM

VH
+ �

SM

ttH
), and it turns out that the inclusion of this data

does not change the result of the �2 at the approximation considered. For this reason and
without any impact on the results, we decided to adopt a simplified approach not including
these data. Finally, in the third column the constraints arising from the total decay width
of the Higgs boson are shown, using its experimental determination by CMS in Ref. [70]
and reported in Eq. (3.11).

Modified Coupling µF Ref. [65–68] �CMS
h,tot. Ref. [70]

tth 0.97 . r
2

t . 1.15 r
2

t . 13

cch r
2

c . 2.36 r
2

c . 35

bbh 0.73 . r
2

b . 1.08 r
2

b . 2.68

⌧⌧h 0.56 . r
2

⌧ . 1.40 r
2

⌧ . 17

µµh 0.36 . r
2

µ . 1.85 r
2

µ . 4600

Table 7: 95% C.L. limits on r
2

 after �
2
fits to data on the Higgs signal strength from

Ref. [65–68] in the second column, and using the total Higgs decay width from Ref. [70] in

the third column, when NP modifies only a single fermion-Higgs coupling at a time.

As expected, the inclusion of data on h ! µµ from Refs. [67] and [68] largely improves
the bounds on µµh. On the other hand, the data on the total Higgs decay width does not
provide bounds stronger than those from the signal strengths.

Fig. 1 shows the results of Tab. 7 expressed in terms of  and ̃ . The bounds obtained
from data in Tab. 2 are in red, from data in Tab. 3 are in blue, from data in Tab. 4 are in
orange, from data in Tab. 5 are in purple, from data in Eq. (3.11) and reported in the third
column of Tab. 7 are in brown, while the combined results from collider data reported in
the second column of of Tab. 7 are in black, and eventually from EDM data in Eqs. (3.5)
and (3.6) are in green. The star indicates the SM case with  � 1 = ̃ = 0. If a line is
not present in the plot, it means that the corresponding bound is too weak and it is out
of scale.

It is interesting to note that the EDM bounds can have very strong impact. In the top
case, the constraint on ̃t is so strong that the t can only be very close to 1 and �1. For
the bottom and ⌧ cases, b,⌧ can span a slightly larger range of values around 1 and �1.
For charm, the absence of a lower bound on r

2

c implies that c can take any value between
2 and �2. Finally, for the µ plot, there is a lower (rather weak) bound on r

2

µ, but the EDM
one is too weak to further reduce the parameter space and therefore µ and ̃µ can take
almost any value between 1.5 and �1.5.

15

16



Assuming       .  
<latexit sha1_base64="mCF8S9bPGvJdboLZ7HVK+LAf+lk=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjJ9d1cU1GUF+4B2LJk0bUMzmSHJKGXof7hxoYhb/8Wdf2OmraCiBwKHc+7lnhwv5ExphD6s1Mrq2vpGejOztb2zu5fdP2ipIJKENknAA9nxsKKcCdrUTHPaCSXFvsdp25ucJ377jkrFAnGjpyF1fTwSbMgI1ka67flYjwnm8eWsf5HpZ3PILiGnVi5AZCODQsWQfAnVqgXozBWEcmCJRj/73hsEJPKp0IRjpboOCrUbY6kZ4XSW6UWKhphM8Ih2DRXYp8qN56ln8MQoAzgMpHlCw7n6fSPGvlJT3zOTSUr120vEv7xupIdVN2YijDQVZHFoGHGoA5hUAAdMUqL51BBMJDNZIRljiYk2RSUlfP0U/k9aedsp28XrYq5+tqwjDY7AMTgFDqiAOrgCDdAEBEjwAJ7As3VvPVov1utiNGUtdw7BD1hvn1sJknA=</latexit>

GF

17



Assuming       .  
<latexit sha1_base64="mCF8S9bPGvJdboLZ7HVK+LAf+lk=">AAAB9XicdVDLSgMxFM3UV62vqks3wSK4GjJ9d1cU1GUF+4B2LJk0bUMzmSHJKGXof7hxoYhb/8Wdf2OmraCiBwKHc+7lnhwv5ExphD6s1Mrq2vpGejOztb2zu5fdP2ipIJKENknAA9nxsKKcCdrUTHPaCSXFvsdp25ucJ377jkrFAnGjpyF1fTwSbMgI1ka67flYjwnm8eWsf5HpZ3PILiGnVi5AZCODQsWQfAnVqgXozBWEcmCJRj/73hsEJPKp0IRjpboOCrUbY6kZ4XSW6UWKhphM8Ih2DRXYp8qN56ln8MQoAzgMpHlCw7n6fSPGvlJT3zOTSUr120vEv7xupIdVN2YijDQVZHFoGHGoA5hUAAdMUqL51BBMJDNZIRljiYk2RSUlfP0U/k9aedsp28XrYq5+tqwjDY7AMTgFDqiAOrgCDdAEBEjwAJ7As3VvPVov1utiNGUtdw7BD1hvn1sJknA=</latexit>

GF

Figure 2: Bounds in the r
2

 -r
02
 planes, with NP contributions to all the Yukawa couplings.

The MFV case is shown and the FN one is very similar. The plot on top-left is the main

result of the �
2
fit, and the following three ones are the projections in two-dimensions. The

last plot shows the ⌧ � ̃⌧ parameter space: in orange the result of the global �
2
fit and in

green the EDM bound as reported in Eq. (3.8). The SM case (r
2

 = 1 or ⌧ � 1 = ̃⌧ = 0)
is represented with a star.

Bounds from Refs. [65–68]

0.83 . r
2

t,c,u . 1.32

0.58 . r
2

b,s,d . 1.58

0.50 . r
2

⌧,µ,e . 1.60

Table 8: 95% C.L. limits on r
2

 after �
2
fits obtained on the data in Refs. [65–68], when

NP contributes to all the Yukawa couplings. These results holds for the MFV case, while

the FN one is likely to be very similar.

couplings contributing at the tree level to the K, B and D meson oscillations. The mis-
alignment between the quark mass and the Yukawa matrices is introduces by adding dim
6 operators with anarchical flavour structure to the SM Yukawa coupling. The diagonal
and o↵-diagonal couplings are related by arbitrary coe�cients that are randomly gener-
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of the Higgs boson are shown, using its experimental determination by CMS in Ref. [70]
and reported in Eq. (3.11).
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Ref. [65–68] in the second column, and using the total Higgs decay width from Ref. [70] in

the third column, when NP modifies only a single fermion-Higgs coupling at a time.

As expected, the inclusion of data on h ! µµ from Refs. [67] and [68] largely improves
the bounds on µµh. On the other hand, the data on the total Higgs decay width does not
provide bounds stronger than those from the signal strengths.

Fig. 1 shows the results of Tab. 7 expressed in terms of  and ̃ . The bounds obtained
from data in Tab. 2 are in red, from data in Tab. 3 are in blue, from data in Tab. 4 are in
orange, from data in Tab. 5 are in purple, from data in Eq. (3.11) and reported in the third
column of Tab. 7 are in brown, while the combined results from collider data reported in
the second column of of Tab. 7 are in black, and eventually from EDM data in Eqs. (3.5)
and (3.6) are in green. The star indicates the SM case with  � 1 = ̃ = 0. If a line is
not present in the plot, it means that the corresponding bound is too weak and it is out
of scale.

It is interesting to note that the EDM bounds can have very strong impact. In the top
case, the constraint on ̃t is so strong that the t can only be very close to 1 and �1. For
the bottom and ⌧ cases, b,⌧ can span a slightly larger range of values around 1 and �1.
For charm, the absence of a lower bound on r
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c implies that c can take any value between
2 and �2. Finally, for the µ plot, there is a lower (rather weak) bound on r
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µ, but the EDM
one is too weak to further reduce the parameter space and therefore µ and ̃µ can take
almost any value between 1.5 and �1.5.
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Bounds on      assuming       .  

ated within a specific numerical interval in a numerical analysis. The bounds of Ref. [26]
parametrised in terms of rd read:

0.16 . r
2

d . 2.89 . (3.23)

Comparing this result to the one in Tab. 8 we can see that, once a flavour symmetry is
acting in the SM Lagrangian, present colliders bounds on Ŷd are already stronger than
those from flavour observables.

Before moving to discuss NP in the Higgs boson Yukawa couplings from the perspective
of flavour changing processes, we summarise the results of this section in terms of the lower
bounds of the cut-o↵ scales ⇤q,` emerging from our analyses based on the assumption of
an underlying flavour symmetry. For the sake of a transparent presentation, one can
distinguish two cases: large CP violating phases of the e↵ective Yukawa couplings and
approximately CP conserving scenario. The bounds on the cut-o↵ scales ⇤q,` following
from the electron EDM and the collider Higgs boson production and flavour conserving
decays are then summarised in Tab. 9. These values strictly holds for the MFV case and
also, up to O(1) coe�cients, in the FN case.

Conditions on ✓f,ii Bound

EDM
sin ✓u,33 = 1 ⇤q & 7.4 TeV

sin ✓e,11 = 1 = sin ✓e,33 ⇤` & 6.0 TeV

Collider (diag couplings)
sin ✓u,33 = 0 ⇤q & 0.8 TeV

sin ✓e,11 = 0 = sin ✓e,33 ⇤` & 0.5 TeV

Table 9: Summary of the bounds on ⇤q,` due to EDMs and collider Higgs boson produc-

tion data. In the second column, the corresponding conditions on the phases ✓f,ii are also

reported.

The results in the first line are those given in Eq.(3.9). The values of ⇤q,` explain the
experimental bounds on ̃t,e,⌧ , with the corresponding sin ✓ = 1 in Eq. (2.20). The results
in the second line follow from Eqs. (2.11) and (2.22): the strong experimental EDM bounds
on the ̃t,e,⌧ imply r ⇡  for  = t, e, ⌧ . Moreover, we have assumed that in Eq. (2.20),
sin ✓ = 0 for  = t, e, ⌧ . It follows from our fits that the role of flavour symmetry in
obtaining those bounds appears only at the quantitative rather than qualitative level,
namely, without an underlying flavour symmetry the bounds become flavour dependent
but in the same bulk part. The only significant di↵erence is for the ⌧ : the EDM bound on
⇤` would be 13 times weaker without an underlying flavour symmetry and assuming CP
violating NP only in the ⌧⌧h coupling. On the contrary, an underlying flavour symmetry
has strong implications for the discussion in the next section.
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Figure 2: Bounds in the r
2

 -r
02
 planes, with NP contributions to all the Yukawa couplings.

The MFV case is shown and the FN one is very similar. The plot on top-left is the main

result of the �
2
fit, and the following three ones are the projections in two-dimensions. The

last plot shows the ⌧ � ̃⌧ parameter space: in orange the result of the global �
2
fit and in

green the EDM bound as reported in Eq. (3.8). The SM case (r
2

 = 1 or ⌧ � 1 = ̃⌧ = 0)
is represented with a star.

Bounds from Refs. [65–68]

0.83 . r
2

t,c,u . 1.32

0.58 . r
2

b,s,d . 1.58

0.50 . r
2

⌧,µ,e . 1.60

Table 8: 95% C.L. limits on r
2

 after �
2
fits obtained on the data in Refs. [65–68], when

NP contributes to all the Yukawa couplings. These results holds for the MFV case, while

the FN one is likely to be very similar.

couplings contributing at the tree level to the K, B and D meson oscillations. The mis-
alignment between the quark mass and the Yukawa matrices is introduces by adding dim
6 operators with anarchical flavour structure to the SM Yukawa coupling. The diagonal
and o↵-diagonal couplings are related by arbitrary coe�cients that are randomly gener-
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between free O(1) coe�cients, we obtain

(
⇤` = 4 TeV for the A Model

⇤` = 2 TeV for the Aµ⌫ and H Models
(|ŷ2eµ| from µ ! e� decay) , (4.3)

as the lower bound on the NP scale (independently of the phases of the individual Yukawa
couplings). Similarly to the quark case, these values for ⇤` should be contrasted with the
value ⇤` = 300 TeV for the NP scale if no flavour symmetry is invoked.

In Fig. 3, we give the graphical representation of the experimental bounds and the FN
predictions for quarks and leptons with ⇤q = 1 TeV and ⇤` = 4 TeV. These two values are
the lower bounds on the scale ⇤q and ⇤` consistent with all the considered experimental
constraints when the Wilson coe�cients respect the FN symmetries, for the CP conserving
case, that is sin ✓ = 0 for any e↵ective phase.

The corresponding bound on the r
2

 parameters reads

0.88 . r
2

q . 1.12 for any quark

0.99 . r
2

` . 1.01 for any lepton ,
(4.4)

where the lower (upper) bounds are obtained for the cos ✓ = �1 (cos ✓ = +1). The
values corresponding to cos ✓ = 0 are r

2

q = 1.004 and r
2

` = 1.00001
The opposite case is the one with large phases of the e↵ective third generation Yukawas

and then the strongest bounds arise from the electron EDM data: in Fig. 4, we give the
graphical representation of the experimental bounds and the FN predictions for quarks and
leptons with ⇤q = 7.4 TeV and ⇤` = 6.0 TeV. As can be seen, once the electron EDMs
bounds are satisfied, the FN predictions for the other CPV observables are well below the
present experimental limits.

The corresponding bound on the r
2

 parameters reads

0.998 . r
2

q . 1.002 for any quark

0.997 . r
2

` . 1.003 for any lepton ,
(4.5)

where the lower (upper) bounds are obtained for the cos ✓ = �1 (cos ✓ = +1).
We can conclude that if the NP is approximately CP conserving then the qqh couplings

may still deviate from the SM values by a few percent and the future collider data on the
Higgs production and decay are very much welcome. The ``h couplings are much more
strongly constrained even in the CP conserving case. An interesting chance for testing the
µeh couplings is provided by the µ ! e conversion in nuclei. The present experimental
bound is BR(µ ! eN) < 7 ⇥ 10�13. Using the scale of ⇤` = 4 TeV and FN symmetry,
the bound we get is BR(µ ! eN) < 3.8 ⇥ 10�16. Future experiments claim to reach a
sensitivity of 10�16 [77], which is of the same order of magnitude.

In the case of large CP violating phases in the Higgs couplings with t, e and ⌧ , all the
h couplings are constrained to be very close to their SM values and only higher precision
selected flavour data may show the deviations from the SM, as can be seen in Fig. 4.
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couplings contributing at the tree level to the K, B and D meson oscillations. The mis-
alignment between the quark mass and the Yukawa matrices is introduces by adding dim
6 operators with anarchical flavour structure to the SM Yukawa coupling. The diagonal
and o↵-diagonal couplings are related by arbitrary coe�cients that are randomly gener-
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(|ŷ2eµ| from µ ! e� decay) , (4.3)

as the lower bound on the NP scale (independently of the phases of the individual Yukawa
couplings). Similarly to the quark case, these values for ⇤` should be contrasted with the
value ⇤` = 300 TeV for the NP scale if no flavour symmetry is invoked.

In Fig. 3, we give the graphical representation of the experimental bounds and the FN
predictions for quarks and leptons with ⇤q = 1 TeV and ⇤` = 4 TeV. These two values are
the lower bounds on the scale ⇤q and ⇤` consistent with all the considered experimental
constraints when the Wilson coe�cients respect the FN symmetries, for the CP conserving
case, that is sin ✓ = 0 for any e↵ective phase.

The corresponding bound on the r
2

 parameters reads

0.88 . r
2

q . 1.12 for any quark

0.99 . r
2

` . 1.01 for any lepton ,
(4.4)

where the lower (upper) bounds are obtained for the cos ✓ = �1 (cos ✓ = +1). The
values corresponding to cos ✓ = 0 are r

2

q = 1.004 and r
2

` = 1.00001
The opposite case is the one with large phases of the e↵ective third generation Yukawas

and then the strongest bounds arise from the electron EDM data: in Fig. 4, we give the
graphical representation of the experimental bounds and the FN predictions for quarks and
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where the lower (upper) bounds are obtained for the cos ✓ = �1 (cos ✓ = +1).
We can conclude that if the NP is approximately CP conserving then the qqh couplings

may still deviate from the SM values by a few percent and the future collider data on the
Higgs production and decay are very much welcome. The ``h couplings are much more
strongly constrained even in the CP conserving case. An interesting chance for testing the
µeh couplings is provided by the µ ! e conversion in nuclei. The present experimental
bound is BR(µ ! eN) < 7 ⇥ 10�13. Using the scale of ⇤` = 4 TeV and FN symmetry,
the bound we get is BR(µ ! eN) < 3.8 ⇥ 10�16. Future experiments claim to reach a
sensitivity of 10�16 [77], which is of the same order of magnitude.

In the case of large CP violating phases in the Higgs couplings with t, e and ⌧ , all the
h couplings are constrained to be very close to their SM values and only higher precision
selected flavour data may show the deviations from the SM, as can be seen in Fig. 4.
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better than colliders 


(good news for future Higgs collider measurements)
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Higgs and Top Decays

decays in both quarks and leptons, taking all the O(1) parameters equal to 1. As we can
see, the predicted values for all the decays are much below the present experimental limit.

Notice that for the decays into quarks, the proper observables involve jets or mesons
in the final state [80]. It is however beyond the scope of this paper to enter into further
details.

BR Experimental Bound 95%C.L. FN Prediction

h ! uc � 6⇥ 10�8

h ! ds � 6⇥ 10�10

h ! db � 4⇥ 10�8

h ! sb � 8⇥ 10�7

BR Experimental Bound 95%C.L. A Aµ⌧ H

h ! eµ 6.1⇥ 10�5 [81] 3⇥ 10�9 10�10 1⇥ 10�10

h ! e⌧ 2.2⇥ 10�3 [76] 8⇥ 10�7 4⇥ 10�8 2⇥ 10�9

h ! µ⌧ 1.5⇥ 10�3 [76] 8⇥ 10�7 8⇥ 10�7 9⇥ 10�8

Table 12: Branching ratios for the flavour changing Higgs decays. In the second column

we report the experimental upper bounds when available, while in the other columns the

FN predictions, specifying the leptonic FN realisation. The cut-o↵ scales are fixed to ⇤q =
1 TeV and ⇤` = 4 TeV and all the O(1) parameters are taken equal to 1.

The last observable we will consider in this section is flavour changing top decays,
t ! hc and t ! hu. The explicit expression for the decay width is given by [82]

� (t ! hui) =
1

32⇡
mh

���Ŷu,i3

���
2 ⇥
(1 + xi)

2
� x

2

h

⇤p
1� (xh + xi)2

p
1� (xh � xi)2 , (5.4)

where xi ⌘ mui/mt and xh ⌘ mh/mt. Considering the definition of Ŷu and the expression
for Cu,ij in Eq. (5.2), we get

���Ŷu,i3

���
2

' O(1)
2m2

tv
2

⇤4
q

✏
2(nQi

�nQ3 ) (5.5)

and the generic expression, neglecting xi with respect to xh, reduces to

� (t ! hui) '
O(1)

16⇡
mh
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2

tv
2

⇤4
q
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2(nQi

�nQ3 )
�
1� x

2

h

�2
. (5.6)

The numerical results for the corresponding branching ratios, considering the total decay
width �t = 1.42+19

�15
GeV [30], can be read in Tab. 13: the FN predictions are below the

present experimental limits of at least two orders of magnitude.
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BR Experimental Bound 95%C.L. FN Prediction

t ! hu 4.5⇥ 10�3 [83] 2⇥ 10�6

t ! hc 4.6⇥ 10�3 [83], 5.6⇥ 10�3 [84] 4⇥ 10�5

Table 13: Branching ratios for the flavour changing top decays. In the second column we

report the experimental upper bounds, while in the third column the FN predictions. The

cut-o↵ scale is fixed to ⇤q = 1 TeV and all the O(1) parameters are taken equal to 1.

6 Conclusions

In contrast to the electroweak part of the Standard Model, beautifully understood in
terms of the underlying gauge symmetries, its flavour sector is very mysterious. It relies
on purely phenomenological description encoded in the fermion masses and mixings, which
originate from the Yukawa coupling matrices introduced at the level of the SU(2)L ⇥

U(1)Y invariant renormalisable Lagrangian, with the SM fermion spectrum. The latter
are however beyond any SM theoretical control. Better theoretical understanding of the
flavour physics is one of the main BSM challenges, parallel to the naturalness problem. It
may well be that the scales of BSM physics that can shed some light on the flavour problem
are very di↵erent from the BSM physics linked to the Brout-Englert-Higgs mechanism.

In this paper we have determined the lower bounds on the scale of new physics pos-
sibly contributing to the ffh e↵ective couplings following from the variety of processes
dependent on those couplings. We have worked in the framework of SMEFT and our main
assumption is that the Wilson coe�cients of the relevant dim 6 operators respect certain
flavour structure: either the Minimal Flavour Violation ansatz or a flavour symmetry, often
invoked to explain the observed pattern of fermion masses and mixings. Thus, our results
determine the sensitivity of di↵erent observables to the flavour BSM physics under the
mentioned above assumption.

There are several sources of experimental information on the e↵ective Yukawa couplings.
The absolute values of the third generation couplings (and some of the second one) are
directly measured in the Higgs boson production and decays at the LHC experiments.
Their imaginary parts are bounded by the limits on EDMs. The non-diagonal couplings
are bounded by a vast number of FCNC processes and radiative decays. The latter bounds
are conservative as those processes may be subject also to other new physics contributions
at the same level of precision calculations but we take them on equal footing with the
collider bounds.

The emerging picture of the bounds on new physics scales is discussed in detail in
Sect. 4, while the predictions for flavour changing Higgs and top decays in Sect. 5. Here
are the main points:

- First, we disregard the bounds on the imaginary parts of the Yukawas (assuming
that they are controlled by approximately CP conserving BSM theory). With the
present precision, the FCNC data give stronger bounds on the scale of NP than the
collider data (obviously this does not apply to the MFV ansatz, where the o↵-diagonal
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⇤q = 1 TeV

<latexit sha1_base64="ZKWBLRrGtM7CYKOm+pOJXzbKtNA=">AAACAnicbVC7SgNBFJ2NrxhfUSuxGQyCVdiVoDZC0MbCIkJekA1hdnKTDJl9MHNXDEuw8VdsLBSx9Svs/BsnyRaaeGDgcM653LnHi6TQaNvfVmZpeWV1Lbue29jc2t7J7+7VdRgrDjUeylA1PaZBigBqKFBCM1LAfE9CwxteT/zGPSgtwqCKowjaPusHoic4QyN18gfurQl3WccFKS9LLsIDJrQK9XEnX7CL9hR0kTgpKZAUlU7+y+2GPPYhQC6Z1i3HjrCdMIWCSxjn3FhDxPiQ9aFlaMB80O1kesKYHhulS3uhMi9AOlV/TyTM13rkeybpMxzoeW8i/ue1YuxdtBMRRDFCwGeLerGkGNJJH7QrFHCUI0MYV8L8lfIBU4yjaS1nSnDmT14k9dOic1Ys3ZUK5au0jiw5JEfkhDjknJTJDamQGuHkkTyTV/JmPVkv1rv1MYtmrHRmn/yB9fkDre6W/A==</latexit>

⇤` = 4 TeV

<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{
<latexit sha1_base64="Jv4yRXuc3Tn2YmLi0PfFCw0BK4Q=">AAACFHicdVBLSwMxGMz6rPW16tFLsAiCUrJ991b04rGCfUC7lGyatqHZB0lWKMv+CC/+FS8eFPHqwZv/xnTbBRUdCAwz8yVfxgk4kwqhT2NldW19YzOzld3e2d3bNw8O29IPBaEt4nNfdB0sKWcebSmmOO0GgmLX4bTjTK/mfueOCsl871bNAmq7eOyxESNYaWlgnkf95JKeGDt2hPJlZNUrxQuURxrFqiaFMqrXinE/igdmLg3ANADTALQSBaEcWKI5MD/6Q5+ELvUU4VjKnoUCZUdYKEY4jbP9UNIAkyke056mHnaptKNknxieamUIR77Qx1MwUb9PRNiVcuY6OuliNZG/vbn4l9cL1ahmR8wLQkU9snhoFHKofDhvCA6ZoETxmSaYCKZ3hWSCBSZK95jVJaQ/hf+TdiFvVfKlm1KucbmsIwOOwQk4Axaogga4Bk3QAgTcg0fwDF6MB+PJeDXeFtEVYzlzBH7AeP8Cytya4w==</latexit>

{
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Final Remarks
Complementarity among experiments is fundamental!

Colliders bounds are still weaker wrt flavour 
ones, but very close in the CP conserving case

ated within a specific numerical interval in a numerical analysis. The bounds of Ref. [26]
parametrised in terms of rd read:

0.16 . r
2

d . 2.89 . (3.23)

Comparing this result to the one in Tab. 8 we can see that, once a flavour symmetry is
acting in the SM Lagrangian, present colliders bounds on Ŷd are already stronger than
those from flavour observables.

Before moving to discuss NP in the Higgs boson Yukawa couplings from the perspective
of flavour changing processes, we summarise the results of this section in terms of the lower
bounds of the cut-o↵ scales ⇤q,` emerging from our analyses based on the assumption of
an underlying flavour symmetry. For the sake of a transparent presentation, one can
distinguish two cases: large CP violating phases of the e↵ective Yukawa couplings and
approximately CP conserving scenario. The bounds on the cut-o↵ scales ⇤q,` following
from the electron EDM and the collider Higgs boson production and flavour conserving
decays are then summarised in Tab. 9. These values strictly holds for the MFV case and
also, up to O(1) coe�cients, in the FN case.

Conditions on ✓f,ii Bound

EDM
sin ✓u,33 = 1 ⇤q & 7.4 TeV

sin ✓e,11 = 1 = sin ✓e,33 ⇤` & 6.0 TeV

Collider (diag couplings)
sin ✓u,33 = 0 ⇤q & 0.8 TeV

sin ✓e,11 = 0 = sin ✓e,33 ⇤` & 0.5 TeV

Table 9: Summary of the bounds on ⇤q,` due to EDMs and collider Higgs boson produc-

tion data. In the second column, the corresponding conditions on the phases ✓f,ii are also

reported.

The results in the first line are those given in Eq.(3.9). The values of ⇤q,` explain the
experimental bounds on ̃t,e,⌧ , with the corresponding sin ✓ = 1 in Eq. (2.20). The results
in the second line follow from Eqs. (2.11) and (2.22): the strong experimental EDM bounds
on the ̃t,e,⌧ imply r ⇡  for  = t, e, ⌧ . Moreover, we have assumed that in Eq. (2.20),
sin ✓ = 0 for  = t, e, ⌧ . It follows from our fits that the role of flavour symmetry in
obtaining those bounds appears only at the quantitative rather than qualitative level,
namely, without an underlying flavour symmetry the bounds become flavour dependent
but in the same bulk part. The only significant di↵erence is for the ⌧ : the EDM bound on
⇤` would be 13 times weaker without an underlying flavour symmetry and assuming CP
violating NP only in the ⌧⌧h coupling. On the contrary, an underlying flavour symmetry
has strong implications for the discussion in the next section.
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Colliders (diag.)
<latexit sha1_base64="A69aT1dRLyTnrG8xZEmigIVxuos=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBKuxKUMugjYVFhLwgG8Ls5CYZMvtw5q4YljQ2/oqNhSK2/oOdf+PkUWjigYHDOedy5x4/lkKj43xbmaXlldW17HpuY3Nre8fe3avpKFEcqjySkWr4TIMUIVRRoIRGrIAFvoS6P7ga+/V7UFpEYQWHMbQC1gtFV3CGRmrbh96NCXdY+87roYkFrofwgCmtQG3UtvNOwZmALhJ3RvJkhnLb/vI6EU8CCJFLpnXTdWJspUyh4BJGOS/REDM+YD1oGhqyAHQrnVwxosdG6dBupMwLkU7U3xMpC7QeBr5JBgz7et4bi/95zQS7F61UhHGCEPLpom4iKUZ0XAntCAUc5dAQxpUwf6W8zxTjaIrLmRLc+ZMXSe204J4VirfFfOlyVkeWHJAjckJcck5K5JqUSZVw8kieySt5s56sF+vd+phGM9ZsZp/8gfX5A5YlmKQ=</latexit>

⇤q & 1 TeV
<latexit sha1_base64="XzQ3F0HrbSw3XQzdR7/xB3E6m1I=">AAACBXicbVC7SgNBFJ2NrxhfUUstBoNgY9gNQW2EoI2FRYS8IBvC7OQmGTL7YOauGJY0Nv6KjYUitv6DnX/j5FFo4oGBwznncuceL5JCo21/W6ml5ZXVtfR6ZmNza3snu7tX02GsOFR5KEPV8JgGKQKookAJjUgB8z0JdW9wPfbr96C0CIMKDiNo+awXiK7gDI3Uzh66tybcYW0XpLwsnBapi/CACa1AbdTO5uy8PQFdJM6M5MgM5Xb2y+2EPPYhQC6Z1k3HjrCVMIWCSxhl3FhDxPiA9aBpaMB80K1kcsWIHhulQ7uhMi9AOlF/TyTM13roeybpM+zreW8s/uc1Y+xetBIRRDFCwKeLurGkGNJxJbQjFHCUQ0MYV8L8lfI+U4yjKS5jSnDmT14ktULeOcsX74q50tWsjjQ5IEfkhDjknJTIDSmTKuHkkTyTV/JmPVkv1rv1MY2mrNnMPvkD6/MH8yeXmQ==</latexit>

⇤` = 2� 4 TeV

Flavour (off-diag.)

In the Maximal CPV case, eEDMs dominate

ated within a specific numerical interval in a numerical analysis. The bounds of Ref. [26]
parametrised in terms of rd read:

0.16 . r
2

d . 2.89 . (3.23)

Comparing this result to the one in Tab. 8 we can see that, once a flavour symmetry is
acting in the SM Lagrangian, present colliders bounds on Ŷd are already stronger than
those from flavour observables.

Before moving to discuss NP in the Higgs boson Yukawa couplings from the perspective
of flavour changing processes, we summarise the results of this section in terms of the lower
bounds of the cut-o↵ scales ⇤q,` emerging from our analyses based on the assumption of
an underlying flavour symmetry. For the sake of a transparent presentation, one can
distinguish two cases: large CP violating phases of the e↵ective Yukawa couplings and
approximately CP conserving scenario. The bounds on the cut-o↵ scales ⇤q,` following
from the electron EDM and the collider Higgs boson production and flavour conserving
decays are then summarised in Tab. 9. These values strictly holds for the MFV case and
also, up to O(1) coe�cients, in the FN case.

Conditions on ✓f,ii Bound

EDM
sin ✓u,33 = 1 ⇤q & 7.4 TeV

sin ✓e,11 = 1 = sin ✓e,33 ⇤` & 6.0 TeV

Collider (diag couplings)
sin ✓u,33 = 0 ⇤q & 0.8 TeV

sin ✓e,11 = 0 = sin ✓e,33 ⇤` & 0.5 TeV

Table 9: Summary of the bounds on ⇤q,` due to EDMs and collider Higgs boson produc-

tion data. In the second column, the corresponding conditions on the phases ✓f,ii are also

reported.

The results in the first line are those given in Eq.(3.9). The values of ⇤q,` explain the
experimental bounds on ̃t,e,⌧ , with the corresponding sin ✓ = 1 in Eq. (2.20). The results
in the second line follow from Eqs. (2.11) and (2.22): the strong experimental EDM bounds
on the ̃t,e,⌧ imply r ⇡  for  = t, e, ⌧ . Moreover, we have assumed that in Eq. (2.20),
sin ✓ = 0 for  = t, e, ⌧ . It follows from our fits that the role of flavour symmetry in
obtaining those bounds appears only at the quantitative rather than qualitative level,
namely, without an underlying flavour symmetry the bounds become flavour dependent
but in the same bulk part. The only significant di↵erence is for the ⌧ : the EDM bound on
⇤` would be 13 times weaker without an underlying flavour symmetry and assuming CP
violating NP only in the ⌧⌧h coupling. On the contrary, an underlying flavour symmetry
has strong implications for the discussion in the next section.
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eEDM

Flavour Syms imply stronger links

Higgs and Top FV decays still far or violation of FS!
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On eEDM
<latexit sha1_base64="vS+8XAC2TDp51l6sswOzOh7UsKs="></latexit>

de
e

= 4
↵em

(4⇡)3
p
2GF me ⇥ ̃e↵

<latexit sha1_base64="Xk1T262uKMQmEhNWRxnc8nB+o4Y="></latexit>

̃eff = [2.68̃e + 3.83̃t + 0.018̃b + 0.015̃⌧ ]

<latexit sha1_base64="UEJ5kgi9c8Upbafoyqcp2OZGYmc=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm2ARXJVE6mXhoujGZQV7gSaWyeSkHTpJhpmJUEJx46u4caGIW5/CnW/jpM1CW38Y+PjPOZw5v88Zlcq2v42FxaXlldXSWnl9Y3Nr29zZbckkFQSaJGGJ6PhYAqMxNBVVDDpcAI58Bm1/eJ3X2w8gJE3iOzXi4EW4H9OQEqy01TP3XUVZAO4Qc47vMwjD8aVdte3aac+s5JDLmgengAoq1OiZX26QkDSCWBGGpew6NldehoWihMG47KYSOCZD3IeuxhhHIL1scsLYOtJOYIWJ0C9W1sT9PZHhSMpR5OvOCKuBnK3l5n+1bqrCCy+jMU8VxGS6KEyZpRIrz8MKqACi2EgDJoLqv1pkgAUmSqdW1iE4syfPQ+uk6pxVa7e1Sv2qiKOEDtAhOkYOOkd1dIMaqIkIekTP6BW9GU/Gi/FufExbF4xiZg/9kfH5A97Clm8=</latexit>

̃eff < 0.0045Experimentally:

In order to relax the bounds found on         , there should 
be a cancellation between the first two terms!

<latexit sha1_base64="s1lf3hn8tVQogMLxILPtjL+kmVc=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQyCBwm7EtRj0IvHCOYB2RBmJ51kyOyDmV4xLPsrXjwo4tUf8ebfOEn2oIkFDUVVN91dfiyFRsf5tgpr6xubW8Xt0s7u3v6BfVhu6ShRHJo8kpHq+EyDFCE0UaCETqyABb6Etj+5nfntR1BaROEDTmPoBWwUiqHgDI3Ut8seCjkAb8LimPVTOMesb1ecqjMHXSVuTiokR6Nvf3mDiCcBhMgl07rrOjH2UqZQcAlZyUs0xIxP2Ai6hoYsAN1L57dn9NQoAzqMlKkQ6Vz9PZGyQOtp4JvOgOFYL3sz8T+vm+DwupeKME4QQr5YNEwkxYjOgqADoYCjnBrCuBLmVsrHTDGOJq6SCcFdfnmVtC6q7mW1dl+r1G/yOIrkmJyQM+KSK1Ind6RBmoSTJ/JMXsmblVkv1rv1sWgtWPnMEfkD6/MHRwmUmw==</latexit>

̃e,t

<latexit sha1_base64="VWFDneL41zVAbqJckVL+gObKZcI=">AAACEHicbZA9SwNBEIb3/DZ+RS1tDqNoIeFORC2DNpYRTBRyIcxtJrpk9+7YnQuEIz/Bxr8iiIUiYmdp5w/R2j1j4dcLCw/vzDA7b5hIYcjzXp2R0bHxicmp6cLM7Nz8QnFxqW7iVHOs8VjG+iwEg1JEWCNBEs8SjaBCiadh9zCvn/ZQGxFHJ9RPsKngPBIdwYGs1SpuBCRkG4MuJAm0MtwKVLoVEKSDQKIxRiiv7Hn+XqtYyiGX+xf8LyhV1t5unnoz79VW8SVoxzxVGBGXYEzD9xJqZqBJcImDQpAaTIB34RwbFiNQaJrZ50EDd906bbcTa/sicj/d7xMZKGP6KrSdCujC/K7l5n+1Rkqd/WYmoiQljPhwUSeVLsVuno7bFho5yb4F4FrYv7r8AjRwshkWbAj+75P/Qn277O+Wd479UuWADTXFVtgq22Q+22MVdsSqrMY4u2TX7I7dO1fOrfPgPA5bR5yvmWX2Q87zB8WuoNE=</latexit>

̃e,µ,⌧ . 0.0017

In the absence of any cancellation,

is completely general.



FN Models

where ✓f,ij are e↵ective phases resulting from the product in Eq. (2.7). The resulting
expressions for the  and ̃ then read

Kf =1 +
v
2

⇤2
diag (O(1) cos ✓f,11, O(1) cos ✓f,22, O(1) cos ✓f,33) ,

K̃f =
v
2

⇤2
diag (O(1) sin ✓f,11, O(1) sin ✓f,22, O(1) sin ✓f,33) ,

(2.20)

where O(1) factors reflect the presence of the free coe�cients associated to each e↵ective
operator and typical of the FN construction. Notice the di↵erence with the MFV scenario,
where the angle ✓ is flavour independent. Instead, similarly to Eq. (2.14) in the MFV case,
we have

( � 1)2 + ̃
2

 = O(1)2
v
4

⇤4
. (2.21)

where O(1)’s are due to free flavour dependent parameters. Finally, for r the Eq. (2.15)
gets replaced by

r
2

 ' 1 +O(1)2
v
4

⇤4
+ 2O(1)

v
2

⇤2
cos ✓f, , (2.22)

for each fermion  .
To fully determine the size of the Yukawa couplings it is necessary to consider a concrete

set of FN charges and a value for the parameter ✏. Tab. 1 contains possible settings that
agree with data once fixing ✏ = 0.23. For the lepton sector, three distinct models have
been considered, Anarchy (A), µ � ⌧ -Anarchy (Aµ⌧ ) and Hierarchy (H) as studied in
Refs. [55–57]: the first realisation corresponds to the anarchical ansatz for the neutrino
Yukawa matrix [58–60]; the second introduces some degree of hierarchy in the entries
associated to the first interacting neutrino; while the last model envisage a hierarchical
structure within all the three interacting neutrinos. With the present sensitivity on neutrino
oscillation data, the three models are compatible with the measurements, although the
hierarchical models have a higher evidence with respect to the anarchical one in a bayesian
analysis [57]. Interestingly, in the numerical analysis that follows, only the LH field charges
are relevant: it is indeed possible to express the dependence on the RH field charges in
terms of fermion masses and the LH fermion charges.

Quarks
Q

0
L u

0
R d

0
R

(2, 1, 0) (5, 2, 0) (5, 4, 2)

Leptons L
0
L e

0
R

Anarchy (A) (0, 0, 0) (10, 5, 3)
µ⌧ -Anarchy (Aµ⌧ ) (1, 0, 0) (9, 5, 3)
Hierarchy (H) (2, 1, 0) (8, 4, 3)

Table 1: FN charge assignments for realistic scenarios with ✏ = 0.23.
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the U(1)-charge for the scalar � as n� = �1, the Yukawa Lagrangian then reads

LFN =� y
0
u,ij Q

0
LiH̃u

0
Rj

✓
�

⇤F

◆(nQi
+nuj )

� y
0
d,ij Q

0
LiHd

0
Rj

✓
�

⇤F

◆(nQi
+ndj

)

+

� y
0
e,ij L

0
LiHe

0
Rj

✓
�

⇤F

◆(nLi
+nej )

+

�

"
c
0
u,ij L

0
LiH̃u

0
Rj

✓
�

⇤F

◆(nQi
+nuj )

+ c
0
d,ij L

0
LiHd

0
Rj

✓
�

⇤F

◆(nQi
+ndj

)
#
H

†
H

⇤2
q

+

� c
0
e,ij L

0
LiHe

0
Rj

✓
�

⇤F

◆(nLi
+nej ) H

†
H

⇤2

`

+ h.c. ,

(2.16)

where i and j are flavour indices, and y
0
f,ij and c

0
f,ij are free complex parameter with moduli

of order O(1). The cut-o↵ scale ⇤F is di↵erent from the scales ⇤q,` that suppresses the
d = 6 operators in Eq. (2.1): these scales indeed correspond to two di↵erent sectors of the
theory and may have nothing in common.

Once the scalar field � acquires VEV, the di↵erent operators get suppressed by powers
of the ratio

✏ ⌘ h�i/⇤F . (2.17)

Typically nQ1 > nQ2 > nQ3 , nu1 > nu2 > nu3 and similarly for the remaining fermion Weyl
spinors 2: this guarantees the correct charged fermion mass hierarchies and small mixings.
While the latter is the general expectation for the CKM matrix, it is not a very strong
requirement in the lepton sector, but follows from the prejudice that the large mixings
of the PMNS matrix arise mainly from the neutrino sector. The condition imposed on
the charges guarantees a simple parametrisation of the mixing angles. According to the
definition in Eq. (2.3), for the up sector we get:

Yu = diag(yu ✏
nQ1+nu1 , yc ✏

nQ2+nu2 , yt ✏
nQ3+nu3 )

Vu,ij = �ij + (1� �ij)
(j � i)

|j � i|

yu,ij

yu,jj
✏
|nQi

�nQj
| (2.18)

Uu,ij = �ij + (1� �ij)
(j � i)

|j � i|

yu,ji

yu,jj
✏
|nui�nuj | ,

and similarly for the down-quark and charged lepton sectors with the corresponding sub-
stitutions. yu,ij and yi are complex and real parameters of O(1), respectively.

In the mass eigenstate basis, the Higgs boson does have flavour changing couplings with
fermions and the diagonal ones have the same suppressions as the Yukawa couplings. The
matrices Cf given by Eq. (2.7), using the expressions for C 0

f , Vf and Uf above, read:

Cu,ij ⇡ O(1)✏nQi
+nuj e

i✓u,ij , Cd,ij ⇡ O(1)✏nQi
+ndj e

i✓d,ij , Ce,ij ⇡ O(1)✏nLi
+nej e

i✓e,ij ,

Cf,ii ⇡ O(Yf,i)e
i✓f,ii , (2.19)

2For a discussion of various constraints on the charge assignment in the FN models see, for instance,
Refs. [53–57] and references therein.

7



Flavour Bounds

4 Bounds from Flavour Changing Processes

In this section we use the upper bounds on the e↵ective flavour non-diagonal Yukawa
couplings derived from tree-level Higgs exchange contributions [74] to various �F = 2
processes and radiative decays of quarks and leptons and calculate the lower bounds on the
NP scales, under the assumption that the corresponding Wilson coe�cients are controlled
by a FN symmetry. The observables considered in this section may receive NP contributions
di↵erent from those we have considered so far and that can also be described at low-energy
through four fermion interactions. For this reason, the results obtained in the following
should be considered as a conservative estimation.

We use previous results presented in Ref. [75], updating the bounds when new, more
precise experimental values are present, where the EFT approach has been adopted, with
the physical Higgs integrated out. In that article, observables in both quark and lepton
sectors have been taken into account. In Tab. 10, we list the combination of the e↵ective
Yukawa couplings ŷ  0 , defined as the entries of Ŷ in Eq. (2.8), for the quark sector: in the
second column we report the bound on the absolute value of the given combination, and
in the fourth column on the imaginary part of that combination. Notice that the notation
used in Ref. [75] and in these tables is di↵erent: the c  0 coe�cients of Ref. [75] are here
the e↵ective Yukawas ŷ  0 and the relation that links the two quantities is very simple,
ŷ  0 =

p
2c  0 .

E↵. Coupl. Bound on |ye↵.| ⇤q [ TeV] Bound on |Im(ye↵.)| ⇤q [ TeV]

ŷsdŷ
⇤
ds 2.2⇥ 10�10 0.7 8.2⇥ 10�13 3

ŷcuŷ
⇤
uc 1.8⇥ 10�9 0.7 3.4⇥ 10�10 1

ŷbdŷ
⇤
db 1.8⇥ 10�8 0.6 5.4⇥ 10�9 0.8

ŷbsŷ
⇤
sb 4.0⇥ 10�7 0.6 4.0⇥ 10�7 0.6

ŷ
2

ds 4.4⇥ 10�10 0.6 1.6⇥ 10�12 2
ŷ
2

sd 4.4⇥ 10�10 0.6 1.6⇥ 10�12 2
ŷ
2

uc 2.8⇥ 10�9 1 5.0⇥ 10�10 2
ŷ
2

cu 2.8⇥ 10�9 0.2 5.0⇥ 10�10 0.4
ŷ
2

db 2.0⇥ 10�8 0.4 6.0⇥ 10�9 0.5
ŷ
2

bd 2.0⇥ 10�8 1 6.0⇥ 10�9 1
ŷ
2

sb 4.4⇥ 10�7 0.3 4.4⇥ 10�7 0.3
ŷ
2

bs 4.4⇥ 10�7 1 4.4⇥ 10�7 1

Table 10: FN lower bounds on the NP cut-o↵ scale ⇤q in TeV following from the o↵-

diagonal e↵ective Yukawa couplings in the quark sector. The bounds in the first half of the

table are independent of the FN charges, and the others are obtained taking ✏ = 0.23 and

with the charge assignments given in Tab. 1. The bounds are extracted from Ref. [75].

Those bounds, taken at the face value, suggest a strong power of flavour observables in
searching for NP in the Yukawa couplings (see Fig. 5.1 in Ref. [17]). Indeed, assuming the
structure of the e↵ective couplings to be O(1)v4/⇤4

q, those observables would be sensitive
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and the bounds are in common to all the models: also in this case, it is possible to express
the FN charge dependence on the corresponding e↵ective Yukawa combinations in terms
of lepton masses. This is not the case for the bounds in the lower part of the table.

E↵. Coupl. Bound
⇤` [ TeV]

A Aµ⌧ H

|ŷe⌧ ŷ⌧e| 2.2⇥ 10�2 [75] 8.⇥ 10�3 = =
|Re(ŷe⌧ ŷ⌧e)| 1.4⇥ 10�4 [30] 3⇥ 10�2 = =
|Im(ŷe⌧ ŷ⌧e)| 1.1⇥ 10�10 [30] 1 = =
|ŷeµŷµe| 3.6⇥ 10�1 [75] 2⇥ 10�3 = =

|Re(ŷeµŷµe)| 1.4⇥ 10�3 [30] 8⇥ 10�3 = =
|Im(ŷeµŷµe)| 1.1⇥ 10�9 [30] 0.3 = =
|ŷµ⌧ ŷ⌧µ| 4.0 [75] 9⇥ 10�3 = =

|Re(ŷµ⌧ ŷ⌧µ)| 2.5⇥ 10�3 [30] 5⇥ 10�2 = =
|Im(ŷµ⌧ ŷ⌧µ)| 1.2 [75] 1⇥ 10�2 = =

|ŷe⌧ ŷ⌧µ| 6⇥ 10�8 [30] 0.8 0.5 0.5
|ŷ⌧eŷµ⌧ | 6⇥ 10�8 [30] 0.2 0.3 0.3
|ŷµ⌧ |

2 2.5⇥ 10�6 [76] 0.6 0.6 0.3
|ŷ⌧µ| 2.5⇥ 10�6 [76] 0.2 0.2 0.3
|ŷe⌧ |

2 3.6⇥ 10�6 [76] 0.6 0.3 0.1
|ŷ⌧e|

2 3.6⇥ 10�6 [76] 1⇥ 10�2 2⇥ 10�2 4⇥ 10�2

|ŷµe|
2 3.5⇥ 10�12 [30] 0.3 0.6 0.6

|ŷeµ|
2 3.5⇥ 10�12 [30] 4 2 2

|ŷµeŷ
⇤
e⌧ | 1.8⇥ 10�4 [75] 3⇥ 10�2 3⇥ 10�2 2⇥ 10�2

|ŷµeŷ⌧e| 1.8⇥ 10�4 [75] 4⇥ 10�3 8⇥ 10�3 1⇥ 10�2

|ŷ
⇤
eµŷ

⇤
e⌧ | 1.8⇥ 10�4 [75] 0.1 5⇥ 10�2 4⇥ 10�2

|ŷ
⇤
eµŷ⌧e| 1.8⇥ 10�4 [75] 1⇥ 10�2 1⇥ 10�2 2⇥ 10�2

|ŷeµŷ
⇤
µ⌧ | 2.0⇥ 10�4 [75] 0.1 7⇥ 10�2 5⇥ 10�2

|ŷeµŷ⌧µ| 2.0⇥ 10�4 [75] 5⇥ 10�2 4⇥ 10�2 5⇥ 10�2

|ŷ
⇤
µeŷ

⇤
µ⌧ | 2.0⇥ 10�4 [75] 3⇥ 10�2 4⇥ 10�2 3⇥ 10�2

|ŷ
⇤
µeŷ⌧µ| 2.0⇥ 10�4 [75] 1⇥ 10�2 2⇥ 10�2 3⇥ 10�2

Table 11: FN lower bounds on the NP cut-o↵ scale ⇤` in TeV following from the o↵-

diagonal e↵ective Yukawa couplings in the leptonic sector. Most of the bounds are taken

from Ref. [75], except those that show explicitly a di↵erent reference: in these cases, the

experimental bound has improved as compared to the one reported in Ref. [75]. The bounds

in the first half of the table are independent of the FN charges, while the others are obtained

taking ✏ = 0.23 and with the charge assignments given in Tab. 1. “=” indicates that the

bounds in the Aµ⌫ and H models are the same as those in the A model.

For most of the combinations of e↵ective Yukawas for leptons, the lower bounds on the
scale ⇤` are (much) lower than ⇤` = 0.5 TeV obtained from the collider data. The main
exception is |ŷeµ|2 that is linked to the muon radiative decay. Barring large cancellations
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