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Introduction to dark matter
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Dark matter searches

Indirect detection
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Limit interpretations

» Limits are quoted in terms of the VWIMP-Nucleon cross-section

Direct detection Collider
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» Contact interaction if » Use of effective field theory (EFT) to
m, > Q = \/2m,Ex ~ 50 MeV place a limit on the contact interaction
scale A= Mz

v/ 999x
» EFT will be valid if Mz > Q ~ TeV
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Limit interpretations

Effective Field Theory Simplified Model
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» Main interpretation used for 8 » Explicit definition of the mediator
TeV analysis » LHC DM Forum: definition of a set of minimal
» DM-SM contact interaction benchmark simplified models to consider Runll|
DM searches
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Dark matter searches at CMS
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e Dimuon, Dielectron, G+Jets => Z(nunu)
e SingleMu,SingleElectron => W(->lv)+jets
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http://cms-results.web.cern.ch/cms-results/
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Results interpreted in terms of the simplified models

» Results interpreted in terms of the » Mediator couplings to SM and DM =1
different hypotheses of mDM - mMED  » Limits converted in terms of spin-
considered independent DM-nucleon scattering

» 2D scan over different mass cross section

hypotheses of both mediator and dark
matter masses
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Dark matter associated with b-quarks

b(t)

http://cms-results.web.cern.ch/cms-results/ 8
public-results/preliminary-results/B2G-15-007/

Event selections

» Large missing transverse energy
» b-tagged jet(s) Background

» Lepton veto » Z(->vv)+jets
» 2 categories of signal-like events based on » W(->Iv)+jets
jet and b-tag multiplicity » tthar
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Dark matter associated with b-quarks
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» Results are interpreted in terms of Simplified Models
» 95% CL limits on DM - heavy flavour production
» On the scalar/pseudoscalar DM production wrt coupling gDM =1
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Monotop signhal

http://cms-results.web.cern.ch/cms-results/
public-results/preliminary-results/B2G-15-001/

» Monotop signature consists of single top

qguark and large missing energy
» FCNC or resonant models

Event selections

» Use transverse mass of W as
discriminating variable

» Signal region + 2 control regions
(W-enriched, ttbar-enriched)

Background
» ttbar
» W(->Iv)+jets
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http://cms-results.web.cern.ch/cms-results/

M on Oto p Sl gn al public-results/preliminary-results/B2G-15-001/

» 95% CL limits on the signal cross section for the non resonant and resonant cases
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Search using razor variables |arXiv:1603.08914
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M, [GeV] s » Force events to be dijet+MET
(8) (Z — pv)+jets. (b) Wtjets. topology, two megajets are

formed

» Use momenta of two megajets
to compute razor variables,

Me = +/(Bnl+ IBrl)? — (B} +p2)2,

R
R = %
Mg ’
M, [GeV] M [GeV] .
(©) £, (d) Signal (My = 100 GeV, with
A = 644 GeV).

i \/Ermissmlf + pl) — B (5 + )
Phys. Rev. D 86 (2012) 015010 ! 2 |
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Search using razor variables |arXiv:1603.08914

» Events are classified according to the muon and b-tagged jet multiplicities

Sample b-tagging selection Mg, selection

- 200 < My < 300GeV (VL)

300 < Mg <400GeV (L)

400 < My < 600GeV (H)
Mg > 600GeV (VH)
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Search usmg razor variables
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arXiv:1603.08914
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Conclusions

* A lot of work has been done so far to search for dark matter produced from
collider

* Many channels are include: Jet, Lepton, Photon

e Data-driven background techniques are used for background estimation
* No evidence for existence of dark matter production so far

e Limits are quoted
* More results to come

e Approval period for the first LHC Run Il data

e Waiting for the LHC 2016 run
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nggs portal to dark matter
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DM particles have the direct couplings
to the SM Higgs sector, H = x x

» Limits on branching fraction of Higgs to
“invisible” particles used for limits on DM

» Can be scalar, vector or fermionic couplings
» Limits only up to DM mass M, < My/2
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Monophoton Si gnal Phys. Lett. B 755 (2016) 102

Event selections C
» Large missing transverse energy =A
» One energetic photon
» Veto on jets, leptons and and pixel

seeds (hit pattern in the pixel

detector) |
» DeltaPhi(photon,MET)
» Reduce fake MET events
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Monophoton signal

19.6 fb' (8 TeV)
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MonoZ signal
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Event selections

» Two well-identified, isolated leptons
with the same flavour and opposite
charge

Events / 1 GeV

» Invariant mass of the lepton pair is
required to be within £10 GeV of the
nominal mass of the Z boson

» Large missing transverse energy

arXiv:1511.09375
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MonoZ signal arXiv:1511.09375
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