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n A mismatch* in the muon g−2
n can be solved by SUSY.
Ø Large parameter space is not-yet constrained by experiments;

waiting for future experiments (HL-LHC, XENONnT, ...).

n SUSY has a DM candidate:       . However,
n if we try to explain the 4σ anomaly by SUSY,

and if we assume       is
Ø wino-like, then       will not* explain 100% of DM.
Ø Higgsino-like, then       will not* explain 100% of DM.

Ø bino-like, then       can* explain 100% of DM.
= SUSY solves DM and g−2! ... How about future experiments?
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à additional DM
or

to give up g−2.
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(*) Caveats are there; these are simplified statements.



1. Introduction
Ø Muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How SUSY explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.SUSY and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
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Latest situation of the muon g−2

"White paper" [2006.04822]

BMWc [2002.12347v3]

Mainz [2104.02632] (preliminary)
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<latexit sha1_base64="0D5IiNTOgXr05zpPNH3a+Dq3iBI=">AAAB3nicZU/LTsJAFJ36xPpCXbohssGFpCVEWWIICS7AyttQgtPhUidMH3amxKbpzrgzbv0Fv8at/I2AjQlyVifnkXuu4TLKhaJMpbX1jc2t7cSOvLu3f3CYPDpuc8f3CLSIwxyva2AOjNrQElQw6LoeYMtg0DHGpbnfmYDHqWM3ReBC38KmTUeUYDGTBskSHuiWn9LhyaeTlD7yMAnNuXSRi8Jc9GfUQTeoabKM/shdTCAsgBUtJO98kEwrWWWB1CpRY5JGMbRB8kUfOsS3wBaEYc57quKKfog9QQmDSJZ1F5vARcAgBMsVQSTrPofZ3fFM72n1cqNca143b25r/bAalBzLwvYwv5QKq/eVsrZcFM/zeIPRIfBIns1W/49cJe1cVr3MKnf5dLEQP5BAp+gMZZCKrlARVZCGWoigT/SFvtFUepBepTfp/Te6JsWdE7QE6eMHX+aHfA==</latexit>

aµ © gµ ≠ 2
2 © Re

3 4

2.1 σ tension

to update in agreement

<latexit sha1_base64="4DEp4P1WC5/tOT+GRqUcvvyHxSs="></latexit>

aQ#b
µ = 11659206.1(3.7)stat(1.8)sys ◊10≠10

"Average"
Measurements

Hadronic Vacuum Polarization (LO) Hadronic Light-by-Light (LO)

White paper values

(cf. The previous ELTE seminar by Zoltan Fodor)

https://arxiv.org/abs/2006.04822
https://arxiv.org/abs/2002.12347
https://arxiv.org/abs/2104.02632
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Latest situation of the muon g−2

Theory Predictions = calculate 
<latexit sha1_base64="4q5hX02uLSIdzilvL0EhxppOsc0=">AAABoHicZY9LT8JAFIVv8YX1hbp0Q2DjirSGqEsMIcFEoCgvpYRMhyuZMNNOOlO1adj5B9zqL/PfCNoN8q1Ozj0nOdeTnCltWd9GZmNza3snu2vu7R8cHuWOT3oqiEKKXRrwIBx4RCFnPnY10xwHMkQiPI59b1Zd3vsvGCoW+B0dSxwJMvXZM6NEL6y+KyL3NX83zhWtkvVLfl3YqShCijPOvbuTgEYCfU05UWpoW1KPEhJqRjnOTdOVZIpKxxwTFFLHc9ONFEpCZwt/6NzXHmrNzk3nttUcJY24GghB/El5JZU0Hus1Z7Wo35bxB84mqObmYrb9f+S66F2U7MuS1S4XK9fpA1k4gwKcgw1XUIE6ONAFCjP4gE/4MgpG3WgZ7b9oxkg7p7CC8fQDzdJuaw==</latexit>µL

<latexit sha1_base64="xvD161PX9JlTDZWV4gGkhGijMHM=">AAABoHicZY9LT8JAFIVv8YX1hbp0Y2DjirSGqEsMIcEFUN4oJWQ6XMmEmXbSmapNw84/4FZ/mf9G0G6Qb3Vy7jnJuZ7kTGnL+jYyW9s7u3vZffPg8Oj4JHd61ldBFFLs0YAH4dAjCjnzsaeZ5jiUIRLhcRx488rqPnjBULHA7+pY4liQmc+eGSV6aQ1cEbmvl+1JrmAVrV8uN4WdigKkOJPcuzsNaCTQ15QTpUa2JfU4IaFmlOPCNF1JZqh0zDFBIXW8MN1IoSR0vvRHTrvaqTa6992HZmOc1ONKIATxp6W1VFJ/rFWd9aJ+W8U7nE1RLczlbPv/yE3Rvy7aN0WrVSqU79IHsnABebgCG26hDDVwoAcU5vABn/Bl5I2a0TRaf9GMkXbOYQ3j6QfVFm5x</latexit>µR

<latexit sha1_base64="pgMqPM0/8w3nAtnYCtYJ2EGEAjg=">AAABn3icZY9LT8JAFIXv4AvrC3XpRmXjirSGqEsMIeICrPIOJWQ6XMnItJ10BmPTdOcPcKv/zH9j0W6Qb3Vy7jnJua4UXGnT/Ca5tfWNza38trGzu7d/UDg86qpgHjLssEAEYd+lCgX3saO5FtiXIVLPFdhzZ9XFvfeKoeKB39aRxJFHpz5/5ozq1Oo6U+p5dFwomiXzl9NVYWWiCBn2uPDuTAI299DXTFClhpYp9SimoeZMYGIYjqRTVDoSGKMndZQYzlyhpGyW+kP7qdaqNdu37fuH5ihuRNUgHeFPykupuDGo1+zlon5bxFuCT1AlRjrb+j9yVXQvS9ZVyXwsFys32QN5OIFzuAALrqECdbChAwxe4AM+4YuckTvSJPZfNEeyzjEsQQY/gnFuQw==</latexit>“
<latexit sha1_base64="0D5IiNTOgXr05zpPNH3a+Dq3iBI=">AAAB3nicZU/LTsJAFJ36xPpCXbohssGFpCVEWWIICS7AyttQgtPhUidMH3amxKbpzrgzbv0Fv8at/I2AjQlyVifnkXuu4TLKhaJMpbX1jc2t7cSOvLu3f3CYPDpuc8f3CLSIwxyva2AOjNrQElQw6LoeYMtg0DHGpbnfmYDHqWM3ReBC38KmTUeUYDGTBskSHuiWn9LhyaeTlD7yMAnNuXSRi8Jc9GfUQTeoabKM/shdTCAsgBUtJO98kEwrWWWB1CpRY5JGMbRB8kUfOsS3wBaEYc57quKKfog9QQmDSJZ1F5vARcAgBMsVQSTrPofZ3fFM72n1cqNca143b25r/bAalBzLwvYwv5QKq/eVsrZcFM/zeIPRIfBIns1W/49cJe1cVr3MKnf5dLEQP5BAp+gMZZCKrlARVZCGWoigT/SFvtFUepBepTfp/Te6JsWdE7QE6eMHX+aHfA==</latexit>

aµ © gµ ≠ 2
2 © Re

3 4

2.1 σ tension

<latexit sha1_base64="Ldxu6/6DUxl3KLjzrwqJAvjtWSM="></latexit>

Z1., RR e83 9dRXN UyXyV
1q, R8X9 UyXRV
>oS@GP, eNjXR U9XyV (/�i�@/`Bp2M)
>oS@LGP, ≠NX3 UyXRV
>oS@LLGP, RXk UyXyV
>G#G@GPuds, 3XN URXNV (/�i�@/`Bp2M)
>G#G@GPuds, dXN UjX8V (H�iiB+2)
>G#G@GPc, yXj UyXRV
>G#G@LGP, yXk UyXRV

RR e8N R3RXy U9XjV

in agreement

Hadronic Vacuum Polarization (LO) Hadronic Light-by-Light (LO)

<latexit sha1_base64="3h9df+rDViSl+RaFSeSSBH0vP+Q="></latexit>

Z1., RR e83 9dRXN UyXyV
1q, R8X9 UyXRV
>oS@GP, dydX8 U8X8V (H�iiB+2)
>oS@LGP, ≠NX3 UyXRV
>oS@LLGP, RXk UyXyV
>G#G@GPuds, 3XN URXNV (/�i�@/`Bp2M)
>G#G@GPuds, dXN UjX8V (H�iiB+2)
>G#G@GPc, yXj UyXRV
>G#G@LGP, yXk UyXRV

RR e8N RN8X9 U8XNV

<latexit sha1_base64="4DEp4P1WC5/tOT+GRqUcvvyHxSs="></latexit>

aQ#b
µ = 11659206.1(3.7)stat(1.8)sys ◊10≠10

"Average"
Measurements

in agreement
(1.5 σ)

4.2 σ anomaly ... hint of physics beyond the SM? (SUSY?)

WP but BMWc White paper values

(cf. The previous ELTE seminar by Zoltan Fodor)



Ø theory: WP
Ø experiment: average

Ø (positive!)

Ø à
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The 4.2 σ anomaly and its interpretation

0th order estimation:
<latexit sha1_base64="CXjkjWKOo9E5beu2kRFokI90PaQ=">AAAB/HicZY/LTsJAGIWneMN6q7p0Q2SDG9ISgi4xhAQXYJWroUiG4YdMmGmbzlQhTV35KO6MW1/BZ/Ah3OrWclmInNXJOd8/OdNzGRVS1z+V2Nr6xuZWfFvd2d3bP9AOjxrC8T0CdeIwx2v1sABGbahLKhm0XA8w7zFo9kaFad98AE9Qx67JiQsdjoc2HVCCZRR1NYy7FvfvA0vCWAYVMwwTlqA8YQ08TAI+KzNhYOQsl0ZmHs/hlA2PCeL40Ux7eBZOsT8Fx0LMwq6W1NP6TIlVYyxMEi1kdrVnq+8Qn4MtCYteaRu6KzsB9iQlDEJVtVw8BCEnDALgrpyEquULcDEZRXnbvC1Wi5XaZe3qutIJypOCwzm2+9klKijflYrm8qEcT/Eqo30QoRrNNv6PXDWNTNrIpfWbbDJ/sfhAHJ2gU5RCBjpHeVRCJqojgj7QF/pGP8qT8qK8Km9zNKYsbo7RkpT3X5OBlQY=</latexit>

aLS
µ ≥

m2
µ

16fi2
UM2r +QmTHBM;V2

UM2r K�bbV2

<latexit sha1_base64="4DEp4P1WC5/tOT+GRqUcvvyHxSs="></latexit>

aQ#b
µ = 11659206.1(3.7)stat(1.8)sys ◊10≠10

<latexit sha1_base64="I2ov4uEOKwfBHXMUg/1WbJLioog=">AAABzXicZY/LTsJAGIWneMN6q7p0Q2SDC5sZRMSFCYQ04gKo3AnFZlpG0jC9pDM1NLWuTHwFn8atvoJvIygb5FudnP+c5PyGRy3GIfwWEmvrG5tbyW1xZ3dv/0A6POowN/BN0jZd6vo9AzNCLYe0ucUp6Xk+wbZBSdeYlOf37hPxmeU6LR56ZGjjsWM9WibmM0uXsljX7OAh0jiZ8qhZjePUTSrSbhulPkL5y+sYFZAMMzn54kxTlOgcwViX0lCGv6RWBVqINFig6tKrNnLNwCYONylmbICgx4cR9rllUhKLoubhMWE8pCQitsfDWNQCRjxsTmb+QG0oTaXWKrXu6rVhVA3Lrm1jZ5RbSkXVfkVRl4t8Oo83qTUiLBZns9H/kauik5VRXob3uXSxsHggCU7AKcgABK5AEVSACtrABO/gA3yCL6EuBMKz8PIXTQiLzjFYQnj7AaegfS4=</latexit>

aaJ
µ = 11659181.0(4.3) ◊10≠10

<latexit sha1_base64="H2e7Bi62zbXAh1qI8uRR35Tz090=">AAAB5XicZY9LT8JAFIWnvq0v1KWbRlhAIk1LwMfCRIONaAJWeRqGkKFcyYTpI53BSJq6cuvOuPUv+GtMXOlPEbQb5KxOzv1Ocm7HY5QLTfuUZmbn5hcWl5blldW19Y3Y5laNuwPfgqrlMtdvdAgHRh2oCioYNDwfiN1hUO/08+N7/R58Tl2nIoYetGzSc+gdtYgYRe3YJT4DJohC2tgeYAEPInhM1s1EOnFaO0+FyrGSyal6MqcepbBhBGldC5UIa2bVDN5LYE57Nkm0wnYsrqnar5Rpo0cmjiKZ7dgT7rrWwAZHWIxw3tQ1T7QC4gtqMQhlGXukB1wMGQRge2IYynjAwSNWf5Q3zRujbJQqp5WLq1IrKA7zrm0Tp5udoILibcEwJ4viYYyXGe0CD+XRbP3/yGlTy6j6vqpdZ+Mnh9EDS2gH7aIk0tEBOkEFZKIqstA7+kBf6FvqSc/Si/T6h85IUWcbTUh6+wE6JIXf</latexit>

�aµ UqS≠�o:V = 25.1(5.9) ◊10≠10 (9Xk ‡)

SM<latexit sha1_base64="4q5hX02uLSIdzilvL0EhxppOsc0=">AAABoHicZY9LT8JAFIVv8YX1hbp0Q2DjirSGqEsMIcFEoCgvpYRMhyuZMNNOOlO1adj5B9zqL/PfCNoN8q1Ozj0nOdeTnCltWd9GZmNza3snu2vu7R8cHuWOT3oqiEKKXRrwIBx4RCFnPnY10xwHMkQiPI59b1Zd3vsvGCoW+B0dSxwJMvXZM6NEL6y+KyL3NX83zhWtkvVLfl3YqShCijPOvbuTgEYCfU05UWpoW1KPEhJqRjnOTdOVZIpKxxwTFFLHc9ONFEpCZwt/6NzXHmrNzk3nttUcJY24GghB/El5JZU0Hus1Z7Wo35bxB84mqObmYrb9f+S66F2U7MuS1S4XK9fpA1k4gwKcgw1XUIE6ONAFCjP4gE/4MgpG3WgZ7b9oxkg7p7CC8fQDzdJuaw==</latexit>µL
<latexit sha1_base64="xvD161PX9JlTDZWV4gGkhGijMHM=">AAABoHicZY9LT8JAFIVv8YX1hbp0Y2DjirSGqEsMIcEFUN4oJWQ6XMmEmXbSmapNw84/4FZ/mf9G0G6Qb3Vy7jnJuZ7kTGnL+jYyW9s7u3vZffPg8Oj4JHd61ldBFFLs0YAH4dAjCjnzsaeZ5jiUIRLhcRx488rqPnjBULHA7+pY4liQmc+eGSV6aQ1cEbmvl+1JrmAVrV8uN4WdigKkOJPcuzsNaCTQ15QTpUa2JfU4IaFmlOPCNF1JZqh0zDFBIXW8MN1IoSR0vvRHTrvaqTa6992HZmOc1ONKIATxp6W1VFJ/rFWd9aJ+W8U7nE1RLczlbPv/yE3Rvy7aN0WrVSqU79IHsnABebgCG26hDDVwoAcU5vABn/Bl5I2a0TRaf9GMkXbOYQ3j6QfVFm5x</latexit>µR

<latexit sha1_base64="pgMqPM0/8w3nAtnYCtYJ2EGEAjg=">AAABn3icZY9LT8JAFIXv4AvrC3XpRmXjirSGqEsMIeICrPIOJWQ6XMnItJ10BmPTdOcPcKv/zH9j0W6Qb3Vy7jnJua4UXGnT/Ca5tfWNza38trGzu7d/UDg86qpgHjLssEAEYd+lCgX3saO5FtiXIVLPFdhzZ9XFvfeKoeKB39aRxJFHpz5/5ozq1Oo6U+p5dFwomiXzl9NVYWWiCBn2uPDuTAI299DXTFClhpYp9SimoeZMYGIYjqRTVDoSGKMndZQYzlyhpGyW+kP7qdaqNdu37fuH5ihuRNUgHeFPykupuDGo1+zlon5bxFuCT1AlRjrb+j9yVXQvS9ZVyXwsFys32QN5OIFzuAALrqECdbChAwxe4AM+4YuckTvSJPZfNEeyzjEsQQY/gnFuQw==</latexit>“

new
physics=                 =               +               ???<latexit sha1_base64="1d6tPcZJsWe7jWOL1bB5dCSH+f8=">AAABnnicZY9LT8JAFIXv4AvrC3XphsjGFWkNEZcYgsEFUIUChhIyHa5kwkzbdKbGpmHn3q3+NP+NoN0g3+rk3HOSc71QcKVN85vktrZ3dvfy+8bB4dHxSeH0rK+COGLosEAE0dCjCgX30dFcCxyGEVLpCRx48/rqPnjFSPHA7+kkxLGkM5+/cEb10nLoxJXxpFAyy+YvxU1hZaIEGfak8O5OAxZL9DUTVKmRZYZ6nNJIcyZwYRhuSGeodCIwRRnqZGG4scKQsvnSH9lPjW6j3bvrPXTa47SV1AMpqT+trKXS1nOzYa8X9dsq3hV8imphLGdb/0duiv512bopm4+VUu02eyAPF3AJV2BBFWrQBBscYMDhAz7hixTJPWmRzl80R7LOOaxBhj/mQm3Y</latexit>aµ

<latexit sha1_base64="9lsHHw3IvoKHSrUIOv9wjKP2P1o=">AAAB0HicZY/LSsNAGIUn9VbjLerSTbEgbiwTqbeNVEqhLlpj79Jpy2Q6lqEzSchMpCEEEVz5Cj6NW30C38ZWs6n9VofznwPntz3OpILwW0stLa+srqXX9Y3Nre0dY3evJd3AJ7RJXO76HRtLyplDm4opTjueT7GwOW3b4+Ls3n6ivmSu01ChR3sCjxz2yAhWU2tgnB3hARJBP0KKTlRUteL4GiKkL9pIMpExYT86uYoHRhbm4C+ZRWEmIgsSrIHxioYuCQR1FOFYyq4JPdWLsK8Y4TTWdeThEZUq5DSiwlNhrKNAUg+T8dTvWrVSvVRt3DRu76q9qBIWXSGwM8zPpaLKQ7lkzRfVZBavczakMtans83/IxdF6zRnnufgfT5buEweSIMDcAiOgQkuQAGUgQWagIB38AE+wZdW0ybas/byF01pSWcfzKG9/QBkGoFf</latexit>

aLS
µ > 0

aLS
µ ≥ 10≠9

<latexit sha1_base64="zQJ1RVFt0x4f9bmLCyKdZuI+wA8=">AAAB0XicZU/NTsJAGNziH9a/qkcvRC6eSGsQPWIIEQ9glV9DCdkuH2TDbtt0t0rTNDHGm6/g03jVF/BtLNqDyJwm883km7E9RoXU9S8ls7K6tr6R3VS3tnd297T9g45wA59Am7jM9Xs2FsCoA21JJYOe5wPmNoOuPa3M790H8AV1nZYMPRhwPHHomBIsE2molayxj0lkSZjJyIHHHMdCxPEfgbhBUsSZxLElKDfOdOsKOkMtrxf0H+SWiZGSPEphDrUXa+SSgIMjCUte9A3dk4MI+5ISBrGqWh6egJAhgwi4J8NYtQIBHibTRO+bd9VmtdG6bF3fNAZRPay4nGNnVFxwRfX7WtVcDMrZ3N5kdAQiVpPaxv+Sy6RzWjBKBf22mC9fpAOy6AgdoxNkoHNURjVkojYi6A29ow/0qTSVUHlSnn+tGSXNHKIFKK/fdEODkQ==</latexit> M2r K�bb
M2r +QmTHBM; ≥ 150 GeV
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BSM scenarios for the muon g−2 anomaly

NP type diagrams mass range probe

Supersymmetry 200–500 GeV

Scalar extensions 20–100 GeV,
150–250 GeV

Axion-like particle 40 MeV – 6 GeV

Leptoquark 1.5–2 TeV

U(1) μ−τ 10–200 MeV

Vector-like lepton < 7 TeV

[Refs: Athron et al., 2104.03691; Buen-Abad et al., 2104.03267;
Krnjaic et al., 1902.07715; Dermisek et al., 2103.05645]New physics interpretations

slide courtesy of Teppei Kitahara

https://arxiv.org/abs/2104.03691
https://arxiv.org/abs/2104.03267
https://arxiv.org/abs/1902.07715
https://arxiv.org/abs/2103.05645
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An example : Lμ−Lτ gauge boson

2104.03228

NP type diagrams mass range probe

Supersymmetry 200–500 GeV

Scalar extensions 20–100 GeV,
150–250 GeV

Axion-like particle 40 MeV – 6 GeV

Leptoquark 1.5–2 TeV

U(1) μ−τ 10–200 MeV

Vector-like lepton < 7 TeV

U(1)Y "Lμ − Lτ"
QL 1/6 0
UR 2/3 0
DR −1/3 0
LL −1/2 0 ε −ε
ER −1 0 ε −ε
B ✓
Z' ✓
H 1/2 0

Amaral, Cerdeno, Cheek, Foldenauer [2104.03297]

<latexit sha1_base64="RnJZ7SzIUWcoN3+L8Vl+aWmoyYA=">AAAB8HicZY+7TsMwGIWdcg+3ACMLohJioXKgXEYQqoChEKBNi+pSue5PZeFcFDtAFHnjIdgQK6/AkzCywksQIAOFM3065/zS+buh4FJh/GoUhoZHRsfGJ8zJqemZWWtu3pVBHDGos0AEUbNLJQjuQ11xJaAZRkC9roBG93r/K2/cQCR54NdUEkLbo32fX3FGVWZ1rDq5iihLiYI7lfpwu+RRKbX+ZbAgzob4fa1XiOTeT9/GmFTB1RlcpmsbWhPyndqbmByA27GKuIS/tfQf7ByKKJfTse5JL2CxB75iIlvQsnGo2imNFGcCtGmSkPZBqkRACl6oEm2SWEJI2XXmt5yzynnluLZXOzo5bqfVZD/wPOr3ygOttHpxWHEGD9XdV/1c8B5IbWaz7b8j/4O7XrK3Svi0XNzdyR8YR4toGa0iG22jXXSIHFRHDL2gN/SOPozIeDAejaefasHIbxbQgIznTxeBj2Q=</latexit> M2r K�bb
M2r +QmTHBM; ≥ 100 MeV

10≠3

≥ 150 GeV

https://arxiv.org/abs/2104.03297
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BSM scenarios for the muon g−2 anomaly

NP type diagrams mass range probe

Supersymmetry 200–500 GeV

Scalar extensions 20–100 GeV,
150–250 GeV

Axion-like particle 40 MeV – 6 GeV

Leptoquark 1.5–2 TeV

U(1) μ−τ 10–200 MeV

Vector-like lepton < 7 TeV

New physics interpretations

slide courtesy of Teppei Kitahara

[Refs: Athron et al., 2104.03691; Buen-Abad et al., 2104.03267;
Krnjaic et al., 1902.07715; Dermisek et al., 2103.05645]

https://arxiv.org/abs/2104.03691
https://arxiv.org/abs/2104.03267
https://arxiv.org/abs/1902.07715
https://arxiv.org/abs/2103.05645


1. Introduction
Ø Muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How SUSY explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.SUSY and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
Sho Iwamoto / Muon g−2 for SUSY                   ELTE particle physics seminar, 18 May 2021 / 5013

Agenda

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025]
Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223


n SUSY = supersymmetry ... boson ó fermion
Ø extra bosons: squarks & sleptons
Ø extra fermions: higgsinos & gauginos
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SUSY: Introduction and motivations

S S S

S S S

S S S

S SS

S
S

ino
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ino ino
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ug
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no

s

SUSY particles

~ ~ ~ ~ ~

~ ~ ~ ~

~ ~ ~ ~

~ ~ ~ ~

ó

SM fermions              SM bosons    extra bosons
(squarks/sleptons)

extra fermions
(higgsinos, gauginos)



<latexit sha1_base64="M5vs/2jDGyBy/Qf+bVB0z3iYw/c=">AAAB7nicZY/NTsJAFIWn/mL9q7p0Y2SDG9IqUZcYQsQFiJbfUGyG4YoTZtpJZzCQpqx8BnfGra/go7hyq28haDfIWZ2c+52bezuCUalM80NbWFxaXllNrOnrG5tb28bObk36g4BAlfjMDxodLIFRD6qKKgYNEQDmHQb1Tj83ndcfIZDU9ypqJKDNcc+j95RgNYlcwy66oUOwR4CFjoKhCu2q3YyiyJGUW+bdiXMJNUc8YE/5PByPoxR3Y1AKHChKGMhZ+sg1kmba/NXBvLFik0Sxyq7x5HR9MuDgKcKwlC3LFKodxusjXXcE7oFUIwYhcKFGke4MJAhM+pO8Vb7N2/lS5aJydV1qh8VRzucce93MDBUWm4V8ebaohlPcZrQ7+UGfnG39P3Le1I7T1mnavMkks+fxAwm0jw5RClnoDGVRAZVRFRH0jj7RF/rWhPasvWivf+iCFnf20Iy0tx+v0I97</latexit>

M⇠⇠⇠alau ≥ 103 GeV (mbT�`iB+H2b ≥ 103 GeV)
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SUSY: Introduction and motivations

<latexit sha1_base64="2WlvTa3N1JlOV4jfiMntIJSiv2Q=">AAABxXicZY/LTsJAGIWneMN6Q126IZIQNKF2kHhZmGAIARdglauhhUzLL2mYXtIZ0KapbnwAn8atvoZvI2A36Lc6Of85yfl1l5qMy/K3EFtaXlldi6+LG5tb2zuJ3b0Wc8aeAU3DoY7X0QkDatrQ5Can0HE9IJZOoa2PirN7ewIeMx27wX0XNIsMbfPRNAifWv3EcRrLvQBfhmoZWqrazcrSKViamH65SmbK6lOydtQLsvgkF4r9REqW5DnJ/wJHIoUilH7iTR04xtgCmxuUMNbFssu1gHjcNCiEoqi6ZAiM+xQCsFzuh6I6ZuASYzT1u8p9qV6qNa4bN7c1Laj6RceyiD3IL6SC6kOlpCwW+fMsXqfmANh8Nv478r9o5SR8Jsl3+VThInogjg7QIcogjM5RAVWQgprIQO/oA32iL6EsWAIXJr/RmBB19tECwusPT8B5JQ==</latexit>

1019 GeV
= (GN)≠1/2

<latexit sha1_base64="ycr5rgImahtsIJBO5FEGjFSHg5A=">AAABxXicZY/LTsJAGIWneMN6q7p0QyQhaAJOkagbEwxBcAFWuRpayLT8kobpJZ0BbZrqxgfwadzqa/g2AnaDfquT85+TnF93qck4xt9CbGl5ZXUtvi5ubG5t70i7ey3mjD0DmoZDHa+jEwbUtKHJTU6h43pALJ1CWx8VZ/f2BDxmOnaD+y5oFhna5qNpED61+tJxSsa9IBeqZWipajeDs6dgaWLq5TKRLqtPwXV41Asy8kkuFPtSEmfxnMR/IUciiSKUvvSmDhxjbIHNDUoY68rY5VpAPG4aFEJRVF0yBMZ9CgFYLvdDUR0zcIkxmvpd5b5UL9UaV42b25oWVP2iY1nEHuQXUkH1oVJSFov8eRavU3MAbD5b/jvyv2jlsvJZFt/lk4WL6IE4OkCHKI1kdI4KqIIU1EQGekcf6BN9CWXBErgw+Y3GhKizjxYQXn8AD8x5vQ==</latexit>

102 GeV
= (GF)≠1/2

supersymmetric?
(for string theory)

NOT
supersymmetric!
(no stop at 173 GeV)
(no smuon at 0.5 GeV)

SUSY  happens
somewhere

n SUSY = supersymmetry ... boson ó fermion
Ø extra bosons: squarks & sleptons
Ø extra fermions: higgsinos & gauginos

nWhy SUSY?
Ø "superstring theory" at 1019 GeV

nWhy TeV-scale SUSY?
i.e., why ??

Ø naturalness
Ø gauge-coupling unification
Ø muon g–2
Ø dark matter



n SUSY = supersymmetry ... boson ó fermion
Ø extra bosons: squarks & sleptons
Ø extra fermions: higgsinos & gauginos

nWhy SUSY?
Ø "superstring theory" at 1019 GeV

nWhy TeV-scale SUSY? 
i.e., why ??

Ø naturalness
Ø gauge-coupling unification
Ø muon g–2 à next slides
Ø dark matter à postpone to next section
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SUSY: Introduction and motivations

<latexit sha1_base64="M5vs/2jDGyBy/Qf+bVB0z3iYw/c=">AAAB7nicZY/NTsJAFIWn/mL9q7p0Y2SDG9IqUZcYQsQFiJbfUGyG4YoTZtpJZzCQpqx8BnfGra/go7hyq28haDfIWZ2c+52bezuCUalM80NbWFxaXllNrOnrG5tb28bObk36g4BAlfjMDxodLIFRD6qKKgYNEQDmHQb1Tj83ndcfIZDU9ypqJKDNcc+j95RgNYlcwy66oUOwR4CFjoKhCu2q3YyiyJGUW+bdiXMJNUc8YE/5PByPoxR3Y1AKHChKGMhZ+sg1kmba/NXBvLFik0Sxyq7x5HR9MuDgKcKwlC3LFKodxusjXXcE7oFUIwYhcKFGke4MJAhM+pO8Vb7N2/lS5aJydV1qh8VRzucce93MDBUWm4V8ebaohlPcZrQ7+UGfnG39P3Le1I7T1mnavMkks+fxAwm0jw5RClnoDGVRAZVRFRH0jj7RF/rWhPasvWivf+iCFnf20Iy0tx+v0I97</latexit>

M⇠⇠⇠alau ≥ 103 GeV (mbT�`iB+H2b ≥ 103 GeV)
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non-SUSY

SUSY

Courtesy of pakutaso.com

https://www.pakutaso.com/


n Minimal Supersymmetric Standard Model [MSSM]

Ø extra bosons: squarks & sleptons
• squarks

• sleptons

Ø extra fermions: higgsinos & gauginos
• higgsinos

• bino / winos / gluino
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SM + SUSY = MSSM

Courtesy of pakutaso.com

"minimal"...

<latexit sha1_base64="SFn0vRpH1WSVBjhkNOrxiZ+SOYI=">AAACcnicfU/bSsNAEN3Ee7xVfdOXakEU2pKUUn0RFClUsLX24oVuCZvNWJZuLma3agl58x/F//ADbDViasHzdM6cmTkzls+ZkLr+rqgzs3PzC4tL2vLK6tp6amPzRniDgEKbetwL7iwigDMX2pJJDnd+AMSxONxa/fOxf/sEgWCe25JDH7oO6bnsgVEiRyUz9YYl4zakB2ZoYAkvMszlolK0jwVz4PHgx8XP6ctsQjR+BE06NOlI0/ilhUOMtVjZ/0bZyYV2cqFIOiLpWL9R1neUZqYyel7/QnqaGDHJoBh1M/WKbY8OHHAl5USIjqH7shuSQDLKIdI07JMeCDnkEILjy2Gk4YEAn9D+qN6pN8rNcq111rq4qnXD6vDccxzi2sWJrrB6XynXJwfly7i9yZkNIhqfbfw9cprcFPJGKa9fFzOnx/EDi2gH7aEDZKAjdIoqqI7aiConClW44igf6ra6q8bfqko8s4UmoGY/ARUctcw=</latexit>

Âu1Ĝ6 ƒ (ÂuL, ÂuR, ÂcL, ÂcR, Ât1, Ât2)
Âd1Ĝ6 ƒ ( ÂdL, ÂdR, ÂsL, ÂsR,Âb1,Âb2)

<latexit sha1_base64="TaNTBzkhI0609kYV0n5ktFFD3+k=">AAACW3icZU/LSsNAFJ3Ed3xVxZWbYkEsaElU1KUihQptrW1TK04Jk+Qqg5OHmYkaQnZ+mL/hwn+xsSmm9a7Oueec+zB9RrlQ1S9Jnpmdm19YXFKWV1bX1gsbmz3uhYEFuuUxL+ibhAOjLuiCCgZ9PwDimAzuzOerVL97hYBTz+2KyIeBQ55c+kgtIoYto/CJBWU2FMGINSzgXcSHh8lpsoc5deBlf6zit2L9IEfaY4KdMK+N6J8qSGhoE+yojLEybrhhfu3x9NpUhyyd4uH0PBuOKytGoaRW1N8q/gdaBkooq5ZR+MC2Z4UOuMJihPMHTfXFICaBoBaDRFGwT56Ai4hBDI4vokTBIQefWM/D/kOrXe1Um93L7vVNcxA3oivPcYhrn0y44sZ9rdqaDIr31N5h1AaepGdr00f+B72jinZaUW9PShfn2QOLaAfton2koTN0gWqohXRkSXtSXdKlnvQtz8iKvDKyylKW2UITJW//ALUssAA=</latexit>

Âe1Ĝ6 ƒ (ÂeL, ÂeR, ÂµL, ÂµR, Â·1, Â·2)
Â‹1Ĝ3 ƒ (Â‹e, Â‹µ, Â‹· )

& extra Higgs bosons (H0, H+, H−, A0)

<latexit sha1_base64="MnHagwwlpFKENc/pOSOhUWkUpvo=">AAABzXicZY/LTsJAFIaneMN6q7p0Q4QFJgZbYtQlSkhwAVS5GopkOj2SCdNLOlNjU2Fl4iv4NG71FXwbizYmyL/6zjn/n/zH9BjlQlW/pNTS8srqWnpd3tjc2t5Rdvc63A18Am3iMtfvmZgDow60BRUMep4P2DYZdM1xeXbvPoLPqeu0ROjBwMYjhz5QgkW8GirFnCEosyBzNT2Z5hPu3qvHmT82PPsoPibzKDdUsmpB/VFmEbQEsiiRPlReDMslgQ2OIAxz3tdUTwwi7AtKGExk2fDwCLgIGURgeyKcyEbAwcNkHO/7+m2lWam3LlvXjfogqoVl17axY53OuaLaXbWizwfF08zeZNQCPpHj2tr/kovQKRa0s4J6U8yWLpIH0ugAHaI80tA5KqEq0lEbEfSG3tEH+pQaUiA9S9Nfa0pKMvtoTtLrN4Kgfro=</latexit>

ÂB / (ÊW 0, ÊW ±) / Âg

<latexit sha1_base64="hcY65H+79/7wHyIqWcoJAtGhfAs=">AAABy3icZU/NTsJAGPzqL9a/qkcvjXDAxJCWGPWIISR4AKv8Gopk2a5kw7bddLdqrdz0FXwar/oOvo2gPViZ08x8M8l8Q86okIbxpSwsLi2vrGbW1PWNza1tbWe3LfwwwKSFfeYH3SEShFGPtCSVjHR5QJA7ZKQzHJdn9849CQT1vaaMOOm7aOTRO4qRnFoDzcjlbUmZQ/TqrWE/6M6RntLhH21z9zA30LJGwfiBPk/MhGQhgTXQXmzHx6FLPIkZEqJnGlz2YxRIihmZqKrN0YgIGTESE5fLaKLaoSAc4fHU71nXlUal3jxvXlzW+3EtKvuuizznOJWKazfVipUuysdZvMGoQ8REnc42/4+cJ+1iwTwpGFfFbOkseSAD+3AAeTDhFEpQBQtagOEN3uEDPpWaIpQn5fk3uqAknT1IQXn9BtLufNw=</latexit>

( ÂH0
d , ÂH0

u , ÂH±)

We only consider this "MSSM" in the following discussion.

https://www.pakutaso.com/


1. Introduction
Ø Muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How MSSM explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.MSSM and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
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Agenda

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025]
Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223


n Minimal Supersymmetric Standard Model [MSSM]

Ø extra bosons: squarks & sleptons
• squarks

• sleptons

Ø extra fermions: higgsinos & gauginos
• higgsinos

• bino / winos / gluino
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MSSM may contribute to g–2.

<latexit sha1_base64="SFn0vRpH1WSVBjhkNOrxiZ+SOYI=">AAACcnicfU/bSsNAEN3Ee7xVfdOXakEU2pKUUn0RFClUsLX24oVuCZvNWJZuLma3agl58x/F//ADbDViasHzdM6cmTkzls+ZkLr+rqgzs3PzC4tL2vLK6tp6amPzRniDgEKbetwL7iwigDMX2pJJDnd+AMSxONxa/fOxf/sEgWCe25JDH7oO6bnsgVEiRyUz9YYl4zakB2ZoYAkvMszlolK0jwVz4PHgx8XP6ctsQjR+BE06NOlI0/ilhUOMtVjZ/0bZyYV2cqFIOiLpWL9R1neUZqYyel7/QnqaGDHJoBh1M/WKbY8OHHAl5USIjqH7shuSQDLKIdI07JMeCDnkEILjy2Gk4YEAn9D+qN6pN8rNcq111rq4qnXD6vDccxzi2sWJrrB6XynXJwfly7i9yZkNIhqfbfw9cprcFPJGKa9fFzOnx/EDi2gH7aEDZKAjdIoqqI7aiConClW44igf6ra6q8bfqko8s4UmoGY/ARUctcw=</latexit>

Âu1Ĝ6 ƒ (ÂuL, ÂuR, ÂcL, ÂcR, Ât1, Ât2)
Âd1Ĝ6 ƒ ( ÂdL, ÂdR, ÂsL, ÂsR,Âb1,Âb2)

<latexit sha1_base64="TaNTBzkhI0609kYV0n5ktFFD3+k=">AAACW3icZU/LSsNAFJ3Ed3xVxZWbYkEsaElU1KUihQptrW1TK04Jk+Qqg5OHmYkaQnZ+mL/hwn+xsSmm9a7Oueec+zB9RrlQ1S9Jnpmdm19YXFKWV1bX1gsbmz3uhYEFuuUxL+ibhAOjLuiCCgZ9PwDimAzuzOerVL97hYBTz+2KyIeBQ55c+kgtIoYto/CJBWU2FMGINSzgXcSHh8lpsoc5deBlf6zit2L9IEfaY4KdMK+N6J8qSGhoE+yojLEybrhhfu3x9NpUhyyd4uH0PBuOKytGoaRW1N8q/gdaBkooq5ZR+MC2Z4UOuMJihPMHTfXFICaBoBaDRFGwT56Ai4hBDI4vokTBIQefWM/D/kOrXe1Um93L7vVNcxA3oivPcYhrn0y44sZ9rdqaDIr31N5h1AaepGdr00f+B72jinZaUW9PShfn2QOLaAfton2koTN0gWqohXRkSXtSXdKlnvQtz8iKvDKyylKW2UITJW//ALUssAA=</latexit>

Âe1Ĝ6 ƒ (ÂeL, ÂeR, ÂµL, ÂµR, Â·1, Â·2)
Â‹1Ĝ3 ƒ (Â‹e, Â‹µ, Â‹· )

& extra Higgs bosons (H0, H+, H−, A0)

<latexit sha1_base64="MnHagwwlpFKENc/pOSOhUWkUpvo=">AAABzXicZY/LTsJAFIaneMN6q7p0Q4QFJgZbYtQlSkhwAVS5GopkOj2SCdNLOlNjU2Fl4iv4NG71FXwbizYmyL/6zjn/n/zH9BjlQlW/pNTS8srqWnpd3tjc2t5Rdvc63A18Am3iMtfvmZgDow60BRUMep4P2DYZdM1xeXbvPoLPqeu0ROjBwMYjhz5QgkW8GirFnCEosyBzNT2Z5hPu3qvHmT82PPsoPibzKDdUsmpB/VFmEbQEsiiRPlReDMslgQ2OIAxz3tdUTwwi7AtKGExk2fDwCLgIGURgeyKcyEbAwcNkHO/7+m2lWam3LlvXjfogqoVl17axY53OuaLaXbWizwfF08zeZNQCPpHj2tr/kovQKRa0s4J6U8yWLpIH0ugAHaI80tA5KqEq0lEbEfSG3tEH+pQaUiA9S9Nfa0pKMvtoTtLrN4Kgfro=</latexit>

ÂB / (ÊW 0, ÊW ±) / Âg

<latexit sha1_base64="hcY65H+79/7wHyIqWcoJAtGhfAs=">AAABy3icZU/NTsJAGPzqL9a/qkcvjXDAxJCWGPWIISR4AKv8Gopk2a5kw7bddLdqrdz0FXwar/oOvo2gPViZ08x8M8l8Q86okIbxpSwsLi2vrGbW1PWNza1tbWe3LfwwwKSFfeYH3SEShFGPtCSVjHR5QJA7ZKQzHJdn9849CQT1vaaMOOm7aOTRO4qRnFoDzcjlbUmZQ/TqrWE/6M6RntLhH21z9zA30LJGwfiBPk/MhGQhgTXQXmzHx6FLPIkZEqJnGlz2YxRIihmZqKrN0YgIGTESE5fLaKLaoSAc4fHU71nXlUal3jxvXlzW+3EtKvuuizznOJWKazfVipUuysdZvMGoQ8REnc42/4+cJ+1iwTwpGFfFbOkseSAD+3AAeTDhFEpQBQtagOEN3uEDPpWaIpQn5fk3uqAknT1IQXn9BtLufNw=</latexit>

( ÂH0
d , ÂH0

u , ÂH±)

new
physics<latexit sha1_base64="4q5hX02uLSIdzilvL0EhxppOsc0=">AAABoHicZY9LT8JAFIVv8YX1hbp0Q2DjirSGqEsMIcFEoCgvpYRMhyuZMNNOOlO1adj5B9zqL/PfCNoN8q1Ozj0nOdeTnCltWd9GZmNza3snu2vu7R8cHuWOT3oqiEKKXRrwIBx4RCFnPnY10xwHMkQiPI59b1Zd3vsvGCoW+B0dSxwJMvXZM6NEL6y+KyL3NX83zhWtkvVLfl3YqShCijPOvbuTgEYCfU05UWpoW1KPEhJqRjnOTdOVZIpKxxwTFFLHc9ONFEpCZwt/6NzXHmrNzk3nttUcJY24GghB/El5JZU0Hus1Z7Wo35bxB84mqObmYrb9f+S66F2U7MuS1S4XK9fpA1k4gwKcgw1XUIE6ONAFCjP4gE/4MgpG3WgZ7b9oxkg7p7CC8fQDzdJuaw==</latexit>µL

<latexit sha1_base64="xvD161PX9JlTDZWV4gGkhGijMHM=">AAABoHicZY9LT8JAFIVv8YX1hbp0Y2DjirSGqEsMIcEFUN4oJWQ6XMmEmXbSmapNw84/4FZ/mf9G0G6Qb3Vy7jnJuZ7kTGnL+jYyW9s7u3vZffPg8Oj4JHd61ldBFFLs0YAH4dAjCjnzsaeZ5jiUIRLhcRx488rqPnjBULHA7+pY4liQmc+eGSV6aQ1cEbmvl+1JrmAVrV8uN4WdigKkOJPcuzsNaCTQ15QTpUa2JfU4IaFmlOPCNF1JZqh0zDFBIXW8MN1IoSR0vvRHTrvaqTa6992HZmOc1ONKIATxp6W1VFJ/rFWd9aJ+W8U7nE1RLczlbPv/yE3Rvy7aN0WrVSqU79IHsnABebgCG26hDDVwoAcU5vABn/Bl5I2a0TRaf9GMkXbOYQ3j6QfVFm5x</latexit>µR

<latexit sha1_base64="pgMqPM0/8w3nAtnYCtYJ2EGEAjg=">AAABn3icZY9LT8JAFIXv4AvrC3XpRmXjirSGqEsMIeICrPIOJWQ6XMnItJ10BmPTdOcPcKv/zH9j0W6Qb3Vy7jnJua4UXGnT/Ca5tfWNza38trGzu7d/UDg86qpgHjLssEAEYd+lCgX3saO5FtiXIVLPFdhzZ9XFvfeKoeKB39aRxJFHpz5/5ozq1Oo6U+p5dFwomiXzl9NVYWWiCBn2uPDuTAI299DXTFClhpYp9SimoeZMYGIYjqRTVDoSGKMndZQYzlyhpGyW+kP7qdaqNdu37fuH5ihuRNUgHeFPykupuDGo1+zlon5bxFuCT1AlRjrb+j9yVXQvS9ZVyXwsFys32QN5OIFzuAALrqECdbChAwxe4AM+4YuckTvSJPZfNEeyzjEsQQY/gnFuQw==</latexit>“



n Minimal Supersymmetric Standard Model [MSSM]

Ø extra bosons: squarks & sleptons
• squarks

• sleptons

Ø extra fermions: higgsinos & gauginos
• higgsinos

• bino / winos / gluino
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MSSM may contribute to g–2.

<latexit sha1_base64="SFn0vRpH1WSVBjhkNOrxiZ+SOYI=">AAACcnicfU/bSsNAEN3Ee7xVfdOXakEU2pKUUn0RFClUsLX24oVuCZvNWJZuLma3agl58x/F//ADbDViasHzdM6cmTkzls+ZkLr+rqgzs3PzC4tL2vLK6tp6amPzRniDgEKbetwL7iwigDMX2pJJDnd+AMSxONxa/fOxf/sEgWCe25JDH7oO6bnsgVEiRyUz9YYl4zakB2ZoYAkvMszlolK0jwVz4PHgx8XP6ctsQjR+BE06NOlI0/ilhUOMtVjZ/0bZyYV2cqFIOiLpWL9R1neUZqYyel7/QnqaGDHJoBh1M/WKbY8OHHAl5USIjqH7shuSQDLKIdI07JMeCDnkEILjy2Gk4YEAn9D+qN6pN8rNcq111rq4qnXD6vDccxzi2sWJrrB6XynXJwfly7i9yZkNIhqfbfw9cprcFPJGKa9fFzOnx/EDi2gH7aEDZKAjdIoqqI7aiConClW44igf6ra6q8bfqko8s4UmoGY/ARUctcw=</latexit>

Âu1Ĝ6 ƒ (ÂuL, ÂuR, ÂcL, ÂcR, Ât1, Ât2)
Âd1Ĝ6 ƒ ( ÂdL, ÂdR, ÂsL, ÂsR,Âb1,Âb2)

<latexit sha1_base64="TaNTBzkhI0609kYV0n5ktFFD3+k=">AAACW3icZU/LSsNAFJ3Ed3xVxZWbYkEsaElU1KUihQptrW1TK04Jk+Qqg5OHmYkaQnZ+mL/hwn+xsSmm9a7Oueec+zB9RrlQ1S9Jnpmdm19YXFKWV1bX1gsbmz3uhYEFuuUxL+ibhAOjLuiCCgZ9PwDimAzuzOerVL97hYBTz+2KyIeBQ55c+kgtIoYto/CJBWU2FMGINSzgXcSHh8lpsoc5deBlf6zit2L9IEfaY4KdMK+N6J8qSGhoE+yojLEybrhhfu3x9NpUhyyd4uH0PBuOKytGoaRW1N8q/gdaBkooq5ZR+MC2Z4UOuMJihPMHTfXFICaBoBaDRFGwT56Ai4hBDI4vokTBIQefWM/D/kOrXe1Um93L7vVNcxA3oivPcYhrn0y44sZ9rdqaDIr31N5h1AaepGdr00f+B72jinZaUW9PShfn2QOLaAfton2koTN0gWqohXRkSXtSXdKlnvQtz8iKvDKyylKW2UITJW//ALUssAA=</latexit>

Âe1Ĝ6 ƒ (ÂeL, ÂeR, ÂµL, ÂµR, Â·1, Â·2)
Â‹1Ĝ3 ƒ (Â‹e, Â‹µ, Â‹· )

& extra Higgs bosons (H0, H+, H−, A0)

<latexit sha1_base64="MnHagwwlpFKENc/pOSOhUWkUpvo=">AAABzXicZY/LTsJAFIaneMN6q7p0Q4QFJgZbYtQlSkhwAVS5GopkOj2SCdNLOlNjU2Fl4iv4NG71FXwbizYmyL/6zjn/n/zH9BjlQlW/pNTS8srqWnpd3tjc2t5Rdvc63A18Am3iMtfvmZgDow60BRUMep4P2DYZdM1xeXbvPoLPqeu0ROjBwMYjhz5QgkW8GirFnCEosyBzNT2Z5hPu3qvHmT82PPsoPibzKDdUsmpB/VFmEbQEsiiRPlReDMslgQ2OIAxz3tdUTwwi7AtKGExk2fDwCLgIGURgeyKcyEbAwcNkHO/7+m2lWam3LlvXjfogqoVl17axY53OuaLaXbWizwfF08zeZNQCPpHj2tr/kovQKRa0s4J6U8yWLpIH0ugAHaI80tA5KqEq0lEbEfSG3tEH+pQaUiA9S9Nfa0pKMvtoTtLrN4Kgfro=</latexit>

ÂB / (ÊW 0, ÊW ±) / Âg

<latexit sha1_base64="hcY65H+79/7wHyIqWcoJAtGhfAs=">AAABy3icZU/NTsJAGPzqL9a/qkcvjXDAxJCWGPWIISR4AKv8Gopk2a5kw7bddLdqrdz0FXwar/oOvo2gPViZ08x8M8l8Q86okIbxpSwsLi2vrGbW1PWNza1tbWe3LfwwwKSFfeYH3SEShFGPtCSVjHR5QJA7ZKQzHJdn9849CQT1vaaMOOm7aOTRO4qRnFoDzcjlbUmZQ/TqrWE/6M6RntLhH21z9zA30LJGwfiBPk/MhGQhgTXQXmzHx6FLPIkZEqJnGlz2YxRIihmZqKrN0YgIGTESE5fLaKLaoSAc4fHU71nXlUal3jxvXlzW+3EtKvuuizznOJWKazfVipUuysdZvMGoQ8REnc42/4+cJ+1iwTwpGFfFbOkseSAD+3AAeTDhFEpQBQtagOEN3uEDPpWaIpQn5fk3uqAknT1IQXn9BtLufNw=</latexit>

( ÂH0
d , ÂH0

u , ÂH±)

new
physics<latexit sha1_base64="4q5hX02uLSIdzilvL0EhxppOsc0=">AAABoHicZY9LT8JAFIVv8YX1hbp0Q2DjirSGqEsMIcFEoCgvpYRMhyuZMNNOOlO1adj5B9zqL/PfCNoN8q1Ozj0nOdeTnCltWd9GZmNza3snu2vu7R8cHuWOT3oqiEKKXRrwIBx4RCFnPnY10xwHMkQiPI59b1Zd3vsvGCoW+B0dSxwJMvXZM6NEL6y+KyL3NX83zhWtkvVLfl3YqShCijPOvbuTgEYCfU05UWpoW1KPEhJqRjnOTdOVZIpKxxwTFFLHc9ONFEpCZwt/6NzXHmrNzk3nttUcJY24GghB/El5JZU0Hus1Z7Wo35bxB84mqObmYrb9f+S66F2U7MuS1S4XK9fpA1k4gwKcgw1XUIE6ONAFCjP4gE/4MgpG3WgZ7b9oxkg7p7CC8fQDzdJuaw==</latexit>µL

<latexit sha1_base64="xvD161PX9JlTDZWV4gGkhGijMHM=">AAABoHicZY9LT8JAFIVv8YX1hbp0Y2DjirSGqEsMIcEFUN4oJWQ6XMmEmXbSmapNw84/4FZ/mf9G0G6Qb3Vy7jnJuZ7kTGnL+jYyW9s7u3vZffPg8Oj4JHd61ldBFFLs0YAH4dAjCjnzsaeZ5jiUIRLhcRx488rqPnjBULHA7+pY4liQmc+eGSV6aQ1cEbmvl+1JrmAVrV8uN4WdigKkOJPcuzsNaCTQ15QTpUa2JfU4IaFmlOPCNF1JZqh0zDFBIXW8MN1IoSR0vvRHTrvaqTa6992HZmOc1ONKIATxp6W1VFJ/rFWd9aJ+W8U7nE1RLczlbPv/yE3Rvy7aN0WrVSqU79IHsnABebgCG26hDDVwoAcU5vABn/Bl5I2a0TRaf9GMkXbOYQ3j6QfVFm5x</latexit>µR

<latexit sha1_base64="pgMqPM0/8w3nAtnYCtYJ2EGEAjg=">AAABn3icZY9LT8JAFIXv4AvrC3XpRmXjirSGqEsMIeICrPIOJWQ6XMnItJ10BmPTdOcPcKv/zH9j0W6Qb3Vy7jnJua4UXGnT/Ca5tfWNza38trGzu7d/UDg86qpgHjLssEAEYd+lCgX3saO5FtiXIVLPFdhzZ9XFvfeKoeKB39aRxJFHpz5/5ozq1Oo6U+p5dFwomiXzl9NVYWWiCBn2uPDuTAI299DXTFClhpYp9SimoeZMYGIYjqRTVDoSGKMndZQYzlyhpGyW+kP7qdaqNdu37fuH5ihuRNUgHeFPykupuDGo1+zlon5bxFuCT1AlRjrb+j9yVXQvS9ZVyXwsFys32QN5OIFzuAALrqECdbChAwxe4AM+4YuckTvSJPZfNEeyzjEsQQY/gnFuQw==</latexit>“

5 diagrams at the 1-loop level

Lopez, Nanopoulos, Wang [ph/9308336]
Chattopadhyay, Nath [ph/9507386]

Moroi [ph/9512396]
(cf. Cho et al. [1104.1769])

http://arxiv.org/abs/hep-ph/9308336
http://arxiv.org/abs/hep-ph/9507386
http://arxiv.org/abs/hep-ph/9512396
https://arxiv.org/abs/1104.1769


1) WHL scenario 2) BLR scenario

3) BHL scenario 4) BHR scenario
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MSSM for g–2: Four scenarios are available.

SU(2) symmetric...
always in similar size.

("Cooperation" is also possible.)



1. Introduction
Ø muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How MSSM explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.MSSM and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
Sho Iwamoto / Muon g−2 for SUSY                   ELTE particle physics seminar, 18 May 2021 / 5022

Agenda

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025]
Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223


1) Wino–Higgsino–Left-smuon scenario

Ø tend to be larger (for similar sparticle mass) because
Ø if "mu-parameter" is positive. 
Ø Wino, Higgsino, and Left-smuons

should be      1 TeV.
à LHC search?
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WHL scenario: a good benchmark scenario for the LHC. 

<latexit sha1_base64="7y+Wk0Hun6Yq3eqM9tU8zZx9aEc=">AAABnXicZY7LSsNAFIbP1FuNt6pLF4rduCqJFHVZKYEKtkZ7laaUyfS0DJ1JhsxUCKHgM7jVF/NtrJpN22/185//wBcowbWx7W+S29jc2t7J71p7+weHR4Xjk46OZjHDNotEFPcCqlHwENuGG4E9FSOVgcBuMK3+3rtvGGsehS2TKBxIOgn5mDNqFlXPF6i15nJYKNol+4+L9eBkoQgZ3rDw7o8iNpMYGiao1n3HVmaQ0thwJnBuWb6iE9QmEZiiVCaZW/5Mo6Jsuuj73ovbdBut+9bDU2OQ1pNqJCUNR+WlVVp/rbneSpU0BR+hnlsLZWdVcD10rkvOTcl+Lhcrd5l8Hs7gEq7AgVuoQA08aAMDAR/wCV/knLjkkTT+pzmS/ZzCEqT7A7EcbZg=</latexit>Æ

<latexit sha1_base64="4/5AF/zirbh4UWqWOS9g1TVmD+Y=">AAABrXicZY9LT8JAFIXv4Avrq+LSjZGNq9oSoq4MhpDgAqxCeYRiMx1GnDBtJ53B0DTs/B1u9S/5bwTtBjmrL+eek5zrC86kMs1vlNvY3Nreye9qe/sHh0f6caEjo2lMqEMiHsU9H0vKWUgdxRSnPRFTHPicdv1JdXnvvtFYsihsq0TQYYDHIXthBKuF5ekFF3Pxir3SbQZ9w9OLpmH+6mwdrAyKkMn29Hd3FJFpQENFOJZyYJlCDVMcK0Y4nWuaK/CYSpVwmtJAqGSuuVNJBSaThT+wn2qtWrN9175/aA7TRlKNggCHo/JKKm306zV7tahmy3iLsxGVc20x2/o/ch06JcO6MszHcrFykz2Qh1M4hwuw4BoqUAcbHCAwgw/4hC90iRzkoue/aA5lnRNYERr/ANPscwY=</latexit>

–2 > –Y .
<latexit sha1_base64="r2n3kIg7Q/lLAxPirELRoANmSvc=">AAABuHicZY9LS8NAFIVv6qvGV9SlCMVuXJVERMWFVEqhLlqjfUpT42R6LUMnDzITaQhZ6Z9xq7/Gf2OrcVH7rQ7nngPnOgFnQur6l5JbWl5ZXcuvqxubW9s72u5eR/hRSLFNfe6HPYcI5MzDtmSSYy8IkbgOx64zrszu3RcMBfO9lowDHLhk5LFnRomcWrZ2SGzLjR4TS+JEJg0zTa8KeuEPWyvqJf2HwqIwMlGEDNPW3qyhTyMXPUk5EaJv6IEcJCSUjHJMVdUKyAiFjDkm6AYyTlUrEhgQOp76ffO+2qw2Wtetm9vGIKnHFd91iTc8nUsl9Yda1Zwvysks3uRsiCJVp7ON/yMXReekZJyV9LvTYvkieyAPB3AEx2DAOZShBia0gcIrvMMHfCqXypMyUthvNKdknX2YQwm/AYBodbQ=</latexit>

aLS
µ > 0
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A parameter space of WHL scenario. Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

<latexit sha1_base64="B85Iavd/ga9xAAtWwhQJctyH+kk=">AAABu3icZY9LT8JAFIWnPrG+qi7dENm4IlND1I0JhpDgolgtL0OhGYYrGZlpm87U0DTdGX+NW/0v/htBu0G+1cm55yTnjkLOpML4W1tb39jc2i7s6Lt7+weHxtFxRwZxRKFNAx5EvRGRwJkPbcUUh14YAREjDt3RtLa4d18hkizwWyoJYSDIxGfPjBI1tzyjSDxXxMPUVTBTqeU4Vpa5igmQJh6mJs48o4TL+JfiqjBzUUI5tme8ueOAxgJ8RTmRsm/iUA1SEilGOWS67oZkAlIlHFIQoUoy3Y0lhIRO537ffqw79WbrtnV33xykVlILhCD+uLKUSq2nRt1eLqrZIu5wNgaZ6fPZ5v+Rq6JzUTYvy/ihUqpe5w8U0Ck6Q+fIRFeoihrIRm1E0Tv6QJ/oS7vRqPai8b/ompZ3TtASWvwDaJx5XA==</latexit>

aJaaJ
µ ◊ 1010

fixed parameters

contours:

anomaly solved!
[1σ / 2σ levels]

SlepL mass

Something like
Wino mass

Excluded by LHC
(slepton searches

by ATLAS/CMS)

Excluded by LHC
(CMS Wino search)

[three lines to be joined]

theoretically disfavored region

(charged LSP)

Conclusion 1: MSSM can (still) explain the anomaly!

https://arxiv.org/abs/2104.03217
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Other parameter planes of WHL scenario. Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Conclusion 1: MSSM can (still) explain the anomaly!

different
parameters

https://arxiv.org/abs/2104.03217
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A bit more precise / detailed for experts... Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

n MSSM has 6 important parameters for g−2:

Ø Lepton universality maintained.

Ø Other particle masses are also set "heavy". [squarks, gluino, extra Higgses]

n LHC bounds are recasted analytically.

Ø No Monte Carlo simulation = free from extra systematic errors.

Ø NC/3L is analyzed only at 3 strips.

<latexit sha1_base64="nNJfsXx0ykBdKEn1mTDqA+m6iiM="></latexit>

tan — := ÈHuÍ/ÈHdÍ

M1 ¥ ÂB@K�bb
µ ¥ ÂH@K�bb

M2 ¥ ÊW @K�bb
m

2
L ¥ ÂlL@K�bb

m
2
R ¥ ÂlR@K�bb

à fixed to 40.

varied among 4 figs.

axes.

à assumed heavy (1 TeV).
<latexit sha1_base64="mectxVoFx+SCtA7O+qO1ztyqNIs=">AAABx3icZU/NTsJAGNz6i/Wv6tELkQsmhrSGqEcMIYEDWOXXUEK220+yYdvddLeEpuFg4hP4NF71LXwbQXupzGm++WaSGVcwKpVpfmsbm1vbO7u5PX3/4PDo2Dg57UkehQS6hDMeDlwsgdEAuooqBgMRAvZdBn13Wl39+zMIJeVBR8UCRj6eBPSFEqyW0ti4KjqKMg/y4GAhQj5PT8ePMoKjcHQ5NgpmyfxFfp1YKSmgFPbYeHM8TiIfAkUYlnJomUKNEhwqShgsdN0ReAJSxQwS8IWKF7oTSRCYTJf60H6qtWutzn2n8dAaJc24yn0fB14540qaz/WanQ2q+creZtQDudCXta3/JddJ77pk3ZTMx3KhcpcOyKFzdIGKyEK3qILqyEZdRNA7+kCf6EtraFybafM/64aWZs5QBtrrD5iufqE=</latexit>

(Âe ¥ Âµ ¥ Â·)

<latexit sha1_base64="sHH3ef5JDAYLDvvWDssyLbEzUPc=">AAAB93icZY89TsNAFITX/AbzZ6CkiUhDFdkoAspAFAkKIEB+QLEVbTYvySprr7X7jGJZ7rgHHaLlCtyCG9DCCUjATWCq0ZtvpHndUHCNtv1uzM0vLC4t51bM1bX1jU1ra7upZaQYNJgUUt11qQbBA2ggRwF3oQLqdwW0uqPKNG89gNJcBnWMQ/B8Ogh4nzOKk1PHcl2EMSZtHAJXeQU6EuilrkTug84ypqTWeQ1sWpkwvejH/cVOFQ3YkAeDfJ8ylMpLO1bBLto/yv83TmYKJFOtYz26PckiHwJkgmrdduwQvYQq5ExAappuSAegMRaQgB9inJpupCGkbDS5t2s31dvqZf2kfn516SUXcUX6Pg16pRkqubg/q9Zmizie4reC90Cn5mS283fkf9M8KDqHRfu6VCgfZw/kyC7ZI/vEIUekTM5IjTQII2/kg3ySLyM2noxn4+UXnTOyzg6ZkfH6DaANlPA=</latexit>

(i?2B` `2bmHi) ¢ (+`Qbb b2+iBQM `2/m+iBQM) ¢ ("`�M+?BM; 7�+iQ`)

They use "simplified models."
Realistic models will have different production rate

& complicated decay pattern.

https://arxiv.org/abs/2104.03217
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A bit more precise / detailed for experts... Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

n MSSM has 6 important parameters for g−2:

n Only some "typical" spectra are considered:

n widely allowed.
n excluded.

<latexit sha1_base64="nNJfsXx0ykBdKEn1mTDqA+m6iiM="></latexit>

tan — := ÈHuÍ/ÈHdÍ

M1 ¥ ÂB@K�bb
µ ¥ ÂH@K�bb

M2 ¥ ÊW @K�bb
m

2
L ¥ ÂlL@K�bb

m
2
R ¥ ÂlR@K�bb

à fixed to 40.

varied among 4 figs.

axes.

à assumed heavy (1 TeV).

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW
<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH
<latexit sha1_base64="TbtdZ+ktCDr3HKSd1n3XEOqesg8=">AAABtHicZU/LTsJAFL3FF9ZX1ZVxQ2TjgpDWEHSJISSYCFZ5GoaQ6fRKJkwf6Qxq0xA3/opb/R7/RtBukLM699xzknOcUHCpTPNby6ytb2xuZbf1nd29/QPj8Kgrg2nEsMMCEUR9h0oU3MeO4kpgP4yQeo7AnjOpLv69Z4wkD/y2ikMcenTs8yfOqJpLI+OEKC5czAnykrstkEJ6En86MvJm0fxFbpVYKclDCntkvBM3YFMPfcUElXJgmaEaJjRSnAmc6ToJ6RiligUm6IUqnulkKjGkbDLXB/ZDrVVrtq/bN3fNYdKIq4HnUd8tLbmSxmO9Zi8H1evC3hLcRTnT57Wt/yVXSfeiaJWL5n0pX7lKB2ThFM7gHCy4hArUwYYOMHiDD/iEL62sEY1p+GfNaGnmGJag+T/BMHWN</latexit>

ÂlL, Â‹
<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>
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ÂlL > ÊW ¥=∆

ÂlL < ÊW ¥=∆

https://arxiv.org/abs/2104.03217
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Other parameter planes of WHL scenario. Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Conclusion 1: MSSM can explain the anomaly, but LHC also did well.

different
parameters

https://arxiv.org/abs/2104.03217


1. Introduction
Ø Muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How MSSM explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.MSSM and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
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Agenda

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025]
Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223


n Minimal Supersymmetric Standard Model [MSSM]

Ø extra bosons: squarks & sleptons
• squarks

• sleptons

Ø extra fermions: higgsinos & gauginos
• higgsinos

• bino / winos / gluino

n MSSM needs R-parity  [or similar symmetries]

Ø to forbid proton decay.
Ø biproduct: the Lightest SUSY Particle becomes stable.
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MSSM has a good DM candidate.
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Âe1Ĝ6 ƒ (ÂeL, ÂeR, ÂµL, ÂµR, Â·1, Â·2)
Â‹1Ĝ3 ƒ (Â‹e, Â‹µ, Â‹· )

& extra Higgs bosons (H0, H+, H−, A0)
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ÂB / (ÊW 0, ÊW ±) / Âg
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à DM!!
...if it is non-colored & non-charged.



n Minimal Supersymmetric Standard Model [MSSM]

Ø extra bosons: squarks & sleptons
• squarks

• sleptons

Ø extra fermions: higgsinos & gauginos
• higgsinos

• bino / winos / gluino

n MSSM needs R-parity  [or similar symmetries]

Ø to forbid proton decay.
Ø biproduct: the Lightest SUSY Particle becomes stable.
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MSSM has a good DM candidate.
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& extra Higgs bosons (H0, H+, H−, A0)
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n Neutralino DM
= bino-like, wino-like, higgsino-like (or mixed).
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MSSM has a good DM candidate.
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Cf. Hisano, Matsumoto, et al. [ph/0610249]
Farina, Pappadopulo, Strumia [1303.7244]

Then, g−2?

n If DM density is determined by freeze-out mechanism
under "standard" thermal history of Universe:

Ø bino-like DM à mLSP < 100 GeV
Ø higgsino-like DM à mLSP ~ 1 TeV
Ø wino-liike DM à mLSP ~ 3 TeV

https://arxiv.org/abs/hep-ph/0610249
https://arxiv.org/abs/1303.7244


n g–2 motivates SUSY mass of 100–1000 GeV.
Ø bino-like DM with ~100 GeV = overabundance.
• non-standard  thermal history?
• with helpers for annihilation?

Ø wino- or higgsino-like DM with ~100 GeV = underabundance.
• non-standard thermal history?
• extra particles for DM?

Ø bino-higgsino mixture = strong constraints from DM direct detections. 
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MSSM: DM & g–2 ... possible?

too heavy = too small annihilation

à co-annihilation: Binetruy, Girardi, Salati (1984), Griest, Seckel (1991)
vectorlike leptons: Abdullah, Feng [1510.06089], Abdullah, Feng, Iwamoto, Lillard [1608.00283]

Cf. Hisano, Matsumoto, et al. [ph/0610249]
Farina, Pappadopulo, Strumia [1303.7244]

n If DM density is determined by freeze-out mechanism
under "standard" thermal history of Universe:

Ø bino-like DM à mLSP < 100 GeV
Ø higgsino-like DM à mLSP ~ 1 TeV
Ø wino-liike DM à mLSP ~ 3 TeV

too light = too much annihilation

"well-tempered scenario" ... not talking today

https://arxiv.org/abs/1510.06089
https://arxiv.org/abs/1608.00283
https://arxiv.org/abs/hep-ph/0610249
https://arxiv.org/abs/1303.7244


n Early Universe with 

/ 5034

Freeze-out of Bino DM = overabundance in standard thermal history.

equilibrium

eB

eB
eƒ

ƒ

ƒ eB

eB ƒ

ƒ

eƒ
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T > mÂB

with kinetic energy ~ T

creation annihilation
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n Early Universe with 

/ 5035

Freeze-out of Bino DM = overabundance in standard thermal history.

equilibrium

eB

eB
eƒ

ƒ

ƒ eB

eB ƒ

ƒ

eƒ

with kinetic energy ~ T

< T
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T Æ mÂB
creation annihilation
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n Early Universe with 

/ 5036

Freeze-out of Bino DM = overabundance in standard thermal history.

far apart due to
• pair annihilation
• Universe’s expansion
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T Æ mÂB/20

creation annihilation
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n Early Universe with 

/ 5037

Freeze-out of Bino DM = overabundance in standard thermal history.

far apart due to
• pair annihilation
• Universe’s expansion

“thermal relic”

... too much for ~100GeV bino-like DM.
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T Æ mÂB/20

�DMh2 � 1.1�109 · xf�
g�Mpl��v� · GeV

� 0.1 · 15
�

g�

xf

30

3 �10�26 cm3/s

��v� with xf = mDM/Tfo.

Gelmini and Gondolo, 1009.3690

creation annihilation
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Freeze-out of Bino DM = overabundance in standard thermal history.
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annihilation helper!
cf. Edsjö, Schelke, Ullio, Gondolo, hep-ph/0301106

close in mass
= more help
= more annihilation
= heavier bino allowed
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Freeze-out of Bino DM = overabundance in standard thermal history.
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annihilation helper!
cf. Edsjö, Schelke, Ullio, Gondolo, hep-ph/0301106

annihilation
100 GeV Bino

slepton
close in mass

dead...

Courtesy of pakutaso.com

close in mass
= more help
= more annihilation
= heavier bino allowed
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https://arxiv.org/abs/hep-ph/0301106v2
https://www.pakutaso.com/


n DM & g–2
Ø bino-like DM
• + non-standard  thermal history?
• + coannihilation?
◦"Minimal" and simplest.
◦Fine-tuning between slepton/bino mass.
◦WHL seems disfavored by LHC. à Let's see the other three!

Ø Wino- or higgsino-like DM
• + non-standard thermal history?
• + extra particles for DM?

Ø bino-higgsino mixture ("well-tempered" scenario)

• but need to avoid direct detections.
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Mini summary: MSSM for DM & g–2



1. Introduction
Ø Muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How MSSM explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.MSSM and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
Sho Iwamoto / Muon g−2 for SUSY                   ELTE particle physics seminar, 18 May 2021 / 5041

Agenda

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025]
Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223


2) BLR scenario

3) BHL scenario 4) BHR scenario
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MSSM for g–2: Four scenarios are available. ("Cooperation" is also possible.)

Bino & sleptons are required to light.
à (naturally)

bino-DM with coannihilation.
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BLR scenario for g–2 + DM Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]
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à assumed heavy
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à axis.
à tuned to satisfy g–2 + DM + XENON1T + vacuum stability.
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<latexit sha1_base64="Yfyyk7aSyeEPeRXb7n3SiITAL+E=">AAABzXicZY/LTsJQEIaneMN6q7p0Q2TjirSEqEsMIcFEoHIRDCXk9HQkJ5xe0nOqNogrE1/Bp3Grr+DbCNJEkX/1zcz/J//YAWdC6vqXklpZXVvfSG+qW9s7u3va/sGN8KOQYpv63A+7NhHImYdtySTHbhAicW2OHXtUmt079xgK5nstGQfYd8nQY3eMEjldDbS8JRl3MIPWQ+bqDzfmbLnR72E+NAZaVs/pP8osg5FAFhKZA+3FcnwauehJyokQPUMPZH9MQskox4mqWgEZopAxxzG6gYwnqhUJDAgdTfc9s1Fulmuti9ZlvdYfV+OS77rEcwoLrnH1tlI2F4PycWZvcuagmKjT2sb/kstwk88Zpzn9upAtnicPpOEIjuEEDDiDIlTAhDZQeIN3+IBPpa5EypPyPLemlCRzCAtSXr8BQw6AEw==</latexit>

ÂeLÂeRÂµLÂµR

LHC<latexit sha1_base64="Sqww8Wvt+ipGw3HsL2XWv1yvP+M=">AAAB83icZU/LTgJBEJzFF64v1KMXIhfUhOwSoh4RQoKJIMrTMEhmZ1syYXZ3sjOoZMPNv/BmvPoL/od3r/oNAoIJUpeqrqpOui3BmVSG8aGFFhaXllfCq/ra+sbmVmR7pya9nk+hSj3u+Q2LSODMhapiikND+EAci0Pd6mZHef0efMk8t6L6AloO6bjsjlGihlY70sCZi2ounsTA+RGmxKXAAzHAD9HKgY6xPo6jQmDlYcW4DVE+5dvDoTkcLeL/mZkp6+1IzEgYY0TnhTkRMTRBqR15wrZHew64inIiZdM0hGoFxFeMchjoOhakA1L1OQTgCNUf6LgnQRDaHfrN0nWunCtWzirnl8VWUOhnPcchrp2aaQWFm3yuNLuoHkf1Mmc2yMHobPP/kfOilkyYxwnjKhVLn04eCKM9tI/iyEQnKI3yqISqiKJ39Im+0LfW0561F+31txrSJju7aAba2w8eIY0i</latexit>

(2¸ + �pT)

pp æ ÂlÂlú æ l̄l ÂB ÂB

ch
arged

 LSP

ch
arged

 LSP

g–2 + DM explained with
specific (tuned) higgsino mass.

https://arxiv.org/abs/2104.03217


n How to search in future?
Ø ILC stau search!     (stau < 150–200 GeV).
Ø LHC as photon colliders? à Beresford, Liu [1811.06465]

Ø (any other ideas?)

Sho Iwamoto / Muon g−2 for SUSY                   ELTE particle physics seminar, 18 May 2021 / 5044

BLR scenario for g–2 + DM Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="lN/HlyS+tqLWfIL0yHRPvYE91ZI=">AAABrHicZY9LT8JAFIVv8YX1VXTphsjGhWlaQ9AlhpDgAqxSHoY2ZDq9kAnTRzqD2jTs/Btu9Tf5bwTtBjmrL+eek5zrxZwJaRjfSmFre2d3r7ivHhweHZ9opdO+iOYJxR6NeJQMPSKQsxB7kkmOwzhBEngcB96ssboPXjARLAptmcboBmQasgmjRC6tsVZyJOM+lgdXObTGWsXQjV+VN8HMoQK5rLH27vgRnQcYSsqJECPTiKWbkUQyynGhqk5MpihkyjHDIJbpQnXmAmNCZ0t/ZD01u82OfWffP3TcrJ02oiAgoV9dS2Xt51bTWi/Kt1W8y5mPYqEuZ5v/R25C/1o3a7rxWK3Ub/MHinAOF3AJJtxAHVpgQQ8ovMIHfMKXoiu2MlLcv2hByTtnsCZl8gP3A3Jq</latexit>

ÊW, ÂH

<latexit sha1_base64="byqTQyJ2WWmYj07NnFWqUJZSN/c=">AAABpnicZY/NTsJAFIVv8Q/rH+rSDZENK9Iaoi4xhAQXYBUKGNrgdHolE6bt2Jkam4ad7+BWH8u3EbQb5FudnHtOcq4nOJPKML61wsbm1vZOcVff2z84PCodnwxklMQUbRrxKB55RCJnIdqKKY4jESMJPI5Db9Zc3oevGEsWhX2VCnQDMg3ZM6NELSzXUYz7WHYUSSbmpFQxasYv5XVh5qICOdak9O74EU0CDBXlRMqxaQjlZiRWjHKc67ojyBSlSjlmGAiVznUnkSgInS38sfXQ6rW6/Zv+7V3XzTppMwoCEvr1lVTWeWy3rNWielvGe5z5KOf6Yrb5f+S6GFzUzMuacV+vNK7zB4pwBudQBROuoAFtsMAGCi/wAZ/wpVW1rmZrw79oQcs7p7CC9vQDgZBw7g==</latexit>

Â·1

<latexit sha1_base64="rS4kPvQiRPRgtEAk8gTovXXf2GU=">AAABpnicZY9LT8JAFIXv4AvrC3XpxsiGFWkJUZcYQoILsAoFDG1wOr2SCdOHnamxadj5H9zqz/LfCNoN8q1Ozj0nOdeNBJdK179JYWNza3unuKvt7R8cHpWOTwYyTGKGFgtFGI9cKlHwAC3FlcBRFCP1XYFDd9Zc3oevGEseBn2VRuj4dBrwZ86oWliOrbjw8NxWNJnUJqWyXtV/OV8XRi7KkGNOSu+2F7LEx0AxQaUcG3qknIzGijOBc02zIzpFqVKBGfqRSueanUiMKJst/LH50Oq1uv2b/u1d18k6aTP0fRp49ZVU1nlst8zVonpbxnuCeyjn2mK28X/kuhjUqsZlVb+vlxvX+QNFOIMLqIABV9CANphgAYMX+IBP+CIV0iUWGf5FCyTvnMIK5OkHgsZw7w==</latexit>

Â·2

<latexit sha1_base64="CI1VeM/y9YFsnKq7lE1Au4YpXAo=">AAABwnicZY9LT8JQEIWn+ML6qrp0Q2ShK9Iaoy4xSIILsMrTUNLc3o7kyu3D3ltjU9m59de41R/ivxGkC5Gz+ubMmeSME3ImpK5/K7ml5ZXVtfy6urG5tb2j7e51RBBHFNs04EHUc4hAznxsSyY59sIIiedw7DqjynTffcZIsMBvySTEgUeGPntglMiJZWtHlmTcxYLlxzbOeIqWF/8ZJIltraiX9F8VFsHIoAiZTFt7s9yAxh76knIiRN/QQzlISSQZ5ThWVSskQxQy4ZiiF8pkrFqxwJDQ0cTvm3fVZrXRumxd3zQGaT2pBJ5HfPd0LpXW72tVc/5QvkzjTc5cFGN1Utv4X3IROicl46yk354WyxfZA3k4gEM4BgPOoQw1MKENFN7hAz7hS7lSHpUnRcyiOSW72Yc5Ka8/xF987A==</latexit>

Â‹eÂ‹µÂ‹·

<latexit sha1_base64="Yfyyk7aSyeEPeRXb7n3SiITAL+E=">AAABzXicZY/LTsJQEIaneMN6q7p0Q2TjirSEqEsMIcFEoHIRDCXk9HQkJ5xe0nOqNogrE1/Bp3Grr+DbCNJEkX/1zcz/J//YAWdC6vqXklpZXVvfSG+qW9s7u3va/sGN8KOQYpv63A+7NhHImYdtySTHbhAicW2OHXtUmt079xgK5nstGQfYd8nQY3eMEjldDbS8JRl3MIPWQ+bqDzfmbLnR72E+NAZaVs/pP8osg5FAFhKZA+3FcnwauehJyokQPUMPZH9MQskox4mqWgEZopAxxzG6gYwnqhUJDAgdTfc9s1Fulmuti9ZlvdYfV+OS77rEcwoLrnH1tlI2F4PycWZvcuagmKjT2sb/kstwk88Zpzn9upAtnicPpOEIjuEEDDiDIlTAhDZQeIN3+IBPpa5EypPyPLemlCRzCAtSXr8BQw6AEw==</latexit>

ÂeLÂeRÂµLÂµR

LHC<latexit sha1_base64="Sqww8Wvt+ipGw3HsL2XWv1yvP+M=">AAAB83icZU/LTgJBEJzFF64v1KMXIhfUhOwSoh4RQoKJIMrTMEhmZ1syYXZ3sjOoZMPNv/BmvPoL/od3r/oNAoIJUpeqrqpOui3BmVSG8aGFFhaXllfCq/ra+sbmVmR7pya9nk+hSj3u+Q2LSODMhapiikND+EAci0Pd6mZHef0efMk8t6L6AloO6bjsjlGihlY70sCZi2ounsTA+RGmxKXAAzHAD9HKgY6xPo6jQmDlYcW4DVE+5dvDoTkcLeL/mZkp6+1IzEgYY0TnhTkRMTRBqR15wrZHew64inIiZdM0hGoFxFeMchjoOhakA1L1OQTgCNUf6LgnQRDaHfrN0nWunCtWzirnl8VWUOhnPcchrp2aaQWFm3yuNLuoHkf1Mmc2yMHobPP/kfOilkyYxwnjKhVLn04eCKM9tI/iyEQnKI3yqISqiKJ39Im+0LfW0561F+31txrSJju7aAba2w8eIY0i</latexit>

(2¸ + �pT)

pp æ ÂlÂlú æ l̄l ÂB ÂB

ch
arged

 LSP

ch
arged

 LSP

g–2 + DM explained with
specific (tuned) higgsino mass.

~ stau mass

https://arxiv.org/abs/1811.06465
https://arxiv.org/abs/2104.03217


1. Introduction
Ø Muon g−2 "anomaly"
Ø New physics for (g−2)μ

2.SUSY
Ø Why SUSY?
Ø How MSSM explains (g−2)μ : Four possibilities
Ø Scenario 1: "WHL for g−2"

3.MSSM and Dark Matter
Ø Neutralino dark matter with freeze-out 
Ø Scenario 2: "BLR for g−2"
Ø Scenario 3&4: "BHL and BHR for g−2"

Extra) SUSY-breaking scenarios for g−2
Sho Iwamoto / Muon g−2 for SUSY                   ELTE particle physics seminar, 18 May 2021 / 5045

Agenda

Endo, Hamaguchi, Iwamoto, Kitahara [2001.11025]
Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Kitahara [2104.03217]

Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

Iwamoto, Yanagida, Yokozaki [2104.03223]

https://arxiv.org/abs/2001.11025
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03223


3) BHL scenario 4) BHR scenario

Sho Iwamoto / Muon g−2 for SUSY                   ELTE particle physics seminar, 18 May 2021 / 5046

BHL or BHR for g–2 + DM Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

with old values; needs updatewith old values; needs update

https://arxiv.org/abs/1704.05287
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BHL or BHR for g–2 + DM Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

n Here,
Ø Assumed Slepton universality.
Ø Correct DM density by tuning slepton masses.

n How to search in future?
Ø

Ø because of large tanβ. à multi-τ search.

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="byqTQyJ2WWmYj07NnFWqUJZSN/c=">AAABpnicZY/NTsJAFIVv8Q/rH+rSDZENK9Iaoi4xhAQXYBUKGNrgdHolE6bt2Jkam4ad7+BWH8u3EbQb5FudnHtOcq4nOJPKML61wsbm1vZOcVff2z84PCodnwxklMQUbRrxKB55RCJnIdqKKY4jESMJPI5Db9Zc3oevGEsWhX2VCnQDMg3ZM6NELSzXUYz7WHYUSSbmpFQxasYv5XVh5qICOdak9O74EU0CDBXlRMqxaQjlZiRWjHKc67ojyBSlSjlmGAiVznUnkSgInS38sfXQ6rW6/Zv+7V3XzTppMwoCEvr1lVTWeWy3rNWielvGe5z5KOf6Yrb5f+S6GFzUzMuacV+vNK7zB4pwBudQBROuoAFtsMAGCi/wAZ/wpVW1rmZrw79oQcs7p7CC9vQDgZBw7g==</latexit>

Â·1

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="3LFZju8ufhO2gR/p3t3RmfxIZi4=">AAABu3icZU/LTsJQFDzFF9ZX1aUbIhtX2BqibkwwhAQTwcrbUEJub4/kyu0jvbdq03Rn/Bq3+i/+jaDdILOaM2cmmbEDzoTU9W8lt7K6tr6R31S3tnd297T9g57wo5Bil/rcDwc2EciZh13JJMdBECJxbY59e1qd//vPGArmex0ZBzhyycRjj4wSOZPGWsGSjDtYQOsluT1tpdlpuVEmjLWiXtJ/UVgmRkaKkMEca2+W49PIRU9SToQYGnogRwkJJaMcU1W1AjJBIWOOCbqBjFPVigQGhE5n+tBs1dq1Zue6c3PXHCWNuOq7LvGc8oIraTzUa+ZiUL7O7W3OHBSpOqtt/C+5THpnJeO8pN+Xi5XLbEAejuAYTsCAC6hAHUzoAoV3+IBP+FKuFKo8KfzPmlOyzCEsQIl+APbUeQg=</latexit>

ÂeL/RÂµL/R

<latexit sha1_base64="rS4kPvQiRPRgtEAk8gTovXXf2GU=">AAABpnicZY9LT8JAFIXv4AvrC3XpxsiGFWkJUZcYQoILsAoFDG1wOr2SCdOHnamxadj5H9zqz/LfCNoN8q1Ozj0nOdeNBJdK179JYWNza3unuKvt7R8cHpWOTwYyTGKGFgtFGI9cKlHwAC3FlcBRFCP1XYFDd9Zc3oevGEseBn2VRuj4dBrwZ86oWliOrbjw8NxWNJnUJqWyXtV/OV8XRi7KkGNOSu+2F7LEx0AxQaUcG3qknIzGijOBc02zIzpFqVKBGfqRSueanUiMKJst/LH50Oq1uv2b/u1d18k6aTP0fRp49ZVU1nlst8zVonpbxnuCeyjn2mK28X/kuhjUqsZlVb+vlxvX+QNFOIMLqIABV9CANphgAYMX+IBP+CIV0iUWGf5FCyTvnMIK5OkHgsZw7w==</latexit>

Â·2

<latexit sha1_base64="cIANoY987qar5aOFYD4CRLJyMY0=">AAABynicbY/NTsJAFIVv8Q/rX9WlGyIbExVbQ9QlhpBgIljl11Ak0/ZKJkzbSWcwNg2ueAWfxq0+hG8jaGOCeFZfzj0nOdfmjAqp659KamFxaXklvaqurW9sbmnbO00RDEMHG07AgrBtE4GM+tiQVDJs8xCJZzNs2YPi9N56wlDQwK/LiGPXI32fPlKHyInV0044t2RgScpczJQfDn9JP3r5xz3uaVk9p38rMw9GAllIZPa0seUGztBDXzqMCNExdC67MQkldRiOVNXipI9CRgxj9LiMRqo1FMiJM5j4HfOuVCtV65f1q5tqN65ExcDziO/mZ1Jx5b5cMmeL8nkarzHqohipk9nG35Hz0DzNGWc5/TafLVwkD6RhD/bhAAw4hwKUwYQGOPAKb/AOH8q1EiqREv9EU0rS2YUZKeMvOJd9+w==</latexit>

pp æ ÂH+ ÂH0
, ÂH+ ÂH≠

<latexit sha1_base64="CroB3VSq/eJOtxV5tbFyTleboXU=">AAAB2nicZU/LSsNAFJ34rPEVdemm2I2glESKurNSCnXRGu1Tmhomk2sZOnmQmYghtAtxI279Bb/GrS78GxsbhLZnde55wLmWzygXqvojLSwuLa+sZtbk9Y3NrW1lZ7fFvTAg0CQe84KOhTkw6kJTUMGg4weAHYtB2xqUEr/9CAGnntsQkQ89B/dd+kAJFmPJVC4MQZkN2cq9aggvawgcTpSEHY9G//bRjO2GZnKZSk7Nq3/IzhMtJTmUQjeVF8P2SOiAKwjDnHc11Re9GAeCEgZDWTZ83AcuIgYxOL6IhrIRcvAxGYz1rn5brpdrjcvG1XWtF1ejkuc42LULU6m4elcp69NF8ZTE64zawIfyeLY2O3KetE7y2mlevSnkiufpAxm0jw7QIdLQGSqiCtJRExH0gT7RF/qWDOlZepXeJtEFKe3soSlI77/Wk4YK</latexit>

ÂH0 æ ·Â· , ÂH+ æ · Â‹·

with old values; needs updatewith old values; needs update

https://arxiv.org/abs/1704.05287
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BHL or BHR for g–2 + DM Endo, Hamaguchi, Iwamoto, Yanagi [1704.05287]

n Here,
Ø Assumed Slepton universality.
Ø Correct DM density by tuning slepton masses.

n How to search in future?
Ø

Ø because of large tanβ. à multi-τ search.

<latexit sha1_base64="6P17LDzbKz1En68i8O2a6yot3a8=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9Iaoi5RQgILsPI2lJDp9EomTNtJZzA2DTt/gVv9Y/4bQbtBvtXJueck53pScKUt65vktrZ3dvfy+8bB4dHxSeH0rK+iecywxyIRxUOPKhQ8xJ7mWuBQxkgDT+DAm1VX98ErxopHYVcnEscBnYb8hTOql9bQ1Vz4WHyYFEyrZP1S3BR2JkzIcCaFd9eP2DzAUDNBlRrZltTjlMaaM4ELw3AlnaLSicAUA6mTheHOFUrKZkt/5LRrnVqre99tPLbGaTOpRkFAQ7+8lkqbz/Was17Ub6t4R3Af1cJYzrb/j9wU/euSfVOynspm5S57IA8XcAlXYMMtVKAODvSAgYAP+IQvYpIGcUj7L5ojWecc1iCjH1nVbsg=</latexit>

ÂB

<latexit sha1_base64="byqTQyJ2WWmYj07NnFWqUJZSN/c=">AAABpnicZY/NTsJAFIVv8Q/rH+rSDZENK9Iaoi4xhAQXYBUKGNrgdHolE6bt2Jkam4ad7+BWH8u3EbQb5FudnHtOcq4nOJPKML61wsbm1vZOcVff2z84PCodnwxklMQUbRrxKB55RCJnIdqKKY4jESMJPI5Db9Zc3oevGEsWhX2VCnQDMg3ZM6NELSzXUYz7WHYUSSbmpFQxasYv5XVh5qICOdak9O74EU0CDBXlRMqxaQjlZiRWjHKc67ojyBSlSjlmGAiVznUnkSgInS38sfXQ6rW6/Zv+7V3XzTppMwoCEvr1lVTWeWy3rNWielvGe5z5KOf6Yrb5f+S6GFzUzMuacV+vNK7zB4pwBudQBROuoAFtsMAGCi/wAZ/wpVW1rmZrw79oQcs7p7CC9vQDgZBw7g==</latexit>

Â·1

<latexit sha1_base64="zDpBL28OGMi93XwHrm/Hm7cqEvI=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsTicFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD3NDbt0=</latexit>

ÊW

<latexit sha1_base64="lxz1Cf90K8Tc2ZwSdaJtW4GPHkw=">AAABoXicZY9LT8JAFIXv4AvrC3XphtiNK9IaIi4xhAQWYOVtKCHT6ZVMmLaTzmBsGnb+Arf6x/w3gnaDfKuTc89JzvWk4Epb1jfJ7ezu7R/kD42j45PTs8L5xUBFi5hhn0UiikceVSh4iH3NtcCRjJEGnsChN6+t78NXjBWPwp5OJE4COgv5C2dUr6yRq7nwsdiYFkyrZP1S3BZ2JkzIcKaFd9eP2CLAUDNBlRrbltSTlMaaM4FLw3AlnaHSicAUA6mTpeEuFErK5it/7HTq3Xq799BrPrYnaSupRUFAQ7+8kUpbz426s1nUb+t4V3Af1dJYzbb/j9wWg9uSfVeynspm9T57IA9XcA03YEMFqtAAB/rAQMAHfMIXMUmTOKTzF82RrHMJG5DxD2EZbs4=</latexit>

ÂH

<latexit sha1_base64="3LFZju8ufhO2gR/p3t3RmfxIZi4=">AAABu3icZU/LTsJQFDzFF9ZX1aUbIhtX2BqibkwwhAQTwcrbUEJub4/kyu0jvbdq03Rn/Bq3+i/+jaDdILOaM2cmmbEDzoTU9W8lt7K6tr6R31S3tnd297T9g57wo5Bil/rcDwc2EciZh13JJMdBECJxbY59e1qd//vPGArmex0ZBzhyycRjj4wSOZPGWsGSjDtYQOsluT1tpdlpuVEmjLWiXtJ/UVgmRkaKkMEca2+W49PIRU9SToQYGnogRwkJJaMcU1W1AjJBIWOOCbqBjFPVigQGhE5n+tBs1dq1Zue6c3PXHCWNuOq7LvGc8oIraTzUa+ZiUL7O7W3OHBSpOqtt/C+5THpnJeO8pN+Xi5XLbEAejuAYTsCAC6hAHUzoAoV3+IBP+FKuFKo8KfzPmlOyzCEsQIl+APbUeQg=</latexit>

ÂeL/RÂµL/R

<latexit sha1_base64="rS4kPvQiRPRgtEAk8gTovXXf2GU=">AAABpnicZY9LT8JAFIXv4AvrC3XpxsiGFWkJUZcYQoILsAoFDG1wOr2SCdOHnamxadj5H9zqz/LfCNoN8q1Ozj0nOdeNBJdK179JYWNza3unuKvt7R8cHpWOTwYyTGKGFgtFGI9cKlHwAC3FlcBRFCP1XYFDd9Zc3oevGEseBn2VRuj4dBrwZ86oWliOrbjw8NxWNJnUJqWyXtV/OV8XRi7KkGNOSu+2F7LEx0AxQaUcG3qknIzGijOBc02zIzpFqVKBGfqRSueanUiMKJst/LH50Oq1uv2b/u1d18k6aTP0fRp49ZVU1nlst8zVonpbxnuCeyjn2mK28X/kuhjUqsZlVb+vlxvX+QNFOIMLqIABV9CANphgAYMX+IBP+CIV0iUWGf5FCyTvnMIK5OkHgsZw7w==</latexit>

Â·2

<latexit sha1_base64="cIANoY987qar5aOFYD4CRLJyMY0=">AAABynicbY/NTsJAFIVv8Q/rX9WlGyIbExVbQ9QlhpBgIljl11Ak0/ZKJkzbSWcwNg2ueAWfxq0+hG8jaGOCeFZfzj0nOdfmjAqp659KamFxaXklvaqurW9sbmnbO00RDEMHG07AgrBtE4GM+tiQVDJs8xCJZzNs2YPi9N56wlDQwK/LiGPXI32fPlKHyInV0044t2RgScpczJQfDn9JP3r5xz3uaVk9p38rMw9GAllIZPa0seUGztBDXzqMCNExdC67MQkldRiOVNXipI9CRgxj9LiMRqo1FMiJM5j4HfOuVCtV65f1q5tqN65ExcDziO/mZ1Jx5b5cMmeL8nkarzHqohipk9nG35Hz0DzNGWc5/TafLVwkD6RhD/bhAAw4hwKUwYQGOPAKb/AOH8q1EiqREv9EU0rS2YUZKeMvOJd9+w==</latexit>

pp æ ÂH+ ÂH0
, ÂH+ ÂH≠

<latexit sha1_base64="CroB3VSq/eJOtxV5tbFyTleboXU=">AAAB2nicZU/LSsNAFJ34rPEVdemm2I2glESKurNSCnXRGu1Tmhomk2sZOnmQmYghtAtxI279Bb/GrS78GxsbhLZnde55wLmWzygXqvojLSwuLa+sZtbk9Y3NrW1lZ7fFvTAg0CQe84KOhTkw6kJTUMGg4weAHYtB2xqUEr/9CAGnntsQkQ89B/dd+kAJFmPJVC4MQZkN2cq9aggvawgcTpSEHY9G//bRjO2GZnKZSk7Nq3/IzhMtJTmUQjeVF8P2SOiAKwjDnHc11Re9GAeCEgZDWTZ83AcuIgYxOL6IhrIRcvAxGYz1rn5brpdrjcvG1XWtF1ejkuc42LULU6m4elcp69NF8ZTE64zawIfyeLY2O3KetE7y2mlevSnkiufpAxm0jw7QIdLQGSqiCtJRExH0gT7RF/qWDOlZepXeJtEFKe3soSlI77/Wk4YK</latexit>

ÂH0 æ ·Â· , ÂH+ æ · Â‹·

"2τ (+ soft) + missing"

https://arxiv.org/abs/1704.05287


n The 4.2 σ anomaly*if indeed can be solved by MSSM.

n Bino DM + coannihilation can explain full DM + g−2.

Summary

WHL BLR BHL BHR

Wide parameter still allowed; LHC did well.

annihilation helper! (only if close in mass)

<latexit sha1_base64="EfT4sJWalOnQRyXL42un4z8kwzc=">AAABpnicZY5LT8JAFIVv8YX1VXTphggmrEhLjLrEEBJcgFUpYCjBaXslE6aPdKaQpqn/xK3+Jv+NVbsQOatzv3NucqyAUS5U9VMqbGxube8Ud+W9/YPDI6V0POB+FNpo2D7zw5FFODLqoSGoYDgKQiSuxXBozVvf+XCBIae+1xdxgBOXzDz6Qm0iMjRVSlVzSR0UlDlYNgWJqlOlotbVH5XXjZabCuTSp8qr6fh25KInbEY4H2tqICYJCQW1GaaybEYcA2LPyQwziotUPv+DxvpD+7Hd69/0b+96k6Qbt3zXJZ5zsVpLuk+dtp7KZpAdXMQME3QDEadyNlj7P2/dDBp17bKu3jcqzet8ehFO4QxqoMEVNKEDOhhgwxLe4B0+pJrUkwxp+FstSPnPCaxIev4CXV1vrA==</latexit>e�

eB <latexit sha1_base64="Vp2EGYSYQ4FZ+t1MPUlCVectpcM=">AAABmXicZY5LT8JAFIVv8YX1hbpkYwQTV6QlRl1CCAmagFWehhIyHa5kZNpOOlOSpqm/wa3+M/+NVbsQPatzv3NuchzBmVSG8aHl1tY3Nrfy2/rO7t7+QeHwaCD9MKDYpz73g5FDJHLmYV8xxXEkAiSuw3HoLBpf+XCJgWS+11ORwIlL5h57YpSoFA3KtiJheVooGRXjWyf/jZmZEmSypoUXe+bT0EVPUU6kHJuGUJOYBIpRjomu26FEQeiCzDGluEz0s19obD00u81Or967uetM4nbU8F2XeLOL1Vrcfmw1rUS3RXpIFXGM0RUqSvR0sPl33n8zqFbMy4pxXy3VrrPpeSjCKZyDCVdQgxZY0AcKz/AKb/CuFbW61tJuf6o5Lfs5hhVp3U8tsGrW</latexit>�

<latexit sha1_base64="WD7X6lQ0yqcQ0IKs+4IKqeQrhA0=">AAABm3icZY5LT8JAFIXv4AvrC3VpTIxg4oq0xKhLDCFBI1iVAoYSMh0uZML0kc5A0jT1R7jVP+a/sWoXImd17jnnJp8TCC6Vrn+S3Mrq2vpGflPb2t7Z3SvsH3SkPwsZWswXfthzqETBPbQUVwJ7QYjUdQR2nWntu+/OMZTc99oqCnDg0onHx5xRlUa9kj2hrktLw0JRL+s/Olk2RmaKkMkcFl7tkc9mLnqKCSpl39ADNYhpqDgTmGiaPZMYUDalE0xTnCfa2Z+obz7Vn+ut9k379qE1iJtRzU8xvNHF4ixuvjTqZqLZQXpIFQmM0Q1UlGgpsPEfb9l0KmXjsqw/VorV6ww9D0dwCudgwBVUoQEmWMBAwBu8wwc5JjVyR+5/pzmS/RzCgoj1BVcba6M=</latexit>�

<latexit sha1_base64="EfT4sJWalOnQRyXL42un4z8kwzc=">AAABpnicZY5LT8JAFIVv8YX1VXTphggmrEhLjLrEEBJcgFUpYCjBaXslE6aPdKaQpqn/xK3+Jv+NVbsQOatzv3NucqyAUS5U9VMqbGxube8Ud+W9/YPDI6V0POB+FNpo2D7zw5FFODLqoSGoYDgKQiSuxXBozVvf+XCBIae+1xdxgBOXzDz6Qm0iMjRVSlVzSR0UlDlYNgWJqlOlotbVH5XXjZabCuTSp8qr6fh25KInbEY4H2tqICYJCQW1GaaybEYcA2LPyQwziotUPv+DxvpD+7Hd69/0b+96k6Qbt3zXJZ5zsVpLuk+dtp7KZpAdXMQME3QDEadyNlj7P2/dDBp17bKu3jcqzet8ehFO4QxqoMEVNKEDOhhgwxLe4B0+pJrUkwxp+FstSPnPCaxIev4CXV1vrA==</latexit>e�

WHL

BLR BHL BHR

with old values; needs update with old values; needs update
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n The 4.2 σ anomaly*if indeed can be solved by MSSM.

n Bino DM + coannihilation can explain full DM + g−2.

Summary

WHL BLR BHL BHR

Wide parameter still allowed; LHC did well.

annihilation helper! (only if close in mass)

<latexit sha1_base64="EfT4sJWalOnQRyXL42un4z8kwzc=">AAABpnicZY5LT8JAFIVv8YX1VXTphggmrEhLjLrEEBJcgFUpYCjBaXslE6aPdKaQpqn/xK3+Jv+NVbsQOatzv3NucqyAUS5U9VMqbGxube8Ud+W9/YPDI6V0POB+FNpo2D7zw5FFODLqoSGoYDgKQiSuxXBozVvf+XCBIae+1xdxgBOXzDz6Qm0iMjRVSlVzSR0UlDlYNgWJqlOlotbVH5XXjZabCuTSp8qr6fh25KInbEY4H2tqICYJCQW1GaaybEYcA2LPyQwziotUPv+DxvpD+7Hd69/0b+96k6Qbt3zXJZ5zsVpLuk+dtp7KZpAdXMQME3QDEadyNlj7P2/dDBp17bKu3jcqzet8ehFO4QxqoMEVNKEDOhhgwxLe4B0+pJrUkwxp+FstSPnPCaxIev4CXV1vrA==</latexit>e�

eB <latexit sha1_base64="Vp2EGYSYQ4FZ+t1MPUlCVectpcM=">AAABmXicZY5LT8JAFIVv8YX1hbpkYwQTV6QlRl1CCAmagFWehhIyHa5kZNpOOlOSpqm/wa3+M/+NVbsQPatzv3NuchzBmVSG8aHl1tY3Nrfy2/rO7t7+QeHwaCD9MKDYpz73g5FDJHLmYV8xxXEkAiSuw3HoLBpf+XCJgWS+11ORwIlL5h57YpSoFA3KtiJheVooGRXjWyf/jZmZEmSypoUXe+bT0EVPUU6kHJuGUJOYBIpRjomu26FEQeiCzDGluEz0s19obD00u81Or967uetM4nbU8F2XeLOL1Vrcfmw1rUS3RXpIFXGM0RUqSvR0sPl33n8zqFbMy4pxXy3VrrPpeSjCKZyDCVdQgxZY0AcKz/AKb/CuFbW61tJuf6o5Lfs5hhVp3U8tsGrW</latexit>�

<latexit sha1_base64="WD7X6lQ0yqcQ0IKs+4IKqeQrhA0=">AAABm3icZY5LT8JAFIXv4AvrC3VpTIxg4oq0xKhLDCFBI1iVAoYSMh0uZML0kc5A0jT1R7jVP+a/sWoXImd17jnnJp8TCC6Vrn+S3Mrq2vpGflPb2t7Z3SvsH3SkPwsZWswXfthzqETBPbQUVwJ7QYjUdQR2nWntu+/OMZTc99oqCnDg0onHx5xRlUa9kj2hrktLw0JRL+s/Olk2RmaKkMkcFl7tkc9mLnqKCSpl39ADNYhpqDgTmGiaPZMYUDalE0xTnCfa2Z+obz7Vn+ut9k379qE1iJtRzU8xvNHF4ixuvjTqZqLZQXpIFQmM0Q1UlGgpsPEfb9l0KmXjsqw/VorV6ww9D0dwCudgwBVUoQEmWMBAwBu8wwc5JjVyR+5/pzmS/RzCgoj1BVcba6M=</latexit>�

<latexit sha1_base64="EfT4sJWalOnQRyXL42un4z8kwzc=">AAABpnicZY5LT8JAFIVv8YX1VXTphggmrEhLjLrEEBJcgFUpYCjBaXslE6aPdKaQpqn/xK3+Jv+NVbsQOatzv3NucqyAUS5U9VMqbGxube8Ud+W9/YPDI6V0POB+FNpo2D7zw5FFODLqoSGoYDgKQiSuxXBozVvf+XCBIae+1xdxgBOXzDz6Qm0iMjRVSlVzSR0UlDlYNgWJqlOlotbVH5XXjZabCuTSp8qr6fh25KInbEY4H2tqICYJCQW1GaaybEYcA2LPyQwziotUPv+DxvpD+7Hd69/0b+96k6Qbt3zXJZ5zsVpLuk+dtp7KZpAdXMQME3QDEadyNlj7P2/dDBp17bKu3jcqzet8ehFO4QxqoMEVNKEDOhhgwxLe4B0+pJrUkwxp+FstSPnPCaxIev4CXV1vrA==</latexit>e�

WHL

BLR BHL BHR

with old values; needs update with old values; needs update

wait for HL-LHC (neutralino-chargino, sleptons)

ILC (other ideas?) all degenerate = difficult

will be covered by
HL-LHC + XENONnT
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