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Effective operators
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Mono-X search
search for missing transverse energy with X

Tpp X E

X could be any bound state, for example, a heavy quarkonium
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Gauge Invariance in Mono-W



Flavor-dependent DM model
flavored dark matter models may be possible

hiral U(1)�’ model

DM may couple with the top quark 
dominantly for (u1,u2,u3)=(0,0,1)

otivated by the top-quark 
AFB asymmetry and B D(*)

anomalies
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Similarly it would be possible toSimilarly it would be possible to 
construct the dark matter model which 
couple with the bottom quark or 
charm quark dominantlycharm quark dominantly



Anomaly Cancelation
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Mono-bb (cc)
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(3S) decay
(3S) + - (1S) with (1S) invisible 



(3S) decay



Dark matter search at B factories
fixed CM energy s

relatively free from validity of EFT

clean signal and low background.

sensitive to light DM 5 GeVsensitive to light DM 5 GeV.

BELLE II will start to accumulate data soon.



light DM constrained



Mono-quarkonium production
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Source of heavy quarkonium



Association production of DM with H
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Dark matter-nucleon cross section
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Heavy quark-philic DM cross section
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Experimental reach at Belle II
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Quarknium+DM at ILC and LHC

LHC i ht b i i f Q k i DM d tiLHC might be promising for Quarkonium+DM production

J S

Due to large backgrounds, the exclusive decay mode, J/ (ee),  
must be considered



DM+J/ production at LHC
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DM+ J/ production at LHC
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J/ +Z production at ATLAS
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Mono-quarkonium production at LHCMono quarkonium production at LHC



Summary


