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CMS

SUSY Model

s Gauge Mediated Supersymmetry Breaking (GMSB)

s Gravitino is the lightest SUSY particle (LSP) in GMSB

s Consider Neutralino is the next-to-lightest SUSY particle (NLSP)

s Neutralino mass eigenstates are mixtures of Bino, Wino, and Higgsinos
s |f R-parity is conserved, SUSY particles are produced in pair

Bino Decays Neutral Wino Decays
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Chs, . N hegie
Analysis Channels University

Bkg.
Analysis Photon Jet Bkg. Estimation
Method
Et > 30 GeV
Single Et>80Gev  >=2Jets QCD Data-driven
nl <26 W/zZitt+y  MC
Et > 40, 25
Di-Photon GeV Et > 30 GeV QCD Data-driven
nl < 144 ol <26 = EWK

Analysis at CMS: CMS PAS SUS-12-001
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CMS /| . . -
i |dentifications and Event Selections

Di-Photon Analysis

Photons: Y'Y Sample:

Electrons:

leading photon Et > 40 GeV candidate sample

trailing photon Et > 25 GeV
In| < 1.44

Identical to photons' ID
but require PixelSeed

ey Sample:

EWK background
estimation

Fake Photons: Jets:

Identical to photons' ID
but reverse combined Isolation

ai O_inin

particle flow jets
Et > 30 GeV

In| < 2.6

ff and ee samples:

QCD background
estimation
control samples
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>4l Estimation of MET Background

(Electroweak)

Di-Photon Analysis
s Fit Zpeakin ee and ey Iinvariant mass spectra to get the
numbers of events, respectively.
s N, (Z—ee) 2f

(

ey — e—y ) B B

N.(Z—ee) (1-f,.,) fo., @ 0015 +/— 0.002(stat.) +/— 0.005syst.)
feory

s Scale the MET distribution of ey sample by 1 )
feoy
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c C CMS Prelimi 4.7 b alpha = 1.24 + 0.01 . c T CMS Prelimi 4.7 b + alpha = 1.19 0.07 ]
CI>')40000 ; e'e’ sa:pr:mary bkg events = 151094 25222 g 1 400 rC ey sar;:l:;mnary a bkg events = 21510 £ 1580 7
L‘E35000 cb_mean = 90.577 + 0.006 —] L‘E 1200 — cb_mean = 90.28 + 0.04 _:
o F Signal + Background cb_sigma = 2.408 = 0.007 o ~  Signal + Background cb_sigma = 2.63 + 0.06 —
’530000 — Background — ’5 1000~ Background 7
a8 = n= 332+ 0.08 m a8 r n=3+6 ]
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>4l Estimation of MET Background

(QCD)

Di-Photon Analysis

s Use both control samples to estimate QCD MET distribution.

s |f there iIs no TRUE MET in the event, the resolution of hadronic
activity in the event will dominate the MET.

= Take the di-Jet Pt spectrum from candidate sample as a
measure of hadronic activity in the event.

=« Reweight the shape of MET distribution of control samples by
using the di-Jet Pt ratio of candidate sample and control
samples.

= Normalize the reweighted MET distribution to low MET region
( below 20 GeV) of candidate events.
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Single Photon Analysis University

» The strategy Is very similar to Di-photon's

» Reweight the control sample (fake photon) to estimate
QCD background

« Apply f.-, to the control sample (electron) to estimate
background e—y

» |ISR/FSR (W/Z/tt) contributions are determined directly
from MC
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CMS

MET Distribution (Di-Photon)

CMS Preliminary \/s =7 TeV,

Ldt=4.7 fb™

> = 3
(b - 3
O 10°F . =
— = At least 1 Jet Requirement 3
(7] 3 [ ate —+— 77 Candidate Sample ]
'E 10° g AP \ Total Background Uncertainty 5
g E }.:\‘- [ glggtroweak §
Lﬁ 10 = T — GGM yy (1040/1520/375) E
u— = — GGM yy (1600/1280/375) =
° 10g D =
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: 1 | L1 1 | L1 1 | I | | | L1 | L1 1 | L1 | | | L1 | 11 | :
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ET [GeV]
Number of events with MET > 100 GeV
Type Events | scal. error | norm. error
77 candidates 11 s No excess beyond
ff QCD background | 10.14+4.2 +0.3 +0.03
ee QCD background | 147 £3.1 +0.1 +0.03 Stan d ard M Od el
EWK backgrcrund 294+1.0 +0.0 +0.9
Total background (ff) | 13.0+4.3
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CMS

| MET Distribution (Single Photon)

_ls:||7TeV >1v,>2 jets

\I\I|\II\|\II\"|III\

e Data -~ Total SM bkg.

I8 ,/QCD We—v
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> 1y, = 2jets (stat.) (syst) (stat.) (syst.) (stat.) (syst.)
QCD (from data) | 607.7 =467 <£54.0| 90.7 <164 +9.9 6.8 +4.1 +0.8
e —+ 7 (from data) 17.2 +0.3 +7.2 3.5 +0.2 +1.5 0.4 +0.01 +0.2
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Data 615 63 4
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CMS

Limit Setting

Systematics Uncertainty [%] € Data € Data
Integrated luminosity 4.5 Y — e
Pile-up study 2.4 € MC EMC
Photon Data/MC scale 2.6 Y e
Photon/ Electron ID 0.5

Jet energy scale 2

Renormalization scale 4-28

PDF error on cross section 4 - 66

PDF error on acceptance 0.1-9

CMS Preliminary det =47 Ns=7TeV
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CMS

Result and Interpretations

Di-Photon Analysis
c\»j—x 2000 ] T T T T e T T T T T T T cq—\ 2000 T T |I T T T T T T T T
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05/07/2012 Yueh-Feng Liu @ PHENO 2012 1



CMS

Single Analysis

Result and Interpretations

T\s=7TeV >, =2ijets

CMS liminary 4.3fb "\[s=7TeV >1y,>2jets CMS limi 4.3fb

> 200055 gy GGM hino-ikey” | = 20005 T S T Ko B ke ]
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- —— Expected u i ——Expected ]
1 400: + 1o (exper.) 7 1 400: + 1o (exper.)
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1000 . 1000 -..____:
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600 - 600 -
I I o I L

400 50 1500 400 50 1500 2000
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CMS E/[a;ﬁ'lnegie
Summary e

s \We have completed searches for GMSB SUSY with
single and di-photon final state using all 2011 data.

« Data-driven methods are used to estimate dominate
backgrounds.

= \We observe no excess beyond Stand Model.

= \We set the 95% CL upper limit on cross sections and
exclude gluino and squark masses below

~1TeV (bino-like neutralino)
~750 GeV (wino-like neutralino).
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CMS /! : _
Acceptance times Efficiency

Di-Photon Analysis

<3 2000 IO'34 Q< 2000 I
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[ 032 8
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| |
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Acceptance
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CMS /! - Py
2 Acceptance times Efficiency

Single Photon Analysis
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CMS :
Result and Interpretations
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|dentifications

s Photons :
-~ In barrel region (|Etal < 1.4442)
= |eading photon Et > 40 GeV, trailing photon Et > 25 GeV
-~ combined Isolation (DR0O3 cone) < 6 GeV
- H/E <0.05
- 0;,,,<0.011
- No PixelSeed
- r9<1.0

s Fake Photons:

= |dentical to photons but reverse combined Isolation
(6 < Combined Isolation < 20 GeV) OR

~ 0.011<o0;, ;. <0.014

inin Single Photon case:

6 < Combined Isolation < min (30, 0.3*Pt)
s Electrons :
- |dentical to photons but requiring PixelSeed
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|dentifications and Event Selections

= Jets:
-+ AKS5 L1FastL2L3 corrected PFJet
- Pt > 30 GeV/c
- |Eta| < 2.6
-+ Neutral Hadron Fraction < 0.99
- Neutral EM Fraction < 0.99
~ Number of Constituents > 1 ~ Ndof >4
- Charged Hadron Fraction >0 ~ fabs(z) <24 cm
~ Charged EM Fraction < 0.99 ~ fabs(rho) <2 cm
-+ Charged Multiplicity >0
-+ dR between photons and jets >= 0.5 if require
1+jet
= Jet cleaning cone size dR =0.5

s Primary Vertex Selection:
Requiring at least one primary vertex
- Not fake

s Selected EM objects must be separated by dR > 0.6
s For no jet requirement case, dPhi between selected EM objects > 0.05
s Apply invariant mass 81- 101 GeV cut to ee sample
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ATLAS Result

> IIIIIIIIIIIIIlIIIIIIIIIIIIII|IIII|IIII|IIIIIIIII . . .
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