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2015+2016 LHC and ATLAS performance
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« 2016 was a great year for the LHC ff, S0
« Between 3 and 16 fb-! selected by g 40
presented ATLAS analyses E
* Depending on analysis and final state § 30

©
«  ATLAS had high performance, with data £ 20
taking efficiencies well above 90% g o
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Dark Matter Evidence and Searches

« Evidence for Dark Matter (DM) first found in

galactic rotation curves in 1970s il A L A A
* By now only one of many pointers NGC 6503

We do NOT know what a Dark Matter signal
would look like @LHC and would like to cast a
wide net

 But we need to make some assumptions
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DM forum provides guidelines/benchmarks to navigate this space @LHC (arXiv:1507.00966)
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Monojet Search

Event with single high pT jet and 954 GeV of missing transverse momentum
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arXiv:1604.07773

Monojets - Background =
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« “Classic” dark matter search, looking for invisible final state recoiling against initial state
radiation (ISR)

* Main SM backgrounds:
o« Z(->w)+jetsand W (->1v) + jets

« Constrained by two control regions (CRs) - W (->pv) + jets (treating u as invisible) and
W (->ev) + jets,

e.g. using NMCEZ(—¥)
NZEOV) _ ( ydata _ Nhon-W ) X signal
signal — W(—uv),control W(—uvy),control MC
W(—uv),control
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arXiv:1604.07773

Monojets - Sighal selection
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« Signal regions (SRs) defined in
missing transverse momentum (MET)
* Inclusive (IM) for model
independent results
» Exclusive (EM), combined for
model specific interpretation

« Combined fit of CRs and SRs
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arXiv:1502.01518

Monojets - Interpretation

Run-1 - For illustration only!
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Attempt to stay as model-independent as possible -> In LHC Run-1 use of Effective
Field Theory (EFT) approach (similar to direct detection experiments)

* But: high momentum transfer possible at LHC - validity is limited and range of
validity depends on model characteristics beyond the EFT

Move to simplified models including massive mediator where available
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Monojets - Run-2 Interpretation
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» Collider results retain unique access to low DM masses
« Model dependency now explicit
« Constraints often presented in plane of DM and mediator mass (right)

(Not necessarily both interpretations (left and right figure) provided by any given analysis, guidelines for

translation can be found in ATLAS/CMS DM report arXiv:1507.00966)
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Types of Dark Matter searches

o Off-shell region (2*mg,, > My, giator) g
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» In addition to Mono-X and heavy flavor + DM searches, due to explicit coupling of
mediator to quarks, sensitivity from e.g. dijet resonance searches
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Types of Dark Matter searches

Off-shell region (2*mg,, > My, giator)
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» In addition to Mono-X and heavy flavor + DM searches, due to explicit coupling of
mediator to quarks, sensitivity from e.g. dijet resonance searches
 Let’s discuss the other searches to build real versions of this mockup
10
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Monophoton analysis

arXiv:1604.01306

10*

* Events with isolated photon (pT > 150 GeV) E ATLAS Signal Region At oo
and MET > 150 GeV selected 8 10°f =13TeV, 3210 W
i . > SB VISV SNV SV SN 1 Fakg Photons
* Lepton veto, at maximum one jet £ 107 7+ jets
>
L
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« Main backgrounds are data driven 0

» Fake photons from electrons via “Z->ey”
* Fake photons from jets using ABCD method
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Mono-W/Z -> large-R jet

Events / GeV

Data/Bkg

What if there is no strongly interacting mediator?

Select events with MET > 300 GeV and boosted,
hadronically decaying W/Z (pT > 200 GeV)

* Not reconstructed as two individual jets, but
as one “merged” large radius jet

Dominant background Z->vv
» constrained via Z->uu
No excess above SM observed g

 interpret results in simplified models, but also
EFT for W/Z and DM interaction
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ATLAS-CONF-2016-087

Mono-Higgs -> yy

95% CL limit on o(pp — hyx) x BR(h — yy) [fb]

Search for h+MET with h->yy, interpreted in context of
a number of models, e.g.

Type-Il two-Higgs-doublet model (shown here)
Heavy scalar model with H — hxx (EFT)
Events split into four categories
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https://arxiv.org/abs/1609.04572

Dark Matter plus Heavy Flavor Quarks

~ Run: 271516
" Event: 7786087
2015-07-13 09:38:38 CEST

EXPERIMENT

Two top quak candidates with missing transverse momentum of 470 GeV
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ATLAS-CONF-2016-050 ATLAS-CONF-2016-076

ATLAS-CONF-2016-077

DM + Heavy Flavor

» Searches for Supersymmetric partners of e.g. top quarks include dedicated signal regions
for DM+ttbar

« Sensitivity comparable between decay channels -

exemplarily showing 1-lepton analysis p )
« Slight excess in one signal region (3.3 0) ,f
» expected somewhere considering o
number of analyses/signal regions P '
being looked at
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Resonance Searches and Dark Matter

ATLAS

EXPERIMENT

Run: 279685
Event: 690925592 \
2015-09-18 02:47:06 CEST

Event with dijet system with a mass of 8.8 TeV



Hints at DM in dijet events? "

ATLAS-CONF-2016-069

P
e ad

« DM mediator coupling to quarks in principle allows for sensitivity in dijet resonance
searches

« Constrain parts of the phase space in addition to other searches - discovery of a new
resonance on its own would hardly be evidence for Dark Matter

« ATLAS dijet searches provide constraints on generic resonances of variable width ->
interpret as mediator in DM model
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» Likewise, coupling to leptons would open up dilepton searches*
* Details on these searches can be found in general ATLAS Exotics talk

* no ATLAS reinterpretation done yet, Z’ results provide rough indication
Frederik Riihr, La Thuile, March ‘17
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Putting everything together

DM Simplified Model Exclusions ATLAS Preliminary August 2016
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* No evidence for physics beyond the Standard Model found in any channel
« Choice of g, = 0.25 for simplified models a bit “optimistic™?

» Large part of phase space closed by resonance searches

Frederik Riihr, La Thuile, March ‘17
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Putting everything together =

DM Mass [TeV]
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Summary and Outlook =

Sy L=

 LHC and ATLAS showed great performance in 2015 and 2016

« Dark Matter sector is a very active field

« Collider searches can provide valuable input to the search for Dark
Matter, especially at low masses

* Move to simplified models (required at LHC) limits model independent
interpretation® but necessary

» also opens up new avenues, e.g. reinterpretation of resonance
searches to constrain DM models

* No evidence for physics beyond the Standard Model found so far &)

« Dark Matter “evidence” at colliders also would not be unambiguous -
large difference between “collider stable” and galactic time scales

« 3to 10 times more data already recorded and mostly analyzed - stay
tuned!

* which technically never was there @colliders 5
Frederik Riihr, La Thuile, March ‘17



Backup

Frederik Riihr, La Thuile, March ‘17
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All relevant current ATLAS results can be found at:
» https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
» https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Frederik Riihr, La Thuile, March ‘17
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DM Mass [TeV]
X

DM Simplified Model Exclusions ATLAS Preliminary August 2016
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Low Mass Dijet Resonances? ="

« In DM context, also interested in low mass 0 —— TLAjets o
] . . ine jets selected by any single-jet trigger
resonances with low Coup“ng to quarks —— Offline jets selected by j110 single-jet trigger
» Not accessible by default dijet search 10° T
due to data acquisition bandwidth
constraints 10°
+ ATLAS implemented additional data stream
for minimal event information (jets only) 1 ATLAS Preliminary
bypassing high level trigger \s=13 TeV, 3.4 fb"

ly*l < 0.6

1.5F B
1 ;0-—0—*-0-0~'°'-o-0-°-++'°"°'+"'-o-++-0'§'++ +'+'++++++‘E

T
Low-mass dijet (TLA)
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o
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High-mass dijet \
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ATLAS-CONF-2016-070/ - &

« Additionally look at events where dijet
system is balanced against high
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. ‘ thresholds for “normal” data
0.05 Vel <031 <08 I oo acquisition
300 400 1000 2000 3000
m,, [GeV]

24
Frederik Riihr, La Thuile, March ‘17



ATLAS-CONF-2016-086

DM + Heavy Flavor =

« Searches also conducted in P ) : s )
“SUSY-like” final states of t_. Xt i
-~ X
DM + bb/ttbar . <:> 4l
%\fv % <x
p
« bb-type analysis selects events with . g ()

» 2 b-jets, using a 60% signal efficiency working point
« MET > 150 GeV and no significant third jet (p; > 60 GeV)

» Separate signal from background by requiring large angular separation of all jets and the
two b-tagged jets plus a momentum imbalance
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