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Motivation and Detection of Dark Matter

Direct Method Indirect Method , Collider Method

Dark Matter (DM) has been one of the main unsolved problems in physics

»  Much evidence from astrophysical measurements, but no evidence yet for non-
gravitational interactions between DM and SM particles

Three detection ways:
* Direct method (xg—xq): DM-nucleon elastic scattering, a recoil with E~50 keV

* Indirect method (xx—qq): DM pair-annihilation, decay to various observable
particles: tt, bb, WW, ZZ, vy, ......

»  Collider method (gg — xx): main topic of this talk
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“History” of DM searches at the LHC

Ruqrﬂ .+ Two different approaches:

q
- Effective field theory (EFT): several
9x9  9x9 Q . h 1 . ,
AN S 3\4 y= Iy By oYy L nonrenormahzablgl operators without the
' UV physics specified
Qt << M .
; ' ; p  largely model-independent
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Dirac fermions, complex scalars ’or ,real scalars, respectively. energies in the events are Com p arable
Name Operator Coefficient .
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iy ) D o » don’t account the constraints on the UV
- Z 8¢y “7 - gxﬂﬂXy'X be AL e physics generating these operators
Iq ot > i (e.g. contains from recent dijet/dilepton
scalar mediator o1 Xﬁ*ﬁg Ggﬂ it searches)
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— Z gqu¢q‘q — 8XYX¢X‘X o o - Simplified models: UV particles are kept
q c: " as degrees of freedom, but more model-
e gi o dependent
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DM searches at the LHC (Mono-X) @13TeV

arXiv.org > hep-ex > arXiv:1507.00966 Search or Article |
(Help | Advanced sear

High Energy Physics - Experiment

Dark Matter Benchmark Models for Early LHC Run-2 Searches: Report of the ATLAS/CMS
Dark Matter Forum

Daniel Abercrombie, Nural Akchurin, Ece Akilli, Juan Alcaraz Maestre, Brandon Allen, Barbara Alvarez Gonzalez, Jeremy Andrea, Alexandre
Arbey, Georges Azuelos, Patrizia Azzi, Mihailo Backovi¢, Yang Bai, Swagato Banerjee, James Beacham, Alexander Belyaev, Antonio Boveia,
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Carpenter, Nuno Filipe Castro, Guillelmo Gomez Ceballos, Yangyang Cheng, John Paul Chou, Arely Cortes Gonzalez, Chris Cowden, Francesco
D'Eramo, Annapaola De Cosa, Michele De Gruttola, Albert De Roeck, Andrea De Simone, Aldo Deandrea, Zeynep Demiragli, Anthony DiFranzo,
Caterina Doglioni, Tristan du Pree, Robin Erbacher, Johannes Erdmann, Cora Fischer, Henning Flaecher, Patrick J. Fox, Benjamin Fuks, Marie-
Helene Genest, Bhawna Gomber, Andreas Goudelis, Johanna Gramling, John Gunion, Kristian Hahn, Ulrich Haisch, Roni Harnik, Philio
Kerstin Hoepfner, Siew Yan Hoh, Dylan George Hsu, Shih-Chieh Hsu, Yutaro liyama, Valerio Ippolito, Thomas Jacques, Xi
Kahlhoefer, Alexis Kalogeropoulos, Laser Seymour Kaplan, Lashkar Kashif, Valentin V. Khoze, Raman Khuraz d
Kovalskyi, Suchita Kulkarni, Shuichi Kunori, Viktor Kutzner, Hyun Min Lee, Sung-Won Lee, Seng Rai . "_S aﬂ
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g1, Livia Soffi, Norraphat Srimanobhas, Kevin Sung, Tim M. P. Tait, Timothee
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Nikola Wk =5au Lan Wu, Hongtao Yang, Yong Yang, Shin-Shan Yu, Bryan Zaldivar, Marco Zanetti, Zhiqing
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is document is the final report of the ATLAS-CMS Dark Matter Forum, a forum organized by the ATLAS and CMS collaborations with the participation of
experts on theories of Dark Matter, to select a minimal basis set of dark matter simplified models that should support the design of the early LHC Run-2
searches. A prioritized, compact set of benchmark models is proposed, accompanied by studies of the parameter space of these models and a repository of
generator implementations. This report also addresses how to apply the Effective Field Theory formalism for collider searches and present the results of
such interpretations.

Subjects: High Energy Physics - Experiment (hep-ex); High Energy Physics - Phenomenology (hep-ph)

Mono-X: a final state of MET +
Jet(s), photon, W, Z, Higgs,
top/b quark

X can be emitted either directly
from ISR through SM gauge
interactions or from a BSM
vertex coupling
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DM searches at the LHC (Mono-X) @13TeV

mono-Jet/photon/W/Z

mono-Higgs

Mono-X: a final state of MET +
Jet(s), photon, W, Z, Higgs,
top/b quark

X can be emitted either directly
from ISR through SM gauge
interactions or from a BSM
vertex coupling
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Channels AT L AS
EXPERIMENT
Mono-jet EXOT-2015-03

Mono-W/Z()  |EXOT.20i5.08
Mono-V Mono-Wey) |

Mono-Z(¢7) ATLAS-CONF-2016-056
oo BOTMSR
Mono-Hyy)  |ATLAS-CONF-2017-024
Mono-Higgs Mono-Hbb)  |ATLAS-CONF-2017.028
Mono-H(~ZZ*~4¢) |ATLAS-CONF-2015-059
Monot had) |
Mono-tt (had)  |ATLAS-CONE-2016-077
Mono-tt (semilep) |ATLAS-CONF-2016-050
Mono HE om0t (Semi-lep) S e e

Mono-tt (lep) ATLAS-CONF-2016-076
Mono-b |
Mono-bb  |ATLAS-CONF-2016-086
Reinterpretation  Invisible Higgs Search |ATLAS.CONF-2016.056
Di-iet Search  |EXOT-2016-21, Summary Page T
20 Search  |ATLAS-CONE-2017-027



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2015-03/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2015-08/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-056/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-038/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-039/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-024/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-012/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-028/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-040/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-077/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-050/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-076/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-028/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-15-007/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-086/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-056/
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-16-016/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/EXOTICS/index.html#ATLAS_DarkMatter_Summary
https://cds.cern.ch/record/2256873?ln=en
https://cds.cern.ch/record/2208044/files/DP2016_057.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-027/
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-15-005/index.html

— 910 ET (GeV)

EXPERIMENT

Run Number: 279284, Event Number: 606734214

Date: 2015-09-14 12:05:34 CEST
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EXOT-2015-03
x  CMS-EXO-16-037

A most sensitive search channel for DM at the LHC, signature with an ISR jet recoiling off a large MET
Event selection:

a well-identified leading jet pt>100 (250) GeV, Er™ss > 200 (250) GeV for CMS (ATLAS)
lepton-veto, up to three extra low-pT jets

Main backgrounds:

well-separated between leading energetic jet and Ey™'ss

Z(vwv) + jets: 60%, dominant and
irreducible

W(ZV) + jets: 30%, reduced with

lepton veto, but leptons could be out
of acceptance or from the detector
inefficiency

Others(DY, Top, VV) are MC
estimated

Events / 50 GeV

Data / SM

Signal Region

ATLAS
\s=13TeV, 3.2fb"

p,>250 GeV, ET*>250 GeV

Data 2015

<<« Standard Model
B Z(— vv) +jets

W(— tv) + jets

T W(= uv) +jets
B W(— ev) +jets
B Z(= 1) + jets
B Dibosons
B tt + single top

m(b, %) = (350, 345) GeV
(m_,» M__)=(150, 1000) GeV
ADD, n=3, M_=5600 GeV
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Mono-jet
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Events / 50 GeV

Data / SM

To constrain two main backgrounds: Z(vv) + jets and W(#v) + jets, global simultaneous likelihood fits to CRs
are used:

ATLAS: W(pv)+jets, W(ev)+jets, and Z/y (up )+jets

E+™Miss tail can be contaminated due to detector energy resolution, jet energy mis-measurements, pileup
energy fluctuations, and instrumental noise

CMS: W(e/pv) + jets, Z/y (ee/pp) + jets, and y + jets (large statistics, similar jet multiplicity, underlying
event, and pileup conditions as the DY process for the region of interest at high pr region)

12.9fb™ (13 TeV)
.A-T|LAIS"I'"I"'I.'Da'ta'201|5"'lg > = R B T T e e % L L L L EL L L I
= © = Data 2015 = ]
. ~<~= Standard Model ] © 10° = A LAS ;%9. sfazdard Model = O 10t CMS —%— Data 3
(s=13TeV,321fb B Z(~ vv) + jets = B = {s=13TeV, 320" B Z(— vv) +jets 3 ~ monojet E
W(=> uv) Control Region — ng Wv)):'.‘;‘; = @ 10* ==Z(= uy) Control Region W(—> tv) +jets —= 2.5 Post-fit y+jets
250 GeV, E"**>250 GeV W) + | —= = =  W(— ) + jets = 10
p> » E; mm W(— ev) + jets = o = p >250 GeV, E*°>250 GeV Wi . = @ o
 Z(— 1) + jets - i 10° L Z( "ev)_+:e S — Lﬁ =~~~ Pre-fit y+jets
I Dibosons —= - D(i:osz ‘r"‘ sle S = 102
BN ti + single top = 10? B tt + single top = - QCD multijet
= 10 = :
_;' 1 + — 1
= = 107"
102
I U LIS U S | U e eeend L., Neenen U, N U ORI, IS D E .................................................. -
- %) @ 5 1.4
-/‘- o990 Q. @@L % e 7 /fé‘ 2o © ///// / n&j 1.2}
© - 1
Y RS AN Yo -
400 600 800 1000 1200 1400 800 1000 1200 1400 T T
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m, [GeV]

Interpretation in terms of simplified models with (axial) vector and (pseudo) scalar mediators
+ Exclusion: vector mediator mass < 1 TeV @90%CL (ATLAS, 3.2fb "), < 2 TeV (CMS, 12.9 fb 1)
Limits on spin-dependent DM-nuclel cross-section is more sensitive w.r.t. direct searches

No significant excess is observed
| | | | I | | | | | | | | I | | | | | | 1 200
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ATLAS

EXPERIMENT

Run Number: 280950, Event Number: 1526222948

Date: 2015-10-0494 04:-31:01 CEST
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Mono-V(jj)

EXOT-2015-08
CMS-EXO-16-037

Signhature: a boosted W/Z boson with hadronic decay recoiling against a large MET
a large-R jet with R=0.8(1.0) and pT > 250 (200) GeV for CMS(ATLAS)

Jet mass compatible with W/Z boson
Jet substructure (subjetness) to discriminate W/Z from QCD
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Three type of benchmark models are considered:
Two simplified model with vector or scalar mediator in s-channel (same with mono-jet)
A dimension-7 operator: VVxx (EFT model of DM directly coupling to gauge bosons)

L

W/Z

W/Z
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Mono-V(jj)

q/q W)z

W/Z

EXOT-2015-08
CMS-EXO-16-037

Events / GeV

Data/Bkg

Events / GeV

Data/Bkg

Similar with Mono-jet, main backgrounds: Z(vv) + jets and W(£V) + jets and ttbar are constrained from global
simultaneous likelihood fits to CRs
« ATLAS: W(uv)+jets, W(ev)+jets, and Z/y«(pp )+jets

- CMS: W(e/pv) + jets, Z/y«(ee/upy) + jets, and y + jets

12.9 b (13 TeV)
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Mono-Z(£+¢”)

A

Py " ATLAS-CONF-2016-056

o+ CMS-PAS-EXO-16-038

- Signature: a Z(£*¢") boson with a large MET
« Event selection in ATLAS (CMS):

» Mass: -15 GeV <m(Z*¢) - mz < 15 (10) GeV

»  Two leading leptons with pT>30,20 (25/20,20) GeV
» 3rd lepton veto
MET>90 (100) GeV

-  Ad(pt??, MET) > 2.7 (2.8) rad, AP(MET, jets) > 0.7(0.5) rad
Bjet veto (and 0 or 1 jets, tau-jet veto)

IMET + jet pT| - pt?|/p1?? < 0.2, (IMET - pt°‘|/p1/¢ < 0.4)
« AR(Z+¢) < 1.8, p174/mT < 0.9 (p17? > 60 GeV)

« Models: vector mediator benchmark models are considered:

vector/axial-vector couplings
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Events/50 GeV

Data/Pred.

Backgrounds:
« Z/y*+jets: fake MET from instrumental effects (data-driven from 1D/2D sideband)

- WW, Top, Z— T1+T-: non-resonant in m(£¢) at Z mass region (MC/data-driven using the ep events)
- WZ —3¢v: similar to ZZ when one lepton is not detected (MC/data-driven from 3-lepton control)

- [/—272v: irreducible, dominant (after selection), estimated from MC simulation

»  W+ets/QCD: fake leptons from jets (small background) (data-driven, fake rate measurement)

1297 (13 TeV)
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Main systematic errors: data-driven Z+jets from 1D/2D sideband, ZZ theoretical uncertainties
Good agreement with SM predictions, no significant excess is observed
2D limit interpretation in terms of simplified models with vector/axial-vector mediators

* For DM mass = 1 GeV, vector mediator mass < 420 (450) GeV are excluded at 95% CL for vector

coupling
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Events / 75 GeV

A

clean signature of high pT photon and large MET

Event selection:

a well-identified photon with PT > 150 (175) GeV, and large MET> 150 (170) GeV in ATLAS (CMS)
good separation between photon and MET, jet and MET
lepton veto, at most one et

Similar with mono-W/Z(jj), three type of benchmark models are considered:

Two simplified model and a dimension-7 operator VVxx
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- Background contains real photon: Zy, Wy, yjets

» using simultaneous fitted Data/MC SF in different background-enriched CRs
- Background contains fake photon
- fake photon from jets: ABCD with reversing/loosing ISO/ID

- fake photon from electrons: measure P(e ->y) in using Z peak
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« Results is translated in terms of simplified models with (axial) vector and (pseudo) scalar mediators
» EXxclusion: vector mediator mass < 1.2 TeV @95%CL (ATLAS, 36 fb-1), < 0.75 TeV (CMS, 13 fb-1)
»  Upper limits are set on cutoff scale for dimension-7 operator with a contact interaction as a function of DM

Mass

» cutoff scale < 800 GeV is excluded at 95%CL (36 fb-1) for DM mass1 GeV
- EFT invalid regions for different couplings 3, and 4pi

CMS Preliminary
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H—/Z/Z"—4¢ has low BR, but this channel is very clean

Multi-leptons triggers (Efficiency > 99%)

Event selection: at least four well-identified, isolated
leptons, same flavor-opposite-charge lepton pair match
to Z mass

Background:

« /77 (irreducible): from simulation with NNLO@QCD,
NLO@EWK correction

- 1tV/VVV: from simulation
« Z+]ets, ttbar: shape and normalization data-driven

Signal region: maz [110,140] GeV, MET>100 GeV

No significant BSM excess is observed! Upper limit is
set on the production cross section times BR as a
function of mediator mass in both Scalar and Z2’B
scenarios, no exclusion yet @3.2 fb-
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ATLAS-CONF-2017-024
! CMS-EXO-16-012

» Signhature: two well-defined photons compatible with the 125 GeV Higgs boson plus MET
» MET is calculated w.r.t. the diphoton vertex including track-based soft term

* Non-resonant background
« yy: dominant, need large MET Significance cut to reject

y+jets: second dominant, similar to yy when the jet is mis-identified as a photon

- Vy, Vyy: visible contribution at after MET Significance / MET cut, where a lepton is misidentified a photon or not

well-reconstructed (induce fake MET)
» Resonant background: SM Higgs, ZH is |rredu0|ble
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S0P T T |('-'-_ %107% | 4 oma | | e
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ATLAS CMS
plyy >25,25 GeV pTyy > 30,20 GeV
- E'/mpy>035 By /myy > 05
Ev°r /myy > 0.25 EY°r /myy > 0.25
pTyy > 90 GeV, PTyy > 90 GeV,
MET significance > 7 MET> 105 GeV
myy > 105 GeV myy > 95 GeV

|Ad(yy, pmissT )| > 2.1,

Lepton veto min(|Ad(jet, pmissT )|)> 0.5
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- Data-driven non-resonant background (yy, y+jets, Vy, Vyy):

« CMS:

»  Shape of the myy distribution is evaluated in data with MET<105
GeV CR, normalization is obtained by using scale factor in
sideband

»  ATLAS:

-  Both of the normalization and the shape are obtained from fitting
to the diphoton invariant mass distribution in SR

» The signal and backgrounds are extracted by fitting analytic
functions to the myy distribution in each category

»  Double-sided Crystal Ball function is used to model the signal
and SM Higgs shapes
* No BSM excess is observed!

« Main uncertainties: statistical uncertainties 10% (20%), non-resonant
background modeling 7% (20%)
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Z’-2HDM scenarios
+ ATLAS: Upper limit on mZ’<1.04 TeV is excluded for mA=200 GeV (36.1fb")
»  CMS: no exclusion yet @2.3 fb™

couplings comparing with constraints from direct detection experiments
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+ Two signal regions based on if the Higgs is boosted or Not: 2 of anaserimmay g2, 3 8 F amasereimnay oy, :
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» A profile likelihood fit dijet/single-large-R-jet mass (ATLAS) / MET (CMS) simultaneously in all SRs and CRs

* No significant BSM excess is observed
« 2D Limit contour (mDM, mZ’) is set for Z’-2HDM scenario
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Mono-Heavy Flavor (new physics associated with DM satisfies
minimal flavor violation)



Mono-t (had)

CMS-PAS-EXO-16-040

» Signature: a large MET plus a boosted top quark with hadronic decay

» |In SM, this signature could occur as the loop-induced associate production with a Z boson decaying into a
pair of neutrinos, but such FCNC process is suppressed by the GIM mechanism g N

Resonant scalar mediator: }i /
¢ q,Vy

- Majorana fermion as DM, a colored scalar (¢) decaying to top quark and DM _ - +

/ t q_’,€+
L = |aVyiy" Prt + Aed“Prs + ypxPrt + h.c.,

W]
S

R.-J. Wang | LPNHE, Institut Lagrange de Paris

 Non-resonant vector mediator FCNC model: L= g¢omVuPpr'y .

» Dirac fermion as DM, flavor-changing neutral interactions of u-t-V

q,Vy

q 0"

Friday, April 21, 2017
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Mono-t (had) gj > < CMS-PAS-EXO-16-040

Events / GeV ®
3 3,

—

Data / Pred.

Main background: ttbar, Z(vv) + jets , and W(lv) + jets — estimated from different CRs by a simultaneous fit
Selection:

-  ETmiss> 250 GeV, a large-R(0.1) fat jet top-tagged with pT > 250 GeV and |n| < 2.5, matched with a b
quark within the cone,

» Veto on additional b jets, lepton, photon and tau

Good agreement with SM predictions

The FCNC is excluded for vector mediator 0.3 < MV < 1.5 TeV, assuming mx = 10 GeV

For mx = 100 GeV, the resonant scalar model is excluded for 0.9 < M¢ < 2.7 TeV at 95% CL

CMS Preliminary 12.9fb" (13 TeV) CMS Preliminary 1290 (13 TeV) CMS Preliminary 12.9 fb™ (13 TeV)
H T I I I I I I I I I I I I I | I I I I I I I |

CMS Preliminary 12.9fb" (13 TeV)

: > = T ’
E () C 2
- Dimuon CR —#— Da G | Signal region e = Z 2 Resonant - Expected . 1200 10 o)
I ——— SM backgrounds (pre-fit) ~10°F SM badkarounds (pre-l) © - production . @
3 SM back ) it ﬂ F SM backgrounds (post-fit) ] =~ - p —e— (bserved . A = bFC = 0.25, gDM =1 (_2
g — ckgrounds {postiy S [ Jaco ] E‘ i B o ey i 1000 Median Expected 95% CL é
VvV VvV — . .
__ |:‘ Single top Lﬁ = |:| Single top E — 10 = 5 | -ttt EXp *+ 1 std. dev. (eXp) | 10 @Q
: ] ot ] o - 2 std. dev. . —— Observed 95% CL %
- O« E Q T - 8gp=Pgg=0.1 . 800 — 0
- E o Theory =" >° . . 1 TR e Obs. + 1 std. dev. (theory) —
_ c [ ] zow ] - 1L mx=1 00 GeV, gDM=1 | ';‘ _ ge)
: i ] ] S 1 std. dev. (theory) E ) g
E E . : (D | 1 <
; * : O — =
L . \O EX
1072 3 e ————————— l?() 10_1 — —
- ; o e 8 —
10—3 _I 1 | I I | | I T | | |||||||| | I I | | I I | | L1 11 | :: il :: .‘l 1 0_1
|||||||||||||||||||||||||||||| 25 L T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T T 1 T T T 1 ] 1 1
! ! | | +pr(|a-fit +|post-fit E 5 ! | | ! +pré-fit +|post-fit 1072 & = VL : N
15 B J
T e T R — PeRRE S5 SRV e S S S E————————— * e ;
© 0.5 [ T S W T A SRR MR T N N Y T S M N S N T N N L - .|' '
|||I||I|I|II||Illllllllllllilllllllll ch 0II||II||III||IIII|I|II|||II|III||II|| L :é’l’{ " ]
300 400 500 600 700 800 900 1000 300 400 500 600 700 800 900 1000 1000 1500 2000 2500 3000 3500 e B e 1072
Recoil [GeV] Recoil [GeV] M, [GeV] o200 1000 1500 2000 2500

my [GeV]


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-040/index.html

R.-J. Wang | LPNHE, Institut Lagrange de Paris

Friday, April 21, 2017

33

X
X

Mono-tt (O lepton) ATLAS-CONF-2016-077
g i CMS-PAS-EXO-16-005

» Signature of multiple jets (2 b-quarks), no leptons, and S RERISTEY
. . > I I 8 = CMS —e— Data =
significant MET 8 1of ATAs, Preimnay B 4 g 2" —p é

o i SRE Etzt 1 E’ E_ :y\;dets _E
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ATLAS: Observed limits on g= 3.5, for mx = 10 GeV, the
scalar model is excluded for M¢p < 350 GeV @95% CL
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Mono-tt (1 lepton) ATLAS-CONF-2016-050
. CMS-PAS-EXO-16-005
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DM+tt scalar mediator, gx = gq =0
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Mono-tt (2 leptons) ATLAS-CONF-2016-076
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8 ; . CMS-PAS-EX0O-16-028
S
“g’) » Signature of either two electrons, two muons or an electron and a muon with moderate ETmiss
V) . . . . . .
5> * Backgrounds: mainly from top production, normalization constrained in CRS
5+ No significant excess above SM expectation is observed in the EmissT distributions
2 + ATLAS: Observed limits on g= 3.5, for mx = 1 GeV, the scalar model is excluded for M¢$ < 340 GeV @95%
W CL
2 . . .
e - CMS: only an expected exclusion of scalar mediators with masses up to 39 GeV at 95% CL
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Mono-b/bb > ™% ATLAS-CONF-2016-086
: ; I CMS-PAS-B2G-15-007

» Signature of 1/2 bjet, no leptons, and significant MET
- Mains backgrounds: Z/W+jets, ttbar, single-top (constrained in different CRs in data)
» No significant excess above SM expectation is observed in the EmissT distributions

CMS combines mono-bb and mono-tt with 1 or 2 btag categories
* no exclusion yet for both ATLAS and CMS @13.3/2.2 fb™'

R.-J. Wang | LPNHE, Institut Lagrange de Paris
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DM reinterpretation from other channels
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Recast the limits from interpretation of dijet resonant search

o
» couplings: gg=0.25, gl=0, gDM="1
/5 DM Simplified Model Exclusions  ATLAS Preliminary March 2017
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Recast the limits from interpretation of dijet resonant search

DM Mass [TeV]

Vector mediator model with axial vector coupling
couplings: gg=0.25, gl=0, gDM=1
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Recast the limits from interpretation of dijet resonant search

» axial-vector/pesudo-scalar coupling -> Spin dependent
« vector/scalar coupling -> Spin independent

DM Simplified Model Exclusions ATLAS Preliminary March 2017
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Recast the limits from interpretation of dilepton resonant search

» The leptonic branching ratio allows dilepton searches to impose powerful constraints for a wide range of
mediator masses,

» couplings: gg=0.1, gl=0.1, gDM=1

DM Simplified Model Exclusions ATLAS Preliminary March 2017 DM Simplified Model Exclusions
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Axial-vector mediator, Dirac DM
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Recast the limits from interpretation of invisible Higgs search  ic-16-016
ATLAS-CONF-2016-056
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Conclusions

-Dark Matter searches from ATLAS & CMS at 13 TeV are summarlzed
Common model/lnterpretatlon has been made between ATLAS and CMS
Most of the S|gnatures W|th 13TeV results are updated (up to 37 fb- )
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“We're out of kindergarten, but only in about third grade.”:




