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Introduction

Theoretical Motivation

Dark Matter

Supersymmetry
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» Mitigates ¢t corrections to myy

Near Infrared » Bubbig

» Provides dark matter

» Also no evidence

» No particle evidence
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Introduction

Dark Matter: Simplified Models

» Introduce a collection of simplified models
» Mediators stand in for more complex theories

v

Signature is E%‘iss +

» Bonus: we can look for the visible mediator decay products!

v

At LHC, grouped into mono-X, di-X searches

Formalized via the LHC Dark Matter Forum (arXiv:1507.00966,
arXiv:1603.04156, arXiv:1705.04664 )

v
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http://arxiv.org/abs/1507.00966
http://arxiv.org/abs/1603.04156
http://arxiv.org/abs/1705.04664

Introduction

SUSY: Less simplified models

b
» Some are more model based, use . /
. ) _e ... ~0
SUSY variables ! ISt o X
> mr2, mcr, ete el 0
» Used to extract SUSY with multiple y by \ a
DM particles in final state .

» Some complicated enough that the
signature becomes generic, e.g.
» Multijet + Emiss: SUSY-2016-13
» Multijet: SUS-16-040

q q w
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-13/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-040/

Mono-Everything (Photon Shown)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EX0T-2016-32/
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2016-32/

DM

Mono-Everything

The “Easy” Final States: Mono-vy, Mono-jet

E
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Mono-vy (arXiv:1704.03848)
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Many interpretations
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http://arxiv.org/abs/1704.03848
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-048/

Mono-Everything

Next in Line: Mono Boson

Mono-H (arXiv:1707.01302)

ATLAS \F 13TeV, 36.1 fb’ —— Data
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» Rely heavily on large-R “fat” jets

» Include subjet b-tagging, substructure
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/B2G-17-005
http://arxiv.org/abs/1707.01302

Signature-based DM Mono-Everything

Mono Top, Hadronic (PAS: EXO-16-051)

v

Trigger: HRISS > p 0 B > g
» z € {90,100, 110, 120}, depending on
lumi

v

Veto leptons, extra b-jets

v

One R = 1.4 jet passing top selection

v

Two production modes: resonant and
non-resonant

ATLAS Result

» Similar signal model at /s = 8 TeV
» Single lepton, mr-based selection
» arXiv:1410.5404

dguest@cern.ch (UCI)

Resonant

Non-resonant
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-051/
http://arxiv.org/abs/1410.5404

Signature-based DM Mono-Everything

CMS Mono Top: Top Tagger

o 2oCMSFreliminary  ssst(3Tey)
> Soft Drop Mass 110-210 GeV 5, F Rt E
» b tagged subjet g raoof E;‘:ﬁf E
> Top BDT: g Sobosn

» HEPTopTaggerV2 100E [ QCD multjet
1200~ 3

> T32 E

» 11 ECF ratios 1o :
800 — ]
» Similar to ATLAS approach sool- ;
> ATLAS-CONF-2017-064 w0 :
: 200 5 E
Control Regions g o:%
> tt (mu T had), 6% } 7OZ*$+++++-0—0-++T+-¢-9—0-++—0-+
> Z — pp + jets, ™% 5506 04 62 o 02 07 06 08 1

Top BDT

Single-u Selection
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-064/

Mono Top

CMS Preliminary
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» Previous limits on on similar models: My < 700 GeV
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Two-body Decays

https://cds.cern.ch/record/2203615

' \\"94| CMS Experiment at the LHC, CERN /
Data recorded: 2016-May-11 21:40:47.974592 GMT

Run/ Event / LS: 273158 / 238962455 / 150



https://cds.cern.ch/record/2203615

¢ (ATLAS: arXiv:1707.02424,
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» Look for bumps on a smooth background

» Rules lots of (simplified) parameter space
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http://arxiv.org/abs/1707.02424
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-031/

1 DM Two-body Decays

Dijet (ATLAS: arXiv:1703.09127, CMS: EXO-16-056)
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» Low mass: both experiments use “trigger scouting” and ISR

ptember 1, 2017 13/



http://arxiv.org/abs/1703.09127
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-056/

SUSY Searches

https://cds.cern.ch/record/2113241

Run: 279984
Event: 1079767163
2015-09-22 03:18:13 CEST


https://cds.cern.ch/record/2113241

2t — 20 + 2b + E¥ (arXiv:1708.03247)
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» Separate from t¢ by cutting hard on mry (arXiv:hep-ph/0304226)

» Still leaves “gaps” e.g. where m; — m; =~ mgo
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http://arxiv.org/abs/1708.03247
http://arxiv.org/abs/hep-ph/0304226

Full Hadronic # — ¢ + E¥ (arXiv:1707.03316)
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» Custom SV-based discriminant to identify b-jets with pp < 20 GeV
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http://arxiv.org/abs/1707.03316

3rd Generation Squark — ¢, b (arXiv:1707.07274)
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» Similar final state to arXiv:1407.0608
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http://arxiv.org/abs/1707.07274
http://arxiv.org/abs/1407.0608

Summary: Simplified Mediator (g, = 0.25, g, = 0.0

DM Simplified Model ATLAS Preliminary July 2017
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Simplified Mediator (g, = 0.1,g€A =0.1,9) = 0.01

Dark matter mass my,, [GeV]

Dark matter mass mp,, [GeV]
3

LHCP 2017

Jexcusonmaswce

Observea

e Bapecied
Diepton (124 15/ 130 ")

[x0-1603]

Diet (359"

x0-16.056]
: Boosted alet (35910
[po1ron]

L
1000

Preliminary
T T

L
1500

Il Il Il ]
3000 3500 4000 4
Mediator mass M, ., [GeV]

LHCP 2017

T T T T E|
Vector mediator
Dirac DM~

=1.0

Excusion o 95% CL.

Observes

Expeced

Diepton (124 171130 1))
{01603

500

1000

I
1500

|
2000

2500 5000 3500 4000 &
Mediator mass M, , [GeV]

DM Mass [TeV]

DM Mass [TeV]

0.

0.

0.

0.

0.

0.

0.

0.

DM Simplified Model ATLAS Preliminary July 2017

[ 7 7
r /
i /
o ]
a- ]
2 Dller Axial-vector mediator, Dirac DM
r £ G LER L
L Al lmits a1 95% CL
05 T i5 2 25 3
Mediator Mass [TeV]
DM Simplified Model ATLAS Preliminary July 2017
I
[ .
[ ’3\'&
8- S
o
o ]
2 Vector mediator, Dirac DM -
[ 9,=0.1,4=001,g, =1
LA Alllmits at 95% CL
2 25 3

Mediator Mass [TeV]

eptember 1, 2

£ Dijet

o e =0 Tew 20315

= sy

e T st

~ Dilepton
137ev, 361"

~ Dilepton
= 137ev, 3617

19 / 24



Summary Dark Matter

Comparison to direct detection

9q = 0.25,9, = 0.0 9q=10.1,9,=0.1
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» In the low energy limit, we can compare to direct detection
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Summary Dark Matter

Bonus Exclusions: Mono-H
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» Showing ATLAS H — bb (arXiv:1707.01302)
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http://arxiv.org/abs/1707.01302

Gluino

Squark

EWK Gauginos

Selected CMS SUSY Results* - SMS Interpretation
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ATLAS SUSY Searches* - 95% CL Lower Limits
May 2017

ATLAS Preliminary
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K] qﬁqX Jccmpressad) mono-jet  1-3jets  Yes m{g-mii})<5 GeV 1604.07773
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2ep o Yes  36.1 ATLAS-CONF-2017-039
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H Feu Yes 361 ATLAS CONF 2017039
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h«ahh/WW/ﬁ/Y)’ ewy  02b  Yes 203 |E 270 GeV. i v»‘ miit)=0, 2 docor 1501.07110
den 0 ves 203 [ 635 GeV s Sy 14055085
GGM (wino NLSP) weak prod. /\i‘ayd ey u +y Yes 203 W 115370 GeV. 1507.05493
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Summary Conclusions

Wrap Up

v

No new physics, but. ..

v

Lots of new ways to look for physics

» Mono-X searches: Mono-t, Mono-H
» Two body decays from simplified DM models

» Trigger scouting
» ISR + dijet

v

Also many new SUSY searches
A lot has happened since EPS 2017

v

rn.ch (UCI) September 1, 2017
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-13/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-16-040/

v+ ERss + Hyp (arXiv:1707.06193)
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http://arxiv.org/abs/1707.06193

Multibody D
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-16-054/
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