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Motivation of Axion-Like Partilces (ALPs)

1. Strong CP problem (QCD axion)
2. Ultralight dark matter & Small Scale Structure Problem 
3. Experimental anomalies: 

(1) MiniBooNE Anomalous Excess

(2) W Boson Mass Excess

(3) Muon (g-2) Excess  

(4) Excess in H → Z γ



Motivation of Axion-Like Partilces (ALPs)



Theoretical Setup
1. The CP-odd couplings of the ALP to the electroweak gauge boson fields:

where i = 1, 2, 3 represents the SU(2) index. 

2. After the spontaneous symmetry breaking, the above interactions can be 
written as 

ALP field

ALP decay constant



Theoretical Setup
3. The dimensionful couplings of the photon and the electroweak gauge bosons to 
the ALP can be written in terms of            and 



Theoretical Setup
4. The ALP-top quark pair interaction:  

Apply the equation of motion



Motivation to study interference effects
1. We observe that most studies of ALP production channels at the LHC focus 

on a single type of ALP operator for each process in the EFT framework.
2. From the global analysis of the ALP EFT, people can study the constraints 

between two ALP effective operators.



Motivation to study interference effects
3. The key point for this work is to study some specific processes which 
involves at least two types of relevant ALP effective operators together and 
their interference effects! 
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Other associated ALP production with a single top quark processes

1. p p → t j b a 
(1) This process can be regarded as a high-order correction from p p → t j a 

when the b-quark is not tagged in the final state.
(2) To identify this process from p p → t j a and avoid the collinear divergence, 

the following cuts are applied: 

2. p p → t W a  
3. p p → t b a
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Simulation

Signal (p p → t j a): 
1. We focus on the ALP within a mass range from 25 GeV to 100 GeV 

such that the final-state signature is two isolated photons. 
2. Fixing 
3. Semi-leptonic decay of the top quark:

Relevant SM backgrounds: 
1. BG1: p p → t j γ γ (dominant) 
2. BG2: p p → W j γ γ 



Kinematical distributions



Cuts for the signal and background event selections: 





Exclusion regions at 95% C.L.

Solid lines: 
10% systematic uncertainties
Dashed lines: 
no systematic uncertainties
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Conclusion 
● We demonstrated the interference effects of the ALP-gauge boson 

pair and the ALP-top quark pair couplings in the process p p → t j a.

● Our findings indicate that the sensitivity of the ALP cutoff scale        
could potentially reach down to the values around                                                   
for the ALP masses ranging from 25 GeV to 100 GeV at the HL-LHC.

● It’s important to find more novel processes which can explore 
interference effects between two or more ALP effective operators! 




