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Light dark matter and 
mediators



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]



Evidences for dark matter

• Galaxy rotation curves, gravity lensing, Bullet 
cluster, CMB, hint at invisible mass, Dark Matter.

Stars, gas

Dark matter
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Status of DM models

Astrophysics widens our view on dark matter: 
WIMP,  Axion, SIDM, etc, at colliders, 

astrophysical observations, etc.

[M. Buckley,  A. Peter, 1712.06615]
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WIMP / CDM Crisis

• Core-cusp problem:  galaxy rotation curves in conflict 
with WIMP simulations at <kpc scale.

[Spergel, Steinhardt, 2000; S.Tulin, H. Yu, 2017]

Best candidate: light dark matter with sub-GeV mass.

Self-Interacting Dark Matter!
�self

mDM
⇠ 1cm2/g

<latexit sha1_base64="ppkhp0JyJKY8SmvJCIvcuXWsjis="></latexit><latexit sha1_base64="ppkhp0JyJKY8SmvJCIvcuXWsjis="></latexit><latexit sha1_base64="ppkhp0JyJKY8SmvJCIvcuXWsjis="></latexit><latexit sha1_base64="ppkhp0JyJKY8SmvJCIvcuXWsjis="></latexit>

vcir ⇠ r

vcir ⇠
p
r

DM-nucleon scattering

Challenging for direct detection!
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Light DM detection
• DM-electron scattering is sensitive to light dark matter.

[Hochberg et al (2015)]

e.g.  Al:

mDMv2 & � ⇠ meV
<latexit sha1_base64="24aDAsPxVDrQ5vfRsWaOTmudG3c=">AAACEXicbVBNS8NAFNz4bf2qevSyWAS9lKQI6kUEPXgRFEwrNLVstq/t0t0k7L4IJfQ3ePGvePGg4tWbN/+Nm5qDVgcWhpl5vH0TJlIYdN1PZ2p6ZnZufmGxtLS8srpWXt+omzjVHHwey1jfhMyAFBH4KFDCTaKBqVBCIxyc5n7jDrQRcXSNwwRaivUi0RWcoZXa5T3VzgKt6NnF6O62FvTQRhUNzkAiC3I6dhXUR+1yxa26Y9C/xCtIhRS4bJc/gk7MUwURcsmMaXpugq2MaRRcwqgUpAYSxgesB01LI6bAtLLxSSO6Y5UO7cbavgjpWP05kTFlzFCFNqkY9s2kl4v/ec0Uu4etTERJihDx70XdVFKMad4P7QgNHOXQEsa1sH+lvM8042hbLNkSvMmT/xK/Vj2qelf7lZPjoo0FskW2yS7xyAE5IefkkviEk3vySJ7Ji/PgPDmvztt3dMopZjbJLzjvXzjcnWM=</latexit><latexit sha1_base64="24aDAsPxVDrQ5vfRsWaOTmudG3c=">AAACEXicbVBNS8NAFNz4bf2qevSyWAS9lKQI6kUEPXgRFEwrNLVstq/t0t0k7L4IJfQ3ePGvePGg4tWbN/+Nm5qDVgcWhpl5vH0TJlIYdN1PZ2p6ZnZufmGxtLS8srpWXt+omzjVHHwey1jfhMyAFBH4KFDCTaKBqVBCIxyc5n7jDrQRcXSNwwRaivUi0RWcoZXa5T3VzgKt6NnF6O62FvTQRhUNzkAiC3I6dhXUR+1yxa26Y9C/xCtIhRS4bJc/gk7MUwURcsmMaXpugq2MaRRcwqgUpAYSxgesB01LI6bAtLLxSSO6Y5UO7cbavgjpWP05kTFlzFCFNqkY9s2kl4v/ec0Uu4etTERJihDx70XdVFKMad4P7QgNHOXQEsa1sH+lvM8042hbLNkSvMmT/xK/Vj2qelf7lZPjoo0FskW2yS7xyAE5IefkkviEk3vySJ7Ji/PgPDmvztt3dMopZjbJLzjvXzjcnWM=</latexit><latexit sha1_base64="24aDAsPxVDrQ5vfRsWaOTmudG3c=">AAACEXicbVBNS8NAFNz4bf2qevSyWAS9lKQI6kUEPXgRFEwrNLVstq/t0t0k7L4IJfQ3ePGvePGg4tWbN/+Nm5qDVgcWhpl5vH0TJlIYdN1PZ2p6ZnZufmGxtLS8srpWXt+omzjVHHwey1jfhMyAFBH4KFDCTaKBqVBCIxyc5n7jDrQRcXSNwwRaivUi0RWcoZXa5T3VzgKt6NnF6O62FvTQRhUNzkAiC3I6dhXUR+1yxa26Y9C/xCtIhRS4bJc/gk7MUwURcsmMaXpugq2MaRRcwqgUpAYSxgesB01LI6bAtLLxSSO6Y5UO7cbavgjpWP05kTFlzFCFNqkY9s2kl4v/ec0Uu4etTERJihDx70XdVFKMad4P7QgNHOXQEsa1sH+lvM8042hbLNkSvMmT/xK/Vj2qelf7lZPjoo0FskW2yS7xyAE5IefkkviEk3vySJ7Ji/PgPDmvztt3dMopZjbJLzjvXzjcnWM=</latexit><latexit sha1_base64="24aDAsPxVDrQ5vfRsWaOTmudG3c=">AAACEXicbVBNS8NAFNz4bf2qevSyWAS9lKQI6kUEPXgRFEwrNLVstq/t0t0k7L4IJfQ3ePGvePGg4tWbN/+Nm5qDVgcWhpl5vH0TJlIYdN1PZ2p6ZnZufmGxtLS8srpWXt+omzjVHHwey1jfhMyAFBH4KFDCTaKBqVBCIxyc5n7jDrQRcXSNwwRaivUi0RWcoZXa5T3VzgKt6NnF6O62FvTQRhUNzkAiC3I6dhXUR+1yxa26Y9C/xCtIhRS4bJc/gk7MUwURcsmMaXpugq2MaRRcwqgUpAYSxgesB01LI6bAtLLxSSO6Y5UO7cbavgjpWP05kTFlzFCFNqkY9s2kl4v/ec0Uu4etTERJihDx70XdVFKMad4P7QgNHOXQEsa1sH+lvM8042hbLNkSvMmT/xK/Vj2qelf7lZPjoo0FskW2yS7xyAE5IefkkviEk3vySJ7Ji/PgPDmvztt3dMopZjbJLzjvXzjcnWM=</latexit>

-5-

<latexit sha1_base64="ci72xDkJjdo5VAaW1VnMCR4yzsc="></latexit>

EF = 11.7 eV, vrel ⇠ vF ⇠ 10�2

� 20 eV

<latexit sha1_base64="f0u3jaFAg5LwgrmT9g0/SGzDg4s=">AAAB+HicbVBNS8NAEN34WetHox69LBbBQy1JKagXKXjxWMF+QBPKZjtpl242YXcj1NBf4sWDIl79Kd78N27bHLT1wcDjvRlm5gUJZ0o7zre1tr6xubVd2Cnu7u0flOzDo7aKU0mhRWMey25AFHAmoKWZ5tBNJJAo4NAJxrczv/MIUrFYPOhJAn5EhoKFjBJtpL5duvAqNcerZJ6MMLSnfbvsVJ058Cpxc1JGOZp9+8sbxDSNQGjKiVI910m0nxGpGeUwLXqpgoTQMRlCz1BBIlB+Nj98is+MMsBhLE0Jjefq74mMREpNosB0RkSP1LI3E//zeqkOr/yMiSTVIOhiUZhyrGM8SwEPmASq+cQQQiUzt2I6IpJQbbIqmhDc5ZdXSbtWdevV6/t6uXGTx1FAJ+gUnSMXXaIGukNN1EIUpegZvaI368l6sd6tj0XrmpXPHKM/sD5/AONqkfY=</latexit>

<latexit sha1_base64="5a5tO3m8qSs+05kTjGINW7x0soA="></latexit>

ER ⇠ µ2v2rel
me

⇠ mev
2
rel ⇠ 0.3 eV

Cooper-pair breaking

DM-nucleon scattering DM-electron scattering



XENON1T electron recoil
• Excess in electron recoil spectrum.

ER=1-7keV:  285 events observed,

expected232± 15

<latexit sha1_base64="L3GPG0oHQ7JNAc1YLLswRnsdaug=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mtLepFCl48VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXhBzpo3rfju5tfWNza38dmFnd2//oHh41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/O/PYTVZpF8sFMYuoLPJQsZAQbKz1WLiq9WCCv1i+W3LI7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhFd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWpexVy9f31VL9JosjDydwCufgwSXU4Q4a0AQCAp7hFd4c5bw4787HojXnZDPH8AfO5w/uVo8y</latexit>

3.3�

<latexit sha1_base64="NALphFLppqYCMDtlgEj8qaAotw0=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbB07JrC+pFCl48VrAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//oHx41NJxqghtkpjHqhNiTTmTtGmY4bSTKIpFyGk7HN/O/PYTVZrF8sFMEhoIPJQsYgQbKz1W3WpPs6HA/XLFc7050Crxc1KBHI1++as3iEkqqDSEY627vpeYIMPKMMLptNRLNU0wGeMh7VoqsaA6yOYHT9GZVQYoipUtadBc/T2RYaH1RIS2U2Az0sveTPzP66YmugoyJpPUUEkWi6KUIxOj2fdowBQlhk8swUQxeysiI6wwMTajkg3BX355lbQuXL/mXt/XKvWbPI4inMApnIMPl1CHO2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP/JGj90=</latexit>

deviation:
most significant at 

ER=2-3keV

[XENON1T, 2006.09721]

-6-

cf. Other backgrounds:  Unknown Tritium,  Ar37



Exothermic dark matter -7-

<latexit sha1_base64="vB6w6BPsZ8MnzueO3iQKbUXkibE="></latexit>

ER ' �m
⇣
1� 2p


cos ✓

⌘
Monochromatic e-recoil energy

<latexit sha1_base64="IwGCXqRwkTaFk6tkjj+b4/KazX4=">AAACDnicbVA9SwNBEN3zM8avqKXNYhCswl1QtFECWlhGMCrkzjC3mYtLdu+O3b1AOO4X2PhXbCwUsbW289+4+Sj8ejDweG+GmXlhKrg2rvvpzMzOzS8slpbKyyura+uVjc0rnWSKYYslIlE3IWgUPMaW4UbgTaoQZCjwOuyfjvzrASrNk/jSDFMMJPRiHnEGxkqdyq7fhzSFYz9SwPK6f4bCAJVFLjtIB7f1wu/1qNepVN2aOwb9S7wpqZIpmp3Kh99NWCYxNkyA1m3PTU2QgzKcCSzKfqYxBdaHHrYtjUGiDvLxOwXdtUqXRomyFRs6Vr9P5CC1HsrQdkowd/q3NxL/89qZiY6CnMdpZjBmk0VRJqhJ6Cgb2uUKmRFDS4Apbm+l7A5sMMYmWLYheL9f/kuu6jXvoOZe7FcbJ9M4SmSb7JA94pFD0iDnpElahJF78kieyYvz4Dw5r87bpHXGmc5skR9w3r8AKJKbgg==</latexit>

 =
2�m

mev2
� 1

�1

<latexit sha1_base64="9d4y4s/HA81xjU9lFMLgeOQ++6E=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb1IwYvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b1RYW9/Y3Cpul3Z29/YPyodHLaNSTVmTKqF0JySGCS5Z03IrWCfRjMShYO1wfDvz209MG67kg50kLIjJUPKIU2Kd1OrREe/7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO8VnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBlVwI/vLLq6R1UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAKFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gAqCo7e</latexit>

�2

<latexit sha1_base64="Sj2qz6i7OQ0BzJVbYO6UBbt63cI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1SUC9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vG62tb2xubRd2irt7+weHpaPjllGppqxJlVC6ExLDBJesabkVrJNoRuJQsHY4vp357SemDVfywU4SFsRkKHnEKbFOavXoiPer/VLZq3hz4FXi56QMORr90ldvoGgaM2mpIMZ0fS+xQUa05VSwabGXGpYQOiZD1nVUkpiZIJtfO8XnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6RVrfi1yvV9rVy/yeMowCmcwQX4cAl1uIMGNIHCIzzDK7whhV7QO/pYtK6hfOYE/gB9/gArjo7f</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

<latexit sha1_base64="bLinHPAKJM9cJoq+LRm6C6p7e7Y="></latexit>

�̄e/m�1 ' 10�43cm2 /GeV

Cross section

“Exothermic dark matter”

�m = m�1 �m�2 � mev
2

<latexit sha1_base64="+chvSzfe46+4cO54tVxe5DK2EZM=">AAACEnicbZDLSgMxFIYzXmu9jbp0EyyCLiwzpaAulIIuXFawF+jUIZOetqHJzJBkCmXoM7jxVdy4UMStK3e+jelF0NYfAh//OYeT8wcxZ0o7zpe1sLi0vLKaWcuub2xubds7u1UVJZJChUY8kvWAKOAshIpmmkM9lkBEwKEW9K5G9VofpGJReKcHMTQF6YSszSjRxvLtY+8auCZYXAg/9WiX+e7w5AcLQ6/TwcIH3L8v+HbOyTtj4Xlwp5BDU5V9+9NrRTQREGrKiVIN14l1MyVSM8phmPUSBTGhPdKBhsGQCFDNdHzSEB8ap4XbkTQv1Hjs/p5IiVBqIALTKYjuqtnayPyv1kh0+6yZsjBONIR0sqidcKwjPMoHt5gEqvnAAKGSmb9i2iWSUG1SzJoQ3NmT56FayLvF/PltMVe6nMaRQfvoAB0hF52iErpBZVRBFD2gJ/SCXq1H69l6s94nrQvWdGYP/ZH18Q3Yapz0</latexit>

ER ⇠ �m ⇠ 2.5 keV

<latexit sha1_base64="p0PCDzHWt9ulia0KdOz9J6Tvd3A=">AAACDHicbVDLSgMxFM34rPVVdekmWAQXUmZKRd1IQQWXVewDOkPJpLdtaDIzJBmhDP0AN/6KGxeKuPUD3Pk3ptNZaOuBwMk555Lc40ecKW3b39bC4tLyympuLb++sbm1XdjZbagwlhTqNOShbPlEAWcB1DXTHFqRBCJ8Dk1/eDnxmw8gFQuDez2KwBOkH7Aeo0QbqVMoXnfuXMUEdq+Aa4JFeimXTtzjxJUCD6ExNim7ZKfA88TJSBFlqHUKX243pLGAQFNOlGo7dqS9hEjNKIdx3o0VRIQOSR/ahgZEgPKSdJkxPjRKF/dCaU6gcar+nkiIUGokfJMURA/UrDcR//Pase6deQkLolhDQKcP9WKOdYgnzeAuk0A1HxlCqGTmr5gOiCRUm/7ypgRnduV50iiXnErp/LZSrF5kdeTQPjpAR8hBp6iKblAN1RFFj+gZvaI368l6sd6tj2l0wcpm9tAfWJ8/cHWZ+g==</latexit>

[K. Harigaya et al; HML; J. Bramante et al; 
Essig et al;S. Choi, HML, B. Zhu]



Model for exothermic DM
• Two DM states and electron with Z’ mediator: -8-

• DM-electron inelastic cross section:

Z 0

<latexit sha1_base64="bPKz5oW9QwfQJj9VqpsXwUOcbAQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQL1IwIvHKOaBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItXyqUXCJdcONwFaskIa+wKY/upn6zSdUmkfywYxj7IZ0IHnAGTVWun887RVLbtmdgSwTLyMlyFDrFb86/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjq7dEJOrNInQaRsSUNm6u+JlIZaj0PfdobUDPWiNxX/89qJCS67KZdxYlCy+aIgEcREZPo26XOFzIixJZQpbm8lbEgVZcaGU7AheIsvL5PGedmrlK/uKqXqdRZHHo7gGM7Agwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AG9aNFw==</latexit>

�1

<latexit sha1_base64="9d4y4s/HA81xjU9lFMLgeOQ++6E=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb1IwYvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b1RYW9/Y3Cpul3Z29/YPyodHLaNSTVmTKqF0JySGCS5Z03IrWCfRjMShYO1wfDvz209MG67kg50kLIjJUPKIU2Kd1OrREe/7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO8VnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBlVwI/vLLq6R1UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAKFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gAqCo7e</latexit>

�2

<latexit sha1_base64="Sj2qz6i7OQ0BzJVbYO6UBbt63cI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1SUC9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vG62tb2xubRd2irt7+weHpaPjllGppqxJlVC6ExLDBJesabkVrJNoRuJQsHY4vp357SemDVfywU4SFsRkKHnEKbFOavXoiPer/VLZq3hz4FXi56QMORr90ldvoGgaM2mpIMZ0fS+xQUa05VSwabGXGpYQOiZD1nVUkpiZIJtfO8XnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6RVrfi1yvV9rVy/yeMowCmcwQX4cAl1uIMGNIHCIzzDK7whhV7QO/pYtK6hfOYE/gB9/gArjo7f</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

[HML, 2020]

<latexit sha1_base64="lgqnejvBwU0hsSeGzXuhcbtQU9E="></latexit>

�̄e '
v2�v

2
eg

4
Z0µ2

1

⇡m4
Z0

<latexit sha1_base64="aKXG1rthN6HgXUlcrIra36QTR/g="></latexit>

'
⇣v�gZ0

0.6

⌘2⇣ vegZ0

10�4e

⌘2⇣600MeV

mZ0

⌘4⇣ µ1

me

⌘2
⇥ 10�43 cm2

<latexit sha1_base64="ncjB+wq/AYHsV9pGmSZv7Rb9BoY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtS8OKxgrGFNpTNdtIu3WzC7kYoob/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0srq2vlHerGxt7+zuVfcPHnWSKYY+S0Si2iHVKLhE33AjsJ0qpHEosBWObqd+6wmV5ol8MOMUg5gOJI84o8ZKPu3htdur1ty6OwNZJl5BalCg2at+dfsJy2KUhgmqdcdzUxPkVBnOBE4q3UxjStmIDrBjqaQx6iCfHTshJ1bpkyhRtqQhM/X3RE5jrcdxaDtjaoZ60ZuK/3mdzERXQc5lmhmUbL4oygQxCZl+TvpcITNibAllittbCRtSRZmx+VRsCN7iy8vk8azuXdTd+/Na46aIowxHcAyn4MElNOAOmuADAw7P8ApvjnRenHfnY95acoqZQ/gD5/MHKTCOPg==</latexit>

ae = 0
Z 0

<latexit sha1_base64="bPKz5oW9QwfQJj9VqpsXwUOcbAQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQL1IwIvHKOaBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItXyqUXCJdcONwFaskIa+wKY/upn6zSdUmkfywYxj7IZ0IHnAGTVWun887RVLbtmdgSwTLyMlyFDrFb86/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjq7dEJOrNInQaRsSUNm6u+JlIZaj0PfdobUDPWiNxX/89qJCS67KZdxYlCy+aIgEcREZPo26XOFzIixJZQpbm8lbEgVZcaGU7AheIsvL5PGedmrlK/uKqXqdRZHHo7gGM7Agwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AG9aNFw==</latexit>

�

<latexit sha1_base64="EnsJG0WL723gDAXTuyMf/glzamk=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1IwIvHCOYByRJ6J7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdicBQziRtWmY57SSagog4bUfj25nffqLaMCUf7CShoYChZDEjYJ3U6g1BCOiXK37VnwOvkiAnFZSj0S9/9QaKpIJKSzgY0w38xIYZaMsIp9NSLzU0ATKGIe06KkFQE2bza6f4zCkDHCvtSlo8V39PZCCMmYjIdQqwI7PszcT/vG5q46swYzJJLZVksShOObYKz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rm6e8F+/d+1i0Frx85hj9gff5A4mXjx0=</latexit>

�

<latexit sha1_base64="EnsJG0WL723gDAXTuyMf/glzamk=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKQL1IwIvHCOYByRJ6J7PJmHksM7NCWPIPXjwo4tX/8ebfOEn2oIkFDUVVN91dUcKZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy6hUE9okiivdicBQziRtWmY57SSagog4bUfj25nffqLaMCUf7CShoYChZDEjYJ3U6g1BCOiXK37VnwOvkiAnFZSj0S9/9QaKpIJKSzgY0w38xIYZaMsIp9NSLzU0ATKGIe06KkFQE2bza6f4zCkDHCvtSlo8V39PZCCMmYjIdQqwI7PszcT/vG5q46swYzJJLZVksShOObYKz17HA6YpsXziCBDN3K2YjEADsS6gkgshWH55lbQuqkGten1fq9Rv8jiK6ASdonMUoEtUR3eogZqIoEf0jF7Rm6e8F+/d+1i0Frx85hj9gff5A4mXjx0=</latexit>

�1

<latexit sha1_base64="9d4y4s/HA81xjU9lFMLgeOQ++6E=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb1IwYvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b1RYW9/Y3Cpul3Z29/YPyodHLaNSTVmTKqF0JySGCS5Z03IrWCfRjMShYO1wfDvz209MG67kg50kLIjJUPKIU2Kd1OrREe/7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO8VnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBlVwI/vLLq6R1UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAKFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gAqCo7e</latexit>

�2

<latexit sha1_base64="Sj2qz6i7OQ0BzJVbYO6UBbt63cI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1SUC9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vG62tb2xubRd2irt7+weHpaPjllGppqxJlVC6ExLDBJesabkVrJNoRuJQsHY4vp357SemDVfywU4SFsRkKHnEKbFOavXoiPer/VLZq3hz4FXi56QMORr90ldvoGgaM2mpIMZ0fS+xQUa05VSwabGXGpYQOiZD1nVUkpiZIJtfO8XnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6RVrfi1yvV9rVy/yeMowCmcwQX4cAl1uIMGNIHCIzzDK7whhV7QO/pYtK6hfOYE/gB9/gArjo7f</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

Z 0

<latexit sha1_base64="bPKz5oW9QwfQJj9VqpsXwUOcbAQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQL1IwIvHKOaBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItXyqUXCJdcONwFaskIa+wKY/upn6zSdUmkfywYxj7IZ0IHnAGTVWun887RVLbtmdgSwTLyMlyFDrFb86/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjq7dEJOrNInQaRsSUNm6u+JlIZaj0PfdobUDPWiNxX/89qJCS67KZdxYlCy+aIgEcREZPo26XOFzIixJZQpbm8lbEgVZcaGU7AheIsvL5PGedmrlK/uKqXqdRZHHo7gGM7Agwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AG9aNFw==</latexit>

�1

<latexit sha1_base64="9d4y4s/HA81xjU9lFMLgeOQ++6E=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKQb1IwYvHCvYD2qVk02wbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOuDgcd7M8zMCxPBjfW8b1RYW9/Y3Cpul3Z29/YPyodHLaNSTVmTKqF0JySGCS5Z03IrWCfRjMShYO1wfDvz209MG67kg50kLIjJUPKIU2Kd1OrREe/7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJtfO8VnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBlVwI/vLLq6R1UfVr1ev7WqV+k8dRhBM4hXPw4RLqcAcNaAKFR3iGV3hDCr2gd/SxaC2gfOYY/gB9/gAqCo7e</latexit>

�2

<latexit sha1_base64="Sj2qz6i7OQ0BzJVbYO6UBbt63cI=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8ld1SUC9S8OKxgv2AdinZNNvGZpMlyQpl6X/w4kERr/4fb/4b03YP2vpg4PHeDDPzwkRwYz3vG62tb2xubRd2irt7+weHpaPjllGppqxJlVC6ExLDBJesabkVrJNoRuJQsHY4vp357SemDVfywU4SFsRkKHnEKbFOavXoiPer/VLZq3hz4FXi56QMORr90ldvoGgaM2mpIMZ0fS+xQUa05VSwabGXGpYQOiZD1nVUkpiZIJtfO8XnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo6sg4zJJLZN0sShKBbYKz17HA64ZtWLiCKGau1sxHRFNqHUBFV0I/vLLq6RVrfi1yvV9rVy/yeMowCmcwQX4cAl1uIMGNIHCIzzDK7whhV7QO/pYtK6hfOYE/gB9/gArjo7f</latexit>

⌫

<latexit sha1_base64="DUUOTsqa57PPQgXW9s+phdZva20=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjRfsBbSib7aRdutmE3Y1QQn+CFw+KePUXefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvp357SdUmsfy0UwS9CM6lDzkjBorPfRk2i9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhFd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfVq1ev7WqV+k8dRhBM4hXPw4BLqcAcNaAKDITzDK7w5wnlx3p2PRWvByWeO4Q+czx9hj43f</latexit>

⌫̄

<latexit sha1_base64="bV4wxHeyhe3bvheXqeJG0LW/e4U=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjBfshTSib7aZdursJuxuhhP4KLx4U8erP8ea/cZvmoK0PBh7vzTAzL0w408Z1v53S2vrG5lZ5u7Kzu7d/UD086ug4VYS2Scxj1QuxppxJ2jbMcNpLFMUi5LQbTm7nfveJKs1i+WCmCQ0EHkkWMYKNlR4zP8TKl+lsUK25dTcHWiVeQWpQoDWofvnDmKSCSkM41rrvuYkJMqwMI5zOKn6qaYLJBI9o31KJBdVBlh88Q2dWGaIoVrakQbn6eyLDQuupCG2nwGasl725+J/XT010FWRMJqmhkiwWRSlHJkbz79GQKUoMn1qCiWL2VkTGWGFibEYVG4K3/PIq6VzUvUb9+r5Ra94UcZThBE7hHDy4hCbcQQvaQEDAM7zCm6OcF+fd+Vi0lpxi5hj+wPn8ASSgkKQ=</latexit>

• Long-lived heavy DM state:

<latexit sha1_base64="gJq3NEYWtBilt7ZcPN2OY7olwaM=">AAACDXicbVDLSgMxFM34rPU16tJNsAquykxRdCUFNy4r2Ad0hnInTdvQJDMkGaWU/oAbf8WNC0Xcunfn35hOZ6GtB+7lcM69JPdECWfaeN63s7S8srq2Xtgobm5t7+y6e/sNHaeK0DqJeaxaEWjKmaR1wwynrURREBGnzWh4PfWb91RpFss7M0poKKAvWY8RMFbquMcBGbCOH0jF+gMDSsUPmVIJ+iAEzHrHLXllLwNeJH5OSihHreN+Bd2YpIJKQzho3fa9xIRjUIYRTifFINU0ATKEPm1bKkFQHY6zayb4xCpd3IuVLWlwpv7eGIPQeiQiOynADPS8NxX/89qp6V2GYyaT1FBJZg/1Uo5NjKfR4C5TlBg+sgSIYvavmAxAATE2wKINwZ8/eZE0KmX/vOzdnpWqV3kcBXSIjtAp8tEFqqIbVEN1RNAjekav6M15cl6cd+djNrrk5DsH6A+czx8Es5wl</latexit>�1 9 �2��

No X-ray bound Long-lived



XENON1T + DM relic
• Electron couplings are constrained by visible/invisible 

searches at BaBar, beam dump, meson decays, Belle-2.

mZ0 . 10GeV

<latexit sha1_base64="xDzTZDIni9RtUtNB4wFkYfVA7zQ=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRhECwl3ElAbCVhoGcF8YC6Evc0kWbJ7d+zuCeG4xsa/YmOhiK3/wc5/4ya5QhMfDDzem2Fmnh9xprTjfFu5hcWl5ZX8amFtfWNzy97eqaswlhRqNOShbPpEAWcB1DTTHJqRBCJ8Dg1/eDX2Gw8gFQuDOz2KoC1IP2A9Rok2UsfeF53k/ij1OCilmMCu450knhT4Guppxy46JWcCPE/cjBRRhmrH/vK6IY0FBJpyolTLdSLdTojUjHJIC16sICJ0SPrQMjQgAlQ7mXyR4kOjdHEvlKYCjSfq74mECKVGwjedguiBmvXG4n9eK9a983bCgijWENDpol7MsQ7xOBLcZRKo5iNDCJXM3IrpgEhCtQmuYEJwZ1+eJ/XTklsuXdyWi5XLLI482kMH6Bi56AxV0A2qohqi6BE9o1f0Zj1ZL9a79TFtzVnZzC76A+vzB0XVl8o=</latexit>

|ve|gZ0 . (10�4 � 10�3) e

<latexit sha1_base64="XDEnJUlNogny707fqwUxfQUgezQ=">AAACEXicbVC7SgNBFJ31GeNr1dJmMIgRTNjVgNpIwMYygnlgEpfZyU0yZPbBzGwgbPYXbPwVGwtFbO3s/Bsnj0ITD1zu4Zx7mbnHDTmTyrK+jYXFpeWV1dRaen1jc2vb3NmtyCASFMo04IGouUQCZz6UFVMcaqEA4rkcqm7veuRX+yAkC/w7NQih6ZGOz9qMEqUlx8wO+w4MO058f5Q0OEgpmYeztvUQ5wpJbtzPkuPGCThmxspbY+B5Yk9JBk1RcsyvRiugkQe+opxIWbetUDVjIhSjHJJ0I5IQEtojHahr6hMPZDMeX5TgQ620cDsQunyFx+rvjZh4Ug48V096RHXlrDcS//PqkWpfNGPmh5ECn04eakccqwCP4sEtJoAqPtCEUMH0XzHtEkGo0iGmdQj27MnzpHKatwv5y9tCpng1jSOF9tEByiIbnaMiukElVEYUPaJn9IrejCfjxXg3PiajC8Z0Zw/9gfH5A/QRm8o=</latexit>

ae = v⌫ = a⌫ = 0

<latexit sha1_base64="su9QKD/bZDNOLLlRtHuFFQEOfnI=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlEUBeVghuXFewD2hAm02k7dDIJM5NKif0UNy4UceuXuPNvnKZZaOuBezmccy9z5wQxZ0o7zrdVWFvf2Nwqbpd2dvf2D+zyYUtFiSS0SSIeyU6AFeVM0KZmmtNOLCkOA07bwfh27rcnVCoWiQc9jakX4qFgA0awNpJvl7FPaxO/J5Iazrrj2xWn6mRAq8TNSQVyNHz7q9ePSBJSoQnHSnVdJ9ZeiqVmhNNZqZcoGmMyxkPaNVTgkCovzU6foVOj9NEgkqaERpn6eyPFoVLTMDCTIdYjtezNxf+8bqIHV17KRJxoKsjioUHCkY7QPAfUZ5ISzaeGYCKZuRWREZaYaJNWyYTgLn95lbTOq+5F9fr+olK/yeMowjGcwBm4cAl1uIMGNIHAIzzDK7xZT9aL9W59LEYLVr5zBH9gff4AdICTfA==</latexit>

-9-

BaBar

Xenon1t

Relic density

Late decoupling

10-1 1
10-8

10-7

10-6

10-5

10-4

10-3

10-2

mZ'(GeV)

ve

vχ=-aχ=0.5, gZ'=0.3, mχ=0.3GeV

BaBar

Xenon1t
Relic density

Late decoupling

10-1 1
10-2

10-1

1

mZ'(GeV)

gZ'

vχ=-aχ=0.5, ve=10-3, mχ=0.5GeV

<latexit sha1_base64="74VvLQ1/ALjmZYAHCwD9S5sDvKs=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIriQkoiiG6Xgxo1QoTdoQphMJu3QmSTMTIQSsvFV3LhQxK2P4c63cZpmoa0/DHz85xzOnN9PGJXKsr6NytLyyupadb22sbm1vWPu7nVlnApMOjhmsej7SBJGI9JRVDHSTwRB3Gek549vp/XeIxGSxlFbTRLicjSMaEgxUtryzIO2lzmCw3GQX9vOacH3pJt7Zt1qWIXgItgl1EGplmd+OUGMU04ihRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgMUKcSDcrDsjhsXYCGMZCv0jBwv09kSEu5YT7upMjNZLztan5X22QqvDKzWiUpIpEeLYoTBlUMZymAQMqCFZsogFhQfVfIR4hgbDSmdV0CPb8yYvQPWvYFw3r4bzevCnjqIJDcAROgA0uQRPcgRboAAxy8AxewZvxZLwY78bHrLVilDP74I+Mzx+Lp5W3</latexit>

Tkd = 1MeV

<latexit sha1_base64="74VvLQ1/ALjmZYAHCwD9S5sDvKs=">AAACAHicbZDLSsNAFIYn9VbrLerChZvBIriQkoiiG6Xgxo1QoTdoQphMJu3QmSTMTIQSsvFV3LhQxK2P4c63cZpmoa0/DHz85xzOnN9PGJXKsr6NytLyyupadb22sbm1vWPu7nVlnApMOjhmsej7SBJGI9JRVDHSTwRB3Gek549vp/XeIxGSxlFbTRLicjSMaEgxUtryzIO2lzmCw3GQX9vOacH3pJt7Zt1qWIXgItgl1EGplmd+OUGMU04ihRmScmBbiXIzJBTFjOQ1J5UkQXiMhmSgMUKcSDcrDsjhsXYCGMZCv0jBwv09kSEu5YT7upMjNZLztan5X22QqvDKzWiUpIpEeLYoTBlUMZymAQMqCFZsogFhQfVfIR4hgbDSmdV0CPb8yYvQPWvYFw3r4bzevCnjqIJDcAROgA0uQRPcgRboAAxy8AxewZvxZLwY78bHrLVilDP74I+Mzx+Lp5W3</latexit>

Tkd = 1MeV



Dark mesons & Z’-portal 
Dark mesons SM

U(1)YU(1)’
Z’-portal
X
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• Dark mesons from hidden QCD = dark matter

“Dark flavor violation” split dark meson masses.

[HML, M. Seo,  2015; 
S.Choi, HML, B. Zhu, 2012.03713]

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

• Non-universal Z’ portal:

Dark meson-changing Z’
=> exothermic dark matter

Z 0

<latexit sha1_base64="bPKz5oW9QwfQJj9VqpsXwUOcbAQ=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPoKexKQL1IwIvHKOaBSQizk95kyOzsMjMrhCV/4MWDIl79I2/+jZNkD5pY0FBUddPd5ceCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItXyqUXCJdcONwFaskIa+wKY/upn6zSdUmkfywYxj7IZ0IHnAGTVWun887RVLbtmdgSwTLyMlyFDrFb86/YglIUrDBNW67bmx6aZUGc4ETgqdRGNM2YgOsG2ppCHqbjq7dEJOrNInQaRsSUNm6u+JlIZaj0PfdobUDPWiNxX/89qJCS67KZdxYlCy+aIgEcREZPo26XOFzIixJZQpbm8lbEgVZcaGU7AheIsvL5PGedmrlK/uKqXqdRZHHo7gGM7Agwuowi3UoA4MAniGV3hzRs6L8+58zFtzTjZzCH/gfP4AG9aNFw==</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

e

<latexit sha1_base64="j9fyxLU2k/RvnND+tDXYibK/bXc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoF6k4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqYn9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYq9Zs8jiKcwCmcgweXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AMwZjPE=</latexit>

eK0(e⇡±)

<latexit sha1_base64="2ZbjAaWlSUljaeDRD7XP9KeD4ew=">AAACD3icbVC7SgNBFJ31GeNr1dJmMCixCbsSUBsJ2Ag2EcwDspswO3s3GTL7YGZWCUv+wMZfsbFQxNbWzr9x8ihi4oELh3Pu5d57vIQzqSzrx1haXlldW89t5De3tnd2zb39uoxTQaFGYx6LpkckcBZBTTHFoZkIIKHHoeH1r0d+4wGEZHF0rwYJuCHpRixglCgtdcyTzHlkPijGfcC3w7aFizOKk7Bh20nC045ZsErWGHiR2FNSQFNUO+a348c0DSFSlBMpW7aVKDcjQjHKYZh3UgkJoX3ShZamEQlButn4nyE+1oqPg1joihQeq7MTGQmlHISe7gyJ6sl5byT+57VSFVy4GYuSVEFEJ4uClGMV41E42GcCqOIDTQgVTN+KaY8IQpWOMK9DsOdfXiT1s5JdLl3elQuVq2kcOXSIjlAR2egcVdANqqIaougJvaA39G48G6/Gh/E5aV0ypjMH6A+Mr1/K5pyD</latexit>

eK±(e⇡0)

<latexit sha1_base64="MGUruqhHS/r2u7b/83fWwMvsatI=">AAACD3icbVC7SgNBFJ31GeNr1dJmMCixCbsSUBsJ2Ag2EcwDspswO3s3GTL7YGZWCUv+wMZfsbFQxNbWzr9x8ihi4oELh3Pu5d57vIQzqSzrx1haXlldW89t5De3tnd2zb39uoxTQaFGYx6LpkckcBZBTTHFoZkIIKHHoeH1r0d+4wGEZHF0rwYJuCHpRixglCgtdcyTzHlkPijGfcC3w7aThLg4ozkJG7at045ZsErWGHiR2FNSQFNUO+a348c0DSFSlBMpW7aVKDcjQjHKYZh3UgkJoX3ShZamEQlButn4nyE+1oqPg1joihQeq7MTGQmlHISe7gyJ6sl5byT+57VSFVy4GYuSVEFEJ4uClGMV41E42GcCqOIDTQgVTN+KaY8IQpWOMK9DsOdfXiT1s5JdLl3elQuVq2kcOXSIjlAR2egcVdANqqIaougJvaA39G48G6/Gh/E5aV0ypjMH6A+Mr1/QXZyD</latexit>



Electron ER from dark mesons
-11-

[S.Choi, HML, B. Zhu, 2012.03713]
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<latexit sha1_base64="agTlJTAizJLit7aSwhMm8NIlVz0="></latexit>

me⇡± �me⇡0 =
1p
3
�m = 2.3 keV,

<latexit sha1_base64="fc68ZndXbxlJc2VmcabdE4lGJhc="></latexit>

m eK0 �m eK± = �m = 4.0 keV.

Double-peak case fits better than one-peak case.



Dark mesons & XENON1T
• Almost degenerate dark Higgs/Z’ masses can be 

searched in intensity experiments such as Belle-2.
[S.Choi, HML, B. Zhu,  2020]

Exothermic dark matter with 
larger mass splitting can lead to 

displaced vertices at Belle-2.

-12-

cf.  M. Duerr et al,  2012.08595; 
D.W. Kang et al, 2101.02503



Other portals to light DM
• Other portals such as spin-2, axion, …;  DM spins

-13-

[Y. Kang, HML,  2020] [S. Choi, HML, Y. Mambrini, M. Pierre, 2019]

Spin-2 mediator Non-abelian DM
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mDM=0.498mG, cDM/Λ=(1 GeV)-1



B-meson anomalies and 
new physics



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 in the SM.

-14-



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>
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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

-19-

(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).

-20-

[Belle-II,1808.10567]



Belle II for B-anomalies

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

RK(*)

[Belle-II,1808.10567]

RD(*)
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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.
Leptoquarks 
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Scalar leptoquarks

b c

⌧ ⌫

LQ, W 0

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

⌫⌧
<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>

:  loop-suppressed, unlike Z’ case.

:  tree-level corrections due to singlet leptoquark.

Belle-2 at 10% level => strong constraints on leptoquark models.

<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

[Belle]

<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

-24-

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

Bs ! µ+µ� :  constrains the triplet leptoquark.



Scalar leptoquarks
[Choi, Kang, HML, Ro, 2018]

Minimal flavor: quarks

RD(*)
RK(*)

leptons

for

-25-



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,  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

-2.5σ

EDM:

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

�ae = aexpe � aSMe = �89(36)⇥ 10�14

[MEG]

[ACMEII]

<latexit sha1_base64="Zz9eyuz996WlmvdNae4nlAm4XGw="></latexit>

�ae = aexpe � aSMe = 47(30)⇥ 10�14 [Rb] 1.6σ

-27-

<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



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

-28-

<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]



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�

-29-

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

µ ! e�



Muon g-2 from 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

-30-

(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



LQ-portal dark matter

RD(*):

Annihilation into a LQ pair make 
Higgs-portal dark matter consistent.

RK(*): 

Relic density is ok;  DM indirect signals!

�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>
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Conclusions
• Light dark matter and mediators can be probed at Belle-II 

and LHCb, in addition to direct and indirect detections.

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

• Searches for light dark sector and B-meson decays at 
Belle-II and LHCb would lead to a crucial guideline for 
flavor physics in next decades.

• Existing anomalies in muon g-2 might be related to B-
meson and XENON1T anomalies, and testable at Belle-II.


