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Muon g-2 and Anomaly

• Muon g-2 
• The magnetic moments of the electron and muon 

• ge=gµ=2 at the tree-level 
muon behaves like a heavy electron in a magnetic field 
→Generational structure of the SM 

• Muon magnetic moment in the SM: 

B. Abi et al. [Muon g-2], 
Phys. Rev. Lett. 126, no.14, 141801 (2021)

<latexit sha1_base64="tw0DHYI0tKFzcnDrBu5bknDbN0c="></latexit>
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• Muon g-2 
• Sensitive for New Physics for many cases

talk slide by Andreas Nyffeler, 
https://www2.kek.jp/physics-seminar/files2016_2/20161201_g-2.pdf
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(experimental precision → factor 19)

e.g. for the W & Z bosons of the SM 
many hypothetical new particles

B. Abi et al. [Muon g-2], 
Phys. Rev. Lett. 126, no.14, 141801 (2021)

Muon g-2 and Anomaly

The muon anomaly has an advantage  
when searching for effects of new heavy physics
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• Muon g-2 anomaly
B. Abi et al. [Muon g-2], 
Phys. Rev. Lett. 126, no.14, 141801 (2021)

cf. Electron g-2: tension between Cs data 
and Rb data at 5.4 sigma 
→need to confirm on these 
measurements

Brookhaven E821 experiment

Fermilab E989 experiment

Combined average

Muon g-2 and Anomaly
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New Physics Contributions

• Scattering in the external (magnetic) field Ae 

• New Physics Contributions which make a chirality flip  
can be large 

• Because for considering radiative corrections (loop), 
a light particle is also appreciated

<latexit sha1_base64="p/TWWuatbvqme1fxbFnYEVO57LM="></latexit>
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New Physics Contributions
One field extension Two fields extension

P. Athron, C. Balazs, D. H. Jacob, W. Kotlarski,  
D. Stockinger and H. Stockinger-Kim, JHEP 09, 080 (2021) 

Many directions, but hard to explain for many cases
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New Physics Contributions

• Scattering in the external (magnetic) field Ae 

• New Physics Contributions which make a chirality flip  
can be large→Heavy charged fermion? 

• Because for considering radiative corrections (loop), 
a light particle is appreciated→Light neutral particle also?

<latexit sha1_base64="p/TWWuatbvqme1fxbFnYEVO57LM="></latexit>
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New Physics Contributions

• New Physics Contributions which make a chirality flip  
can be large→Heavy charged fermion?→E in our model 

• Because for considering radiative corrections (loop), 
a light particle is appreciated→Light neutral particle also? 
　　　　　　　　　　　　   →Z’ and φ in our model

Large Mass Causing 
Chirality Flipping

Relatively Small Mass Relatively Small Mass
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Field Contents, Symmetry, Lagrangian

• U(1)’ and Z2 symmetries 

• U(1)’ is spontaneously broken 
• Z2 parity is softly broken (before spontaneously broken) 

for avoiding for creating a domain wall

New

Z’ boson 
as  
U(1)’ gauge boson
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Field Contents, Symmetry, Lagrangian

No SM lepton mass term
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Seesaw Mechanism

• After diagonalizing the mass matrix

Small mass can be generated as mµ~m2/ME
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• From perturbativity condition

Seesaw Mechanism

Choosing

Muon mass can be generated 
with a very heavy vector-like lepton
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• For 

• Family structures 

• If E exists for each generation, different ME can make more 
suppressions/enhancements

Seesaw Mechanism

<latexit sha1_base64="H4IbKbtpZH/BD7KaP1uxIA7py/w="></latexit>
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Z’ boson & Dark Higgs Contributions

Small

Dominant Contribution

Small

No enhancement 
(Note that |cv|=|cA|)

Small

Dominant Contribution

Also, negative contribution
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Z’ boson & Dark Higgs Contributions

Enhancement
>>mµ

Large

Small

<latexit sha1_base64="IShxcJ0T5cCtq2jIgshCQ+OI8Bg="></latexit>
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Chiral enhancement & the coupling by seesaw 
mechanism make Δa independent from ME for ME >> mµ
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Z’ boson & Dark Higgs Contributions

<latexit sha1_base64="TzwkOd/otkaGTKzzKXFB6YnKX/E="></latexit>

h3 = ' Assumed that others are decoupled (heavy)

→Δa is independent from ME for large ME
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Z’ boson & Dark Higgs Contributions

1σ 2σ
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Z’ boson & Dark Higgs Contributions

Robust by  
seesaw mechanism 

from perturbativity
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Lepton Flavor Violation

Suppose that this seesaw 
mechanism is applied 

Note that if there are different E’s  
for different generations, we can avoid constraints

→e/τ
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Electroweak Precision, Higgs Data, Colliders
• Safe from a rho parameter measurement 

and Di-photon rate from Higgs via vector-like lepton E 
• Production at the LHC and decay ratio of E 
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Electroweak Precision, Higgs Data, Colliders
• Light Z’ 

pp→ EE, E—> Z’µ, Z’—>µµ 
→6 leptons 

• Heavy Z’: mZ’ > ME/2 
pp→ EE, E—> Wν, Zν, 
Z —>ll case,  
→ Also, multi-leptons 

• Light Z’ case is more severe, 
but we can still explain  
muon g-2 even for  
ME > 1 TeV constraint 
from multi-lepton searches 
J. Kawamura and S. Raby, 
Phys. Rev. D 104, no.3, 035007 (2021) 
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Summary
• Muon g-2 Anomaly gives us a hint for potential existence of 
heavy charged lepton and neutral light particles 

• We concentrate on a muon sector and generate a small 
muon mass via the seesaw mechanism 

• In this mechanism, heavy charged lepton contributes on 
muon g-2 with robust in high mass parameter region 

• Then, we can still explain muon g-2 even for  
ME > 1 TeV from multi-lepton searches

Couplings 
predicted by 
seesaw mechanism


