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 LHC at 13 TeV

 ATLAS: 3.2 fb-1
 ~750 GeV

spin 0: 3.9 σ (local), 2.0 σ (global)

spin 2: 3.6 σ (local), 1.8 σ (global)

 CMS: 2.7(3.8T)+0.6(oT) fb-1
 ~760 GeV

13 TeV: 2.9 σ (local),   < 1σ (global)  

8+13 TeV: 3.4 σ (local), 1.6σ (global)  ~750 GeV

arXiv:1512.04929
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 DM: ~25% of our Universe

 Compelling  paradigm:

massive, non-luminous & stable particles 

 Evidence

 Galaxy rotation curve

 Bullet cluster

 Gravitational lensing

 Structure formation

 CMB

 Coma Cluster

 Sky surveys

 …
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 DM sector: maybe complicated 

e.g. “Assisted Freeze-out” G. Belanger & JCP (2011)

 Require at least one mediator between DM & SM sectors

χl χh

Thermal 
Plasma

S, A, Xμ, Gμν, …
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Which 
One?



 Spin=1 (vector): X (Landau-Yang theorem or Furry’s theorem) 

 Spin=0+ (scalar): No indirect detection (v2 suppression)

 Spin=2 (tensor): No indirect detection (v2 suppression)    

(No v2 suppression for vector DM)

 Spin=0- (pseudo-scalar): Our choice!

 Other possibilities: Non-resonance interpretations 

(e.g. WS Cho et. al. arXiv:1512.06824, also DJ Kim’s talk)

 We take the resonance as a mediator between SM & Dark sectors.



 Effective Lagrangian for a Dirac fermion DM

 Pseudo-scalar A can be produced via gluon fusion:                                             

JCP & S. C. Park, arXiv: 1512.08117



 Pseudo-scalar A decays into a pair of SM gauge bosons: γγ, Zγ, ZZ , WW, gg. 

See e.g. DJ Kim, KC Kong, HM Lee & SC Park, arXiv: 1507.06312

 For generic spin & CP states which couple to dibosons:

JCP & S. C. Park, arXiv: 1512.08117



 Annihilation cross-sections of DM    

JCP & S. C. Park, arXiv: 1512.08117



Results
-Collider

-Cosmic-ray



Scenario-O
Not Preferred

Scenario-I
Good

Scenario-II
Good

Blue band for
σ(ppAγγ)=5-10fb
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 Scenario-0 (a2 >> a1)

Not Preferred

Stringent limit on γZ

 Scenario-I (a2 << a1)

Good

Mild limit on γZ

 Scenario-II (a2 = a1)

Good

No limit on γZ
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γ-line
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E. J. Chun & JCP,
arXiv: 1506.07522
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CTA 5h

CTA 500h

Cosmic-ray:
Predictions!
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 New resonance at ~750 GeV via diphoton channel?   

 If yes, it can be a good mediator connecting Dark & SM sectors.

 Pseudo-scalar mediator scenario with LHC constraints

 DM indirect signatures: Fermi-LAT, HESS, CTA, …

We will be able to see the signatures through the new portal interaction 

in the near future. (by the CTA γ-ray observation)
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Back-Up



 DM-N scattering X-section on contact operators    

J. March-Russell, J. Unwin, S. M. West, arXiv: 1203.4854



Barducci, Goudelis, Kulkarni & Sengupta, arXiv: 1512.06842


