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1.1 Properties of axion-like particles (ALPs)

 generalizations of QCD axions 

CP-odd neutral pseudoscalars

                 singlets

 1 Introduction 

      the masses 

couplings to the SM particles 
independent parameters
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 1 Introduction 

1.2 Effective interactions of ALP
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The effective interactions of ALP with the SM particles:

:am the mass of ALP

:af the characteristic scale

:iW and B  the field strength tensors of (2) (1)L YSU and U

:X Hermitian matrices in flavour space

:W BC and C  the coupling constants
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After electroweak symmetry breaking:

:diagm

:F

:Z

:W

the diagonalizable fermion mass matrix

the photon field strength tensor

the Z boson field strength tensor

the W boson field strength tensor
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all the couplings                                                   are governed by    , , ,a aZZ aZ aWW aand  g g g g g af

where

:W Ws and c the sine and cosine of the weak mixing angle

 1 Introduction 
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1.3 The constraints on the effective couplings of ALP to the 
SM bosons or fermions 

Existing constraints on the ALP–photon coupling (left) and ALP–      
coupling (right) 

 1 Introduction 

±W
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1.3 The constraints on the effective couplings of ALP to the 
SM bosons or fermions 

Existing constraints on the ALP–electron coupling (left) and ALP–muon 
coupling (right) 

 1 Introduction 
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Prospects for searching for axion-like particles
 at the CEPC

3e e a    The Feynman diagrams for the process of                               

(a) (b) (c)

dominant                                     

 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

W BC C  0a aZZ aWW a Zand    g g g g

J.Phys.G 49 (2022) 11, 115002
Han Wang, Chong-Xing Yue∗ , 
Yu-Chen Guo, Xue-Jia Cheng 
and Xin-Yang Li
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Prospects for searching for axion-like particles
 at the CEPC
The cross section of the process e+e  ! aγ ! 
3γ as a function of the ALP mass ma.

The cross section of the process                             as a function of the ALP 
mass      

3e e a    

am

                                     1GeV 200GeVam 

 2 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

240 GeVCME  15.6 abLCEPC
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Basic cuts:
10 GeVTp

 

                
  

2.5 

2 2( ( ) ( ) )R      0.2R 

Tools added:

MLAnalysis     https://github.com/NBAlexis/MLAnalysis

  2 Searching for axion-like particles at the CEPC 
via the triphoton channel 
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The angular separation of the two photons from ALP decay strongly 
depends on the ALP mass

observables

1N 

3N 

the invariant mass of 
all final state photons      

the transverse momentum of 
the hardest photon in the final states 1

Tp


m

 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

1
 TE m observables

20GeVam 

20GeVam 
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 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

1
 TE
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 The symbols                    :

 The photons with the largest,    
intermediate and smallest momentum

1, 2 3and  

 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

2 3 

high mass ALP

low mass ALP

1 2 

m
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The improved cuts

 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 
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4 110 GeVa
 g

 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 
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3e e a     ,( )a am g

 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

The       and       curves for the process                              in the           
plane

3 5

10.05TeV
10.04TeV
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 2 Searching for axion-like particles at the CEPC 
via the triphoton channel 

The promising sensitivities as                                         with 
                             at      level 

1[0.0325, 0.37]TeVa
g

[2.9,190] GeVam  2
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

Phys.Rev.D 107 (2023) 11, 115025

( )ee p v ja a      ( )ee p v ja a bb  

Chong-Xing Yue, Han Wang∗ , 
Xue-Jia Cheng and Yue-Qi Wang
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

           Searching for ALP via ( )ee p v ja a     

10 GeVl
TP 

20 GeVj
TP 

2.5l 

0.4 0.4 0.4ll jj ljR R R     

5j 

Basic cuts:

5GeV 1000GeVam 

1.3 TeVCME 
11 ab L

LHeC
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

5GeV 100GeVam 

R
  

TP
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

100GeV 1000GeVam 

 
   TE m
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The improved cuts

 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

11TeVaWW
g
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

          Searching for ALP via ( )ee p v ja a bb  

10 GeVl
TP 

20 GeVj
TP 

2.5l 

0.4 0.4 0.4ll jj ljR R R     

5j 

Basic cuts:

15GeV 1000GeVam 

1.3 TeVCME 
11 ab L
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

15GeV 100GeVam 

bbm
1b

TP

bb bb
TP
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

100GeV 1000GeVam 

1b
TP TE bbm
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The improved cuts

 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons



29

                           

 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

a tagging efficiency of
75% for b jets  

a mistagging rate of 
5% for c jets

a mistagging rate of 
 0.1% for other light 
flavor jets
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

10.39TeV

10.19TeV10.25TeV

10.51TeV
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 3 Sensitivity of the future �−� collider to the 
coupling of axion-like particles with �± bosons

The projected      sensitivity limits2

( )ee p v ja a bb   [39, 900] GeVam 
1[0.32, 6.67]TeVaWW
g

( )ee p v ja a      [14, 924] GeVam 
1[0.15, 6.66]TeVaWW
g
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC

e ev v t t unclean backgrounds

2a tm m

e ev v cc

e ev v   
not tagged efficiently

Phys. Lett. B 848, 138368 (2024)Phys.Lett.B 848 (2024) 138368 Chong-Xing Yue, Han Wang*, Yue-Qi Wang
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC

( )e ee e v v a a bb    ( )e ee e v v a a      

Phys.Rev.D 104 (2021) 9, 092005, 2106.10085
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC

1TeVCME 
11 ab L

( , ) ( 80%, 20%)P e e    

5 GeVb
TP 

20 GeVl
TP 

2.5b 

0.4 0.4bb jjR R   

5j 

Basic cuts:

ILC
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC

15GeV 50GeVam 

observables

bbmthe invariant mass

bbRthe cone size

TEthe missing transverse energy

bbthe angular separation

50GeV < 300GeVam 

1bEthe energy of the hardest b-jet

bb
TPthe transverse momentum of the reconstructed ALP

observables
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC

50GeV < 300GeVam 

1b
E bb

TP
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC

The improved cuts
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 4 Detecting the coupling of axion-like particles 
with fermions at the ILC
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 4 Detecting the coupling of axion-like particles with 
fermions at the ILC

[37, 50] GeVam 

[52, 300] GeVam 

[65, 300] GeVam 
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ALP appears naturally in broad extensions of the SM, which have 
various beneficial properties to search by many high energy experiments 
 

Prospects for searching for axion-like particles
 at the CEPC

The promising sensitivities of the 240 GeV CEPC to the coupling         
are in the range of                      to                    with      from 2.9 GeV 
to 190 GeV

ag
10.037TeV 10.0325TeV

am

 5 Conclusions

W W The 1.3 TeV LHeC is more sensitive to the coupling           via the       
fusion processes                                     and                                   for ALP 
with the mass range of roughly a few tens to 900 GeV

aWWg
( )ee p v ja a bb  ( )ee p v ja a     

The currently unconstrained              parameter space can be covered by 
the 1 TeV ILC, for which the corresponding reaches are            and                  
from                                   and                                    , respectively                          37GeV 50GeVam 

11TeV 11.75TeV

52GeV 300GeVam 

a am  g
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