Searches for
Supersymmetry with the

CMS detector at the LHC

LISHEP 201 |: Xl International School on High Energy Physics, 4-10 Jul 201 |
Centro Brasileiro de Pesquisas Fisicas, Rio de Janeiro
Alberto A. Ocampo on behalf of the CMS Collaboration

@ Universidad de
‘ los Andes




Qutline

CMS Data and SUSY searches
O-Lepton searches
® n-Jetsand MET
® Jetsand MHT
® B-tagged jets and MET
® Inclusive searches for squarks and gluinos
Single Lepton, Jets,and MET

Double lepton searches

® Same-sign di-lepton, Jets and MET

® Opposite-sign di-lepton, Jets and MET
Multi-lepton searches
Two Isolated Photons, Jets and MET
Lepton, Photon, and MET

Summary
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CMS Detector =

Microstrips (80-180um)
~200m? ~9.6M channels

CRYSTAL ELECTROMAGNETIC
CALORIMETER (ECAL)
~T6k scintiliating POWO, crystals

PRESHOWER
Silicon strips
~16m ~137k channels

~13000 tonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil
carrying ~18000 A FORWARD
CALORIMETER
Steel + quartz fibres
HADRON CALORIMETER (HCAL) ~2k channels
Total weight : 14000 tonnes Brass + plastic scintillator MUON CHAMBERS
Overall d :15.0 m ~Tk channels Barrel: 250 Drift Tube & 480 Resistive Plate Chambers
Overall length :28.7m Endcaps: 473 Cathode Strip & 432 Resistive Plate Chiambers

Magnetic field :38T




SUSY searches

Total Integrated Lumenosity 2010 (Mar 20 10:00 UTC - Now 03 00.00 UTC)
107 —_—————————— .
| === Dalivered 47.03 pb"

| - . Total Integrated Luminosity vs. Time during the 2011
proton-proton run (so far), good potential for the analyses
this year.

CMS Total Imegrated Luminosity 2011 (Mar 14 09:00 - jun 26 14:51 UTC)

e Delivered 1.17 fb~

P i S S T S
%3 12/05 25/06 08/08 21/09 0411
Date

Total Integrated Luminosity vs. Time during the 2010
proton-proton run, all the results presented here were
obtained with these data

Opposite-
sign di- di-lepton +
lepton + jets | jets + MET
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n-Jets and Missing Transverse Energy

* This kind of analysis searches for R-Parity conserving SUSY
* Several energetic jets are characteristic of the decay of heavy squarks
and gluinos. Niet i
* This analysis uses an Hr trigger to select the events — Zi#l ET
* Events with at least one jet that does not fulfil the identification
criteria are vetoed
* Events with isolated photons are vetoed
* Events with isolated leptons (electron and muons) are vetoed
* These vetoes reject approximately 5 % of the events after the
selection
*To separate the QCD background from the signal like events the ar
variable was used
* The n > 2 case is obtained by clustering the jets in to two
final pseudo-jets, the combination that minimise the difference
in HT between both pseudo-jets is used to calculate ar
e An at cut of 0.55 effectively separates QCD events from
electroweak processes and top anti-top quark production Hr = | - Ejets ﬁTjets|
* Events in which the ratio between MHT and MET is bigger than :
1.25 are rejected

Rmiss = HT/ET > 1.25

>

Selection cut Data SM QCDpythias z2 | £ — V7 W + jets tt

Ht > 250 GeV 468M | 5.8IM 5.81M 285.3+5.3 | (2.0£0.0)k | (2.5+£0.0)k
j2 + Er > 100 GeV 2.89M | 3.40M 3.40M 160.5+4.0 | 610.3+8.2 | 8324 +1.9
Ht > 350 GeV 908k 1.11IM 1.11IM 79.1x2.8 | 281.6x5.5 | 650.1x1.7
at > 0.55 37 30.5+4.7 19.5+4.6 42+0.6 3.9+0.7 2.8+0.1
ARgcaL > 03V A¢™ > 0.5 32 24.5+4.2 14.34+4.1 42+0.6 3.6+0.6 2.4+0.1
Riniss < 1.25 | 13 9.26+0.9 0.03=0.02 41+0.6 3.3+0.6 1.8+0.1
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CMS 2 Jets
Ldt=35pb " NVs=7TeV

*  Data
Standard Model
— QCD Multijet
— i, W, Z + Jots
—— LMO
LM1

CMS >3 Jets
Ldt=35pb " Vs=7TeV

* Data
Standard Model
— QCD Multijet
— W, 2+ Jets
- = LMO
M

: J'Lt’!'35pb".\.-?hv

cns ‘ e Data,, > 0.51
SM, o, > 0.51

A Data, o, > 055
A SM, o, > 055

* Wv + jets

; det-:Spb‘.\s-rnv

I cMS A SM+LMO,
A SM+LMY,

a, > 055 1
ay > 055

ﬂf‘ ‘ 2 i = » | | 105
025 05 0.75 1.25 1.5 0250 300

O

The evolution of Rat as a function of Ht

R, (HT300) R, (HT350)
" Re, (HT250) R, (HT300)

CMS Lml = 35 pb \s 7 TeV
S | I- COF 3
DC ;',\'l =] u
- LEP2 ¥
L_Jwer2 7

s

Distributions of ar for dijets events (left) and > 2 jets (right), requiring Hr > 350
GeV. Events with ar > 1.5 are shown in the right-most bin.

* Two control regions were used at low HT: HT250 (250 to 300 GeV) , and HT300
(300 to 350 GeV), these regions are expected to be dominated by SM processes.
* If one defines Rt as the ratio between the number of events that passes the entire
selection over the number of events that fail
* When Rait is calculated for a ot > 0.51, the numerator is dominated by the
background with MET produced by mis-measurements in jets, this explains the
negative slope
* When Rt is calculated for a ot > 0.55, the ratio becomes a constant
* Because ROt becomes constant for ot > 0.55, one can estimate the

number of expected events coming from SM process in the signal region
HT350
*The total number of events in the HT350 region is then estimated to be

9.417%5 (stat) +1.0 (syst)

IuLSP csse [_C» pacted Limit .J)I 5u<0
w— NLO Obsarved Limit

«+ LO Observed Lim#t

tanf=3 A =0,u>0

]Tlll'lll

111111111111111[

IIIIT‘

* To calculate the W + Jets background:

NW hﬂd

W; u W had W; u
data =N X N / NMC

data

6.11”%:3 (stat) + 1.8 (syst)

~ Wi u
~ 0.86 x Ny ..

100 200 300 400 500
m, (GeV)

Measured (red line) and expected (blue dashed) 95 % CL exclusion contour
at NLO in the CMSSM plane.The LO (green dashed) exclusion is also shown

* To calculate the Z to vV background:
* From the data one selects all the events with one photon and jets, this number is re-
scaled by the ratio of the cross sections for Y + jets and Z to VvV + jets.

23 (stat) + 15 (syst)  Wets, + Ztovww —p 105758
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Jets and Missing Momentum

Wt : I - Ejets ﬁTjetsl

T e —r—r7T
CMS Proliminary
N =7 Tev

Events were selected

with an Hr trigger W + Jets background

e The method counts the
number of events with one
perfectly isolated muon in the

T
CMS Preliminary
V=7 Tev

* The baseline selection consist in:
* 3 or more jets
e HT > 300 GeV signal region
e MHT > 150 GeV * This number is weighted
e Lepton veto , e | using the isolation and
' identification efficiency to
estimate the number of
o Z 2 VV +jets

, , 2 . ‘ events with no identified
* W + jets and top anti-top 90 200 400 600 800 1000 500 1000 1500 2000

i, (GeV) H, (Ge¥) and non isolated leptons

processes with non identified . — . —
. Baseline Baseline Baseline High-Fiy High-Hy o

Ieptons or hadronic taus no Apcuts noe/uveto selection selection selection 1 "

l=—g -
| D" = CS. L . =fo
* QCD with MET coming from no e/ veto - = 2 T
.Q 8 Data 382 180 111 15 30 ‘s0 €D
mis-measurements Sum SM MC 406 149 93 14 29 : e
1=l
e _
Z + Jets background Z = v7 (MG, ¢ = 5769 pb) 26.7 21.1 21.1 6.3 5.7 NSO = CS - Tz—liQ
W (MG, & = 5760 pb) 93.9 57.8 235 4.7 7.6 1SO
2/ e .
e Count the number of Z |"WW-WZ=2Z-tW 6.1 3.4 2.1 02 2
going to leptons (electrons, M1 (PYTHIAG, c = 49pD) | 71.2 604 350 313 335 Background
muons), and re-scale it to the
e The muon was replaced by a
e Count the number of y + - drom . ] hP Y
jets events and re-scale to adronic tau jet, and the momentum
coming from Z — vv * The selections cuts are then applied
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Events / 10 GeV

Events / 50 GeV
i

A Ml AA ALl ul b

Ahbid

* The backgrounds are:

QCD (PYTHIAG) 222.0 27.0 246 0.2 59
* Two methods were used tt (MG, ¢ = 165 pb) 57.5 40.1 219 2.6 5.7 Had i T:
adronic i1au
+Wy+Zy+Z /7" ).
) ) * The muon + jets sample was used
Z — vV + jets cross-section — R(Z — 1/17/Z N [[) — 5.95 J P
estimate the number of events corrected for the change




QCD background Method Baseline High-Ht High-Ht
e Rebalance + Smear Method selection selection selection
e Is a simplified simulation Z — v? from y+jets 263 48| 71 22| 84 =23
where jet response is tg/W — e, u+Xlost-lepton method | 33.0 =81 | 48 =19 109 =34
modelled by a parametrized tt/W — 1., +X method 223 446 | 6.7 =21 | 85 £25
resolution function QCD Rebalance+Smear method 29.7 =£152 | 0.16 =0.10 | 16.0 =79
e From a multi-jet data sample QCD factorization method 252 =134 | 04 =03|173 =94
one takes seeds events and Total data-driven background 1113 =185 | 188 =35 438 =92
“rebalance” them to make Observed in 36pb-1 of data 111 15 40
them QCD like. 95% C.L. limit on signal events 40.4 9.6 19.6
* In the “Smear” step the
momentum of each seed is
scaled to by a factor drawn
from the jet resolution
distribution
* The search cuts are applied
to the smeared events to have
an estimation of the QCD
background
* To measure the jet tange10,250, A 50
resolution, Y + jet, and di-jet g2 MRS UL S BN B

.
>

L |
=300,30,,2 05,146,203 ]

H, = 500, 30,,20.5,36,203

—— T .
: H,2300,40,,20.5,40,2 0.3 ]

== No i, cut
--H, 2150 3

4
© - -

AN(R + S)7 EN(MC simulation truth)

GN(R + S)7 AN(MC simulation truth)

ON(R + S)/ dN(MC simulation truth)

CMS Simulation,\Js = 7 TeV ]
PURRT R (PP S A A

<00 0o 1000 2000 3000
#; (GeV) H, (GeV)

CMS Simulation\Js = 7 TeV

CMS Simulation,\Js 2 7 TeV
A A A A L A A A

e
=

=

Lo = CMS prelminary

events were used i I ——— Cbearvad, MO B COF 7.7.1se8. 50
* Factorisation Method : . Expected= 1o, NLO BN 0P 7.3 swea <
e Method similar to ABCD for g -
two uncorrelated variables
e However it uses MHrt and
minimum angle between a jet and
the MH+T which are correlated
® Therefore this bias is corrected
by measuring the ratio of event

before and after a predefined T T
150 200 250
angle.

Ll

+« QCD MadGraph
B85% Gaussian model extrapolation

llllllllllllllll'lllll

WH, (GeV)

~'ngin signal region — E 7'(”'1",') S :\l\rﬁ—'f‘;

i=high Ht, low Admin 200 400 600 800 1000
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B-Jets and MET

_ Events are required to fulfil Hy/Er < 1.25
EB aT = ! Hr —AHT An additional requirement is two jets wit ET > 100 GeV 1] < 2.5
- = ) '_ -
o 2\ HE - 1 ar > 055

My
HT > 350 GeV, at least one jet tagged as coming from a b quark.

Hr trigger

Veto on isolated leptons and photons
Background estimation

Photon  Et > 25GeV and |y| < 2.5 2GS v e e — e S Sy s

r—— B —
Electron Etr > 10GeV and |y| < 2.5 2jet + Loose b-tag °

« Tight b-tag

.
o
)

o

= anti b-tag
23-jet . Loose b-tag
» Tight b-tag

Muon pt > 10 GeV and |y| < 2.5

i 4

TTHiett

Events are rejected if leptons or photons are not in a cone
of radius R close to a jet

AR = /A A¢2 < 0.5

Fraction with ,>0.51
a

Fraction with u,>0.51
o
&
3

R
(=]
[3

——

P P P P T ,04 M PP TS T T T P P T T N

] B
260 280 300 320 340 360 260280300320340360380400420440
H; (GeV) H; (GeV)

= . 0 Zow Zo D low S —
0£011 001001 0Z01  0Z009 0Z009 001Z021 T T T

005005 1.08%0.07 010=0.10 038+0.18 0=0.09 1.61=x026 _ = anti b-tag
>2-jets . Loose b-tag !

+ Tight b-tag )

adasa sl aa e Lo il

- 26028030032034036038040042((5340\4/0
e
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Fraction with «t;>0.55
8
(.-




Inclusive search for
Squarks and gluinos

Two mega-jets are constructed for each event,
in the approximation in which:

*The squarks are produced at threshold
*Their visible decay products are massless
*The CM frame looks like

An estimator of My

Mg = 27| = 2|7

To extract a peak behaviour and discriminate signal from
background the Razor variable is introduced

. M
I_ul) v Px: = 47

CMS Simulation B § CMS Simelation “J

M2 — M2 ‘ = N
% . : fl.a-ls;b = 4 ful-isph
q .-‘c

Events / bin
Events / bin

R-Frame is a longitudinal boosted frame that equalises the mega-jet
3-momentum

5§ &

Eil — EP

1 12
Pz — Pz
CMS Semulation . b susy L CMS Sumelatics J

In this frame the scalar sum of the transverse momentum, and the ' i | =7 TeV
MET are equal to M, Jra=znt

Br =

M, [GeV)

Evemts/ bin
Events / bin

' 11 j2 Smi -l —j2
£ g} + 1) — Ep 5+
2
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*Events are triggered by a lepton or a
hadronic trigger

*The events are selected to go into disjoint
boxes, electron, muon, or hadronic box

*Two mega-jets are created and the relevant

i T
R>0.15 1

R>020

& oS b R>025
R > 030

R>035

—R > 040

R>045

£

R>020
R>025
R>030

-
-

R > 0.50 R>0438

—R>040
R>045 ]
R>050

Q

variables calculated

*In the lepton boxes two kinematic regions
are identified, in the R,MR plane one
dominated by W+Jets, and one dominated by
non QCD backgrounds

ln the hadronic box, the non-QCD
background is estimated using the lepton
boxes.

*The QCD normalisation and shape in the
lepton boxes is estimated by requiring the
anti-isolation cuts

*The QCD in the hadronic box is estimated
using QCD samples collected with pre-scaled
triggers

*High R and MR regions are the signal region,
the background is extracted by extrapolating 100
from low R and MR regions.

Slope Paramater [ 1/GeV)
o

-
o
()

L
Y
-~

005 01 015 02 025

(R threshold)*

200 250 300 350 300 ~ . . 0
M, [GeV] M, [GeV]

100 150

Lepton boxes

ELE BOX ' MU BOX
==RAin ~ DATA

w= Total SM == Total SM
= Wajts — Waijets

CMS \s=7TeV

del=35pb

CMS Vs=7 TeV

fl.dl-.‘ﬁ;\"’

= Z+jets — Z4jets

Top+X

Events / 40 GeV
Events / 40 GeV

o

2&) xb ub 500 «b
M, [GeV)

Hadron Box

CMS Preliminary

™y

’ a4
l Ldt=35pb ' Ns =7 TeV
— AR S S e o s e S S S S S
95% C.L Limits [ COF 7.7, tanes, uen
e Obnarved Lime NLO - . "
+ - Nedian Expected Limit DO F.§ teomd o0 )
Expected Lime : 10 [ | LEP2 z,

L LEP2 T -

HAD BOX
- DATA
<=« Total SM
—QCD

— W4jets
— L jets

R (0.45) /Mg (500)
ELE box
MU box

Predicted | Observed

063+023 | 0
051+£020 | 3

CMS Preliminary
N =7 IL'\

Jlxh=35ph

tan(’nl3.A°80.u>0

-

R>0.5
Predicted

MR
Mpr > 500 GeV

S5i14] 7 A

300 400 500 600 700 800
| IMR [GeV]

400 500
m, (GeV)

PAS SUS-10-009
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Single lepton, Jets and MET

*Requiring 4 jets suppresses most of W
background

e|solation cut discriminates between QCD
and Signal

Number of Everts / 20 GoV
Numder of Everts / 50 GeV
Numter of Cverts / 20 GoVv

Triggers

N 1 AW ™ X0
E. (GaV)

Muon Pt > | | GeV
Muon Pt > 5 GeV and HT > 70 GeV
Electron Pt > 17 GeV

/20 GaV

Electron

= o

Number of Events

Events were selected with at least . . “
one primary vertex, four jets, and an T T G e e e e 1w =0 o
isolated electron or muon.

ets
J B Hy > 400 25 < Yypr <45 Hy > 650 25 < Yyer <55
pr > 30GeV and || < 24 The ABCD method was used B I it rmass | e Terass

to estimate the background
Muons ———

Pr>15GeV |g] <21 Yver = Et/+/Hr,

Number of Events / 50 GeV
s X X EE 8% 2R
Number of Events / 20 GeV

Loose selection Tight selection
Region | Hp (GeV) Yumer (VGeV)  Hy (GeV) Yyt (VGeV)
BaCI(grou nd A 300 < Hy <350 25< Yyypr <45 300 < Hy <650 25 < Yyper <55

AR > 0.3 with respect to the closest jet N(D) = [N(C)/N(A)IN(B) M
I = Tarcos(Er +pr). 1/pr(p) <01 ¥ -
=

: > o i
: & )
-'.‘. R B X _._=
300 300 400 600 655 To0 &0 so T 200 300 400 500 £00 700 800 900 1000

H, (GeV) H, (GeV)

Electrons
Pr>20GeV |y| < 24 excluding the overlap region Ny e v 8 B
144 < [n| < 157 24
I/pr(e) < 0.07 In the barrel 1
I/p1(e) < 0.06

an more identification and cleaning cuts | | Vg RN
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CMS simulation

wsw T TeY

sample

N(A) N(C)

Loose selection

N(B) N(D)

P; (GeV)
e

jt channel: total SM MC
jt channel: data

251 +06 371+£07 193+£05 30606
S 35 25 30

Events / Bin (arbit. units)

¢ channel: total SM MC
¢ channel: data

200405 315409 146+05 236405
19 33 19 17
Tight selection

CMS simulation
Jsw 7 TeV
(b)

=
Events / Bin (arbit. units)

20 100 150 200 250 300 350 400
E, (GeV)

it channel: total SM MC

it channel: data
¢ channel: total SM MC

¢ channel: data

Background with MET and Lepton Pt distributions

Two regions, (loose) with leptons Pt > 20 GeV and MET > 150 GeV.
(Tight) with leptons Pt > 20 GeV ,MET > 150 GeV,and HT > 500 GeV

In top anti-top and W + jets processes, the MET and the lepton Pt
are anti-correlated, but have very similar distributions, therefore =
the spectrum of the leptons can be used to predict the MET

93.1+11 B87+04 376107
98 + 41
768+15 65+03 295+07 29+£02
80 1 30 2

34+02

spectrum, however corrections must be applied for:
Effect of W polarisation
The applied lepton Pt threshold

The difference in experimental resolution for both variables.

QCD background estimation

eUses the MET vs Isolation distribution

eCalculates the ratio between isolated events and events in an

isolation sideband

*Scale the number of events in the sideband that pass the MET

cut to obtain the number of events in the signal region
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S0 100 150 200 250 300 350 400
E; (GeV)

Sample

[ =e¢

I_;l

1.7+ 09
25+0.1
1.5+08

Predicted SM 1 ¢

Predicted SM dilepton
Predicted single t
Predicted QCD background

17414
+0).
0.0°5%5

0.29 +0.22

0.09 + 0.09

1.24+1.0
0.0° 33

+0.38
0.32%93

+0.16
0.0%50

Total predicted SM
Observed signal region

36pb’, s=7 TeV
1u,=4jets

L

T -

Events/ 10 GeV

rret:

S
e
$ -

[y

—~—

tee an e ) -

By
.

700 150 200 250 300 380
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()
(=]
o

21+15 15+1.2
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1e,=4jets

>1
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7
6f
9
2

1

A

100 150 200 250 300 350
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1] 1
25% C.L Limits:

=+ Expected Limit
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I
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site sign di-leptons,
jets and M

Event selection

First lepton Pt > 20 GeV
Second lepton Pt > [0 GeV
electron (muon) |n| < 2.5 (|y| < 24)

(ete™, e=uT, or uTu")

Sample

ce

HH

e

tot

it — 767

tt — other

Drell Yan 18417
W= + jets 28049
WTw- 29
W=z 0.3
VA 4.3

single top 33.0

14.50 +0.24
0.49 + 0.04
1.02 £+ 0.21
0.19 £ 0.13
0.15 £ 0.01
0.02 £ 0.00
0.01 + 0.00
0.46 + 0.02

17.52 +0.26
0.21 + 0.03
1.16 + 0.22
0.00 £ 0.00
0.16 £ 0.01

0.02 £ 0.00
0.02 + 0.00
0.55 + 0.02

41.34 + 0.40

1.02 + 0.06
1.20 + 0.22
0.09 + 0.09
0.37 +0.02
0.04 £ 0.00
0.02 + 0.00
1.24 + 0.03

73.36 £+ 0.53
1.72 £ 0.08
3.38 + 0.37
0.28 £ 0.16
0.68 + 0.03
0.09 -+ 0.00
0.05 + 0.00
2.25 £ 0.04

In case more than 3 leptons are total SM MC 1685 +0.34 19.63 £0.34 4533 +047 S8I1.81 £0.67

present , the two with the higher Pt are data N 22 45 82
consider [LMO 529 | 10.67 031 12.63+034 1781 +041 41.11 £0.62
A Z veto is implemented, as well as a LM] 67 | 2354005 283+006 151 +004 669+ 0.09

veto in low invariant mass to suppress To look for possible BSM contributions Hr > 300GeV and y > 8.5GeV'/?
lepton resonances

Single or a double lepton trigger L . L e
Leptons are required to be isolated vemts wt swioser el ol
At least two jets are required

separated from the leptons

Ymer = E1/+/Hr,

- data
Oagsrr
.r?—oomor
Bov
% H 4 [ ] Ww o2 - .'0 ‘6.220 .""9"‘°9
y (GeV ™) .w
- ~ - W
s ¢ [:] + jets
Mpb' MG T TRV L lm
Foorts with oo/ . 0 .

pr > 30GeV/c  In| <25

AR > 0.4

The events are required to pass
Ht > 100GeV

and MET > 50 GeV
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Y T

cMS
340pb” at\s=7TeV
Events with ee/uulen

D

T II T T Y] T

i1 i1 s o 1
1000 1200 1400
H; (GeV)

Background estimation

ABCD method, and similar method to
the one used in single lepton searches
using lepton pt MET distributions

HT > 350 GeV and MET > 150 GeV

CmS

L.=34pb’ \Ns=7TeV

— T
- Events with eeluuley :

~ H; > 300 GeV

' ] +

L |

v MC predicted

- MC observed
¥ data predicted

<+ data observed

—

1‘u.'.i 1111;4.[ A

’lLl._JJ LALLEE

| |

Signal Region

Process ee fLft

tt from ep 0475 0.57,7
Non-W/Z 0 0

Total predicted |  0.4757 0.5757

Total observed 0 0

SM MC
LLMO 3.4 +0.2
LM1 1.6 £ 0.1

0.38 £0.08 0.56 +£0.07
3.9+0.2
2.0+ 0.1
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14

8 18 20
y (Gev'?)

sample

N

Ng

.“\"C

Nop

.\"A A .'\"C / .'\"B

tt— (T
tt — other
Drell Yan
W= + jets
W+w-
Ww*z

YA

single top

8.44 +0.18
0.12 +0.02
0.17 + 0.08
0.00 + 0.00
0.11 +0.01
0.01 = 0.00
0.01 + 0.00
0.29 + 0.01

3283 +0.35
0.78 + 0.05
1.18 +0.22
0.09 + 0.09
0.29 + 0.02
0.04 + 0.00
0.02 + 0.00
1.04 + 0.03

478 +0.14
0.16 + 0.02
0.04 + 0.04
0.00 £ 0.00
0.02 + 0.01
0.00 + 0.00
0.00 £ 0.00
0.04 £ 0.01

1.07 + 0.06
0.02 + 0.01
0.12 + 0.07
0.00 =+ 0.00
0.03 + 0.01
0.00 + 0.00
0.00 £ 0.00
0.01 £ 0.00

1.23 + 0.05
0.02 + 0.01
0.01 = 0.01
0.00 + 0.00
0.01 £+ 0.00
0.00 + 0.00
0.00 + 0.00
0.01 + 0.00

total SM MC

0.14 £ 0.20

36.26 + 043

505 L 014

1.27 £ 0.10

1.27 £ 0.05

data

]‘7

37

4

1.30 + 0.78

LMO
LMI

4.04 = 0.19
0.52 +0.02

4.45 +£0.20
0.26 + 0.02

13.92 + 0.36
1.64 + 0.04

8.63 +0.27
3.56 + 0.06

12.63 + 0.88
3.33 £ 0.27
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Same-sign isolated leptons,
jets,and MET

. a8 Aaass aaaa
CMS \Ne =T Tov : L @ data, loose selection  CMS,\s = 7 TeV
Lo=3spp’ ] E L. *35pb"

o
(3}

T T T 1 Tr T T T ' T T T T T

CMS,\Ns =7 TeV o Jetp_>20 GeV

- L, =35pb”’
- o jetp_>40 GeV

g
B~

o

TL probability

jet P, > 60 GeV

o
w

E | -, | 0.2}

-

SR
[P 13 ! {
100 200 300 400 500 600 700 800 900 1000 0.1
H; (GeV) H, (GeV)

* Two trigger strategies, hadronic Hr trigger and PN IR B 215‘ 35
leptonic trigger
*Preselection, Two Jets ( > 30 GeV each), and MET SIOOHO0 P, (GeV)
(> 30 GeV) were required
* Lepton triggers
* Two search regions were defined
e MET > 80 and low Hr
e Hr > 200 GeV and low MET
*Hadronic triggers i
* A single region Hr > 300 GeV : o . jetp.>60GeV
* Most of the background for these searches comes I ! ’
from fakes, SM processes have a very small
contribution.
* Leptonic trigger background estimation
* To estimate the background coming from
fakes, the probability of a fake to be identified
as a prompt lepton is measured '
* The background produced by fake leptons is !
estimated by counting and weighting the T

number of events with one or two fake =———3p GT/L/(]. — eT/L) muon p_ (GeV)

leptons 16
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Je =7 TeV, L =35 pb”' . Jim7TeV. LudSpb"
v 1

Yy

Electron Charge Flip

* In the two electrons case the
invariant mass in the Z window was
used to reconstructed for the same
and the opposite sign cases.

* The number of Z’s in the same-sign
case divided by the number of Z’s in
the opposite-sign case, gives an

estimation of the electron charge
a7 TeV, L w35pb” i Va=7Tev, L _35pb" 70 80 90 20 ﬂIP

’ BTag-anc-prodbe (data) { . «  BTag-and-probe (data)
~ I BTag-anc-probe (MC) = Y I BTag-and-probe (MC) ' Search Region l [ | e [ total 7 95% CL UL Yield |
—— 1 (MC) ] —— tt (MC) ; :

AR N

(=]
b
o

Mn‘.-°|-l
Dwctrara |4 <0.0 m) ] det-QSpb.
. Wors (0 »00 me)
¢ ® Data Ovserved
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A Dectrora jd_>0.1 m)
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~

o
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o
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s Progiction of » and (€D @
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o
N

" Lepton Trigger
Efficiency(Rells0<0.15) '

tt  :0.017+0.003
bb :0.018 = 0.001

) +a.000
data : 0.029 0%

Efficiency(Rellso<0.15) ET™ > 80 GeV
tt :0.037+ 0,012 MC 0.05 0.07 0.23 0.35
::. g-;;: 0008 predicted BG | 023703} 023703  074+£055 | 1.2+08
0008 observed 0 0 0 0
T et taatpnnge , " Hy >200GeV ‘ ' '
2 3 4 5 8 4 5 8 MC 0.04 0.10 0.17 0.32
Relative Isolation(Muon) Relative Isolation(Electron) predicted BG | 0.71£058 = 0.01°03  025'03 | 0.97£0.74
. . . . observed 0 0 1 1

Hadronic trigger background estimation “Hy Trigger | -

* It was proven that the Isolation efficiency and the P - o an i

MET efficiency can be factorized predicted BG | 0.10+007 | 030013 | 0.40 +0.18 | 0.80 + 0.31

. bserved 1 0 0 1 44
e A preselected sample that applies all cuts but the o o B W ™ B Ky Y A T A

lepton isolations and MET efficiency was used to | Ty enriched
estimate the 2 fake leptons background (multiplyin e v v - o
P 8 plying predicted BG | 010 +0.10 | 017 +0.14  0.02+0.01 | 0.29 +0.17

the preselected events by the efficiencies) . observed o | o | o | o | 34 |
* Another preselected sample that includes the MET 7TeV,L,=35pb"

T T

and the isolation for one lepton was taken to estimate G okt o o Sk loptons 2 M0 Coserved Limt W v

the background produced by events with one fake N e e G inptore ol i daiogion ee-NLO It (ecncy modet) [Pz T
Wz 7

qwmlgllz

e
..

g
8

E&em-(Nan%IIzod)m. 15
&

Event

Ty

CMS VE=7 TeV, L*35pb"

-

I same-sign lepions

lepton ' :
* The contribution coming from two fakes in this
new sample was subtracted
* The resulting yield is expected to come from top
anti-top production, therefore it was weighted by
the isolation efficiency taken from b-tag leptons,
re-scaled to match the top anti-top isolation LeptTig  LeptTrig  H:iTng  H:Trg

. . ET"> H: 2200 lepions taus
efficiency (first bin onl (B) s0q _ (B) 17
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tanf=3 A =0,u>0
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Multi-lepton searches

Events were trlggered Wlth a Smgle Iepton After Lepton 1D Requirement MET > 50 GeV Hy > 200 GeV MLO1 Signals

trlgger and a double Iepton tr|gger Z=jets it VV +ets ﬂ ZSM Data ZSM Data ZSM Data MET >S50 Hy >200
Channel 3-lepton channels

Pt > 8 GeV and || < 2.1 for electrons and muons MoSje | 17 01 12 | 44=15 6 [ 0.1=0.

- NosS)u | 283 02 17 47205 6 | 010201

At least one muon with Pt > |5 GeV or 1O0S)T | 1215 05 0.7 12316 127 || 0.4= 0.1
. oS )t 476 2.7 36 484 = 77 442 -

one electron with Pt > 20 GeV must be . 0 oS 2 17207 3 1 04202
Present It 4.7 2.9 0.6 1.2+ 25 10 -

_ . M(SS)1 013 01 0.0 02z01 0 || 02=01

Particle Flow Taus were also included to 0(ss)T | 025 00 0.1 07204 3 | 0.1=0.1

scan regions in the parameter space were JE221, EAN o=l 2 -
8 P P T NT) | 1271 14 38 ' 135z 16 145 1.3=0.2

tau Production is enhanced Ili(t) | 4868 6.0 7.5 507+ 77 467 -
o 7T a71 033 0. a8z 9 30 || 0401
55 channels in this search “Channel -lepton channels
A Z veto is imposed to events with a pair " 02 | 02201 °
T 0.1 0.1z 0.1

0
of opposite sign same flavour leptons, and it 0.1 01201 0
0

. nrT 0 0.0+ 0.1
event with 3 leptons that have a same e . . o 32207

0.2+ 0.1
0.1z 0.1

06= 0.2

04+ 0.1
0

121.4 1415

1236 120.8

80.5 -
- 68

186 -

- 123

O | Ol= 1 = | © -

w

Sl N OO N OO O

149.2

- 33.2
206 -
- 16.8

246.8

ol oo

2
I 5
flavour pair (electrons, muons) Z NI(T) 03 | 03z 0. §

o

T () . . 04 3.5=07 199.2

There are two selection

One in which events are required to have 1400 CMS preliminary L, = 35 ;)Yb'i,\'Is;TYTng CMS'plrevliminaryy L= 35pb’Ns=7TeV.
a MET > 50 GeV, and other in which Ht > o~ 95% C.L. Limits: 1 TLSE  ggu cL Limits: woee COF E.3.tarde8,u <0

— CMS observed K ' .
200 GeV CMS expected + 1o CMS LO cbserved

Q oo DO 2.7, 10083 u<0
Y N — CMS NLO observed -== LEP2 T
@© 1200 Y B CMS expected + 20 R .

>

Background = . oo B
*Most of the backgrounds are eliminated by £%000 ;

requiring at least three leptons

*The remanent background is Z + jets 800
production that includes Drell-Yan Processes.

*This background can be produced when an
isolated track is identified as a lepton. o Te T N
*The probability for this to happen is 600 800 1000 1200 1400 25
measured from a di-lepton control sample My (Gevie) my (Gevic?)
*This probability is used to weight all the To estimate the SM background an isolation sideband was used

events with two leptons an isolated tracks on 0.2 <Iso < |.To extrapolate the signal region Iso < 0.15
them

targ=3 A =0.u>0

R-Parity violating context
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Two Isolated Photons, at least
one jet, and Large Missing Energy

* Motivated by General Gauge Mediated Supersymmetry ) Electroweak Background
Breaking (GGB) with the lightest neutralino as the NLSP and /

Gravitino as the LSP

* Compare the MET distributions in events with two photons
and at least one hadronic jet, with the expected SM
distribution.

* Irreducible backgrounds from SM processes such as Z(—
VV )YY and W(— V) YY are negligible. The main background
arise from SM processes with misidentified photons and/or
mis-measured MET.

Single Photon trigger was used
for the baseline selection QCD Background

* The Second background comes from
events with real MET

* |t is dominated by a real or a fake
photon and a W that decays to a
neutrino and an electron, with the
electron mis-identified as a photon.

* To estimate this background a weight
is assigned to every electron in the ey
sample.

-y
o
™

* To estimate the dominant backgrounds one fe—vy/(l — fe_,r),)
e . Candidan Samte uses control samples kinematically similar to the

B Norm Uncertainty ot 86 1 candidate sample but with no MET present. -
B ot Soshoromnd Wnosmstcy * Two samples were used (ff) (QCD multijets By determining the number of Z —

Eloctro Weoak Background

—a— oM., with two fake photons),and a Z to ee + jets ee events present in the ee and in

sample. the ey sample we measured
* Events in the control samples are re-

weighted to reproduce the di-photon L 0
transverse energy distribution in the data. fe—>'r 1.4£0.4%
*The re-weighted MET distributions are
identical (within the uncertainties) and are
used to estimate the magnitude of the

80 100 120 140 background.
tcMET (GeV)

CMS Preliminary, 355 pb"'
1+ Jet Requirement

-b
o
o

—
o
w

-b
o
N

Number of Events

-t
o
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Type Observed reweight | normalization
Events error error

vy events 1.0
fake-fake QCD background est. 0.49 =0.40 +0.06 +0.07
Z — ee QCD background est. 1.67 = 0.64 +0.38 +0.23
background from evy 0.04 =0.15 =0.0 +0.01
Total Background > 50 GeV (using ff) | 0.53 =0.40
Total Background > 50 GeV (using ee) | 1.71 = 0.68

<2000 4 —r T !
[ ! i — — M(x% =50 GeV
* In 35.5 pb-1 of data one event was observed with 91800 : s MO0) = 150 GeV
MET > 50 GeV. S ¥ "
e |.2 +/- 0.8 events were expected from QCD and EW = 1600 : —-=-+ M(}) = 500 GeV

backgrounds. E Expected for
* From this measurement upper limits were obtained 1400 M(x?) = 150 GeV

for GGM SUSY cross-sections between 0.3 and |.| pb
at the 95 % CL depending on the squark, gluino, and
neutralino mass region.

e 95 % CL exclusion limits for GGM production as a
function of squarks and gluino masses for 50, 150, and
500 GeV/c? neutralino masses. The areas below the
lines are excluded.

1200

1000

800

600

400

400 600 800 1000 1200 1400 1600 1800 2000
M(@) (GeV)
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Lepton, photon and MET

A single lepton trigger is required Backgrounds

] L] L T L

OMS preliminary, 38 pb Vw7 TeV

e ¢y data

. Ny MC
ct-cy

B ce-~cy

- OCD

222 background mcernanty
expectaton for GMC|

*Dominant background is the W+y, It is
estimated by simulated samples

*The background produced by the mis-
identification of a jet as a photon is calculates
by using the probability of a jet to be identified
as a photon

Electrons and Muons
pr > 20 GeV/e, |n| < 2.1

plus identification and isolation cuts

Events /5 GeV

Photons

20 4 60 B0 100 120 140 160 180 200

pr > 30 GeV/c, || < 1.45

specially separated from the lepton

AR(L,7) = /A2 + A2 > 04.

Events are required to have MET
> 100 GeV

*The background produced by the mis-
identification of an electron is calculated using
the probability of electron to be identified as a
photon

*QCD background is estimated using Z to ee
sample re-scaled to match a control region
data

| Candidate sample | EF™* > 40 GeV | EF™* > 100 GeV

Wey I
jet—r 7y
e~y
QCD

Electrons Total bek.

445
20.3
70.5
133.9
269.3

1.68 £ 0.42
0.02 £ 0.02
0.04 +0.03
04+0.2 0.00 £ 0.00
199 +3.7 1.74 043

16.1 3.4
3109
03+0.1

data

264

16 _ 1

"SUSY GMCI prediction |

4.32 + 0.86

4.16 + 0.83 3.38 £ 0.68

Wey
jet— v
N
QCD

448
18.0
1.2
58.3

159+34
37+1.1
0.6+0.2

1.40 = 0.37
0.10 £ 0.09
0.09 £ 0.04
02+0.1 0.00 £ 0.00

[ Candidate sample | E* > 40 GeV | EZ™ > 100 GeV |
—— : ‘
|
|

Total bek.

122.3

20.4 £ 3.7 1.59 £ 0.39

‘ data
' SUSY GMC1 prediction |

126

573 +£1.15

27 1
546 +1.1 441 =088
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Summary

*CMS performed a variety of SUSY searches

with the 35 pb-| collected during the 2010 CMS preliminary L, =36 pb’,Ns=7TeV
SA40FF T T T T T T T T T T T

eMultiple methods have been developed to > 5 . &

estimate the backgrounds directly from data, %350 H

this results have been in agreement with 3

simulation estimations

*We have not seen significant evidence for T _.

physics beyond the SM JotstMHT

*But this may change with the data taken during A T N LA

the entire 201 1.

*All analysis have pushed the previously known s

limits further using the LHC 2010 data. ' N ——

*The outstanding performance of the LHC let m, (GeV)

us believe that new physics may be very close...
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