TMEX-2020, Quy Nhon, Vietnam

University
of Victoria

Accelerator Sea rches for Dark Matter

Ellis Kay - The University of Victoria (ATLAS)
C

On behalf of YATLAS E‘@g




Hints at Dark Matter aN

Observations o hydroge™

5@‘“%&“

= A range of astrophysical measurements point to the existence of a
non-baryonic form of matter (Phys.Rept.405:279-390,2005)

w Galaxy rotation curves, gravitational lensing, colliding galaxy clusters... Dark Matter
~ Weakly Interacting Massive Particles (WIMPs) are an attractive Dark |

Matter (DM) candidate, especially for the LHC \ 68.3%

w | ead to the correct relic density of non-relativistic matter "

= Non-gravitational interactions with the SM .". could be seen at colliders!!

26.8%

Dark Energy
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Methods for Detecting Dark Matter

Various methods exist for detecting DM, covering different ranges of DM mass, m,

Direct Detection (DD):

Collider . . .
s w= Nuclear recoil from elastic scatterin .
M S ng“ Universe 05 00073
g e LZI sensitivity (1000 live days) ! — LUX (2[)17)I
. . i sy Projected limit (90% CL one-sided) ___
= Indirect Detection (ID): B0 — t;iexpecteg e
— + O'EXPECIG
L og .  arigy
T «= DM annihilation g0
— 2 —45
— Z10 -
8 § . Pl\iissﬂldwom
Sy Collider Searches: £ 10 g
==+ DM production in high energy S 10"
SM™ < DM s . =
particle interactions % 10

Indirect Detection

—49 N ) 1 A | - i
10 10 100 1000
WIMP mass [GeV/c?]

All three complementary methods continue to put mounting pressure on the WIMP hypothesis...
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The Large Hadron Collider

Proton

&= Parton
(quark, gluon)

Particle

Detector
signature
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Dark Matter‘Detectors at the LHC

\\ ' Three of the four main LHC experiments exploit distinct
‘3 technologies to conduct complementary searches for DM

/ ATLAS & CMS
. .  HCAL B hadron PID
= |ndependently designed hermetic —— e Ut il
EEEEEEEEEE general-purpose detectors o == £ o
= Investigate largest range of physics possible , -
w Can reconstruct missing transverse ATLAS '

CMS

momentum (E.™**) using all measured decay W .. =

products -10 -8 -6 -4 -2 0 2 4 6 8 :]0

CMS+TOTEM

LHCb e

= Single arm forward spectrometer .

= Probes the forward rapidity region & triggers e -__
on particles with low p 0 8 6 4 2 o 2 4 & 8 10

w Can explore relatively small boson masses

Iu- Tl

Wy
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Types of LHC DM Searches ;5 i .20 2019 100311

SM g DM =M DM
SM DM SM DM
= Simple signals e.g. a single mediator W,Z...> leptons, jets...

= Sizeable cross-sections = More reliant on model assumptions
> Fewer assumptions on specific model parameters == E.g. supersymmetry, UV complete models
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Simplified Models - ‘Mono-X’

= The most general models involve contact interaction operators in Effective Field Theories (EFTs)

= These become invalid at large momentum transfer, Q?, which is problematic for Run-II
w  Favour ‘simplified’ models with a mediator, introducing m,m .9, and g, Qa(,{\c\es
NG
s
q g X q

g X

Run |
(7-8 TeV) (13 TeV)

Mediator A
JL AN
_ 2 X
g X q X /-ss

CERN-TH-2017-102

= Look for ‘mono-X’ signatures

w Select events with ‘X’ (jet/y/W/Z/t/H), veto other objects, precisM)del backgrounds, check ET””'ss

=  Fix 9, gland exclude m,m. ., CERN-LPCC-2016-001

= Also look for visible decays of the mediator to complement these searches » CERN-LPCC-2017-01
w Re-interpret other analyses as mediator searches
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Mono-X Signatures

There is a wealth of mono-X final states to be investigated at the LHC...
q

q W/Z X

=

3 el . X With various production
\\/ mechanisms (g4, gg etc.) ...
Via (axial-)vector or
X u m@@@ﬂﬁ/yns-_( (pseudo-)scalar mediators...
7~ "mono-bb/tt i/ And with different couplings,

! depending on the benchmark

¢/a

Heavy Flavour (HF)
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%%

ATLAS: JHEP 01 (2018) 126

CMS: Phys. Rev. D 97, 092005 (2018

Mono-jet

)

Gluon ISR is by far the most prevalent at the LHC!
m_ _ <1.6 TeV (ATLAS) - 1.8 TeV (CMS) excluded at 95% CL for (axial-)vector mediators
Pseudoscalarm__ <0.4 TeV excluded for CMS

Re-interpretations for a series of scenarios
w CMS: fermion portal, nonthermal, H>inv, ADD

1)

1)

1)

. . ; T T | T T T T o |
w ATLAS: coloured scalar, squark pair production (compressed-mass), ADD @ 440l ATLAS Expected mit 20, _|
('2' \s=13TeV, 361 10" - Expected limit ( 15,,)
- 107 =T ; . ; . . . . = +  Vector Mediator
8 . ATLAS 75;99 [s)tatadzo:jsr\;z?f 1S Dirac Fermion DM
5 U Es=13Tev,36.1 b B 2o )+ jos " 9=025g =10
5 10° & Signal Region _ R W ) + jets 95% CL limits
3 p,(i1)>250 GeV, ET"**>250 GeV B 2o 1) + jets . . B
- g o Dominant backgrounds = Z/W+jets i
I Diboson
10° multijets + ncb
0 === mep, %)”):Esoo, 495) GeV 500—
S T wiaiuee 2 Constrained using enriched V+jet CRs
L L P I
B R Perform simultaneous bg-only i
s 12 f: ””””””"""”""7 likelihood fit to ET““ss distributions e
E 1 5.__.___._____-. ______ O S ] L] ._.....Y ....... * ........... T ----- —: G,."‘
S sl ] 0
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Mono Z(22)

= Single lepton triggers offer sensitivity to signals with lower E T’"’”

= WIMP production with Z’ mediator or H»>inv decays
= ATLAS: B(H->inv) =0.67 (obs, 95% CL)

ATLAS: Phys. Lett. B 776 (2017) 318
CMS: Eur. Phys. J. C. 78 (2018) 291

%%

SNe—”
S—

N
. ) s
= CMS: B(H~inv) = 0.4 (obs, 95% CL, ZH->£€+inv) ,
35.91b" (13 TeV) 35.9 1" (13 TeV)

> 'CM‘S;"".'D'at;"""""' o 2F n
S ot mzz o CMS — Observed 95% CL _
@ Wz - 7ZH > 2|.,.p"'iss +<1jet ---- Expected 95% CL 2 - e/p. 2
§2] , ee+up [0 Other bkg. Z T B Expected + 1 s.d. i 2

GCJ 10 Nonresonant =45 Expected + 2 s.d.

> Drell-Yan T - e GSM
= — ZH(inv.) - a0 2H

10 DM, Vector coupling T 3 T
1 B 50 eV’ m, = 500 Ge &[4 oBH-inv)oy, <045(0.44)at95% CL 1 CMS: For H-inv interpretation,
SN 1 perform multivariate boosted
10" 1 decision tree (BDT) to increase
o 1 sensitivity (12 variables)

o 15¢

m Fo

E 1 [eigigig

© E [ |

° 0?0:_0 - ‘260. - ‘3(30‘ - 460 - 1560‘ o 1600 125 200 300 400 600 800 1000

P [GeV] Higgs boson mass [GeV]
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JHEP 05 (2019)a 41
ATLAS: JHEP 05 (2019)a 41 (t) CMS: JHEP 03(2019)141 (t/tf) %%
ATLAS: ATLAS-CONF-2018-052 (bb, boosted)

ATLAS: EUR. PHYS. J. C 78 (2018) 18 (bb/tt/b/t)

CMS: Phys. Rev. Lett. 122, 011803 (2019) (tt) (BN

= Assuming minimal flavour violation, interactions between SM matter and any new °’

neutral spin-0 state is proportional to fermion masses via Yukawa-type couplings | %
w Colour-neutral mediators sizeably produced in association with Heavy Flavour (HF) quarks < .

= Z+jets & tf dominant backgrounds AP ——— 7
2 [ v 1 9 b/t
9 120 T T . . : , : — < 1 Vs =13 TeV, 36.1 fb” 7
£ F amnas ) e Daa . 2 ] -(SUSY Summary Plot) E
3 100~ Vs=13TeviL =36.11b S Standard Model Zijets ] c e S X
5 F ~ . = = 7
5 80 - Single t / Wt_] 102 —_lelts at95% C.L. : ::5:;‘::: _g
-g - Fakes/NP ] - Pseudoscalara,a—yx __ bﬁfa 0L [1710.11412] ] '
=] — P - L g=g=g =1 tf+a OL [1710.11412
= 60— - W+Jets ] g gq gx i [ )
- - 10 mo=1Gev sl
40 :_ - Others _: E j+a monojet [1711.03301]
20 B 3 15 et T E
20 30 4050 100 200 300 ;
Q m(a) [GeV]
5 2 :
5 5 -
= 0 bb/tt searches have same final state E X
= . : : : 5 : as SUSY searches: ~ Y
9 7 : X
C‘g SRb1 SRb2 bint SRb2 bin2 SRb2 bin3 SRb2 bin4 SRt1 SRt2 SRt3 ATLAS: JHEP 06 ‘2018) 108 T‘ !
CMS: Phys. Rev. D 97, 032009 (2018) ‘

ellis.kay@cern.ch


mailto:ellis.kay@cern.ch
https://arxiv.org/abs/1901.01553
https://arxiv.org/abs/1807.06522
https://arxiv.org/abs/1711.11520
https://arxiv.org/abs/1711.00752
https://arxiv.org/abs/1812.09743
http://cdsweb.cern.ch/record/2649081
https://arxiv.org/abs/1710.11412
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/

CMS: Eur. Phys. J. C 79 (2019) 280 (bb) wwy

- ATLAS: ATLAS-CONF-2018-039 (bb)
; CMS: JHEP 09 (2018) 046 (yy/TT) AN
M ono H ! ggS ATLAS: Phys. Rev. D 96 (2017) 112004 (YY) | Cys. CMS-EXO-18.011 (bb+yy+Tr+WW+22)

S—

= Higgs ISR is strongly suppressed .". target interactions in which H is a direct participant

.\.—__’ei
. [ = r . , Q/\a((\
Z'-2HDM X Baryonic Z’ model
New pseudo-scalar A L New U(1) with baryon
resonant S I number symmetry
zZ ! x=y/b/W/Z/t X
. ~._ |non-resonant x
‘ . .
|
PR D — .35-?f‘b'1‘(1.37‘?"’
Q“ 3| _ . i
Sl e RS R R R RN WA R g0 gMﬁcZ',DiraeDM ICio;ns?Q.anon—EngV)V)
() . ATLAS Preliminary —— Observed 95% CL : ;;: Fg,=0259 =1 +2sd. —h(yy)
S 900 5=13TeV, 79.8fb " === Expected 95% CL (+10) 6 | m=1Ge —h(bb) —h(t7)
< - == FRL.119:.181504 1 102L Solid (dashed) lines: . _-=m., <1.6 TeV excluded
€ 800[ h(bb) + Emiss: Z'+2HDM simplified model B £ observed (expected) 95% CL limits P
" tans=1,gz =08, m, =100 GeV, my = my. =300 GeV ] ~form =1GeV

700/~ 3 x

600/ E

. 1m_, <2.8 TeV excluded

»r 1for m, =300 GeV
4001 = A

Eoodit s wop e @ g g s o Ly g g DN P
500 1000 1500 2000 2500 3000 Co b b
500 1000 1500 2000
mz [GeV] m,, [GeV]
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Visibly Decaying Mediator Searches

= DM cannot be produced on-shellif2m_ >m
w Mediator decays back to SM
= Need to probe visible signatures to see DM interactions off-shell
=+ The LHC is a “mediator machine”!

ed Dijet
== ATLAS: CERN-EP-2019-1
== CMS: CERN-EP-2019-222

1871 (13 TeV)

— T L T =
T T =

w
T

=+ Probe high masses in search of BSM mediators. E 10°F cms D Remeos 3
. PR TR . 1 0% Eatomabea 2

= Look for bumps on the smoothly falling di-object distribution, which = """ e
: : : £ 10¢ il

is modeled by a parameterized function. S ik ot

. . . . . Sk ]

= In absence of bump, set limits for different physics scenarios. 1182_
3 10°F E ) 107*E m > 15Tev NS
L% 102%_ _: Dilepton 10—5% Il < 2.5, JAn| < 1.1 Y
OF Lo 1 ™ ATLAS: PHYS. LETT. B 796 (2019) 68 Dy 4 s oiiiionm
I oot 1 = CMS: JHEP 06 (2018) 120 gga N'TE

107" é_ - =+ Generic signal at 3 TeV,I'/m = 0% * 4 _é c;.&_) %_2; 'I."'é
= L L R . | =M E
E _gﬁ#ﬂﬁiﬁ* ﬁﬂ{fﬁ”ﬁ’ ?*+++}}+{'+++'+#§“?';“}Wﬁ‘“&1“*'w“ """ b 7 Q) 3 2 3 4 5 6 7 8 -
S e 10° 2x10°  3x10° Dijet mass [TeV]

me, [GeV]
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ATLAS: PHYS. LETT. B 795 (2019) 56 R%%

Low Mass Di-jet Searches e

PHYS. REV. LETT. 121, 081801 (2018

= Sensitivity at low (< 1 TeV) m, is limited by jet triggers

o
, , L o . o 10 E
w Data collection rates for inclusive single-jet triggers << SM multijet S P ATLAS
ducti £ 107 s=13TeV, 29.3 b =
production rate s f ly*| < 0.6
10°E

> ‘“Data-scouting” [ “Trigger-object Level Analysis” (TLA)

w Use reduced data format to allow high trigger rate with low bandwidth 105%
35.9fb" (13 TeV)

> 450 T T T = 7 g 10°k =
G 4 CMS ¢ Daa ;V(m?)ﬂ?ts((x;) 3 E « Triggerfevel jets €
= — | otal prea. == qq)+jets (x J | —— Offline jets, single-jet triggers
g 3501 [ Multijet pred. == ti(qa)+jets (x3) 3 7 B 103§ —— Offline ;e:s, single—}et :riggers, prescale-corrected
2 B Z(qq), g =0.17, m_=135 GeV 7 ! Lo : : o~
o) 300 : q z = 600 1000 2000 3000 4000
o } p,:900-1000 GeV m; [GeV]
250 T + = q g
200 - == Introduce hard Initial-State Radiation (ISR) requirement
150 E = Require =1 high p_ISR jet in association with the gq resonance
100 = . . .
o - = Provides enough energy to satisfy trigger
gE E = Min p_high enough that hadroisation from qq gives a large-R jet
2 13—‘ bbb b b b e D w Achieve sensitivity to even lower mediator masses
3 8L LARE L SRA SN AARE AFS 2 PR AN X B £ 24 '+?Y' ThetTT e
& os w ATLAS: 225-1100 GeV, CMS: <100 GeV!
8 100 150 200 250 300
= mgp (GeV)
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ATLAS: JHEP 05 (2019) 142

Combined Results CMS: ICHEP 2018

Vector mediator, Dirac DM, 9,=1,9 - 0.25,9,=0

= 1.6r Py Sl AR . ; ] = Dijet CMS Preliminary ICHEP 2018
g - yAJL S Prelimi |’y @’LA - Dijet, 37.0 fb! ;l 2000 T 7 Gl T UBSLCIEUS U] [REURE I P [ RURILE ) (I R | L LI LI B ) L B
— 14 [ Vs = 18 TeV, July[2019 g E RRIYEE [SEO0 207) = - : ) ) 3
=T | pietTazesn (5 1800H— : Vector mediator S My =2xmny |
E - a PRL 121 (2018) 0818016 = I ' i Med DM -
- 4 Dijet+ISR, 79.8 b s = i Dirac DM 5 -
1.2H B — PLB 795 (2019) 56 5 1600~ - gDM =1.0 —Q:h"20.12 =]
r bb resqhance P d Boosted dijet+ISR, 36.1 b £ [ ' g =025 -
L N PLB 788 (2019) 316 o 1400 . q —]
1= oY = Boosted di-b+ISR, 80.5 b’ 7)) u : gl =0 Exclusion at 95% CL =
L R4 E ATLAS-CONF-2018-052 © 1200 F— ' ¢ —
- \\OQ'/ - E H 4 < Observed i
B : Ok ] = tf resonance H : - 7
0.8 N e"&g\ P ] he a—) 1000 f— . i = = = Expected _
r & ] : B . % ____ Dijetw/btag (19.7 o) | ]
- ’> 7 ] EPJC 78 (2018) 565 ﬁ . ' - ; [arXiv:1802.06149]] —
0.6H - — B2 bk resonance E 800 B 7 ' - = ' 7| ___ Dijet(35.9 ) ==
g [ ' N ' Xiv:1806.00843) -
r 52, / ] 361 b ~ F : S i s [gt:o:ted dijet (35.]9 ) _—
- i PRD 98 (2018) 032016 a 600 u i . 2 [arXiv:1710.00159] ==
0.4 ] riss a s i ' ___ DM+jN(qq)(35.9f0™) | —
TR J = gm N b ; [arXiv:1712.02345] =
- /| e x 1 ET :ﬁ P 400 v ' ke | o
L H : i +7,36. H 5 . EXO-16-053] -
0ok / i Vector mediator, Dirac DM 1 g 500 > : DM +2(1) (359" |
<t _|r 0.25, g = 0, g9 = 1 ] £ et 36.1 " = \ C [arXiv:1711.00431] =
] n | -7 Al limits at 95% CL 1 oHepsot eotgy 126 oL 1 AL (] P I IS I
] == L . l 1 1 I Er*+Z(l), 36.1 1" 0 500 1000 1500 2000 2500 3000 3500 4000 4500
PLB 776 (2017) 318 2
o 05 1 15 2 25 3 35 4 mmen Mediator mass M, [GeV]

mzlv [TeV] JHEP 10 (2018) 180

m._ .~ 2.5 TeV reach from mediator searches
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Combined Results

ATLAS: JHEP 05 (2019) 142
CMS: ICHEP 2018

SI WIMP-nucleon scattering cross-section, Dirac DM, 9,=1,9,~0.1,9,=0.01
= For these couplings in this model, the mono-jet search has higher sensitivity than DD at low mZ!

;! 1 6 r T T T T T T T T 7
K L ATLAS Preliminary; L7
- 1.4\s =13 TeV, July 2/019 e .
- o~ -
S C - e I ]
1.2 s IS . .
L ‘g(k " ]
1 L/J Rk 7
L > 7 -
r E & i
0.8 I «j‘/ ]
B y ]
0.6 ]
B = -
- 9 -
- | o 4
04|12 —
C S ]
3 Vector mediator, Dirac DM
0.2~ 9,=01,g=001,g =1
B Al limits at 95% CL ]
0 0.5 1.5 2 2.5 3 3.5 4
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mz, [TeV]

— Dilepton
139 b
PLB 796 (2019) 68

~— Dijet
Dijet, 37.0 fb™!
PRD 96, 052004 (2017)

Dijet TLA, 29.3 fb"
PRL 121 (2018) 0818016

- E_rlpiss +X
Ef*°+y,36.1 b
Eur. Phys. J. C 77 (2017) 393
ET*+jet, 36.1 fo!
JHEP 1801 (2018) 126

1 0¥

E s FATLAS Preliminary N\ :
=10 TeV, July 2019
c Dilepton
-39
o
3 10
Q 40
2 10 Dijet
] ET +X
E 104 SRESSTH
ba :
10742 —
10 =
107 .
ax UK
1074 =
1074 E
. Vector mediator, Dirac DM 3
10~ gq=0.1,g|=0.01,gx=1 E
ATLAS limits at 95% CL, direct detection limits at 90% CL 3
_48 1 1 E
10 p 5
1 10 10 10

m, [GeV]

— Dilepton
PLB 796 (2019) 68
— Dijet
Dijet; PRD 96, 052004 (2017)
Dijet TLA; PRL 121 (2018) 0818016

miss
— ET™+X
ET"%4y; Eur. Phys. J. G 77 (2017) 393
ET+jet; JHEP 1801 (2018) 126

— CRESST Il

arXiv:1904.00498

— XENON1T

PRL 121 (2018) 111302

— PandaX

PRL 117 (2016) 121303

— DarkSide-50

PRL 121 (2018) 081307

— LUX

PRL 118 (2017) 021303
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e.g. ATLAS: CERN-EP-2019-140 (dark y) ASSS

Dark Sector Searches & CMS: JHEP 10 (2019) 139 (dark y)

S—

= What if DM exists in a hidden sector, composed of particles which don’t undergo SM gauge
interactions? Photon
= Dark mediators could couple to SM via portal interactions

Dark photon

Higgs DarkHiggs Dark sector

. . . . . . el (new particles
w Coupling to SM encoded in a mixing term in the Lagrangian Mixing and forces)
Neutrino  Dark neutrino

w ook for SM particles from DM decays via these portals
w Set limits on coupling strength to SM... €2 (dark y), f (ALPs)... C.BICKEL/SCIENCE
-

.. I 102g
Small mixing > long lifetime E
w 10_3? Az
g 10E
== LHC detectors can extend to high £ 105k
<
masses and low couplings S 405
o (@)
_____ H___/ HLSP = Hidden Lightest Stable Partice '™ Complementary to fixed £ 107k
f =dark fermion . € A8
d - =
t | y.= dark photon target/beam-dump experiments o 10
(JHEP02(2016)062) g 10°k
X 10—10_
HLSP 20.3 " ¥s =8 TeV
10—11 Lol Lol Lol
107 1072 107 1

m, [GeV]
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LHCb Dark Photon Search LHCb-PAPER:2019-031

. A'/y" detection eff. ratio
= Search for dark phOtOI‘IS, A’ Coupling to EM current suppressed relative to that of SM y ; =1 for PL
w InA>pu‘u- o . I
A n 21 Qo | ngy[m(A)] N / "t
w Prompt-like (PL): 2(mﬂ) <m,< 70 GeV N [M(A), %] = ¢ L oAm Fm(A') e [m(A"), 7(4")]
- Long'lived (LL): 214 < mA,< 350 MeV Off-shell y ')[l+[l_ yield Phase-space

= Coupling arises via kinetic mixing between SM hypercharge & A’ field strength tensors
"= PL: most stringent limit to date for yu production in 214 <m, <740 MeV & 10.6 <m, < 30 GeV
= Comparable to best existing limits for m, < 0.5 GeV
= LL: first to achieve sensitivity using a displaced-vertex signature, world leading constraints for
low mass A’ with lifetimes O(1) ps

107

o

LHCH {1 ©
Vs =13TeV 3

= isolation
applied

prompt pp”
Wl rone
B b+ hug

LHCb CILHChH
prompt-like A’ search [ 1LHCb (2016 data)
BaBar+KLOE+CMS -

|.|.Ul IllIILI.ll I

111

Candidates / o[m(pu*tp™)]/ 2
2

m(utu”) [GeV] m(A) [GeV ]
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LHCb Dark Boson Searches

In 2" pu*u PRL 120, 221803 (2018)

== Narrow range of uu masses from 3 candidates

I

observed at HyperCP indicate possible ;<

pp-> @ In gg fusion JHEP 09 (2018) 147
= Narrow resonance search in Y'mass region
= Analysis designed is model-independent

w |ndependent of production mech, spin intermediate particle X° 2,2
=3 First limits set in previously unexplored - 1
8.7<m(¢) <11.5 GeV = LHCb observes the £* decay E*[ — “ ],,
20 T T T T T T T T T T T T T . LY okd u u
= [LHCb o 95% CL upper limits - = BUT no significant m,, peak!
— L o— o Ay e Median expected |
3 [ vs=8TeV T(i?gs) _68%expecfed ‘:{.; o ILIHVCIbI L
T 15__ 95% expected 7] s 4:_ Data _:
= — Observed S —— I'> putu” PS Model
D O CMS expected o ]
= —— CMS observed g -4
: 3
5 ©
s 2
]
e
5
I~ <
+ 2 i 0 6 ¢ o@s |5 pow ) v g ¢ g 5 o@ g | g
ot . ' 2 220 230 240 250 260

m,.,- IMeV/c?]
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Antiproton Production o PRL 121, 222001 (2018

= The antiproton fraction in cosmic rays is a sensitive probe of dark matter annihilation
= Large uncertainties due to limited knowledge of p production S
cross-section in 10-100 GeV p range
cannot cover observed excess of p yields over current prediction
w System for Measuring Overlap with Gas (SMOG) CERN-LHCC-2019-005

allows injection of He in THE LHCb interaction region

w 6.5 TeV protons collide with He
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Conclusion & Outlook

=+ The LHC has an extensive DM search program
w Three different detectors exploit different technologies to conduct complementary searches
=+ Mono-X searches in many complementary channels covering a broad range of benchmarks

- Mediator searches extending to the TeV scale to hunt of-shell DM interactions
w Lower masses also probed thanks to TLA and boost from ISR
" Also producing constraints in EW SUSY & H-inv interpretations
= These searches complement results from other detection methods
w Strong limits for SD DM-nucleon cross section and model-dependent limits for m <10 GeV!
=+ Now delving into the dark sector
w  With distinct and complementary coverage of mass & lifetimes from hermetic & forward detectors
= Ongoing analysis of full Run 2 dataset!
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