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Searching for dark matter 
at colliders

Kentarou Mawatari
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My main research field is collider phenomenology

• the Higgs sector

• dark matter (DM)  

• inSPIRE

- find title higgs 

- find title dark matter
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Looking for dark matter 

• If dark matter has non-
gravitational interactions 
with ordinal matter, we can 
observe it directly and/or 
indirectly.

• Indeed, many types of dark 
matter search experiments 
are currently on-going all 
over the world.
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collider search

direct search

indirect search
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DM (or MET) searches at LHC Run-I
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Top-down approach

Bottom-up approach

EFT : SM + DM particles

SM

SM

DM

DM

{L;mDM,m1,m2, · · · , g1, g2, · · · }

{L;mDM,M⇤} L =
1

M2
⇤
�̄�µ� q̄�µq

UV model : SUSY, ExtraDim, …
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DM (or MET) searches at LHC Run-I:
top-down (e.g. Supersymmetry)
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predictive,  but many parameters and many final states…
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• employed contact interaction operators in EFTs 
(effective field theories).

•  
 

The signal is determined by the Lorentz 
structure, the DM mass, and the overall coupling 
(or the cutoff scale). 

Simple final states

easy interpretation to non-collider DM searches
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mono-X search

DM (or MET) searches at LHC Run-I:
bottom-up (Effective field theory)
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• employed contact interaction operators in EFTs 
(effective field theories).

•  
 

The signal is determined by the Lorentz 
structure, the DM mass, and the overall coupling 
(or the cutoff scale). 

Simple final states

easy interpretation to non-collider DM searches

EFT validation; M★ ≦ (LHC accessible energy)

[1502.01518]
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DM (or MET) searches at LHC Run-I:
bottom-up (Effective field theory)
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by M. Mangano
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LHC DMWG documents

• arXiv:1507.00966  
“DM benchmark models for early LHC Run-2” 
(Report of the ATLAS/CMS Dark Matter Forum)

• arXiv:1603.04156  
“Recommendations on presenting LHC searches for MET 
signals using simplified s-channel models of DM”

• arXiv:1703.05703  
“Comparing LHC searches for heavy mediators of DM 
production in visible and invisible decay channels”

• arXiv:1705.04664  
“Precise predictions for V+jets DM backgrounds”
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Summary of the LHC DMWG activities

• develops well-defined benchmark models

• provides (accurate) simulation tools for 
signal and background

• defines guidelines for presentation and 
interpretation of the LHC results
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• develops well-defined benchmark models

• provides (accurate) simulation tools for 
signal and background

• defines guidelines for presentation and 
interpretation of the LHC results
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DM (or MET) searches at LHC Run-II
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Top-down approach

Bottom-up approach

EFT : SM + DM particles

SM

SM

DM

DM

{L;mDM,m1,m2, · · · , g1, g2, · · · }

{L;mDM,M⇤} L =
1

M2
⇤
�̄�µ� q̄�µq

Simplified model : SM + DM + Mediator particles

UV model : SUSY, ExtraDim, …

{L;mDM,mmed, gDM, gq} L = gDMZ 0
µ�̄�

µ�+ gqZ
0
µq̄�

µq
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Simplified DM models

• Run-II is employing simplified DM models.

•  
 

The signal is determined by the mediator 
type, the DM and mediator masses, and 
one or two coupling(s). 

Richer phenomenology

Interpretations to non-collider DM 
searches are more complicated.

DM Forum [1507.00966]

s-channel mediator

t-channel mediator
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s-channel simplified models: spin-0,1

• Simplified DM models (s-channel):

- spin-1 mediator  
 
 

- spin-0 mediator  
 
 

• The signal is determined by

- the mediator type (V,  A, S, P)

- the DM and mediator masses

- the two couplings
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spin-1 mediator

spin-0 mediator

👉 Top-philic DM models

DM Forum [1507.00966]
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s-channel simplified models: spin-2
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Gravity-mediated DM:
  Lee, Park, Sanz [1306.4107, 1401.5301]
  Rueter, Rizzo, Hewett [1706.07540]

Kraml, Laa, KM, Yamashita [1701.07008, EPJC]
Das, Degrande, Hirschi, Maltoni, Shao [1605.09359]



                             Kentarou Mawatari (Iwate U.)MadGraph school in Chennai - 2019.11.22 /35

t-channel simplified models: colored scalar
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See, e.g., De Simone, Jacques [1603.08002, EPJC]

gχ

gs

Gravitino production at the LHC
Maltoni, Martini, KM, Oexl [1502.01637, JHEP]

Arina, Fuks, Mantani [1911.?????]

ME+PS merging,
proper treatment of resonances,
…
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Summary of the LHC DMWG activities

• develops well-defined benchmark models

• provides (accurate) simulation tools for 
signal and background

• defines guidelines for presentation and 
interpretation of the LHC results

 18



                             Kentarou Mawatari (Iwate U.)MadGraph school in Chennai - 2019.11.22 /35 19

CMS [1712.02345]
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ATLAS [1903.01400]



                             Kentarou Mawatari (Iwate U.)MadGraph school in Chennai - 2019.11.22 /35 21

FeynRules

MG5aMCMadDM
micrOMEGAs
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1-min MadGraph5_aMC@NLO tutorial

./bin/mg5_aMC 
>import model DMsimp_s_spin1 
>generate p p > xd xd~ j [QCD] 
>output   
>launch

☜ Start the MG5_aMC shell
☜ Import the model
☜ Generate the process
☜  Write the code (including html)
☜ Generate the LO/NLO events 
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run_card.datparam_card.dat
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Cross sections for mono-j at LHC13
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NLO corrections 
• strongly depends on the mass 
spectrum and the kinematical cuts.
• sizeably reduces of the scale and 
PDF uncertainties.

scale (renormalization and
factrorization) uncertainty

PDF uncertainty

DMsimp(spin-0,1): Backovic, Kramer, Maltoni, Martini, KM, Pellen [1508.05327, EPJC]
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DM production at NLO+PS
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DMsimp(spin-0,1): Backovic, Kramer, Maltoni, Martini, KM, Pellen [1508.05327, EPJC]
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Summary of the LHC DMWG activities

• develops well-defined benchmark models

• provides (accurate) simulation tools for 
signal and background

• defines guidelines for presentation and 
interpretation of the LHC results
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Interpretation of the LHC MET search
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Particle physics
colliders, direct detection 

Astrophysics
cosmic rays

Cosmology
CMB 

gravitational lens/wave

dark
matter

LHC 
NA62 
ILC* 

CEPC* 
FCC* 

…

WMAP 
Planck 
LIGO 

KAGRA* 
LISA* 

…

Fermi-LAT 
AMS-02 
DAMPE 
Super-K 
IceCube 

…

LUX 
CDMSLite 
PandaX 
CRESST 
XMASS 

…

scattering 
(direct detection)

production (LHC)

Annihilation (relic density) (indirect detection)

SM

SM

DM

DM
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Signatures of simplified DM models
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[1712.02345]

missing-energy search

direct detection
relic density

indirect detection

LHC DMWG [1603.04156, 1703.05703]
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Signatures of simplified DM models
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missing-energy search

direct detection
relic density

indirect detection

mediator search

LHC DMWG [1603.04156, 1703.05703]
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Interpretation of the LHC searches
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A comprehensive simplified DM study: s-channel spin-0
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X=DM
Y=mediator

Arina, Backovic, Conte, Fuks, Guo, Heisig, Hespel, 
Kraemer, Maltoni, Martini, KM, Pellen, Vryonidou 
[1605.09242, JHEP]
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Spin-2 model: MET vs. resonance searches

 31

Kraml, Laa, KM, Yamashita [1701.07008, EPJC]
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Summary of the LHC DMWG activities

• develops well-defined benchmark models 

• provides (accurate) simulation tools for 
signal and background 

• defines guidelines for presentation and 
interpretation of the LHC results 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                 [Discussions]

Are the simplified models too simple/complicated?

Are the current available tools satisfactory?
 

Are the current experimental informations enough 
for reinterpretation/recasting?
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Summary and outlook

• Dark matter is one of the biggest mysteries in our world. 

• The systematic simulation framework for dark matter 
searches have been developed not only for LHC but also 
for non-collider experiments.

• Higher-order predictions not only provide reliable rate 
but also reduce the theoretical uncertainty. 

• A single model can be constrained by many different LHC 
searches and also by non-collider searches.

• Recasting business becomes more and more important.
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