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Two orthogonal EXPs



Interplay between DD and LHC
LHC DD

• Different experiments can cover different DM mass scale!



A strategy when we know 
NOTHING

• Very minimal set-up (search channel) for DM @LHC  
- Jet from Initial State Radiation (ISR) to tag  
  Missing Transverse Energy events
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Additional object for  
a Light DM

• A very light DM with a mediator around 2 M(dark) 
can enhance the DM annihilation process via a 
resonance-enhancement 

• We can capture the light mediator @ LHC

Next-to-Minimal SUSY



• Light Dark Matter with a light mediator 

• Light Dark Matter, charged under dark gauge



A light DM in NMSSM

:a DM is singlino-dominated for

• Resolving mu-problem through the “Yukawa” interaction with S

can lead interesting phenomena for DM

MSSM + S
µe↵ ⌘ �s ⌧ min[M1,M2]

[M�̃0 ]55 = 2s = 2µeff

� 2/� < 1



• From the soft-SUSY breaking term

A light DM in NMSSM  
with a light scalar 

the mass of singlet-like pseudo scalar

Singlino-dominated LSP (DM) [Small    ]   
can be naturally accompanied by a light pseudo scalar 



• DM relic via a resonance A1 channel

• Small         makes the 2nd and 3rd Neutralino -> higgino-likeµe↵

MP et.al. arXiv:1504.0585



The chance of the LHC
• Conventional search (three leptons) v.s. Muon-jet

14TeV LHC for L = 300fb�1

MP et.al. arXiv:1504.0585



DM  
with dark gauge boson(s)

• A light dark matter, accompanied by a dark gauge boson;  
- has a self-interaction under a hidden gauge  
- acquires milli-charge under the SM gauge bosons  
  (e.g. by kinetic mixing                        )✏F (SM)

µ⌫ Fµ⌫
Dark

L 3

• What’s the mechanism behind the mass of DM and Dark 
Gauge field?



DM, dark gauge boson  
and a Dark Higgs
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DM, dark gauge boson  
and a Dark Higgs
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• Thus we always have the axial coupling  
between DM and a Dark photon



The origin of the mass of  
a DM and a dark photon

• One may ask the phenomenology according to the mass 
mechanism behind them (dark matter and dark photon).

Nicole F. Bell et.al. arXiv:1610.03063
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• One may ask the phenomenology according to the mass 
mechanism behind them (dark matter and dark photon).



• One may ask the phenomenology according to the mass 
mechanism behind them (dark matter and dark photon).

Cosmological aspect

Nicole F. Bell et.al. arXiv:1610.03063
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• “Charged” Dark Matter showers off the dark photons  
-> Dark photons decay back to SM particles: Collider Obs

Collider aspect
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• A light dark matter, accompanied by a dark gauge boson.

• The highly boosted “dark charged” DM will shower dark 
photons

M. Buschmann et.al arXiv:1505.07459

Collider aspect



• A light dark matter, accompanied by a dark gauge boson.

• The highly boosted “dark charged” DM will shower dark 
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Collider aspect

Vector-lik
e DM



M. Buschmann et.al arXiv:1505.07459

Collider aspect

Splitting function 

P

�!�

(x, t) ' 1
2

�
Q

02
�L

+Q

02
�L

�
1+x

2

1�x

+ 1
2

�
Q

0
�L

�Q

0
�R

�2 m

2
�

m

2
A0

P

�!�

(x, t) ' 1
2

�
Q

02
�L

+Q

02
�L

�
1+x

2

1�x

- In general case



Different showering@LHC

A B C

@LHC, we may see the difference 
among various mechanism behind the 
mass of dark matter & a dark-photon 

Vector : (Q’L, Q’R) = (1,1) 
Chiral:   (Q’L, Q’R) = (1,0)



Differentiate algorithm @ LHC
• How one can distinguish two mechanism@LHC

14TeV LHC

Set dark photon = 0.4GeV

Dark Sectors 2016 Workshop 
arXiv:1608.08632 Number of events = 200



• Case of DM production via a heavy Zprime

Differentiate algorithm @ LHC

<n> / events

14TeV LHC �d
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• HL-LHC can become the precision machine  
as we can control / understand QCD activities. 

• LHC proves the LIGHT Dark matter! 

• By looking into the different shower pattern from 
“energetic” dark matter@LHC, we can tell more 
than “just discovery”.

Conclusion


