Heavy QCD Axion at Muon Collider

Speaker: Peiran Li
Collaboration with Ravneet Bedi, Tony Gherghetta,
Soubhik Kumar, Zhen Liu

Heavy QCD axion @ MuC Peiran Li 8/27/2025



Axion-like particle in future
lepton colliders, see Keping’s

Outline it T

* How a heavy axion can solve strong-CP problem

* How such heavy axion can be measured at muon collider
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https://indico.cern.ch/event/1493037/contributions/6557484/

Motivation of heavy QCD axion

 Solving strong-CP problem
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Motivation of heavy QCD axion

* Mirror model:
* Introduce a full copy of SM sector

* But the mirror sector has a different vev of Higgs v, irror > Vsy
* All masses in the mirror sector are heavier

» The running coupling of mirror-sector QCD will be modified >  ATE " > Agep
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Motivation of heavy QCD axion

* Extra-dim axion model (4+1d)
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* Gauge field By, — B, and B,
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* But, there are small instanton effect from UV scale make the m, larger again. 2001.05610
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https://arxiv.org/pdf/2001.05610

Effective coupling of Axion
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Axion mainly couple to gluon.

C1 =C =C3 = 1:
Br(a - gg) » Br(a > WW,ZZ,yy)
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Why muon collider?

* High energy (3,10 TeV):
* High mass (low synchrotron radiation)
* Fundamental particle: full energy collision

e Clean environment:
 Known 1nitial state
* Clean background

Expect to have great sensitivity.
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acceleration

accelerators:
linacs, RLA or FFAG, RCS

collider ring

Low EMmittance Muon
Accelerator (LEMMA):

1011 y pairs/sec from e*e™
interactions. The small production
emittance allows lower overall charge
in the collider rings — hence, lower
backgrounds in a collider detector
and a higher potential centre-of-mass
energy while mitigating neutrino
radiation from muon decays.
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Axion production (@ MuC

* Leading channel: VBF production
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Axion production @ 10 TeV MuC

Axion production (c;=cr=c3=1, f, =10 TeV)

10—7; 10 TeV =

n(g)| < 2.5,pr(g) > 10 GeV,AR(gg) > 0.4

U= ua HU—Y, V4 = uu—7+a

= pu—pv, W+a pp—v, v, 2 +a
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Background
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Axion search (@ MuC
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Conclusion

* Heavy QCD axion models can be well motivated to solve strong-CP
problem.

* TeV axion can be well explored at MuC with a huge parameter space.
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Backup
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QCD running coupling
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