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Motivation of composite ADM

⌦DM : ⌦B ⇠ 5 : 1
<latexit sha1_base64="JmbmzHzpuADzGP5KwvCsZKKGrQc=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+78QLGSaGEjRjAayIWwt5nEJbt3x+6cGI78Bhv/io2FIrZWdv4bNx+FRh8MPN6bYWZemEhh0PO+nInJqemZ2dxcfn5hcWnZXVm9NnGqOVR4LGNdDZkBKSKooEAJ1UQDU6GEm7Bz0vdv7kAbEUdX2E2grlg7Ei3BGVqp4W4HFwrarBEg3GN2et47+iWUejQwQtH9I7/hFryiNwD9S/wRKZARyg33M2jGPFUQIZfMmJrvJVjPmEbBJfTyQWogYbzD2lCzNGIKTD0bvNSjm1Zp0lasbUVIB+rPiYwpY7oqtJ2K4a0Z9/rif14txdZhPRNRkiJEfLiolUqKMe3nQ5tCA0fZtYRxLeytlN8yzTjaFPM2BH/85b/keqfo7xZ3LvcKx6VRHDmyTjbIFvHJATkmZ6RMKoSTB/JEXsir8+g8O2/O+7B1whnNrJFfcD6+AYEbnVU=</latexit>

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)



Motivation of composite ADM

⌦DM : ⌦B ⇠ 5 : 1
<latexit sha1_base64="JmbmzHzpuADzGP5KwvCsZKKGrQc=">AAACEnicbVA9SwNBEN3zM8avU0ubxSBoE+78QLGSaGEjRjAayIWwt5nEJbt3x+6cGI78Bhv/io2FIrZWdv4bNx+FRh8MPN6bYWZemEhh0PO+nInJqemZ2dxcfn5hcWnZXVm9NnGqOVR4LGNdDZkBKSKooEAJ1UQDU6GEm7Bz0vdv7kAbEUdX2E2grlg7Ei3BGVqp4W4HFwrarBEg3GN2et47+iWUejQwQtH9I7/hFryiNwD9S/wRKZARyg33M2jGPFUQIZfMmJrvJVjPmEbBJfTyQWogYbzD2lCzNGIKTD0bvNSjm1Zp0lasbUVIB+rPiYwpY7oqtJ2K4a0Z9/rif14txdZhPRNRkiJEfLiolUqKMe3nQ5tCA0fZtYRxLeytlN8yzTjaFPM2BH/85b/keqfo7xZ3LvcKx6VRHDmyTjbIFvHJATkmZ6RMKoSTB/JEXsir8+g8O2/O+7B1whnNrJFfcD6+AYEbnVU=</latexit>

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
Consider a scalar mediator        couple to “dark quark” and SM quark:  

dim-6 operator

�
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arXiv:1306.4676

L � �q̄0q
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dark quark
quark

Step 1:  generate the asymmetry of mediator      . For example, CPV& 
             out of equilibrium decay of heavy neutral particle: 

�
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Step 2:  mediator       decay to “dark quark” and SM quark, and thus generate  
              “dark baryon” and baryon asymmetry simultaneously: 

At low energy scale, dark sector talk to SM via dim-6 operator:
SM

dark quark

quark



Model Introduction
Consider a scalar mediator        couple to “dark quark” and SM quark:  

dim-6 operator
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dark quark
quark

Step 1:  generate the asymmetry of mediator      . For example, CPV& 
             out of equilibrium decay of heavy neutral particle: 
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Step 2:  mediator       decay to “dark quark” and SM quark, and thus generate  
              “dark baryon” and baryon asymmetry simultaneously: 

At low energy scale, dark sector talk to SM via dim-6 operator:
SM

Unique signal: dark jet!



Model Introduction

Another possibility: what if        couples to L + q` instead of q + q`: �
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dark quark
lepton

Step 1:  generate the asymmetry of mediator      . For example, CPV& 
             out of equilibrium decay of heavy neutral particle: 

Step 2:  mediator       decay to “dark quark” and SM lepton, and thus generate  
              “dark baryon” and lepton asymmetry simultaneously: 

dark quark

lepton
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Step 3:  lepton number transfer to baryon number via sphaleron process: 

lepton baryonsphaleron
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Model Introduction

Dark baryon decay via 
dim-9 operator: life-time  

is longer than age of universe 

At low energy scale, there are “dark baryon” and “dark pion”, both of them 
are not stable:  

Dark pion decay via 
dim-6 operator: life-time  

is shorter than 1s (before BBN) 



Direct Search

cross section is too small to be detected via 
direct search

mediator       can be quite light: we only need       to decay before EWPT:�
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decay before EWPT dark pion decay  
before BBN 

Integrating out the mediator, dim-6 operator:

Spin-independent cross-section between “dark baryon” and electron:



Collider Search (LHC)

perfect for LLP search!

but X-section is too small

BKG is not negligible
ATLAS-CONF-2016-042 



Collider Search (CEPC)
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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:
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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.


