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The LHC Dark Matter Forum

How it came about
● in early LHC Run-1, the dark matter searches were a bit of a niche

 small analysis teams
 pheno side of the story being developed

● LHC Run-1 DM publications

 model dependence or assumptions not always sufficiently explicit
 EFT interpretations sometimes outside range of applicability or in non-physical 

contexts
 very useful exploration of the complementarities which collider searches are 

bringing to the challenging search for the nature of DM
 large impact, heavily cited papers  hot topic for Run-2→



The LHC Dark Matter Forum

● vibrant field: several workshops in the past years

● DM@LHC in Oxford, September 2014

 perfect timing before LHC restart

● two papers were prepared prior to that workshop with concrete proposals 
to transition to interpretations with simplified models

 tackle EFT criticisms
 not a new idea, both CMS and

ATLAS had first simplified model
interpretations in their final LHC
Run-1 publications

● participants agreed we needed
a dedicated effort preparing
a baseline for the use in LHC
Run-2 searches

 between experiment
and theory

 urgency – simulations take time!

Eur. Phys. J. C 75 (2015) 235
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The LHC Dark Matter Forum

How it was organised
● A joint forum was created

 bottom-up, supported by ATLAS and CMS
 limited scope and duration
 kickoff January 2015

● experiment representatives were assigned

 ATLAS: Antonio Boveia, Caterina Doglioni
 CMS: Sarah Malik, Stephen Mrenna, SL

● a mandate was drafted with and agreed by both experiments

 agree on a small, prioritized list of benchmark models for Run-2 searches, 
including parameter scans and other practicalities

 harmonize choices for LO vs. NLO, PS matching, scales, etc.
 discuss how to apply the EFT formalism and how to present EFT interpretations
 summarize in an arxiv document as internal CMS/ATLAS, as well as external 

reference
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The LHC Dark Matter Forum

What we achieved
● reached out to over 200 experimental and theoretical participants on the 

main mailinglist

● we held ~7 very well attended meetings

 to assess the state of the art in theory and experiment
 to lay out a baseline we all agreed on
 to identify what pieces were missing and would be worked on
 in particular the pieces needed to timely prepare the experiment's simulations

● many people contributed a lot of their time

 producing studies or plots to explore avenues or substantiate simplifications
 balancing arguments for the choices that needed to be made
 writing and reviewing the report

● in the end, a report was submitted to the arXiv on July 3rd

 arXiv:1507.00966 [hep-ex] ; 160 pages, 139 authors and endorsers
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Report Contents

● introduction: grounding assumptions

● simplified models for all MET + X analyses

 s-channel vector and axial vector mediator
 s-channel scalar and pseudoscalar mediator
 t-channel coloured scalar mediator; spin-2 mediator

● specific models for signatures with EW bosons

 specific mono-Higgs models
 EFT models with direct DM-boson couplings

● implementation of models

● presentation of EFT results

● evaluation of theoretical uncertainties

● appendices
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Grounding assumptions

● we assume existence of interactions between DM and hadrons

● DM is assumed to consist of a single particle

● the DM particle is assumed to be stable on collider timescales and
non-interacting with the detector

● the DM particle is assumed to be a Dirac fermion

 most studied option

● central role for new mediating particle

 1 type of SM – DM interaction at a time
 unique playground for accelerator searches

● assume minimal flavour violation

 flavour couplings like in SM, so scalar mediators couple like SM Higgs

● minimal mediator decay width

 no other new particles or channels

● no external LHC and non-LHC constraints taken into account, and no 
connection to DD / ID

 beyond the scope and timescale of the forum, left for future
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General: MET + X Searches

Vector and Axial-Vector s-channel mediators

● mediator width dominated by quarks

● minimal set of parameters

 scan over couplings can be avoided
 scan over DM and mediator mass can be simplified
 sufficient to only consider V-V or A-A

and even then MET shapes are very similar

● the studies in the report show this is a tractable problem
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General: MET + X Searches

● avoid coupling scans: MET shape not coupling dependent

 simplify scanning: choose one coupling combination, and extrapolate with 
simple cross section scaling

 small caveat for on-shell/off-shell transition and at high mediator masses
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General: MET + X Searches

● simplify mass scans: divide phase space in different regimes

 Mmed » 2 mχ: most mediators are on-shell, and the MET distribution is 
independent from mχ

 Mmed « 2 mχ: off-shell mediator, strong cross-section suppression,
no detailed scan needed since no sensitivity

 need finer binning in transition region
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General: MET + X Searches

● adopted scan proposal

 gq = 0.25 and gχ = 1

 recipe provided to scale the cross section for other coupling choices

 highest Mmed mass point checked to coincide with kinematics of EFT

● this is the baseline which the experiments use for their interpretations
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General: MET + X Searches

Scalar and pseudoscalar s-channel mediators
● for simplicity, assume no mixing with SM scalar sector

● different production than V and AV case

 loop process dominates (MFV)
 strong dependence on which decays

are available to mediator

● mediator width dominated by DM below top threshold, and by top above

● in general, conclusions for V and AV also apply here

 S and PS quasi identical

● same scan proposed, except for highest Mmed dropped  no sensitivity→
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Special case: MET + HF

(Pseudo)scalar mediator and HF
● given MFV, tt+DM production can be sizeable

 like with Higgs production

● also bb+DM possibly important

 eg. in 2HDM at large tanβ (a la SUSY)

● small dependences on the mediator width

● same scan proposed as for general case,
but only up to DM mass 500GeV

 scalar and pseudoscalar should be done both

Also considered
● t-channel production with coloured scalar mediator

 more general than the SUSY case

● references to spin-2 mediator mentioned for completeness
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Special models with EW bosons

Special mono-Higgs models
● mono-Higgs in the standard MET + X signals is tiny

● mono-Higgs can arise from dedicated models, though

 vector mediator radiating h
 scalar mediator radiating h
 vector mediator, decaying into additional

pseudoscalar

● each model its own
kinematics

● dedicated scans
proposed
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Special models with EW bosons

Special models with direct DM-boson couplings
● a few additional EFT models are considered

 non-renormalizable operators of
dimension 5, dimension 7, and higher

 no UV completion or simplified model equivalent
 but some theorists actively working on such models

● unique kinematical features

 so worthwhile to consider, given our goal to cast
an as wide as possible experimental net

● explicit recommendations on how to present results with such EFT models
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Presentation of EFT Results

Truncation recipe 1
● example of Z' mediator

● minimal validity condition for EFT approximation: Qtr < Mmed

● recipe: reject events that don't satisfy this condition
 smaller effective cross section, leading to new, weaker limit

● caveat: one uses knowledge of simplified model to constrain EFT
 thus one could just as well use the simplified model...

Truncation recipe 2
● avoid using underlying dynamics, place more conservative cut

 thus weaker limit

● reject events with Ecm < Mcut

 with eg. Mcut = Mmed in previous example
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Presentation of EFT Results

Example result
● experiments are now routinely

applying truncation in the EFT
results that have come out in
the past months

● side remark: also beware of
unitarity bounds

Recommendation
● use recipe 2, and quote limit for a certain fraction of events being accepted
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Summary Table

● state-of-the-art
snapshot as in
June 2015

● recommendation
to use the highest
order available
at any time
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Appendices

Appendix A: additional models
● monotop

● W+MET models with possible cross-section enhancement

● inert 2HDM

Appendix B:
● recommendations for experimentalists on what and how to make publicly 

available, such that results can be re-interpreted

 eg. to please provide model-independent limits

● an excellent read if you are an experimentalist and don't know why 
theorists sometimes choose one over another result to reinterpret or to 
refer to
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Thanks to all involved!
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Backup
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The LHC Dark Matter Forum

JHEP 09 (2012) 094
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