
SUSY in light of muon g-2 and CLFV

杨金民

中国科学院理论物理研究所

“缪子束加速和对撞机技术及其应用”论坛

2022.4.16



2 SUSY confronted with muon g-2

1 Introduction to SUSY

Outline

4 Summary 

3   SUSY confronted with CLFV

Can SUSY jointly explain muon g-2 and W-mass ?  



2001.00101
M. Shifman

1 Introduction to SUSY



2001.00101
M. Shifman



• LHC discover a 125 GeV Higgs boson 

A  great triumph of SUSY !



• LHC discover a 125 GeV Higgs boson 

A  great triumph of SUSY !

Require top squarks (colored sparticles) above TeV 



• LHC discover a 125 GeV Higgs boson 

A  great triumph of SUSY !

Require top squarks (colored sparticles) above TeV 

• LHC direct search not seen any sparticles



• LHC discover a 125 GeV Higgs boson 

A  great triumph of SUSY !

Require top squarks (colored sparticles) above TeV 

• LHC direct search not seen any sparticles

Push colored sparticles above TeV 



• LHC discover a 125 GeV Higgs boson 

A  great triumph of SUSY !

Require top squarks (colored sparticles) above TeV 

• LHC direct search not seen any sparticles

Push colored sparticles above TeV 



neutralinos







1612.02296
Han, Hikasa, Wu, Yang, Zhang



SUSY neutralino as dark matter is ok ! 

• Relic density is ok  

• Direct detection limits satisfied   



• What is muon g-2  
• Recent  measurement  
• Implication on SUSY   

2 SUSY confronted with muon g-2



What is muon g-2   

• 矩形载流线圈的磁矩

李松，肖洋，JMY,  缪子反常磁矩浅析, 现代物理知识，Vol 4, 40-47（2021）

S. Li，Y. Xiao, JMY, A pedagogical review on muon g-2, arXiv 2110.04673
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For  a charged lepton ℓ the magnetic moment: 

𝑔𝑔ℓ = 2 at tree level classical level
from Dirac Equation (Dirac 1928)

spin



𝑎𝑎ℓ =
𝑔𝑔ℓ − 2

2
=

𝛼𝛼
2𝜋𝜋

+ ⋯

The anomalous magnetic moment is defined as 

fine structure constant

one-loop result
Schwinger 1948
engraved on his tombstone



The anomalous magnetic moment  of a charged lepton ℓ
is a probe to new physics

muon g-2 is a best probe to NP
(tau lepton is too short-lived)



Recent  measurement of muon g-2  



Nima

Recent  measurement of muon g-2  



SUSY can explain muon g-2, but not so easy 

Moroi 

hep-ph/9512396

Require light slepton, light electroweakino 

(uncolored sparticles are light)

Muon g-2 implication on SUSY   



2104.03262

Wang,Wu,Xiao,Yang,Zhang MSSM 
g-2 is OK 

Muon g-2 implication on SUSY   



2107.04962 

Li, Xiao, Yang

MSSM： muon g-2 and electron g-2 simultaneously OK !

from measurement of fine-structure constant using 
133Cs atoms at Berkeley is 2.4𝜎𝜎 below SM prediction

Muon g-2 implication on SUSY   



CMSSM/mSUGRA, GMSB, AMSB： g-2 not OK 

 cannot explain g-2

125 GeV Higgs  heavy top squarks 

 𝑚𝑚0 is large 

 heavy sleptons 

Muon g-2 implication on SUSY   



GMSB/AMSB：g-2 not OK
Baer, Barger, Mustafayev, 1202.4038

To give a 125 GeV Higgs, SUSY particles are above 10 TeV

 g-2 cannot be explained

Muon g-2 implication on SUSY   



GMSB/AMSB：g-2 not OK

Extend GMSB: 
1203.2336 

Kang, Li, Liu, Tong, Yang

 g-2 can be explained

For example,

Muon g-2 implication on SUSY   



GMSB/AMSB： g-2 not OK

Extend AMSB: 

1505.02785

Wang, Wang, Yang, Zhang

 g-2 can be explained

For example,

Heavy colored SUSY partners from deflected anomaly mediation

Muon g-2 implication on SUSY   



CMSSM/mSUGRA： g-2 not OK 

1612.02296
Han, Hikasa, Wu, Yang, Zhang
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CMSSM/mSUGRA： g-2 not OK 

2104.03262

Wang, Wu, Xiao, Yang, Zhang

Muon g-2 implication on SUSY   



CMSSM/mSUGRA：g-2 not OK 

Extend  CMSSM/mSUGRA:

For example,

Wang, Wang, Yang, 1504.00505  

Wang, Wang, Yang, Zhu, 1808.10851  

Li, Liu, Wang, Yang, Zhang, 2106.04466  

Muon g-2 implication on SUSY   



Implication for MSSM search at LHC

1909.07792

Abdughani, Hikasa, Wu, Yang, Zhao

Muon g-2 implication on SUSY   



Can SUSY jointly explain muon g-2 and W-mass ?  
Yang, Zhang, arXiv: 2204.04202 

muon g-2 W-mass 



Can SUSY jointly explain muon g-2 and W-mass ?  

• In the parameter space allowed by current experimental constraints 
from colliders and dark matter detections, MSSM can simultaneously 
explain both measurements at 2σ level. 

• The favored parameter space, characterized by a compressed 
spectrum between (bino, wino, stau), with top-squark around 1 TeV.

Yang, Zhang, arXiv: 2204.04202 



Can SUSY jointly explain muon g-2 and W-mass ?  
Yang, Zhang, arXiv: 2204.04202 



3   SUSY confronted with CLFV

For a review, see, 

Calibbi, Signorelli, 

Charged Lepton Flavour Violation: An Experimental and Theoretical Introduction,

arXiv: 1709.00294

Han, Lopez, Melis, Vives, Wu, Yang,  

LFV and (g-2) in non-universal SUSY models with light higgsinos, 

arXiv:2003.06187 

Cao, Xiong, Yang, 

Lepton flavor violating Z decays in supersymmetric seesaw model,

arXiv:hep-ph/0307126.



• CLFV is absent in SM with massless neutrinos 

• CLFV is very small in SM with massive neutrinos

• CLFV would be a clear signal of NP beyond SM

Most typical CLFV transitions:



The Mu2e detector



Projected time lines for different projects searching for CLFV decays







In SM with massless neutrinos, lepton family numbers are 
individually conserved. There is no CLFV. 

In SM with massive neutrinos, there is CLFV. 
But because of unitarity of PMNS matrix, CLFV is proportional to 
differences of neutrino squared masses. 



In SM with massless neutrinos, lepton family numbers are 
individually conserved. There is no CLFV. 

In SM with massive neutrinos, there is CLFV. 
But because of unitarity of PMNS matrix, CLFV is proportional to 
differences of neutrino squared masses. 

𝐵𝐵𝐵𝐵 𝜇𝜇 → 𝑒𝑒𝑒𝑒 = 10−55 ∼ 10−54



SUSY contributions



MSSM



MSSM



SUSY SO(10) 



SUSY seesaw model with degenerate RH neutrinos



• Fancy models:

• Low energy effective models:

• Weird-smart models:

NMSSM:
MSSM:

4  Summary  

SUSY Status (in light of current experiments)



Then,  what is the problem of SUSY ?

• LHC direct search not seen any sparticles
Push colored sparticles above TeV (stop mass 𝑴𝑴𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 > TeV）

• Quadratic divergence cancel, log divergence still exist

little fine-tuning
problem

SUSY Status (in light of current experiments)

4  Summary  



4  Summary  

 light electroweakinos

 light sleptons Most hopefully accessible at LHC 

• SUSY confronted with DM: ok

• SUSY confronted with muon g-2

• SUSY confronted with LHC:  ok 

CMSSM/mSUGRA, GMSB, AMSB: need to be extended 
MSSM: ok

• SUSY confronted with CLFV: ok



4  Summary  

The on-going and future experiments 

( LHC, DM, CLFV, g-2)  

will continue to probe SUSY   

Thanks for your attention ！
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