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[Muon g-2 Collab. 2023, 2308.06230]

FNAL Run-2/3 data confirmed the previous results

Now, we know  very preciselyaμ(Exp)

aμ(Exp) =
(g − 2)μ

2
(Exp) = 116 592 059(22) × 10−11

factor of two improved

https://arxiv.org/abs/2308.06230
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Current status of  vs aμ(Exp) aμ(SM)

Data-driven Lattice from [Bi, et al] 

Hadronic-vacuum polarization

 [BMW, 2002.12347]

H

plotted by S. Iwamoto

https://inspirehep.net/literature/1832266
https://arxiv.org/abs/2002.12347
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Current status of  vs aμ(Exp) aμ(SM)
[Keshavarzi, Lattice2023]

H [CMD-3, 2302.08834, 2309.12910]
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https://indico.fnal.gov/event/57249/contributions/271581/attachments/169901/228227/AKeshavarzi_Lattcie2023_19-07-23.pdf
https://arxiv.org/abs/2302.08834
https://arxiv.org/abs/2309.12910
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Prospects of aμ(Th)

Long-distance contribution to HVP (BMW) has not been cross-checked by other lattice 

The intermediate window observables (⅓ of the total HVP) have been cross-checked well 

CMD-2, CMD-3 and SND collaborations are using the same facility, but only CMD-3 

provides the different result of the  cross section  

New analysis of BaBar (in 2024), update analysis of SND, update and new analysis of 

BES III, update and new blind analysis of KLOE, and Belle II result (in 2025) of the  

cross sections will be reported in near future  

Next theory consensus value will be announced in near future 

MUonE (space-like HVP) final-goal result will be announced in LHC Run 4 (~2030)

π+π−

π+π−

[see details, Statement of  the Muon g-2 Theory Initiative]

https://muon-gm2-theory.illinois.edu/
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Naive new physics mass scale

QED EW Hadronic vacuum 
polarization (HVP)

Hadronic light-
by-light (HLbL)

+

New physics (NP)
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g2NP

M2
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 TeV scale NP (e.g., Supersymmetry) with large  (e.g.,  enhancement, chiral enhancement) 

MeV scale NP with small  (e.g.,  )

gNP tan β

gNP gNP ∼ 10−3

Δaμ ≡ aμ(Exp) − aWP
μ (SM) = (24.9 ± 4.8) × 10−10 (5.1σ)

MNP ≈ gNP × 150 GeV



New physics scenarios on market



Teppei Kitahara (ITP, CAS), Dark Ma0er Studies in Accelerator Physics, Sep 27, 2023, Padova
Supersymmetric interpretaDon of the muon g-2 anomaly

/ 218

New physics interpretations 

NP type diagrams mass range probe

Supersymmtery 200～500 GeV

Leptoquark 1.5～2.1 TeV

Vector-like lepton 100 GeV～1 TeV

Scalar extensions
10～100 GeV (A), 

 150～300 GeV (H)

Axion-like particle 40 MeV～200 GeV

U(1) Lμ-Lτ 10～200 MeV
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See [Endo, Iwamoto, TK, High Energy News, 2021] for details
H
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https://www.jahep.org/hepnews/2021/40-2-2-g2.pdf
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h ! µ+µ�
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K ! µ⌫Z 0, µe ! µeZ 0
<latexit sha1_base64="j2PhCpA15VURTvSSRQuBnHFgN4A="></latexit>

See [Endo, Iwamoto, TK, High Energy News, 2021] for details

WIMP 
DM!!

Light N
P

https://www.jahep.org/hepnews/2021/40-2-2-g2.pdf
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Supersymmetry and WIMP DM

Fundamental motivation of Supersymmetry (SUSY): hierarchy problem, vacuum stability, 

gauge coupling unification 

Extra advantages: there are natural parameter regions for WIMP dark matter and muon g-2

https://ific.uv.es/sct/physics_susy

Lightest SUSY particle is  
a WIMP dark matter candidate

Large muon g-2 contribution



Teppei Kitahara (ITP, CAS), Dark Ma0er Studies in Accelerator Physics, Sep 27, 2023, Padova
Supersymmetric interpretaDon of the muon g-2 anomaly

/ 2111

 enhancementtan β
  is a free parameter with  

When , the SUSY muon Yukawa  is enhanced by 

tan β ≡ vu/vd vSM = v2
u + v2

d

vd ≪ vu ↔ tan β ≫ 1 ySUSY
μ tan β = 𝒪(10)

✓
H

+

v +H
0

◆

SM
<latexit sha1_base64="o/pJYCDM6w5MhAmHJxw+l0PCyaQ=">AAACG3icbVDLSgNBEJz1GddX1KOXwSAIgbAbBT0GvMSDENE8IJuE2UknGTI7u8zMBsOS//Dir3jxoIgnwYN/4+SBaGJBQ1HVTXeXH3GmtON8WUvLK6tr66kNe3Nre2c3vbdfUWEsKZRpyENZ84kCzgSUNdMcapEEEvgcqn7/cuxXByAVC8WdHkbQCEhXsA6jRBuplc57PnSZSKKAaMnuR3axmfU8e5AtNh3bA9H+cVqJJwN8ez1qpTNOzpkALxJ3RjJohlIr/eG1QxoHIDTlRKm660S6kRCpGeUwsr1YQURon3ShbqggAahGMvlthI+N0sadUJoSGk/U3xMJCZQaBr7pNIf21Lw3Fv/z6rHuXDQSJqJYg6DTRZ2YYx3icVC4zSRQzYeGECqZuRXTHpGEahOnbUJw519eJJV8zj3N5W/OMoWrWRwpdIiO0Aly0TkqoCIqoTKi6AE9oRf0aj1az9ab9T5tXbJmMwfoD6zPb2K0oQg=</latexit>
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Holomorphy and  
gauge anomaly

mµ = ySMµ v
<latexit sha1_base64="J2ZgS5qwr59hGtEhHZodhEAZkSU=">AAACBXicbZDNSsNAFIUn9a/Wv6hLXQwWwVVJqqAboejGjVDRtkITw2Q6aYfOJGFmUgghGze+ihsXirj1Hdz5Nk7bLLT1wMDHufdy5x4/ZlQqy/o2SguLS8sr5dXK2vrG5pa5vdOWUSIwaeGIReLeR5IwGpKWooqR+1gQxH1GOv7wclzvjIiQNArvVBoTl6N+SAOKkdKWZ+5zL3N4ksNzmE7pIXMEh7fXORx5ZtWqWRPBebALqIJCTc/8cnoRTjgJFWZIyq5txcrNkFAUM5JXnESSGOEh6pOuxhBxIt1sckUOD7XTg0Ek9AsVnLi/JzLEpUy5rzs5UgM5Wxub/9W6iQrO3IyGcaJIiKeLgoRBFcFxJLBHBcGKpRoQFlT/FeIBEggrHVxFh2DPnjwP7XrNPq7Vb06qjYsijjLYAwfgCNjgFDTAFWiCFsDgETyDV/BmPBkvxrvxMW0tGcXMLvgj4/MH+vCYOw==</latexit>

ySUSY
µ = ySMµ

v

vd
= ySMµ

1

cos�
' ySMµ tan�

<latexit sha1_base64="Cn3Df+xVcKJXgM9ES5eq/Ebm4fY="></latexit>

mµ = ySUSY
µ vd

<latexit sha1_base64="cwCbZPc2k3t1LOlYb7N7wtUM8ls="></latexit>0 0

SM
SUSY

<latexit sha1_base64="53a2PAttvq+1buLUbCccVVWnq0g=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUTdC0Y3LCvYB7VAyaaYNTTJjkimUod/hxoUibv0Yd/6N6XQW2nrgcg/n3EtuThBzpo3rfjuFtfWNza3idmlnd2//oHx41NJRoghtkohHqhNgTTmTtGmY4bQTK4pFwGk7GN/N/faEKs0i+WimMfUFHkoWMoKNlXzR74kE3aCs98sVt+pmQKvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwins1Iv0TTGZIyHtGupxIJqP82OnqEzqwxQGClb0qBM/b2RYqH1VAR2UmAz0sveXPzP6yYmvPZTJuPEUEkWD4UJRyZC8wTQgClKDJ9agoli9lZERlhhYmxOJRuCt/zlVdK6qHqX1dpDrVK/zeMowgmcwjl4cAV1uIcGNIHAEzzDK7w5E+fFeXc+FqMFJ985hj9wPn8A9eGRlg==</latexit>mµ = mµ
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SUSY interpretations

Four types of diagrams are responsible to explain g-2 (three particles must be light):

1, WHL scenario 2, BLR scenario 3, BHL scenario 4, BHR scenario 

All diagrams are proportional to  →  effectively large  → TeV scale tan β = 𝒪(10) gNP

3, BHL and 4, BHR are constrained from dark matter direct detection (XENON1T)
[Endo, Hamaguchi, Iwamoto, Yanagi, 1704.05287; Baum, Carena, Shah, Wagner, 2104.03302]

12

1, WHL and 2, BLR → Good candidate

https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03302
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Bino-stau coannihilation 
with correct ΩDM

BLR + bino-stau coannihilation

Large μ with small  is  
favored in this study  
(BHR gives negative contribution) 

tan β

+ universal slepton mass

Benchmark points

stau mass < 200 GeV  
→ good target for ILC500 

[Endo, Hamaguchi, Iwamoto, TK, 2104.03217]
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<latexit sha1_base64="U3lM4qEkHAPydmRPaJiasYO6+yE="></latexit>

strong bound from:

XENONnT (DM direct detection) 
can probe this scenario 

Benchmark point

https://arxiv.org/abs/2209.13935
https://arxiv.org/abs/2104.03217
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 WHL scenario (without DM)

m
uon g-2

Excluded

[Chakraborti, Heinemeyer, Saha, 
Schappacher, 2112.01389; 
Baum, Carena, Ou, Rocha, Shah, 
Wagner, 2303.01523]

For WIMP dark matter, bino-
wino coannihilation can 
explain the DM relic density

[Endo, Hamaguchi, Iwamoto, TK, 2001.11025]

light sleptonlight EWkino

M1 : M2 : µ = 1 : 2 : 4
<latexit sha1_base64="wIuz4ZvBW+msT0H3xOtqV7tlR0U=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFclSQWlIBQdOOmUME+oA1hMp20Q2cmYWYiltJfceNCEbf+iDv/xmmbhbYeuHA4517uvSdKGVXacb6ttfWNza3twk5xd2//4NA+KrVUkklMmjhhiexESBFGBWlqqhnppJIgHjHSjka3M7/9SKSiiXjQ45QEHA0EjSlG2kihXaqHrl8PPb/HM3jt+p5fDe2yU3HmgKvEzUkZ5GiE9levn+CME6ExQ0p1XSfVwQRJTTEj02IvUyRFeIQGpGuoQJyoYDK/fQrPjNKHcSJNCQ3n6u+JCeJKjXlkOjnSQ7XszcT/vG6m46tgQkWaaSLwYlGcMagTOAsC9qkkWLOxIQhLam6FeIgkwtrEVTQhuMsvr5KWV3EvKt59tVy7yeMogBNwCs6BCy5BDdyBBmgCDJ7AM3gFb9bUerHerY9F65qVzxyDP7A+fwCdDpI4</latexit>

Benchmark point

m(�̃±
1 ) = 500GeV

<latexit sha1_base64="d0zYBxEj+/yS1h6tjH1WbFsABjo="></latexit>
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ILC1TeV can probe  
these arrowed regions 
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strong bound from:

tan� = 40
<latexit sha1_base64="UruxqF/y257M+pmL5vIWInsB970=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6EUoevFYwX5AE8pmu2mXbjZhdyKU0r/hxYMiXv0z3vw3btsctPXBwOO9GWbmhakUBl3321lb39jc2i7sFHf39g8OS0fHLZNkmvEmS2SiOyE1XArFmyhQ8k6qOY1Dydvh6G7mt5+4NiJRjzhOeRDTgRKRYBSt5PtIlR9ypDc1t1cquxV3DrJKvJyUIUejV/ry+wnLYq6QSWpM13NTDCZUo2CST4t+ZnhK2YgOeNdSRWNugsn85ik5t0qfRIm2pZDM1d8TExobM45D2xlTHJplbyb+53UzjK6DiVBphlyxxaIokwQTMguA9IXmDOXYEsq0sLcSNqSaMrQxFW0I3vLLq6RVrXiXlepDrVy/zeMowCmcwQV4cAV1uIcGNIFBCs/wCm9O5rw4787HonXNyWdO4A+czx9G+JEu</latexit>

m
uon g-2

https://arxiv.org/abs/2112.01389
https://arxiv.org/abs/2303.01523
https://arxiv.org/abs/2001.11025
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strong bound from:
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light sleptonlight EWkino
Benchmark point

m(�̃±
1 ) = 500GeV

<latexit sha1_base64="d0zYBxEj+/yS1h6tjH1WbFsABjo="></latexit>

M1 = 100GeV
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Point:  decays into h. In general, W̃0
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1 Z) ∼ O(0.1)
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Light bino scenario is 
severely constrained
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tan� = 40
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 WHL scenario (without DM)
[Endo, Hamaguchi, Iwamoto, TK, 2001.11025]

https://arxiv.org/abs/2001.11025
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WHL + bino-wino coannihilation scenario

Bino mass  is fixed by the relic abundance; bino-wino coannihilation M1

[Baum, Carena, Ou, Rocha, Shah, Wagner, 2303.01523]

 within 2σ
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2. radiative decay BR is large
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“blind spot ( )”MSI = 0

https://arxiv.org/abs/2303.01523
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MSSM + Gravitino (GMSB)

In the gauge-mediation SUSY breaking, the lightest neutralino promptly decays into 

(~massless) gravitino , and no bound from DM direct detection+γ/Z/h

[Chakraborti, Iwamoto, Kim, Masełek, 2202.12928]

Neutralino NLSP Neutralino NLSPSlepton NLSP Slepton NLSP

https://arxiv.org/abs/2202.12928
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UV model

For muon g-2 anomaly, light slepton and light electroweakino are required  

Under the GUT relation , a large portion of the parameter space 

is constrained by direct gluino searches  

Several theories can predict   

a UV completion: mirage/mixed modulus-anomaly mediation 

< 𝒪(500)GeV

M1 : M2 : M3 ≃ 1 : 2 : 6

M1, M2 ≪ M3

M1 : M2 : M3 ' (1 + 0.83↵) : (2 + 0.25↵) : (6�2.25↵)
<latexit sha1_base64="PzAjA8LVsZekCYr5wq+6Ze2LBlI="></latexit>

[Jeong, Kawamura, Park,2106.04238]

 is a rational number determined by underlying string compactificationα

α = − 2 → M1 : M2 : M3 ≃ 1 : − 2 : − 16

https://arxiv.org/abs/2106.04238
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Slepton search via photon collision

Novel idea: slepton can be probed via photon collision in the LHC [Beresford, Liu, 1811.06465]

pp ! ��pp ! è̀ ⇤
!

�
`e�0

1

� �
¯̀e�0

1

�
<latexit sha1_base64="8VjLoHBIokEA0HAbEgxjIv/FDSs="></latexit>

1, measure outgoing proton 
~~Ep by forward detector
2, measure lepton four-
~~momentum 
3,  reconstruct missing 
~~momentum

Slepton mass gap could be covered. 

Proton soft survival probability  

ATLAS first result [ATLAS, 
2009.14537] agrees on 
[Dyndal et al, 1410.2983]

BLR scenario

Bkg

https://arxiv.org/abs/1811.06465
https://arxiv.org/abs/2009.14537
https://arxiv.org/abs/1410.2983
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Reconstruction  from ILC measurementsaSUSY
μ

When all charged-sleptons are measured in the ILC500, one can reconstruct SUSY contribution 

to the muon g-2 [Endo, Hamaguchi, Iwamoto, TK, Moroi, 1310.4496 + Kawada, Suehara, 2203.07056]

Based on SPS1a’ model-point study [0902.2434]

µ̃L
<latexit sha1_base64="8b7E96zjSvex0/KGXYFK6a2anuA=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXBjQuRCvYBTQiTybQdOjMJMxMhhPgrblwo4tYPceffOG2z0NYDFw7n3Mu994QJo0o7zrdVWVvf2Nyqbtd2dvf2D+zDo56KU4lJF8csloMQKcKoIF1NNSODRBLEQ0b64fR65vcfiVQ0Fg86S4jP0VjQEcVIGymw656mLCK5x9MiyD3J4W0R2A2n6cwBV4lbkgYo0QnsLy+KccqJ0JghpYauk2g/R1JTzEhR81JFEoSnaEyGhgrEifLz+fEFPDVKBEexNCU0nKu/J3LElcp4aDo50hO17M3E/7xhqkdXfk5Fkmoi8GLRKGVQx3CWBIyoJFizzBCEJTW3QjxBEmFt8qqZENzll1dJr9V0z5ut+4tG+66MowqOwQk4Ay64BG1wAzqgCzDIwDN4BW/Wk/VivVsfi9aKVc7UwR9Ynz8foZUb</latexit>

µ̃R
<latexit sha1_base64="3gyx1/3Zh39lXzA21vtfVlD4EMk=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiRV0GXBjSupYh/QhDCZTNqhM5MwMxFCqL/ixoUibv0Qd/6N0zYLbT1w4XDOvdx7T5gyqrTjfFuVtfWNza3qdm1nd2//wD486qkkk5h0ccISOQiRIowK0tVUMzJIJUE8ZKQfTq5nfv+RSEUT8aDzlPgcjQSNKUbaSIFd9zRlESk8nk2DwpMc3k8Du+E0nTngKnFL0gAlOoH95UUJzjgRGjOk1NB1Uu0XSGqKGZnWvEyRFOEJGpGhoQJxovxifvwUnholgnEiTQkN5+rviQJxpXIemk6O9FgtezPxP2+Y6fjKL6hIM00EXiyKMwZ1AmdJwIhKgjXLDUFYUnMrxGMkEdYmr5oJwV1+eZX0Wk33vNm6u2i0b8s4quAYnIAz4IJL0AY3oAO6AIMcPINX8GY9WS/Wu/WxaK1Y5Uwd/IH1+QMov5Uh</latexit>

parameters processes precisions

O(0.1)%

12%

O(1)%

— 13%

< 4%

e+e− → μ̃+μ̃−

e+e− → τ̃+τ̃−

e+e− → ẽ+ẽ−

mµ̃L , mµ̃R , m�̃0
1

<latexit sha1_base64="96wLPR88tJoRUNdJlVhkv8pNeS0=">AAACMXicbVDLSsNAFJ3UV62vqEs3g0VwUUpSBV0WdNGFiyr2AU0Mk8m0HTqThJmJUEJ+yY1/Im66UMStP+G0zULbHrhw5px7mXuPHzMqlWVNjMLa+sbmVnG7tLO7t39gHh61ZZQITFo4YpHo+kgSRkPSUlQx0o0FQdxnpOOPbqZ+55kISaPwUY1j4nI0CGmfYqS05JkN7qWOoiwgqcOTTD8Eh3dZVnEqq5yHRQcPaebZT1bmmWWras0Al4mdkzLI0fTMNyeIcMJJqDBDUvZsK1ZuioSimJGs5CSSxAiP0ID0NA0RJ9JNZxdn8EwrAexHQleo4Ez9O5EiLuWY+7qTIzWUi95UXOX1EtW/dlMaxokiIZ5/1E8YVBGcxgcDKghWbKwJwoLqXSEeIoGw0iGXdAj24snLpF2r2hfV2v1luX6bx1EEJ+AUnAMbXIE6aIAmaAEMXsA7+ACfxqsxMb6M73lrwchnjsE/GD+/grOrkw==</latexit>

µ̃L-µ̃R mixing
<latexit sha1_base64="7LjBRpsp3kpTfvb5PrHklhVr6ow=">AAACJnicbVA9SwNBEN3zM8avqKXNYhAsNNypoI0gaGFhoWJUyIWwt5nExd29Y3dODMf9Ghv/io1FRMTOn+ImXqHGBwOP92aYmRclUlj0/Q9vbHxicmq6NFOenZtfWKwsLV/ZODUc6jyWsbmJmAUpNNRRoISbxABTkYTr6O5o4F/fg7Ei1pfYS6CpWFeLjuAMndSqHIQoZBuyUKV5KwuNoqd5iPCA2VY+Yl0UVripxIPQ3bxVqfo1fwg6SoKCVEmBs1alH7ZjnirQyCWzthH4CTYzZlBwCXk5TC0kjN+xLjQc1UyBbWbDN3O67pQ27cTGlUY6VH9OZExZ21OR61QMb+1fbyD+5zVS7Ow3M6GTFEHz70WdVFKM6SAz2hYGOMqeI4wb4W6l/JYZxtElW3YhBH9fHiVX27Vgp7Z9vls9PC7iKJFVskY2SED2yCE5IWekTjh5JM+kT169J+/Fe/Pev1vHvGJmhfyC9/kFyj2n0A==</latexit>

g̃1,L, g̃1,R
<latexit sha1_base64="g1m8KQxWJhbpoKXLWuL0PdH8ms4=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwUUtSBV0WdOHCRRX7gCaEyWTSDp1MwsxEKCFf4cZfceNCEbfizr9x2mahrQcuHM65l3vv8RNGpbKsb6O0tLyyulZer2xsbm3vmLt7HRmnApM2jlksej6ShFFO2ooqRnqJICjyGen6o8uJ330gQtKY36txQtwIDTgNKUZKS5554ijKApINci+za5kjIniT5zWntqjf5blnVq26NQVcJHZBqqBAyzO/nCDGaUS4wgxJ2betRLkZEopiRvKKk0qSIDxCA9LXlKOISDebvpXDI60EMIyFLq7gVP09kaFIynHk684IqaGc9ybif14/VeGFm1GepIpwPFsUpgyqGE4yggEVBCs21gRhQfWtEA+RQFjpJCs6BHv+5UXSadTt03rj9qzavCriKIMDcAiOgQ3OQRNcgxZoAwwewTN4BW/Gk/FivBsfs9aSUczsgz8wPn8AQgqfbQ==</latexit>

areconst.µ
<latexit sha1_base64="RS7l8AegeWfp4z8OtSdb8l3AM3s=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5BUQZcFN66kgn1AE8NkOmmHzkzCzEQoMQt/xY0LRdz6G+78G6dtFtp64MLhnHu5954oZVRp1/22lpZXVtfWKxvVza3tnV17b7+tkkxi0sIJS2Q3QoowKkhLU81IN5UE8YiRTjS6mvidByIVTcSdHqck4GggaEwx0kYK7UMU5j7PivvclxxKghOhtFOEds113CngIvFKUgMlmqH95fcTnHEiNGZIqZ7npjrIkdQUM1JU/UyRFOERGpCeoQJxooJ8en8BT4zSh3EiTQkNp+rviRxxpcY8Mp0c6aGa9ybif14v0/FlkFORZpoIPFsUZwzqBE7CgH1qPtZsbAjCkppbIR4iibA2kVVNCN78y4ukXXe8M6d+e15r3JRxVMAROAanwAMXoAGuQRO0AAaP4Bm8gjfryXqx3q2PWeuSVc4cgD+wPn8AdMCWag==</latexit>

ath error
µ
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if m�̃±
1
> 1TeV
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Note:              would deviate at O(1-10)% from 
U(1)Y gauge coupling due to several SUSY 
contributions

g̃1,L/R
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https://arxiv.org/abs/1310.4496
https://arxiv.org/abs/2203.07056
https://arxiv.org/abs/0902.2434
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Summary

Standard model prediction of the muon g-2 is currently controversial, but the consensus 

prediction provides  tension 

Other lattice group results/ BaBar, KLOE,  BES III,  SND, Belle II new results/ MUonE result 

will shed light on the HVP contributions 

SUSY interpretations of the muon g-2 with WIMP dark matter still work (only the following two 

region in MSSM) 

Wino-Higgsino-LH slepton (WHL) contribution to muon g-2 with bino-wino coannihilation 

Bino-LH-RH sleptons (BLR) contribution to muon g-2 with bino-stau coannihilation 

ILC can reconstruct a SUSY contribution to muon g-2

5.1σ

< ILC 1TeV

< ILC 500GeV
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