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Muon g-2 anomalies



Standard Model in precision era

• SM gauge/flavor structures are well-tested.

• No clues for origins of Higgs mass, flavors, dark matter, etc.

Interplay of HL LHC, future colliders, precision and 
intensity experiments are much more important.
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[J.Erler(2021)]



Testing flavors and new physics
• “Charged currents” induce flavor violating processes 

at tree level, while FCNCs are induced at loop level.

• “FCNC processes”, g-2, EDM, and lepton universality, etc, 
are sensitive probes of new physics.

• Lepton universality is well tested within the SM.
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Lepton g-2
-3-• Dirac predicted the gyromagnetic ratio of fermion 

spin to orbital magnetic dipole moments to unity.

“Magnetic dipole moment”
<latexit sha1_base64="D2hoLlkRfu6B5RrRy/7EkJIbTzQ=">AAACHHicbVDNS8MwHE3n15xfVY9egkPwNNop6mUy8OJxgvuAtZQ0S7ewNC1JOhhd/xAv/itePCjixYPgf2O29TA3HwRe3ns/kt/zY0alsqwfo7C2vrG5Vdwu7ezu7R+Yh0ctGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafvDu6nfHhEhacQf1Tgmboj6nAYUI6Ulz7xwAoFwOkmdEcHQCZNski3ePDbJavNMP0urWQ3a0DPLVsWaAa4SOydlkKPhmV9OL8JJSLjCDEnZta1YuSkSimJGspKTSBIjPER90tWUo5BIN50tl8EzrfRgEAl9uIIzdXEiRaGU49DXyRCpgVz2puJ/XjdRwY2bUh4ninA8fyhIGFQRnDYFe1QQrNhYE4QF1X+FeIB0E0r3WdIl2Msrr5JWtWJfVaoPl+X6bV5HEZyAU3AObHAN6uAeNEATYPAEXsAbeDeejVfjw/icRwtGPnMM/sD4/gUuQKKb</latexit>

|~µ|
|~µl|

=
g

2
= 1

Spin precession frequency 
= orbital frequency 

cf.  Tidal locking for Moon 

<latexit sha1_base64="6spr1bAHoMbYD5/TooqFG4D+c/s=">AAAB63icbVBNSwMxEJ2tX7V+VT16iRbBU9ktRb0oBS8eK9gPaJeSTbNtaJJdkqxQlv4FLx4U8eof8ua/MdvuQVsfDDzem2FmXhBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNxlfueJKs0i+WimMfUFHkkWMoJNJo1uaqeDcsWtunOgVeLlpAI5moPyV38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWfzm+doXOrDFEYKVvSoLn6eyLFQuupCGynwGasl71M/M/rJSa89lMm48RQSRaLwoQjE6HscTRkihLDp5Zgopi9FZExVpgYG0/JhuAtv7xK2rWqd1mtPdQrjds8jiKcwBlcgAdX0IB7aEILCIzhGV7hzRHOi/PufCxaC04+cwx/4Hz+ABh8jZw=</latexit>

g = 2!
<latexit sha1_base64="SEIkn9pjc/yJUktJNQOYgUEbPhM="></latexit>

Hint = �~µ · ~B, ~µ = g · e

2me

~S,

<latexit sha1_base64="FJ/lL+icdiYFhtkx17ltnf/A3ME=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqJUEbCwsIpgPSI6wt5kkS/b2zt29QDjyJ2wsFLH179j5b9wkV2jig4HHezPMzAtiwbVx3W8nt7a+sbmV3y7s7O7tHxQPjxo6ShTDOotEpFoB1Si4xLrhRmArVkjDQGAzGN3O/OYYleaRfDSTGP2QDiTvc0aNlVppZ4yM3E+7xZJbducgq8TLSAky1LrFr04vYkmI0jBBtW57bmz8lCrDmcBpoZNojCkb0QG2LZU0RO2n83un5MwqPdKPlC1pyFz9PZHSUOtJGNjOkJqhXvZm4n9eOzH9az/lMk4MSrZY1E8EMRGZPU96XCEzYmIJZYrbWwkbUkWZsREVbAje8surpFEpe5flysNFqXqTxZGHEziFc/DgCqpwBzWoAwMBz/AKb86T8+K8Ox+L1pyTzRzDHzifP8g0j8s=</latexit>

~L

<latexit sha1_base64="2jAoZqYImTQDb4mutgc//MXdHhc=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxgnlAdgmzk0kyZGZ2mUcgLPkNLx4U8erPePNvnCR70MSChqKqm+6uOOVMG9//9gobm1vbO8Xd0t7+weFR+fikpROrCG2ShCeqE2NNOZO0aZjhtJMqikXMaTse38/99oQqzRL5ZKYpjQQeSjZgBBsnhVk4oQSFws56vFeu+FV/AbROgpxUIEejV/4K+wmxgkpDONa6G/ipiTKsDCOczkqh1TTFZIyHtOuoxILqKFvcPEMXTumjQaJcSYMW6u+JDAutpyJ2nQKbkV715uJ/XteawW2UMZlaQyVZLhpYjkyC5gGgPlOUGD51BBPF3K2IjLDCxLiYSi6EYPXlddKqVYPrau3xqlK/y+MowhmcwyUEcAN1eIAGNIFACs/wCm+e9V68d+9j2Vrw8plT+APv8wcNeJGw</latexit>

~µl

<latexit sha1_base64="pPrbN5ll6C04sE2gzyUbIV5p49U=">AAACEHicbVC7SgNBFJ2NrxhfUUubwSBaaNgNojZKwMbCIoJ5QDYss5O7yZCZ3WVmNhCW/QQbf8XGQhFbSzv/xsmj0OiBC4dz7uXee/yYM6Vt+8vKLSwuLa/kVwtr6xubW8XtnYaKEkmhTiMeyZZPFHAWQl0zzaEVSyDC59D0B9djvzkEqVgU3utRDB1BeiELGCXaSF7xMHWHQLErkszjlyduIAlNIUsrwoPMPZ66txn2iiW7bE+A/xJnRkpohppX/HS7EU0EhJpyolTbsWPdSYnUjHLICm6iICZ0QHrQNjQkAlQnnTyU4QOjdHEQSVOhxhP150RKhFIj4ZtOQXRfzXtj8T+vnejgopOyME40hHS6KEg41hEep4O7TALVfGQIoZKZWzHtE5OJNhkWTAjO/Mt/SaNSds7KlbvTUvVqFkce7aF9dIQcdI6q6AbVUB1R9ICe0At6tR6tZ+vNep+25qzZzC76BevjGzo8nK8=</latexit>

~µl = � e

2me

~L

<latexit sha1_base64="yktXW7NpKrpQdcdQRDsdwJMuAKI="></latexit>

L =  ̄(i�µ(@µ + ieAµ)�m) 



Electron g-2 at loops
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• Loop corrections with virtual particles modify 
charge/mass as well as g-2, so called anomalous mdm.

• Juilan Schwinger(1948): one-loop corrections in QED.

• Kusch & Foley(1948): first evidence for nonzero g-2.

<latexit sha1_base64="Ldjc9XKBn8YI3xuk5Vkzp33c2K8=">AAACHHicbZDLSsNAFIYnXmu9VV26GSxCXViSKNVNpeDGZQV7gaaUk+mkHTq5MDMRSsiDuPFV3LhQxI0Lwbdx0hbR1gMDH/9/DmfO70acSWWaX8bS8srq2npuI7+5tb2zW9jbb8owFoQ2SMhD0XZBUs4C2lBMcdqOBAXf5bTljq4zv3VPhWRhcKfGEe36MAiYxwgoLfUKZ9CjVccTQBIrTewUlwan9smP5gCPhqANJ2Jp1SybpmVVeoViRlnhRbBmUESzqvcKH04/JLFPA0U4SNmxzEh1ExCKEU7TvBNLGgEZwYB2NAbgU9lNJsel+FgrfeyFQr9A4Yn6eyIBX8qx7+pOH9RQznuZ+J/XiZV32U1YEMWKBmS6yIs5ViHOksJ9JihRfKwBiGD6r5gMQaeidJ55HYI1f/IiNO2yVSnbt+fF2tUsjhw6REeohCx0gWroBtVRAxH0gJ7QC3o1Ho1n4814n7YuGbOZA/SnjM9vrqOf1Q==</latexit>

ae =
1

2
(g � 2)e =

↵

2⇡
= 0.00116

<latexit sha1_base64="C42vmYji1z3S5KdXLCronMFLV38=">AAACHXicbZDLSgMxFIYzXmu9VV26CRahLiyZ4nWhFNy4rGBtoVNLJj1Tg8nMkGTEMsyLuPFV3LhQxIUb8W1MLwu1Hgh8/P85nJzfjwXXhpAvZ2p6ZnZuPreQX1xaXlktrK1f6ShRDOosEpFq+lSD4CHUDTcCmrECKn0BDf/2bOA37kBpHoWXph9DW9JeyAPOqLFSp7BHr1NPSQz3cdaBEy9QlKVullYyXOrtVnasRsqEuO6xF0s8QEL2O4XiiAjBk+COoYjGVesUPrxuxBIJoWGCat1ySWzaKVWGMwFZ3ks0xJTd0h60LIZUgm6nw+syvG2VLg4iZV9o8FD9OZFSqXVf+rZTUnOj/3oD8T+vlZjgqJ3yME4MhGy0KEgENhEeRIW7XAEzom+BMsXtXzG7oTYgYwPN2xDcvydPwlWl7B6UKxd7xerpOI4c2kRbqIRcdIiq6BzVUB0x9ICe0At6dR6dZ+fNeR+1TjnjmQ30q5zPb/n1np4=</latexit>

aexpe =
1

2
(g � 2)e = 0.00119± 0.00005

• QED up to 5-loops agree at 12 digits:

<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l
<latexit sha1_base64="THlCflwBalydqi+qaWZsLlRG5J0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUEP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A1VuM9A==</latexit>

l

<latexit sha1_base64="3dybAJEPJR7WxHtblmnhSP1nsMc="></latexit>

athe = 115965218160.6(11)(12)(229)⇥ 10�14 [Aoyama, Kinoshita, 
Nio(2019)]

<latexit sha1_base64="2Ce9ZTbKq+yLi73DqxEEj2ER+mw=">AAACFXicbVDLSgNBEJz1bXxFPXoZDIKChp0YNR6UgBePEUwUsptldtLRIbMPZmbFsOxPePFXvHhQxKvgzb9x8jhotKChqOqmu8uPBVfatr+sicmp6ZnZufncwuLS8kp+da2hokQyqLNIRPLapwoED6GuuRZwHUuggS/gyu+e9f2rO5CKR+Gl7sXgBvQm5B3OqDaSl9+lrdSRAYb7zIMTQg6ODw9KpGIf7W+XKjuO5gEoTOxWukfKmZcv2EV7APyXkBEpoBFqXv7TaUcsCSDUTFClmsSOtZtSqTkTkOWcREFMWZfeQNPQkJptbjr4KsNbRmnjTiRNhRoP1J8TKQ2U6gW+6QyovlXjXl/8z2smulNxUx7GiYaQDRd1EoF1hPsR4TaXwLToGUKZ5OZWzG6ppEybIHMmBDL+8l/SKBXJYbF0US5UT0dxzKENtIm2EUFHqIrOUQ3VEUMP6Am9oFfr0Xq23qz3YeuENZpZR79gfXwDwp6baA==</latexit>

aexe = 115965218073(28)⇥ 10�14 [Harvard(2008)]



Muon g-2 anomalies
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• Muon g-2 is composed of QED, hadronic and 
electroweak contributions.

3.7σ from SMBNL E821 (2000) + White Paper (2020)



Muon g-2 update
• g-2 measurement at Fermilab E989 reinforces the case.

4.2σ from SM
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<latexit sha1_base64="W+8+Q5dagA9KLuKlV8uEQdhSV0U="></latexit>

athµ (MP) = 116591810(43)⇥ 10�11

<latexit sha1_base64="OCoU3e4UCMYsXC96K7gn9Mey4yE="></latexit>

aµ(BNL) = 116592080(63)⇥ 10�11



Hadronic corrections -7-

R-ratio
(WP)

LQCD
(BMW)

[F. Jegerlehner, 2021]



Hadronic corrections -8-

BMW HVP results would imply just 1.5σ from SM.
But, there are issues such as electroweak data at high E 

(through ⍺ running) or R-ratio data at low E.  
=> independent LQCD needed. (See talks on Friday)

[Keshavarzi, Marciano, Passera, Sirlin, 2020/2021]



EFT for muon g-2
Effective operator for magnetic dipole moment:

<latexit sha1_base64="2GbC/UypWQUkNTP6vpFh5dR3xU0=">AAACG3icbVDNSsNAGNz4W+tf1aOXxSJ4kJAUrT1JwYMePFSwaaGpYbPZtks3m7i7EUrIe3jxVbx4UMST4MG3cdvmoK0DC8PMfHz7jR8zKpVlfRsLi0vLK6uFteL6xubWdmln15FRIjBp4ohFou0jSRjlpKmoYqQdC4JCn5GWP7wY+60HIiSN+K0axaQboj6nPYqR0pJXqrjXOhwgL3VFCJtO5koaknt4alZdpZmEtnWX1jL3eBK4JE7mlcqWaU0A54mdkzLI0fBKn24Q4SQkXGGGpOzYVqy6KRKKYkayoptIEiM8RH3S0ZQjvbabTm7L4KFWAtiLhH5cwYn6eyJFoZSj0NfJEKmBnPXG4n9eJ1G9WjelPE4U4Xi6qJcwqCI4LgoGVBCs2EgThAXVf4V4gATCStdZ1CXYsyfPE6di2lWzcnNSrp/ndRTAPjgAR8AGZ6AOrkADNAEGj+AZvII348l4Md6Nj2l0wchn9sAfGF8/KbigOg==</latexit>

⇤UV ' 5.6⇥ 108 GeV

[E821+E989]

In reality, the effective operator is suppressed by
loop factor, chirality-flip and extra small couplings:

<latexit sha1_base64="QM31pLGduEYRMDlGkgtcwe7bDDg="></latexit>

�aµ =
4mµ

e⇤UV
' 2.5⇥ 10�9

<latexit sha1_base64="EmPDMeS7AtHGNYlA5Z3zIDz83C8="></latexit>

1

⇤UV
�! e�2 v

16⇡2⇤2
UV

,

<latexit sha1_base64="ULffSYxj/5CH8X9flsElcZo4Szw="></latexit>

L =
1

⇤UV
 ̄L�

µ⌫ RF
µ⌫ + h.c.

Sensitive probe of new physics beyond SM.

<latexit sha1_base64="b2Yo9Em+iZkHWoMT/wWSqx7mWmw=">AAAB/HicbVDLSsNAFJ34rPUV7dLNYBFclaSIupKCG5cV7AOaUCaTm3boZBJmJkII9VfcuFDErR/izr9x2mahrQcGDuecy71zgpQzpR3n21pb39jc2q7sVHf39g8O7aPjrkoySaFDE57IfkAUcCago5nm0E8lkDjg0AsmtzO/9whSsUQ86DwFPyYjwSJGiTbS0K553IRD4nFQSrEYOw13aNedhjMHXiVuSeqoRHtof3lhQrMYhKacKDVwnVT7BZGaUQ7TqpcpSAmdkBEMDBUkBuUX8+On+MwoIY4SaZ7QeK7+nihIrFQeByYZEz1Wy95M/M8bZDq69gsm0kyDoItFUcaxTvCsCRwyCVTz3BBCJTO3YjomklBt+qqaEtzlL6+SbrPhXjaa9xf11k1ZRwWdoFN0jlx0hVroDrVRB1GUo2f0it6sJ+vFerc+FtE1q5ypoT+wPn8AzaeUNA==</latexit>

� . 0.1
<latexit sha1_base64="g+/P5Q+v5D9Rmy3058dmxkp4Rmc=">AAACD3icbVC7SgNBFJ31GeNr1dJmMCgWEnaDqJUEbCwsImSTQDaE2dm7yZCZ3WVmVghL/sDGX7GxUMTW1s6/cfIoNPHAwOGcc7lzT5ByprTjfFtLyyura+uFjeLm1vbOrr2331BJJil4NOGJbAVEAWcxeJppDq1UAhEBh2YwuBn7zQeQiiVxXQ9T6AjSi1nEKNFG6ton/p0Jh6Sb+1JgrzHyOSilmMAV/2yi1aExwl275JSdCfAicWekhGaode0vP0xoJiDWlBOl2q6T6k5OpGaUw6joZwpSQgekB21DYyJAdfLJPSN8bJQQR4k0L9Z4ov6eyIlQaigCkxRE99W8Nxb/89qZjq46OYvTTENMp4uijGOd4HE5OGQSqOZDQwiVzPwV0z6RhGpTYdGU4M6fvEgalbJ7Ua7cn5eq17M6CugQHaFT5KJLVEW3qIY8RNEjekav6M16sl6sd+tjGl2yZjMH6A+szx/PIZvc</latexit>

⇤UV . 2TeV
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Muon g-2 from new physics
SUSY:

New forces:

New leptons:

x

x
<latexit sha1_base64="Yfopqa0JkpVbhBrMW65bk0uiNTo=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe6CqJUEbCwsEjAfkBxhbzOXrNnbO3b3hBDyC2wsFLH1J9n5b9wkV2jig4HHezPMzAsSwbVx3W8nt7a+sbmV3y7s7O7tHxQPj5o6ThXDBotFrNoB1Si4xIbhRmA7UUijQGArGN3O/NYTKs1j+WDGCfoRHUgeckaNler3vWLJLbtzkFXiZaQEGWq94le3H7M0QmmYoFp3PDcx/oQqw5nAaaGbakwoG9EBdiyVNELtT+aHTsmZVfokjJUtachc/T0xoZHW4yiwnRE1Q73szcT/vE5qwmt/wmWSGpRssShMBTExmX1N+lwhM2JsCWWK21sJG1JFmbHZFGwI3vLLq6RZKXuX5Ur9olS9yeLIwwmcwjl4cAVVuIMaNIABwjO8wpvz6Lw4787HojXnZDPH8AfO5w+kn4zT</latexit>

L

<latexit sha1_base64="4+GNwSxB3iXdBTrjXsuHlksByW0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9NCTab9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpatap/Wa3dX1TqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wdedI3Z</latexit>µ <latexit sha1_base64="4+GNwSxB3iXdBTrjXsuHlksByW0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9NCTab9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpatap/Wa3dX1TqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wdedI3Z</latexit>µ

<latexit sha1_base64="4+GNwSxB3iXdBTrjXsuHlksByW0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9NCTab9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpatap/Wa3dX1TqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wdedI3Z</latexit>µ <latexit sha1_base64="4+GNwSxB3iXdBTrjXsuHlksByW0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9NCTab9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpatap/Wa3dX1TqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wdedI3Z</latexit>µ

<latexit sha1_base64="4+GNwSxB3iXdBTrjXsuHlksByW0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9NCTab9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpatap/Wa3dX1TqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wdedI3Z</latexit>µ <latexit sha1_base64="4+GNwSxB3iXdBTrjXsuHlksByW0=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqewWUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9NCTab9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpatap/Wa3dX1TqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wdedI3Z</latexit>µ

<latexit sha1_base64="gqhdvIKLq/0Lk85a9yyJKYAd4HI=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8SEMFjAuYByRJmJ73JmNnZZWZWCCFf4MWDIl79JG/+jZNkD5pY0FBUddPdFSSCa+O6305ubX1jcyu/XdjZ3ds/KB4eNXWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup35rSdUmsfywYwT9CM6kDzkjBor1e96xZJbducgq8TLSAky1HrFr24/ZmmE0jBBte54bmL8CVWGM4HTQjfVmFA2ogPsWCpphNqfzA+dkjOr9EkYK1vSkLn6e2JCI63HUWA7I2qGetmbif95ndSE1/6EyyQ1KNliUZgKYmIy+5r0uUJmxNgSyhS3txI2pIoyY7Mp2BC85ZdXSbNS9i7LlfpFqXqTxZGHEziFc/DgCqpwDzVoAAOEZ3iFN+fReXHenY9Fa87JZo7hD5zPH5oDjMw=</latexit>

E

<latexit sha1_base64="t4RdYdnVwuMPIM0NV0Ktyxl0ywM=">AAAB9XicbVDLSgNBEJyNrxhfUY9eBoPgKewGUU8S8OIxgnlAsobZ2d5kyOyDmV5DWPIfXjwo4tV/8ebfOEn2oIkFDUVVN91dXiKFRtv+tgpr6xubW8Xt0s7u3v5B+fCopeNUcWjyWMaq4zENUkTQRIESOokCFnoS2t7odua3n0BpEUcPOEnADdkgEoHgDI30mPXGwgcU0gfanvbLFbtqz0FXiZOTCsnR6Je/en7M0xAi5JJp3XXsBN2MKRRcwrTUSzUkjI/YALqGRiwE7Wbzq6f0zCg+DWJlKkI6V39PZCzUehJ6pjNkONTL3kz8z+umGFy7mYiSFCHii0VBKinGdBYB9YUCjnJiCONKmFspHzLFOJqgSiYEZ/nlVdKqVZ3Lau3+olK/yeMokhNySs6JQ65IndyRBmkSThR5Jq/kzRpbL9a79bFoLVj5zDH5A+vzB5bTko8=</latexit>

fW

<latexit sha1_base64="KWfjPR2IUCHNkVWhGUEq2vIRcLI=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbRRSlJEXUlBTcuXLRgW7EJZTKdtkMnD2YmYgn5FTcuFHHrj7jzb5y0WWjrgXs5nHMvc+d4EWdSWda3UVhZXVvfKG6WtrZ3dvfM/XJHhrEgtE1CHop7D0vKWUDbiilO7yNBse9x2vUm15nffaRCsjC4U9OIuj4eBWzICFZa6ptlJxqzqlNFDydZT25bad+sWDVrBrRM7JxUIEezb345g5DEPg0U4VjKnm1Fyk2wUIxwmpacWNIIkwke0Z6mAfapdJPZ7Sk61soADUOhK1Bopv7eSLAv5dT39KSP1Vguepn4n9eL1fDSTVgQxYoGZP7QMOZIhSgLAg2YoETxqSaYCKZvRWSMBSZKx1XSIdiLX14mnXrNPq/VW2eVxlUeRxEO4QhOwYYLaMANNKENBJ7gGV7hzUiNF+Pd+JiPFox85wD+wPj8AWpckr0=</latexit>

�, Z 0, LQ

<latexit sha1_base64="9kflbvD9rvP8LgsPMoWHPa9L62o=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWaob9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2rWqd1mtNS8q9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwHjO0=</latexit>

f

x

x

<latexit sha1_base64="QF5Qf9mc+lg87+q7Ivo9/wGi7dU="></latexit>

�aµ ⇠ g02

16⇡2

m2
µ

m2
�,Z0

<latexit sha1_base64="L1tTq6GczC9iRDVUAV68cAWS4Qg="></latexit>

�aµ ⇠ �L�R

16⇡2

mµmf

m2
LQ

<latexit sha1_base64="GMCkZs56sC29/pZwPyIkaTauPeo="></latexit>

�aµ ⇠ yLyR
16⇡2

mµML

m2
S

<latexit sha1_base64="KoSVcbaPuJnPYDhd3UWc6TYX7fc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxQfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD687jNo=</latexit>

S

<latexit sha1_base64="0w7JFbrZf83ohdl6FIo7n/UMhpM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRaxgpTdIupJCl48VrAf2i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQasPBh7vzTAzL4g508Z1v5zc0vLK6lp+vbCxubW9U9zda+ooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjK6nfuuRKs0ieWfGMfUFHkgWMoKNle7L3XjITh+OT3rFkltxZ0B/iZeREmSo94qf3X5EEkGlIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUokF1X46O3iCjqzSR2GkbEmDZurPiRQLrccisJ0Cm6Fe9Kbif14nMeGlnzIZJ4ZKMl8UJhyZCE2/R32mKDF8bAkmitlbERlihYmxGRVsCN7iy39Js1rxzivV27NS7SqLIw8HcAhl8OACanADdWgAAQFP8AKvjnKenTfnfd6ac7KZffgF5+MbV22Pcg==</latexit>

(�, Z 0)

<latexit sha1_base64="O1oyBItHtR8Bf7MKgZZZQrxkWII=">AAAB63icbVA9SwNBEJ2LXzF+RS1tFoMQm3AXRK0kYGNhkYAxgeQIe5u9ZMnu3rG7J4Qjf8HGQhFb/5Cd/8a95ApNfDDweG+GmXlBzJk2rvvtFNbWNza3itulnd29/YPy4dGjjhJFaJtEPFLdAGvKmaRtwwyn3VhRLAJOO8HkNvM7T1RpFskHM42pL/BIspARbDKpet86H5Qrbs2dA60SLycVyNEclL/6w4gkgkpDONa657mx8VOsDCOczkr9RNMYkwke0Z6lEguq/XR+6wydWWWIwkjZkgbN1d8TKRZaT0VgOwU2Y73sZeJ/Xi8x4bWfMhknhkqyWBQmHJkIZY+jIVOUGD61BBPF7K2IjLHCxNh4SjYEb/nlVfJYr3mXtXrrotK4yeMowgmcQhU8uIIG3EET2kBgDM/wCm+OcF6cd+dj0Vpw8plj+APn8wcKWI2T</latexit>

(LQ)

<latexit sha1_base64="zdNVH10BsHcL3JDbqz2iL8sVnU0="></latexit>

�aµ ⇠ g2

16⇡2

m2
µ

µM2
tan�

<latexit sha1_base64="yrpGx4AEYO/CozP9quz2S1DHFYk=">AAAB9HicbVBNS8NAEN3Ur1q/qh69BIvgqSRF1JMUvHjwUMF+QBPKZjNtl242cXdSKKG/w4sHRbz6Y7z5b9y2OWjrg4HHezPMzAsSwTU6zrdVWFvf2Nwqbpd2dvf2D8qHRy0dp4pBk8UiVp2AahBcQhM5CugkCmgUCGgHo9uZ3x6D0jyWjzhJwI/oQPI+ZxSN5GcechGCJ9Np775XrjhVZw57lbg5qZAcjV75ywtjlkYgkQmqddd1EvQzqpAzAdOSl2pIKBvRAXQNlTQC7Wfzo6f2mVFCux8rUxLtufp7IqOR1pMoMJ0RxaFe9mbif143xf61n3GZpAiSLRb1U2FjbM8SsEOugKGYGEKZ4uZWmw2pogxNTiUTgrv88ipp1aruZbX2cFGp3+RxFMkJOSXnxCVXpE7uSIM0CSNP5Jm8kjdrbL1Y79bHorVg5TPH5A+szx8bIJJP</latexit>

⌫̃L

<latexit sha1_base64="TUknYB1Ow2ZImaYTBj4mR1b4tXY=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hd0g6kkCXnKMYB6QrGF2tjcZMvtgZtYQlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXlwiutG1/W2vrG5tb24Wd4u7e/sFh6ei4peJUMmyyWMSy41GFgkfY1FwL7CQSaegJbHuju5nffkKpeBw96EmCbkgHEQ84o9pIj1lvzH3UXPhI6tN+qWxX7DnIKnFyUoYcjX7pq+fHLA0x0kxQpbqOnWg3o1JzJnBa7KUKE8pGdIBdQyMaonKz+dVTcm4UnwSxNBVpMld/T2Q0VGoSeqYzpHqolr2Z+J/XTXVw42Y8SlKNEVssClJBdExmERCfS2RaTAyhTHJzK2FDKinTJqiiCcFZfnmVtKoV56pSvb8s127zOApwCmdwAQ5cQw3q0IAmMJDwDK/wZo2tF+vd+li0rln5zAn8gfX5A4AIkoA=</latexit>

eH

<latexit sha1_base64="NRgmyCzsNMXNPkMZYkV8jKOHnKY=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69BIvgqSRF1JMUvHisYj+gCWWzmbZLN5u4uymU0N/hxYMiXv0x3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/YPyodHLRWnkmKTxjyWnYAo5ExgUzPNsZNIJFHAsR2Mbmd+e4xSsVg86kmCfkQGgvUZJdpIfuZpxkP0RDrtPfTKFafqzGGvEjcnFcjR6JW/vDCmaYRCU06U6rpOov2MSM0ox2nJSxUmhI7IALuGChKh8rP50VP7zCih3Y+lKaHtufp7IiORUpMoMJ0R0UO17M3E/7xuqvvXfsZEkmoUdLGon3Jbx/YsATtkEqnmE0MIlczcatMhkYRqk1PJhOAuv7xKWrWqe1mt3V9U6jd5HEU4gVM4BxeuoA530IAmUHiCZ3iFN2tsvVjv1seitWDlM8fwB9bnDyQ4klU=</latexit>

⌫̃R

<latexit sha1_base64="LfAd9mWeJLfbcTogu4SmoLh3P/c=">AAACCHicbVBNS8NAEN34WetX1KMHF4vgQUpSRD1JwYMeKzVtpQlhs922S3eTsLsRSsjRi3/FiwdFvPoTvPlv3KY5aOuDgcd7M8zMC2JGpbKsb2NhcWl5ZbW0Vl7f2NzaNnd2WzJKBCYOjlgkOgGShNGQOIoqRjqxIIgHjLSD0dXEbz8QIWkU3qlxTDyOBiHtU4yUlnzzgPupKzhsOs37zJWUQ9uy3JNcuyatzDcrVtXKAeeJXZAKKNDwzS+3F+GEk1BhhqTs2lasvBQJRTEjWdlNJIkRHqEB6WoaIk6kl+aPZPBIKz3Yj4SuUMFc/T2RIi7lmAe6kyM1lLPeRPzP6yaqf+GlNIwTRUI8XdRPGFQRnKQCe1QQrNhYE4QF1bdCPEQCYaWzK+sQ7NmX50mrVrXPqrXb00r9soijBPbBITgGNjgHdXADGsABGDyCZ/AK3own48V4Nz6mrQtGMbMH/sD4/AHKGZiK</latexit>

mSUSY ⇠ 100GeV

<latexit sha1_base64="oFMNv6jkzT/iFzyHeHGc2tWywMo=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXEhJiqgrKbhx4aKFvqAJYTKdtENnJmFmIpSQjb/ixoUibv0Md/6N0zYLbT1w4XDOvdx7T5gwqrTjfFsrq2vrG5ulrfL2zu7evn1w2FFxKjFp45jFshciRRgVpK2pZqSXSIJ4yEg3HN9N/e4jkYrGoqUnCfE5GgoaUYy0kQL7mAfZQzP3FOXQ9S4yT3LYIp08sCtO1ZkBLhO3IBVQoBHYX94gxiknQmOGlOq7TqL9DElNMSN52UsVSRAeoyHpGyoQJ8rPZg/k8MwoAxjF0pTQcKb+nsgQV2rCQ9PJkR6pRW8q/uf1Ux3d+BkVSaqJwPNFUcqgjuE0DTigkmDNJoYgLKm5FeIRkghrk1nZhOAuvrxMOrWqe1WtNS8r9dsijhI4AafgHLjgGtTBPWiANsAgB8/gFbxZT9aL9W59zFtXrGLmCPyB9fkDt6aV1Q==</latexit>

mLQ ⇠ 1TeV

<latexit sha1_base64="UUaax0Ke9N/JHF9f9j++01pTNhk=">AAACBnicbVDLSsNAFJ34rPUVdSnCYBFcSEmKqCspuHGhULEvaEKYTCft0JkkzEyEErJy46+4caGIW7/BnX/jpM1CWw9c7uGce5m5x48Zlcqyvo2FxaXlldXSWnl9Y3Nr29zZbcsoEZi0cMQi0fWRJIyGpKWoYqQbC4K4z0jHH13lfueBCEmjsKnGMXE5GoQ0oBgpLXnmAffS+8yRlMNb7ybvzomdOoLDJmlnnlmxqtYEcJ7YBamAAg3P/HL6EU44CRVmSMqebcXKTZFQFDOSlZ1EkhjhERqQnqYh4kS66eSMDB5ppQ+DSOgKFZyovzdSxKUcc19PcqSGctbLxf+8XqKCCzelYZwoEuLpQ0HCoIpgngnsU0GwYmNNEBZU/xXiIRIIK51cWYdgz548T9q1qn1Wrd2dVuqXRRwlsA8OwTGwwTmog2vQAC2AwSN4Bq/gzXgyXox342M6umAUO3vgD4zPH1fwmGQ=</latexit>

mS ⇠ ML ⇠ 1TeV

-10-

<latexit sha1_base64="d+yiwImEB7IoQa+DQAffne5+Euc=">AAACB3icbVDLSsNAFJ34rPUVdSnIYBFdlJIUUVdScONGqGAf2IQwmU7boTOTMDMRSsjOjb/ixoUibv0Fd/6N0zYLbT1w4XDOvdx7TxgzqrTjfFsLi0vLK6uFteL6xubWtr2z21RRIjFp4IhFsh0iRRgVpKGpZqQdS4J4yEgrHF6N/dYDkYpG4k6PYuJz1Be0RzHSRgrsAx6kXjyg5fvjzFOUQ9dxvHLqSQ5vSDML7JJTcSaA88TNSQnkqAf2l9eNcMKJ0JghpTquE2s/RVJTzEhW9BJFYoSHqE86hgrEifLTyR8ZPDJKF/YiaUpoOFF/T6SIKzXioenkSA/UrDcW//M6ie5d+CkVcaKJwNNFvYRBHcFxKLBLJcGajQxBWFJzK8QDJBHWJrqiCcGdfXmeNKsV96xSvT0t1S7zOApgHxyCE+CCc1AD16AOGgCDR/AMXsGb9WS9WO/Wx7R1wcpn9sAfWJ8/CeWYIQ==</latexit>

m�,Z0 ⇠ 100MeV



Prospects for g-2

• Run1 data is just 6%. Final goal in 2022 is 20 x BNL data.

-11-

[Graziano Venanzoni, CERN Seminar,  April 8,  2021]



B-meson anomalies



B-anomalies at LHCb

~3.1σ

Hadronic uncertainties cancelled

Clean test of Lepton Flavor
Universality

-12-

~2.2-2.5σ

B0 ! K⇤0l+l�

<latexit sha1_base64="LTXHH3eoKjTQIOWl4to04D9RXZQ="></latexit>

RK = 0.846+0.042
�0.039(stat)

+0.013
�0.012(syst)

<latexit sha1_base64="hGbRLmmHwfYNnxkWJXWK4i/bGIU=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQyCEAy7QdSTBL0IXiKYBySbMDuZTYbMPpiZFcOSX/HiQRGv/og3/8bJZg+aWNBQVHXT3eVGnEllWd9GbmV1bX0jv1nY2t7Z3TP3i00ZxoLQBgl5KNoulpSzgDYUU5y2I0Gx73Lacsc3M7/1SIVkYfCgJhF1fDwMmMcIVlrqm8XrXrmrQnTXKyOe1mnfLFkVKwVaJnZGSpCh3je/uoOQxD4NFOFYyo5tRcpJsFCMcDotdGNJI0zGeEg7mgbYp9JJ0tun6FgrA+SFQlegUKr+nkiwL+XEd3Wnj9VILnoz8T+vEyvv0klYEMWKBmS+yIs50s/OgkADJihRfKIJJoLpWxEZYYGJ0nEVdAj24svLpFmt2OeV6v1ZqXaVxZGHQziCE7DhAmpwC3VoAIEneIZXeDOmxovxbnzMW3NGNnMAf2B8/gAfXZKM</latexit>

B+ ! K+l+l�

<latexit sha1_base64="UDOVzHHtXqmHEE56DlGmAPB0I50=">AAACCnicbVDLSsNAFJ34rPUVdelmtAitSEmKqCspuBFEqI8+oIllMp20Q2eSODMRSsjajb/ixoUibv0Cd/6N08dCWw9cOJxzL/fe40WMSmVZ38bM7Nz8wmJmKbu8srq2bm5s1mQYC0yqOGShaHhIEkYDUlVUMdKIBEHcY6Tu9c4Gfv2BCEnD4Fb1I+Jy1AmoTzFSWmqZO9et5OIuye8X0tSRlJN7aEPnAOYTR3B4c5kWWmbOKlpDwGlij0kOjFFpmV9OO8QxJ4HCDEnZtK1IuQkSimJG0qwTSxIh3EMd0tQ0QJxINxm+ksI9rbShHwpdgYJD9fdEgriUfe7pTo5UV056A/E/rxkr/8RNaBDFigR4tMiPGVQhHOQC21QQrFhfE4QF1bdC3EUCYaXTy+oQ7MmXp0mtVLSPiqWrw1z5dBxHBmyDXZAHNjgGZXAOKqAKMHgEz+AVvBlPxovxbnyMWmeM8cwW+APj8wcTW5iV</latexit>

RK(⇤) ' 1 (SM)



New physics from muon

• Differential branching fractions & angular distribution  in 
muon channels are consistently lower than the SM values. 

-13-



B→D(*)𝜏ν

~3.1σ with Belle data (2019).

-14-

[Bernlochner et al, 2101.08326]



EFT for B-decays
Effective Hamiltonian for b→s𝜇𝜇: 

Effective Hamiltonian for b→cτν: 

“Penguins” “Box”

“Tree”
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Global fits
[Cornella et al, 2021][Altmannshofer, Stangl, 2021]

Combine best fit:

Z’ models

Leptoquark models

~6.1σ from SM
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New physics for B-anomalies
New physics for RK(*) anomalies:

Z’, leptoquarks, loops, etc.

New physics for RD(*) anomalies:

b c

⌧ ⌫

LQ, W 0

Leptoquarks, W’, charged Higgs, etc.

Le↵ =
1

⇤2
NP

(c̄�µPLb)(⌧̄ �µPL⌫⌧ ),

⇤NP ' 3.5TeV.

Le↵ =
1

⇤2
NP

(s̄�µPLb)(µ̄�µµ),

⇤NP ' 30TeV.
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Prospects for B-anomalies

• Starting in 2019, Belle II and LHCb can test LFUV in B-
meson decays to few % accuracy with data of 5 ab-1. 

RD(*)

-18-

RK(*)

[P. Koppenburg, LHCb]

[Belle-II,1808.10567]

[Bernlochner et al,
2101.08326]



Models for muon g-2 
& B-meson anomalies



CKM is the only source for flavor violation.

,

Flavor-dependent Z’
U(1)x(B3�L3)+y(Lµ�L⌧ )

LZ0 =
<latexit sha1_base64="faLebSxrPxCso+D6H7U9tMrRffo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoB6UghcPHioYW2xj2Ww37dLNJuxulBLyP7x4UPHqj/Hmv3Hb5qCtDwYe780wM8+POVPatr+twsLi0vJKcbW0tr6xuVXe3rlTUSIJdUnEI9nysaKcCepqpjltxZLi0Oe06Q8vx37zkUrFInGrRzH1QtwXLGAEayM9pB2CObrOuun9YXbeLVfsqj0BmidOTiqQo9Etf3V6EUlCKjThWKm2Y8faS7HUjHCalTqJojEmQ9ynbUMFDqny0snVGTowSg8FkTQlNJqovydSHCo1Cn3TGWI9ULPeWPzPayc6OPVSJuJEU0Gmi4KEIx2hcQSoxyQlmo8MwUQycysiAywx0SaokgnBmX15nrjH1bOqc1Or1C/yNIqwB/twBA6cQB2uoAEuEJDwDK/wZj1ZL9a79TFtLVj5zC78gfX5AzdEkds=</latexit><latexit sha1_base64="faLebSxrPxCso+D6H7U9tMrRffo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoB6UghcPHioYW2xj2Ww37dLNJuxulBLyP7x4UPHqj/Hmv3Hb5qCtDwYe780wM8+POVPatr+twsLi0vJKcbW0tr6xuVXe3rlTUSIJdUnEI9nysaKcCepqpjltxZLi0Oe06Q8vx37zkUrFInGrRzH1QtwXLGAEayM9pB2CObrOuun9YXbeLVfsqj0BmidOTiqQo9Etf3V6EUlCKjThWKm2Y8faS7HUjHCalTqJojEmQ9ynbUMFDqny0snVGTowSg8FkTQlNJqovydSHCo1Cn3TGWI9ULPeWPzPayc6OPVSJuJEU0Gmi4KEIx2hcQSoxyQlmo8MwUQycysiAywx0SaokgnBmX15nrjH1bOqc1Or1C/yNIqwB/twBA6cQB2uoAEuEJDwDK/wZj1ZL9a79TFtLVj5zC78gfX5AzdEkds=</latexit><latexit sha1_base64="faLebSxrPxCso+D6H7U9tMrRffo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoB6UghcPHioYW2xj2Ww37dLNJuxulBLyP7x4UPHqj/Hmv3Hb5qCtDwYe780wM8+POVPatr+twsLi0vJKcbW0tr6xuVXe3rlTUSIJdUnEI9nysaKcCepqpjltxZLi0Oe06Q8vx37zkUrFInGrRzH1QtwXLGAEayM9pB2CObrOuun9YXbeLVfsqj0BmidOTiqQo9Etf3V6EUlCKjThWKm2Y8faS7HUjHCalTqJojEmQ9ynbUMFDqny0snVGTowSg8FkTQlNJqovydSHCo1Cn3TGWI9ULPeWPzPayc6OPVSJuJEU0Gmi4KEIx2hcQSoxyQlmo8MwUQycysiAywx0SaokgnBmX15nrjH1bOqc1Or1C/yNIqwB/twBA6cQB2uoAEuEJDwDK/wZj1ZL9a79TFtLVj5zC78gfX5AzdEkds=</latexit><latexit sha1_base64="faLebSxrPxCso+D6H7U9tMrRffo=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoB6UghcPHioYW2xj2Ww37dLNJuxulBLyP7x4UPHqj/Hmv3Hb5qCtDwYe780wM8+POVPatr+twsLi0vJKcbW0tr6xuVXe3rlTUSIJdUnEI9nysaKcCepqpjltxZLi0Oe06Q8vx37zkUrFInGrRzH1QtwXLGAEayM9pB2CObrOuun9YXbeLVfsqj0BmidOTiqQo9Etf3V6EUlCKjThWKm2Y8faS7HUjHCalTqJojEmQ9ynbUMFDqny0snVGTowSg8FkTQlNJqovydSHCo1Cn3TGWI9ULPeWPzPayc6OPVSJuJEU0Gmi4KEIx2hcQSoxyQlmo8MwUQycysiAywx0SaokgnBmX15nrjH1bOqc1Or1C/yNIqwB/twBA6cQB2uoAEuEJDwDK/wZj1ZL9a79TFtLVj5zC78gfX5AzdEkds=</latexit>

Anomaly-free U(1)’ for RK(*) anomalies:

[Bian, Choi, Kang, HML, 2017;
 Bian, HML, Park, 2017,2020]
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B-anomalies & Z’ bounds
Le

pt
on

 c
ou

pl
in

gs

Quark couplings

1fb

5fb 10fb

Cμ
9

(g-2)μ

τ-decay

ν-trident

0.00 0.01 0.02 0.03 0.04 0.05
0

1

2

3

4

gZ'x

g Z
'y

σ(pp→Z')xBR(Z'→μ+μ-)(fb), mZ'=500GeV

dimuon

Cμ
9

0.1fb

1fb2fb5fb10fb30fb

200 400 600 800 1000
0.00

0.02

0.04

0.06

0.08

0.10

mZ' (GeV)
g Z
'x

σ(pp→Z')xBR(Z'→μ+μ-)(fb), gZ'y=1

dimuonBs�B̄s

(g�2)µ

⌧�decay

⌫�trident

• LHC dimuon and tau decay/neutrino trident 
searches are complementary to probe RK(*) region.
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[Bian, Choi, Kang, HML, 2017]



Scalar leptoquarks

b c

⌧ ⌫

LQ, W 0

Singlet leptoquark for RD(*) Triplet leptoquark for RK(*)

⌫⌧
<latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit>

c
<latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit>

<latexit sha1_base64="mP4bgrPdh/6m/eCI1TJnoL95Tuw=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWasoispuHFZwT6gM5RMJtOGZjJDkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzglRwbRznG5XW1jc2t8rblZ3dvf2D6uFRRyeZoqxNE5GoXkA0E1yytuFGsF6qGIkDwbrB+G7md5+Y0jyRj2aSMj8mQ8kjTomxkucJGw3JIG80poNqzak7c+BV4hakBgVag+qXFyY0i5k0VBCt+66TGj8nynAq2LTiZZqlhI7JkPUtlSRm2s/nN0/xmVVCHCXKPmnwXP09kZNY60kc2GRMzEgvezPxP6+fmejGz7lMM8MkXSyKMoFNgmcF4JArRo2YWEKo4vZWTEdEEWpsTRVbgrv85VXSuai7V3Xn4bLWvC3qKMMJnMI5uHANTbiHFrSBQgrP8ApvKEMv6B19LKIlVMwcwx+gzx+pf5Fs</latexit>

�33

<latexit sha1_base64="RoocvfQG+AepvzR6czPZghT2AtQ=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoispuHFZwT6gM5RMJtOGZjJDkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzglRwbRznG5XW1jc2t8rblZ3dvf2D6uFRRyeZoqxNE5GoXkA0E1yytuFGsF6qGIkDwbrB+G7md5+Y0jyRj2aSMj8mQ8kjTomxkucJGw3JIG9cTAfVmlN35sCrxC1IDQq0BtUvL0xoFjNpqCBa910nNX5OlOFUsGnFyzRLCR2TIetbKknMtJ/Pb57iM6uEOEqUfdLgufp7Iiex1pM4sMmYmJFe9mbif14/M9GNn3OZZoZJulgUZQKbBM8KwCFXjBoxsYRQxe2tmI6IItTYmiq2BHf5y6uk06i7V3Xn4bLWvC3qKMMJnMI5uHANTbiHFrSBQgrP8ApvKEMv6B19LKIlVMwcwx+gzx+n+ZFr</latexit>

�23

<latexit sha1_base64="RFeNaHscp8Mq+rWOnHYBJzRM7yY=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld2i6EkKXjxWsB+wXUo2zbah2SQks0JZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WAtuwfe/vbX1jc2t7dJOeXdv/+CwcnTctiozlLWoEsp0Y2KZ4JK1gINgXW0YSWPBOvH4buZ3npixXMlHmGgWpWQoecIpASeFvTHRmvTzen3ar1T9mj8HXiVBQaqoQLNf+eoNFM1SJoEKYm0Y+BqinBjgVLBpuZdZpgkdkyELHZUkZTbK5ydP8blTBjhRxpUEPFd/T+QktXaSxq4zJTCyy95M/M8LM0huopxLnQGTdLEoyQQGhWf/4wE3jIKYOEKo4e5WTEfEEAoupbILIVh+eZW067XgquY/XFYbt0UcJXSKztAFCtA1aqB71EQtRJFCz+gVvXngvXjv3seidc0rZk7QH3ifP/4tkQw=</latexit>22
<latexit sha1_base64="fdgy87j4tCfNIc/Xv6LRZyIRDsg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtip6k4MVjBfsB26Vk07QNzSYhyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibGhnAnatMxy2lGa4iTmtB2P72Z++4lqw6R4tBNFowQPBRswgq2Twu4YK4V72UVt2itX/Ko/B1olQU4qkKPRK391+5KkCRWWcGxMGPjKRhnWlhFOp6VuaqjCZIyHNHRU4ISaKJufPEVnTumjgdSuhEVz9fdEhhNjJknsOhNsR2bZm4n/eWFqBzdRxoRKLRVksWiQcmQlmv2P+kxTYvnEEUw0c7ciMsIaE+tSKrkQguWXV0mrVg2uqv7DZaV+m8dRhBM4hXMI4BrqcA8NaAIBCc/wCm+e9V68d+9j0Vrw8plj+APv8wf/s5EN</latexit>32

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

<latexit sha1_base64="5PhQLiqaNnjdMi+Pps8ngFXO4DY=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMu6EkCXjxGYhZIhtDTqUma9PQM3T1CGPIJXjwo4tUv8ubf2FmEuD0oeLxXRVW9IBFcG9f9cHJLyyura/n1wsbm1vZOcXevoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRv3qPSPJZ3ZpSgH9G+5CFn1FipVuuedoslr+xOQdxf5MsqwRzVbvG904tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5skqPhLGyJQ2ZqosTGY20HkWB7YyoGeif3kT8y2unJrz0My6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp7AYwv+kcVL2zsvu7VmpcjWPIw8HcAjH4MEFVOAGqlAHBn14gCd4doTz6Lw4r7PWnDOf2YdvcN4+AdfpjX4=</latexit>

S3
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Scalar LQ couplings: renormalizable but constrained by proton decay.

Singlet LQ:
<latexit sha1_base64="EJwZ62Y2gJvbBuaJWkN537jmZZE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD1JwYvHCvYD2lA22027dHcTdzdCCP0LXjwo4tU/5M1/46bNQVsfDDzem2FmXhBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzmfueJKs0i+WDSmPoCjyQLGcEmlx77Z3xQrbl1dwa0TLyC1KBAc1D96g8jkggqDeFY657nxsbPsDKMcDqt9BNNY0wmeER7lkosqPaz2a1TdGKVIQojZUsaNFN/T2RYaJ2KwHYKbMZ60cvF/7xeYsJrP2MyTgyVZL4oTDgyEcofR0OmKDE8tQQTxeytiIyxwsTYeCo2BG/x5WXSPq97l3X3/qLWuCniKMMRHMMpeHAFDbiDJrSAwBie4RXeHOG8OO/Ox7y15BQzh/AHzucPvpKOBw==</latexit>

q l
<latexit sha1_base64="DdUeQhOky2+UKdPDSRgfjuUMPv8=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiFV1JwY3LKvYBbSyTyaQdOpnEmUmhhH6HGxeKuPVj3Pk3TtostPXA5R7OuZe5c7yYM6Vt+9sqrKyurW8UN0tb2zu7e+X9g5aKEklok0Q8kh0PK8qZoE3NNKedWFIcepy2vdFN5rfHVCoWiQc9iakb4oFgASNYG8lNHkn/vneG/Kz3yxW7as+AlomTkwrkaPTLXz0/IklIhSYcK9V17Fi7KZaaEU6npV6iaIzJCA9o11CBQ6rcdHb0FJ0YxUdBJE0JjWbq740Uh0pNQs9MhlgP1aKXif953UQHV27KRJxoKsj8oSDhSEcoSwD5TFKi+cQQTCQztyIyxBITbXIqmRCcxS8vk9Z51bmo2ne1Sv06j6MIR3AMp+DAJdThFhrQBAJP8Ayv8GaNrRfr3fqYjxasfOcQ/sD6/AGwfZFh</latexit>

uc
R dcRoreither

Triplet LQ:
<latexit sha1_base64="EJwZ62Y2gJvbBuaJWkN537jmZZE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD1JwYvHCvYD2lA22027dHcTdzdCCP0LXjwo4tU/5M1/46bNQVsfDDzem2FmXhBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzmfueJKs0i+WDSmPoCjyQLGcEmlx77Z3xQrbl1dwa0TLyC1KBAc1D96g8jkggqDeFY657nxsbPsDKMcDqt9BNNY0wmeER7lkosqPaz2a1TdGKVIQojZUsaNFN/T2RYaJ2KwHYKbMZ60cvF/7xeYsJrP2MyTgyVZL4oTDgyEcofR0OmKDE8tQQTxeytiIyxwsTYeCo2BG/x5WXSPq97l3X3/qLWuCniKMMRHMMpeHAFDbiDJrSAwBie4RXeHOG8OO/Ox7y15BQzh/AHzucPvpKOBw==</latexit>

q l or <latexit sha1_base64="hKprODCfChwZkvlmA4JSkrd/oJg=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5RdqehJCl48VrAf0C4lm2bb0CS7TbJCWfoXvHhQxKt/yJv/xmy7B219MPB4b4aZeUHMmTau++0U1tY3NreK26Wd3b39g/LhUUtHiSK0SSIeqU6ANeVM0qZhhtNOrCgWAaftYHyX+e0nqjSL5KOZxtQXeChZyAg2mTTpXUz65YpbdedAq8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKezUi/RNMZkjIe0a6nEgmo/nd86Q2dWGaAwUrakQXP190SKhdZTEdhOgc1IL3uZ+J/XTUx446dMxomhkiwWhQlHJkLZ42jAFCWGTy3BRDF7KyIjrDAxNp6SDcFbfnmVtC6r3lXVfahV6rd5HEU4gVM4Bw+uoQ730IAmEBjBM7zCmyOcF+fd+Vi0Fpx85hj+wPn8AcYmjgw=</latexit>q q

Extra symmetry?

<latexit sha1_base64="zAMG02sFuxdkqA9XINYgPgOuO9E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxAfOAZAmzk95kzOzsOjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6o+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD9yzjPg=</latexit>q
<latexit sha1_base64="vSx5yCWEOGGT9FV7gnat8fO5ANk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWaop+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7VrVu6zWmheV+k0eRxFO4BTOwYMrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANUfjPM=</latexit>

l

<latexit sha1_base64="6lMj9sHavJ0Hza0/CmzteyGZSRc=">AAAB73icdVDLSsNAFL2pr1pfVZduBotQNyWpoq6k4MZlpfYBbQiT6aQdOpnEmYlQQn/CjQtF3Po77vwbJ22F+jpw4XDOvdx7jx9zprRtf1i5peWV1bX8emFjc2t7p7i711JRIgltkohHsuNjRTkTtKmZ5rQTS4pDn9O2P7rK/PY9lYpF4laPY+qGeCBYwAjWRuo0PKfc8E6OvWLJqdhTIPsX+bJKMEfdK773+hFJQio04ViprmPH2k2x1IxwOin0EkVjTEZ4QLuGChxS5abTeyfoyCh9FETSlNBoqi5OpDhUahz6pjPEeqh+epn4l9dNdHDhpkzEiaaCzBYFCUc6QtnzqM8kJZqPDcFEMnMrIkMsMdEmosJiCP+TVrXinFWqN6el2uU8jjwcwCGUwYFzqME11KEJBDg8wBM8W3fWo/Vivc5ac9Z8Zh++wXr7BGtzjuc=</latexit>

S1(S3)

<latexit sha1_base64="81Woh4VO6JrZAXzygyC4MtKPK4c=">AAAB6HicdZDLSgMxFIYz9VbrrerSTbAIrkpm6nUjBTcuW7AXaIeSSc+0sZnMkGSEMvQJ3LhQxK2P5M63Mb0IKvpD4OM/55Bz/iARXBtCPpzc0vLK6lp+vbCxubW9U9zda+o4VQwaLBaxagdUg+ASGoYbAe1EAY0CAa1gdD2tt+5BaR7LWzNOwI/oQPKQM2qsVU96xRIpE5dcnhJsgXieV5mBW7HgWpiqhBaq9Yrv3X7M0gikYYJq3XFJYvyMKsOZgEmhm2pIKBvRAXQsShqB9rPZohN8ZJ0+DmNlnzR45n6fyGik9TgKbGdEzVD/rk3Nv2qd1IQXfsZlkhqQbP5RmApsYjy9Gve5AmbE2AJlittdMRtSRZmx2RRsCF+X4v+h6ZXds7JXPylVrxZx5NEBOkTHyEXnqIpuUA01EEOAHtATenbunEfnxXmdt+acxcw++iHn7RMLFo0Y</latexit>peither

<latexit sha1_base64="qrQaWb/piXcuoKSfJo1vvIZopJo=">AAAB7nicdZDLSsNAFIZP6q3WW9Wlm8EiuCpJ6nUjBTcuK9gLNKFMppN06GQSZiZCCX0INy4UcevzuPNtnLQVVPSHgY//nMOc8wcpZ0rb9odVWlpeWV0rr1c2Nre2d6q7ex2VZJLQNkl4InsBVpQzQduaaU57qaQ4DjjtBuProt69p1KxRNzpSUr9GEeChYxgbayuF7Ao8vJBtWbXbce+PLWRAdt13cYMnIYBx0ChGizUGlTfvWFCspgKTThWqu/YqfZzLDUjnE4rXqZoiskYR7RvUOCYKj+frTtFR8YZojCR5gmNZu73iRzHSk3iwHTGWI/U71ph/lXrZzq88HMm0kxTQeYfhRlHOkHF7WjIJCWaTwxgIpnZFZERlphok1DFhPB1KfofOm7dOau7tye15tUijjIcwCEcgwPn0IQbaEEbCIzhAZ7g2UqtR+vFep23lqzFzD78kPX2CYRNj7A=</latexit>⇢
<latexit sha1_base64="8MfVdY8bGEKIlS4qA9sxgS9ruA4=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfUkBS8eq9gPaJeSzaZtbDZZk6xQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4L1GcHGSs2wd1d+PO0VS27FnQEtEy8jJchQ7xW/uqEkSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVglRH2pbAmDZurviRRHWo+jwHZG2Az1ojcV//M6ielf+ikTcWKoIPNF/YQjI9H0dRQyRYnhY0swUczeisgQK0yMDahgQ/AWX14mzWrFO69Ub89KtassjjwcwTGUwYMLqMEN1KEBBB7gGV7hzZHOi/PufMxbc042cwh/4Hz+ALknjpA=</latexit>

dR(q)
<latexit sha1_base64="0oWNhswMYRsIgRP5/xoiyVl66ns=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahXspuEfUkBS8eq9gPaJeSTbNtbDZZk6xQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aGqZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo+up33qiSjMp7s04pn6EB4KFjGBjpWbSuys/nvaKJbfizoCWiZeREmSo94pf3b4kSUSFIRxr3fHc2PgpVoYRTieFbqJpjMkID2jHUoEjqv10du0EnVilj0KpbAmDZurviRRHWo+jwHZG2Az1ojcV//M6iQkv/ZSJODFUkPmiMOHISDR9HfWZosTwsSWYKGZvRWSIFSbGBlSwIXiLLy+TZrXinVeqt2el2lUWRx6O4BjK4MEF1OAG6tAAAg/wDK/w5kjnxXl3PuatOSebOYQ/cD5/ANNAjqE=</latexit>

uR(q)

<latexit sha1_base64="T9NALr/QcBcLLJe8kCvrNTQSsMs=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKewGUU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXsX5crdeal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz89M40p</latexit>

q0
<latexit sha1_base64="T9NALr/QcBcLLJe8kCvrNTQSsMs=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKewGUU8S8OIxinlAEsLspDcZMju7zswKYckfePGgiFf/yJt/4yTZgyYWNBRV3XR3+bHg2rjut5NbWV1b38hvFra2d3b3ivsHDR0limGdRSJSLZ9qFFxi3XAjsBUrpKEvsOmPbqZ+8wmV5pF8MOMYuyEdSB5wRo2V7h9Pe8WSW3ZnIMvEy0gJMtR6xa9OP2JJiNIwQbVue25suilVhjOBk0In0RhTNqIDbFsqaYi6m84unZATq/RJEClb0pCZ+nsipaHW49C3nSE1Q73oTcX/vHZigqtuymWcGJRsvihIBDERmb5N+lwhM2JsCWWK21sJG1JFmbHhFGwI3uLLy6RRKXsX5crdeal6ncWRhyM4hjPw4BKqcAs1qAODAJ7hFd6ckfPivDsf89ack80cwh84nz89M40p</latexit>

q0

B-meson anomalies:
<latexit sha1_base64="EJwZ62Y2gJvbBuaJWkN537jmZZE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD1JwYvHCvYD2lA22027dHcTdzdCCP0LXjwo4tU/5M1/46bNQVsfDDzem2FmXhBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzmfueJKs0i+WDSmPoCjyQLGcEmlx77Z3xQrbl1dwa0TLyC1KBAc1D96g8jkggqDeFY657nxsbPsDKMcDqt9BNNY0wmeER7lkosqPaz2a1TdGKVIQojZUsaNFN/T2RYaJ2KwHYKbMZ60cvF/7xeYsJrP2MyTgyVZL4oTDgyEcofR0OmKDE8tQQTxeytiIyxwsTYeCo2BG/x5WXSPq97l3X3/qLWuCniKMMRHMMpeHAFDbiDJrSAwBie4RXeHOG8OO/Ox7y15BQzh/AHzucPvpKOBw==</latexit>

q l

cf.  Vector LQ: not renormalizable

[Crivellin, Mueller, Ota, 2017; Choi, Kang, HML, Ro, 2018]



Origin of leptoquarks I
SUSY with RPV:

S1 = bottom squark

WRPV = �0
333L3Q3D

c
3

LRPV = ��0
333⌫⌧LbLb̃

⇤
R � �0

333⌧LtLb̃
⇤
R + h.c.,

LHC direct searches:
b̃ ! t⌧, mb̃R

& 680GeV.

[Altmannshoefer et al, 2017]

b̃ ! b⌫⌧ , mb̃R
& 1.22TeV.

Large RPV couplings in tension 
with perturbative unification.

tL ! VtbtL + VcbcL + VubuL.
<latexit sha1_base64="XZXZrJCpzwkmpwNzd1wdkZiU1kM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCIIZEBHUjBTcuuqhg2kIbwmQ6bYdOLsycKCXkKdz4Km5cqLgV3Pk2TtsstPWHgY//nMOZ8weJ4Aps+9tYWFxaXlktrZXXNza3ts2d3YaKU0mZS2MRy1ZAFBM8Yi5wEKyVSEbCQLBmMLwe15v3TCoeR3cwSpgXkn7Ee5wS0JZvnoBf60jeHwCRMn7ADT+DINfmsSYa5HRKaZCnfs3yzYpt2RPheXAKqKBCdd/86nRjmoYsAiqIUm3HTsDLiAROBcvLnVSxhNAh6bO2xoiETHnZ5KwcH2qni3ux1C8CPHF/T2QkVGoUBrozJDBQs7Wx+V+tnULvwst4lKTAIjpd1EsFhhiPM8JdLhkFMdJAqOT6r5gOiCQUdJJlHYIze/I8uKfWpeXcnlWqV0UaJbSPDtARctA5qqIbVEcuougRPaNX9GY8GS/Gu/ExbV0wipk99EfG5w/z759r</latexit><latexit sha1_base64="XZXZrJCpzwkmpwNzd1wdkZiU1kM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCIIZEBHUjBTcuuqhg2kIbwmQ6bYdOLsycKCXkKdz4Km5cqLgV3Pk2TtsstPWHgY//nMOZ8weJ4Aps+9tYWFxaXlktrZXXNza3ts2d3YaKU0mZS2MRy1ZAFBM8Yi5wEKyVSEbCQLBmMLwe15v3TCoeR3cwSpgXkn7Ee5wS0JZvnoBf60jeHwCRMn7ADT+DINfmsSYa5HRKaZCnfs3yzYpt2RPheXAKqKBCdd/86nRjmoYsAiqIUm3HTsDLiAROBcvLnVSxhNAh6bO2xoiETHnZ5KwcH2qni3ux1C8CPHF/T2QkVGoUBrozJDBQs7Wx+V+tnULvwst4lKTAIjpd1EsFhhiPM8JdLhkFMdJAqOT6r5gOiCQUdJJlHYIze/I8uKfWpeXcnlWqV0UaJbSPDtARctA5qqIbVEcuougRPaNX9GY8GS/Gu/ExbV0wipk99EfG5w/z759r</latexit><latexit sha1_base64="XZXZrJCpzwkmpwNzd1wdkZiU1kM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCIIZEBHUjBTcuuqhg2kIbwmQ6bYdOLsycKCXkKdz4Km5cqLgV3Pk2TtsstPWHgY//nMOZ8weJ4Aps+9tYWFxaXlktrZXXNza3ts2d3YaKU0mZS2MRy1ZAFBM8Yi5wEKyVSEbCQLBmMLwe15v3TCoeR3cwSpgXkn7Ee5wS0JZvnoBf60jeHwCRMn7ADT+DINfmsSYa5HRKaZCnfs3yzYpt2RPheXAKqKBCdd/86nRjmoYsAiqIUm3HTsDLiAROBcvLnVSxhNAh6bO2xoiETHnZ5KwcH2qni3ux1C8CPHF/T2QkVGoUBrozJDBQs7Wx+V+tnULvwst4lKTAIjpd1EsFhhiPM8JdLhkFMdJAqOT6r5gOiCQUdJJlHYIze/I8uKfWpeXcnlWqV0UaJbSPDtARctA5qqIbVEcuougRPaNX9GY8GS/Gu/ExbV0wipk99EfG5w/z759r</latexit><latexit sha1_base64="XZXZrJCpzwkmpwNzd1wdkZiU1kM=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCIIZEBHUjBTcuuqhg2kIbwmQ6bYdOLsycKCXkKdz4Km5cqLgV3Pk2TtsstPWHgY//nMOZ8weJ4Aps+9tYWFxaXlktrZXXNza3ts2d3YaKU0mZS2MRy1ZAFBM8Yi5wEKyVSEbCQLBmMLwe15v3TCoeR3cwSpgXkn7Ee5wS0JZvnoBf60jeHwCRMn7ADT+DINfmsSYa5HRKaZCnfs3yzYpt2RPheXAKqKBCdd/86nRjmoYsAiqIUm3HTsDLiAROBcvLnVSxhNAh6bO2xoiETHnZ5KwcH2qni3ux1C8CPHF/T2QkVGoUBrozJDBQs7Wx+V+tnULvwst4lKTAIjpd1EsFhhiPM8JdLhkFMdJAqOT6r5gOiCQUdJJlHYIze/I8uKfWpeXcnlWqV0UaJbSPDtARctA5qqIbVEcuougRPaNX9GY8GS/Gu/ExbV0wipk99EfG5w/z759r</latexit>

b
c

⌧ ⌫

LQ, W 0

⌫⌧
<latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit>

c
<latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit>

CKM mixing induces charm coupling: 

<latexit sha1_base64="WauEWpIvkBnTGkNidGMc2urF0Gc=">AAAB9XicdVDJSgNBFHwTtxi3qEcvjUEQD2FGFD1JwIvHKGaBZBJ6et4kTXoWunuUMOQ/vHhQxKv/4s2/sbMIcSt4UFS9xyvKSwRX2rY/rNzC4tLySn61sLa+sblV3N6pqziVDGssFrFselSh4BHWNNcCm4lEGnoCG97gcuw37lAqHke3epigG9JexAPOqDZSJ2trLnwk3qhz1L3pFktO2Z6A2L/Il1WCGard4nvbj1kaYqSZoEq1HDvRbkal5kzgqNBOFSaUDWgPW4ZGNETlZpPUI3JgFJ8EsTQTaTJR5y8yGio1DD2zGVLdVz+9sfiX10p1cO5mPEpSjRGbPgpSQXRMxhUQn0tkWgwNoUxyk5WwPpWUaVNUYb6E/0n9uOyclu3rk1LlYlZHHvZgHw7BgTOowBVUoQYMJDzAEzxb99aj9WK9Tldz1uxmF77BevsE/HGSKA==</latexit>

b̃⇤R

<latexit sha1_base64="RzgKqEAAtYuLfiwewTkijjGl3KU=">AAAB+HicbVDLSsNAFL3xWeujUZduBovoqiRW0ZUU3LisYB/QhjCZTNuhk0mYmQg19EvcuFDErZ/izr9x0mahrQcGDuecy71zgoQzpR3n21pZXVvf2Cxtlbd3dvcq9v5BW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+Db3O49UKhaLBz1JqBfhoWADRrA2km9X+tyEQ3zqZ/V6fVr27apTc2ZAy8QtSBUKNH37qx/GJI2o0IRjpXquk2gvw1Izwum03E8VTTAZ4yHtGSpwRJWXzQ6fohOjhGgQS/OERjP190SGI6UmUWCSEdYjtejl4n9eL9WDay9jIkk1FWS+aJBypGOUt4BCJinRfGIIJpKZWxEZYYmJNl3lJbiLX14m7fOae1lz7i+qjZuijhIcwTGcgQtX0IA7aEILCKTwDK/wZj1ZL9a79TGPrljFzCH8gfX5AzSBkh8=</latexit>

�0
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<latexit sha1_base64="WpUtYoTGv7eD30TLpvgz5X4Jfeg=">AAAB/nicbVDLSsNAFL3xWesrKq7cBIvoqiRW0ZUU3LisYB/QhjCZTNqhk0mYmQglBPwVNy4Ucet3uPNvnLRZaOuBgcM553LvHD9hVCrb/jaWlldW19YrG9XNre2dXXNvvyPjVGDSxjGLRc9HkjDKSVtRxUgvEQRFPiNdf3xb+N1HIiSN+YOaJMSN0JDTkGKktOSZhwOmwwE69bJGo5F3vAz7edUza3bdnsJaJE5JalCi5ZlfgyDGaUS4wgxJ2XfsRLkZEopiRvLqIJUkQXiMhqSvKUcRkW42PT+3TrQSWGEs9OPKmqq/JzIUSTmJfJ2MkBrJea8Q//P6qQqv3YzyJFWE49miMGWWiq2iCyuggmDFJpogLKi+1cIjJBBWurGiBGf+y4ukc153Luv2/UWteVPWUYEjOIYzcOAKmnAHLWgDhgye4RXejCfjxXg3PmbRJaOcOYA/MD5/AO2KlM0=</latexit>

�0
333Vcb

RK(*):  one-loop suppressed, so small.
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<latexit sha1_base64="DdUeQhOky2+UKdPDSRgfjuUMPv8=">AAAB9HicbVDLSsNAFL2pr1pfVZduBovgQkoiFV1JwY3LKvYBbSyTyaQdOpnEmUmhhH6HGxeKuPVj3Pk3TtostPXA5R7OuZe5c7yYM6Vt+9sqrKyurW8UN0tb2zu7e+X9g5aKEklok0Q8kh0PK8qZoE3NNKedWFIcepy2vdFN5rfHVCoWiQc9iakb4oFgASNYG8lNHkn/vneG/Kz3yxW7as+AlomTkwrkaPTLXz0/IklIhSYcK9V17Fi7KZaaEU6npV6iaIzJCA9o11CBQ6rcdHb0FJ0YxUdBJE0JjWbq740Uh0pNQs9MhlgP1aKXif953UQHV27KRJxoKsj8oSDhSEcoSwD5TFKi+cQQTCQztyIyxBITbXIqmRCcxS8vk9Z51bmo2ne1Sv06j6MIR3AMp+DAJdThFhrQBAJP8Ayv8GaNrRfr3fqYjxasfOcQ/sD6/AGwfZFh</latexit>

uc
R dcRsbottom-

RPV safe from proton decay:
is forbidden.

cf.  SU(5) GUT, Becirecic et al, 2018

RD(*)



Origin of leptoquarks II

b c

⌧ ⌫

LQ, W 0

⌫⌧
<latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit>

c
<latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit>

-23-

<latexit sha1_base64="5PhQLiqaNnjdMi+Pps8ngFXO4DY=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMu6EkCXjxGYhZIhtDTqUma9PQM3T1CGPIJXjwo4tUv8ubf2FmEuD0oeLxXRVW9IBFcG9f9cHJLyyura/n1wsbm1vZOcXevoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRv3qPSPJZ3ZpSgH9G+5CFn1FipVuuedoslr+xOQdxf5MsqwRzVbvG904tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5skqPhLGyJQ2ZqosTGY20HkWB7YyoGeif3kT8y2unJrz0My6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp7AYwv+kcVL2zsvu7VmpcjWPIw8HcAjH4MEFVOAGqlAHBn14gCd4doTz6Lw4r7PWnDOf2YdvcN4+AdfpjX4=</latexit>

S3

Scalar leptoquarks = pseudo Nambu-Goldstone bosons

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

RD(*)

Coset space: SU(4)PSxSO(5)/[(SU(3)CxU(1)B-L)x(SU(2)LxSU(2)R)]

RK(*)

Singlet leptoquark

Triplet leptoquark

Coset space: SO(9)xSO(5)/[(SU(4)PSxSU(2)LQ)x(SU(2)HxSU(2)R)]

Naturally light SM Higgs + LQ scalars

[B. Gripaios, 2010]

[B. Gripaios et al, 2014]

: Safe from rapid proton decayU(1)3B+L

RD(*) RK(*)

f�1
<latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit><latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit><latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit><latexit sha1_base64="cOH6QorW8UgInbERHTJeXvJZn78=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBiyGRStuLFLx4rGDaQhvLZrtp126yYXcjlND/4MWDild/kDf/jdsPRK0PBh7vzTAzL0g4U9pxPq3cyura+kZ+s7C1vbO7V9w/aCqRSkI9IriQ7QAryllMPc00p+1EUhwFnLaC0dXUbz1QqZiIb/U4oX6EBzELGcHaSM3wLjtzJ71iybGd2kXZcZEhlXK15iLXdmb4JiVYoNErfnT7gqQRjTXhWKmO6yTaz7DUjHA6KXRTRRNMRnhAO4bGOKLKz2bXTtCJUfooFNJUrNFM/TmR4UipcRSYzgjrofrrTcX/vE6qw6qfsThJNY3JfFGYcqQFmr6O+kxSovnYEEwkM7ciMsQSE20CKpgQll5eJt65XbPdm3KpfrlIIw9HcAyn4EIF6nANDfCAwD08wjO8WMJ6sl6tt3lrzlrMHMIvWO9f0NeO0Q==</latexit>

<latexit sha1_base64="EJwZ62Y2gJvbBuaJWkN537jmZZE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBg5REFD1JwYvHCvYD2lA22027dHcTdzdCCP0LXjwo4tU/5M1/46bNQVsfDDzem2FmXhBzpo3rfjulldW19Y3yZmVre2d3r7p/0NZRoghtkYhHqhtgTTmTtGWY4bQbK4pFwGknmNzmfueJKs0i+WDSmPoCjyQLGcEmlx77Z3xQrbl1dwa0TLyC1KBAc1D96g8jkggqDeFY657nxsbPsDKMcDqt9BNNY0wmeER7lkosqPaz2a1TdGKVIQojZUsaNFN/T2RYaJ2KwHYKbMZ60cvF/7xeYsJrP2MyTgyVZL4oTDgyEcofR0OmKDE8tQQTxeytiIyxwsTYeCo2BG/x5WXSPq97l3X3/qLWuCniKMMRHMMpeHAFDbiDJrSAwBie4RXeHOG8OO/Ox7y15BQzh/AHzucPvpKOBw==</latexit>

q lKeep only



Minimal flavor for leptoquarks

[Choi, Kang, HML, Ro, 2018]

Minimal flavor: quarks

RD(*)
RK(*)

leptons

for
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Hadronic constraints
:  loop-suppressed, 

unlike Z’ case.

:  exists by SU(2) symmetry.

Belle-2 at 10% level

[Belle]

-25-

<latexit sha1_base64="vPk6Dm4e2RsF9Z317svCj5BfNJY=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIsgiGVGFF2WunFZwT6gMw6ZNNOGJpkhyYhl6K+4caGIW3/EnX9jOp2Fth5IOJxzL/feEyaMKu0431ZpZXVtfaO8Wdna3tnds/erHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8c3M7z4SqWgs7vUkIT5HQ0EjipE2UmBXm4HydAw9nj6c5v9ZYNecupMDLhO3IDVQoBXYX94gxiknQmOGlOq7TqL9DElNMSPTipcqkiA8RkPSN1QgTpSf5btP4bFRBjCKpXlCw1z93ZEhrtSEh6aSIz1Si95M/M/rpzq69jMqklQTgeeDopRBc+wsCDigkmDNJoYgLKnZFeIRkghrE1fFhOAunrxMOud197Lu3F3UGs0ijjI4BEfgBLjgCjTALWiBNsDgCTyDV/BmTa0X6936mJeWrKLnAPyB9fkDoYiThg==</latexit>

Bs ! µ+µ� :  constrains only triplet 
leptoquark couplings.

Cancellation between singlet and triplet leptoquarks.

strong constraints on leptoquark models.



Leptoquark for muon g-2 

(g-2)μ

⌧ ! µ�
<latexit sha1_base64="K8P7lqC9tBNM/145IZTZ6h/SNX4=">AAACAHicdVBNS8NAEN3Ur1q/ol4EL8EieCqJCOpFCl48VjC20IQy2W7SpbtJ2J0oJdSLf8WLBxWv/gxv/hvTD6F+PRh4vDfDzLwgFVyjbX8Ypbn5hcWl8nJlZXVtfcPc3LrWSaYoc2kiEtUKQDPBY+YiR8FaqWIgA8GaQf985DdvmNI8ia9wkDJfQhTzkFPAQuqYOx5C5ike9RCUSm49mXkRSAkds+rU7DEs+xf5sqpkikbHfPe6Cc0ki5EK0Lrt2Cn6OSjkVLBhxcs0S4H2IWLtgsYgmfbz8QdDa79QulaYqKJitMbq7EQOUuuBDIpOCdjTP72R+JfXzjA88XMepxmymE4WhZmwMLFGcVhdrhhFMSgIUMWLWy3aAwUUi9AqsyH8T9zD2mnNuTyq1s+maZTJLtkjB8Qhx6ROLkiDuISSO/JAnsizcW88Gi/G66S1ZExntsk3GG+f13WXVA==</latexit><latexit sha1_base64="K8P7lqC9tBNM/145IZTZ6h/SNX4=">AAACAHicdVBNS8NAEN3Ur1q/ol4EL8EieCqJCOpFCl48VjC20IQy2W7SpbtJ2J0oJdSLf8WLBxWv/gxv/hvTD6F+PRh4vDfDzLwgFVyjbX8Ypbn5hcWl8nJlZXVtfcPc3LrWSaYoc2kiEtUKQDPBY+YiR8FaqWIgA8GaQf985DdvmNI8ia9wkDJfQhTzkFPAQuqYOx5C5ike9RCUSm49mXkRSAkds+rU7DEs+xf5sqpkikbHfPe6Cc0ki5EK0Lrt2Cn6OSjkVLBhxcs0S4H2IWLtgsYgmfbz8QdDa79QulaYqKJitMbq7EQOUuuBDIpOCdjTP72R+JfXzjA88XMepxmymE4WhZmwMLFGcVhdrhhFMSgIUMWLWy3aAwUUi9AqsyH8T9zD2mnNuTyq1s+maZTJLtkjB8Qhx6ROLkiDuISSO/JAnsizcW88Gi/G66S1ZExntsk3GG+f13WXVA==</latexit><latexit sha1_base64="K8P7lqC9tBNM/145IZTZ6h/SNX4=">AAACAHicdVBNS8NAEN3Ur1q/ol4EL8EieCqJCOpFCl48VjC20IQy2W7SpbtJ2J0oJdSLf8WLBxWv/gxv/hvTD6F+PRh4vDfDzLwgFVyjbX8Ypbn5hcWl8nJlZXVtfcPc3LrWSaYoc2kiEtUKQDPBY+YiR8FaqWIgA8GaQf985DdvmNI8ia9wkDJfQhTzkFPAQuqYOx5C5ike9RCUSm49mXkRSAkds+rU7DEs+xf5sqpkikbHfPe6Cc0ki5EK0Lrt2Cn6OSjkVLBhxcs0S4H2IWLtgsYgmfbz8QdDa79QulaYqKJitMbq7EQOUuuBDIpOCdjTP72R+JfXzjA88XMepxmymE4WhZmwMLFGcVhdrhhFMSgIUMWLWy3aAwUUi9AqsyH8T9zD2mnNuTyq1s+maZTJLtkjB8Qhx6ROLkiDuISSO/JAnsizcW88Gi/G66S1ZExntsk3GG+f13WXVA==</latexit><latexit sha1_base64="K8P7lqC9tBNM/145IZTZ6h/SNX4=">AAACAHicdVBNS8NAEN3Ur1q/ol4EL8EieCqJCOpFCl48VjC20IQy2W7SpbtJ2J0oJdSLf8WLBxWv/gxv/hvTD6F+PRh4vDfDzLwgFVyjbX8Ypbn5hcWl8nJlZXVtfcPc3LrWSaYoc2kiEtUKQDPBY+YiR8FaqWIgA8GaQf985DdvmNI8ia9wkDJfQhTzkFPAQuqYOx5C5ike9RCUSm49mXkRSAkds+rU7DEs+xf5sqpkikbHfPe6Cc0ki5EK0Lrt2Cn6OSjkVLBhxcs0S4H2IWLtgsYgmfbz8QdDa79QulaYqKJitMbq7EQOUuuBDIpOCdjTP72R+JfXzjA88XMepxmymE4WhZmwMLFGcVhdrhhFMSgIUMWLWy3aAwUUi9AqsyH8T9zD2mnNuTyq1s+maZTJLtkjB8Qhx6ROLkiDuISSO/JAnsizcW88Gi/G66S1ZExntsk3GG+f13WXVA==</latexit>

Minimal flavor: Top + Singlet leptoquark loops

-26-

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

b c

⌧ ⌫

LQ, W 0

⌫⌧
<latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit><latexit sha1_base64="HEjWgcwohjJIAWTNkIwyNXEOjg0=">AAAB7nicbVDJSgNBEK2JW4xb1KOXxiB4GmaCS7xIwIvHCI4JZIbQ0+kkTXp6xl6EMOQnvHhQ8er3ePNv7CwHTXxQ8Hiviqp6ccaZ0p737RRWVtfWN4qbpa3tnd298v7Bg0qNJDQgKU9lK8aKciZooJnmtJVJipOY02Y8vJn4zScqFUvFvR5lNEpwX7AeI1hbqRUK0wk1Np1yxXP9c/+iVkWe602B/EVSgTkanfJX2E2JSajQhGOl2r6X6SjHUjPC6bgUGkUzTIa4T9uWCpxQFeXTe8foxCpd1EulLaHRVP09keNEqVES284E64Fa9Cbif17b6F4typnIjKaCzBb1DEc6RZPnUZdJSjQfWYKJZPZWRAZYYqJtRCUbwtLLyySouleuf3dWqV/P0yjCERzDKfhwCXW4hQYEQIDDM7zCm/PovDjvzsesteDMZw7hD5zPH78Yj/Y=</latexit>

c
<latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit><latexit sha1_base64="HSFnjXS5J3WP0IuMAOReNpSt+6k=">AAAB53icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqF6k4MVjC8YW2lA220m7drMJuxuhhP4CLx5UvPqXvPlv3H4Ian0w8Hhvhpl5YSq4Nq776RRWVtfWN4qbpa3tnd298v7BnU4yxdBniUhUO6QaBZfoG24EtlOFNA4FtsLR9dRvPaDSPJG3ZpxiENOB5BFn1FipyXrlilt1ZyDeN1lSKrBAo1f+6PYTlsUoDRNU647npibIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCTqzSJ1GibElDZurPiZzGWo/j0HbG1Az1X28q/ud1MhNdBDmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIXhLISwR/6x6WfWa55X61SKNIhzBMZyCBzWoww00wAcGCI/wDC/OvfPkvDpv89aCs5g5hF9w3r8ANSKMuA==</latexit>

<latexit sha1_base64="mP4bgrPdh/6m/eCI1TJnoL95Tuw=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWasoispuHFZwT6gM5RMJtOGZjJDkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzglRwbRznG5XW1jc2t8rblZ3dvf2D6uFRRyeZoqxNE5GoXkA0E1yytuFGsF6qGIkDwbrB+G7md5+Y0jyRj2aSMj8mQ8kjTomxkucJGw3JIG80poNqzak7c+BV4hakBgVag+qXFyY0i5k0VBCt+66TGj8nynAq2LTiZZqlhI7JkPUtlSRm2s/nN0/xmVVCHCXKPmnwXP09kZNY60kc2GRMzEgvezPxP6+fmejGz7lMM8MkXSyKMoFNgmcF4JArRo2YWEKo4vZWTEdEEWpsTRVbgrv85VXSuai7V3Xn4bLWvC3qKMMJnMI5uHANTbiHFrSBQgrP8ApvKEMv6B19LKIlVMwcwx+gzx+pf5Fs</latexit>

�33

<latexit sha1_base64="RoocvfQG+AepvzR6czPZghT2AtQ=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoispuHFZwT6gM5RMJtOGZjJDkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzglRwbRznG5XW1jc2t8rblZ3dvf2D6uFRRyeZoqxNE5GoXkA0E1yytuFGsF6qGIkDwbrB+G7md5+Y0jyRj2aSMj8mQ8kjTomxkucJGw3JIG9cTAfVmlN35sCrxC1IDQq0BtUvL0xoFjNpqCBa910nNX5OlOFUsGnFyzRLCR2TIetbKknMtJ/Pb57iM6uEOEqUfdLgufp7Iiex1pM4sMmYmJFe9mbif14/M9GNn3OZZoZJulgUZQKbBM8KwCFXjBoxsYRQxe2tmI6IItTYmiq2BHf5y6uk06i7V3Xn4bLWvC3qKMMJnMI5uHANTbiHFrSBQgrP8ApvKEMv6B19LKIlVMwcwx+gzx+n+ZFr</latexit>

�23

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ <latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ
<latexit sha1_base64="U8fECXeb+WKRYAM2vtZQpMfRx8E=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqosuiG5cV7AM6Q8lkMm1oJjMkGaEM/Q03LhRx68+4829M21lo64HA4ZxzuTcnSAXXxnG+UWltfWNzq7xd2dnd2z+oHh51dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+94kpzRP5aCYp82MylDzilBgreZ6w0ZAM8ovGdFCtOXVnDrxK3ILUoEBrUP3ywoRmMZOGCqJ133VS4+dEGU4Fm1a8TLOU0DEZsr6lksRM+/n85ik+s0qIo0TZJw2eq78nchJrPYkDm4yJGellbyb+5/UzE934OZdpZpiki0VRJrBJ8KwAHHLFqBETSwhV3N6K6YgoQo2tqWJLcJe/vEo6jbp7VXceLmvN26KOMpzAKZyDC9fQhHtoQRsopPAMr/CGMvSC3tHHIlpCxcwx/AH6/AGpLpFv</latexit>

�32
<latexit sha1_base64="86R+W/fSAhSvlbVNDnIHMSYUp30=">AAAB9HicbVDLSgMxFL3xWeur6tJNsIiuykxVdFl047KCfUA7lEwm04ZmMmOSKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMu9+b4ieDaOM43WlldW9/YLGwVt3d29/ZLB4dNHaeKsgaNRazaPtFMcMkahhvB2oliJPIFa/nDu6nfGjGleSwfzThhXkT6koecEmMlrytsNCBnveyiOumVyk7FmQEvEzcnZchR75W+ukFM04hJQwXRuuM6ifEyogyngk2K3VSzhNAh6bOOpZJETHvZ7OgJPrVKgMNY2ScNnqm/JzISaT2OfJuMiBnoRW8q/ud1UhPeeBmXSWqYpPNFYSqwifG0ARxwxagRY0sIVdzeiumAKEKN7aloS3AXv7xMmtWKe1VxHi7Ltdu8jgIcwwmcgwvXUIN7qEMDKDzBM7zCGxqhF/SOPubRFZTPHMEfoM8fDNORoA==</latexit>

�0
32

RD(*)

[Choi, Kang, HML, Ro, 2018]

<latexit sha1_base64="kQny76A9b23Xj2oz5GgIY+Miw9E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPoKewGUU8S8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6ue9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCBXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD2yLjK4=</latexit>0

<latexit sha1_base64="OSy1kyAqJqNufhxoWTJpqUGIOww="></latexit>

�aµ ⇠ 1

16⇡2
�32�

0⇤
32

mµmt

m2
S1



Leptonic constraints
• Electron g-2, Lepton flavor violation and Electric 

dipole moment are also cross checks of the SM.

Bounds on LFV:

BR(⌧ ! e�) < 3.3⇥ 10�8
<latexit sha1_base64="6BtdXdk0rSGLNoddrISHMXbb5tw=">AAACG3icbVA9SwNBEN2L3/ErammzGAQtDHdGMIKIaGOpYjSQi2Fus0mW7N4du3NKOPJDbPwrNhYqVoKF/8ZNTKGJDwYe780wMy+IpTDoul9OZmJyanpmdi47v7C4tJxbWb02UaIZL7NIRroSgOFShLyMAiWvxJqDCiS/CTqnff/mjmsjovAKuzGvKWiFoikYoJXquWLqa0VPLntbPkLia9FqI2gd3VPut0Ap2D4sFoo+CsUN9dzbdKfUq+fybsEdgI4Tb0jyZIjzeu7Db0QsUTxEJsGYqufGWEtBo2CS97J+YngMrAMtXrU0BLuslg6e69FNqzRoM9K2QqQD9fdECsqYrgpspwJsm1GvL/7nVRNslmqpCOMEech+FjUTSTGi/aRoQ2jOUHYtAaaFvZWyNmhgaPPM2hC80ZfHSXm3cFDwLvbyx0fDNGbJOtkgW8Qj++SYnJFzUiaMPJAn8kJenUfn2Xlz3n9aM85wZo38gfP5DUxLoGo=</latexit><latexit sha1_base64="6BtdXdk0rSGLNoddrISHMXbb5tw=">AAACG3icbVA9SwNBEN2L3/ErammzGAQtDHdGMIKIaGOpYjSQi2Fus0mW7N4du3NKOPJDbPwrNhYqVoKF/8ZNTKGJDwYe780wMy+IpTDoul9OZmJyanpmdi47v7C4tJxbWb02UaIZL7NIRroSgOFShLyMAiWvxJqDCiS/CTqnff/mjmsjovAKuzGvKWiFoikYoJXquWLqa0VPLntbPkLia9FqI2gd3VPut0Ap2D4sFoo+CsUN9dzbdKfUq+fybsEdgI4Tb0jyZIjzeu7Db0QsUTxEJsGYqufGWEtBo2CS97J+YngMrAMtXrU0BLuslg6e69FNqzRoM9K2QqQD9fdECsqYrgpspwJsm1GvL/7nVRNslmqpCOMEech+FjUTSTGi/aRoQ2jOUHYtAaaFvZWyNmhgaPPM2hC80ZfHSXm3cFDwLvbyx0fDNGbJOtkgW8Qj++SYnJFzUiaMPJAn8kJenUfn2Xlz3n9aM85wZo38gfP5DUxLoGo=</latexit><latexit sha1_base64="6BtdXdk0rSGLNoddrISHMXbb5tw=">AAACG3icbVA9SwNBEN2L3/ErammzGAQtDHdGMIKIaGOpYjSQi2Fus0mW7N4du3NKOPJDbPwrNhYqVoKF/8ZNTKGJDwYe780wMy+IpTDoul9OZmJyanpmdi47v7C4tJxbWb02UaIZL7NIRroSgOFShLyMAiWvxJqDCiS/CTqnff/mjmsjovAKuzGvKWiFoikYoJXquWLqa0VPLntbPkLia9FqI2gd3VPut0Ap2D4sFoo+CsUN9dzbdKfUq+fybsEdgI4Tb0jyZIjzeu7Db0QsUTxEJsGYqufGWEtBo2CS97J+YngMrAMtXrU0BLuslg6e69FNqzRoM9K2QqQD9fdECsqYrgpspwJsm1GvL/7nVRNslmqpCOMEech+FjUTSTGi/aRoQ2jOUHYtAaaFvZWyNmhgaPPM2hC80ZfHSXm3cFDwLvbyx0fDNGbJOtkgW8Qj++SYnJFzUiaMPJAn8kJenUfn2Xlz3n9aM85wZo38gfP5DUxLoGo=</latexit><latexit sha1_base64="6BtdXdk0rSGLNoddrISHMXbb5tw=">AAACG3icbVA9SwNBEN2L3/ErammzGAQtDHdGMIKIaGOpYjSQi2Fus0mW7N4du3NKOPJDbPwrNhYqVoKF/8ZNTKGJDwYe780wMy+IpTDoul9OZmJyanpmdi47v7C4tJxbWb02UaIZL7NIRroSgOFShLyMAiWvxJqDCiS/CTqnff/mjmsjovAKuzGvKWiFoikYoJXquWLqa0VPLntbPkLia9FqI2gd3VPut0Ap2D4sFoo+CsUN9dzbdKfUq+fybsEdgI4Tb0jyZIjzeu7Db0QsUTxEJsGYqufGWEtBo2CS97J+YngMrAMtXrU0BLuslg6e69FNqzRoM9K2QqQD9fdECsqYrgpspwJsm1GvL/7nVRNslmqpCOMEech+FjUTSTGi/aRoQ2jOUHYtAaaFvZWyNmhgaPPM2hC80ZfHSXm3cFDwLvbyx0fDNGbJOtkgW8Qj++SYnJFzUiaMPJAn8kJenUfn2Xlz3n9aM85wZo38gfP5DUxLoGo=</latexit>

BR(µ ! e�) < 4.2⇥ 10�13
<latexit sha1_base64="vIGNuV4LDikZGp7rnS8ixGFISRs=">AAACG3icbVA9SwNBEN3z2/gVtbRZDIIWhrtEUEEkaGMZxWggF8PcZpMs2b07dueUcOSH2PhXbCxUrAQL/42bmEKjDwYe780wMy+IpTDoup/OxOTU9Mzs3HxmYXFpeSW7unZlokQzXmGRjHQ1AMOlCHkFBUpejTUHFUh+HXRPB/71LddGROEl9mJeV9AORUswQCs1ssXU14qeXPS3fZX4WrQ7CFpHd5T7bVAKdo728gUfheKGeu5NuusV+41szs27Q9C/xBuRHBmh3Mi++82IJYqHyCQYU/PcGOspaBRM8n7GTwyPgXWhzWuWhmC31dPhc326ZZUmbUXaVoh0qP6cSEEZ01OB7VSAHTPuDcT/vFqCrYN6KsI4QR6y70WtRFKM6CAp2hSaM5Q9S4BpYW+lrAMaGNo8MzYEb/zlv6RSyB/mvfO9XOl4lMYc2SCbZJt4ZJ+UyBkpkwph5J48kmfy4jw4T86r8/bdOuGMZtbJLzgfX+8EoC4=</latexit><latexit sha1_base64="vIGNuV4LDikZGp7rnS8ixGFISRs=">AAACG3icbVA9SwNBEN3z2/gVtbRZDIIWhrtEUEEkaGMZxWggF8PcZpMs2b07dueUcOSH2PhXbCxUrAQL/42bmEKjDwYe780wMy+IpTDoup/OxOTU9Mzs3HxmYXFpeSW7unZlokQzXmGRjHQ1AMOlCHkFBUpejTUHFUh+HXRPB/71LddGROEl9mJeV9AORUswQCs1ssXU14qeXPS3fZX4WrQ7CFpHd5T7bVAKdo728gUfheKGeu5NuusV+41szs27Q9C/xBuRHBmh3Mi++82IJYqHyCQYU/PcGOspaBRM8n7GTwyPgXWhzWuWhmC31dPhc326ZZUmbUXaVoh0qP6cSEEZ01OB7VSAHTPuDcT/vFqCrYN6KsI4QR6y70WtRFKM6CAp2hSaM5Q9S4BpYW+lrAMaGNo8MzYEb/zlv6RSyB/mvfO9XOl4lMYc2SCbZJt4ZJ+UyBkpkwph5J48kmfy4jw4T86r8/bdOuGMZtbJLzgfX+8EoC4=</latexit><latexit sha1_base64="vIGNuV4LDikZGp7rnS8ixGFISRs=">AAACG3icbVA9SwNBEN3z2/gVtbRZDIIWhrtEUEEkaGMZxWggF8PcZpMs2b07dueUcOSH2PhXbCxUrAQL/42bmEKjDwYe780wMy+IpTDoup/OxOTU9Mzs3HxmYXFpeSW7unZlokQzXmGRjHQ1AMOlCHkFBUpejTUHFUh+HXRPB/71LddGROEl9mJeV9AORUswQCs1ssXU14qeXPS3fZX4WrQ7CFpHd5T7bVAKdo728gUfheKGeu5NuusV+41szs27Q9C/xBuRHBmh3Mi++82IJYqHyCQYU/PcGOspaBRM8n7GTwyPgXWhzWuWhmC31dPhc326ZZUmbUXaVoh0qP6cSEEZ01OB7VSAHTPuDcT/vFqCrYN6KsI4QR6y70WtRFKM6CAp2hSaM5Q9S4BpYW+lrAMaGNo8MzYEb/zlv6RSyB/mvfO9XOl4lMYc2SCbZJt4ZJ+UyBkpkwph5J48kmfy4jw4T86r8/bdOuGMZtbJLzgfX+8EoC4=</latexit><latexit sha1_base64="vIGNuV4LDikZGp7rnS8ixGFISRs=">AAACG3icbVA9SwNBEN3z2/gVtbRZDIIWhrtEUEEkaGMZxWggF8PcZpMs2b07dueUcOSH2PhXbCxUrAQL/42bmEKjDwYe780wMy+IpTDoup/OxOTU9Mzs3HxmYXFpeSW7unZlokQzXmGRjHQ1AMOlCHkFBUpejTUHFUh+HXRPB/71LddGROEl9mJeV9AORUswQCs1ssXU14qeXPS3fZX4WrQ7CFpHd5T7bVAKdo728gUfheKGeu5NuusV+41szs27Q9C/xBuRHBmh3Mi++82IJYqHyCQYU/PcGOspaBRM8n7GTwyPgXWhzWuWhmC31dPhc326ZZUmbUXaVoh0qP6cSEEZ01OB7VSAHTPuDcT/vFqCrYN6KsI4QR6y70WtRFKM6CAp2hSaM5Q9S4BpYW+lrAMaGNo8MzYEb/zlv6RSyB/mvfO9XOl4lMYc2SCbZJt4ZJ+UyBkpkwph5J48kmfy4jw4T86r8/bdOuGMZtbJLzgfX+8EoC4=</latexit>

EDM:

[MEG]

[ACMEII]

-27-

Electron g-2: -2.4σ[Cs]
<latexit sha1_base64="N3XQsTLuLxmBjCN+2G/mlgVFeEU="></latexit>

�ae = aexpe � aSMe = �89(36)⇥ 10�14

[Rb] 1.6σ
<latexit sha1_base64="YTIv7KAqq2rFsY8iQ4FL5opv1T8="></latexit>

�ae = aexpe � aSMe = 48(30)⇥ 10�14

5.4σ.Fine structure constant differs by



Leptonic signatures
[HML, 2021]

Strong constraint from
<latexit sha1_base64="d3dJ9uhw2Sh7qLkBCYv6iJOMtuI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIoispuHFZwT6gCWUyvWmHziRhHkIN/RI3LhRx66e482+ctllo64ELh3Pu5d57oowzpT3v2ymtrW9sbpW3Kzu7e/tV9+CwrVIjKbRoylPZjYgCzhJoaaY5dDMJREQcOtH4duZ3HkEqliYPepJBKMgwYTGjRFup71YDYQKdYgzBkAhB+m7Nq3tz4FXiF6SGCjT77lcwSKkRkGjKiVI938t0mBOpGeUwrQRGQUbomAyhZ2lCBKgwnx8+xadWGeA4lbYSjefq74mcCKUmIrKdguiRWvZm4n9ez+j4OsxZkhkNCV0sig3H9tNZCnjAJFDNJ5YQKpm9FdMRkYRqm1XFhuAvv7xK2ud1/7Lu3V/UGjdFHGV0jE7QGfLRFWqgO9RELUSRQc/oFb05T86L8+58LFpLTjFzhP7A+fwBLAOSwg==</latexit>

µ ! e� Small electron g-2

But, electron EDM is detectable for a sizable CP phase.

<latexit sha1_base64="d3dJ9uhw2Sh7qLkBCYv6iJOMtuI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIoispuHFZwT6gCWUyvWmHziRhHkIN/RI3LhRx66e482+ctllo64ELh3Pu5d57oowzpT3v2ymtrW9sbpW3Kzu7e/tV9+CwrVIjKbRoylPZjYgCzhJoaaY5dDMJREQcOtH4duZ3HkEqliYPepJBKMgwYTGjRFup71YDYQKdYgzBkAhB+m7Nq3tz4FXiF6SGCjT77lcwSKkRkGjKiVI938t0mBOpGeUwrQRGQUbomAyhZ2lCBKgwnx8+xadWGeA4lbYSjefq74mcCKUmIrKdguiRWvZm4n9ez+j4OsxZkhkNCV0sig3H9tNZCnjAJFDNJ5YQKpm9FdMRkYRqm1XFhuAvv7xK2ud1/7Lu3V/UGjdFHGV0jE7QGfLRFWqgO9RELUSRQc/oFb05T86L8+58LFpLTjFzhP7A+fwBLAOSwg==</latexit>

µ ! e�

-28-

<latexit sha1_base64="d3dJ9uhw2Sh7qLkBCYv6iJOMtuI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIoispuHFZwT6gCWUyvWmHziRhHkIN/RI3LhRx66e482+ctllo64ELh3Pu5d57oowzpT3v2ymtrW9sbpW3Kzu7e/tV9+CwrVIjKbRoylPZjYgCzhJoaaY5dDMJREQcOtH4duZ3HkEqliYPepJBKMgwYTGjRFup71YDYQKdYgzBkAhB+m7Nq3tz4FXiF6SGCjT77lcwSKkRkGjKiVI938t0mBOpGeUwrQRGQUbomAyhZ2lCBKgwnx8+xadWGeA4lbYSjefq74mcCKUmIrKdguiRWvZm4n9ez+j4OsxZkhkNCV0sig3H9tNZCnjAJFDNJ5YQKpm9FdMRkYRqm1XFhuAvv7xK2ud1/7Lu3V/UGjdFHGV0jE7QGfLRFWqgO9RELUSRQc/oFb05T86L8+58LFpLTjFzhP7A+fwBLAOSwg==</latexit>

µ ! e�

λ31 /λ32=10-2

λ31 /λ32=10-3

λ31 /λ32=10-4

BR(μ→eγ)=4.2×10-13
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λ31 /λ32=10-2 , ϕ=0.1

λ31 /λ32=10-3 , ϕ=0.1

λ31 /λ32=10-4 , ϕ=0.1

BR(μ→eγ)=4.2×10-13
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)
<latexit sha1_base64="ZMgP71nTHq0KM1lqQvnfTgAR9rA=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaSKuiy6cVnBPqApZTK5aYdOJnFmIpaQX3HjQhG3/og7/8Zpm4W2Hhg4nHMu987xE86Udpxva2V1bX1js7RV3t7Z3du3DyptFaeSQovGPJZdnyjgTEBLM82hm0ggkc+h449vpn7nEaRisbjXkwT6ERkKFjJKtJEGdsXjJhyQQXbm5p6AB+wM7KpTc2bAy8QtSBUVaA7sLy+IaRqB0JQTpXquk+h+RqRmlENe9lIFCaFjMoSeoYJEoPrZ7PYcnxglwGEszRMaz9TfExmJlJpEvklGRI/UojcV//N6qQ6v+hkTSapB0PmiMOVYx3haBA6YBKr5xBBCJTO3YjoiklBt6iqbEtzFLy+Tdr3mXtTqd+fVxnVRRwkdoWN0ilx0iRroFjVRC1H0hJ7RK3qzcuvFerc+5tEVq5g5RH9gff4ADz2Tzg==</latexit>

�31 6= 0
<latexit sha1_base64="ZMgP71nTHq0KM1lqQvnfTgAR9rA=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclaSKuiy6cVnBPqApZTK5aYdOJnFmIpaQX3HjQhG3/og7/8Zpm4W2Hhg4nHMu987xE86Udpxva2V1bX1js7RV3t7Z3du3DyptFaeSQovGPJZdnyjgTEBLM82hm0ggkc+h449vpn7nEaRisbjXkwT6ERkKFjJKtJEGdsXjJhyQQXbm5p6AB+wM7KpTc2bAy8QtSBUVaA7sLy+IaRqB0JQTpXquk+h+RqRmlENe9lIFCaFjMoSeoYJEoPrZ7PYcnxglwGEszRMaz9TfExmJlJpEvklGRI/UojcV//N6qQ6v+hkTSapB0PmiMOVYx3haBA6YBKr5xBBCJTO3YjoiklBt6iqbEtzFLy+Tdr3mXtTqd+fVxnVRRwkdoWN0ilx0iRroFjVRC1H0hJ7RK3qzcuvFerc+5tEVq5g5RH9gff4ADz2Tzg==</latexit>

�31 6= 0



g-2 and muon mass
Δmμ

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ <latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ
<latexit sha1_base64="U8fECXeb+WKRYAM2vtZQpMfRx8E=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqosuiG5cV7AM6Q8lkMm1oJjMkGaEM/Q03LhRx68+4829M21lo64HA4ZxzuTcnSAXXxnG+UWltfWNzq7xd2dnd2z+oHh51dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+94kpzRP5aCYp82MylDzilBgreZ6w0ZAM8ovGdFCtOXVnDrxK3ILUoEBrUP3ywoRmMZOGCqJ133VS4+dEGU4Fm1a8TLOU0DEZsr6lksRM+/n85ik+s0qIo0TZJw2eq78nchJrPYkDm4yJGellbyb+5/UzE934OZdpZpiki0VRJrBJ8KwAHHLFqBETSwhV3N6K6YgoQo2tqWJLcJe/vEo6jbp7VXceLmvN26KOMpzAKZyDC9fQhHtoQRsopPAMr/CGMvSC3tHHIlpCxcwx/AH6/AGpLpFv</latexit>

�32
<latexit sha1_base64="86R+W/fSAhSvlbVNDnIHMSYUp30=">AAAB9HicbVDLSgMxFL3xWeur6tJNsIiuykxVdFl047KCfUA7lEwm04ZmMmOSKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMu9+b4ieDaOM43WlldW9/YLGwVt3d29/ZLB4dNHaeKsgaNRazaPtFMcMkahhvB2oliJPIFa/nDu6nfGjGleSwfzThhXkT6koecEmMlrytsNCBnveyiOumVyk7FmQEvEzcnZchR75W+ukFM04hJQwXRuuM6ifEyogyngk2K3VSzhNAh6bOOpZJETHvZ7OgJPrVKgMNY2ScNnqm/JzISaT2OfJuMiBnoRW8q/ud1UhPeeBmXSWqYpPNFYSqwifG0ARxwxagRY0sIVdzeiumAKEKN7aloS3AXv7xMmtWKe1VxHi7Ltdu8jgIcwwmcgwvXUIN7qEMDKDzBM7zCGxqhF/SOPubRFZTPHMEfoM8fDNORoA==</latexit>

�0
32

<latexit sha1_base64="aC0beqAdi79wN0BkX9ftATOerb0="></latexit>

�mµ ⇠ 1

16⇡2
mt�32�

0⇤
32

<latexit sha1_base64="hjY061T+d9xNYC5jJzy0B0I5qu4="></latexit>

⇠ mµ

✓
�aµ

2.5⇥ 10�9

◆✓
mS1

1TeV

◆2

For 
<latexit sha1_base64="gfPf/mdxAXa2fhOy948VkNnx9N4=">AAACBXicbVDLSgMxFM3UV62vUZe6CBbBRSkzRdSVFNy4rNgXdIYhk2ba0CQzJBmhDN248VfcuFDErf/gzr8xbWehrQcCh3PO5eaeMGFUacf5tgorq2vrG8XN0tb2zu6evX/QVnEqMWnhmMWyGyJFGBWkpalmpJtIgnjISCcc3Uz9zgORisaiqccJ8TkaCBpRjLSRAvuYB9l94E68gTYhDl2vknmSwyZpTyqBXXaqzgxwmbg5KYMcjcD+8voxTjkRGjOkVM91Eu1nSGqKGZmUvFSRBOERGpCeoQJxovxsdsUEnhqlD6NYmic0nKm/JzLElRrz0CQ50kO16E3F/7xeqqMrP6MiSTUReL4oShnUMZxWAvtUEqzZ2BCEJTV/hXiIJMLaFFcyJbiLJy+Tdq3qXlRrd+fl+nVeRxEcgRNwBlxwCergFjRAC2DwCJ7BK3iznqwX6936mEcLVj5zCP7A+vwBRziXxg==</latexit>

mS1 & 1TeV,

tuning is required for muon mass;  

Higgs decay into muon pair is modified. 

[Athron et al, 2014.03691]
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g-2 and other couplings
h-μ-μ

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

<latexit sha1_base64="W+cQxzCzyNjJHqtlVZvJXMOej10=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2J0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzfz2E2gjYvWAkwT8iA2VCAVnaKUG9ssVt+rOQVeJl5MKyVHvl796g5inESjkkhnT9dwE/YxpFFzCtNRLDSSMj9kQupYqFoHxs/mhU3pmlQENY21LIZ2rvycyFhkziQLbGTEcmWVvJv7ndVMMb/xMqCRFUHyxKEwlxZjOvqYDoYGjnFjCuBb2VspHTDOONpuSDcFbfnmVtC6q3lXVbVxWard5HEVyQk7JOfHINamRe1InTcIJkGfySt6cR+fFeXc+Fq0FJ585Jn/gfP4A4XuM/A==</latexit>

t

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ <latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ
<latexit sha1_base64="U8fECXeb+WKRYAM2vtZQpMfRx8E=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqosuiG5cV7AM6Q8lkMm1oJjMkGaEM/Q03LhRx68+4829M21lo64HA4ZxzuTcnSAXXxnG+UWltfWNzq7xd2dnd2z+oHh51dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+94kpzRP5aCYp82MylDzilBgreZ6w0ZAM8ovGdFCtOXVnDrxK3ILUoEBrUP3ywoRmMZOGCqJ133VS4+dEGU4Fm1a8TLOU0DEZsr6lksRM+/n85ik+s0qIo0TZJw2eq78nchJrPYkDm4yJGellbyb+5/UzE934OZdpZpiki0VRJrBJ8KwAHHLFqBETSwhV3N6K6YgoQo2tqWJLcJe/vEo6jbp7VXceLmvN26KOMpzAKZyDC9fQhHtoQRsopPAMr/CGMvSC3tHHIlpCxcwx/AH6/AGpLpFv</latexit>

�32
<latexit sha1_base64="86R+W/fSAhSvlbVNDnIHMSYUp30=">AAAB9HicbVDLSgMxFL3xWeur6tJNsIiuykxVdFl047KCfUA7lEwm04ZmMmOSKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMu9+b4ieDaOM43WlldW9/YLGwVt3d29/ZLB4dNHaeKsgaNRazaPtFMcMkahhvB2oliJPIFa/nDu6nfGjGleSwfzThhXkT6koecEmMlrytsNCBnveyiOumVyk7FmQEvEzcnZchR75W+ukFM04hJQwXRuuM6ifEyogyngk2K3VSzhNAh6bOOpZJETHvZ7OgJPrVKgMNY2ScNnqm/JzISaT2OfJuMiBnoRW8q/ud1UhPeeBmXSWqYpPNFYSqwifG0ARxwxagRY0sIVdzeiumAKEKN7aloS3AXv7xMmtWKe1VxHi7Ltdu8jgIcwwmcgwvXUIN7qEMDKDzBM7zCGxqhF/SOPubRFZTPHMEfoM8fDNORoA==</latexit>

�0
32

Z-μ-μ

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1
<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ

<latexit sha1_base64="U8fECXeb+WKRYAM2vtZQpMfRx8E=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqosuiG5cV7AM6Q8lkMm1oJjMkGaEM/Q03LhRx68+4829M21lo64HA4ZxzuTcnSAXXxnG+UWltfWNzq7xd2dnd2z+oHh51dJIpyto0EYnqBUQzwSVrG24E66WKkTgQrBuM72Z+94kpzRP5aCYp82MylDzilBgreZ6w0ZAM8ovGdFCtOXVnDrxK3ILUoEBrUP3ywoRmMZOGCqJ133VS4+dEGU4Fm1a 8TLOU0DEZsr6lksRM+/n85ik+s0qIo0TZJw2eq78nchJrPYkDm4yJGellbyb+5/UzE934OZdpZpiki0VRJrBJ8KwAHHLFqBETSwhV3N6K6YgoQo2tqWJLcJe/vEo6jbp7VXceLmvN26KOMpzAKZyDC9fQhHtoQRsopPAMr/CGMvSC3tHHIlpCxcwx/AH6/AGpLpFv</latexit>

�32
<latexit sha1_base64="86R+W/fSAhSvlbVNDnIHMSYUp30=">AAAB9HicbVDLSgMxFL3xWeur6tJNsIiuykxVdFl047KCfUA7lEwm04ZmMmOSKZSh3+HGhSJu/Rh3/o1pOwttPRA4nHMu9+b4ieDaOM43WlldW9/YLGwVt3d29/ZLB4dNHaeKsgaNRazaPtFMcMkahhvB2oliJPIFa/nDu6nfGjGleSwfzThhXkT6koecEmMlrytsNCBnveyiOumVyk7FmQEvEzcnZchR75W+ukFM04hJQwXRuuM6ifEyogyngk2K3VSzhNAh6bOOpZJETHvZ7OgJPrVKgMNY2ScNnqm/JzISaT2OfJuMiBnoRW8q/ud1UhPeeBmXSWqYpPNFYSqwifG0ARxwxagRY0sIVdzeiumAKEKN7aloS3AXv7xMmtWKe1VxHi7Ltdu8jgIcwwmcgwvXUIN7qEMDKDzBM7zCGxqhF/SOPubRFZTPHMEfoM8fDNORoA==</latexit>

�0
32

<latexit sha1_base64="nFltVi5DJips3BYsU7xHFVsEiws=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKewGUU8S8OIxAfPAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWN5b8YJ+hEdSB5yRo2V6g+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2iVL3J4sjDCZzCOXhwBVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD7nXjOE=</latexit>

Z

<latexit sha1_base64="lhdCbeeq104/O61Yae5JMm53kmA=">AAAB6nicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0TJoYxnRmEByhL3NXrJkd+/YnRNCyE+wsVDE1l9k579xk1yhiQ8GHu/NMDMvSqWw6PvfXmFldW19o7hZ2tre2d0r7x882iQzjDdYIhPTiqjlUmjeQIGSt1LDqYokb0bDm6nffOLGikQ/4CjloaJ9LWLBKDrpvqOybrniV/0ZyDIJclKBHPVu+avTS1imuEYmqbXtwE8xHFODgkk+KXUyy1PKhrTP245qqrgNx7NTJ+TEKT0SJ8aVRjJTf0+MqbJ2pCLXqSgO7KI3Ff/z2hnGV+FY6DRDrtl8UZxJggmZ/k16wnCGcuQIZUa4WwkbUEMZunRKLoRg8eVl8nhWDS6q/t15pXadx1GEIziGUwjgEmpwC3VoAIM+PMMrvHnSe/HevY95a8HLZw7hD7zPH16wjdo=</latexit>µ

<latexit sha1_base64="Msh2+i6j40OiKqOzeiN3NR4Ud3M="></latexit>

�yµ ⇠ 1

16⇡2

m2
t

m2
S1

�32�
0⇤
32

: corrections at 1% level. 

Dipole operator for Z:
<latexit sha1_base64="8zwdY0KGKWbCOFpb2QT/X79psM4="></latexit>

Le↵ � g

16⇡2

mt

m2
S1

µ̄�µ⌫µZµ⌫

<latexit sha1_base64="PGtWx0mdkDNSlHQ4opSRqjng37E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWao765Ypbdecgq8TLSQVyNPrlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtGtV77Jaa15U6jd5HEU4gVM4Bw+uoA530IAWMEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8Ac8PjO8=</latexit>

h

<latexit sha1_base64="T9w9DYwrkhzPT1OhJVcklATm85s="></latexit>

��Z ⇠ �Z(µµ̄) ·
✓
mZ

mµ
�aµ

◆

<latexit sha1_base64="Uf6HntKErkQrPVagQosgjhonURI=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaL4EJLUoq6koIbN0IF+4Amlsl00g6dmYSZiVBCNv6KGxeKuPUz3Pk3TtsstPXAhcM593LvPUHMqNKO820VlpZXVteK66WNza3tHXt3r6WiRGLSxBGLZCdAijAqSFNTzUgnlgTxgJF2MLqe+O1HIhWNxL0ex8TnaCBoSDHSRurZB56iHLrOQ3pWy7zT1JMc3pJW1rPLTsWZAi4SNydlkKPRs7+8foQTToTGDCnVdZ1Y+ymSmmJGspKXKBIjPEID0jVUIE6Un04fyOCxUfowjKQpoeFU/T2RIq7UmAemkyM9VPPeRPzP6yY6vPRTKuJEE4Fni8KEQR3BSRqwTyXBmo0NQVhScyvEQyQR1iazkgnBnX95kbSqFfe8Ur2rletXeRxFcAiOwAlwwQWogxvQAE2AQQaewSt4s56sF+vd+pi1Fqx8Zh/8gfX5A+qulVQ=</latexit>

⇠ 10�4 MeV
<latexit sha1_base64="y5F0e4Rbfn0iXfBB5dYQmRxFRVk=">AAACFnicbZC7TsMwFIYdrqXcCowsFlWldqBKWhRYQBUsjAXRi2iiyHHd1qqdRLaDVEV9ChZehYUBhFgRG2+D03aAliNZ/vT/58g+vx8xKpVpfhtLyyura+uZjezm1vbObm5vvynDWGDSwCELRdtHkjAakIaiipF2JAjiPiMtf3iV+q0HIiQNgzs1iojLUT+gPYqR0pKXO04cweHl7di7Lzo8ThwfCX2PS+fFarlq2xUn4tAsm6Ztl5yCl8unnBZcBGsGeTCrupf7crohjjkJFGZIyo5lRspNkFAUMzLOOrEkEcJD1CcdjQHiRLrJZK0xLGilC3uh0CdQcKL+nkgQl3LEfd3JkRrIeS8V//M6seqduQkNoliRAE8f6sUMqhCmGcEuFQQrNtKAsKD6rxAPkEBY6SSzOgRrfuVFaFbKll2u3JzkaxezODLgEByBIrDAKaiBa1AHDYDBI3gGr+DNeDJejHfjY9q6ZMxmDsCfMj5/ACyFnCo=</latexit>

BRZ(µµ̄) = (3.3662± 0.0066)%

<latexit sha1_base64="kkyi0giNAU2zjqAUQFZug79BKlQ=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQQUpSpK0LpeBClxXsA5tQJtNpO3QmCTMToYTu3fgrblwo4tYfcOffOGmz0NYDFw7n3Mu993gho1JZ1reRWVldW9/Ibua2tnd298z9g5YMIoFJEwcsEB0PScKoT5qKKkY6oSCIe4y0vfFV4rcfiJA08O/UJCQuR0OfDihGSks9M8979xfFc7tk16oVJ+TQKllW2T5xTmNHcHhNWtOeWUjEBHCZ2CkpgBSNnvnl9AMcceIrzJCUXdsKlRsjoShmZJpzIklChMdoSLqa+ogT6cazX6bwWCt9OAiELl/Bmfp7IkZcygn3dCdHaiQXvUT8z+tGalBzY+qHkSI+ni8aRAyqACbBwD4VBCs20QRhQfWtEI+QQFjp+HI6BHvx5WXSKpfsSql8e1aoX6ZxZMERyIMisEEV1MENaIAmwOARPINX8GY8GS/Gu/Exb80Y6cwh+APj8wdhNZd7</latexit>

mZ = (91.1876± 0.0021)GeV

: negligibly small for Z width. 

<latexit sha1_base64="E6XVM1+8dLXoaXZI473OfnM7raM="></latexit>

⇠ 4⇥ 10�6

✓
�aµ

2.5⇥ 10�9

◆
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Leptoquark for electron g-2

[HML, 2021]

<latexit sha1_base64="VmnA2OBlrxmWjiixc5ohyPT8mCQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtS8OKxFvsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0OqDgcd7M8zMCxIpDLrul1NYWV1b3yhulra2d3b3yvsHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Hbmtx+5NiJWDzhJuB/RoRKhYBSt1Ghc98sVt+rOQf4SLycVyFHvlz97g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fja/dEpOrDIgYaxtKSRz9edERiNjJlFgOyOKI7PszcT/vG6K4ZWfCZWkyBVbLApTSTAms7fJQGjOUE4soUwLeythI6opQxtOyYbgLb/8l7TOqt5F1b0/r9Ru8jiKcATHcAoeXEIN7qAOTWAQwhO8wKszdp6dN+d90Vpw8plD+AXn4xsueI0d</latexit>

R =

Charm loopsElectron g-2 specific:

(g-2)e

(g-2)μ

-31-

(g-2)e

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

<latexit sha1_base64="DMhI+j9WmrSyME+AaEzbcfnxi+A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUYP1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo2Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4Ax7eM6w==</latexit>c

<latexit sha1_base64="PdPYhNHoT0qHx6NOUCD+xejOdQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8Ayr+M7Q==</latexit>e
<latexit sha1_base64="PdPYhNHoT0qHx6NOUCD+xejOdQE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzUwH654lbdOcgq8XJSgRz1fvmrN4hZGqE0TFCtu56bGD+jynAmcFrqpRoTysZ0iF1LJY1Q+9n80Ck5s8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmRD8JZfXiWti6p3VXUbl5XabR5HEU7gFM7Bg2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq0FJ585hj9wPn8Ayr+M7Q==</latexit>e<latexit sha1_base64="560+IcPElwHlqsq+GxaVGsOuw08=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQouiy6cVnBPqAJZTK5bYdOJmFmIpTQ33DjQhG3/ow7/8Zpm4W2Hhg4nHMu984JU8G1cd1vZ219Y3Nru7RT3t3bPzisHB23dZIphi2WiER1Q6pRcIktw43AbqqQxqHATji+m/mdJ1SaJ/LRTFIMYjqUfMAZNVbyfWGjEe3ndW/ar1TdmjsHWSVeQapQoNmvfPlRwrIYpWGCat3z3NQEOVWGM4HTsp9pTCkb0yH2LJU0Rh3k85un5NwqERkkyj5pyFz9PZHTWOtJHNpkTM1IL3sz8T+vl5nBTZBzmWYGJVssGmSCmITMCiARV8iMmFhCmeL2VsJGVFFmbE1lW4K3/OVV0q7XvKua+3BZbdwWdZTgFM7gAjy4hgbcQxNawCCFZ3iFNydzXpx352MRXXOKmRP4A+fzB6YjkW0=</latexit>

�21

<latexit sha1_base64="XQNuVK8DqCaRSNFcEOCy5xtns/k=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvoqswURZdFNy4r2Ae0Q8lkMm1oJhmTTKEM/Q43LhRx68e4829M21lo64HA4ZxzuTcnSDjTxnW/ncLa+sbmVnG7tLO7t39QPjxqaZkqQptEcqk6AdaUM0GbhhlOO4miOA44bQeju5nfHlOlmRSPZpJQP8YDwSJGsLGS3+M2GuLzflbzpv1yxa26c6BV4uWkAjka/fJXL5QkjakwhGOtu56bGD/DyjDC6bTUSzVNMBnhAe1aKnBMtZ/Nj56iM6uEKJLKPmHQXP09keFY60kc2GSMzVAvezPxP6+bmujGz5hIUkMFWSyKUo6MRLMGUMgUJYZPLMFEMXsrIkOsMDG2p5ItwVv+8ipp1areVdV9uKzUb/M6inACp3ABHlxDHe6hAU0g8ATP8Apvzth5cd6dj0W04OQzx/AHzucPCciRng==</latexit>

�0
21

Safe from
<latexit sha1_base64="d3dJ9uhw2Sh7qLkBCYv6iJOMtuI=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5KIoispuHFZwT6gCWUyvWmHziRhHkIN/RI3LhRx66e482+ctllo64ELh3Pu5d57oowzpT3v2ymtrW9sbpW3Kzu7e/tV9+CwrVIjKbRoylPZjYgCzhJoaaY5dDMJREQcOtH4duZ3HkEqliYPepJBKMgwYTGjRFup71YDYQKdYgzBkAhB+m7Nq3tz4FXiF6SGCjT77lcwSKkRkGjKiVI938t0mBOpGeUwrQRGQUbomAyhZ2lCBKgwnx8+xadWGeA4lbYSjefq74mcCKUmIrKdguiRWvZm4n9ez+j4OsxZkhkNCV0sig3H9tNZCnjAJFDNJ5YQKpm9FdMRkYRqm1XFhuAvv7xK2ud1/7Lu3V/UGjdFHGV0jE7QGfLRFWqgO9RELUSRQc/oFb05T86L8+58LFpLTjFzhP7A+fwBLAOSwg==</latexit>

µ ! e�

[Cs]R=10

R=1

R=0.1

τ→μγ

10-16 10-15 10-14 10-13 10-12 10-11 10-10
10-10

10-9

10-8

-ae

aμ

mS1=2TeV

<latexit sha1_base64="kQny76A9b23Xj2oz5GgIY+Miw9E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPoKewGUU8S8OIxAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c381hMqzWP5YMYJ+hEdSB5yRo2V6ue9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe1flSv2yVL3N4sjDCZzCBXhwDVW4hxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD2yLjK4=</latexit>0

<latexit sha1_base64="AoTFmFhDFEmTLvDhgSZyI0Bgr64="></latexit>

�ae ⇠
1

16⇡2
�21�

0⇤
21

memc

m2
S1



Neutrino masses -32-

Scalar leptoquark couplings respect lepton number.

Majorana neutrino masses violate lepton number by two units.

<latexit sha1_base64="FV0tJVcy96vY00dY6o5UXHSy0HA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiip6k4MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eHM65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJrnVe+y6t5fVGo3eRxFOIJjOAUPrqAGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QPg9ozq</latexit>

+1
<latexit sha1_base64="FV0tJVcy96vY00dY6o5UXHSy0HA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiip6k4MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eHM65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJrnVe+y6t5fVGo3eRxFOIJjOAUPrqAGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QPg9ozq</latexit>

+1

<latexit sha1_base64="FV0tJVcy96vY00dY6o5UXHSy0HA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiip6k4MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eHM65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJrnVe+y6t5fVGo3eRxFOIJjOAUPrqAGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QPg9ozq</latexit>

+1
<latexit sha1_base64="PRWvuOHsmWIYeN99LVS+GfNb9GQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRU9S8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HDm9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqndZde8vKrWbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHkAIzs</latexit>�1

<latexit sha1_base64="PRWvuOHsmWIYeN99LVS+GfNb9GQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRU9S8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HDm9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqndZde8vKrWbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHkAIzs</latexit>�1
<latexit sha1_base64="PRWvuOHsmWIYeN99LVS+GfNb9GQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRU9S8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HDm9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqndZde8vKrWbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHkAIzs</latexit>�1

<latexit sha1_base64="FV0tJVcy96vY00dY6o5UXHSy0HA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiip6k4MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eHM65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJrnVe+y6t5fVGo3eRxFOIJjOAUPrqAGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QPg9ozq</latexit>

+1

Extra doublet leptoquarks >2 generate realistic neutrino masses.

<latexit sha1_base64="FV0tJVcy96vY00dY6o5UXHSy0HA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiip6k4MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eHM65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJrnVe+y6t5fVGo3eRxFOIJjOAUPrqAGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QPg9ozq</latexit>

+1
<latexit sha1_base64="PRWvuOHsmWIYeN99LVS+GfNb9GQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBiyURRU9S8OKxiv2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbqt564NiJWjzhOuB/RgRKhYBSt9HDm9coVt+rOQJaJl5MK5Kj3yl/dfszSiCtkkhrT8dwE/YxqFEzySambGp5QNqID3rFU0YgbP5tdOiEnVumTMNa2FJKZ+nsio5Ex4yiwnRHFoVn0puJ/XifF8NrPhEpS5IrNF4WpJBiT6dukLzRnKMeWUKaFvZWwIdWUoQ2nZEPwFl9eJs3zqndZde8vKrWbPI4iHMExnIIHV1CDO6hDAxiE8Ayv8OaMnBfn3fmYtxacfOYQ/sD5/AHkAIzs</latexit>�1

leptoquark mixing

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

x
<latexit sha1_base64="d5DaXQ33tmduIJm5rIxIgP4fcjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKDz2Z9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1a1b2/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNfAY3X</latexit>⌫

<latexit sha1_base64="d5DaXQ33tmduIJm5rIxIgP4fcjo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKDz2Z9ssVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14bWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmldVL1a1b2/rNRv8jiKcAKncA4eXEEd7qABTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QNfAY3X</latexit>⌫

<latexit sha1_base64="FV0tJVcy96vY00dY6o5UXHSy0HA=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiip6k4MVjFfsBbSib7aZdutmE3YlQQv+BFw+KePUfefPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewsrq2vlHcLG1t7+zulfcPmiZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0e3Ubz1xbUSsHnGccD+iAyVCwSha6eHM65UrbtWdgSwTLycVyFHvlb+6/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fja7dEJOrNInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4bWfCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtOyYbgLb68TJrnVe+y6t5fVGo3eRxFOIJjOAUPrqAGd1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QPg9ozq</latexit>

+1

<latexit sha1_base64="zobUmlkEM9kJAJN/CFw1j7JGC1s=">AAAB6HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0ZMUvHhswX5AG8pmO2nXbjZhdyKU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzaHJYxnrTsAMSKGgiQIldBINLAoktIPx3cxvP4E2IlYPOEnAj9hQiVBwhlZqYL9ccavuHHSVeDmpkBz1fvmrN4h5GoFCLpkxXc9N0M+YRsElTEu91EDC+JgNoWupYhEYP5sfOqVnVhnQMNa2FNK5+nsiY5ExkyiwnRHDkVn2ZuJ/XjfF8MbPhEpSBMUXi8JUUozp7Gs6EBo4yokljGthb6V8xDTjaLMp2RC85ZdXSeui6l1V3cZlpXabx1EkJ+SUnBOPXJMauSd10iScAHkmr+TNeXRenHfnY9FacPKZY/IHzucP4EeM+A==</latexit>

t
[HML, 2021]

<latexit sha1_base64="BKKHDena9rcIQ77uSS4wXmKR/KE=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4KklpTXuRghePldoPaEPZbDft0s0m7G6EEvoTvHhQxKu/yJv/xm0bQUUfDDzem2Fmnh9zprRtf1hr6xubW9u5nfzu3v7BYeHouKOiRBLaJhGPZM/HinImaFszzWkvlhSHPqddf3q98Lv3VCoWiTs9i6kX4rFgASNYG6nVGpaHhaJdsl2nXrlEhixhSL3q1lwbOZlShAzNYeF9MIpIElKhCcdK9R071l6KpWaE03l+kCgaYzLFY9o3VOCQKi9dnjpH50YZoSCSpoRGS/X7RIpDpWahbzpDrCfqt7cQ//L6iQ5qXspEnGgqyGpRkHCkI7T4G42YpETzmSGYSGZuRWSCJSbapJM3IXx9iv4nnXLJqZbs20qxcZXFkYNTOIMLcMCFBtxAE9pAYAwP8ATPFrcerRfrddW6ZmUzJ/AD1tsnL9WNuw==</latexit>

S2<latexit sha1_base64="U19Bmt8MIyk9G1ySofAh0RINa0k=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoicpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv6rSdUmsfywYwT9CM6kDzkjBor1c97pbJbcWcgy8TLSRly1Hqlr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0Mn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rwxs+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuiDcFbfHmZNC8q3lXFrV+Wq7d5HAU4hhM4Aw+uoQr3UIMGMEB4hld4cx6dF+fd+Zi3rjj5zBH8gfP5A3MnjLA=</latexit>,

cf.  RPV SUSY

L=

L=

L=



Hunting leptoquarks

“Decay BRs”

(t)
<latexit sha1_base64="hsvofWPzJnd7yjGRFP5EoE9j7kw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttt26WYTdidCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHk2casZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqN5+4NiJWDzhOeBDRgRJ9wSha6b6Kp91yxa25M5Bl4uWkAjka3fJXpxezNOIKmaTGtD03wSCjGgWTfFLqpIYnlI3ogLctVTTiJshmp07IiVV6pB9rWwrJTP09kdHImHEU2s6I4tAselPxP6+dYv8yyIRKUuSKzRf1U0kwJtO/SU9ozlCOLaFMC3srYUOqKUObTsmG4C2+vEz8s9pVzbs7r9Sv8zSKcATHUAUPLqAOt9AAHxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gASbY0t</latexit><latexit sha1_base64="hsvofWPzJnd7yjGRFP5EoE9j7kw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttt26WYTdidCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHk2casZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqN5+4NiJWDzhOeBDRgRJ9wSha6b6Kp91yxa25M5Bl4uWkAjka3fJXpxezNOIKmaTGtD03wSCjGgWTfFLqpIYnlI3ogLctVTTiJshmp07IiVV6pB9rWwrJTP09kdHImHEU2s6I4tAselPxP6+dYv8yyIRKUuSKzRf1U0kwJtO/SU9ozlCOLaFMC3srYUOqKUObTsmG4C2+vEz8s9pVzbs7r9Sv8zSKcATHUAUPLqAOt9AAHxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gASbY0t</latexit><latexit sha1_base64="hsvofWPzJnd7yjGRFP5EoE9j7kw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttt26WYTdidCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHk2casZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqN5+4NiJWDzhOeBDRgRJ9wSha6b6Kp91yxa25M5Bl4uWkAjka3fJXpxezNOIKmaTGtD03wSCjGgWTfFLqpIYnlI3ogLctVTTiJshmp07IiVV6pB9rWwrJTP09kdHImHEU2s6I4tAselPxP6+dYv8yyIRKUuSKzRf1U0kwJtO/SU9ozlCOLaFMC3srYUOqKUObTsmG4C2+vEz8s9pVzbs7r9Sv8zSKcATHUAUPLqAOt9AAHxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gASbY0t</latexit><latexit sha1_base64="hsvofWPzJnd7yjGRFP5EoE9j7kw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttt26WYTdidCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyZSGHTdb6ewsrq2vlHcLG1t7+zulfcPHk2casZ9FstYt0JquBSK+yhQ8laiOY1CyZvh6GbqN5+4NiJWDzhOeBDRgRJ9wSha6b6Kp91yxa25M5Bl4uWkAjka3fJXpxezNOIKmaTGtD03wSCjGgWTfFLqpIYnlI3ogLctVTTiJshmp07IiVV6pB9rWwrJTP09kdHImHEU2s6I4tAselPxP6+dYv8yyIRKUuSKzRf1U0kwJtO/SU9ozlCOLaFMC3srYUOqKUObTsmG4C2+vEz8s9pVzbs7r9Sv8zSKcATHUAUPLqAOt9AAHxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gASbY0t</latexit>

(⌧)
<latexit sha1_base64="m87MdS6jyRI+gXEt+SyGOyUzh8o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUC9S8OKxgmkLbSib7aZdu9mE3YlQSv+DFw8qXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zSeujUjUA45SHsS0r0QkGEUrNSodpNlZt1R2q+4MZJl4OSlDjnq39NXpJSyLuUImqTFtz00xGFONgkk+KXYyw1PKhrTP25YqGnMTjGfXTsipVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eukJzRnKEeWUKaFvZWwAdWUoQ2oaEPwFl9eJv559brq3V+Uazd5GgU4hhOogAeXUIM7qIMPDB7hGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A1Pjjn0=</latexit><latexit sha1_base64="m87MdS6jyRI+gXEt+SyGOyUzh8o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUC9S8OKxgmkLbSib7aZdu9mE3YlQSv+DFw8qXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zSeujUjUA45SHsS0r0QkGEUrNSodpNlZt1R2q+4MZJl4OSlDjnq39NXpJSyLuUImqTFtz00xGFONgkk+KXYyw1PKhrTP25YqGnMTjGfXTsipVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eukJzRnKEeWUKaFvZWwAdWUoQ2oaEPwFl9eJv559brq3V+Uazd5GgU4hhOogAeXUIM7qIMPDB7hGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A1Pjjn0=</latexit><latexit sha1_base64="m87MdS6jyRI+gXEt+SyGOyUzh8o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUC9S8OKxgmkLbSib7aZdu9mE3YlQSv+DFw8qXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zSeujUjUA45SHsS0r0QkGEUrNSodpNlZt1R2q+4MZJl4OSlDjnq39NXpJSyLuUImqTFtz00xGFONgkk+KXYyw1PKhrTP25YqGnMTjGfXTsipVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eukJzRnKEeWUKaFvZWwAdWUoQ2oaEPwFl9eJv559brq3V+Uazd5GgU4hhOogAeXUIM7qIMPDB7hGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A1Pjjn0=</latexit><latexit sha1_base64="m87MdS6jyRI+gXEt+SyGOyUzh8o=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSLUS0lEUC9S8OKxgmkLbSib7aZdu9mE3YlQSv+DFw8qXv1B3vw3btsctPXBwOO9GWbmhakUBl3321lZXVvf2CxsFbd3dvf2SweHDZNkmnGfJTLRrZAaLoXiPgqUvJVqTuNQ8mY4vJ36zSeujUjUA45SHsS0r0QkGEUrNSodpNlZt1R2q+4MZJl4OSlDjnq39NXpJSyLuUImqTFtz00xGFONgkk+KXYyw1PKhrTP25YqGnMTjGfXTsipVXokSrQthWSm/p4Y09iYURzazpjiwCx6U/E/r51hdBWMhUoz5IrNF0WZJJiQ6eukJzRnKEeWUKaFvZWwAdWUoQ2oaEPwFl9eJv559brq3V+Uazd5GgU4hhOogAeXUIM7qIMPDB7hGV7hzUmcF+fd+Zi3rjj5zBH8gfP5A1Pjjn0=</latexit>

(⌫⌧ )
<latexit sha1_base64="UHIeC6YGEInKDPxiZFfNWpAWsBg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoignqRghePFYwtNqFstpt26WYTdmeFEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL8oE1+C6305pZXVtfaO8Wdna3tndq+4fPOjUKMp8mopUdSKimeCS+cBBsE6mGEkiwdrR6Gbqt5+Y0jyV9zDOWJiQgeQxpwSs9FgPpOkFQMxpr1pzG+4MeJl4BamhAq1e9Svop9QkTAIVROuu52YQ5kQBp4JNKoHRLCN0RAasa6kkCdNhPrt4gk+s0sdxqmxJwDP190ROEq3HSWQ7EwJDvehNxf+8roH4Msy5zAwwSeeLYiMwpHj6Pu5zxSiIsSWEKm5vxXRIFKFgQ6rYELzFl5eJf9a4anh357XmdZFGGR2hY1RHHrpATXSLWshHFEn0jF7Rm6OdF+fd+Zi3lpxi5hD9gfP5A2TFkEM=</latexit><latexit sha1_base64="UHIeC6YGEInKDPxiZFfNWpAWsBg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoignqRghePFYwtNqFstpt26WYTdmeFEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL8oE1+C6305pZXVtfaO8Wdna3tndq+4fPOjUKMp8mopUdSKimeCS+cBBsE6mGEkiwdrR6Gbqt5+Y0jyV9zDOWJiQgeQxpwSs9FgPpOkFQMxpr1pzG+4MeJl4BamhAq1e9Svop9QkTAIVROuu52YQ5kQBp4JNKoHRLCN0RAasa6kkCdNhPrt4gk+s0sdxqmxJwDP190ROEq3HSWQ7EwJDvehNxf+8roH4Msy5zAwwSeeLYiMwpHj6Pu5zxSiIsSWEKm5vxXRIFKFgQ6rYELzFl5eJf9a4anh357XmdZFGGR2hY1RHHrpATXSLWshHFEn0jF7Rm6OdF+fd+Zi3lpxi5hD9gfP5A2TFkEM=</latexit><latexit sha1_base64="UHIeC6YGEInKDPxiZFfNWpAWsBg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoignqRghePFYwtNqFstpt26WYTdmeFEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL8oE1+C6305pZXVtfaO8Wdna3tndq+4fPOjUKMp8mopUdSKimeCS+cBBsE6mGEkiwdrR6Gbqt5+Y0jyV9zDOWJiQgeQxpwSs9FgPpOkFQMxpr1pzG+4MeJl4BamhAq1e9Svop9QkTAIVROuu52YQ5kQBp4JNKoHRLCN0RAasa6kkCdNhPrt4gk+s0sdxqmxJwDP190ROEq3HSWQ7EwJDvehNxf+8roH4Msy5zAwwSeeLYiMwpHj6Pu5zxSiIsSWEKm5vxXRIFKFgQ6rYELzFl5eJf9a4anh357XmdZFGGR2hY1RHHrpATXSLWshHFEn0jF7Rm6OdF+fd+Zi3lpxi5hD9gfP5A2TFkEM=</latexit><latexit sha1_base64="UHIeC6YGEInKDPxiZFfNWpAWsBg=">AAAB8HicbVBNS8NAEN3Ur1q/qh69LBahXkoignqRghePFYwtNqFstpt26WYTdmeFEvovvHhQ8erP8ea/cdvmoK0PBh7vzTAzL8oE1+C6305pZXVtfaO8Wdna3tndq+4fPOjUKMp8mopUdSKimeCS+cBBsE6mGEkiwdrR6Gbqt5+Y0jyV9zDOWJiQgeQxpwSs9FgPpOkFQMxpr1pzG+4MeJl4BamhAq1e9Svop9QkTAIVROuu52YQ5kQBp4JNKoHRLCN0RAasa6kkCdNhPrt4gk+s0sdxqmxJwDP190ROEq3HSWQ7EwJDvehNxf+8roH4Msy5zAwwSeeLYiMwpHj6Pu5zxSiIsSWEKm5vxXRIFKFgQ6rYELzFl5eJf9a4anh357XmdZFGGR2hY1RHHrpATXSLWshHFEn0jF7Rm6OdF+fd+Zi3lpxi5hD9gfP5A2TFkEM=</latexit>

(s)
<latexit sha1_base64="DuPxSf45LkFK7noVrzhY6oTCT0M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttN26WYTdjdCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWP5YMYJBhEdSN7njBor3Vf1abdccWvuDGSZeDmpQI5Gt/zV6cUsjVAaJqjWbc9NTJBRZTgTOCl1Uo0JZSM6wLalkkaog2x26oScWKVH+rGyJQ2Zqb8nMhppPY5C2xlRM9SL3lT8z2unpn8ZZFwmqUHJ5ov6qSAmJtO/SY8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZn4Z7Wrmnd3Xqlf52kU4QiOoQoeXEAdbqEBPjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEQ6Y0s</latexit><latexit sha1_base64="DuPxSf45LkFK7noVrzhY6oTCT0M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttN26WYTdjdCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWP5YMYJBhEdSN7njBor3Vf1abdccWvuDGSZeDmpQI5Gt/zV6cUsjVAaJqjWbc9NTJBRZTgTOCl1Uo0JZSM6wLalkkaog2x26oScWKVH+rGyJQ2Zqb8nMhppPY5C2xlRM9SL3lT8z2unpn8ZZFwmqUHJ5ov6qSAmJtO/SY8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZn4Z7Wrmnd3Xqlf52kU4QiOoQoeXEAdbqEBPjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEQ6Y0s</latexit><latexit sha1_base64="DuPxSf45LkFK7noVrzhY6oTCT0M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttN26WYTdjdCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWP5YMYJBhEdSN7njBor3Vf1abdccWvuDGSZeDmpQI5Gt/zV6cUsjVAaJqjWbc9NTJBRZTgTOCl1Uo0JZSM6wLalkkaog2x26oScWKVH+rGyJQ2Zqb8nMhppPY5C2xlRM9SL3lT8z2unpn8ZZFwmqUHJ5ov6qSAmJtO/SY8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZn4Z7Wrmnd3Xqlf52kU4QiOoQoeXEAdbqEBPjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEQ6Y0s</latexit><latexit sha1_base64="DuPxSf45LkFK7noVrzhY6oTCT0M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahXkoignqRghePFY0ttKFsttN26WYTdjdCCf0JXjyoePUfefPfuG1z0NYHA4/3ZpiZFyaCa+O6305hZXVtfaO4Wdra3tndK+8fPOo4VQx9FotYtUKqUXCJvuFGYCtRSKNQYDMc3Uz95hMqzWP5YMYJBhEdSN7njBor3Vf1abdccWvuDGSZeDmpQI5Gt/zV6cUsjVAaJqjWbc9NTJBRZTgTOCl1Uo0JZSM6wLalkkaog2x26oScWKVH+rGyJQ2Zqb8nMhppPY5C2xlRM9SL3lT8z2unpn8ZZFwmqUHJ5ov6qSAmJtO/SY8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZn4Z7Wrmnd3Xqlf52kU4QiOoQoeXEAdbqEBPjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AEQ6Y0s</latexit>

<latexit sha1_base64="mP4bgrPdh/6m/eCI1TJnoL95Tuw=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWasoispuHFZwT6gM5RMJtOGZjJDkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzglRwbRznG5XW1jc2t8rblZ3dvf2D6uFRRyeZoqxNE5GoXkA0E1yytuFGsF6qGIkDwbrB+G7md5+Y0jyRj2aSMj8mQ8kjTomxkucJGw3JIG80poNqzak7c+BV4hakBgVag+qXFyY0i5k0VBCt+66TGj8nynAq2LTiZZqlhI7JkPUtlSRm2s/nN0/xmVVCHCXKPmnwXP09kZNY60kc2GRMzEgvezPxP6+fmejGz7lMM8MkXSyKMoFNgmcF4JArRo2YWEKo4vZWTEdEEWpsTRVbgrv85VXSuai7V3Xn4bLWvC3qKMMJnMI5uHANTbiHFrSBQgrP8ApvKEMv6B19LKIlVMwcwx+gzx+pf5Fs</latexit>

�33

<latexit sha1_base64="RoocvfQG+AepvzR6czPZghT2AtQ=">AAAB83icbVDLSgMxFL2pr1pfVZdugkVwVWaqoispuHFZwT6gM5RMJtOGZjJDkhHK0N9w40IRt/6MO//GtJ2Fth4IHM45l3tzglRwbRznG5XW1jc2t8rblZ3dvf2D6uFRRyeZoqxNE5GoXkA0E1yytuFGsF6qGIkDwbrB+G7md5+Y0jyRj2aSMj8mQ8kjTomxkucJGw3JIG9cTAfVmlN35sCrxC1IDQq0BtUvL0xoFjNpqCBa910nNX5OlOFUsGnFyzRLCR2TIetbKknMtJ/Pb57iM6uEOEqUfdLgufp7Iiex1pM4sMmYmJFe9mbif14/M9GNn3OZZoZJulgUZQKbBM8KwCFXjBoxsYRQxe2tmI6IItTYmiq2BHf5y6uk06i7V3Xn4bLWvC3qKMMJnMI5uHANTbiHFrSBQgrP8ApvKEMv6B19LKIlVMwcwx+gzx+n+ZFr</latexit>

�23

[Choi, Kang, HML, Ro, 2018]

<latexit sha1_base64="RFeNaHscp8Mq+rWOnHYBJzRM7yY=">AAAB8nicbVBNSwMxEM36WetX1aOXYBE8ld2i6EkKXjxWsB+wXUo2zbah2SQks0JZ+jO8eFDEq7/Gm//GtN2Dtj4YeLw3w8y8WAtuwfe/vbX1jc2t7dJOeXdv/+CwcnTctiozlLWoEsp0Y2KZ4JK1gINgXW0YSWPBOvH4buZ3npixXMlHmGgWpWQoecIpASeFvTHRmvTzen3ar1T9mj8HXiVBQaqoQLNf+eoNFM1SJoEKYm0Y+BqinBjgVLBpuZdZpgkdkyELHZUkZTbK5ydP8blTBjhRxpUEPFd/T+QktXaSxq4zJTCyy95M/M8LM0huopxLnQGTdLEoyQQGhWf/4wE3jIKYOEKo4e5WTEfEEAoupbILIVh+eZW067XgquY/XFYbt0UcJXSKztAFCtA1aqB71EQtRJFCz+gVvXngvXjv3seidc0rZk7QH3ifP/4tkQw=</latexit>22
<latexit sha1_base64="fdgy87j4tCfNIc/Xv6LRZyIRDsg=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9mtip6k4MVjBfsB26Vk07QNzSYhyQpl6c/w4kERr/4ab/4b03YP2vpg4PHeDDPzYsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibGhnAnatMxy2lGa4iTmtB2P72Z++4lqw6R4tBNFowQPBRswgq2Twu4YK4V72UVt2itX/Ko/B1olQU4qkKPRK391+5KkCRWWcGxMGPjKRhnWlhFOp6VuaqjCZIyHNHRU4ISaKJufPEVnTumjgdSuhEVz9fdEhhNjJknsOhNsR2bZm4n/eWFqBzdRxoRKLRVksWiQcmQlmv2P+kxTYvnEEUw0c7ciMsIaE+tSKrkQguWXV0mrVg2uqv7DZaV+m8dRhBM4hXMI4BrqcA8NaAIBCc/wCm+e9V68d+9j0Vrw8plj+APv8wf/s5EN</latexit>32

<latexit sha1_base64="8h2Wv2yv9tkmr4fFvyhYEigBcNQ=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjNi0JMEvHiMxCyQDKGnU5M06ekZunuEMOQTvHhQxKtf5M2/sbMIcXtQ8Hiviqp6QSK4Nq774eRWVtfWN/Kbha3tnd294v5BU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj66nfukeleSzvzDhBP6IDyUPOqLFSvd7zesWSV3ZnIO4v8mWVYIFar/je7ccsjVAaJqjWHc9NjJ9RZTgTOCl0U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1OWJjEZaj6PAdkbUDPVPbyr+5XVSE176GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU1gO4X/SPCt7lbJ7e16qXi3iyMMRHMMpeHABVbiBGjSAwQAe4AmeHeE8Oi/O67w15yxmDuEbnLdP1OGNfA==</latexit>

S1

<latexit sha1_base64="5PhQLiqaNnjdMi+Pps8ngFXO4DY=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4CjMu6EkCXjxGYhZIhtDTqUma9PQM3T1CGPIJXjwo4tUv8ubf2FmEuD0oeLxXRVW9IBFcG9f9cHJLyyura/n1wsbm1vZOcXevoeNUMayzWMSqFVCNgkusG24EthKFNAoENoPh9cRv3qPSPJZ3ZpSgH9G+5CFn1FipVuuedoslr+xOQdxf5MsqwRzVbvG904tZGqE0TFCt256bGD+jynAmcFzopBoTyoa0j21LJY1Q+9n01DE5skqPhLGyJQ2ZqosTGY20HkWB7YyoGeif3kT8y2unJrz0My6T1KBks0VhKoiJyeRv0uMKmREjSyhT3N5K2IAqyoxNp7AYwv+kcVL2zsvu7VmpcjWPIw8HcAjH4MEFVOAGqlAHBn14gCd4doTz6Lw4r7PWnDOf2YdvcN4+AdfpjX4=</latexit>

S3
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Leptoquark portals

RD(*):

Dark matter annihilation into a LQ 
pair makes Higgs-portal consistent.

RK(*): 

Relic density is ok;  Cascade DM annihilations!

�4
<latexit sha1_base64="zv+4zSFA+HAwlyXQ9tzyCsfyxC4=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5LUWutFCl48VjC20oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blWcSkJdEvNYdn2sKGcRdTXTnHYTSbHwOe3448vc79xTqVgc3ehJQj2BhxELGcHaSHd9bqIBHtQH5Ypdte3Gaa2GctJ0Go2c1B3nxEaOUXJUYIH2oPzeD2KSChppwrFSPcdOtJdhqRnhdFrqp4ommIzxkPYMjbCgystmC0/RkVECFMbSvEijmfp9IsNCqYnwTVJgPVK/vVz8y+ulOmx6GYuSVNOIzD8KU450jPLrUcAkJZpPDMFEMrMrIiMsMdGmo5Ip4etS9D9xa9XzqnNdr7QuFm0U4QAO4RgcOIMWXEEbXCAg4AGe4NmS1qP1Yr3OowVrMbMPP2C9fQIWvJAh</latexit><latexit sha1_base64="zv+4zSFA+HAwlyXQ9tzyCsfyxC4=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5LUWutFCl48VjC20oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blWcSkJdEvNYdn2sKGcRdTXTnHYTSbHwOe3448vc79xTqVgc3ehJQj2BhxELGcHaSHd9bqIBHtQH5Ypdte3Gaa2GctJ0Go2c1B3nxEaOUXJUYIH2oPzeD2KSChppwrFSPcdOtJdhqRnhdFrqp4ommIzxkPYMjbCgystmC0/RkVECFMbSvEijmfp9IsNCqYnwTVJgPVK/vVz8y+ulOmx6GYuSVNOIzD8KU450jPLrUcAkJZpPDMFEMrMrIiMsMdGmo5Ip4etS9D9xa9XzqnNdr7QuFm0U4QAO4RgcOIMWXEEbXCAg4AGe4NmS1qP1Yr3OowVrMbMPP2C9fQIWvJAh</latexit><latexit sha1_base64="zv+4zSFA+HAwlyXQ9tzyCsfyxC4=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5LUWutFCl48VjC20oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blWcSkJdEvNYdn2sKGcRdTXTnHYTSbHwOe3448vc79xTqVgc3ehJQj2BhxELGcHaSHd9bqIBHtQH5Ypdte3Gaa2GctJ0Go2c1B3nxEaOUXJUYIH2oPzeD2KSChppwrFSPcdOtJdhqRnhdFrqp4ommIzxkPYMjbCgystmC0/RkVECFMbSvEijmfp9IsNCqYnwTVJgPVK/vVz8y+ulOmx6GYuSVNOIzD8KU450jPLrUcAkJZpPDMFEMrMrIiMsMdGmo5Ip4etS9D9xa9XzqnNdr7QuFm0U4QAO4RgcOIMWXEEbXCAg4AGe4NmS1qP1Yr3OowVrMbMPP2C9fQIWvJAh</latexit><latexit sha1_base64="zv+4zSFA+HAwlyXQ9tzyCsfyxC4=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5LUWutFCl48VjC20oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blWcSkJdEvNYdn2sKGcRdTXTnHYTSbHwOe3448vc79xTqVgc3ehJQj2BhxELGcHaSHd9bqIBHtQH5Ypdte3Gaa2GctJ0Go2c1B3nxEaOUXJUYIH2oPzeD2KSChppwrFSPcdOtJdhqRnhdFrqp4ommIzxkPYMjbCgystmC0/RkVECFMbSvEijmfp9IsNCqYnwTVJgPVK/vVz8y+ulOmx6GYuSVNOIzD8KU450jPLrUcAkJZpPDMFEMrMrIiMsMdGmo5Ip4etS9D9xa9XzqnNdr7QuFm0U4QAO4RgcOIMWXEEbXCAg4AGe4NmS1qP1Yr3OowVrMbMPP2C9fQIWvJAh</latexit>

�5
<latexit sha1_base64="KQ0c6FhJCbX5tFEMdn1qFCbap+o=">AAAB73icdVBNS8NAFHzxs9avqkcvi0XwVJLa1nqRghePFYyttKFsNpt26W4SdjdCCf0VXjyoePXvePPfuGkrqOjAwjAzj31v/IQzpW37w1paXlldWy9sFDe3tnd2S3v7typOJaEuiXksuz5WlLOIupppTruJpFj4nHb88WXud+6pVCyObvQkoZ7Aw4iFjGBtpLs+N9EAD+qDUtmu2HajXq2inDSdRiMnNcc5tZFjlBxlWKA9KL33g5ikgkaacKxUz7ET7WVYakY4nRb7qaIJJmM8pD1DIyyo8rLZwlN0bJQAhbE0L9Jopn6fyLBQaiJ8kxRYj9RvLxf/8nqpDptexqIk1TQi84/ClCMdo/x6FDBJieYTQzCRzOyKyAhLTLTpqGhK+LoU/U/cauW84lzXyq2LRRsFOIQjOAEHzqAFV9AGFwgIeIAneLak9Wi9WK/z6JK1mDmAH7DePgEYP5Ai</latexit><latexit sha1_base64="KQ0c6FhJCbX5tFEMdn1qFCbap+o=">AAAB73icdVBNS8NAFHzxs9avqkcvi0XwVJLa1nqRghePFYyttKFsNpt26W4SdjdCCf0VXjyoePXvePPfuGkrqOjAwjAzj31v/IQzpW37w1paXlldWy9sFDe3tnd2S3v7typOJaEuiXksuz5WlLOIupppTruJpFj4nHb88WXud+6pVCyObvQkoZ7Aw4iFjGBtpLs+N9EAD+qDUtmu2HajXq2inDSdRiMnNcc5tZFjlBxlWKA9KL33g5ikgkaacKxUz7ET7WVYakY4nRb7qaIJJmM8pD1DIyyo8rLZwlN0bJQAhbE0L9Jopn6fyLBQaiJ8kxRYj9RvLxf/8nqpDptexqIk1TQi84/ClCMdo/x6FDBJieYTQzCRzOyKyAhLTLTpqGhK+LoU/U/cauW84lzXyq2LRRsFOIQjOAEHzqAFV9AGFwgIeIAneLak9Wi9WK/z6JK1mDmAH7DePgEYP5Ai</latexit><latexit sha1_base64="KQ0c6FhJCbX5tFEMdn1qFCbap+o=">AAAB73icdVBNS8NAFHzxs9avqkcvi0XwVJLa1nqRghePFYyttKFsNpt26W4SdjdCCf0VXjyoePXvePPfuGkrqOjAwjAzj31v/IQzpW37w1paXlldWy9sFDe3tnd2S3v7typOJaEuiXksuz5WlLOIupppTruJpFj4nHb88WXud+6pVCyObvQkoZ7Aw4iFjGBtpLs+N9EAD+qDUtmu2HajXq2inDSdRiMnNcc5tZFjlBxlWKA9KL33g5ikgkaacKxUz7ET7WVYakY4nRb7qaIJJmM8pD1DIyyo8rLZwlN0bJQAhbE0L9Jopn6fyLBQaiJ8kxRYj9RvLxf/8nqpDptexqIk1TQi84/ClCMdo/x6FDBJieYTQzCRzOyKyAhLTLTpqGhK+LoU/U/cauW84lzXyq2LRRsFOIQjOAEHzqAFV9AGFwgIeIAneLak9Wi9WK/z6JK1mDmAH7DePgEYP5Ai</latexit><latexit sha1_base64="KQ0c6FhJCbX5tFEMdn1qFCbap+o=">AAAB73icdVBNS8NAFHzxs9avqkcvi0XwVJLa1nqRghePFYyttKFsNpt26W4SdjdCCf0VXjyoePXvePPfuGkrqOjAwjAzj31v/IQzpW37w1paXlldWy9sFDe3tnd2S3v7typOJaEuiXksuz5WlLOIupppTruJpFj4nHb88WXud+6pVCyObvQkoZ7Aw4iFjGBtpLs+N9EAD+qDUtmu2HajXq2inDSdRiMnNcc5tZFjlBxlWKA9KL33g5ikgkaacKxUz7ET7WVYakY4nRb7qaIJJmM8pD1DIyyo8rLZwlN0bJQAhbE0L9Jopn6fyLBQaiJ8kxRYj9RvLxf/8nqpDptexqIk1TQi84/ClCMdo/x6FDBJieYTQzCRzOyKyAhLTLTpqGhK+LoU/U/cauW84lzXyq2LRRsFOIQjOAEHzqAFV9AGFwgIeIAneLak9Wi9WK/z6JK1mDmAH7DePgEYP5Ai</latexit>

�3
<latexit sha1_base64="dqAx5G+9yAnieqbESPUJbGgUMlY=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5K0tdaLFLx4rGCs0oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blScSkJdEvNY3vpYUc4i6mqmOb1NJMXC57Trjy9yv3tPpWJxdK0nCfUEHkYsZARrI931uYkGeFAflCt21babJ7UayknLaTZz0nCcuo0co+SowAKdQfm9H8QkFTTShGOleo6daC/DUjPC6bTUTxVNMBnjIe0ZGmFBlZfNFp6iI6MEKIyleZFGM/X7RIaFUhPhm6TAeqR+e7n4l9dLddjyMhYlqaYRmX8UphzpGOXXo4BJSjSfGIKJZGZXREZYYqJNRyVTwtel6H/i1qpnVeeqUWmfL9oowgEcwjE4cAptuIQOuEBAwAM8wbMlrUfrxXqdRwvWYmYffsB6+wQVOZAg</latexit><latexit sha1_base64="dqAx5G+9yAnieqbESPUJbGgUMlY=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5K0tdaLFLx4rGCs0oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blScSkJdEvNY3vpYUc4i6mqmOb1NJMXC57Trjy9yv3tPpWJxdK0nCfUEHkYsZARrI931uYkGeFAflCt21babJ7UayknLaTZz0nCcuo0co+SowAKdQfm9H8QkFTTShGOleo6daC/DUjPC6bTUTxVNMBnjIe0ZGmFBlZfNFp6iI6MEKIyleZFGM/X7RIaFUhPhm6TAeqR+e7n4l9dLddjyMhYlqaYRmX8UphzpGOXXo4BJSjSfGIKJZGZXREZYYqJNRyVTwtel6H/i1qpnVeeqUWmfL9oowgEcwjE4cAptuIQOuEBAwAM8wbMlrUfrxXqdRwvWYmYffsB6+wQVOZAg</latexit><latexit sha1_base64="dqAx5G+9yAnieqbESPUJbGgUMlY=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5K0tdaLFLx4rGCs0oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blScSkJdEvNY3vpYUc4i6mqmOb1NJMXC57Trjy9yv3tPpWJxdK0nCfUEHkYsZARrI931uYkGeFAflCt21babJ7UayknLaTZz0nCcuo0co+SowAKdQfm9H8QkFTTShGOleo6daC/DUjPC6bTUTxVNMBnjIe0ZGmFBlZfNFp6iI6MEKIyleZFGM/X7RIaFUhPhm6TAeqR+e7n4l9dLddjyMhYlqaYRmX8UphzpGOXXo4BJSjSfGIKJZGZXREZYYqJNRyVTwtel6H/i1qpnVeeqUWmfL9oowgEcwjE4cAptuIQOuEBAwAM8wbMlrUfrxXqdRwvWYmYffsB6+wQVOZAg</latexit><latexit sha1_base64="dqAx5G+9yAnieqbESPUJbGgUMlY=">AAAB73icdVBNS8NAFHypX7V+VT16WSyCp5K0tdaLFLx4rGCs0oay2WzapbtJ2N0IJfRXePGg4tW/481/46atoKIDC8PMPPa98RPOlLbtD6uwtLyyulZcL21sbm3vlHf3blScSkJdEvNY3vpYUc4i6mqmOb1NJMXC57Trjy9yv3tPpWJxdK0nCfUEHkYsZARrI931uYkGeFAflCt21babJ7UayknLaTZz0nCcuo0co+SowAKdQfm9H8QkFTTShGOleo6daC/DUjPC6bTUTxVNMBnjIe0ZGmFBlZfNFp6iI6MEKIyleZFGM/X7RIaFUhPhm6TAeqR+e7n4l9dLddjyMhYlqaYRmX8UphzpGOXXo4BJSjSfGIKJZGZXREZYYqJNRyVTwtel6H/i1qpnVeeqUWmfL9oowgEcwjE4cAptuIQOuEBAwAM8wbMlrUfrxXqdRwvWYmYffsB6+wQVOZAg</latexit>

[Choi, Kang, HML, Ro, 2018; Zhu, HML, Song, Kim, 2021]

relic

relic
XENON1T

XENON1T
Fermi-LAT: bb
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Predictive BRs from LQ decays



Conclusions
• Existing anomalies in muon g-2 and leptonic 

signatures such as LFV decays/EDM might be related 
to B-meson anomalies.

• Flavor puzzles in B-meson decays may call for new 
forces or extra colored particles, opening a window 
for complementary tests between energy and 
intensity frontiers.

• Leptoquark option is well motivated in SUSY or 
composite Higgs models, testable by B-meson decays, 
muon g-2 and direct searches at Belle-II, LHC, etc.


