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Inclusive SUSY search using

e same-sign di-lepton* events
(D. Sprenger, work in progress)

e opposite-sign di-lepton™ events
(N. Mohr)

*) selecting electrons and muons
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Same-sign Lepton Analysis

Same-sign lepton analysis
@ SUSY discovery analysis
e Benchmark point LMO (MSSM, mSUGRA parametrization)
@ Look for events with at least 2 same-sign leptons in final state
@ Pure counting experiment
@ Low SM background

mo = 200 GeV

m1/2 = 160 GeV

Ag = —400 GeV

tan 8 = 10

sign(p) = +1

g0 = 110.0 pb / ONLO = 151.8 pb

Example:
gluino pair production

D. Sprenger
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Used Cuts

Select events with at least

1 M 10 GeV
@ 2 same-sign leptons (e or u) mog 2 e
with pr > 10 GeV X3 /ngor < 10
do < 0.2 cm
; s > 11
@ 3 jets (pr > 50 GeV) s =
.. HCAL Iso < 6.0
@ 100 GeV of missing transverse ECALIsc < 40
energy ET Electron ID =  ‘“eidTight"
pr > 10 GeV
n < 25
do < 0.2 cm
Iso < 0.4
\/g = 10 TeV Jet p1 > 30 GeV
< 2.4

(“Summer08" datasets) EvE S o1

Sprenger



Same-sign lepton analysis

Step 1: Demand 2 same-sign Leptons

Lepton Multiplicity

{503 [ | susy
. E L - ttbar
@ At least 2 same-sign leptons i o
(e or /1” pT > 10 GeV) 200077 (WW,WZ,ZZ)+ets
F Wjets
@ 100 GeV of MET F [ | acp
1500
@ 3 jets (pr > 50 GeV) i
1000;
Events > 2 SSL MET Jets r
LMO dataset 2260 1349 830 §
L =100 pb ~} 168.72 | 100.71 | 61.96 500
BG datasets 9229 331 48 N
L =100pb 1! 2436.57 22.11 2.30 L
UL_A_A_J\H PN I IR
0 2 4 6 8 10 12 14

Number of Leptons
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Same-sign lepton analysis

Step 2: MET Cut

Missing Transverse Energy |

‘2103!; [ ] susy
) l% i | - ttbar
@ At least 2 same-sign leptons oz
(WW,WZ,2Z)+ets
(e or pu, pr > 10 GeV) > i
102 Wijets
o 100 GeV of MET [ ] acp
@ 3 jets (pr > 50 GeV)
10
Events > 2 SSL MET Jets
LMO dataset 2260 1349 830
L =100pb ! 168.72 | 100.71 | 61.96
BG datasets 9229 331 48 1
L =100 pb 1! 2436.57 22.11 2.30

0 50 100 150 200 250 300 350 400
Missing Transverse Energy [GeV]
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Same-sign lepton analysis

Step 3: Jet Cuts

p_T of second hardest jet |

% 10 ; [ ] susy
. l% : - tthar
@ At least 2 same-sign leptons L oz

(WW,WZ,2Z)+jets

(e or u, pr > 10 GeV) I
@ 100 GeV of MET
@ 3 jets (pr > 50 GeV)

Wjets

[ ] acp

Events > 2 SSL MET Jets
LMO dataset 2260 1349 830
L =100 pb -1 168.72 100.71 61.96
BG datasets 9229 331 48
L =100 pb -1 2436.57 2211 2.30

"
50 100 150 200 250 300 350 400
Transverse Momentum [GeV]
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Same-sign lepton analysis

Charge misidentification (I)

Invariant mass distribution of same-sign lepton pairs

Invariant mass of ss e pairs |

Invariant mass of ss . pairs |

] [ | susy ] [ | susy
E [ | ttbar 4 [ | ttbar
10*
- Z+jets - Z+jets
10% (WW,WZ,ZZ)+jets (WW,WZ,ZZ)+jets
Wejets Wjets
L - aco 10 - aco
105
1
1 b |
| 141
o N I
T 10°
AR A Y
0 50 100 150 200 250 300 0 50 100 150 200 250 300

invariant mass [GeV] invariant mass [GeV]

SUSY LMO + Background, at least 2 same-sign leptons

Sprenger



Same-sign lepton analysis

Charge misidentification (II)

@ Invariant mass distribution of same-sign electron
pairs shows clear Z-peak

e Z cannot decay into same-sign electrons
= Misidentification of charge of one electron

o Charge misidentification is important factor for
estimation of SM background
= Need to determine charge misidentification rate
= Try to reduce charge misidentification rate

@ Muon charge seems to be determined quite reliably



Same-sign lepton analysis

Significance
Events > 2 SSL MET | lJets
LMO dataset 2260 1349 830
L =100 pb -1 168.72 | 100.71 | 61.96
BG datasets 9229 331 48
L =100 pb -1 2436.57 22.11 2.30

Using the significance estimator

S = \/2((5 + b)in(1 + %) —s)

61.96 signal events over 2.30 background events lead to a
significance of S, = 19.13.

Need to develop background estimation technique

(No systematic uncertainties included, yet)



Opposite-sign lepton analysis

Opposite-sign lepton analysis

vz AN -2
At on CS fermitin st CMS AN -2009/083 Available on the CERN CDS information server CMS PAS SUS-09-002

The Compact Muon Solenoid Experiment

AnalySiS Note @ CMS Physics Analysis Summary

AT,

18 May 2009 (v4, 18 June 2009)

Contact: cms-pag-conveners susy@cem.ch 2009/07/13
Discovery potential and measurement of a
dilepton mass edge in SUSY events at Discovery potential and measurement of a dilepton mass
Vs=10TeV edge in SUSY events at /5 = 10 TeV
N_Mohr The CMS Collaboration

1. Piysikadisches Insinar 5, RWTH Acchen Universicy, Germary

http://cms-physics.web.cern.ch /cms-physics/public/SUS-09-002-pas. pdf

Sprenger



Opposite-sign lepton analysis

Analysis

MSUGRA, tan =10, A, =0, >0
600 800 1000 1200 1400 1600 1800 2000

Looking for decay mode o w0 a0
. - . _ LIPS 3 o |™®
d—qg+X2—qg+x1+ 171 b L

1200 5 1200

Measure mass edge oo O o0

s W$
9‘; 800 ™ *HM T 120 e 800
BR = 1% E o
Br{ -n%0) > 06
500 *HM4 600
400 'Ln:E‘I_ML a0
M wLms Br(32 25 05
m‘% ;wa m, 514 GeV 3 o™
T Toa® ﬁ
fren NO EWSB
nﬂ 200 400 600 800 1000 1200 1400 1600 1800 EW%
m; (GeV)
mg [GeV] | my; [GeV] | Ag [GeV] | tanf | signp | o [pb] | dnpo [Pb] | M e [GeV]
LMO 200 160 -400 10 +1 110.0 151.8 52,7
LM1 60 250 0 10 +1 16.1 21.7 78,2
M9 1450 175 0 50 +1 111 18.2 62,9

Sprenger
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Same-sign lepton analysis

Shape Dependence (1)

Opposite-sign lepton analysis

* Iy
X2 X
Wz N
~ - -0 -0
Ry J;;\E* N,Xrl" ;‘i\“ X1
“ Y-
-\Ll—
LM1

@ Subsequent two-body decays

“HJr
via on-shell slepton

@ Mass edge triangular

o (m?
(my)* =

2\( 112 2
i m/)(m7 — mi?)
m;

60
Sprenger

124
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Shape Dependence (II)

. 920 I+ -
X ~0
: " X2 i3
> =0 T
\ AR le.r f\\\\}?
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\ \ \
\ W '
\t- \ \
\ \ \
3 w0
§ omELMO ﬂt LM9
5 2 J‘ @ Three-body decay via off-shell
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Final Event Selection

@ Background mostly SUSY

and tf @ 2 isolated opposite sign leptons
@ Can be measured from data by © 3 jets, pr > (100, 50, 50) GeV
looking at. opposite-flavour o Missing transverse
lepton pairs energy > 100 GeV
LMO e'e, Uy pairs ey, pre pairs
] St:::v
a) ‘f‘::

Pseudo dala

ntries / 5 GeV /200 pb™

CMS proliminary 10 ToV

Entries / 5 GeV /200 pb™
B KB 8 & B

T[T T I I T LT

750 ;A
m, 1GeV]



Fit Model / Results

LMO

- mg, = 528+ 1.1 « oae a= 168+0.19
2 0b Nsig = 97+ 17 2°’F b= 0.0345 +0.0026
g F n,=00+18 § zz;b Ngyy = 2010 14.2 (x*/ndf = 0.7)
& F ) E
33 Ja) Noygoso = 130.1% 11.4 (¢/ndf = 0.74) = 20;( )
> E 0 > E
N g
w 30F © 16F-
£ 25 8 1
= E = E CMS prelimina 0 Té
& 0F & 12p 1, ; v
E 10t P T
5E 8 |/
107 & /|
E 4pt + -2
HiMet o
% o 50 100 150 200

@ Decay chain discoverable within first 200 pb ~! at LMO,
250 pb ~! at LM1, 350 pb ~! at LM9

@ Endpoint can be reconstructed with 200 pb ~! at LMO
Combined fit (mipeo = 52.7 GeV):

m/[’max - (51.3 :t 1-55tat :I: O.95y5) GeV



Conclusion

Conclusion

@ Set up SUSY search using same-sign lepton events

@ SUSY analysis using opposite-sign lepton events approved by
CMS

@ Improve same-sign analysis: Systematic uncertainties,
background estimation, charge misidentification rate, ...

o Extend same-sign analysis to 7 channels: er, u7, 77
(M. Edelhoff)

.. waiting for data ... \("_")/



Conclusion

Backup



nclusion

Backup Same-sign: Summer08 Datasets

SUSY LMo:
/SUSY_LMO-sftsht/Summer08_IDEAL_V11_v1/GEN-SIM-RECO

ttbar:
/TTJets-madgraph/Fall08_IDEAL_V9_v1/GEN-SIM-RECO

ZJets:
/ZJet s—madgraph/SummerOS_ IDEAL_V11_redigi_vil /GEN-SIM-RECO
/AstarJets-madgraph/Fall08_IDEAL_V9_v2/GEN-SIM-RECO

Wlets:
/WJets-madgraph/Summer08_IDEAL_V11_redigi_v1/GEN-SIM-RECO

Diboson:
/VVJets-madgraph/Fall08_IDEAL_V9_v2/GEN-SIM-RECO
/Zgamma/Summer08_IDEAL_V9_v1/GEN-SIM-RECO
/Wgamma/Summer08_IDEAL_V9_v1/GEN-SIM-RECO

QCD:

/JPsi/Summer08_IDEAL_V9_v1/GEN-SIM-RECO
/Upsilon2S/Summer08_IDEAL_V9_v10/GEN-SIM-RECO
/Upsilon1S/Summer08_IDEAL_V9_v10/GEN-SIM-RECO
/QCDpt80/Summer08_IDEAL_V9_v2/GEN-SIM-RECO
/QCDpt170/Summer08_IDEAL_V9_v2/GEN-SIM-RECO
/QCDpt300/Summer08_IDEAL_V9_v2/GEN-SIM-RECO
/QCDpt470/Summer08_IDEAL_V9_v2/GEN-SIM-RECO
/QCDpt800/Summer08_IDEAL_V9_v2/GEN-SIM-RECO

Sprenger



onclusion

Backup Same-sign: PAT Layerl Datasets

SUSY LMO:
/SUSY_LMO-sftsht/Summer08_IDEAL_V11_v1/GEN-SIM-RECO

ttbar:
/TTJets-madgraph/Fall08_IDEAL_V11_redigi_v10/GEN-SIM-RECO

ZJets:
/ZJets-madgraph/Summer08_IDEAL_V11_redigi_v1/GEN-SIM-RECO

Wlets:
/WJets-madgraph/Summer08_IDEAL_V11_redigi_v1/GEN-SIM-RECO

QCD:
/QCD100t0250-madgraph/Fall08_IDEAL_V11_redigi_v1/GEN-SIM-RECO
/QCD250t0500-madgraph/Fall08_IDEAL_V11_redigi_v1/GEN-SIM-RECO
/QCD500t01000-madgraph/Fall08_IDEAL_Vii_redigi_v1/GEN-SIM-RECO
/QCD1000toInf-madgraph/Fall08_IDEAL_Vii_redigi_v1/GEN-SIM-RECO

Sprenger



Conclusion

Backup Opposite-sign: Event selection

agLo [pb] k-factor HLT >2leptons | =3 jets MET
SUSY LMO signal I 138 362 226 128 85
5USY LMO 1o 138 Bl67 1007 543 362
ttHets 319 13 25655 2411 238 80
Ztjets 3700 114 541013 199773 510 I
Wijets 40000 114 3108397 298 5 2
VWV Wy, Zy 123711 1,0 5444 685 2 0
QCD (pr > I15). /Y. Y - 1,0 28010134 560 4 0

®  Single muon (11 GeV) and single
electron (15 GeV) trigger .

2 isolated opposite sign leptons

®  97% efficient ® 3jets >(100,50,50) GeV

® Firstlepton pr > 16 GeV ®  Missing transverse energy >100 GeV

®  Singlefet (110 GeV)

o 97.4% efficient Efficiency of 24% for signal decays

D. Sprenger [iSearch for i ilepton Events



Conclusion

Backup Opposite-sign: Objects

®  Muons|n| <2
pr> 10Gev ® Electrons |n| <2,
e ndf< 10 pr > 10 GeV

e  Number of valid ® Tight electron ID

hits = |1 o |dO[<2mm

® |d0] <2 mm

httpefitwiki cern chitwiki/binviews CHSVplusjets ® Jets|n| < 2.5

pr > 50 GeV

®  Missing transverse
energy

®  S|Scone5 jet algorithm

® Corrected up to level 3
using jet energy
corrections

®  Calorimetric MET

® Corrected for muons
and jet energy scale ®  Check overlap with

electrons (AR<0.3)

D. Sprenger = Search for SUSY using Dilepton Events



Conclusion

Backup Opposite-sign: Different Benchmark Points

LM9 LMI
_ m,, - 627=1.1 m,,, - 76.48 = 082
a ; ng, = 146=23 a8 r ng, = 23937
2 a0 n,=11-53 2 s0p n,=0=18
> M?_(a) Norgoae = 13581176701 —0.45) | 3 f() Ny, 00 = 1868 =137 G*hdf —0.79)
87F [
° af 2.7 GeV 8
wF Ml theo = 62,7 Gel » miLtheo = 78,1 GeV
2 F 2
B 25 £ g9
a F CMS prefiminary 10 TeV & CMS prefiminary 10 Te¥
20F

nm. GVl
Ml g = (62.8 4 Ty, +08,50) GeV My mae = (7.3 £ 09,00, £09,,..) GeV
®  Fit at different benchmark point using | fb"!
¢ Reproduce at all LM points the theoretical endpoint in the invariant mass

®  Statistical and systematic error are evaluated in the same way

With | fb-' we can distinguish between 2- and 3-body decay based on goodness of fit

Sprenger
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