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Introduction

* Supersymmetry Searches at LHC
% a; variable
¢ Hadronic channel results

“» Soft Single Lepton Strategy
* Low p; Leptons(10 — 25 GeV)
« Use Hadronic Search plus Lepton

“+ Background Estimation Method

« HT control regions
¢ Future Plans with 2011 Data
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CM

B “{ Supersymmetry Searches

Supersymmetry models predict the existence of a heavy, stable final
state super-partner which will not interact with the detector

% SUSY production mechanisms at the LHC
( az, ]
PP = dpd; —> ! . [ aqqq'z," (all —hadronic ) | L

. . . ax,; —>3{ .,
Typical Experimental signature: [ [4¢%9,Z," (1~ kplon mode )| |

« Large missing transverse energy plus final state objects
Searches are inclusive - remain model independent

- allows sensitivity to New Physics (SUSY or not SUSY)

Use benchmark points in popular models to assess
sensitivity and set limits (notably CMSSM)
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QCD Control variable — a-

Dominant background from QCD - must be controlled.

Search variable a; originally proposed for di-jets (hep-ph 0806/1049)
Extend the a- variable for a N-Jet QCD system:

« Construct 2 Pseudo-jets to resemble QCD di-jet system

* Pseudo-jets balance in HT _1Hp—AHp 1 Hp—AHy

T

Hp = Ejet.s Er Hrp = |Zjets Pr|
" BAcKerouND jet jet
topology (QCD) SIGNAL topology
jet

Cut value - a; > 0.55 selects events with real missing energy.
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D \ Hadronic a; Search

a
“ Hadronic a; analysis published : Physics Letters B 698 (2011)

(arXiv:1101.1628v1)
HT Trigger (100/120/140/150 HT)
: CMS L,«=35pb" Ns=7TeV

At least 2 jets (pT >50, |r]| < 24) < 5OOT=LISP . .“-"It.NL(-) E)Lpetlztecll T |'-' CE)Flg,lq,tlanB|=5,lu<lo-
8 | —— NLO Observed Limit [y DO &, tan=3,u<0 |
Veto leptons (p;> 10 GeV), photons (p;> 25GeV) = 1=+ LO Observed Limit [ LEP2 7, .
E% 400~ 2000) 60, LeP2 r b
HT > 350 GeV , a; > 0.55 U apeaasouso
300 265060, -
Dead ECAL dR > 0.3 && MHT/MET < 1.25 e L  (650)Gev]

Limits set in CMSSM m,-m,, plane 200~ P O\

Upper limit on Signal of 13.4

100

. 0 100 200 300 400 200
(very little dependence on tanf3) m, (GeV)

Significant extension to excluded region over previous experiments!
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(7% Combined Background Estimation
z | Hadronic Channel

Use lower HT regions to predict total background in signal regions

@ Las  emees o Scale jet pr thresholds in HT regions
il .« % Define Ray as the ratio of events pass/fail a;
e . .
10°- ~ 7 == TRy 5y expected to fall with increasing HT (QCD)
ol «— BUT Ra; 55 expected to be flat (EWK,Top)
| aaeons L (rises with increasing HT in presence of SUSY)
10250 300 350 400
S heen)
i 10-1;}“ﬁtﬂspm:”wz2313‘1’:2::8:?3; o Fitin Control Region to obtain Ra; g ss control
2; . _ NControl (aT >0.55) _
10 / Expected Events(al > 0.55)= NControl(aT<0.55)*NSlg(aT <0.55)
10° ¢ =
: Y | Predicts 9.4155(stat.) £ 1.0 (syst.) background events
all: A S for 35pb* 2010 7TeV Data. There were 13 data events.
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Adding a Soft Lepton

a ;
** Requiring 1 lepton provides a cleaner signature;

s QCD background is significantly suppressed

* EWK backgrounds dominate
 BUT: SUSY leptons appear at the end of long decay chains
*» Mass differences between SUSY particles can be small
» SUSY lepton p; can be significantly lower than in EWK/tt decays
“ Use exclusive low- p; lepton selection -> EWK depleted search
SO QCD Dominant — as in hadronic — motivates using a;approach

s
s F

()

L)

()

=t Replace N-Jet system with 1-lepton + (N-1)Jet system

—— 0-lepton

: 1-lepton & N-Jet = 2 kinematically similar
to O-lepton in N-Jet =3

— 1-lepton

Epiries 6421| |

‘ AlphaT 3|

| Use leptonic versions of kinematic quantities
% HH -(HT, a4, etc) where lepton included as a jet.

Ajs 01604 | _|

10° =

HM
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Event Selection

Selection is taken from Hadronic search with the reversal of the lepton veto.

¢ Trigger - Lowest unprescaled of HT 100/120/140/150U#
“ Jet p; > 50 GeV, |n]| < 3.0, Loose Jet ID

“» FirstJet|n| <2.4
“lisolated lepion 10 <py <25 GeV ..
“ Veto on photons p; > 25 GeV
% HT > 350 GeV

*» Dead ECAL dR > 0.3

% MHT/MET < 1.25

“ a;>0.55
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Background Estimation
Muon Channel — MC at 300pb-1

Cutflow produced at 300pb-! for MC Samples (samples shown in backup)
- Possible signal yield for 4 possible LM benchmark points also shown

Multijet

HT>250 1067.5 555.1 43.8 317.2 1983.6 173.1 38.4 258.9 239.1

HT>350 241.8 161.0 12.6 123.6 539.1 128.8 34.2 171.6 164.6
a>0.55 0 5.62 0 5.49 11.11 19.58 11.22 34.3 30.9

NB: 300pbis a conservative estimate of data available for summer conferences
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Background Estimation

5]
<

w—="1 Muon Channel — MC at 300pb*

\

mpact Muon Solenoid

[of

Cutflow produced at 300pb-! for MC Samples (samples shown in backup)
- Possible signal yield for 4 possible LM benchmark points also shown

Cuts QCD | W +jets | Z+jets | tt +jets
Multijet

HT>250 1067.5 555.1 43.8 317.2 1983.6 173.1 38.4 258.9 239.1
HT>350 241.8 161.0 12.6 123.6 539.1 128.8 34.2 171.6 164.6
a>0.55 0 5.62 0 5.49 11.11 19.58 11.22 34.3 30.9

- Lepton requirement reduces statistic in denominator of Ra

SM_POFIT_aTcut_0.55

Ve 2me ) -Therefore use hadronic selection in denominator (lepton veto)

Prob 0.3654

n

wn

o

n [

& F PO 2.521e-06 2.362e-07
x 10—1 = =

- Use method in MC as a closure test:;

L o AllSM _
102 =

—— SMFitin CTRL Region % Monte Carlo 300 pb-l

Predicted RAT Actual N (aT<0.55) | Predicted N (aT>0.55) Actual N (aT>0.55)
2.52E-06 6.10E+06 15.73 +/-1.47 11.11+/-2.34
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Background Estimation
W~ 1 Electron Channel — MC at 300pb-!

[

5]
<

Comp:

Cutflow produced at 300pb-! for MC Samples (samples shown in backup)
- Possible signal yield for 4 possible LM benchmark points also shown

Cuts QCD | W +jets | Z+jets | tt +jets
Multijet

HT>250 701.5 312.7 25.3 183.5 1223.0 93.5 20.7 121.6 140.6
HT>350 211.5 93.6 11.0 70.8 386.8 69.3 18.5 88.3 97.1
a>0.55 0 6.55 0 2.43 8.99 10.35 6.27 14.71 19.69

- Lepton requirement reduces statistic in denominator of Ra;

SM_POFIT_aTcut_0.55

Ao =2 - Therefore use hadronic selection in denominator (lepton veto)

Prob 0.153

n

wn

ﬁ -

N3 L p0 1.263e-06 + 1.655¢-07
x 10" =

o AllSM

- - - Use method in MC as a closure test:
° ? —— SMFit in CTRL Region é Monte Carlo 300 pb_l

10°% = =

Predicted RAT | Actual N (aT<0.55) | Predicted N (aT>0.55) Actual N (aT>0.55)
1.26E-06 6.10E+06 7.86 +/-1.03 8.99 +/- 2.49

10t E

10° = =

10'G; : %++—%—% Investigating 2010 Data — but not enough statistics with 35pb-!
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Plans for 2011 Datasets

% Use 1-lepton a; analysis on 2011 CMS Data

“*Use a trigger for Signal Selection

 also still need HT triggers for denominator

“*Investigate other background estimation methods

*Publish results for Summer Conferences
-0.5—-1.0fbldataat 7TeV
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Hadronic Analysis

o distributions — dijet and >2jets

[Te] :IIIIIIII|IIII|IIII|IIII|IIII g :llll||||||||||||||||||||||||
S 1oL CMS 2 Jets S 40°L CMS >3 Jets
s10°g o107 _ a
PR JLdt=35pb'1,\I§=7TeV @ F JLdt—35pb Ns=7TeVv
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HT Distributions

Events / 25 GeV
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New LM Benchmark Points

| \

Mass Hierarchies in the new benchmark points.
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