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Probing	dark	particles	indirectly	 
at	Electron-Positron	Colliders
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Dark	Matter	at	the	LHC
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Degenerate	Dark	Matter	Model
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The	demand	for	e+e-	colliders

7Precisions of a few percents are achievable for some of the couplings.  
The CEPC can robustly improve this precision by an order of magnitude.
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Simplified	New	Physics	Model
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Assuming NP does not talk to electron directly
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Simplified	New	Physics	Model
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Dark	Matter	Candidate
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Scalar	dark	matter
	

Except	singlet	Fermion

Dark	Matter	
Direct	Detection



One-Loop	Correction
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Yukawa	interaction:

Gauge	interaction:



Purely	Yukawa	Interaction
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Loop	induced	effective	coupling 	

	

	

	

	

On-shell	scheme A.	Stange	and	S.	Willenbrock,	Phys.	Rev.	D48,2054(1993)	
Q.-H.Cao	et	al,	Phys.	Rev.D	79,015004(2009)

Wave	function	of	muon	



Purely	Yukawa	Interaction	(Left-Handed	Scenario)

Dimensional Regularization 
On-shell scheme
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where

are UV finite
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Purely	Yukawa	Interaction	(Left-Handed	Scenario)

14

When M is Large

Anapole Moment

in the Thomson limit,

Decoupling



R
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Purely	Gauge	Interaction
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Loop	induced	effective	coupling 	

	

On-shell	scheme

	

	

	

Wave	function	of	gauge	boson



	

Purely	Gauge	Interaction
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On-shell	scheme
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Numerical	Results
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LoopTools for the evaluation of the scalar functions.

P. J. Mohr, D. B. Newell, and B. N. Taylor (2015)

~  SM-NP interference



LEP-I	Constraint	(Left-handed	Scenario)
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Physics	Reports	427		
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Statistical	error:		0.5%
Systematic	error:		0.09%

	

Gray shaded bands:  
 excluded by Mono-jet + MET data

Green region:   
Excluded by Z-peak 
 data at LEP-I

y=1
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Gray shaded bands:  
 excluded by Mono-jet + MET data
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Left-Handed	Scenario	(Ecm=240GeV)
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Blue region :   
   Higher Reps excluded by  
   mono-jet + MET data
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Yellow	region:	
Representations	
with	DM	candidates		



Left-Handed	Scenario	(Ecm=240GeV)					
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Gray shaded bands:  
 excluded by Mono-jet + MET data
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Left-Handed	Scenario	(Ecm=240GeV)

24Gray shaded bands:  
 excluded by Mono-jet + MET data
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Right-Handed	Scenario	(Ecm=240GeV)
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Blue region :   
   Higher Reps excluded by  
   mono-jet + MET data

	

	 	

	

Yellow	region:	
Representations	
with	DM	candidates		



Right-Handed	Scenario	(Ecm=240GeV)
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Threshold		effects



Right-Handed	Scenario								
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Large	cancelation	between	gauge	part	and	Yukawa	part

Negative Positive



Yukawa	Coupling
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Gauge	part	
dominate

Yukawa	part	
dominate

	



Other collision energies, AFB, pp collider

LHC14
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AFB

e+e- collider



Summary
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Nearly	degenerate	DM	models,	which	are	hard	to	be	probed	directly	
at	the	LHC,	can	be	tested	at	electron-positron	colliders	potentially.		
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Renormalization	Constant
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Yukawa	interaction:

Gauge	interaction:



Feynman	Rules
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