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<> DM Models & Signatures in CMS searches

<-Analyzing CMS data

< MonoJet, MonoLepton, MonoPhoton, MonoTop, Top pairs
<SUSY Searches

< Perspectives for LHC Run 2

\ _/

Some material borrowed from Phil Harris, Nadir Daci, Steven Lowette, Fedor Ratnikov
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Introduction

First was unveiled to us through gravitational effects few
decades ago, but still we know very little about it:

Particle(?), electrically neutral, not short-lived, not
baryonic, not hot

as a result, the theoretical landscape is huge  thermal freeze-out (early Univ.)
indirect detection (now)

. '

three complementary search strategies

= DM SM
® direct detection 3

@
® indirect detection 3

. : % DM SM
® production at colliders
s

production at colliders
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DM models in CMS searches

<> Most of the CMS DM searches use Effective Field Theories :
= MonoJet, MonoLepton, MonoPhoton, Top pair

rrl —
gomZ, XV X
EWK style coupling
(equal to all leptons)
Sensitive w/Direct Detection

gDMO XX
Yukawa style coupling

(Mass based coupling)
Less Sensitive w/DD

|AXIAL-UECTDRI

M= a
gomZ, X" X
EWK style coupling
(equal to all leptons)
Less Sensitive w/DD

PSEUDOSCALAR

gomP xv"x
Yukawa style coupling
(Mass based coupling)
No bounds from DD
Only Cosmic bounds exist

» Validity:
M, >> Vs = O(10 TeV)

> Search parameters :

cut-off scale A ; DM mass my

» QOperators :
probe spin-(in)dependent interactions
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DM Production in Colliders

® Productionin the cascade
= SUSY, LSP in R-Parity conserving models

= Higgs portal, Invisible higgs decay width (limited by the higgs
mass)

® Pair producjuon | — X=g, v, WIZ
= Featured in most scenarios, ‘
= back-to-back pair are invisible!

= Recoil of an SM particle against X
the DM pair
-
ISR jet/photon Recoiling W Single top q zf,
Mono-jet/photon Mono-lepton Mono-top
q DM .




CMS Experiment at LHC, CERN
Data recorded: Fri Oct 5 20:41:32 2012 CEST

Monodet : event selection
Run/Event: 204553 / 26729384

C /§
m\ g Lumi section: 31

> Jet p>110 & In|<2.4

> pqfractions : ch. had. 2 20% & neutr. had. < 70% & photons < 70% Kill QCD, ttbar
» Accept 2" jet ( pr>30 & |n|<4.5 & D¢;,;,<2.5) ; Veto 3" jet (pr, 1)
Jet 0,
et =921.98

eta =-0.463
phi = 2.508

» Lepton veto : e/m(p;>10 & R,<0.2)
o t(p>20 & |h|<2.3)
/ \\ \ Kill V, WV, top

MET 0,

pt =913.68
eta = 0.000
phi = -0.657

» MET = Missing Transverse Energy = Vectorial sum of the visible objects
» 7 MET Regions : MET > {250, 300, 350, 400, 450, 500, 550} GeV



Data - MC

Events / 25 GeV

MC

MonoJet : signal extraction

19.7 b (8 TeV)

'I“"' L

DalaI o
[ Zvv)+yljets

] W(v)+liets

I

[ singlet

] QCD Multijets

I Diboson

0 z(y+yljets

- ADDMy=2TeV,5=3
Unparticles d =1.7, A,

=2TeV

= Single-bin counting experiment after
optimal MET cut

Z->vv & Wjets are estimated using p+jets and

cross checked with Z->pp.

DM A =0.9TeV, Mx =1GeV
102 n
10
1
107
i - CDCII’I
j; .a...---..‘oov‘.-.o.u. ...: QCDMC
2 ) ) ) ) ) ) ) —
200 300 400 500 600 700 800 900 1000
ErTniss [GeV]
E%‘iss (GeV) — = 250 = 300 = 350 = 400 > 450 = 500 = 550
Z(vv)Hets 30600 £ 1493 12119 + 640 5286 =323 2569 £188 1394 +127 671 +81 370+ 58
Wijets 17625 + 681 6042 + 236 2457 £102 1044 £ 51 516 + 31 269 +20 128+ 13
tt 470 + 235 175 £ 87.5 724+ 36 32+16 13+ 65 6+ 3.0 3+15
Z(EE)+jets 127 + 63.5 43+ 215 18 + 9.0 8+40 4+20 2+1.0 1+05
Single t 156 + 78.0 52 + 26.0 20 +10.0 7135 2+1.0 1+05 00
QCD Multijets 177 £88.5 76 +£38.0 23 +11.5 3+15 2+1.0 1+05 0+0
Total SM 49154 + 1663 18506 = 690 7875+ 341 3663 £196 1931 +131 949+ 83 501 + 59
Data 50419 19108 8056 3677 1772 894 508
Fxp. upper limit 3580 1500 773 i 229 165 125 7
Obs. upper limit 4695 2035 882 434 157 135 131
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MonoJet
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............... n\’ U
<\~ _ CMS, 90% CL, 8TeV 19.7 fo!
‘\ . _ =& 500 Gy, (@ a)
“ \"QOGG /\2
SIMPLE 2012 Vector
C’OUPP’ZO‘\’2 .................
T N C OMS \
(G CMS\90% CL, 8 TeV, 19.7fb" ]
4A3 8 . — ROt
Scalar ; \_\57(2013
Spin Independent
| lIIIIIll | IIIlIlIl 1 | I
1 10 10° 10°
M, [GeV]

Vector coupling

Spin-independent
interaction

Oy =

(Xvux)(G@r"q)
Az

CDMS excess

 results

CMS PAS EXO-12-048

T I ELE B E) T AT T

GMS, 90% CL, 8 TeV, 19.7fb"

_ Xy, v, 0@r"a)
Axial-vector operator ——=———2—
A
Spin Dependent
1 Illlllll 1 IIIIlllI 1 =loloio) )
10 10°

10°
Mx [GeV]

Axial-Vector coupling

Spin-dependent
interaction

s = (Xrvursx) (Gr*rsq)
AV =

A2




MonoLepton

< Advantages : clean leptonic signature
= less background @ LHC
= easier to trigger than monojet/monophoton

< Interferences = sensitive to different couplings
for Up- and Down- type quarks

g CMS Simulation Master variable =>transverse mass m;
o °f E
% i * M ] Mr =+/2-pr(l)- Bt - (1 —cos Ap(¢,v)
£ ., , ,
CMS Simulation
@ ; T L N T 17 N T 17 N T T T N T T T N L }_
E () 0004~ —— x=0uptype quark ]
m 102? L =600 GeV g0_012% —— x=0down type quarkj
n g x=-1 ]
10°F :xiz 81 % 0.01— =41 -
—— Vx=-1 o
o AV X= +1 ~0.008 .
0% e AVX=0 = M, =10 GeV 1
s AV X= -1 O 0.006 L =600 GeV ]
-5 Lol Lol Co vl :.‘: ; :
! 10 102 10° T o0 7
M. (GeV) 00025 ]
» Largest o for &=-1 ] e e
> MX > 100 GeV — Steep drop % "0 a0 600 80 1000 1200 1400
(limited ¢-space) M (GgV)

> "edge” depends on &, » Shape m; depends on & !



MonoLepton : event selection

CMS Experiment at LHC, CERN

Data recorded: Thu Aug 16 05:27:03 2012 CEST
Run/Event: 200992 / 291330460

Lumi section: 338

MET
pt = 876.4 GeV
phi = 0.061

> e ID & A,,<5GeV & E;>100 & IsoCalo<3%

> Veto 21 e (pT>35) = kill DY

~7 ?*> Back-to-back lepton and MET

B | S > 0.4 <pT(l)/MET < 1.5
> Ap>25
> D & R,<0.1 & p>45 & 8p;<30%
> Veto 2 u (py>25) = kill cosmics & DY
Nuon B MT = 1783 GeV
pt = 913.3+-49.3 GeV
eta =048
phi =-3.03
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19.7 fb'' (8 TeV)
T L] T L]

> 5 T I T 1 T T | T T T L] l T 1 T T I
010 cMS __SSMW = ev, BEw—etv
01 04 e + Ems M = 2000 GeV B it + single t
— __HNC Cl— ev, M cco
—10° A = 4000 GeV v - jets
_.tg 5 DMLA = 200 GeV, [ loy
%1 0 M, = 300 GeV [ Diboson
> i —— Data
LLl 10 o [ syst. uncer.
10" S ||
=0 WA
102 -
10°®
10
500 1000 1500 2000 2500
M. (GeV)
19.7 o (8 TeV)
>1 05 Ll T I Ll T T T | 1 T T T I Ll 1 T 1 | 1 T T 1
jb) CMS __SSMW S pv, W —ptv
01 04 w + EiEs M = 2000 GeV -tE + single t
— __HNCCl> v, [Ioy
-...__‘1 03 A =4000 GeV -QCD
n DM, A = 200 GeV, [ Diboseon
1 02 M, = 300 GeV —4- Data
g [ syst. uncer.
1 10§
1
10
102
10°® e
10

500 1000 1500

2000 2500

M (GeV)

MonoLepton :
signal extraction

=> M, shape analysis : multi-bin counting

Major backgrounds = MC x SF from data

Ctrl
A Data,
OCD = Dataf%:ils iso N\ Fial (Ele"’ he) T %
1- 7, Data
£y

Ctrl={1.5< <10
{ MET }

. - - 2 Ve
High mT tail : fit ~ f(m,) = o m?
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MonoLepton : results CMS PAS EXO-12-060

19.7 o’ (8 TeV)

ﬂ—\10-353 L B N A L B —TT Ty
N - . =
- - ----Expected Spin-independent
S 10738 - — Observed :
© = Limits at 90% CL :
S I |
e 10-3? 5 W+DM E=+1 ---------------------------------------
A
Qe
x 1078
; CMS monojet £=+1 3
- W+DM£=0 : ]
I N :_:
1070 ;_ T i " ______________ _;
10-41 ;|_ W+DM §=-1 | | CMS _;
1 10 102 10°
M, (GeV)

Vector coupling

Spin-independent
Interaction
Comparable to monojet reach

)

x-proton ¢ (cm

19.7 o’ (8 TeV)

10-3?:| T T T T T T T T T T TR T
- ----Expected Spin-dependent )i
. —Observed ]
- Limits at 90% CL 2
108 = =
C W4DM =1 B ]
10% —
joto 7 -
= WDM &1 CMS monojet E=+1 .-~ g
CMS |
10—41 | 1 | I 11111 | | | 1 1 1111 | | | I
1 10 102 10°
M, (GeV)
Axial-Vector coupling
Spin-dependent
interaction
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MonoPhoton : event selection

» MET > 140

CM > AO(METga) > 2.0
T \ » “MET ID” ~y? fit using unclustered energy
A )

= remove fake MET > Lepton veto : 21 isolated lepton

AN > Ry, <0.2(e)/0.1 (u)
Kill W(lv)+y

E;> 145 GeV & |n[<@pd4 (purity)

ID : H/E < 0.05 & ECAL energy deposit’s shape
Anomalous signals removal, timing cut
(BX=£3ns)

PF isolation : surrounding h*:° and photons1
Fake photons from electrons removed

CMS Experiment at LHC, CERN

Data recorded: Sat Nov 17 17:23:56 2012 IST
Run/Event: 207454 [ 1095163126

Lumi section: 771

>
>
>
>

Y VYV



Data/SM

Events/GeV

MonoPhoton : signhal extraction

19 6 b (8 TeV)

—
CMS

1 y+et, Wnv), vy, Z(I)y

B [ Beam halo |
/= acb 3
T W— ev -
I Wy— vy .
B Zy— vvy -
—¢— Data 3
777 Bkg. uncertainty ]
.......... SM+ADD(M _=2 TeV, n=3)
10" E
0% 1 =
1073 = | | =
2_ 1 ! —]
1.5 =
1
0.5
0

= Single-bin counting experiment after

p+(y) cut

Major backgrounds = MC x SF from data

1 \ %/Iatch PIX
ata
%/Iatch PIX
ata

e |
5 B 10 daino)

QCDje‘t fail >1 iso cut

Data

W (en) = Data(Sgn, PIX matching)

Beam halo = timing distribution in data

Process Estimate
Z(—vi)+y 345 + 43
W(— v)+ v 103 £+ 21
W — ev 60 + 6
jet — v MisID 45 + 14
Beam halo 25+ 6
Others 36 +£3

Total background 614 + 63 14
Data 630




MonoPhoton : results ©Ms PAS EXO-12:047

CMS (Monolepton £ = +1) 3

© 38 f CMS Monophaton, 7 TeV, 5.1fb™ _ _.&«" &
ﬂ)1033 _\_ rasafiee s T e a R . 9
S2PPY: " *TMS Monophoton, 8 TeV, 19.6,b"

39 oy
on 10 ﬂ‘}'{\ CMS (Monojet)

. (v 0@ra)
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Top Pairs & MonoTop

» Top pairs
< Heavy quarks enhance sensitivity to scalar interactions
— mq = =
Ly = o cc

< Two possible final states : # — bb+1l/[jj

< Signatures: 1. Large MET + 2 leptons + =2 Jets @low pT
2. Large MET + 1 lepton

» MonoTop

<> Probe couplings that favor heavy quarks
< FCNC diagrams with new particle in the final state
<> Search for scalar & vector DM particle

< Signature : t > bW(gq) = 1 b-jet + 2 jets + MET




Top Pairs dileptonic CMS PAS B2G-13-004

400
ETSS (GeV)

NL
Fake,,

a 1 Lepton fails Tight but passes Loose ~
=D aml Lepton passes Tight ID

Data

> Leptons : R, < 0.12(n), 0.1 () ; pr > 20 ; |n| < 2.4 (1), 2.5 (€) h
» Leptons : m 4 ,>20; m,=m, & 15 GeV ; scalar pT sum > 120 ; A¢<2
> Jets : 22 Jets pT>30 & |h|<5 & loose ID
» Jets : scalar pT sum < 400
» MET > 320
/
! = Fit (S,B) to data
R EL VIS ,
7 |— CMS Preliminar . ata o
8t " 1 > Irreducible backgrounds = MC x SF from data
o i 1 Drell-Yan ]
N 105 [ Di-boson | = tt, t’ DY, VV
[ ] Singletop n
2 [ Single Mis-ID lepton
8 I Double Mis-ID leptons |
0 10 T W s cey > Fakes : 1 or 2 mis-ID lepton(s)

é\floose L passes tight ID

loose L passes tight ID
1- e(V p g

Data

| Background Source | Yield |
tt 0.87 £0.18 =0.27
Single top 0.48 +0.46 = 0.09
Di-boson 0.32 £0.09 = 0.05
Drell-Yan 0.19 +£0.14 == 0.03
One Mis-1D lepton 0.02 +0.07 £0.02
Double Mis-1D leptons | 0.00 4=0.00 = 0.00
Total Bkg 1.89 +0.53 £ 0.39

Data 1

Signal

1.88 £0.11 £ 0.07
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Top Pairs semileptonicMS PAS B2G-14-004

» 1Llepton:R,,<0.12(u), 0.1 (e); pr>30; |n| <2.1 (w), 2.5 (e) h
» Jets: 23 Jets pT>30 & |n|<4 & loose ID & =1 b-jet

. » Jets/MET : A¢(Jetl+Jet2 , MET) > 1.2

= — » MET>320 GeV & m:>160 GeV & my," (W decay kinematics)>200 GeV

(s=8TeV,L=19.7 fb"

> [ ‘s Preliminary T ] = Fit (S,B) to data
G0 E Data E
2 il — 1 > Allbackgrounds = MC x SF from data
~ E [ 1Single top 3
2.0k = Drell-van Background Source Yield
(- — M.=1Gev - t 82+06+19
Wipeeee | M =600 GeV . W 52+17+06
E Single top 23+11+11
10 : == Di-boson 05+02+02
ST Drell-Yan 03+03=£0.1
d T BT = i Total Bkg 164 L2227
jo' R Data 18
a N Signal 38310721
0 100 200 300 8




Top Pairs : results

n — 0o fs=87TeV,L=19.7fb"
7~ \‘[§_8\TE\\/]L\-\\1\9\.?‘fb T T TTTTT T TTTTT 9 J ‘ ‘.‘.“‘H‘ ‘ ‘ “HH‘ ‘ “‘HL
% - CMS Preliminary o | CMS Preliminary ]
() 150F | —+— Observed o536CL O 2001 Observed 95% CL .
N Median expected ~ [ | e Median expected 95% CL i
s | Expected + 1s 2 | Expected + Is -
| Expected + 2s C L Expected + 25
g e ATLAS observed limits (90% CL) O 1501 P =
0 .
g 100 — =
- [ —— .
% : g 100?
-2 T o [ Semileptonic
% g Dileptonic J P
3 Nominal limit of 50
: iy fs=8 TevL=137 fo- i EFT not valid
I NE u Cus Preliminary i
O, 037 . m._ |0
0 <10 Spin Independent, Scalar Operator — ttct 1 10 102 103
L 10 10 e ' Dark matter mass (GeV)
M, (GeV) |
010%F
)]
") = CDMSlite
)]
O FioE
ol0™ CMS tt+cT 1 lepton N
c L
8 SuperCDMS
=53l
glO
c L
>
D10*F LUX §
‘ I 11111 \‘ I 11111 \‘ | I 11111 \‘ 19
1 10 10° 10°
Dark matter mass (GeV)




MonoTop : event selection

> 2 jets pT>60, 39 jet pT>40 ; m3j<250 ; 1 b-jet ; all jets : |etal<2.4 h
> 4t jet veto : pT > 35
> Lepton veto : pT>10(20) m(e) ; |h|<2.4(2.5) m(e) ; Riso < 2
» MET > 350
4

—— 1976 B TeY Z(mm3Jets): - Bkgi® ~ BR(Z —nn
> 300 gs P z(nm =2t )oie Bhewe ( )
© o50E [0 W+ets Ay X 84 X SFye BR(Z — nm)
Q C [ ] Z+jets
= C Bt
& 200 ' W(n+3J) - Bkg?® , o ;
2200 =w wian) =20 3o~ Bh&uc - & ost 1) p,.(b- rag)
B [ Isingle t RN q;r % SF(/?)
150 ---- vector signal,] MC c I=e,mt,)
100 '
. 0b _ ,0b _ o 0b
50 N™ = Psfg ) NS’S + PQCD NQCD + NGHIFJ" bg
- W _ b AT, % 1b
ok N = ps:’g NS’S + pQCD NQCD + Nﬂfhﬁ‘ bg
S 15: E
© 0.50 | | | | = | Ls+8(0sig, v) = Poisson (NggmwﬂN%) X Poisson (N&ﬁsmmﬂNlb)
0 200 400 600 800 1000

m(3 jets) (GeV)
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95% CL limit on ¢ x B (pb)

—
=

NGRGlOD heShESE: <o ™S B2 1200
19.7 b (8 TeV) 10. 19.7 fb™ (8 TeV)
E\cm's ----- scalar S|gnal ) Q _ CMS".\ ----- vector 3|gnal )
N —— observed limit - ; —— observed limit -
-------- expected limit | X — @Xpected limit |
[ ] 68% coverage 'EC?‘ I . ] 68% coverage
_________ ~.. [_195% coverage O * [ ]95% coverage
T N £ 1- “
B I
L O L
i X |
(9]
I (o)) B
__IIII|IIII|IIII|IIII|IIII|:"¢II_ 10-1_I | | | | | | | | | | | | | IW\I | |
0 100 200 300 400 500 600 0 200 400 600 800 1000

m (GeV)

m (GeV)
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SUSY Searches CMS PAS SUS-13-020

® To search for an R-Parity Conserving SUSY model reconstruct
different relevant variables:

- High Pt jets, leptons, photons

- Tagthe bjets

- Total Pt of the event

- Missing Pt of the event

- Combined Kinematical Variables: o, M1, M1, M+,

® Almost all of such SUSY searches can constrain the LSP mass, but
they are usually interpreted within the simplified models which
do not mean a constraint on the neutralino WIMP mass.

® Complete physics models like phenomenological MSSM which
captures most of the phenomenological features of the RPC
MSSM are used to constrain the neutralino WIMP mass.



PMSSM Interpretations

Flat pMSSM Parameters 19-D Priors

Non-CMS Data Used

i URSET VDI COnACrant Likelihood Tunction 5 (85 (8 _?
—3TeV < M, M2 < 3TeV p(6) pren-DCS L{pRon-DCS | 1gy) post-MCMC
< Me < ATeV Ta] BHE— =] (255 £ 0.50=F T T £ 0.0 = I0-% Cauzsian MCHMT
0= M; < 3Tey 1b| BRb— ey | (24240207 +£0.24% +0.077") x 10-* Gaussian Teweight
—3TeV < p < 3TeV O | BR(B, = pu) ohserved CLs curve from d[1— CLs)Jd[BR[B, —pp)) | MOMC
) ) . b | BRIB, = pp) (294 0.7 £ 029%) 5 10-2 Gaussian Tewsight
0= ma = 3TeV Ta | R(B. =) 6= 054 Caussian MCMC
7 < tan B < &) ib | HIB, =Ty 104 £0.4 Gaussian Tewaight
. exiapsbl T Aa, I 5= £ I £ 0057 ] [0- Taussian 5 (85 (8
0= Qua Uiz, Dia, Lag, B, Qs Us, Ds, Lz, Bz = 3TeV 54 my 1732 £ 0.50 £ 127 GeV Gaussian MCMC
v R 5b m, 172,20 + 057%™ + 1,37 GaV Gaussian Tewaight
—7TeV < A;, Ay, A; < TTeV, B | malms) 11070 Gav Two sided Canssian MCMC
7 0, (Mz) U116 = 0.0007 Gaussian MCMC
ka My, pre-LHL: m== =112 110 my, = mi™ % O O
0ifmy < m™
i my, LHC: mie = 120, miF =130 Lifmi = mg = miF Tewsight
1 0if my < M or my = mer
[ ) i o}
DCS stands for Direct A - e
C M S S h TILABSES [via micrOMEGAs | 0 if excluded
- CMS Data Used
°
No astrophysical data — ——TT T
- Hadronic HT + MHT search TTeV | 498 fh—" | method 1 | CME-8US-12-011
Included Hadromic HT + MET + bjets search | 7 TeV | 408 fb=! | method 1 | CMS-SUS-12-003
Leptonic search for EW prod. of 37, ¥=, [ | 7 TeV | 4.98 fb—! | method 1 | CMS-SUS-12-006
Hadronic HT + MHT search BTeV | 195 fh—" | method 1 | CMSE-B5US-12012
Hadronic HT 4+ MET + b-jets search 8 TeV | 10.4 fb—! | method 2 | CMS-S5US-12-024
I I I Leptoni h for EW prod. of 7%, ¥, 1 | 8 TeV | 105 fb~! | method 1 | CMS-SUS-12-006
* NB, absolute distributions |t s oo e smed. o %5 et

strongly depend on the
choice of priors
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Relic density and WIMP mass

pMSSM, CMS preliminary %10 pMSSM, CMS preliminary

non-DCS, *
0.5 p" M(Se) prior from T“‘DCS data I p™"0CS(g) prior from non-DCS data
— p(IZ° MS>'1 64) combined, 7 TeV —— p(6]DS) HT + MHT, 7 TeV, 4.98 fb"
— p“"; M:‘ 64) °°mbf”ed' 8 TeV —— p(8]D°S) HT + MHT, 8 TeV, 19.5 fb’
i — (0] >-1.64) combined, 7 and 8 TeV 25 = p(6]DMS) HT + MHT, 7 and 8 TeV
- ’ i ' s ol u=1.5 % ~-u=05  =—p=1.0 - p=1.5
= O
w ~
= | A &
% ©
>
§ o2 s
E° g
e
...... a
ol
0 ISR N U Y S AT A O S S A RO ] O||||||||||||||||||"|" |-
-4 -3 -2 -1 0 1 2 3 4 0 200 400 600 800 1000 1200 1400
~0
log, (€:h) %, mass [GeV]
Relic density Neutralino mass

L = Xsec coefficient

Z = signed Bayesian analog of the frequentist “n-sigma”
Z>5 means discovery

Z < -1.64 means exclusion at 95% CL

CMS data slightly prefer lower densities and heavier WIIXIP.



Summary

< CMS covers already a broad panel of final states, with sensitivities to various
scenarios

< So far, no new signal observed ®

> Upper limits on the production cross sections between 101 and 102 pb

> Upper limits on y-nucleon interaction cross sections between 10-38 and 104°cm?
» Collider results = mainly limits below My < 10 GeV

C\]'_|10_35 T T T T TTTT T T IIIIII| T T T T TTTT f\]l_|10_36§ T T T TTTT T T T T TTTT T T T T TTTT
E g% CMS Preliminary & -
o O . ~37
= a7 —10 E
5 5 ol
= 1138 = 1038
"6' 10 CMS Monophoton, {5 = 8 Tey 19.6 fy! "6' 10 E
heb) 10_39 CMS Monojet o P O E
0p) 0p) 10'39 E 5
0 107 ") - E
7)) )] - g
O 10 O 10 E~ cusMorell E
LC) 10% LC) e TS Monojet :
S 10% 5 10F E
@ Q@ - ]
O 10% O 10%E =
Z 10% Z 1o+ [CMS Preliminary -
O ;g4 | (cg,€)@9") o E | (c9,0,0)@9"y.o) 3
Spin Independent, Vector Operator > - Spin Dependent, Axial-vector operator —————— 1
10-47 | | ||||||| | | ||||||| | [ 10-44| | | ||||||| | | ||||||| | |||||||
1 10 10? 10° 1 10 107
M [GeV] M, [GeV]




Perspectives for LHC Run 2

< Running conditions : 13 TeV, 25 ns, <PU> =40 = expect factor 4 in rate

<> Need to optimise X+MET triggers to cope with such conditions

< Refine background estimations and reduce associated uncertainties

< Physics models : EFT validity is an important limitation to current searches
= switch to simplified models with extra search parameters wrt EFT searches

20_- Relic density .\

too large

15¢ Theory is non—T \
[ perturbative K

o %0 1000
mDM[GeV]




