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B-meson anomalies and 
new physics



Energy/Intensity interplay

• No direct evidence for new physics at LHC.

Little hierarchy between weak scale and new physics?

• New particles are very weakly coupled and/or light.

Testable with precision and intensity experiments?

[Ilten et al, 2016]
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[Belle-II,1808.10567]



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

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

• “FCNC processes” and lepton universality are sensitive 
probes of new physics.

• Lepton universality is well tested within the SM.
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B-anomalies at LHCb

~2.5σLHCb: 2011~2016 data

~3.1σ2017~2018 data

<latexit sha1_base64="7OeWMTK/3TESaGqfVYBaomizHhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoelEKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AIzrjME=</latexit>= (SM)

Hadronic uncertainties cancelled Clean test of LFU
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B-anomalies at LHCb

• RK*:  2.2-2.4σ deviation and 2.4-2.5σ deviation.

Hints for lepton flavor non-universality?

B0 ! K⇤0l+l�

<latexit sha1_base64="7OeWMTK/3TESaGqfVYBaomizHhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoelEKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AIzrjME=</latexit>= (SM)
<latexit sha1_base64="7OeWMTK/3TESaGqfVYBaomizHhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoelEKXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7qZ+6wmV5rF8MOME/YgOJA85o8ZK9ZteqexW3BnIMvFyUoYctV7pq9uPWRqhNExQrTuemxg/o8pwJnBS7KYaE8pGdIAdSyWNUPvZ7NAJObVKn4SxsiUNmam/JzIaaT2OAtsZUTPUi95U/M/rpCa89jMuk9SgZPNFYSqIicn0a9LnCpkRY0soU9zeStiQKsqMzaZoQ/AWX14mzfOKd1lx6xfl6m0eRwGO4QTOwIMrqMI91KABDBCe4RXenEfnxXl3PuatK04+cwR/4Hz+AIzrjME=</latexit>= (SM)
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Summary of B-anomalies

[S. Bifani et al, 1809.06229 + updates]

LHCb, 2019, 2021RK
<latexit sha1_base64="Re4gsnifdocBiuJ7WJ4W+qcopMM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8CJ4qR+xhTaUzXbaLt1swu5GKKE/wYsHFa/+I2/+G7dtDtr6YODx3gwz88JEcG1c99spLC2vrK4V10sbm1vbO+XdvUcdp4qhz2IRq2ZINQou0TfcCGwmCmkUCmyEw6uJ33hCpXksH8wowSCifcl7nFFjpfu7zk2nXHGr7hRkkXg5qUCOeqf81e7GLI1QGiao1i3PTUyQUWU4EzgutVONCWVD2seWpZJGqINseuqYHFmlS3qxsiUNmaq/JzIaaT2KQtsZUTPQ895E/M9rpaZ3HmRcJqlByWaLeqkgJiaTv0mXK2RGjCyhTHF7K2EDqigzNp2SDcGbf3mR+CfVi6p3e1qpXeZpFOEADuEYPDiDGlxDHXxg0IdneIU3RzgvzrvzMWstOPnMPvyB8/kDZdGNZA==</latexit><latexit sha1_base64="Re4gsnifdocBiuJ7WJ4W+qcopMM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8CJ4qR+xhTaUzXbaLt1swu5GKKE/wYsHFa/+I2/+G7dtDtr6YODx3gwz88JEcG1c99spLC2vrK4V10sbm1vbO+XdvUcdp4qhz2IRq2ZINQou0TfcCGwmCmkUCmyEw6uJ33hCpXksH8wowSCifcl7nFFjpfu7zk2nXHGr7hRkkXg5qUCOeqf81e7GLI1QGiao1i3PTUyQUWU4EzgutVONCWVD2seWpZJGqINseuqYHFmlS3qxsiUNmaq/JzIaaT2KQtsZUTPQ895E/M9rpaZ3HmRcJqlByWaLeqkgJiaTv0mXK2RGjCyhTHF7K2EDqigzNp2SDcGbf3mR+CfVi6p3e1qpXeZpFOEADuEYPDiDGlxDHXxg0IdneIU3RzgvzrvzMWstOPnMPvyB8/kDZdGNZA==</latexit><latexit sha1_base64="Re4gsnifdocBiuJ7WJ4W+qcopMM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8CJ4qR+xhTaUzXbaLt1swu5GKKE/wYsHFa/+I2/+G7dtDtr6YODx3gwz88JEcG1c99spLC2vrK4V10sbm1vbO+XdvUcdp4qhz2IRq2ZINQou0TfcCGwmCmkUCmyEw6uJ33hCpXksH8wowSCifcl7nFFjpfu7zk2nXHGr7hRkkXg5qUCOeqf81e7GLI1QGiao1i3PTUyQUWU4EzgutVONCWVD2seWpZJGqINseuqYHFmlS3qxsiUNmaq/JzIaaT2KQtsZUTPQ895E/M9rpaZ3HmRcJqlByWaLeqkgJiaTv0mXK2RGjCyhTHF7K2EDqigzNp2SDcGbf3mR+CfVi6p3e1qpXeZpFOEADuEYPDiDGlxDHXxg0IdneIU3RzgvzrvzMWstOPnMPvyB8/kDZdGNZA==</latexit><latexit sha1_base64="Re4gsnifdocBiuJ7WJ4W+qcopMM=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUC9S8CJ4qR+xhTaUzXbaLt1swu5GKKE/wYsHFa/+I2/+G7dtDtr6YODx3gwz88JEcG1c99spLC2vrK4V10sbm1vbO+XdvUcdp4qhz2IRq2ZINQou0TfcCGwmCmkUCmyEw6uJ33hCpXksH8wowSCifcl7nFFjpfu7zk2nXHGr7hRkkXg5qUCOeqf81e7GLI1QGiao1i3PTUyQUWU4EzgutVONCWVD2seWpZJGqINseuqYHFmlS3qxsiUNmaq/JzIaaT2KQtsZUTPQ895E/M9rpaZ3HmRcJqlByWaLeqkgJiaTv0mXK2RGjCyhTHF7K2EDqigzNp2SDcGbf3mR+CfVi6p3e1qpXeZpFOEADuEYPDiDGlxDHXxg0IdneIU3RzgvzrvzMWstOPnMPvyB8/kDZdGNZA==</latexit>

-4-



Muon less SM than electron

• Differential branching fractions & angular distribution are 
consistently lower than the SM values in muon channels. 
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Global fits
[Cornella et al, 2021][Altmannshofer, Stangl, 2021]

Best fit:

Z’ models

Leptoquark models

~6.1σ from SM
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(Consistent with                 )
<latexit sha1_base64="vPk6Dm4e2RsF9Z317svCj5BfNJY=">AAAB+3icbVDLSgMxFM3UV62vsS7dBIsgiGVGFF2WunFZwT6gMw6ZNNOGJpkhyYhl6K+4caGIW3/EnX9jOp2Fth5IOJxzL/feEyaMKu0431ZpZXVtfaO8Wdna3tnds/erHRWnEpM2jlkseyFShFFB2ppqRnqJJIiHjHTD8c3M7z4SqWgs7vUkIT5HQ0EjipE2UmBXm4HydAw9nj6c5v9ZYNecupMDLhO3IDVQoBXYX94gxiknQmOGlOq7TqL9DElNMSPTipcqkiA8RkPSN1QgTpSf5btP4bFRBjCKpXlCw1z93ZEhrtSEh6aSIz1Si95M/M/rpzq69jMqklQTgeeDopRBc+wsCDigkmDNJoYgLKnZFeIRkghrE1fFhOAunrxMOud197Lu3F3UGs0ijjI4BEfgBLjgCjTALWiBNsDgCTyDV/BmTa0X6936mJeWrKLnAPyB9fkDoYiThg==</latexit>

Bs ! µ+µ�



B→D(*)𝜏ν

• 3.8σ anomalies in B→D(*)𝜏ν.

3.1σ after Belle (Moriond 2019).
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[Belle-II,1808.10567]



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. 

[Belle-II,1808.10567]

RD(*)
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RK(*)

[P. Koppenburg, LHCb]



Lepton g-2,  LFV,  EDM
• Lepton g-2 and lepton flavor violation are important 

precision tests of the SM.

Muon g-2:

Electron g-2:

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>

<latexit sha1_base64="xTrWntSNcyX4xtbdELtIkHwKgvw=">AAACEXicbVC7SgNBFJ2NrxhfUUubwSAkhWEnmpgUQlAEywjmAdl1mZ1MkiGzD2ZmhbDkF2z8FRsLRWzt7PwbJ8kWGj1w4XDOvdx7jxtyJpVpfhmppeWV1bX0emZjc2t7J7u715JBJAhtkoAHouNiSTnzaVMxxWknFBR7Lqdtd3Q59dv3VEgW+LdqHFLbwwOf9RnBSktONo8dy4vyV9USKpwjVCnXSma1lq+cFCzFPCohMu/iY4QmTjZnFs0Z4F+CEpIDCRpO9tPqBSTyqK8Ix1J2kRkqO8ZCMcLpJGNFkoaYjPCAdjX1sd5mx7OPJvBIKz3YD4QuX8GZ+nMixp6UY8/VnR5WQ7noTcX/vG6k+lU7Zn4YKeqT+aJ+xKEK4DQe2GOCEsXHmmAimL4VkiEWmCgdYkaHgBZf/ktapSIqF82b01z9IokjDQ7AIcgDBM5AHVyDBmgCAh7AE3gBr8aj8Wy8Ge/z1pSRzOyDXzA+vgGjUZki</latexit>

aµ(E821) = 116592089(63)⇥ 10�11

4.2σ from SM

-2.4σ

EDM:

[Cs]
<latexit sha1_base64="N3XQsTLuLxmBjCN+2G/mlgVFeEU="></latexit>

�ae = aexpe � aSMe = �89(36)⇥ 10�14

[MEG]

[ACMEII]

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

�ae = aexpe � aSMe = 48(30)⇥ 10�14

5.4σ.Fine structure constant differs by



Summary for All
[P. Koppenburg, LHCb]
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EFT for B-decays
Effective Hamiltonian for b→s𝜇𝜇: 

Effective Hamiltonian for b→cτν: 

“Penguins” “Box”

“Tree”
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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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CKM is the only source for flavor violation.

,

Minimal flavored 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]
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B-anomalies & Z’ mass
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]



Flavored Z’-2HDM

New production (     ) :  Flavor-violation for bottom quark 

New decays:

“3b’s: smoking gun signal”

[L. Bian, HML, C.B. Park, 2017, 2020]
<latexit sha1_base64="6J8FLQKNTYOm0jn3A/Yox2eeGKU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvPRYwbSFNpbNdtMu3d2E3Y1QQn+DFw+KePUHefPfuE1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3c7zxRpVksH8w0oYHAI8kiRrCxkt987CdiUK25dTcHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQHWX7sDJ1ZZYiiWNmSBuXq74kMC62nIrSdApuxXvbm4n9eLzXRTZAxmaSGSrJYFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsflUbAje8surpH1R967q7v1lrXFbxFGGEziFc/DgGhrQhBb4QIDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZ2ejos=</latexit>

H
±

<latexit sha1_base64="6J8FLQKNTYOm0jn3A/Yox2eeGKU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvPRYwbSFNpbNdtMu3d2E3Y1QQn+DFw+KePUHefPfuE1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3c7zxRpVksH8w0oYHAI8kiRrCxkt987CdiUK25dTcHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQHWX7sDJ1ZZYiiWNmSBuXq74kMC62nIrSdApuxXvbm4n9eLzXRTZAxmaSGSrJYFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsflUbAje8surpH1R967q7v1lrXFbxFGGEziFc/DgGhrQhBb4QIDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZ2ejos=</latexit>

H
±

<latexit sha1_base64="PxKvBDfbZW8XjTRMtNJEYxTvjzo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokoepKClx4r2g9oY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKV7muPbq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdI8r3iXFffuoly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w+/lo1u</latexit>

H
0

dijet (b-jet) or di-Higgs

<latexit sha1_base64="6J8FLQKNTYOm0jn3A/Yox2eeGKU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvPRYwbSFNpbNdtMu3d2E3Y1QQn+DFw+KePUHefPfuE1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3c7zxRpVksH8w0oYHAI8kiRrCxkt987CdiUK25dTcHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQHWX7sDJ1ZZYiiWNmSBuXq74kMC62nIrSdApuxXvbm4n9eLzXRTZAxmaSGSrJYFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsflUbAje8surpH1R967q7v1lrXFbxFGGEziFc/DgGhrQhBb4QIDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZ2ejos=</latexit>

H
±

<latexit sha1_base64="PxKvBDfbZW8XjTRMtNJEYxTvjzo=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokoepKClx4r2g9oY9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+Oyura+sbm4Wt4vbO7t5+6eCwaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3U791hPXRsTqAccJ9yM6UCIUjKKV7muPbq9UdivuDGSZeDkpQ456r/TV7ccsjbhCJqkxHc9N0M+oRsEknxS7qeEJZSM64B1LFY248bPZqRNyapU+CWNtSyGZqb8nMhoZM44C2xlRHJpFbyr+53VSDK/9TKgkRa7YfFGYSoIxmf5N+kJzhnJsCWVa2FsJG1JNGdp0ijYEb/HlZdI8r3iXFffuoly9yeMowDGcwBl4cAVVqEEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w+/lo1u</latexit>

H
0

<latexit sha1_base64="6J8FLQKNTYOm0jn3A/Yox2eeGKU=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ZMUvPRYwbSFNpbNdtMu3d2E3Y1QQn+DFw+KePUHefPfuE1z0NYHA4/3ZpiZFyacaeO6305pbX1jc6u8XdnZ3ds/qB4etXWcKkJ9EvNYdUOsKWeS+oYZTruJoliEnHbCyd3c7zxRpVksH8w0oYHAI8kiRrCxkt987CdiUK25dTcHWiVeQWpQoDWofvWHMUkFlYZwrHXPcxMTZFgZRjidVfqppgkmEzyiPUslFlQHWX7sDJ1ZZYiiWNmSBuXq74kMC62nIrSdApuxXvbm4n9eLzXRTZAxmaSGSrJYFKUcmRjNP0dDpigxfGoJJorZWxEZY4WJsflUbAje8surpH1R967q7v1lrXFbxFGGEziFc/DgGhrQhBb4QIDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AZ2ejos=</latexit>

H
±

Extra Higgs VEV is needed for CKM mixing for 3rd generation quarks.
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Leptoquarks for 
B-mesons and g-2



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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Leptoquark couplings are 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 dcRor must be forbidden.

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 must be forbidden.

Extra symmetry?



Other constraints
:  loop-suppressed, 


unlike Z’ case.

:  exists by SU(2) symmetry.

Belle-2 at 10% level

[Belle]
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<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.



Minimal flavor for leptoquarks

[Choi, Kang, HML, Ro, 2018]

Minimal flavor: quarks

RD(*)
RK(*)

leptons

for
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Leptoquark from SUSY
Singlet leptoquark


= Sbottom with RPV

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
333

<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.

-19-
RD(*)

<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:
forbidden

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



Composite leptoquarks

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>

-20-

<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



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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Lepton g-2 from top loops

(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
<latexit sha1_base64="3k57CUTqYvaf0+Sbp/pSr7nl+ys=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFcSJkRRVdScOOygn1AZxwyaaYNTTJDklHK0P9w40IRt/6LO//GtJ2Ftp7LhcM595KbE6WcaeO6387S8srq2nppo7y5tb2zW9nbb+kkU4Q2ScIT1YmwppxJ2jTMcNpJFcUi4rQdDW8mfvuRKs0SeW9GKQ0E7ksWM4KNlR5w6Ivs1LeFcEjDStWtuVOgReIVpAoFGmHly+8lJBNUGsKx1l3PTU2QY2UY4XRc9jNNU0yGuE+7lkosqA7y6dVjdGyVHooTZVsaNFV/b+RYaD0SkZ0U2Az0vDcR//O6mYmvgpzJNDNUktlDccaRSdAkAtRjihLDR5Zgopi9FZEBVpgYG1TZhuDNf3mRtM5q3kXNvTuv1q+LOEpwCEdwAh5cQh1uoQFNIKDgGV7hzXlyXpx352M2uuQUOwfwB87nDwBHkYU=</latexit>aµ, ae

-22-

<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
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RD(*)

[Choi, Kang, HML, Ro, 2018]

Non-holomorphic RPV
<latexit sha1_base64="1MfAhNMknSKRLHzIOz+Df0uNAZk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokoigcpePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupv6rSdUmsfywYwT9CM6kDzkjBor1W96pbJbcWcgy8TLSRly1Hqlr24/ZmmE0jBBte54bmL8jCrDmcBJsZtqTCgb0QF2LJU0Qu1ns0Mn5NQqfRLGypY0ZKb+nshopPU4CmxnRM1QL3pT8T+vk5rw2s+4TFKDks0XhakgJibTr0mfK2RGjC2hTHF7K2FDqigzNpuiDcFbfHmZNM8r3mXFrV+Uq7d5HAU4hhM4Aw+uoAr3UIMGMEB4hld4cx6dF+fd+Zi3rjj5zBH8gfP5A4hfjL4=</latexit>:



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�

-23-

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

µ ! e�



g-2 from top/charm loops

[HML, 2021]

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

R =
<latexit sha1_base64="UdLMyUaIPorISmILrTKpWVGwDOo=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4kJKIoicpePFYi/2ANpTNdtMu3WzC7kQoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0d3Ubz1xbUSsHnGccD+iAyVCwShaqV4/75XKbsWdgSwTLydlyFHrlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fja7dEJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4Y2fCZWkyBWbLwpTSTAm07dJX2jOUI4toUwLeythQ6opQxtO0YbgLb68TJoXFe+q4j5clqu3eRwFOIYTOAMPrqEK91CDBjAI4Rle4c0ZOS/Ou/Mxb11x8pkj+APn8wcUtI0M</latexit>

R,

Top loops

Charm loops

<latexit sha1_base64="w+zRaHiPY/CrNWdldACOV5f+9gM=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoicJePEYwU0CyRJmJ7PJkJnZZR5CWPINXjwo4tUP8ubfOEn2oIkFDUVVN91dccaZNr7/7ZXW1jc2t8rblZ3dvf2D6uFRS6dWERqSlKeqE2NNOZM0NMxw2skUxSLmtB2P72Z++4kqzVL5aCYZjQQeSpYwgo2TQtzvCduv1vy6PwdaJUFBalCg2a9+9QYpsYJKQzjWuhv4mYlyrAwjnE4rPatphskYD2nXUYkF1VE+P3aKzpwyQEmqXEmD5urviRwLrScidp0Cm5Fe9mbif17XmuQmypnMrKGSLBYlliOTotnnaMAUJYZPHMFEMXcrIiOsMDEun4oLIVh+eZW0LurBVd1/uKw1bos4ynACp3AOAVxDA+6hCSEQYPAMr/DmSe/Fe/c+Fq0lr5g5hj/wPn8AzP6Oqg==</latexit>aµ
<latexit sha1_base64="IYTHxID8JtKkpVzDFXjshWLVPJ4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0nEoicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD7SP/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVa9Wde8vK/WbPI4inMApnIMHV1CHO2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gA3lI29</latexit>ae

Electron g-2 specific flavor:

(g-2)e

(g-2)μ

-24-

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

µ ! e�

[Cs]



Neutrino masses -25-

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=



LQ-portal dark matter

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

relic

relic
XENON1T

XENON1T
Fermi-LAT: bb

-26-

Predictive BRs from LQ decays



Conclusions
• 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.


• Existing anomalies in muon g-2 and leptonic 
signatures such as LFV decays/EDM might be related 
to B-meson anomalies.


• 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.


