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Dark Matter searches  «oouomevmes

Dark Energy

69.2+1.0%

Abundant evidence for the presence of a dark sector :

Via its gravitational interactions : |

- Rotation curve from galaxies W o

- Weak lensing )

- Cosmic microwave background
measurement (CMB)

Dark Matter
25.8 0.4 %

BUT the underlying nature of DM is still unknown

— May be observed at proton-
proton collider @LHC

— hunt for DM :
* Direct detection
(LUX, XENON, SuperCDMS, CRESST)
* Indirect detection
(Pamela, Fermi, AMS, IceCube)
* Production at Colliders
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DM searches @LHC

What can we do at the LHC? o<y ‘
* Direct search for WIMP & mediator Sketches of models”

particles
 WIMP search in cascade decays
E.g, Neutralino in SUSY, Kaluza-Klein

photon in UED
 Hidden/dark sector search

More
complete

Xiv:1506.03116v3
2 talks : ar

(&
- Dark Matter searches with mono-X and other exotic searches @LHC" C/@%
(mono-X searches, mediator searches and interpretation in simplified models) %,\7

7S
« Dark Matter searches in SUSY and other UV complete models @LH({'

Co
(DM searches in SUSY, long lived signatures and dark photons) g
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DM signatures @LHC

DM particles would leave no trace in the detector

DM signal at colliders: 50| itial-State Radiation (ISR) to trigger events using

q

q

X

monojet +MET

<

recoiling SM objects ISR : X = jet/photon/W/Z
« — presence of a large amount of missing transverse
energy (MET) — spectacular events

Interpretation :
* As much as possible model independent of DM processes

* Framework to compare with DD/ID experiments

_ p g
From (o ') (q X\ ... to
Effective — simplified
Field y Mediator J models
Theory...
\J Y \J X
EFT - Contact interaction operators Via explicit mediator particles
» Described in terms my, cut-off scale « More complicated DD/ID
* Model-independent DD comparison comparison
* Usedin LHC Run 1 (8 TeV) « Used in LHC Run 2 (13 TeV)

But invalid at large momentum transfer Q2 ~ M* 4



Simplified models

Mono-X signatures: Resonant signatures:
SM — mediator — DM SM — mediator —» SM
MET + X

Dijet, dilepton, ...

— Relevant parameters :

My, mmed’ Ix and gq
spin/parity of the mediator : scalar/pseudo-scalar or vector/axial-vector

— See LHC DM working group
(arXiv:1507.00966, arXiv:1603.04156, arXiv:1703.05703)
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ATLAS Online, 13 TeV [Lat=108.3 b

2015: <u> = 13.4
2016: <u> = 25.1

400
350

The LHC

2017: <u>=37.8
2018: <u> = 38.3
Total: <u> = 33.3

300
250

CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:22 to 2018-06-12 04:14 UTC

Recorded Luminosity [pb 0.1]
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The ATLAS/CMS detectors

CMS DETECTOR STEEL RETURN YOKE 44

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS i

Overall diameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels N
Overalllength ~ :28.7m Microstrips (80x180 ym) ~200m* ~9.6M channels v i
Magnetic field  :3.8T i H

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Tile calorimeters

CRYSTAL .
ELECTROMAGNETIC LAr hadronic end-cap and
CALORIMETER (ECAL) forward calorimeters

~76,000 scintillating PEWO, crystals Pixel detector \

LAr electromagnetic calorimeters

i Transition radiation fracker
HADRON CALORIMETER (HCAL) Muon chambers Solenoid magnet

Brass + Plastic scintillator ~7,000 channels Semiconductor fracker

High precision multipurpose detectors _,_ ~ wewew 3 aras —_—
Particle identification: electrons, muons, § 40353% — 5> 50 %—fg‘s v aamp ER
photons, charged hadrons, neutral 5% —= E sl - TR
hadrons B 25§__+_:¢:_+_ T

Object performance at high pile-up: fg:_,_—-—-——-——-—: &r 80¢ e
Pile-up affects the event reconstruction: — wof oo e 4 oo et :
MET, jet E and resolution, isolation, ... = 5 "=° = "eew’ 7 e
— Sophisticated techniques deployed 12— 10F ]
e.g. weight particle momenta according §§§—~——o—+ ] e S I |
to the probability of not having pileup £76 8101214 16 18 20 228 N,

activity around it (PUPPI)

JHEP 1410 (2014) 59 arXiv:1802.08168



Overview of DM searches @LHC

Spin-1 mediator probed via several ISR based MET+X searches:

Monophoton Monojet MonoV
E z y & 9q 7' 9gpMm &
Z &
e 7 > a ot
EPJC 77 (2017) 393 JHEP 01 (2018) 126 ATLAS-CONF-2018-005 PLB 776 (2017) 318
JHEP 10 (2017) 073 (13/fb)  PRD 97 (2018) 092005 PRD 97(2018) 092005 EPJC 78 (2018) 291

Spin-0 mediator probed via large coupling to top (bottom) :

tt+DM, bb+DM Monojet

g t

MonoV

X
X At
¢7(Z<X EPJC 78 (2018) 18 At ) y

ArXiv:1711.11520
g 5 W

CMS-EXO-16-049, CMS-EXO-17-014  JHEP 01 (2018) 126 PRD 97(2018) 092005 L=36/fb
PRD 97 (2018) 032009 PRD 97 (2018) 092005 EPJC 78 (2018) 291

egp,  Ya ¢9D-1\<X ogey . Ya ¢9D.I\<X
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Overview of DM searches@LHC

Higgs portal to the dark sector
H to invisible

VBF+MET Mono-V

Monojet

Y

\
N X
X

f
H A
g
l 1QQ00;,

A

CMS 13 TeV H— Inv Combination:
CMS-PAS-HIG-17-023

ATLAS 8 TeV H— Inv Combination:
JHEP11(2015) 206

ATLAS 13 TeV:

Mono-Z(Il) EPJC 78 (2018) 291
Mono-V(qq) ATLAS-CONF-2018-005

Mono-H
q h H— bb:
,/ PRL 119 (2017) 181804,
7/ CMS-PAS-B2G-17-004

'\ yX H-oyym
a PRD 96 (2017)112004
CMS-PAS-EXO-16-055

u

Mono-t

v EPJC 78 (2018) 18
x CMS-PAS-EXO-16-051
(arXiv:1801.08427)




Mono-jet searches

CMS

CMS Experiment at LHC, CERN
Data recorded: Mon Jul 4 04:11:13 2016 CEST
Run/Event: 276283 / 289130967

\| Lumi section: 149

CMS Experiment at LHC, CERN

Data recorded: Mon Jul 4 04:11:13 2016 CEST
Run/Event: 276283 / 289130967

Lumi saction: 149

p-.-iﬂ =1.26 TeV

_—

Large MET!

Spectacular
Events

10



Mono-jet searches

Mono-jet selection: (trigger caloMET>90 GeV)

BN 250l ey nolleptons Similar final state as boosted monoV, V— qq,

) where jet substructure is used for identification
© [ UEEERO RN ] R Mono-V event selection:
* Njets (p+>30 GeV)=4, A¢(jet, MET)>0.4 i '

jets (pr )<4, 80 ) . R=0.8 jet p;>250 GeV

7 NI A LA B BN I BN L B [ o i ~ -

E 106 ATLAS ;éé’éé‘ gftadzolshzz?ls % m(Jet) Mz, 2 prong
2 0 E(s=13TeV, 361 1" B 2 vv) + jots o Mono-V, V— qq 35.9 b (13 TeV)
S 10° =~ Signal Region s B W(- ) +jets o — — —r —
Lﬁ p_r(j1)>250 GeV, ET >250 GeV I Z 1) +jets —_ % F | | |
104 M i t = g':)Single o ﬁ (5 104;— CMS : 22(3:25)—>inv
10° ono_]e multijets + ncb S B : mono-V - Axial-vector,;n =2.0TeV
----- m(b, 7)°) = (500, 495) Ge 3 IS jets "
102 (rrEEM, n)/l:ed)i (400, 1g()?>)\claev : g’ 103§ E 55:,:;::9;
1o L ORER, ADD, n=4, M_=6400 GeV N (| C - WWWZ/ZZ
= . rrroeeer o 10?
CCLLLLEY — -Topquark
1 ........."""__-----'-'-'-:_______ --------- T zv(n, y+iets
» S S SN S S e 10 [ JacD
10
= T e R ’
. S bg unc.
- s from2 10

08 300 400 500 600 700 800 900 1000 1100 1200T° 10% )
ET™° [GeV] 8101-2 I R I N B U
- Signal extraction based on the MET distribution gog%ﬁiszl—gl—l """ 1 .
» Main backgrounds: Z(vv)+jets (60%) & W(Iv)+jets (30%) 3 T T T T T T T
» Well modelled from control regions in data : j‘gég
a I A AN SR AN NN NN SN MR MU'

Z(pu,ee)tjets, W(uv,ev)+jets, ytjets (CMS)
« Simultaneous fit to signal and control regions

300 400 500 600 700 800 900 1000

pmiss [GeV]
PRD 97 (2018) 092005 ' T



Mono-jet: DM interpretation

95% C.L. upper limits obtained in the (My,M,..4) plane:
Suppose Dirac Fermion DM, g,=1 and g,=0.25, g=0

Vector mediator : Axial-vector mediator :
— S — 35.9 o™ (13 TeV)
> — 1200 T T T T T T T T T T T T T Z T T T __ 10
8 10001 ATLAS Expected limit+ 25, B % L CMS I 7 : DE
— \s=13TeV,36.1 0" - Expected limit (+ 15, ) O] i ] \6'
o I Vector Mediator — 10001~ Axial med, Dirac DM | 2
E Di ion DM e P PDF, scale, E >
irac Fermion DM ——— Observed limit (+ 15, _ ") ) - . 3
- g,=0259 =10 . = Median expe b o)
95% CL limits prtE M) T - %1 Ogerime 3
B 800 =412
. - —— Observed/95% : %
- - - 7 1 o
” : Y I —— Observed = theory unc. (@)
5001~ Ry 600~ Qb =0.12 p
: | )| Qexh™ = 0. 4
I 7 i - 5
i 400 10
I 200 g
0 "l' 1 | 1 — ,\ A
0 1000 2000 IR K -2
0 500 1000 1500 2000 2500 'O
m, [GeV] GeV
rnmed [ e ]

Expected relic density : consistent with the WMAP
measurements (i.e. Qh? = 0.12), in this model.

For vector and axial-vector interactions :
* Mediator masses are excluded up to 1.6-1.8 TeV
DM masses are excluded up about 500 GeV 12



ATLAS MET=268 GeV

EXPERIMENT
no- n |
Run Number: 305811, Event Number: 1150484630
Date: 2016-08-08 22:56:19 CEST

. ¥ > 150 GeV
Selection: P ~ uptoljet
(Trigger Single y E;>140 GeV) . /
* E;(y)>150 GeV, |n|<2.37 k’)
« MET>150 GeV
« Ad(photon, MET) > 0.4 p/eveto ')
* Njets (p>30 GeV, |n|<4.5) = 1 Eymiss > 150 GeV
> UL L L L B B B LS L L L B L B
8 10° = ATLAS Signal Region - %?tjvl\.)y
u':-) 4 /s=13 TeV, 36.1 fo" — Fa(k_e) l;r)1€)tons m
%) 10 ~£+jets E
E 3V L3 YA Y ] 1 (_) ”)7 :
2 0 & : ----m/m . =10/700GeV_| U
- <
5 E-(\)=265GeV
10° =
O
10 ~
N
g’ 1.5 :_' r-rrrrrrrrrrrrrrrrrrrrrTrrT T T T T T T T T T T T T T '_: \\/l
C:R_; 1%4//74//%//4//%//%//%// G54555 455545846445 5L B ;é §
o 05 :_n Lo by o b by by o by by by by by 1y n_: 4
160 180 200 220 240 260 280 300 320 340 360 Y+MET event recorded in 2016

ET™* [GeV]

Main backgrounds: (Z—vv)+y and (W—lv)+y
It is estimated from (Z—ll)+y and (W—pv)+y Control Regions (CR)
where the MET includes the corresponding charged lepton(s) 13



Mono-photon: DM interpretation

95% C.L. upper limits obtained in the (My,M_.,) plane: Eur. Phys. . ORI

axial-vector interactions

suppose gx—1 and g =0.25 axial-vector interactions
q

And if we suppose

;‘ 500 ATLAS L T T | L 1: 1 d 0 1
[0) C - — —
O, 450 (s=13TeV, 36.1 fb' E el L gq
= : H . 3
£  400F Axial-vector mediator = < 500g- B e 9
= Dirac DM - 3 4s0E ATLAS : E
350 ~0.25,g =1, g=0 o = = § \s=13 TeV, 36.1 i )
- gq Ty Q4 T 3 £  400F Axial-vector medu;tor =
300F v . TN T E Dirac DM e =
- - "_...--...--..-". 3 350 9,0.1,9=1,9= 01 - =
250 & E 300 I 2 it i il
200 & 3 250 £ " g s 3
E § o s E 200F § N: Relic density =
150 =0 " —— Observed 95% CL % = oS 3
w0 Observed + 16, - 150 @ =
100:— -- Expected 95% CL & = 100 3
g Expected + 1 - E =
50 :_/ ----------------- R);rizcd:nsityc = S0 =
7 . i 3 A R R SRS | 3
0™="500 400 600 800 1000 1200 O""200 400 600 800 1000 1200
mmed [ ev] o . Meq [GEV]
Limits are highly dependent on
For vector and axial-vector interactions : the choice of the couplings

« Mediator mass excluded up to 1.2 TeV
« DM mass excluded up to 350-500 GeV

— Lower sensitivity compared to mono-jet (factor agep << ag) 14



Mono-Z searches, Z— Il '
7 I
E ATLAS | eData  Z+jets q e
10* mm7Z = Non- t-ll P .
= (s=13TeV, 36.1fo! =22 ™= Non-esonan Selection: gy,
1 ee+ 2 Stat. + Syst. i i
@ M <o DM(m mx=500,a105 G);SV)XO.27 (dllepton trlgger)
§ 10° — ZH(ll+inv) with B(H—inv)=0.3 * 2 0OS leptons p>30/20 GeV .
W o « 76<m;<106 GeV, AR(l,1)<1.8 o
] « MET>90 GeV, MET/H;>0.6
- « Ad(ll, MET) > 2.7, Nb-jets = 0
107 Main bg : ZZ and WZ
_9’ 14 | : l bl
ﬁ 121 | ——F Low sensitivity to scalar mediators:
§ 0.8 -/| : : : ; ; I 8 104 ET T T T T T T |3E‘)'9|fb-|1 (1|3|TB|V)E L-im-its are
TR i i A N S N A £ c E )
100 200 300 s 1000 © - C . expressed in
E [GeV] 8 10¥%& Scalar mediator, g,=10 | t rm f
PLB 776 (2017) 318 6> 1O rac O, g - V.5, < 10 L
&+ 400 prmrrermmmerer g AN B m I 1 the ratio of
C /e Expect dhmlt( 16)
S as0 - Vs = 13 TeV, 3610 ; Ob‘;zc“’eed fimit aRRLi 3 E the excluc!ed
£ 300 £ Axial-vector, D|rac 9,=025,9 =10 " --’//F:iehc density E g E g CrOSS'SeCtlon
' 109 L, 1 tothe
E S o epeasswc | Nominal
- 2 Ml epecea=1sa. 4 cross-section
_: fo®) 1 = |:| Expected + 2 s.d. = f. l.
= /l\\) E —e— Observed 95% CL - ora Coup ]ng
; o I 1 assumption of
__ — 1 1 | | 1 1 1 | | 1 | 1 1 1 ‘ 1 1 1 | 1
. o L 10500 400 600 800 1000 g =g, = onul
0 700 200 300 400 500 600 700 800 900 3 m .4 [GeV] 15



Heavy q pair + DM

Events / bin

If Yukawa-like coupling — high sensitivity to Spin-0 mediator

Three final states for tt+DM analysis:
tt(0l) + DM : MET>200 GeV, at least 4 jets, 1b-jet
tt(11) + DM : MET>160 GeV, M>160 GeV, at least 3 jets, 1b-jet

tt(2l) + DM : MET>50 GeV, at least 2 jets, 1b-jet

Main background : top-antitop production, tt+Z and Z+jets, constrained from several CR

Resolved top tagger (RTT) in O-lep channel

- Identify jet triplets from top decays
- Two event categories : 0/1 & 2 RTT

tt (all had) channel

359fb(13TeV) % T T[T T[T I T[T T[T I [TTr[TTT[TTT13
— — — S8 ATLAS 3
10° = CMS . Data - o 1 o Data 7
Preliminary B 3 [ \s=13TeV,36.1 fb ﬁﬁ Standard Model |
- ~ x 1
2RTT all-hadronic tt+p™ss [ t+V e 0 VRTE2 Ziy'4jets
T [ Wiv)+ets h T10° m ti+Z —
10* [ Ziy*+ets = 9 i 3
[ Single t 3 [T mm W+jets .
[ Diboson 1 (S, Jde 2 L mm Others -
. [ Multijets AL
10 - Bkg. unc. =
- Prefit 3 10 e
—— m,=100 GeV, m =1 GeV ] VIvIINIsY:
102 —|
1
10
3 >
g 15 )
(' 1 0 ~ (ALl LLLLLLLLL LI L IIIIIIIJIIIIIIIJJII‘H'IIJ'IIIIIIIJIIII.II':JIIIIIIIJIIII.'
~ M o] a7
-a) ‘a LI LI
O oz a0 o Mo Ao 9 R L T T o R
. 40 160 180 200 220 240 260 280 300
pr* [GeV] M [GeV]

t/b
X
e
TN
g t/b
tt (ey) channel
eu channel 35.9fb™ (13 TeV)
c T T T T T T T T T T
o . CMS —e— Data
; 10 Preliminary Il ti2)
c I Single t
<2 10 . iV
- W \W-ets/AT(11)/tw(1])
o 10° [ Diboson
1 [ DY
N~ . —— PS M,=100 GeV (x200)
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x
W e
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o
J 1
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O o5 : : : :
0 50 100 150 200 250
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DM+tt : Limits plots

Combination of the 3 decay channels
(all hadronic, semileptonic, fully leptonic) 9 f

Scalar mediator :

35.9fb™ (13 TeV)

S
[}
G160 CMS
E>< Scalar, Dirac, g =1, g =1
140 a x
--m,=2m,
120/ — Observed 95% CL y
. Median expected 95% CL o
100 L&
- - 68% expected 4l
80

II|lllllllllllllllllIIIIIIIIIIIII

L

IIIIII 1
50 100 150

200

250

300 350
m, [GeV]

— Scalar mediator masses
excluded up to 160 GeV

CMS-PAS-EXO-16-049

Observed oy, - /0y,

1.5

0.5

Pseudo-scalar mediator :

35.9 fb™ (13 TeV)

= ] £
L , 5
[0} - L
G160 CMS 3
- ¢ o
- rac q =1 q = gl | 5
EX1 a0 Pseudoscalar, Dirac, gq_1, gx_1 ‘k“.. o5 S
: - ma = 2m7~ ‘f“‘ 8
L .
120/~ — Observed 95% CL i %
- # 7]
O ... Median expected 95% CL : 12 8
100 "
oo 68% expected
8o —1.5
60 =
L 1
40 —
20
C ; - [Bo5
1 | EIEEENT | (LI B | (1 LT | L1 :I 1 | (LT | IS ) :

50 100 150 200 250 300 7 350
m, [GeV]

— Pseudo-scalar mediator masses

excluded up to 220 GeV 17



DM+tt : Limits plots

e
ola \ y
The tt+DM 2016 result gives the strongest limit at low mass
for collider spin0-mediated DM 9 i
Scalar mediator : Pseudo-scalar mediator :
35.9 o (13 TeV) 35.9 fo (13 TeV)
E E T T T \ T T T | T T T | i IE E T T T [ T T T | T T T ‘ ]
b 50 Scalar, Dirac, g =1, g =1, m =1 GeV CMS B © gl Pseudoscalar, Dirac, g=1,g=1,m=1 GeV N
"ﬁ C o Preliminary 'ﬁ B o CMS ]
= : Expected limit 95% CL - S j_ Expected limit 95% CL Preliminary _j
§ 4 Mono-jet/V ] § E ----- Mono-jet/V E
E [ e ) E 4 e E
2 3 g 3 5
o L | o r 7
=) i i - 0 -
2 - - ]
L = : E
0 : | I ‘ | | I | | | 1 | : 0 C | | L ‘ 1 1 1 | 1 1 1 ‘ :
0 200 400 600 0 200 400 600
m, [GeV] m, [GeV]

Green line (tt+DM) from CMS-PAS-EXO-16-049
Red line (Mono-jet/V) from Phys. Rev. D97 (2018) 092005 18



Combined plots :

Limit for spin 1 mediator with mono-jet, mono-photon, mono-Z(ll) results
(here axial-vector mediator)

Mono-X
searches :

No sensitivity to
the off-shell
region (ZM>M_.4)
due to the small
Cross section

Dark matter mass m,,, [GeV]

CMS Preliminary LHCP 2017

1 OOO [ T T T T | T T T T | T T T T T T T T T T T T | T T ]
900 Axial-vector mediator Myeq =2 X Mgy, |
— Dirac DM -
800— g =1.0 Q. h=0.12 —]
- g =0.25 -
700— Tq —
— g = O —]
— | Exclusion at 95% CL -
600 — —
E _______ - = Observed E
500 — - —]
E N = = =+ Expected E
400 — ' —
= :‘ ____ DM+j/NV(qq) (3591 | —
300 — ’ [EXO-16-048] —
= :} DM+ y (1291 -
200 — ' [EXO-16-039] —
E . . DM + Z(ll) (35.9 fb™) E
100 _—/—4—"/_.’[ ' [EXO-16-052] —]
0 ;' 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1 :~ | 1 1 1 1 | 1 1 :

0 1000 1500 2000 2500

Mediator mass M__, [GeV]
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Combined plots :

Limit for spin 1 mediator with mono-jet, mono-photon, mono-Z(ll) results
(here axial-vector mediator)

Mono-X
searches :

No sensitivity
the off-shell
region (ZM>M_ .4)
due to the small

cross section

—
o
o
o

©
o
o

700

CMS Preliminary LHCP 2017
T T T T | T T T T T T T T T T | T T T T | T T
Axial-vector mediator My = 2 X Mgy,
Dirac DM
g, =10 Q. =0.12
gq =0.25
9=0

mass my,, [GeV]

Dark matt
N
3

tOAM
500

\J
\J
\J
W\
N

---
PR

-
» .y

Exclusion at 95% CL
= QObserved

= = = Expected

DM + /V(qq) (35.9 fo')
[EXO-16-048]

R DM + y (129 b™)
[EXO-16-039]

DM + Z(Il) (35.9 fb')
[EXO-16-052]

! ! e ! ! ! | !

O[T

1500

2000 | 2500
Mediator mass M__, [GeV]

There : can use constraints from Z’ decay to qq or [l
— mediator searches
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Dijet/dilepton searches:.|"

Phys. Rev. D 96 (2017) 05

2004

Dijet angular analysis:

the angular distributions are fit
for different dijet mass bins

New physics signal at low X(dijet)

35.9 fo' (13 TeV)
:q_z‘ 0.12 T 7T T | T T T I T T T T 7T T T T T I T T T | T T T
%f - + Data CMS -
\q_)' I _
e NLO QCD + EW
o . i
UE 01 - My, (DMg =1.0)=3TeV _|
z
g B My (DM g_=1.0) =5 TeV 7
0'08% 3.0< M, <3.6TeV
0.06— ]
Ll J
& cos®'| -
+ vov. 1+ 1cos i
o]l x — e)l Y2 ~ _
(1§ dijet | e
S I-lcosO | -
Q¢ ]
Z L |2|| | |4|| 1 JG\I 1 |8|\ 1 |1|0| 1 \1|2| 1 |1J4\ 1 I16
dijet

CMS-PAS-EXO-16-046 (arXiv:1803.08030)

gno6

W os
Standard 10*
searches — 10°

at high mass

“UATLAS
(s=13 TeV, 37.0fb™

e Data
— Background fit
BumpHunter interval
--@-- g, m =4.0TeV
|- g, mz, =5.0TeV

10 g*, o x10
p-value = 0.63
1 Fit Range: 1.1 - 8.2 TeV
am 107" y*1<06 .
Dijet at low mass ;" F
JHEP 01 (2018) 097 £ oF 3
CMS EX0O-17-001 505:_ :JI:ES:U: = {:::::::::{:="'"::I:':::::::{a:::::::::::::»Tﬂﬂﬂﬂhuﬂmﬂ_
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Dijet summary

Summary plot of bounds in the coupling-mediator mass plane
from dijet searches using 2015 and 2016 data

Limits on universal coupling (between leptophobic Z’ and quarks)
mp,=10 TeV
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Similar plot exists for CMS 22



Combining Mono-X and mediator searches

DM Mass [TeV]

DM Simplified Model Exclusions
" e

ATLAS Preliminary July 2017
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The coupling values determine
the interplay between DM and
resonance searches

— For vector mediator,

8,=0.25, gy=1 and g=0,

mediator masses down to
~50 GeV* and up to 2.5 TeV
are excluded

* CMS, JHEP 01 (2018) 097)

DM Simplified Model Exclusions
T T

ATLAS Preliminary July 2017
1] T T

Mediator Mass [TeV]

1 = Dijet

Dijet 8 TeV ¥s = 8 TeV, 20.3 fb”!
Phys. Rev. D. 91 052007 (2015)
Dijet ¥s = 13 TeV, 37.0 fb™!
arXiv:1703.09127 [hep-ex]

Dilet TLAYS = 13 TeV, 3.4 fb”
ATLAS-CONF-2016-030

Dijet + ISR¥S = 13 TeV, 155 fb™!
ATLAS-CONF-2016-070

ET*+X

ET* 4y fE=13TeV, 361"
Eur. Phys. J. C 77 (2017) 393
ET4jet Y5 = 13 TeV, 36.1 fb™"
ATLAS-CONF-2017-060

Dilepton

Vs = 13 TeV, 36.1 fb”'
CERN-EP-2017-119



Combining Mono-X and mediator searches

Same plot for axial-vector mediator:

CMS Preliminary LHCP 2017
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Combining Mono-X and mediator searches

CMS Preliminary

EPS

2017
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Limits are expressed in terms of

the ratio of the excluded cross-section to
the nominal cross-section for a coupling
assumption of g =g, =g, =1

And mp,=1 GeV

(to be updated with new tt+DM analysis,
CMS-PAS-EXO-16-049, see slide 18)
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Comparison with DD experiments

o, (DM-nucleon) [cn]

95% C.L. upper limits obtained in the (My,M,,.4) plane
are translated to 90% CL upper limits to compare to DD experiments

Spin-independent o, DM-nucleon
cross section vs DM mass

ATLAS Preliminary July 2017
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Exist also for g .= 0.1, g=0.01,

Complementarity between LHC and DD experiments
Under the model assumptions: (comparison is model dependent!)

* We are sensitive at low DM (<~5 GeV) for o, (DM-nucleon)

« We have about 3 orders of magnitude better sensitivity for oy, (DM-nucleon)
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Hadronic Mono-top

Extensions of simplified models:
DM recoils against a single top quark

Final state - hadronically decaying

Flavor-changing simplified model or
Colored charged scalar

boosted top quarks:
N-subjettiness & top-tagger
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Mono-Higgs searches

Extensions of the scalar models:

DM may interact with SM through H sector

Search for mono-Higgs with
H— bb and H— yy,TT

Two benchmark models:
Z’-2HDM (resonant) & baryonic Z’

H—yy : excellent mass resolution (<2%)
Use MET inside Higgs mass window
H—71 : consider ert,, uT1,, 1,7, final states

H—Dbb: largest branching fraction (~60%)

but poor mass resolution (~10%)
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Summary

Wide range of on-going DM searches at the LHC :

« Searches span a broad spectrum of final states and signal models

» This talk covered mainly the mono-X searches and the interpretation
in terms of simplified models

Mono-jet (y, Z) search excludes :
» Mediator mass up to 1.6-1.8 (1.2, 0.7) TeV
* DM mass up to 0.5 (0.3-0.5, ~0.2) TeV
for vector and axial-vector interactions
(9x=1 and g,=0.25)

Using simplified models to interpret the data :
LHC searches complement DD experiments for DM mass<O(10) GeV
Strong LHC limits for spin-dependent DM-nucleon cross section



CMS Integrated Luminosity, pp, 2017, Vs = 13 TeV

Data included from 2017-05-30 08:43 to 2017-11-26 10:30 UTC
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