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Δaμ = aexp
μ − ath

μ = (25.1 ± 5.9) × 10−10

The Muon g-2 anomaly
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• Positive value and a 4.2 σ (Fermilab + Brookhaven)
PRL 126.141801 (2021)



The (pseudo)scalar answer to g-2

• The (pseudo)scalar Yukawa coupling to lepton
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Δaℓ =
1

8π2 ∫
1

0
dx

(1 − x)2((1 + x)g2
R − (1 − x)g2

I )
(1 − x)2 + x (mϕ/mℓ)

2

ℒyuk = ϕℓ̄ (gR + igIγ5) ℓ

• The 1-loop contribution to g-2

• For scalar, 


• For (psudo)scalar, 

Δaℓ > 0

Δaℓ < 0



The pseudo-scalar solution

• Further requiring photon coupling
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ΔaBZ
ℓ ≈

mℓ

4π2
gaγγyaℓ log

Λ
ma

ℒ =
1
4

gaγγF̃F + iyaψaψ̄γ5ψ

• The 1-loop BZ contribution

• Assumes  remains essentially constant throughout the integration 
over virtual photon-loop momentum


•  and  can adjust its sign to give positive result

gaγγ

gaγγ yaℓ

Marciano et al, 1607.01022 (PRD)



A complete calculation for axion-like particle
• The axion-like particle Lagrangian 
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ℒeff = ∑
f

Cff

2
∂μa
fa

f̄γμγ5 f +
g2

16π2
CWW

a
fa

Wi
μνW̃μν,i +

g′￼2

16π2
CBB

a
fa

BμνB̃μν

• The 3rd diagram subtlety: 


• Previously, calculate Barr-Zee diagram for on-shell ALP and photon and use 
the result of 2nd diagram


• Recently, calculate off-shell ALP and photon

Bauer et al, 1708.00443 (JHEP)

Buen-Abad et al, 2104.03267 (JHEP)
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• The axion-like particle Lagrangian 
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• Recently, calculate off-shell ALP and photon

Bauer et al, 1708.00443 (JHEP)

Buen-Abad et al, 2104.03267 (JHEP)

Δa2γ = −
m2

μcμμcγγα
8π3f 2

a
⋅ hγ (x, μ)

Δa3γ = −
c2

μμα
8π3

m2
μ

f 2
a

[Hγ(two loop) + hγ(counter term)] ψ

γ

γ

a

a

mψ → ∞, Δa3γ → 0

• Different sign for  and  is neededcμμ cγγ
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A complete calculation for axion-like particle
• The axion-like particle Lagrangian 
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ℒeff = ∑
f

Cff

2
∂μa
fa

f̄γμγ5 f +
αCγγ

4π
a
fa

FμνF̃μν +
αCγZ

2πswcw

a
fa

FμνZ̃μν +
αCZZ

4πs2
wc2

w

a
fa

ZμνZ̃μν

• Our calculation

ψ

γ/Z

γ/Z

a

a

mψ → ∞, Δa3 → 0

• Calculation in another basis

Δa2Z =
αcγzcμμm2

μ (4s2
w − 1)

32π3c2
ws2

w f 2
a

⋅ hZ(x, y, μ)

Δa3Z = −
αc2

μμm2
μ (4s2

w − 1)2

128π3c2
ws2

w f 2
a

[HZ(two loop) + hZ(counter term)]

(1)

(2)

(3)



Muon g-2 solution and ALP decay BR
• Assume only coupling to Muon 

and Photon


• In g-2 solution region, mostly 
decay to 


• The inclusion of  diagram makes 
some difference for large 


• Exotic Z decay should happen

a → μ+μ−

Z
ma
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Muon g-2 solution and ALP decay BR
• The BR( ) needs to consider 1-loop contribution from fermion loop a → γγ, Z → γa
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The relevant search at Z-factory (CEPC/FCC-ee)
• The exotic  decay:  and Z Z → a + γ Z → a + μ+ + μ−
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The relevant search at Z-factory (CEPC/FCC-ee)
• The exotic  decay:  and Z Z → a + γ Z → a + μ+ + μ−
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ALP  branching ratio and effectsa → μμ



The existing constraints for ALP
• Constraining  coupling only: 


• Belle-II, LEP: 


• LHC: 


• Constraining  coupling only: 


• BaBar: recast 


• CMS( ): 


• Constraining both coupling


• CMS( ): 

a-γ

e+e− → aγ → (γγ)γ

pp → aγ → (γγ)γ

a-μ

e+e− → μ+μ−Z′￼

4μ pp → μ+μ−ϕ

t̄t + 2μ pp → t̄tϕ → t̄t(μ+μ−)
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Preliminary results



The relevant search at Z-factory ( )CWW = 0
• The exotic  decay:  

and 


• With ALP decay: 


• Relevant SM background:  
and 


• Cuts: , , 
, ,  

dimuon resolution: 

Z Z → a + γ
Z → a + μ+ + μ−

a → μ+μ−

μ+μ−γ
4μ

Eγ > 2GeV pμ
T > 5GeV

|η | < 3 ΔRμμ > 0.1

mμμ

ma
− 1 < 0.19 %
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• Large  prefers decay 


• SM bkg:  dominated by soft 

ma a → γγ

μ+μ−γ γ

CWW = 0



The relevant search at Z-factory ( )CWW = 0
• Marginalize one coupling  or Cγγ Cμμ
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The relevant search at Z-factory ( )CWW ≠ 0
• 4 parameters: 


• Z-factory  search is sensitive to light ALP


• Z-factory  search will be sensitive to heavy ALP (in progress)

ma, Cμμ, CBB, CWW

a → μ+μ−

a → γγ
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Preliminary results



Summary
• Muon g-2 experiments show  discrepancy with SM


• ALP can provide a solution with couplings  and 


• In UV model,  comes from  and , leads to 


• At Z-factory, it leads to exotic Z decay:


• 


• Future Z factory can provide sensitivity covers most of the g-2 region 
for 

4.2σ

Cμμ Cγγ

Cγγ CWW CBB CγZ

Z → aγ, aμ+μ−

ma ≲ mZ
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Thank you!



Backup slides
• Special functions
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