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SUSY Multilepton Production &‘(IT

W |solated leptons in SUSY mostly from Neutralino/Chargino decays
® depending on mass scale: decay either via slepton or on/offshell boson

® Multileptons (N;= 3) mostly from pairs of Neutralino/Charginos

® Neutralino/Chargino pairs either by direct elektroweak production or in
SUSY decays

Direct electroweak production Cascade decays of squarks and gluinos

=1

MET and low hadronic activity High hadronic activity and MET
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SM Backgrounds

Two type of SM Backgrounds:

@ Direct production of dibosons (irreducible)
W ZZ — 4 leptons: no intrinsic MET, low hadronic activity
W ZW — 3 leptons + neutrino: MET, low hadronic activity

® Two leptons from bosons + fake leptons
W DY — # + fake lepton: no intrinsic MET, low hadronic activity
W ttbar - WWbb — v v bb + fake lepton: MET, high hadronic activity
| WW — fviv + fake lepton: MET, low hadronic activity
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Search Strategy ST
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. CMS simulation s=7TeV, L =21fb"
Event Selection: asof T T
' 400 . o
® Include 3 and more leptons (up to 2 t's) 250 7 Monos
300 Il Z+jets

W Select single & dilepton triggers
W Cut events with J/¥,Upsilon: M(f') > 12GeV
@ Reject Z(€€ + FSR): M(£f) # M(Z)

VV+jets
tt+jets

Events / 40 GeV

Lo b b b b Lo b el

0 e TP L L) LRt Oy e 3
Signal Selection: ° ‘“ifl-l— R Gev)

® Use MET, HT (Xjet ET), Z-Veto (M(€°¢) # 75-105 GeV)
for opposite sign opposite flavour leptons (OSSF)

CMS simulation §=7TeV, L =211b"
® Be sensitive to different SUSY scenarios Zzz S
® Split phase space in 52 different channels 3 = :EL}?{M ;
® Number/Charge of leptons 8 20 MAG
® Number of Taus g E
® MET >/< 50 GeV . :
® HT >/<200 GeV e ]
® OSSF Z/noZ T MET | e
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Lepton Selection

Electrons and Muons: (Pt>8 GeV in |n| <2.1)

® Reject fakes from long-lived mesons by transverse distance to beamspot
® Require |dy| <0.02 cm

B Reject fakes from jets by relative (<0.15) and total isolation (<10GeV)
W |[solation for e(u) measured in tracker + calo in cone 0.4 (0.3)

® Additional requirements from trigger tresholds:

Lepton\Trigger Type M e MM ee ep
Leading e/p > 20 > 70 >15 >20 >20
Next-to-leading e/p NA NA >10 >10 >10
Taus: ( n| <2.1) 35% (T vpi; T_I_
W Use single prong decays 11.61%p, .-
® h'+v: isolated track, Py> 8 GeV 36.54% ptp, > 1af

+ ' . 19¢ +7—1+ 0 0 -
®m h'+v+n"s: isolated track, P> 15 GeV 15.19%  n*h=n* > 07" > 0K} o,

® allow for electromagnetic energy in dR<0.1
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SM Background Prediction: Strategy ﬁ‘(“.
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MC Prediction for diboson and ttbar:

® Corrected with measured lepton selection efficiency

® MC prediction validated in control measurements
® WZ: trilepton events with M({€) = M(Z) and MET
W ttbar: Isolation sidebands of third non-isolated leptons in leptonic ttbar sample
W ttbar: Isolation distribution of non-prompt leptons in semi-leptonic ttbar sample

Data Driven background prediction:

@ DY + Fake leptons from jets (counts also for WW+jets)
® Electrons, Muons: estimated from isolated tracks in dilepton data
B Taus: estimated from isolation sidebands in dilepton data
@ Estimation validated in control measurements

® Dilepton + Fake leptons from asymmetric photon conversion
w2+ y v— U one lfails cut
B Estimated from dilepton + isolated photon data
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SM Background Prediction: Example ﬂ(".
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CMS preliminary Vs=TTeV, L =2.1fb" CMS preliminary Ns=7TeV, L _=2.1fo"
§104§_ \+ - T T T _\._D\ATA\ I i 3104_ I +\ I T I _\._D)IATA\ T h
@ Control Measurements for ¢ | {{p RSN S 470 -
LI>J103? +Jets - F10°E +Jets
DY and ttbar (more methods “ ¢ - o _
shown in b'up) 15 107
10; 10;—
® Validate MC in isolation ik i
sidebands of third lepton . b
10 0 20 40 60 80 100 120 140 160 180 200 10 0+||56 ‘ ‘1‘06H1l5(|]‘ ‘2‘06 250 300 350 400 450 500
M ET ET™* [GeV] H T H, [GeV]
@ Selection: | OMSpoimnay STV Le2ib o OMSpiminay TRV L 210!
: 810“— = 3 4L
B 2 isolated leptons : Pre $”C pre ~+ DATA
i 210k 2. [ wvedets
® 1 non-isolated lepton _

1078

® Good agreement observed
between data and MC

107"

0 50 100 150 200 250 300 350 400 450 500

MET HT e

0 20 40 60 80 100 120 140 160 180 200
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Multilepton Search Results: 52 channels

® Good agreement in channels with large SM background

Selection N(T)=0 NiT)=1 N(T)=2
obs expected SM obs expected SM  obs  expected SM
4 Ieptons (e’u) >FOUR Lepton Results
+ MET>50GeV MET>50,H; >200,n0Z 0 0.003 £ 0.002 0 0.0l £005 0  030+022
MET>50,Hy =200, Z 0 0.06 + 0.04 0 0.13 4 0.10 0  015+023
+ HT<200GeV MET>50,Hy <200,noZ 1 0.014 + 0.005 0 0.22 & 0.10 0  059+025
+ 7-Vet MET=>50,Hy <200, Z 0 043 £0.15 2 0.91 & 0.28 0  034+015
-velo MET<50,Hy >200,noZ 0  0.0013+0.0008 0 0.01 & 0.05 0 0.18+007
MET<50,Hy =200, Z 1 0.28 & 0.11 0 0.13 & 0.10 0  052+019
MET<50,Hy <200,n0Z 0 0.08 & 0.03 4 0.73 & 0.20 6 6.9 + 3.8
3 Ieptons (e,u) MET<50,Hy <200, Z 11 9.5 + 3.8 14 57414 39 21+ 11
THREE Lepton Results
+ MET>50GeV MET>50,H; >200,n0-OSSF 2 0.87 £0.33 71 143 £ 48 12 104E22
MET>50,Hy <200,n0-OSSF 4 37412 88 68 &+ 17 76 100 + 17
+ HT>200GeV MET<50,Hy >200,n0-OSSF 1 0.50 & 0.33 12 7.7 +£23 22 247440
+ 7Z-Veto MET<50,Hy <200,n0-OSSF 7 50417 245 208 + 39 976 1157 + 323
MET=>50,Hy >200,n0Z 5 19+05 | 7 10.8 + 3.3 - -
MET>50,Hy =200, Z g 51127 10 112 + 25 - -
3] MET>50,Hy <200,n0Z 19 11.6+32 | 64 52 + 13 - -
eptons (e,u) MET<50,Hy >200,n0Z 5 30107 24 26.6 + 3.3 - -
MET>50,Hy <200, Z 58 57 + 21 47 441470 -
+ MET>50GeV MET<50,Hy >200, Z 6 8.2 4 2.0 90 119 + 14 - -
+ HT<200GeV MET<50,Hy <200,noZ 86 82 + 21 2566 1965 + 438 - -
MET<50,Hy <200, Z 335 359 + 89 9720 7740 + 1698 - -
+ Z-VVeto Totals 4L 13.0 104 L38 20.0 78E15 15 30 £ 12
Totals 3L 536 539 + 94 12894 10267 = 1754 1086 1291 + 324

@ Some interesting channels are highlighted
@ Observation is largely consistent with SM expectation

@ Results are used to calculate limits in CMSSM and GMSM scenarios
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Limits in the GMSM scenario

Gauge Mediated Model:

- _ e
® Gravition G = LSP 1900 CMS Preliminary (8=7TeV, L, =21fb

® slepton co-NLSP scenario © 99% C.L. CLs Limits
- = NLO observed
| 2 — 2+G 8 ----- NLO expected median
~—1800 —— NLO expected +1c

W Lightest Neutralino decays via g
sleptons to 2 leptons + G

m NI +G

- NLO expected +2¢

1700~ N\ N e
® Pair production of lightest [ . N_ T T
Neutralinos lead to 4 lepton s
final states + MET 1600 e
® Multilepton search is most 600 700 800 _ 900

. m.. (GeV/c?)
sensitive to such models 2
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Limits in the CMSSM scenario
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CMS Preliminary Vs=7TeV, L =211fb" CMS Preliminary ls=7TeV, |_ =21 fb1
—— T T T T | T T T T T T T T | T T T T | T T T T —— T T T T | T T T T |
‘1'9‘ i 95% ﬁi.c.)cll;s Lim:s B COF 7, tanp=s u<0 | ‘fQ [ = 95% C.L. CLs Limits - CDF {, 7, tanp=5, n<0 |
— observe D0 3.5 -3, u<0 — NLO ob d
:(:; 400+ -=- NLO expected median LEPEH t{i[anﬂ g % 400 NLO ° ser\:ed gi R DO 2.3, tanp=3, p<0 |
5 . —— NLO expected 1o 4 X, 4 0] - e poe e T ) LEP2 %
= L --- NLO observed 2010 [ JLeP2 T i = B — NLO expected +15 r ]
o I 00 ;. S _ [ Jier2 7 i
= S s tanB = 10,A = 0,u>0 1
300 300 - _
200 200—

300

250
m, (GeV/c?)

m, (GeV/c?)

50 100 150 200 300 0

® CMSSM scenario with A=0 and mu >0
® Limits shown for tanp = 3 (left) and tanf3 = 10 (right)
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Conclusion & Outlook e e
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Search for SUSY in multilepton final states using 2.1fb-1

A variety of multilepton channels investigated

Good agreement in channels with large SM background
Results of multilepton search largely consistent with SM
New parameter space in the CMSSM and GMSM excluded
Summarized in CMS PAS SUS-11-013

New data (~4.7fb-1 ) currently being analyzed
Results will be published soon
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Backup
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Validation of WZ MC Prediction &‘(IT

® Selection: 31, OSSF lepton pair with M(f¥) = M(Z) and MET>50GeV

Number of jets in WZ control sample  HT distribution of WZ control sample

CMS f’,f?,'imff??-rbl’lfffITllel\{gllrnltlfl?-lﬂ fo! £oCMS Preliminary Vs=7TeV,L =2.11fb"
60" v ] : | mw
- Ml ] 60F T Iy .
50:_ [ ](@h*)+Jet ] _! [ 1(Zh*)+Jet ;
403_ @) — Iy 3 50;-— CI@zn) -y ]
— ! 40j=!— -
O ; 307 ]
208 | | - 20F .
100 1 10F Lo -

Gt b m @
#Jets H; [GeV]

Data well described by MC within systematic uncertainties (blue dotted lines)
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Leptons from Asymmetric Photon Conversion o Tooes

® External: real photon with conversion in detector material (y — e'e)
B Selected by: £'e with M({f) # M(Z) and M(f'te) = M(2)
® Internal: virtual photon with conversion at matrix element (y — £f)
® Selected by: £y with M(£'%) # M(Z) and M(£tu) = M(2)
® Data driven estimation: measure conversion probability in data using
M(HE)=M(Z) & M(£y)=M(Z) events and apply factor to {fy data sample

CMS Preliminary \I'_ 7TeV, L, =2 1 ﬂ::u1 363?\;15 Preliminary \4'_ 7TeV, L =21 fb‘
o4 [aY] T T 7
S 705 | | | |:| (Ziy* }—>||~; S | | | |:| (Ziy*) = Ity ]
I Evv 3 ol mw E i+
10 GU:— | i 39 C ‘ Bl i .
& 5'3:_ [ 1(2/y*)+Jet 3 @ 20F : [ 1(Zhy")+Jet
c “Vr | J € } . 7
£ 0 5 sl
o 400 1w 15¢ B

[ B %
==
[rreTy
liiaal
.
o
I
I

-2

(%))
7 717
|

—
o
L | LI L I

= = E N : E-L
TR —— _w T N B e i — —— ]
050700 150 200 250, 050700 150 200 250 .
M(n*pe) [GeV/cT] M np) [GeV/cT] fails cut
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Semi-Leptonic ttbar control sample
CMS Preliminary fs=7 TeV, L, =21 b’ CMS Preliminary is=7 TeV, L, =21 fh?
?g g"'l""l""l'"'I""I'"'I""I""I""I"'; %453_‘”II”II”IIIHHIII”I”“I””I””I””I”I_f
D60 — o, F E
Bl f e |
-3 i E = F Wit E
S0k B 3 343 { OW-+jets
30 DZ — |l 3 20%_ [Z > I
20 —f 155—
] 10%

5 6 7 8 9
Relative Isolation

6 7 8 9
Relative Isolation

Figure 4: The isolation distribution of electrons (left) and muons (right) with large impact pa-
rameter (d,, > 0.02 cm, primarily from jets) in a data sample enriched in tf — fvbbjj. The last
bin includes the sum of all bins above this bin. The number of non-prompt isolated muons is
7, with an MC expectation of 7.5 & 1.0.
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Results: MET for Trilepton (e,u) + HT < 200GeV
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Shown results correspond to 2 of 52 multilepton channels
® MET distribution for events with Z's (right) serves as background test
® New physics could be seen in high MET region of events wo Z's (left)

® Yellow histograms show data driven prediction

W Dashed blue lines are background uncertainties

Events/10 GeV

CMS Prenmmary \I'_—?Te‘u’ Ly =21 fb‘

40;_ I:"'u""u"
35F M
- [ ](Zhy*)+det ]

305 [](Zy*) = Iy
25E 1]
20¢ Events without
15F | Z in event

100 LT

5¢

i %1 % |

Missing Energy F, [GeV]

% 850 100 150 _ 200

CMS Preliminary \s = 7TeV, L, =21 fb!

2180F

o160 |
@140 ;

§120f

Wioof:|i|

80F
60
40F
20F

 mw E
B it —
[ ](Z2hy*)+Jet 7
[ ](Ziy) —?”'}"

Events with
Z in event

0

0‘..

50
Missing Energy % [GeV]

Martin Niegel: Multilepton SUSY Search @ CMS
5" Annual Workshop of the Helmholtz Alliance “Physics at the Terasale”

100 150 200

07/12/2011



Results: HT for Trilepton (e,u) + MET > 50 GeV
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Shown results correspond to 2 of 52 multilepton channels
® HT distribution for events with Z's (right) serves as background test
® New physics could be seen in region of events wo Z's (left)
® Yellow histogramms show data driven prediction
® Dashed Blue lines are background uncertainties

CMS Preliminary \F— ?'Te‘u’ b =21 fo!
I

- B T ! _
@ i Duu i
¢ 12+ —
o [ i )
2 10k [ (Zy")+Jet -
€ [e 1z — Iy -
S T ]
> 8 -
Wt §
6Ll Events without 1
- Z in event §
4t | ]
2 | T
N D

% 200 400 600
H, [GeV]

Events/50 GeV

602—
50F
40E-

30F
20F

10F L

5

LE'&EH—H—*—h

UCMS Prenmmary \F = ? Te‘u’ L = 2. 1 fo”

|:| w ]
Ml E
[](Z/y*)+det 3
2y — Iy T

Events with
Z in event

) ; | ] L
400 600
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Systematic Uncertainties

19

Source of Uncertainty Uncertainty
Luminosity 4.5%
PDF 14%
Renormalization Scale 10%
Muon ID 0.1 %
Electron ID 0.3%
T ID 3.7 %
Muon isolation at 8 (100) GeV/c 11% (0.2%)
Electron isolation at 8 (100) GeV /c | 14% (0.6%)
Single Muon trigger efficiency 0.5%
Single Electron trigger efficiency 0.7%
Double Muon trigger efficiency 2.5%
Double Electron trigger efficiency 2%
Electron-Muon trigger efficiency 3.7%
tt background 50%
WZ background 40%
Z7 background 40%
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Results for MET > 50 and Z-Veto
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Channel 0l + Jet bl + 7y tt VAY Total SM Data Signal
OS({f)e 0.334+0.08 0.4240.42 1.5+0.8 3.34+1.3 6.0+1.7 10 76+19
OS(tf)u 0.42+0.10 0174+0.17 22411 43+1.7 7.5+21 14 106421
OS(¢f)T 28.4+4 4 0.354+0.35 29415 4541.7 63+16 71 202430
't 24.6+6.0 1.7+1.7 38+19 7.5+29 73420 88 29410
SS(ee)y’ 0.4540.08 0.354+0.35 23411 0.4940.18 43+1.3 6 91454
SS(4)T 3.9+1.5 0.484048 1.7+0.9 34+1.3 9.9+2.3 21 4.0+4.0
(Tt 96118 NA 12.3+6.2 1.7+0.6 110+£19 88 240491
YL/t T) 154+28 3.1+£3.1 87144 25.3+9.7 273453 298 | 450+49
reee 0.0000£0.0006  <0.0002 <0.006  0.01640.005 | 0.0164+0.006 1 14.6+7.4
T 0.00+0.07 <0.007 <0.07 0.14+0.04 0.23+0.11 0 14.8+7.7
fitt 0.34+0.33 <0.005  0.27+0.13  0.1440.04 0.89+0.40 0 7.8+5.6

Y LE(E/T)(E/T) 0.34+0.34 0.00+£0.00 0.27+£0.13  0.2940.08 1.14+0.42 1 37412

Table 1: Summary of multilepton observations and expectations by lepton flavor for 2.1 fb L of
luminosity with MET > 50 GeV requirement. Events with Z candidates have been removed.
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