
Yuichiro Nakai

Based on YN, M. Reece and M. Suzuki (Harvard), JHEP 2021. 

Supersymmetric Alignment Models for (g-2)μ

T. D. Lee Institute & Shanghai Jiao Tong U.

The 8th China LHC Physics Workshop



Mass Reach vs How Special New Physics IsMuon g-2 anomaly

shows discrepancy between 
theory and experiment :

The discrepancy is of the order of 
the SM electroweak contribution : 

PRL 126 (2021) 141801 

Anomalous magnetic moment of the muon

A hint of TeV scale new physics ?



Mass Reach vs How Special New Physics IsSUSY explanation

Loops of sleptons and electroweakinos can generate 
a new contribution with the correct size.

Cho, Hagiwara, Matsumoto, Nomura (2011) 

Low-energy SUSY is an attractive candidate to explain 
the muon g-2 anomaly !



Mass Reach vs How Special New Physics IsCP & Flavor
However …

Light sleptons and electroweakinos generally lead to dangerously 
large lepton flavor violation (LFV) such as                      . <latexit sha1_base64="YXCek+EaTa57YMwvnvZA9tfLgmY="></latexit>
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ẽR
<latexit sha1_base64="ki69hZWVjkW5KBHQ7caoBcjjxTw="></latexit>eR

An arbitrary CP violation (CPV) induces 
a large electric dipole moment (EDM) 
of the electron. 
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LFV & CPV processes must be 
sufficiently suppressed.



Mass Reach vs How Special New Physics IsAlignment & SCPV

Introduce U(1) horizontal symmetries which can explain 
the hierarchical masses of quarks and leptons.

Froggatt, Nielsen (1979) 

Horizontal symmetries also control the structure of sfermion 
masses and suppress flavor violating processes.

Leurer, Nir, Seiberg (1993) 

✔  Spontaneous CP violation
Makes it possible to suppress contributions to EDMs and 
at the same time accommodate the correct CKM phase.

Nir, Rattazzi (1996) 

✔  Alignment

A viable solution to the muon g-2 anomaly !



Mass Reach vs How Special New Physics IsFlavor Structure

• Orders of magnitude of different CKM entries 
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• Quark mass ratios are parametrized by powers of
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• The CPV effect is parametrized by a phase



Mass Reach vs How Special New Physics IsFlavor Structure

• Neutrino mass ratios (normal ordering is assumed)

• Charged lepton mass ratios are parametrized by

• Orders of magnitude of different PMNS entries 



Mass Reach vs How Special New Physics IsHorizontal symmetry

The superpotential for quarks & leptons in the gauge eigenbasis :

Consider symmetry under which
quark and lepton supermultiplets have nontrivial charges.

A flavon chiral superfield 

charge :

( : some UV mass scale )

The fermion mass ratios and mixing matrices are explained with 
appropriate charge assignments of quarks and leptons.



Mass Reach vs How Special New Physics IsHorizontal symmetry
Consider symmetry under which

quark and lepton supermultiplets have nontrivial charges.

A flavon chiral superfield 

charge :

( : some UV mass scale )

The fermion mass ratios and mixing matrices are explained with 
appropriate charge assignments of quarks and leptons.

CKM & PMNS mixing matrices :



Mass Reach vs How Special New Physics IsAlignment
• The horizontal symmetry also determines the scaling 

of the soft scalar mass-squared matrices. 

Typical mass scale of squarks

e.g. are chosen to realize the CKM entries

• Trilinear soft SUSY breaking terms have a similar structure 
to the Yukawa matrices due to the horizontal symmetry.

Off-diagonal components lead to FCNCs. 



Mass Reach vs How Special New Physics Is
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Realistic Models

Introduce symmetry

Two flavon chiral superfields

Charges :

VEVs :
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H = H1 + 2H2

Quarks and leptons carry charges

Define

To achieve light sleptons and electroweakinos to explain 
the muon g-2 anomaly …



Mass Reach vs How Special New Physics IsRealistic Models
• Fermion mass ratios

• CKM & PMNS mixing matrices
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H = H1 + 2H2



Mass Reach vs How Special New Physics IsRealistic Models
A working example of charge assignments
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Mass Reach vs How Special New Physics IsFlavor structure
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• The soft mass-squared matrices for squarks & sleptons

• The trilinear soft SUSY breaking terms have the same structure 
as the Yukawa matrices

Off-diagonal components are very suppressed !



Mass Reach vs How Special New Physics IsSpontaneous CPV
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Makes it possible to suppress contributions to EDMs and 
at the same time accommodate the correct CKM phase.

Another flavon
charge :

A complex

CP phases are introduced to the Yukawa matrices through 
couplings with



Mass Reach vs How Special New Physics IsRealistic Models
A working example of charge assignments
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CP phase



Mass Reach vs How Special New Physics IsRealistic Models
A working example of charge assignments
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Mass Reach vs How Special New Physics IsElectron EDM
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• Contributions from off-diagonal entries of soft mass-squared 
matrices are suppressed.

• The dominant contribution is obtained from flavor diagonal 
entries with the phase of 

The contribution is related to that of 
the muon g-2 :



Mass Reach vs How Special New Physics IsFlavor & CP observables
SUSY contributions to flavor & CP observables are sufficiently 
suppressed !

( Yukawa diagonal basis )



Mass Reach vs How Special New Physics IsResults
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Current bound on eEDM :

<latexit sha1_base64="+5r+FtgPCBT6Q8LRjWO0IYteeNc="></latexit> =

Most of the parameter space 
is excluded without small κ.

<latexit sha1_base64="rEz1agIL71GJY83s81b4AD/gCCg="></latexit>

, tan� = 50, µ = M2 = 2M1



Mass Reach vs How Special New Physics IsResults
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Future eEDM measurement 
will cover the favored region !
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Future reach of eEDM :
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Mass Reach vs How Special New Physics Is

• SUSY provides an attractive possibility to explain the muon g-2 
anomaly, but LFV and CPV processes must be suppressed.

• U(1) horizontal symmetries address hierarchical masses of 
quarks and leptons and also control the structure of sfermion 
masses ( Alignment ).

• Favored parameter space to address the muon g-2 anomaly will 
be extensively investigated by future electron EDM experiments !

Summary

Thank you.

• Spontaneous CPV suppresses contributions to EDMs and 
accommodates the correct CKM phase.


