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FNAL Run-2/3 data confirmed the previous results

Now, we know aﬂ(Exp) very precisely

[Muon g-2 Collab. 2023, 2308.06230]
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https://arxiv.org/abs/2308.06230

Current status of a,(Exp) vs a,(SM)
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https://inspirehep.net/literature/1832266
https://arxiv.org/abs/2002.12347

Current status of a,(Exp) vs a,(SM)
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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

Prospects of aﬂ(Th)

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

2 Long-distance contribution to HVP (BMW) has not been cross-checked by other lattice
¢ The intermediate window observables (¥ 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 777~ cross section

¢ New analysis of BaBar (in 2024), update analysis of SND, update and new analysis of
BES Ill, update and new blind analysis of KLOE, and Belle Il result (in 2025) of the 777~

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)
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https://muon-gm2-theory.illinois.edu/

\ 4

\ 4

Naive new physics mass scale

PN

Aa, = a,(Exp) —a)"(SM) = (24.9 £4.8) x 107 (5.10)

QED EW Hadronic vacuum Hadronic light-

polarization (HVP) by-light (HLbL) New physics (NP)
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Myp =~ gnp X 150 GeV
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TeV scale NP (e.g., Supersymmetry) with large gyp (e.g., tan  enhancement, chiral enhancement)

MeV scale NP with small gyp (e.8., gnp ~ 1077)
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New physics scenarios on market



NeW thSiCS inte rp retatiOnS See [Endo, Iwamoto, TK, High Energy News, 2021] for details
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https://www.jahep.org/hepnews/2021/40-2-2-g2.pdf

NeW thSiCS inte rp retatiOnS See [Endo, Iwamoto, TK, High Energy News, 2021] for details

NP type diagrams mass range
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https://www.jahep.org/hepnews/2021/40-2-2-g2.pdf

Supersymmetry and WIMP DM

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

-~ W/B W :
- 10

gauge coupling unification zz--Q__f_z

Q
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h i

Log,o(Q/GeV)

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

Standard Model particles Supersymmetric partners
0000 W®
Q000 @&
QOO G

QO U

w quarks
@ force particles

Lightest SUSY particle is
a WIMP dark matter candidate

Large muon g-2 contribution

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

tanp = v, /v, is a free parameter with vey; = \/VL% + VC%

T = (o) (™)
0 0 _
(U+H SM Uy + Hy H SUSY
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gauge anomaly SUSY
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¢ Wheny, <Ky, < tanp > 1, the SUSY muon Yukawa yiUSY is enhanced by tan / = O(10)
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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
WE_fx UL ~[R ~ _
W=-H"7r /’x\:ﬂ /l:_l!:{r‘ /’I:l_l-}{{r’

II \\ )/ ‘\ ; \\
—————— —.-—Egegﬁmﬁa—h— —h—'%ﬂvﬁé@%%—h—
HL . HR HL o MR ML ~" o~ HR HL ~ "~ MR
Vi B B-Hg Hq4-B

4 All diagrams are proportional to tan f = O(10) — effectively large gnp = TeV scale

¢ 1, WHL and 2, BLR — Good candidate

3, BHL and 4, BHR are constrained from dark matter direct detection (XENONZ1T)
|[Endo, Hamaguchi, lIwamoto, Yanagi, 1704.05287; Baum, Carena, Shah, Wagner, 2104.03302]
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https://arxiv.org/abs/1704.05287
https://arxiv.org/abs/2104.03302

BLR + bino-stau coannihilation
|[Endo, Hamaguchi, lIwamoto, TK, 2104.03217]
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https://arxiv.org/abs/2209.13935
https://arxiv.org/abs/2104.03217

WHL scenario (without DM)

|[Endo, Hamaguchi, Iwamoto, TK, 2001.11025]
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https://arxiv.org/abs/2001.11025

WHL scenario (without DM)

|[Endo, Hamaguchi, lIwamoto, TK, 2001.11025]
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https://arxiv.org/abs/2001.11025

excluded by soft slepton searches

WHL + bino-wino coannihilation scenario

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

¢ Bino mass M, is fixed by the relic abundance; bino-wino coannihilation
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https://arxiv.org/abs/2303.01523

u [GeV]

MSSM + Gravitino (GMSB)

[Chakraborti, Iwamoto, Kim, Masetek, 2202.12928]

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

(~massless) gravitino +y/Z/h, and no bound from DM direct detection
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https://arxiv.org/abs/2202.12928

UV model

L 4 For muon g-2 anomaly, light slepton and light electroweakino are required < O(500)GeV

4 Under the GUT relation M| : M, : M, ~ 1 : 2 : 6, a large portion of the parameter space

Is constrained by direct gluino searches
¢ Several theories can predict M, M, < M,

2 a UV completion: mirage/mixed modulus-anomaly mediation
[Jeong, Kawamura, Park,2106.04238]

My : My : My~ (1+0.83a) : (2+ 0.250) : (6—2.250)

a Is a rational number determined by underlying string compactification

a=—2->M,: My, My;~1:-2:-16

M,(TeV)/M,
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Slepton search via photon collision

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

A ~0\ (70
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Reconstruction a>Y>Y from ILC measurements

H

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

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

Based on SPS13a’ model-point study [0902.2434]
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Summary

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

prediction provides 5.10 tension

¢ Other lattice group results/ BaBar, KLOE, BES Ill, SND, Belle Il 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

<|LC 1TeV
. Bino-LH-RH sleptons (BLR) contribution to muon g-2 with bino-stau coannihilation

< ILC 500GeV

¢ ILC can reconstruct a SUSY contribution to muon g-2
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