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Dark Matter (DM) has gained 
significant momentum in the 
LHC community:

– Expanding body of theory & 
phenomenology work targeting 
DM@LHC  

– Dedicated DM workshops, 
many conference talks 

– Work of the recent LHC Dark 
Matter Forum (DMF)

DM now a major focus of the LHC 
experiments in Run-2

– Complimentary discovery reach 
vs direct/indirect detection 

– In some cases, able to 
distinguish DM scenarios

From arXiv
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Outline of this presentation:
– Introduction of the LHCDMWG : organization and details

– Status: toward Winter conferences! 
● Summary of the first LHCDMWG open meeting 
● Focus: development of recommendations for the presentation of 

Run-2 results

– LHCDMWG near-term outlook & future directions 

The LHCDMWG recently 
organized under the LHC 
Physics Centre at CERN 

– Provides a permanent home 
for the coordination of broad, 
systematic searches for DM 
at the LHC

https://lpcc.web.cern.ch/LPCC/index.php?page=dm_wg
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Organizing Principles

● The  LHC  Dark  Matter  Working  Group  (LHC  DM  WG)  brings 
together theorists and experimentalists to define guidelines and 
recommendations  for  the  benchmark  models,  interpretation, 
and  characterisation  necessary  for  broad  and  systematic 
searches  for  dark matter  at  the LHC. As examples,  the group 
develops  and  promotes  welldefined  signal  models,  specifying 
the  assumptions  behind  them  and  describing  the  conditions 
under which they should be used. It works to improve the set of 
tools  available  to  the  experiments,  such  as  higherprecision 
calculations  of  the  backgrounds.  It  assists  theorists  with 
understanding and making use of LHC results.
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● The  LHC  DM  WG  develops  and  maintains  close  connections 
with theorists and other experimental particle DM searches (e.g. 
Direct  and  Indirect  Detection  experiments)  in  order  help  verify 
and  constrain  particle  physics  models  of  astrophysical 
excesses, to understand how collider searches and noncollider 
experiments  complement  one  another,  and  to  help  build  a 
comprehensive understanding of viable dark matter models.

● The LHC DM WG is structured to focus most of its attention on 
clearly delineated topics over short periods. At any one time, it 
holds discussion on only a small number of  these topics, each 
leading  to a  report. Within  this  constraint,  the discussions and 
reports  of  the  working  group  are  open  to  participation  by  the 
wide scientific community.
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Conveners
● ATLAS:  A. Boveia, C. Doglioni 
● CMS:  O. Buchmueller, K. Hahn
● Theory:  U. Haisch, M. Mangano

Subgroups
● Nominated to help address 

specific topics
● May operate through limited-

participation meetings 

Open Meetings
● Discuss latest exp. Results, collect input for WG studies
● Stimulate recommendations concerning theoretical issues
● Present for discussion the results and proposals of the WG

(a convener will also be nominated by LHCb)

Open subscription mailing list:
http://cern.ch/simba3/SelfSubscription.aspx?groupName=lhc-dmwg
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First Open Meeting of the DMWG
December 10-11 @ CERN 

– Agenda: http://indico.cern.ch/event/459037   

Primary goal
– Converge on an initial (but comprehensive) set of recommendations for 

presentation of results for Winter conferences

– Starting points: conclusions from the DMF and subsequent work 

– Workshop summarized in slides that follow 

– Soon to be distilled into a set of written recommendations   

Discussion topics  
– Review of recommendations from the DMF

– Proposal for the presentation of Run-2 results, comparison with DD/ID

– Other important short-term topics: mono-V, heavy flavor, relic calculations 

– Future directions  

http://indico.cern.ch/event/459037
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Review of the DMF Report

Primary topics considered:
– Simplified DM production models for all MET+X analyses
– Presentation of EFT results

arXiv:1507.00966
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S. Lowette : 
https://indico.cern.ch/event/459037/session/0/contribution/22/attachments/1203055/1751787/151008_Lowette_LPCCDMGW_LHCDMFReview.pdf

(Simplified Models)
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S. Lowette : 
https://indico.cern.ch/event/459037/session/0/contribution/22/attachments/1203055/1751787/151008_Lowette_LPCCDMGW_LHCDMFReview.pdf

(Simplified Models)
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S. Lowette : 
https://indico.cern.ch/event/459037/session/0/contribution/22/attachments/1203055/1751787/151008_Lowette_LPCCDMGW_LHCDMFReview.pdf

Address limitations of 
Effective Field Theory 
(EFT) models
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Presentation of LHC DM Results 

In lead-up to the workshop, WG discussed development of 
a coherent proposal for the presentation of LHC results, and 
comparison with DD & ID 

– Input from a first DMWG sub-group (credits in backup)

– Details on DD / ID comparison presented by C. McCabe & F. 
Kahlhoefer

– Proposal recalibrated, now close to final a iteration 

Proposal based on the results of the latest Run-1 CMS DM 
search (CMS-PAS-EXO-12-055)

– See talk by P. Harris in this workshop for details on the analysis
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Mass-Mass plots (mDM vs 
mMed) are a useful way of 
presenting LHC results

● Plot limit for fixed choice of 
couplings, ensure NWA valid

– Results can be re-scaled for 
other coupling / model choices

● Signal strength (μ) as z-scale

– Avoids projection into strongly-
coupled / broad width regimes  

Must clearly state all model assumptions: coupling choices, 
dark matter and mediator types, etc...

https://indico.cern.ch/event/459037/session/3/contribution/32/attachments/1203672/1753075/20151211_Follow-
up_Proposal_Collider_vs_DD_and_ID_2.pdf
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C. McCabe:
https://indico.cern.ch/event/459037/session/1/contribution/5/attachments/1203223/1752093/mccabe_translation.pdf

Straightforward 
mapping 
between DD 
and LHC for 
vector  / axial  
mediators  

● f(gSM): 
mediator 
coupling to 
nucleon

● μηχ: reduced 
DM-nucleon 
mass

Spin-independent (vector): assume equal p,n coupling

Spin-dependent (axial): couples only to p or n  
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C. McCabe:
https://indico.cern.ch/event/459037/session/1/contribution/5/attachments/1203223/1752093/mccabe_translation.pdf

Sign of gu vs gd 
matters 

● DD limits in 
mDM-mMed 
stronger when 
gu= -gd 

● SU(2) gauge 
invariance also 
prefers gu= -gd 

Given universal 
couplings,  
strongest 
bounds from 
LUX
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C. McCabe:
https://indico.cern.ch/event/459037/session/1/contribution/5/attachments/1203223/1752093/mccabe_translation.pdf

Also 
straightforward 
mapping 
between DD 
and LHC for 
scalar mediators 

● MFV implies 
universal 
Yukawa 
couplings 

● Should include 
contributions 
from all quarks 
in limits



14.12.15 K.Hahn  Dark Matter Cairo 17

C. McCabe:
https://indico.cern.ch/event/459037/session/1/contribution/5/attachments/1203223/1752093/mccabe_translation.pdf

For PS, most 
appropriate 
comparison is 
with ID 

● PS velocity 
suppressed at 
DD

● Presently, 
strongest PS 
bounds from 
Fermi-LAT

Non 2-2 channels 
can also 
contribute …
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F. Kahlhoefer:
http://indico.cern.ch/event/459037/session/1/contribution/7/attachments/1203033/1751743/DMWG_Kahlhoefer.pdf

Width effects 
important in the 
on-shell and 
transition 
regions

Naive scaling 
assumptions for 
cross section 
breaks down



14.12.15 K.Hahn  Dark Matter Cairo 19

F. Kahlhoefer:
http://indico.cern.ch/event/459037/session/1/contribution/7/attachments/1203033/1751743/DMWG_Kahlhoefer.pdf

Limits on signal 
strength for fixed 
couplings 
preferred 

● Only 2 
parameters need 
to be scanned for 
signal generation

● Easy to include 
other constraints 
(eg: dijets, DD) in 
such plots

● Can naturally 
aoivd non-
perturbative and 
large width 
regions 
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F. Kahlhoefer:
http://indico.cern.ch/event/459037/session/1/contribution/7/attachments/1203033/1751743/DMWG_Kahlhoefer.pdf

Relic density is an 
interesting 
benchmark to 
illustrate

● Noting that a 
discovery at the 
LHC could imply 
non-standard 
cosmology,   
ΩDSP != ΩDM 

Consider rescaling 
DD results if relic 
also shown

Plots become rather 
busy ...
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https://indico.cern.ch/event/459037/session/3/contribution/32/attachments/1203672/1753075/20151211_Follow-
up_Proposal_Collider_vs_DD_and_ID_2.pdf

To avoid limits from dijets ...

Issues with unitarity ... 
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Unitarity issues for axial 
mediators: 
arXiv:1510.02110

https://indico.cern.ch/event/459037/session/3/contribution/32/attachments/1203672/1753075/20151211_Follow-
up_Proposal_Collider_vs_DD_and_ID_2.pdf



14.12.15 K.Hahn  Dark Matter Cairo 23

Other Items for the Near-Term
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Relic Density Calculations

M. Backovic:
https://indico.cern.ch/event/459037/session/1/contribution/
2/attachments/1203278/1752282/MadDM.pdf

G. Belanger:
https://indico.cern.ch/event/459037/session/1/contribution/1/attac
hments/1203101/1752041/micromegas_CERN.pdf

Extensive / flexible tool chains exist for incorporating relic 
density calculations

Discussion & proposal:
● DMWG to centrally provide relic density bounds for the experiments
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Mono-V

N. Bell:
http://indico.cern.ch/event/459037/session/6/contribution/25/attachments/1203
369/1752401/LHC_DM_WG_2015_Bell.pdf
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N. Bell:
http://indico.cern.ch/event/459037/session/6/contribution/25/attachments/1203369/1752401/LHC_DM_WG_2015_Bell.pdf

Issue can also arise in simplified models  ...
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N. Bell:
http://indico.cern.ch/event/459037/session/6/contribution/25/attachments/1203369/1752401/LHC_DM_WG_2015_Bell.pdf

Use gauge 
invariant 
framework, 
avoid unphysical 
enhancement of 
longitudinal 
polarizations

SU(2) violating 
effects can be 
introduced via 
mixing, but are 
suppressed
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Heavy Flavor: Mono-top

B. Fuks:
http://indico.cern.ch/event/459037/session/6/contribution/27/attachments/1203355/1752382/fuks_monotops.pdf

Consistent 
treatment by 
ATLAS & CMS of 
non-resonant 
monotop  

Model differences 
for resonant case 

See talk by B. 
Penning in 
this workshop 
for more 
details on the 
monotop 
search
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Heavy Flavor

M. Buckley:
http://indico.cern.ch/event/459037/session/6/contribution/28/attachments/1203525/1752720/LPCC_tops_2015.pdf

Monojet sensitivity for spin-0 mediators 
presently better, but top-associated is 
comparable!

Heavy Flavor: tt(bb) + MET
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Combinations
Near/medium term

– Interest in the community for leveraging multiple final 
states produced from a single DM mediator

– Possible combinations should only consider consistent  
models, without introducing significant additional 
assumptions 

● A natural scenario: spin-0 mediated monojet & HF+MET 

– Beyond this, no specific recommendations from the WG
● Allow the experiments to R&D and gather feedback 

Longer-term
–  Combinations between the experiments ...
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Possible Future Directions



14.12.15 K.Hahn  Dark Matter Cairo 32

Direct Mediator Searches

Explore interplay 
between searches for 
MET+X  vs di-objects 

B. Zaldivar:
http://indico.cern.ch/event/459037/session/4/contribution/18/attachments/1203643/1752972/zaldivar_DMWG.pdf

Dijets
M. McCullough:
http://indico.cern.ch/event/4
59037/session/4/contributio
n/14/attachments/1203722/
1753104/LPCC.pdf

Dileptons

Good coverage from combined 
collider limits 

Width effects important! 

Combination with MET+X?
Practical approach: choose 
couplings that aren't in tension 
with dijets 
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Tools 
DM @ higher order

M. Pellen:
http://indico.cern.ch/event/459037/session/4/contribution/20/attachments/1203
073/1751818/PELLEN_CERN_WG_12_2015.pdf

D. Barducci:
http://indico.cern.ch/event/459037/session/4/contribution/19/attachments/1203707/1753293/DMWG_CERN_barducci.pdf

Analysis reinterpretation

L. Carpenter:
http://indico.cern.ch/event/459037/session/6/contribution/24/attac
hments/1202876/1751471/DMWG.pdf

– FeynRules →NLOCT → MGNLO

– Significant kinematic differences

– Big reduction in uncertainties 

– MadPAD (public analysis DB)

– Allows theorists to easily recast exp

– ATLAS/CMS monojet,monophoton 
already implemented/validated 
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Beyond Mono-X

– New final states from a bottom-up 
framework, utilizing only DM 
properties (eg: relic)

Dark Sectors

D. Whiteson:
http://indico.cern.ch/event/459037/session/4/contribution
/15/attachments/1203636/1752963/lpcc_dm_2015.pdf

J. Shelton:
http://indico.cern.ch/event/459037/session/4/contribution/36/attachments/1203642/1

753342/151211-LPC_forum.pdf

F. Yu:
http://indico.cern.ch/event/459037/session/4/contribution/
17/attachments/1203749/1753176/FY_Coannihilation.pdf

Explore more novel and complex signatures
– resonances+MET (mono-Z') , di-resonances (+MET), ... 

– Dark photon, dark Higgs ... 
– Search for direct mediator production

– Possibly soft, displaced, low-mass 
final states
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Summary

The LHCDMWG will guide the development and 
interpretation of broad DM searches at the LHC

– Building on the enthusiasm of the community, and 
the success of the recent DMF

Finalizing recommendations for the presentation 
of Run-2 results for Winter 2016 conferences 

On the horizon: moving beyond single-channel, 
MET+X searches  
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Backup
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