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- 1 Introduction

e Dark matter (DM) is part of cosmological SM, little is known about its properties
* DM (denoted y) might be produced in pairs in pp collisions at the LHC
* Searches are complementary to (in)direct experiments

DM

Modelling DM production with effective field theories (EFT):

AN

L]

* Collapse SM-DM interaction in effective 4-points operator

» Few parameters: mass m, , cut-off scale A=M/ Vgx 84

2 9
_ 9q9y 9
e Easy to translate to DM-nucleon cross section o(xN — xN) ~ 7(\17"4&”””
Name Type Operator Coefficient
. . . al: T T3
* Requires M > collision energy scale D1 scalar (¢q) ~AXag 7’”‘1/%*
_ . . D5 vector XY XG0 1/M;
* Probes oneinteraction at the time D8 | axial-vector | x7*7°x37,7°q 1/M2
. . D9 tensor X" xqo g 1/M?
(Y %k
lefgrent’operatgrs depending on D1 | scalar (gg) G GHY /AN
mediator’s coupling C1 scalar Iyaq Mg /M2

According to [J. Goodman et al., Phys. Rev D 82, 116010 (2010)]
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# How to make DM visible at the LHC?

| Signatures — simple and striking

q DM
o P

DM

ISR of a jet / photon  Recoil of a W-boson Single top Production in
W=21v with |=e,u s- and t-channel association with ttbar

arXiv:1408.3583
CMS-PAS-EX0O-12-047 arXiv:1408.2745 CMS-PAS-B2G-12-022

CMS-PAS-B2G-13-004
CMS-PAS-B2G-14-004

MT = 1332.8 GeV/|

All analyses with full 2012 data-set of ZO/fb K.Hoepfner, RWTH Aachen and CMS | PANIC 2014 | Page 3



Signature:
- high p; jet (p;> 110 GeV)

Jet 0,
et=921.98

\50 + MET > 250 GeV

5= \ arXiv:1408.3583
CMS-PAS-EXO-12-048

phi = -0.657

20/fb of 2012 pp data at Vs
=8 TeV
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“ Monojet Event Selection

CMS-PAS-EXO-12-048 arXiv:1408.3583

Event selection:

19.7 " (B TeV)

* MET trigger defines lower analysis boundary 3 e
MET>250 GeV a L] Wi
) . 4 DM signal 515"9,&,
* One central jet p;>110 GeV. Second softer jet 8 A~900 GeV [ ocoMusies
if close to first —
e ADD M= 2 TV, 6= 3
* Jet quality: >20% carried by charged hadrons, coreer Urgartes 17, A, -2 TeV

DMA - 0.9 TeV, M, - 1 GeV

<70% carried by neutral hadron or photon
 Noisolated lepton (e,mu,tau)

Backgrounds:
* Dominant background (~70%) is Z2>vv +j =) L .
—> Data driven estimate from Z2>up +j .
*  W+jets (~¥30%) also from data driven P I T
. QCD: rejected by Ad (j1, j2) cut el
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> 195% C.L. limitsono x Ax €

CMS-PAS-EXO-12-048 arXiv:1408.3583

Expected # signal events for A=850 GeV, My=1 GeV

19.7 i {8 TeV)
1 I | I I | |

==== 83% CL Expecied Imits
— 5% CL Obsenied limits

Search performed in
7 bins of MET

L 111 [

o Ax e [pb]

Lambda limit
~900 GeV
AV & V for My < 100 GeV

SM =

T
b
<

A [GeV)

L CMS Preliminary
Is=8TeV

- _[L dt=195f"

102

— CMS 2012 Axial Vector
300 ==CMS 2011 Axial Vector

I I I I ! ! I
250 300 350 400 450 300 550

N EF"™ Threshold [GeV]
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Search for Pair Produced Dark
Matter in Monophoton Channel

2] Signature:
high p; Photon (E; > 145 GeV)
+ MET > 140 GeV

CMS-PAS-EXO-12-047

Highest photon p; candidate event. 20/fb of 2012 pp data at Vs = 8 TeV
Photon p; = 653 GeV, MET = 716 GeV
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4 Monophoton Event Selection

CMS-PAS-EXO-12-047
CMS Preliminary Vs=8TeV,L=19.6fb™*

Event selection:

3 S |:I| Met: “-'ulw),lw, zay ]
Photon and photon+MET trigger defines lower Z 10 Edoa ™
. S O Woev
analysis boundary & = V-
1 kg ontertinity
e MET> 140 GeV and |’.')TY > 145 GeV i SMFADDQM =2TeV, n=3)
: e o 3
with AG(MET, p;¥) > 2 E
 Photon ID cuts to reject fakes 102 .
* \eto on electron/muon and hadronic activity b
* Search performed in 6 bins of p," g 1 | ]
=osk o o
. 200 300 400 500 600 700 800 900 1000
Backgrounds: P [GeV]

* Irreducible Z(->vv) +y background
dominant after selection

* Other bkgr with genuine photon:
W(=21Iv) + v

* Fake photon backgroundss:
W—=>ev, QCD, beam halo

MAIN BACKGROUND
(60%)
Zy—=wWy
ag~75fb

ireducible

c<10fb
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CMS-PAS-EXO-12-047

* Data compatible with SM expectation
* 90% C.L. limits set on EFT scale A using effective operators in EFT approach
* Translate to elastic DM-nucleon cross-section vs. DM mass My

N'_|1D-35 I I T TTTT T I IIIII| I T I T TTTIT N'_"ID_SG% T I T TTT T I ' TTTTT I I IIIIIE
E 0 E CMS Prelimina & -
8.1032 ry S, L
c 109F < -
._% 10—38 ;E = ._'(_‘_J 10 38 E_
O 10 ] @ F a
w = 3 D10¥s -
@ 10°F R A E
O 10—42 B (—) : 7S Monojet E
c b c 1042 .
8 104k ] 8 = Exclude large cross sections 3
g 1044 L = ‘_5’ 1042%— for spin-dependent case —%
Z 10% 54 < -CMS Preliminary ]
! = 3 L10¥e by oy S
> ges pMasses oy 0@y'a) = _ Oy ¥ 0@, q) =
= Spin Independent, Vector Operator —_— E — Spin Dependent, Axial-vector operator 5 .
10-4?1 | Ll | Lol |A| L] 10-44| | Lol | Ll Ll
1 10 102 10° 1 10 102 10°
M, [GeV] M, [GeV]

K.Hoepfner, RWTH Aachen and CMS | PANIC 2014| Page 9



Pair Produced Dark Matter

in Monolepton Channel

C i section: 1 B oo O
= Signature W + MET:
”“""m\j - high p; electron (E;>85 GeV) + MET
A :
High p; muon (p;>40 GeV)+ MET

o \ All results combine electron + muon channels

arXiv:1408.2745

CMS -PAS-EXO-13-004
20/fb of 2012 pp data at Vs = 8 TeV

Events with max M; in either channel

Search strategy following
arXiv:1208.4861v2
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Monolepton channel sensitive to possibly
different coupling to u- and d-type quarks

y §= —1,0,+1 &=4,-4, with |4]=0o0r1

Parametrized b

(interference)

Madgraph Simulation
IIIIIIII T T T TTTTT

E‘- 1;' I T T T IIIII| ::l
O r
T}T 10"
=
m 10 A =600 GeV
X
o B
0*k ——V&* V=Vector
—— V=0 %Y
——V &= -1 il
L[ —=-AvE=+1 AV = Axial-vector i}§i]
107 e AV £=0 H
e AV E= -1
1Dé| til Lt 1 Ll i
1 10 10°

10°
M, (GeV)

Largest cross section for y = -1

For My <~70 GeV same cross section for

V and AV coupling of fixed &

8TeV

) _\ T T T L T T LI | T T | T \_
% 0.014— CMS -
(O B simulation |
8 0.012— —E&=0(k,=0)]
— - -=:£=0(r,=0) 7
L 0,01 —&=-1 —
\9: C §=+1 ]
}_

= 0.008 M, =10GeV
° A = 600 GeV

0.002F

7\ 11 ‘ 11 1 | | S| ‘ L1 1 L1 | [ T== . =
0 200 400 600 800 1000 1200 1400

M, (GeV)
Interference type influences M; shape
—> impact on sensitivity
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arXiv:1408.2745

> Selecting Monolepton Events

CMS Preliminary e+Ef* [Ldt=20f" (5-8TeV

Event selection EE NI MM T
 Single electron(muon) trigger with g g M- s ol i
10
p>85(40) GeV 210
. . . =402
* Lepton ID optimized for high p; i
* Kinematical selections: o
0.4<p;/MET<2 107
Ap <0.8 107
500 1000 1500 2000 2500
M, (GeV)
. . . CMS Preliminary u+E™* JLat=20m" ys=8Tev
Transverse mass distribution 107 F I T Ty T e e
Al Sl
. 4
Mr = /2 pl - Ep - (1 - cos Mgy
L%’mz
Background "
e Derived from simulation 10" e
108 B ke
* Main bkgr: W—>Ilv with MT binned k-factor  10° T -
10
e NLO xsec’s 500 1000 1500 2000 2500

M, (GeV)
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19.7 b7 (8 Tev)

T T T T T1TT1T I| T
—— Observed limit

= === Expected limit

= Limits at 90% CL

| [ Expected £ 16 -me-

[ |Expected+2 G -wmm
Spin-independent, £ = +1

_&=+1

A <300 GeV

T T T TTT I:
CMS 7
e+ Em\ss ll+ EI'I'||537

DM with A = 200 GeV/
DM with A = 250 GeV/

1 10

107

production cross section x B (pb)

107

102

T T T T TTT I‘ T
| —— Observed limit

| ===+ Expected limit

Limits at 90% CL

[ Expected + 16 -
[ |Expected+2 G =wmmm

DM with A = 500 GeV
DM with A = 600 GeV

Spin-independent, £ =0

§=0

A <700 GeV

Limits on production cross section + A

107

production cross section x B (pb)

| [ Expected +1¢  -—--
=[] Expected £2 g =wmm
Limits at 90% CL  Spin-independent, & = -1

6=

arXiv:1408.2745

197 i (8 TeV) 197 b7 (8 TeV)

T I\IHIl T T T TTTTIT T \II\II\l T I\IIIH‘ T T T TTTT
CMS | | —— Observed limit CMS |

e +EM u+ Em‘SS | ===« Expected limit e+ET™, n+ E’“'f's

DM with A =700 GeV
DM with A =900 GeV

1 10

Cross section limits nearly independent
on coupling (vector vs axial vector) due
to cross section = Similar A-limits

Translation to DM-nucleon (Sl case) ——

1 [)—538

107°°

1 (]440

ant

‘l."\.l’+DI'\.‘I =1

1 0—4‘1

' L |
. €t A <1000 GeV g
Lol L1 |\|'|1|_'03 1 10 102 M G \/103
e
IVIY (GeV) , (GeV)
B 197fb (8 TeV)
?10353 T T IIIIII| T T IIIII-I|- T Illlllf
= E  ---- Expected Spln-lndependent
<L | — Observed
o 1077 E Limits at 90% CL
5 -
a7 | W+DM E=+1 .
S 10T
— E T
S -
=

10

E; Tl\l 1 IIIIIH‘ | II\II\.ITQ.T'H
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Test Scalar Coupling with

heavy Top Quark(s)

Couplings discussed so far proportional to 1/A2

Scalar couplings  (D1) C @ Quark mass. Best with

@/ heavy quarks - top
(C1) C =

A2

Single Top Association with top-pairs

DM
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/ ; % 50: 3 jets I _’I"_dalta E

3 I NS 60, 60, 40 Ge [ Z+ets 4

{ Mono-Top Search e B

T b -+ ) E

| CMS-PAS-B2G-12-022 - ¢ T B v .

o wfteoes |l Bisrer 3

Event selection: : f e ) ]
20 e e .

* MET > 350 GeV 5 + - S
» 3jets, of which 1 b-tagged (removes 4/5 of bkgr) 0 S g
* Noisolated electron/muon o of . =
2 15§ e X _e -

8 bR bbb R T e

Main backgrounds are ttbar (with MET from W leptonic), V+jet  ost i R
. % 200 400 800 800 . 1000

QCD, VV and V+jets suppressed by b-tag. M (GeV)

DM excluded vector (My<655 GeV) and scalar (My<327 GeV) couplings @95% C.L.

CMS Preliminary 19.7 pb ' at V=8 TeV CMS Preliminary 19.7 pb™' at Vs=8 TeV/
T T T T T T ‘ T T T T | T T T T T T T T T T \ T T T T | T T T T

=z o “F -
= 1 Vector DM theory ox Br  ___| % 1.8 i Scalar DM theory ox Br {
c)? E -------- expected limit Cg 16 i I— """" expected limit _i
© ps8 vec.tc’r —=&— observed limit T 2 14 ! Sca Clr " observed limit _:
c L B o T E O
% i - sxpected £ 16 limit .E 120 - expected + 1o limit _:
j 0.6 3 D expected + 2 G limit j 1 |:| expected £ 2 6 limit :
o ] O o8
2 04 =
o 0 06
0.2 04
] : 0.2 ]
L ‘ | = " ‘—“—\‘_‘—{
gOO 600 700 800 900 900 300 400 500 600

M (GeV/c?) M (GeV/c?) CMS | PANIC2014| Page 15



CMS-PAS-B2G-13-004 (di-lepton)
CMS-PAS-B2G-14-004 (semi-leptonic)

Depending on W decay mode, final state
* |lbb+MET (di-lepton)
* |jjjo+MET (semi-leptonic)

Concentrates on scalar operator where
other channels are weak

Search strategy following
Phys. Rev. D 88.063510
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CMS-PAS-B2G-13-004 (di-lepton)

CMS-PAS-B2G-14-004 (semi-leptonic)

| Event Selection

{s=8TeV,L=19.7 fb"

Semi-leptonic

] . . %10 §_ ICI\I‘S Ilz'rc-:-llimlinalr'_\r| - _§
Selection semileptonic channel: O - Data 1
. . o10%E ] E
 1llepton + 23 jets + 21 b-jet + MET -¢10 s I W E
~ B [ ] Single top N
* Large MET (due to DM) > MET>320 GeV %1035 1 Drell-Yan .
. i O F [ Di-boson :
Both W reconstructed via M; =k M, =1 GeV :
Selection dilepton channel: = . [ M =600GeV
e 2 electrons/muons + > 2 jets 10 =
* MET>320 GeV ]
* Cuts on scalar sum of leptons and jets, and
lepton opening angle 10"
Main Background for both analyses is ttbar. 200 300 400
. . . . miss
Signal efficiencyies ~1-2% for both channels. Er™ (GeV)
| Background Source | Yield | | Background Source Yield
: t 0.87 £0.18 £ 0.27 tt 82+06+19
Dilepton nearly bkgr- Single top 048 £0.46£0.09 | W 52+1.7+0.6
free but low signal. . gi_lﬂoion 85’318221885 o  Single top 23+11+1.1
. . rell-Yan . . 03 [+ .
Both are higher in O OneMisIDlepton | 0.02£0.07 £0.02 | o Di-boson 0.5£0.2+0.2
. . ol — — Drell-Yan 03+03+0.1
Sem|_|ept0n|c_ o] Pouble Mis-ID leptons | 0.00 4 0.00 4 0.00 |, 1
: L = Total Bkg 189+£053+0.39 | € Total Bkg 164+22+27
Signal efficiencyand @ Data 1 9 Data 18
sensitivity Signal 1.88 £0.11+£0.07 Signal 383+0.7+21
comparable. K.Hoepfner, RWTH Aachen and CMS | PANIC 2014| Page 17



CMS-PAS-B2G-13-004 (di-lepton)

Exc I us i on Li m its tt b QI VS PASB2G-14-004 (semi-leptonic

Semileptonic CMS-PAS-B2G-13-004 90% CL

Semileptonic CMS-PAS-B2G-14-004

= = K
- 1;;=8|T6Y,|TT:|?;?|fb-1 | _ —_ “‘5_8|Te\\,’|7\:l\9;-\"fb T T T T T T
<3 - CMS Preliminary % - CMS Preliminary 7
8 200 | Observed 90% CL U] 150 Observed 95% CL f
I = N [—— Median expected 90% CL — L | weeeeassaes Median expected
¥* E“ B Expected = 1o E“ L Expected+ 1o
E p i [ Expected + 20 B | I Expected+ 20
S 150 - ATLAS excluded 90% CL B g | e ATLAS observed limits (90% CL)
w
2 £ 100
= g sammssEnS
5 100 -
= O
[} = Foo T e
— o
50 e o S0
- Hepphbe r Nominal limit of
L A < 120 Gev | e _A < 90 Gev EFT validity
- EFT not valid H
1 10 107 10° 0 B L i i
Dark matter mass (GeV) 1 10 102 10°
{s=8TeV,L=19.7 fb”
(G'-'\ L II| L Ié T \- \- T 1T \i MX (Gev)
= C MS Preliminary
210%7 Spin Independent, Scalar Operator m ttyr

M’

CDMslite

CMS ti+yy 1 lepton

Concentrate on scalar interaction,
where mono-X does not set limits due
to low sensitivity

k. SuperCDMS

10%°

102 10°
Dark matter mass (GeV)

-~ T
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S Summary

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

X Search for pair produced dark matter candidates with CMS

% ' -  e Results with full 2012 dataset at sqrt(s)=8 TeV

1 * Channels:

— jet + MET (vector and axial-vector coupling)
— lepton + MET (vector and axial-vector)

— Monophoton + MET (vector and axial-vector)
— Single top + MET (scalar and vector)

— Ttbar + MET (scalar coupling)

* Noindication of a signal observed

* Exclude production cross section of 10-1...102 pb

* For My <10 GeV only collider limits

* Exclude y-nucleon cross sections from 10-38...10#2cm?

K.Hoepfner, RWTH Aachen and CMS | PANIC 2014 | 19



Additional Material
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£>% Translate limits to same plane as

direct detection experiments

, CMS preliminary 2012 20 b Vs =8 TeV
e R maau e AR T

—_ CMS Preliminary 2012 20 fb" ys =8 TeV

0 F— Ob o limit ) B — i T LREERR] T L T T T T
=% f—— Observed limit ... DM with A=200 E > 450F

~ [~ --. Expected limit . 4 [] F

m (I Expected 1o~ DM withA=250 O oot

é [ ] Expected+ 2o <

Q.

(=5

Atomic nucleus
300F

o

Recoiling

£ Spin Independent

250:_ electron + muon & =+1 Dark matter

200F Limitin 95 C.L. o .»—'
— Observed limit particle

150 ----- Expected CL limit

I Expected CL+ 16
100 [ JExpected CL+2¢

N 21"1'\//'(2“) Nucleon \
Vector operator Convert pp xsee' " Spin-Independent
1 _ _ limit into A—limit \T —
EXYX Sidivuai Imit 'mi oN (7N (NYN) (X7,x)
“\’q A2
Channel Lambda limit for Coefficient relating nucleon
Mchi < 200 GeV

and quark operator

+MET §=+1 300 GeV

1 = reduced mass of the /uz 2
+MET &= 0 700 GeV nucleon (p or n) system Oy = A %: @
7T
I+MET &=-1 1000 GeV with ff = f1 =2, fF = fr =1
Jet + MET 900 GeV f = 0 for other quarks

ar¥Xiv:0803.2360.
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£>% Translate limits to same plane as
dlrect detectlon experiments

Preliminary 20 2 20fb v‘ 8 V

3

pp o x B (pb)

o

Atomic nucleus

Dark matter
e ——
particle

250F- Spin Dependent

F electron + muon £ =+1
200F- Limitin 95 C.L.
—— Observed limit
180 ... Expected CL limit

100 I Expected CL+ 1o Recfl)" g
;“F | 52 :IEEL@“EEZG%CLtZG — qeus
. M, (GeV) 1 10 102MZ(GGV1)03
AXIE'-VECtOr Operator Convert pp xsec Spin_Dependent
I _ .5 _ s limit into A—limit _
AV YX Gl i oNe _(AN (NN ) (XTur5X)
T\ ¢g A2
Sum of quark helicities
MBS ALY R 1 = reduced mass of the
I+MET &= +1 300 GeV nucleon (p or n) system 3lu2 2
I+MET €= 0 700 GeV Al = A" = 0.842 +0.012 Og = A4 (Z)
- - q
l+MET &=-1 1000 GeV Al = AT = —0.427 £0.013 4
Jet + MET 900 GeV Al = A? = —0.085 £+ 0.018
ar¥Xiv:0803.2360.
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DM is undetectable > MET
Jet to balance p in transverse plane
- high pT

object

jod: Fri Oct 62041
Lumi section: 31

LSS e
i {

K.Hoepfner, RWTH Aachen and CMS | PANIC 2014 |Page 23



DM is undetectable > MET
Jet to balance p in transverse plane
- high pT object

iCM‘S la
[Z I

Z(up) + j

Main background
70%

Z(vV) +j

o ~600 pb

irreducible

W(uv) +]j

W(lv) +j
o ~230 pb

30%

K.Hoepfner, RWTH Aachen and CMS | PANIC 2014 |Page 24
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Limits on production cross section + A

CMS-PAS-EXO-13-004

CMS preliminary 2012 20 o {5 =8 TeV CMS preliminary 2012 20f" {5=8 TeV CMS preliminary 2012 20" {s=8TeV

2,

Spin

E T T IIIIIII T T IIIIIII T T IIIIII_. T T IIIIIII T T IIIIIII T T TTTTITT T T IIIIIII T T IIIIIII T T T TTTIT
E— Obsenved limit N - DM with A=200 E —— Observed mit ——- DM with A=500 —— Observed limat -—— DM with A=T00
[~-- - Expected Bmit E [===- Expectad limit T [=-=-- Expected limit
=== DM with A=250 - — DM with A=500 -—— DM with A=800
[ Expected = 15 ] I-Expecbed:tm _I-Erpe:tedtln a
[JExpected+ 20 H | Expectedila H |Expected:Za
10Limit im 05 C.L. [ Limit in 85 C.L. [Lirnit im 95 CL.

FSpin Dependent

[electron + muon  £=+1

-§i='+1

[ Spin Dependent

§=0

FSpin Dependent

electron + muon £ =-1

2=t

production cross section < B (pb)
production cross section =< B (pb)

production cross section = B (pb)

In- 15_ _ : E _________________________
depen ]
dent ‘”1 GeV wr A<700GeV 7 < 1000 Ge J

i . . -
[N il LT [ T L1 11 [ AR [N r vl L1 il

A <300 TEA

3

1 o 10

107 10* 107 10 10 10°
I"nr‘lJr (GeV) Mx (GeV) Mx (GeV)

CMS preliminary 2012 20 fo” 5= 8 TeV CMS preliminary 2012 20 fb” {5=8 TeV CMS preliminary 2012 20 fb”" 5= 8 TeV

1D:_ T T IIIIIII T T IIIIIII T T IIIIII_. T T IIIIIII T T IIIIIII T T TTTTTT T T IIIIIII T T IIIIIII T T T T TTTIT
F— Observed limit —eme— DM with A=200 3 [— Observed Fmit — - DM with A=500 [—— Observed limt -—— DM with A=T00
|- - - - Expected Emit o 4 [——-- Expected limit L 7] [~ --- Expected limit o
:-E d+ 1a DM with A=250 : 1-E . DM with A=500 1-E ced+ 16 DM with A=B00 1
[JExpected+ 20 H | Expected+ 2o H |Ewpected+ 2o

10ELimit im 85 C.L. [ Limit in 85 C.L. [Limit in 85 C.L.

FSpin Independent

I Spin Independant

FSpin Independent

[electron + muon £ =-1

[electron + muon  £=+1

[electron + muon £=0

&=+ &=0

E=-1

AV
Spin

5

107

production cross section =< B (pb)
production cross section x B (pb)
production cross section = B (pb)

depen 1 [ -
dent & [AS<300GeV .5 s"EA<700GeV, .3 5"EA<1000GeV
1 10 i M, {Ge‘u'ﬂfs 0 M, (GEVI:;] 1 10 o M, (GeV)
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Observed limits on A as a function of the mass of the mediator (M), assuming vector
interactions and a dark matter mass of 50 GeV (blue) and 500 GeV (red). The width of the
mediator was varied between M/3, M/10 and M/8Pi.

;‘ SUDD_I I'TTI | | I T TTTI | | I T TTTT | | I_
© [ CMS Preliminary — ===m500GeVic, T=M/3
O - ~ == =500 GeV/c?, T=M/10 -
'z 5500 Vs =8TeV — m,=500 GeV/c?, T=M/8r. _]
L _ P - == m=50 GeVI®, T=M/3 -

5 B _[L dt=19.51b - M,=50 GeV/c?, T=M/10 ]
.E 0001 — m,=50 GeV/c* T=M/ér -
_ N ]
O B i
o 1500 ]
) L -
m - .
1000+ N _

I (v, 0@ ) I

500 — 12 ]

D | | [ T | | | | | I I I | | | I_

—
Q

1 10
Mediator Mass M [TeV/c?]

K.Hoepfner, RWTH Aachen and CMS | PANIC 2014 | 26



Monophoton Other Backgrounds

HCAL
R owWy-o vy ECA
%; (15%) W= v
D 0-~250fb (10%)
% 0~220pb Z#
¢ jet
{é 7 W
- final state final state
I-IIJ lepton lepton, jet
||_
@)

Instrumental backgrounds (~¥30%) from mis-
identification and beam halo

SM backgrounds (~70%):

 Needs good understanding of cross
section for Zy, Wy.

* NLO corrections. NLO k-factor (1.3 global SF
for Wy, p.(y) dependant SF for Zy (~1.5 global)

HCAL

ECA
Z]—wW|
(10%)

o ~ 30 pb

7

jet

final jet

+7j, jj <5% each

Source Estimate

Jet Mimics Photon 112+28

Beam Halo 11.1+5.6

Electron Mimics Photon | 35£15

Wy 3.0+£1.0

yHet 05+0.2

Ty 0.6 =03

Z(vi)y 453+69

Total Background 75.1+95
Total Observed Candidates 73
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