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(1) Experiments at BNL and FNAL

• Magnetic moment 𝜇⃗ of the muon
• 𝜇⃗ = −𝑔 !

"# 𝐿

• Measured at Brookhaven National 
Laboratory (BNL) and Fermi National 
Accelerator Laboratoy (FNAL)

• 𝑎! =
"#$
$ !

From Reidar Hahn - https://vms.fnal.gov/asset/detail?recid=1950114, CC BY-SA 
4.0, https://commons.wikimedia.org/w/index.php?curid=58326280
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(2) Theoretical Calculation of 𝑔 − 2 !

𝛾

𝛾

𝜇 𝜇
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(2) Theoretical Calculation of 𝑔 − 2 !

𝛾

𝛾

𝜇 𝜇

B. Abi et al.: arXiv:2104.03281
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(3) Explaining the Anomaly
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(4) The QCD Axion

• Pseudoscalar particle
• Coupling to fermions, effective coupling to photons
• Broken 𝑈 1 symmetry to solve the “strong CP puzzle” (R. Peccei, H. Quinn)

ℒ$%& ⊃ 𝜃 '!

(")! 𝐹*
+, ,𝐹*,+, , 𝜃̅ < 10./0
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(4) The Visible QCD Axion

• Decays (promptly) into SM fermions (“visible”)
• D. Alves, N. Weiner (arXiv:1710.03764): 
• 𝑚*~𝒪 MeV
• Couples to first generation

• “Pionphobic”
• “Nucleophobic”

• Avoids constraints
• Beam-dump experiments
• Collider experiments
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(4) Goals of the new Model

• Address 𝑔 − 2 !
• ∆𝑎+ = (25.1 ± 5.9) @ 10./0 (4,2𝜎)
• Use 1-loop and 2-loop contributions
• Fulfil constraints by beam-dump and collider experiments

• Address strong CP puzzle
• Identify pseudoscalar mediator 𝑎 as visible QCD axion
• Pionphobic, nucleophobic, promptly decaying, …
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(5) The Model

ℒ%&& =
𝜕!𝑎
2𝑓'

𝑐( .𝜓(𝛾!𝛾)𝜓(

• 𝑐* =
$
+

• 𝑐, =
-
+

• 𝑐. = 𝑐/ = 𝑐0 = 𝑐1 = 0
• Hierarchy: 𝑐2 ≃ 𝑐3 ≫ 𝑐!

pionphobic, nucleophobic

16.05.2022
The Anomalous Magnetic Moment of the Muon

Providing an Explanation Using a Visible QCD Axion 
Joachim Weiss

9



(5) The Model
KLOE
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(6) Conclusion

• Complete model addressing the strong CP puzzle and 𝑔 − 2 !

• Able to address further issues (XENON1T excess, 𝑔 − 2 2)
• Fulfils given constraints (pionphobic, beam-dump experiments, …)
• Future experiments will investigate interesting region (PADME, VEPP-3, …)

• Proof of concept
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D. Alves et al.: arXiv:1710.03764
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Backup: Benchmark Model

𝑚! = 5.7 𝜇eV
10"# GeV

𝑓!

𝑓! =
$!"
#%

∈ 0.66,0.75 GeV
𝑐& = 𝑐' = 𝑐( = 𝑐) ≈ 2.5 3 10*+

Prompt decay to 𝑒,𝑒* : 𝜏 ≈ 7 3 10*"+ s
BR 𝑎 → 𝛾𝛾 ≈ 4 ⋅ 10*+

Decay of SM Higgs boson:
BR ℎ-. → 𝑎𝑎 ≈ 10*#
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ℒ ⊃
𝑎
𝑓'

𝑔4$

32𝜋$
G!56 8𝐺6,!5 +

𝑎
𝑓'

𝑒$

32𝜋$
𝐸
𝑁
𝐹!5 8𝐹!5 +

𝜕!𝑎
2𝑓'

𝑐(𝜓(𝛾!𝛾)𝜓(
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∆𝑎#,*+ = (4.8 ± 3.0) : 10'()
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Backup: Reproducing ∆𝒂𝝁
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Backup: Lattice-QCD
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Backup: Experimental constraints
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Backup: BaBar, Belle2

The Anomalous Magnetic Moment of the Muon
Providing an Explanation Using a Visible QCD Axion 

Joachim Weiss



Model 1

Model 2

Model 3

5 10 15 2010-9

10-8

10-7

10-6

10-5

ma [MeV]

�(
a
�

ee
)[
M
eV

]

16.05.2022 22

Backup: Axion decay into electrons
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Backup: Axion decay into photons
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Backup: Branching ratio axion into photons
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Backup: Calculation
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1-loop contribution:

∆𝑎,( = −
𝑚,
-

16𝜋-𝑓.-
𝑐, -𝑓(

𝑚.
-

𝑚,
-

2-loop contribution (exact, 𝑗 ∈ {𝑠, 𝑐, 𝑏, 𝑡, 𝑒, 𝜇, 𝜏}): R. Ziegler et al: arXiv:2011.08919

∆𝑎,
-,/ = 𝑁/

𝑚,
-𝛼

8𝜋)𝑓.-
𝑐,𝑐/𝑓)

𝑚.
-

𝑚,
- ,
𝑚.
-

𝑚/-

2-loop contribution (effective, {𝑢, 𝑑}): M. Neubert et al.: arXiv:1708.00443

∆𝑎,
-,0/2 =

2𝛼𝑚,
-

𝜋𝑓.-
𝑐,𝐶33455 𝑓-

𝑚.
-

𝑚,
- − ln

16𝜋-𝑓6-

𝑚,
-
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Backup: UV Completion/Mass Spectra
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Backup: UV Lagrangian
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Backup: SM Higgs decay into axions
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E. Aprile et al.: arXiv:2006.09721
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Backup: Addressing the XENON1T excess
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Backup: Addressing the XENON1T excess
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