Search for SUSY in the di-lepton final state in CMS

SUSY 2015, Lake Tahoe

Jan-Frederik Schulte
on behalf of the CMS Collaboration

25.08.2015

Jan-Frederik Schulte (RWTH Aachen) 25.08.2015 1/13



‘

Searching for dilepton events in CMS
Opposite-sign lepton pairs

Opposite sign dileptons with b-jets
Same-sign lepton pairs

Summary

Jan-Frederik Schulte (RWTH Aachen) 25.08.2015 2/13



X 1 Searching for dilepton events in CMS

/s

m Leptons produced in SUSY events if SM-Vectorbosons or sleptons are part of the decay
chain

m Clear experimental signatures of leptons offer reduction of SM backgrounds — lower
Efs* and Hr thresholds compared to hadronic searches

m Signatures with hadronically decaying s suffer both from reduced identification
efficiency and much larger backgrounds from misidentified jets

Triggers used in the presented analyses Objects used in all presented analyses,
m ee, uu, ey trigger with pr > 17(8) GeV reconstructed by particle flow (PF) algorithm
for leading (trailing lepton) m Hadronic jets clustered with anti-kr

m ee, upu, ey trigger with pr > 10 GeV and algorithm, distance parameter R = 0.5
Hr 5H1 75MGe£\J/g i pr and |n| thresholds analysis dependent

m EMiss reconstructed from particle
candidates identfied by PF algorithm
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P 1 Search for opposite-sign same-flavour leptons

=

/s

m Search focused on flavour-correlated production of OS leptons

m Edge-structure in my distribution from %3 — §9¢*¢~ decays
given by mass difference of neutralinos

m On-shell Z boson production for example in GMSB scenarios

m Perform counting experiment and dedicated kinematic fit
searching for an edge

Event selection Background prediction

m 2 SF OS leptons with pr > 20 GeV m Off-Z: flavour-symmetric processes

B EMSS > 150 GeV and Njgis > 2 dominant (>98%), mostly tt
or Predict from OF data with high
Emiss > 100 GeV and Njgts > 3 precision (4-8% syst. uncert.)

m Split sample in lepton |7|: m Contribution of backgrounds containing
- Central (both < 1.4) Z bosons estimated by combination of
- Forward (at least one > 1.6) data driven techniques and simulation

m On-Z part uses finer binning in EMmiss
JHEP 04 (2015) 124
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X 1 Search for opposite-sign same-flavour leptons

m Unbinned maximum-likelihood fit to the my
distribution simultaneously in ete~, u* = and OF
leptons for central and forward leptons

m Model consists of parametrization for
flavour-symmetric background, backgrounds with Z
bosons and a shape for triangular edge signals

Central _ Forward
Drell-Yan 158423 71+15
OF yield 270444 745425
Re/0F 1.03 1.02
Signal events 126441 2420
il 78.7 £ 1.4GeV
Local significance 240

m Fitted edge position
78.7 + 1.4 GeV

m 126 + 41 signal events for

central leptons

m No significant signal
component for forward
leptons

B 2.4 o local significance
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X 1 Search for opposite-sign same-flavour leptons

m Counting experiment in three

my bins
CMS 19.4 fo™ (8 TeV)
m For20 GeV < my <70 GeV: w4 e
Excess of 130148 events, wf — sackgound
49 3 1DY (from data) ]
260 (Iocal) 8 0f [ sys. O stat.
m results consistent with fit e | coniatopons ]
- ;
HR GRS
I
3
m Interpret results in Simplified Model containing %
sbottom pair production €
m 9 decays into £¢x9 via slepton or Z boson with
50% probability each
m Exclude sbottom masses below 450 to 600 GeV

depending on m_o
X2

JHEP 04 (2015) 124
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X 1 Search for opposite-sign same-flavour leptons

m Dedicated analysis of on-Z oS o BssEeTe) e 9am'ETey
region 10° e:'““;‘/e"‘s lgr:ckgmund 10t ei*wevems .gi‘:ckgmund
o o 2 [Fs background - a s 2 [Fs background
(81 GeV < my < 101 GeV) Eio’ 1 39 g
m several bins in EXs for S T somoes ] g ttion scty oo
2 2 10
Njets > 2and > 3 g g
1
m Good agreement between data 104 104
and background estimation < <
full Emiss g5ty /=R oo e
overiull Ep ™ range Slgosh Sgost e T T
= O0 50 100 150 200 250 300 350 « 00 50 100 150 200 250 300 350
ET** [GeV] ET™ [GeV]
CMS 19.4 fb™ (8 TeV)

> [osWclchNG Bxaivsams 27 2
(® 1200FPP - §G.5~ 24X~ 26 L 1
= [ _omsenediimit+10,,, #° 11 2
% 1000;--~Expecl€d limit, + 10, 7 o
m Interpret results in Simplified Model in GMSB g L b =
model containing gluino pair production 3<" soo- 4 14 =
g9 pair p / =
. . . [ 7 ot O
m Final state includes several jets, two Z bosons and sool. // §
E7'S from undetected gravitinos [ 7 113
r,7 b 2
m Exclude gluino masses below 900 to 1100 GeV or 132
depending on Mo - ) ?g &
3 o excess In ATLAS On-Z SearCh 40‘0 560 660 7(‘)0 8(‘)0’900‘10‘00]1‘0012‘0013‘00 10°

Very different kinematic requirements
JHEP 04 (2015) 124 — can’t compare to this result

gluino mass [GeV]
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X 1 Opposite-sign dileptons with b-jets

Model Al t

m Search focussed on gluino pair production with
decays to tt and LSP

m Select opposite-sign ee, pu, and ep events
m Require EMs > 180 GeV, > 4 jets, and > 2 b-tags » o 79
m Two leading jets: || < 1.0 / .

u BaCkgroundS estlmated CMS Preliminary L = 19.7 fo s = 8 TeV
from jet-|n| sideband by [
multiplication with »
extrapolation factor I v reccton
obtained on data in events 15 ]
with 2 b-tags

m Expected background "
yield: 1.20 + 0.86 (stat.) l
+ 0.60 (syst). events ;> 180 GeV : Signal Region

t

Events

—— Data

95% C.L. upper limit on o (pb)

m Observed: 1 event 0900 200 300 400 500 600 700 800 .
Fr(GeV) N
m For mg < 1TeV,
Mo < 450 GeV can be
1
excluded CMS-PAS-SUS-13-016

Jan-Frederik Schulte (RWTH Aachen)



X 1 Search for same-sign lepton pairs

m Production of same-sign lepton pairs is rare in the SM
m Can be much more common in SUSY
m Select events with same-sign dileptons (ee, uu, ep) and at least two jets

m Events with three leptons are rejected if there is a SF-OS-lepton pair with my, < 12 GeV
or compatible with mz

Analysis strategy

m Perform a low lepton pr (> 10 GeV) and high
lepton pr (> 20 GeV) analysis

m Low pr analysis sensitive to compressed spectra

m High pr analysis focuses on lepton from W/Z N A e
boson decays H; (GeV)

m Low pr analysis has higher Hr requirement
(> 250 GeV) due to trigger requirements

m Use E%“iss, Hr, Njets, and Npjets to classify events

m Results in 28 search regions for each high and
low pr analysis

s =8TeV, L=1951t"
e

T T
o #btags =0
= #btags =1
4 #btags=2

cms Vs=8TeV, L =195fb
e

T T
o iibtags =0
= #btags =1
4 #blags22

600 800 1000 1200 1400

JHEP 01 (2014) 163 e (GeV)
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X 1 Search for same-sign lepton pairs

nds

m Non-prompt leptons: Predicted from events with leptons passing loose selection criteria,
multiplied by tight-to-loose ratio
m Charge misidentification: Negligible for muons, for electrons predicted from OS events
multiplied by charge mis-ID probability (10=4-10—5)

u : ftV, WV, ftH, and VH predicted from Simulation

cMs fS=8Tev,L, =195fb"
High-p, signal regions with 0 b-tags

N
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Search for same-sign lepton pairs

Z

L W

m Results interpreted in different simplified SUSY models, combining the most relevant
search regions

m Show two examples here

m Summarizing all results, § masses up to 1050 GeV and b masses up to 500 GeV are
probed

Model Al t Model B1 i
~ Py / -
t - W
\ . / \ b e v
Y - b S
0 ~ N o
. X1 T i S X
Py S Py P
/ g t / bi \‘\'\ Wt
t t
cMs 5=8TeV, L =195f" cMs, s=8TeV, L =195b" cMs Vs=8TeV, L =195f"
< 10* = il 10° — it
% | -885- 1R nomLLexcusion 2z % [ pp-BBLB,~ Wi NLOWNLL exclusion E% | ep-BBLB,- W NLOWLL exclusion
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X 1 Search for same-sign lepton pairs

Dedicated RPV search

m Dedicated search region for R-parity violating SUSY using the high-pr leptons

m At least 2 jets, at least 2 b-tags, Hr > 500 GeV, no Eiss requirement

m Expected: 5.3+2.1 events Observed: 5 events

m Interpreted in a Simplified Model of gluino pair production with decays § — tbs (bs)
m Lower limit on my of 900 GeV

cMs Vs=8TeV,L=195fb"
T T T R T A AR
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X 1 Summary

m CMS performs a wide variety of searches for SUSY and new physics in general
m Presented here are searches focused on the dilepton final state

Kinematic properties of different production mechanisms or decay chains are exploited
for maximum sensitivity

In general good agreement between expectations and observation

Largest deviation: 2.60 excess in edge search, under scrutiny in Run Il
Interpretation of results in several simplified model scenarios

In both RPC and RPV scenarios, gluino masses in the TeV range are probed
For bottom squarks, limits in the order of 500-600 GeV are set
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X 1 Search for same-sign lepton pairs

Object pr (GeV) 0]
Electrons >10(20) | <2.4 and ¢[1.4442,1.566]
Muons >10(20) <24
Jets >40 <24
b-tagged jets >40 <24
Np-jets | ER™ (GeV) | Niets | Hr € [200,400] (GeV) | Hy > 400 (GeV)
2-3 SRO1 SR02
Y S-1200 1y SR03 SR04
B < 120 2-3 SR05 SR06
>4 SRO7 SR0O8
2-3 SR11 SR12
- 50-120 >4 SR13 SR14
- < 120 2-3 SR15 SR16
>4 SR17 SR18
2-3 SR21 SR22
=4
- 50-120 >4 SR23 SR24
- < 120 2-3 SR25 SR26
>4 SR27 SR28
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X 1 Search for SUSY using the VBF topology

|

m Limits on mg .+ reach 720 GeV for Mgo =0

m Vector boson fusion topology with two forward jets offers
great separation between signal and SM backgrounds

m Increased sensitivity to compressed spectra i B

m Go down to 100 GeV for Am = Mgt — Mgo =50 GeV g g h
w

® Pair production of ¥ %, 5T, %513, and £3%9 W
m Decays: {i — Fur, X3 — 77, 7 — 7X0 q i
7 y GMSPreliminary 197178 Tev)
Event selection G Yp-w0cey 4
. . 4+t (p,G) > 50 Gev) bl
m Final state: £¢ + jj, where ¢¢ = eu, pp, urh, andrpth 101 Vijets (3() > 30 Gev) 3
m Central selection: o +++¢V+jets (R4) > 50 Gev) ]
EP'ss > 75 GeV (30 GeV for m,7p), e . E
. —— 1
veto on b-tagged jets 10 : Y ]
m VBF selection: + + %:F*
two jets with pr > 50 GeV (30 GeV for pu* u¥), 10t - 3
mj; > 250 GeV with Anp > 4.2and 7y x 2 <0 wh — - ]
CMS-PAS-SUS-14-005 1005001000 1500 2000 250¢
m(,)[GeV]
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Search for SUSY using the VBF topology

Z

L W

. . . CM S Prelimi 19.7 b (8 TeV
m Background predicted from yields in the central 3 100 “
f o Dyes
selection g1 o
diction S 10° m—co s i
NE® = Neentral selection X €VBF selection 2 ¢
B i i § 10°E omers
o (2 =200 Gev.m, =165 G m, <0G

€VBF selection Measured in data

Neentral selection Obtained from data or corrected

simulation =
m Correction factors and VBF efficiencies 1026
i -3 Il L Il Il
determined process dependent 107 B
m Agreement between estimates and observation in g 25
all channels £ /WWMWZZ/ 77
m Fluctuations in different channels at 2 o level S TS M0 1o 2000 - 200
Process R e g | Wi Process P i [ i Wi
DY +jets | 43+£17 | 37430 [199429 (123444 DY +jets < 0.01 0447 1 05402 <001
W +jets < 0.01 4,2i§_; 173+£30 | 2017 W +jets 014+82x10~* 013 0 93+23 05+0.1
A% 28+05 |31+07| 29405 | 05402 v 21+03 19404 | 11402 | 014651072
t 240417 | 190433 | 11.7£28 - tF 31£01 35407 | 67+£28 | 01+12x1072
QCD - - - 63+18 Single top - - - < 0.1
Higgs 1.0+0.1 | 1.14+05 - 11401 QCD - - - 76109
VBF Z - - - 0.7£02 Higgs - - - <001
Total 322424 | 311438 | 518451 | 229451 Total 54+03 54433 | 176438 84+09
Observed 31 22 41 31 Observed 4 5 14 9
CMS-PAS-SUS-14-005

an-Frederik Schulte (RWTH Aachel



X 1 Search for SUSY using the VBF topology

m No signal observed — combine subchannels to derive exclusion limits

® Two scenarios:

1 1
m.+ —mz = V mz: = ;m, Zm.
g — Mz =5Ce =g Mge + Mg

19.7 fb* (8 Te

g r a%“gﬁr—-‘t, mg - m;=5 GeV g .

O gl Heu T, 4 O gL M LT, 4
E Observed E| E Observedt E|
L - Expected 10, m; -y =50 Gev ] [ evecedstom-m=s0cev ]
. ] P ]
10 (b 5 (L0) E 10 oApp - 3K (L0) <
10 E| 10 E
1= 3 1= 3
S T U I PR P PR S T FTTN TR P P

100 150 200 250 300 350 éoo 100 150 200 250 300 350 400

m; = e’ = Ge'
%= my = Mg [GeV]

m Yellow band: meo = 0 GeV Green band: Mt — Mo = 50 GeV
1 1 1

m Exclude ¥ masses below 300 GeV for m; = 1m-o + 1m~i and mo = 0 GeV
1

m Limit drops to 170 GeV for m_ o mgo = 50 GeV and m, i —m;z =5GeV
CMS-PAS-SUS-14-005
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