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Introduction

® Multiple cosmological observation
supports the existence of DM

® We know very little about DM

0 Have gravitational interaction
O Charge/color neutral

® Secarches for DM
O Direct detection
recoils of nuclei induced by DM
O Indirect detection
self-annihilation or decay of DM in outer
space
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DM models searches at ATLAS/CMS

® [HC approach : produce DM through proton collisions

® Run-2 analyses follow simplified models suggested by
ATLAS/CMS DM forum

J Fermionic DM interacts with a mediator

U Bosonic mediator couples to both DM and SM particles, could be a
(pseudo) scalar or a (axial) vector

U Model parameters include mediator mass/width, DM mass, mediator
coupling to SM particle (quark) and to DM

q X
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Mono-X strategies for DM search

® DM has weak interaction with SM particles, it 1s not
visible to ATLAS/CMS detectors, leading to large
momentum 1mbalance (MET).

® mono-X strategies are widely investigated, where X
could be a jet, vector boson, photon or top quark(s) or

Higgs boson

with light quarks
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Outline

] Mono-X searches for dark matter
(JSearch for the mediator

L Higgs-related DM searches

— Higgs as portal :
search for invisible Higgs decay

— Mono-Higgs
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Mono-X searches for dark matter
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Mono-X search : mono-jet (W/Z)

® Event signatures

U Large MET from mediator decays to DM
L At least one high pT jet from ISR or a vector boson (hadronic decay)
[ No leptons/photons in the final state

® Dominant backgrounds are Z(vv)/W(lv)+jets
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Mono-X search : mono-jet (W/Z)
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Mono-X search : mono-photon

® LEvent signatures

L

EXPERIMENT

O Large MET from mediator decays to DM

O High pT photon

U No leptons to reject W(lv)+photon
® Dominant backgrounds are Z(vv)/W(lv)+photon
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m, [GeV]

Mono-X search : mono-photon
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Search for the mediator
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Search for the mediator : €*€- resonances

EXPERIMENT

* Di-electron/muon pair to search for
resonance to identify high mass mediator
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96.6 fb”' (13 TeV scouting); 137 fb™' (13 TeV full reco.)
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ATLAS

EXPERIMENT

Search for the mediator : di-jet resonance @ CMS/;

137 b (13 TeV)
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Search for the mediator : online di-jet
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Search for the mediator : recoiled with ISR @ CMS
ATLAS Y

EXPERIMENT
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Search for the mediator : recoiled with W/Z

ATLAS=™

EXPERIMENT

* W/Z associated production of the
mediator can be triggered by leptons.
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Search for the mediator : summary @ CMS

EXPERIMENT
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Search for the mediator : summary

CMS Preliminary

LHCP 2020
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Summary : mediator and DM
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Summary : comparing with direct detection

ATL

EXPERIMENT

-37
< 10° ™ = Dijet
S 33 ATLAS Pre : -~ Dijet. JHEP 00 (2020) 145
— - Dot TLA: PRL 121 (2018) 081801
E 1 0 &L ev, JU'Y_M — Dijet+ ISR PLE 795 (2019} %6
_39 Boosted dier+ISR. PLB 788 2019) 316
8 10 * » resonance Boosted 31 54ISR; ATLAS CONF- 2018052
s XENON1T MIGD | .
21 040 ERX & tf resonance
EPIC 78 @0V %5
104 = bb resonance
(7] 10 f MEP 00 (2000) 145
© -4 =
O Die s
7™ jot. ATLAS-CONF-2000.048
10-43 E2™ o7 ATLAS- CONF- 2020020
ET™ . Whad) JHEP 30 (2018) 180
10_44 E7™ . 200 PLB 776 @017) 218
~ XENONI1T
1 0-45 panda* PR 121 (2018) 111302
: 1 — PandaX
1 0—46 #\if“:"“q' \ Pra. nnx.nq 121509
Vector mediator, Dirac DM = DarkSlde-Sq
1 0-47 9. = 0.25, g = 0, gx =1 PRR 121 (2018) 001307
ATLAS limits at 95% CL, direct detection limits at 90% CL = XENON1T MIGD
10_43 iyt 2 - ——d PRL 123 (2019) 241803
1 10 10° 10°
m, [GeV]

11/9/20



11/9/20

Higgs and Dark Matter
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Mono-X search : mono Higgs @ CMS

EXPERIMENT =

® DM recoils against the Higgs boson

L Most of the sensitivity coming from Higgs decay to
bottom quarks

U Higgs to diphoton/WW/ZZ can also contribute

O Different Higgs reconstruction according to MET (boost
of Higgs) in signal efficient region
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Mono-X search : mono Higgs

® Three models are considered :
Z’-2HDM, baryonic Z’ and 2HDM+a
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Mono-X search : mono Heavy scalar @

= New dark sector Higgs(s) recoils
against DM

* Primary decay mode to
WW/ZZ for large mass

m  [Use Track Assisted Reclustered
(TAR) jets to improve jet mass
and substructure resolution

= Require four prong jets using
N-subjetiness

=  Excess observed at 160GeV

ATLAS-2020-036
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Invisible Higgs decay : Higgs as a DM portal

=  Assume Higgs is a portal to DM

L SM predict invisible Higgs decay
BR ~ 0.1%

= Several ways to tag
L VBF Higgs invisible decay

 Reinterpretation of mono-jet

U Associated production with W/Z

= VBF gives the most sensitivity

[ Search in bins of m;

11/9/20
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Invisible Higgs decay : Higgs as a DM portal @ CMS‘,

Upper limit on BH—; inv
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Invisible Higgs decay : full Run-2 VBF analysis
= VBF analysis in ATLAS updated to full Run-2 data EXPERIMENT

= Additional bins in m;; and phi;; are included to gain statistics

= Sensitivity is improved by a factor of 2
comparing with previous analysis with 36 fb-! data

= (Constraint invisible branching ratio to be less than 0.11
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Summary

® DM is very active in ATLAS/CMS
O A wide range of analyses provide constraints on DM at the
LHC
O Results with full Run-2 data ongoing

[0 Higgs boson to Invisible and MET based signatures are key
to DM search at CMS

® Combination with different analyses and different experiments
are crucial to get a full picture
(need to be careful about model/parameter dependency)
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Dark matter searches

Annihilation Scattering Production Mediator

X q q q X q

X : q X l X X q
Indirect Direct Collider

< >

® |ndirect detection experiments search for the products of

the self-annihilation or decay of DM in outer space
O AMS at International space station

® Direct detection experiments aim to observe low-energy

recoils of nuclei induced by interactions with DM
O Requires underground experiments
Deep Underground Science and Engineering Laboratory
China Jinping Underground Laboratory
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Mono-Jet

35.9fb" (13 TeV)
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1 T L] T I ] T L] 1 I L T 1200 - ) I . ; 4
L T | T 1 1 1 I I )"/I I I 1 1 1 l__"/ w 1 1 I 1 O
1 000 = ATLAS Expected limit+ 2 Coxp | %‘ l i =
\s = 13 TeV, 36.1 " R Expected limit (+ 10,,,) o . CMS g ] E_'
............ L. POF, = o o
. Axial-Vector Mediator = Observed limit (+ 10,,_":“") i — 1000 - Axial med, Dirac DM,/g = 0.25,g =/ ©
. ) o s /7q DN 32
Dirac Fermion DM ——— Perturbativity Limit 8 L . 7 b
" g,=0259g =10 —— Relic Density (MadDM) 7 S ===~ Median exped! ed 95/«01, _g
| 95% CLlimits ATLAS\s=13TeV, 321" P 4 1, ¢
= : - —— Observed/95% ( 1 .
=== &, 4 - - o
— aq"." L ——— Observed + theory unc. i O
= & L -
500 u 6001 Quxh? = 0.12 ]
S , i 1
S i 400|- B 10
3 i i
S & : : :
‘, 200~ -
/ i - - -
% 1 1 1 1 | 1 1 : 1 1 ) p .
1000 2000 v 107

0 500 1000 1500 2000 2500
m__, [GeV]

11/9/20 32



* [Scalar/pseudoscalar
mediators with
Yukawa-like couplings
to SM fermions

— top couplings
dominate

scalar

_ 9q® g
La i ff),
6 D GxPXX + \/5 Ef (y¢ff)

pseudoscalar "
La D igyaX X + Z(yffv f),

g
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Event rate : online(trigger) v.s. offline
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CMS Full-Run2 dijet search
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Recoil with a photon in CMS analysis
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Summary : mediator and DM
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[arXiv:1911.03761]
Dijet (35.9-137 b /)
[arXiv:1806.00843]
[arXiv:1911.03947]

DM +jiV(qq) (359 fb ')

[arXiv:1712.02345]

DM+ v (35917
[arXiv:1810.00196]

DM + Z(Il) (35.9 )
[arXiv:1711.00431]

1.6 ,
5 ik i

E 1 a[N§ = 13 TeV, July 2020
E

0.8
0.6

0.4

0.2

N §

.

U SLELELE SLALALEN SLALLAN SR SR S
\\\'.
.'.\

z
F

4

N

\

T EE NN N N S A

-

= Dijet

139 0 ', HEP 03 (2020) 145
~ Dijet TLA

23w PRL 121 (2018 080"

Dijet + ISR

TSI PLB TS 2019 56

== Boosled dijet + ISR

HAmPLE TS 2019 6

== Boosled di-b + ISR

W5 m ' ATLAS CONF- 2018 052

= tfresonance
¥ EPJC T8 (2008 568
= bb resonance
1390 MEP 03 (2020) 145
— E7*4jet
139 © | ATLAS.CONF- 2020048
= E" vy
mmat(: ur 1DM 139 0 | ATLAS.CONF- 2020020
025,8,= 0,9 E7™*+V(qq)
"“%CL 3.1 JHEP 10 (2018) 180

=)
o
o
.
—
)

4 SETTLZ()

i PLB T 20T 18

mz., [TeV]

37




Mono-Higgs
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