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LHC: A powerful probe for dark matter

DM existence well established, identity unknown.
— One of the most important guestions of particle physics today

Four probes for dark matter physics:
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Collider searches have
 Competitive sensitivity to direct searches. ol
» Ability to characterize the DM interaction "t 5
in detail. bSO
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Planck Collaboration (1502.01589)



http://arxiv.org/abs/1502.01589

Common framework for LHC DM searches

LHC DM searches = Etmiss + X (=}, W, Z, v, H, tt, bb, t, etc.)

ATLAS/CMS Dark Matter Forum recommendations
(July 6, 2015 1507.00966)

» Categorizes physics of Ermiss + X final states.

* Provides common bases for interpreting search results.

* Recommends use of simplitied models with minimal particle
content wherever applicable.
— Well-defined set of model parameters. ] g x(my)

Typically Mpwm, Mmediator, 9sm, gpm

e Focus on Dirac fermion DM, vary spin/parity
of mediator V, A(Mmea)


https://arxiv.org/abs/1507.00966
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Flagship: Jets+Et™ss + mono-W/Z(qQq)

Signature = large Etmiss + high-pr jets.

Sensitive to most generic class of DM signals. High rate.
 “Fat jet” category for boosted W/Z(qq): Er™ss, pr! > 250 GeV.
* Inclusive category: Remaining Ermiss > 200 GeV & p7! > 100 GeV.

Fit background and signal predictions to data Et™Miss distributions.
— Resolve kinematic differences among DM models.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-013/index.html

Jets+Ermiss + mono-W/Z(qq) results [13 TeV]

No excess observed. Limits set on
cross sections in simplified models.

FIXgg=1=gom =1, scan in Mmed & Mpwm

q X (my)
More 13 TeV data needed to supersede 8 TeV.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-013/index.html

Jets+Ermiss + mono-W/Z(qq) results [13 TeV]

Recast simplified model cross sections "

to DM-nucleon scattering cross section. -
DM

Vector mediator — spin-independent Ja
Axial-vector mediator = spin-dependent

Sensitivity complementary to / better than direct searches.
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Jets + ErMiss with razor variables [8 TeV]

Another approach for >2 jets + Egmiss
Use razor R? (~Et™Miss wrt event transverse mass)

Similar sensitivity” to jets+Ermiss
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EXO-12-047 *EFT limits. Monojet reference outdated.



http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-12-047/index.html

Mono-Z(£L£), W(Lv) [8 TeV]

Z(20)
* ete or Uty

* [Mee-Mz| < 10 GeV

e Ermiss > 80 GeV

e Fit to M+t distribution

W(LV)

e 1upr>45GeVor

1epr> 100 GeV

e 0.4 < prYErmiss < 1.5
e Fit to M+t distribution
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/(LL)+Etmiss ZH interpretation [13 TeV]

Probing spin-0 mediator with SM Higgs-like couplings.
Strategy similar to 8 TeV Z(£2)+Ermiss,
Sensitive down to oxBR ~ oSMzp(12s).
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-16-008/index.html
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b/ttt + Er™Miss [13/8 TeV]

Spin-0 mediator (P) with minimal flavor violation
— g(SM-®) «Yukawa

—Enhanced bb/tt-DM associated production
bbb+ Ermiss

 1or2b-tagged jets pt > 50 GeV
e Eqmiss > 200 GeV
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-14-004/index.html
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bb/tt + Etmiss results [13/8 TeV]
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Summary and prospects

 CMS dark matter search is in full swing.

* Result interpretation scheme standardized.
— Easlier comparison among collider searches
AND with direct searches to

e Establish complementarity.
* |dentity uncovered territories.

* Collider DM searches has competitive sensitivity to
direct searches even for generic models.

« Many more 13 TeV results in the pipeline.
Updates, combinations, etc.
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Jets+Ermiss control regions

CRs: 2u/e, 1u/e, .

Remove £/y from

event as Et™Mss proxy.

Bkgd estimations

connected between

CRs and SR

— Simultaneous fit to
constrain SR bkgd.
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Nonrelativistic limit for
t-channel DM-quark scattering

X X
gpM X X
gpM
9a
9q
q q
From Buchmueller, Dolan, Malik, and McCabe (1407.8257)
2 2
. gD M GqHnx
SI — A
M= g
2 2 2,,2
SgDng(Au T Ad -+ AS) Hry
78D = MA
TV hed

Uny: Nucleon-DM reduced mass
A, =-0.42, Aqg = 0.85, As = -0.08
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Razor variaples

Clusterize all visible objects in the event into two
‘megajets” |1 and |2.

My = /(57| + |572))2 — (p2* + pd?)?
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Mono-Z(£L), W(Lv)
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Events / 40 GeV

Data/ MC

Monotop

Probes FCNC and new colored, charged resonance.

1y, 1 b-tagged jet pt > 70 GeV, Etmiss > 100 GeV.

Signal extraction

Limits set on oxB
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