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Introduction to axion-like particles
• The discovery of Higgs bring us into new territory of spin-0 

particles.
• Axion have been postulated to address the strong CP 

problem,which is the pNGB associated to Peccei-Quinn 
symmetry, a global U(1).

• Many extensions of the SM feature one or several 
spontaneously broken global U(1) symmetries, thus 
predicting axion-like particles (ALPs).

• ALPs：No direct relation between coupling and mass. 
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General effective Lagrangian of ALPs
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bottom-up view

SMEFT

Building Blocks：
SM fields：

EW scalar doublet:

New pseduscalar (GB):



General effective Lagrangian of ALPs
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H.Georgi,D.B.Kaplan& L.Randall, PLB169(1986)73-78

Linear  Effective Lagrangian
NLO bosonic operators

I.Brivio et al., EPJC77(2017),8,572 (including Noliner Effective Lagrangian)
M.Bauer et al., JHEP12(2017),044
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Vertices



ALPs searches at colliders

• Resonant production
     
                         
• Associated production

• Exotic SM decays 

 
• Other modes       
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• Stable ALPs ~ 

•  Long-Lived ALPs with a 
Displaced-Vertex

• Short lived ALP         
    

Prodcution modes Decay channels

strongly suppresed

    CERN Yellow Rep. Monogr. Vol. 3 (2018)

I.Brivio et al., EPJC77(2017),8,572
M.Bauer et al., EPJC79(2019),1,74



M.Bauer et al., JHEP12(2017),044
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Constraints: di-photon coupling

LEP( light blue and blue)
CDF( purple )
LHC from associated production and Z decays ( orange )
LHC from photon fusion ( light orange)
Heavy-ion collisions at the LHC ( green ) 

1.For light ALPs ( <<MeV), cosmological and astrophysical 
measurements place very tight bounds on the coupling to photons.
2. For heavier ALPs, the limits are less stringent.



Searching for ALPs at future e+e- colliders
via light-by-light scattering

• The LHC generally is more sensitive to the heavy ALP searches 
by LBL scattering. The CLIC studies obtain a stonger bounds for 
TeV ALPs.

• It is interesting to study LBL at the CEPC and FCC-ee.
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C.Baldenegro et al., JHEP06,(2018)131  (LHC  LBL)
             S.C. Inan and A.V. Kisselev, JHEP06(2020)183; 
                       Chin.Phys.C 45 (2021) 4, 043109 (CLIC  LBL)

H-Y Zhang，C-X Yue, Y-C Guo and SY
PRD 104 (2021) 9, 096008
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Searching for ALPs at future e+e- colliders 
   via light-by-light scattering

The cross section for LBL scattering
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Backgound for the LBL signal



Detecting ALPs at the CEPC
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Cut-4:  Transverse momentum of reconstructed diphotons



Prospects for detecting ALP at CEPC
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The 3σ and 5σ discovery curves in the
plane at the CEPC. 

The 95% C.L exclusion regions in the
plane at the CEPC and other colliders                 



ALPs at the CEPC & FCC-ee
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Searching for ALPs 
via exotic decay            at CEPCfafZ 

C.-X. Yue, SY, H. Wang and N. Zhang, arXiv:2204.04702 accepted by PRD

• CEPC and FCC-ee can produce up to 1012 Z bosons.   
• It is possible for the observations of rare decay of Z. 
• Future Z factories is powerful for detecing dark sector 

models via exotic Z decay.
• We foucus on four types of exotic Z-decay signals
                               and          .  
          .

J.Liu, et al.， PRD97,095044,2018.
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and

The normalized distribution for kinematic variables for signal             and BG. 
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and

Cut1-A

Cut1-B
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and

The normalized distribution for kinematic variables for signa    l            and BG. 
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and

Cut-C

Cut-D
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Sensitivity bounds 

Sensitivity bounds on  and at 95% C.L. from exotic Z decays and other 
current exclusion regions.



Summary
• ALPs have a much wider parameter space and hence 

generate rich phenomenology at colliders.
• CEPC and FCC-ee can provide a good environment to 

exploring ALPs.
• The studies on LBL scattering and exotic decay       

found that CEPC and FCC-ee might be more sensitive  
to the ALPs in light mass range than LHC. It is expected 
that the future e+e- colliders could discovery or exclude 
ALPs.
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