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Muon g-2 in the MSSM

[J. L. Lopes, D. V. Nanopoulos, X. Wang, ’93; U. Chattopadhyay, P. Nath, ’96; T. Moroi, 96,...]
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We consider the case where
only the smuons and the bino are light




Vacuum instability

Scalar potential V

V=V + V34 V4,

Vo =m2 | H|?> +m2 |0.]* + m2 | fir|?,

Vs = ADHIL il + hee,

Vi =Au|H|* + Ao HP[CL? + Apr|H P |fug|* + <(H' L) (0, H) \
+ ALl + Arlfir|* + Aprllo | fir)?, |

¥ EW vacuum .




Vacuum metastability
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Bubble nucleation rate

v = Ae P

B = Sg(¢B) — Se(vr)

[S. R. Coleman, ’77; C. G. Callan Jr., S. R. Coleman, ’77]

Bounce

O(4) symmetric solution of Euclidean EoM
connecting the true vacuum and the false vacuum
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[gradient flow method: S. Chigusa, T. Moroi, Y.Shoji, '19; R. Sato, '19]



Bubble nucleation rate

[S. R. Coleman, ’77; C. G. Callan Jr., S. R. Coleman, ’77]

/y ,/46 — B Calculation of prefactor in phenomenology

Standard model
[G. Isidori, G. Ridolfi, A. Strumia, 01]

MSSM slepton w/o gauge
B =S5E (¢B) — SE (UF) [M. Endo, T. Moroi, M. M. Nojiri, YS, 15]

B Prescription for gauge zero modes

_ [IM. Endo, T. Moroi, M. M. Nojiri, YS, 17]
A = 271 Feng — AA#:c€) AW)

47'(' 2 Standard model w/ correct treatment of zero modes

[A. Andreassen, W. Frost, M. D. Schwartz, 17;
S. Chigusa, T. Moroi, YS, 17, 18]

(£+1)2

cC —1/2 -2 B
e _ det M [ det’ M det’ ML) dot METD\
det /\7(()65) det /\78590) det A/ZgSLsO) e det M\ESLQD) :

Gauge zero modes for multi-field bounce
[S. Chigusa, T. Moroi, YS, 20]

=2
(£+1)(£+2)

> det MW i
AW = H (d tﬂéﬁ)) ’ MSSM smuon full one-loop
=0 \EEV VR [S. Chigusa, T. Moroi, YS, 22]




Analysis

Energy scale

MSSM

Standard Model

Brookhaven __,
result

Fermilab
result -

SUSY relations

19.0 195 200 205 210 215
a,x10° - 1165900

Standard Model + Smuons + Bino EFT

Two loop RGE

Match SM couplings

Standard Model




Muon g-2

Required size of the tri-linear coupling

(to explain the central value)
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(We also include the SUSY correction to the muon Yukawa coupling)

[P. von Weitershausen, M. Schafer, H. Stockinger-Kim, D. Stockinger, ’10]



Bubble nucleation rate

Bino Mass (GeV)

Contours of the decay rate
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1600~ -
_ ) Solid: tanbeta=10
1400— BN \\ N Dashed: tanbeta:50—:
1200} AN :
1000} :
8002_ —  §.:=300 ]
600 — Ser=400 .
i S =500
A00L — S.;=700 i
| —  S.x=1000 )
200 —— mr
6900 800 1000 1200

1400

Bino Mass (GeV)

Seﬁcz—ln( !

1 GeV?

)

Tree vs one-loop
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Vacuum stability
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Upper bound on the smuon mass

Lightest Smuon Mass (GeV)




Summary

* We calculated the upper bound on the smuon mass assuming the Bino-smuon
diagram explains the observed muon g-2 discrepancy

* Jo explain the anomaly with heavier smuons, we need a large tri-linear coupling,
which make the electroweak vacuum unstable

 We used the state-of-the-art technique to calculate the decay rate at the one-loop
level, which results in O(10GeV) difference from the tree level analysis

 \We obtained a precise upper bound on the smuon mass; 1.20, 1.39, 1.69 TeV for O,
1, 2 sigma (tanbeta=10)

 When the staus are also light, they give a severer constraint, which will be discussed
IN our next paper



