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Motivation of composite ADM

⌦DM : ⌦B ⇠ 5 : 1
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We need a asymmetry between baryon and anti-baryon:  
1)C and CP violation  
2)B-number broken  
3)deviation from equilibrium 

Baryon mass comes from QCD confinement 

WIMP: 
Heavy Majorana particle freeze out   

WIMP mass is given by hand (soft term in SUSY)
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So maybe the true story is like: 

Baryon-anti-baryon asymmetry:  
1)C and CP violation  
2)B-number broken  
3)deviation from equilibrium 

DM-anti-DM asymmetry:  
1)C and CP violation  
2)D-number broken  
3)deviation from equilibrium 

Baryon mass and DM (dark baryon) mass comes from QCD confinement 
and Dark-QCD confinement respectively.  



Model Introduction

The most convenient model framework: extended Leptogenesis 
N (heavy Majorana fermion/RHN)

LH

CPV + out of 
equilibrium

Baryon

Sphaleron

q`q`q`

Dark 
Baryon

dark photon

For collider physics, this model is not so attractive: 
N is very heavy & dark photon is too common. 

We need need unique signal for ADM

arXiv:1811.10232 
arXiv:1907.03404



Model Introduction

Try to introduce a scalar mediator: 

N (heavy Majorana fermion/RHN)
CPV + out of 
equilibrium

 + X�
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Dark 
Baryon

dim-6 operator
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�
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q + q`

Baryon

DS

can not wash out the 
matter asym. generated 
by �

<latexit sha1_base64="SIWWhw4cDOJI1oTS6WRyjqImg48=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NGxHbFStuXV3AbROvILUoEB7VP0ajmOSCioN4Vjrgecmxs+wMoxwOq8MU00TTKZ4QgeWSiyo9rPFrXN0YZUxCmNlSxq0UH9PZFhoPROB7RTYRHrVy8X/vEFqwhs/YzJJDZVkuShMOTIxyh9HY6YoMXxmCSaK2VsRibDCxNh4KjYEb/XlddJt1L2reuOhWWvdFnGU4QzO4RI8uIYW3EMbOkAggmd4hTdHOC/Ou/OxbC05xcwp/IHz+QPkB44j</latexit>

arXiv:1306.4676



Model Introduction

Try to introduce a scalar mediator: 

N (heavy Majorana fermion/RHN)
CPV + out of 
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 + X�
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Unique signal: dark jet!



Model Introduction

Another possibility: what if        couples to L + q` instead of q + q` 

N (heavy Majorana fermion/RHN)
CPV + out of 
equilibrium

 + X�
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Sphaleron



Model Introduction
particle table:

Lagrangian:

break dark baryon 
number conservation

break lepton number 
conservation



Model Introduction

denote by



Model Introduction

Very long-lived Decay before BBN



Direct Search

cross section is too small to be detected 



Collider Search (LHC)

perfect for LLP search!

but X-section is too small

BKG is not negligible
ATLAS-CONF-2016-042 



Collider Search (CEPC)

Displaced lepton-jet



Collider Search (CEPC)
Cut flow for “displaced lepton jet” search:

BKG estimation: BKG free! (thanks to Manqi)

displaced lepton jet tagging efficiency estimation



Collider Search (CEPC)

Final result:Tagging efficiency:



Conclusion

Composite asymmetric dark matter is an attractive model. 

A light mediator introduce unique collider signal: dark jet. 

If this mediator is leptophilic: 
1)Composite ADM is difficult to be detected by direct search. 

2)Composite ADM is difficult to be detected at LHC. 

3)Composite ADM is promising to be detected at CEPC.


