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CéMS . CMS lepton SUSY searches

CMS searches for SUSY in wide range of final states, including final states with leptons

no leptons
Covered by Josh’s talk

1 lepton

2 leptons

Covered by Marco Andrea’s talk

‘ > 3 leptons

Covered by this talk

Events with multiple leptons provide a clean and well controlled environment for
evidence of new physics Beyond the Standard Model.

CMS searches are SUSY model-independent, but in this talk several interpretions of
results in chosen specific SUSY models are shown.

In the following, results from two analysis will be shown.
Both of them used the full dataset 2012 LHC proton proton collisions
at center-of-mass energy of 8 TeV, corresponding to L = 20 fbL.

>3 leptons inclusive searches

=3 leptons +>1 b jets inclusive targeted searches

CMS-SUS-13-002

Trieste, August 26th 2013
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CMS Experiment at LHC, CERN 1 _
Data recorded: Mon Dec 3 07:19:18 2012 CEST "-,.‘»,M ET =94 GeV
Run/Event: 208429 / 387533924 '

CMS event
 two electrons, B
* 0ne muon, :

* Db-tagged jets, e /

- MET G
=

== ol b-tagged jet
, o =78 GeV CMS-SUS-13-008
b-tagged jet T

o =47 GeV m
b-tagged jet T C S\

p.=152Gev Missing transverse energy (MET) is the magnitude of the —
vector sum of the momenta of all particle candidates. ? A\
HT is the scalar sum of the transverse jet energies. £ T
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= CMS-SUS-13-008

Online selections with dilepton (DoubleMu, DoubleEle, MUE) triggers
first lepton p; > 17 GeV, second lepton p; > 8 GeV

Event selections
first lepton p; > 20 GeV, other leptons p; > 10 GeV

CLASSIFICATION
Optimized signal regions to achieve greater sensitivity
to an array of different SUSY cascades
Many mutually exclusive with varying requirements on

* Number of leptons

 Lepton and jet flavor, charge and flavor combinations
* Number of jets

* Number of b-jets

« MET

« HT
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A search for anomalous production of events
with three or more leptons

CMS-SUS-13-002
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Candidate multilepton events
* > 3 lepton candidates

MET distributions
for 64 categories

Example of results table with categories
3 leptons, maximum number of opposite-sign same flavor (OSSF) dilepton pair , presence of 1,
presence of a leptonically-decaying Z if at least one OSSF pair invariant mass is in Z mass
window, presence of b tagged jets, HT, MET

Selection ETvss IN(7h)=00 Np_jets =0 | | N(Ti,)=1I Npp_jes=0
3 Lepton Results obs exp obs exp obs exp obs exp

NA (100,c0) | 5 37L£16 | 35 33+ 14 1 55L22 47 61 £ 30
NA (50,100) | 3 35+14 | 34 36 + 16 8
NA (0,50) 4 21+08 | 25 25+ 9.7 1
above-Z | (100,00) | 5 36+12 | 2 10 + 4.8 3
below-Z | (100,00) | 7 97+33 | 18 14+ 6.4 8
on-Z | (100,00) 9 61+ 23 17 15+ 4.9 9
above-Z | (50,100) | 4 5+ 1.6 14 11+52 6
below-Z | (50,100) | 10 11+38 | 24 19 + 6.4 10 99+37 | 25 32 +16
78 22
4
5

W

on-Z | (50,100) 80+32 | 70 50 + 11
above-Z | (0,50) 3 7342 4 33487
below-Z | (050) | 26  25+68 | 110 86+ 23

on-Z 050) | *135 127441 | 542 543+159 | 31 32+ 6.5 86 75 + 19
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« Background from non-prompt leptons or tau candidates

Z boson production with associated jets, where Z decays leptonically and a third lepton is a result
of misidentification from a jet

—> Data driven method to estimate contributions from Drell -Yan

* Irreducible background from WZ production
Diboson + jets production where both bosons decay leptonically
—> Expected rate from theory and Monte Carlo simulations

« Background from tt(bar) production
—> Estimation from simulation after validation procedures

« Backgrounds from asymmetric internal photon conversion

External conversion: an on-shell photon decays into a lepton pair in the material of the detector
Internal conversion: virtual photon produces lepton pair

—> Estimation from data-based measurement

Trieste, August 26th 2013 Andrea Gozzelino - CMS 7



Search regions distributions
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CMS Preliminary =8 TeV, [Ldt =195 b CMS Preliminary {5=8TeV, [Ldt=19.5 16"
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&M Search regions distributions

o
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CMS-SUS-13-002

Events/Bin

Events/Bin

102

CMS Preliminary VYs=8TeV, _[L dt =19.5 fb™ CMS Preliminary Vs=8TeV, _[L dt = 19.5 fb”
= 3 leptons: OSSF1, on-Z, no taus, no b-jets, low H_ = n% 3 leptons: OSSF1, on-Z, no taus, at least 1 b-jet, low I-Lr =
E —4— Observed 3 2 . —4— Observed .
C n c .
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E = L A -
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Natural Higgsino NLSP scenario

Gauge Mediated Supersymmetry Breaking (GMSB) model
b CMS-SUS-13-002
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— Stﬂpﬂ (jet,£)
% /L (jet.)
BDt-tDm {H X x?'.l*- .
Nz Top squark production
- S with decays to neutral
——— iggsino e © % @

Z-Boson

Higgs l d T S o di-boson pair

Goldstino
Exclusion limits in the stop-chargino mass plane (different Br scenarios)

CMS Preliminary \s=8TeV, IL di =195 b CMS Preliminary \s=8TeV, jL dt=195fb" cms Preliminary \s=8TeV, jr. dt=19.5fb™
; D LA s s e s sy s B I ; LA e B s s B B e B B By B By et ; iy —T—TT L B e AL L  m  e|
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&M Slepton co-NLSP scenario

Gauge Mediated Supersymmetry Breaking (GMSB) model

— Gluino
Jet l
== Squarks
|
lets
=£== Wino
I
M Bino
Lepton
Sleptong

Exclusion limits
In the lightest chargino-gluino
mass plane

Trieste, August 26th 2013
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jet(s) CMS-SUS-13-002

«~ | Model includes strong & weak production

« : .
* ¢ ofsquarks, gluinos, sleptons, gauginos
e
LS : :

" Signal populates high MET and
! 3 and 4 leptons channels.
jet(s)

CMS Preliminary \s=8TeV, [Ldt=19.51b"
< F 1 T L L L B B
® 2700 =
9} 2600 Slepton co-NLSP (GMSB) =
o g = observed 95% CLs Limits =
1 2500 ——— Theory uncertainty (NLO) —
O SO B | N expected 95% CLs Limits .
E 2400 :_ - exDeCtedi1Gexperimental _:
2300F =
2200 3
2100 =
20002_ l l | I | I _i
800 1000 1200 1400 1600 1800
m. =t =% % (GeV)

%, 08 05 03
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in the degenerate
smuon- and selectron-

300

- Y
Stau (N)NLSP scenario INFN
Gauge Mediated Supersymmetry Breaking (GMSB) model L.../.,,wm
a MS-SUS-13-002
_ smuon, 'A . CMS-SUS-13-00 |
T Selectrong A LR e Electroweak production of
lepton | stau, ::j::.‘_ R g right-handed sleptons
- J / I g " Signal populates high MET
—  Goldstino rT and t channels.
CMS Preliminary \s=8TeV, J-L dt =19.5 fb
< SR B L B IR I IR LI I I
©  450F 3
O - -
T o 400E E
Exclusion limits £ a50E E

250F Stau-(N)NLSP (GMSB) -
stau mass plane - observed 95% CLs Limits 3
200 —— Theory uncertainty (NLO)5
- YL mmaaa expected 95% CLs Limits 3
1 50 :_ I expected ikjexperimental -
- expected i_2cexperimental
1 00 :_ expe(:tEd _Scexperimental

50

'I‘III|IIII|IIII|
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Origin & significance of discrepancy (7

CMS-SUS-13-002

Categorie: CMS Preliminary Vs =8TeV, _[L dt = 19.5 fb"
C 4 leptons: OSSF1, off-Z, 1-tau, no b-jets, low I-lr

4 leptons, OSSF1, off-Z,

including 1 1,

no b-tags, HT< 200 GeV

Observe = 22 events 1

Expected = 10 &= 2.4 events

B —— Observed
= Bkg Uncertainties
E [ Data-driven

C o+

e CIwz

10 7z

[ fw

iz

Events/Bin

10?

10"

0-50 50-100 100-150 150-200 ] >200
ETs (GeV)

Probability for 1 out of 64 categories to have as large a fluctuation = 50 %
Probability for all bins in 1 out of 64 categories to have as large a fluctuation= 5 %

Given that we search for new physics in 64 different categories of
multi-lepton events, it is not surprising that we find one category with
a large deviation between observed yield and expected SM background.

Trieste, August 26th 2013 Andrea Gozzelino - CMS 13



Search for supersymmetry
In pp collisions at 8 TeV
In events with three leptons
and at least one b-tagged jet

CMS-SUS-13-008

Trieste, August 26th 2013 Andrea Gozzelino - CMS 14



CMS

| Searching strategies

CMS-SUS-13-008

Candidate multilepton events
» =3 lepton candidates + > 2 jets + > 1 b-tagged jet

Baseline selections

60 search regions

‘ Variable Baseline Search Regions
Sign/Flavor | 3 e/u On-Z Off-Z
Nb—jets > 1 1 2 > 3
Njets > 2 2-3 > !
Hrt (GeV) > 60 60-200 > 200
EmsS (GeV) | > 50 50—100 100200 > 200
Backgrounds

One or more non-prompt or misidentified leptons
Three prompt leptons from diboson production
Rare SM processes

Trieste, August 26th 2013

Andrea Gozzelino - CMS
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CMS

Results In On Z regions

CMS-SUS-13-008
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Searching results in different signal regions for events with a Z candidate present (On-2)
Hr < 200 GeV

Nb-tags

Njets

Exviss (GeV)

Ht > 200 GeV

Expected Observed Expected Observed

50—-100 15.0 + 4.5 30 9.3 + 3.2 13

2-3 100—200 5.0 &+ 1.7 6 5.5 =+ 2.0 3

1 >200 0.36 &= 0.22 0 0.9 +=0.4 0
50—-100 0.11 4= 0.12 1 4.9 + 2.0 4

>4 100—200 < 0.19 0 3.0+ 1.3 5

>200 < 0.11 0 0.56 + 0.31 1

50—-100 2.3 = 0.8 5 2.6 = 1.0 2

2—3 100—-200 1.3 = 0.5 1 1.3 £ 0.6 1

5 >200 0.12 £+ 0.12 0 0.46 4= 0.24 0
50—-100 0.20 4+ 0.16 1 2.9 + 1.3 1

>4 100200 < 0.22 0 1.6 £+ 0.8 0

>200 < 0.09 0 0.29 4+ 0.19 0

50-100 < 0.09 0 0.17 = 0.14 0

>3 100—200 < 0.09 0 0.25 4+ 0.16 0
>200 < 0.09 0 0.02 £+ 0.09 0

Trieste, August 26th 2013

Andrea Gozzelino - CMS
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Search regions distributions

CMS-SUS-13-008
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e 4 ] . iz €9 - 7
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GO 8 i . tb7 0.8 o
] 0.6
0.4F : rare SM 04 rare SM
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Fair agreement between SM predicted backgrounds and data
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CMS

Gluino pair calling OFF shell stopé

CMS-SUS-13-008

CMS Preliminary, 19.5 fb‘1, Vs =8 TeV

iy —45
% PpP—93,9— tfj{f NLO+NLL exclusion
¢ 1000| ___
= == Observed + 1 Ciheory o
o ==z Expected + 1 _
ﬂ -T- p Gexpenment
& 800
—35
600

400

t t 200
Gluino-pair production with decay in 4 top
quarks and 2 lightest SUSY particles (LSP) 0
via OFF-shell stop 6

z
95% C.L. upper limit on cross section (fb)

-l_ | | | | | | 1 1| | 1 1 |

||||||.|5|!.|.-15
00 700 800 900 1000 1100 1200

mgluino (GeV)

Lower limit on gluino mass = 975 GeV
If LSP mass range [0,500] GeV
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CMS

Model A2

Gluino-pair production with decay in 4 top
quarks and 2 lightest SUSY particles (LSP)

via ON-shell stop

Trieste, August 26th 2013

Sy

Gluino pair calling ON shell stop

O

stop (G

£ 1000

1200

800

600

400

CMS-SUS-13-008

CMS Preliminary, 19.5 fb‘1, Vs =8 TeV

pp—99,d— tfi{? NLO+NLL exclusion
== Observed + 1 Ciheory
Expected+ 16
min =50 GeV

expernment

L G rEd

s

900 950 1000 1050 1100 1150

rngluinc) (GGV)

Lower limit on gluino mass = 1000 GeV

If stop mass range [250,800] GeV;

LSP mass fixed = 50 GeV

Andrea Gozzelino - CMS
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CMS-SUS-13-008
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CMS Preliminary, 19.5 fb'1, \s=8TeV

P Model B2 % 1400| PP — 34,9 — btW";[? NLO+NLL exclusion | —3¢ £

Q ==Observed+ 16,4, |3» &

E =22 Expected+ 16, criment g

81200 m_. = 150 Gev m_o = 50 GeV 0 e

£ - 1 1 28 O

I __ o

Py I N E

8005 — .

£ - 112 &

- ] =

. . . . B - —20

Gluino-pair production with decay to 2 bottom 6001 N _i

- - 1 18 O

quarks, 2 top quarks, 2 W bosons, 2 lightest : : | o

SUSY particles (LSP) via on-shell sbottom a0 . . L A 3
800 900 1000 1100 1200 1300

rngluino (GeV)

Lower limit on gluino mass = 1000 GeV
in sbottom mass range [400,950] GeV;
chargino mass fixed = 150 GeV
LSP mass fixed = 50 GeV
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CMS

-
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Pad € 250l — 140 @
d i | O
—120 ©
~ ~ . — 5
+
~ ~ X1 % | — 100 -—
% S )EO | \\ | E
P, 1 L : _ —80 g
N W+ - LI —60 Ao
[ 100 o B 5
. - . . - b ] 1 —40 -
Direct sbottom-pair production with decay sole L L, g
to 2 top quarks, 2 W bosons, 2 lightest . e s
SUSY particles (LSP) 300 350 400 450 500 550 600 650

Sbottom with top and charginos

CMS-SUS-13-008

CMS Preliminary, 19.5 fb‘1, {s=8TeV

msbottom (GeV)

Lower limit on sbottom mass =575 GeV
in LSP mass range [25,150] GeV;,
ratio between neutralino and chargino
mass fixed =0.5
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CMS-SUS-13-008 L/
CMS Preliminary, 19.5 fb‘1, {s=8TeV

— 450 — —10
% pp—b,p*,, b~ bZ‘;g:J NLO+NLL exclusion o @
) 400| =0Observed+ 16y, | _5
-0 % =22 Expected+ 16, o rment -8 3
. Xl £ 350 miz-mi?= 110 GeV e $
) — 1] 8
o e 17 ¢
- 145 2
250 — £
n 1 —4 —
Q
200+ — 13 £
- | >
Direct sbottom-pair production with decay to 2 150 = s
bottom quarks, 2 Z bosons, 2 lightest SUSY particles ; : : 1
1000, v e b i, @

(LSP) 300 350 400 450 500 0

msb01tom (GeV)

Lower limit on sbottom mass = 450 GeV
in LSP mass range [100,125] GeV;
mass difference between LSP and

neutralino fixed = 110 GeV

Trieste, August 26th 2013 Andrea Gozzelino - CMS 22



Conclusions

 Results in multilepton events coming from full 2012 dataset are shown
and two model-indipendent searches are presented.

* No significant excess has been found.
* Intepretations in several chosen SUSY models are proposed.

« More new results coming...stay tuned!

Gluinos decay to top pairs excluded for masses up to 975 GeV
Neutralinos decay to virtual stop excluded for masses up to 900 GeV
Gluinos decay to stops excluded for masses up to 1 TeV

Gluinos decay to sbottoms excluded for masses up to 1 TeV
Sbottom excluded for masses up to 450 GeV, if it goes to bottom
Sbottom excluded for masses up to 575 GeV, if it goes to top

Where is SUSY?
Let's go to search it
once morel

Trieste, August 26th 2013 Andrea Gozzelino - CMS 23
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CMS references

Search for supersymmetry in pp collisions at 8 TeV in events with three leptons and at least
one b-tagged jet

SUS-13-008 PAS-only-PUB

Notes: AN-2012/433

CDS Record: 1547560

A search for anomalous production of events with three or more leptons
in 19.5 /fb of 8 TeV LHC data

SUS-13-002 PAS PUB

Notes: AN-2012/343, AN-2012/342, AN-2012/257
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A search for anomalous production of events
with three or more leptons

CMS-SUS-13-002
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CMS, | )
| Results | INFN
CMS-SUS-13-002 g
Laboratori Nazionali di Legnaro
Selection E-}mss N(Th):O, Nb—jets:0 N(Th)zl, Nb_jets:O N(Th)ZO, Nb—jetszl N(Th)zl, Nb—jet521
4 Lepton Results obs exp obs exp obs exp obs exp
OSSFO Hr > 200 NA (100,00) 0 0.01 = 0.03 0 0.01 = 0.06 0 0.02 = 0.04 0 0.11 + 0.08
OSSFO Hr >200 NA  (50,100) 0 0+ 0.02 0 0.01 + 0.06 0 0+ 0.03 0 0.12 + 0.07
OSSFO Hr > 200 NA (0,50) 0 le-05 £ 0.02 0 0.07 £ 0.1 0 0+ 0.02 0 0.02 + 0.02
OSSF1 Hr > 200 off-Z  (100,00) 0 0.005 + 0.02 1 0.25 +0.11 0 0.13 + 0.08 0 0.12 + 0.12
OSSF1 Hr > 200 on-Z  (100,00) 1 0.1 4+ 0.06 0 0.5+ 0.27 0 042 +0.22 0 0.42 4+ 0.19
OSSF1 Hr > 200 off-Z  (50,100) 0 0.07 = 0.06 1 0.29 + 0.13 0 0.04 + 0.04 0 0.23 + 0.13
OSSF1 Hy > 200 on-Z (50,100) 0 0.23 +0.11 1 0.7 +0.31 0 0.23 +0.13 1 0.34 + 0.16
OSSF1 Hy > 200  off-Z (0,50) 0 0.02 = 0.03 0 0.27 £0.12 0 0.03 £ 0.04 0 0.31£0.15
OSSF1 Hy > 200 on-Z (0,50) 0 0.2 4+ 0.08 0 1.3 +£0.47 0 0.06 £ 0.04 1 0.49 £+ 0.19
OSSF2 Hr > 200 off-Z  (100,00) 0 0.01 + 0.02 0 0+0 0 0.01 + 0.06 0 0+0
OSSF2 Hr > 200 on-Z  (100,00) 1 0.15 + 0.16 0 0+0 0 0.34 +0.18 0 0+0
OSSF2 Hr > 200 off-Z  (50,100) 0 0.03 + 0.02 0 0+0 0 0.13 + 0.09 0 0+0
OSSF2 Hr > 200 on-Z (50,100) 0 0.8£04 0 0£0 0 0.36 = 0.19 0 0+£0
OSSF2 Hr > 200  off-Z (0,50) 1 0.27 = 0.13 0 0£0 0 0.08 = 0.05 0 0+0
OSSF2 Hy > 200 on-Z (0,50) 5 74 +£35 0 0£0 2 0.8 £0.4 0 0+0
Table 1: Results from 19.5 fb~! of 2012 data. The labels going down the side refer to whether
or not there are OSSF pairs, whether or not Z — £7¢~ was excluded (below-Z means m; <
75GeV, above-Z means my; > 105GeV, on-Z means m;; between 75 and 105 GeV), and the Ht
and E?"'“ requirements. Labels along the top of the table give the number of 7, candidates,
0 or 1 and the number of b-jets which is 0 or =1. All channels are exclusive. The channels
shown in the table are for displaying purposes only. Finer E%‘"“ channels are used for the
fitting procedure and for setting the limits.
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CMS-SUS-13-002
Selection Errrmss N(,)=0, F“bejets:0 N(m)=1, JNbfjets:0 N(7,)=0, J-Nbfjetsz1 N(m)=1, I\‘bejetsz1
4 Lepton Results obs exp obs exp obs exp obs exp
OSSFO Hr <200 NA  (100,00) 0 0.11 £ 0.08 0 017 £0.1 0 0.03 £0.04 0 0.04 £+ 0.04
OSSFO Hr <200 NA  (50,100) 0 0.01 £ 0.03 2 0.7 £0.33 0 0+ 0.02 0 0.28 £ 0.16
OSSFO Hr <200 NA (0,50) 0 0.01 + 0.02 1 0.7+ 03 0 0.001 £+ 0.02 0 0.13 £+ 0.08
OSSF1 Hy < 200 off-Z  (100,00) 0 0.06 £ 0.04 3 0.6 £0.24 0 0.02 £ 0.04 0 0.32 £0.2
OSSF1 Hr <200 on-Z  (100,00) 1 0.5£0.18 2 254+05 1 0.38 £0.2 0 0.21 £0.1
OSSF1 Hr < 200 off-Z  (50,100) 0 0.18 £ 0.06 4 214+05 0 0.16 = 0.08 1 0.45 4+ 0.24
OSSF1 Hr <200 on-Z  (50,100) 2 1.2 £0.34 9 96+ 1.6 2 0.42 4+ 0.23 0 0.5+ 0.16
OSSF1 Hr < 200  off-Z (0,50) 2 046 £018 | 15 75+£2 0 0.09 £ 0.06 0 0.7 £ 0.31
OSSF1 Hr <200 on-Z (0,50) 4 3£08 41 40 £ 10 1 031 +£0.15 2 1.5+ 0.47
OSSF2 Hr < 200 off-Z  (100,00) 0 0.04 £0.03 0 0£0 0 0.05 £ 0.04 0 0£0
OSSF2 Hr <200 on-Z  (100,00) 0 0.34 £ 0.15 0 0+0 0 0.46 4+ 0.25 0 0£0
OSSF2 Hr < 200 off-Z  (50,100) 2 0.18 £0.13 0 0+0 0 0.02 + 0.03 0 0+0
OSSF2 Hy <200 on-Z  (50,100) 4 39+£25 0 0£0 0 0.5+£0.21 0 0£0
OSSF2 Hr < 200 off-Z (0,50) 7 89+24 0 0£+0 1 0.23 £ 0.09 0 0£0
OSSF2 Hr < 200 on-Z (0,50) *156 159 + 34 0 0£+0 4 294+0.8 0 0£0
Table 2: Results from 19.5 fb™! of 2012 data. The labels going down the side refer to whether
or not there are OSSF pairs, whether or not Z — £7¢~ was excluded (below-Z means my <
75GeV, above-Z means my > 105GeV, on-Z means mj between 75 and 105 GeV), and the Hy
and E%""“ requirements. Labels along the top of the table give the number of 7, candidates,
0 or 1 and the number of b-jets which is 0 or >1. All channels are exclusive. The channels
shown in the table are for displaying purposes only. Finer E%‘"“ channels are used for the
fitting procedure and for setting the limits.
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Selection Errrmss N(m,)=0, Nb—jets =0 N(7,)=1, I\Ib—jets:O N(m,)=0, I\Ib—jetsz1 N(w)=1, I\Ib—jetsz1
3 Lepton Results obs exp obs exp obs exp obs exp
OSSF0O Hy > 200 NA (100,00) 5 3.7+ 1.6 35 33+ 14 1 55+22 47 61 £+ 30
OSSF0O Hy > 200 NA (50,100) 3 35+1.4 34 36 + 16 8 77 +£2.7 82 91 + 46
OSSF0 Hy > 200 NA (0,50) 4 21+08 25 254+9.7 1 3615 52 59 +29
OSSF1 Hy > 200 above-Z  (100,00) 5 3.6 1.2 2 10 + 4.8 3 47 +1.6 19 22 +£11
OSSF1 Hy > 200 Dbelow-Z  (100,00) 7 9.7 +33 18 14 + 6.4 8 9.1+34 21 23 +£11
OSSF1 Ht > 200 on-Z (100,00) 39 61 + 23 17 15+ 49 9 14+ 44 10 12+ 5.8
OSSF1 Hr > 200 above-Z  (50,100) 4 5+ 1.6 14 11+5.2 6 6.8 +24 32 30 4+ 15
OSSF1 Ht > 200 below-Z  (50,100) 10 11 £3.8 24 19+ 64 10 99 +37 25 32 +16
OSSF1 Hy > 200 on-Z (50,100) 78 80 + 32 70 50 £ 11 22 22 + 6.3 36 24 +£9.8
OSSF1 Ht > 200 above-Z (0,50) 3 73+2 41 33+ 8.7 4 53+15 15 23 +£11
OSSF1 Hy > 200 below-Z (0,50) 26 25 + 6.8 110 86 4+ 23 5 10+ 25 24 26 £11
OSSF1 Hy > 200 on-Z (0,50) *135 127 £ 41 542 543 4+ 159 31 32 £65 86 75+ 19
Table 3: Results from 19.5 fb™ " of 2012 data. The labels going down the side refer to whether
or not there are OSSF pairs, whether or not Z — £7{~ was excluded (below-Z means my <
75 GeV, above-Z means my; > 105 GeV, on-Z means my between 75 and 105 GeV), and the
Hy and EF“‘S requirements. Labels along the top of the table give the number of 7, candidates,
0 or 1 and the number of b-jets which is 0 or =1. All channels are exclusive. The channels
shown in the table are for displaying purposes only. Finer E?‘“ channels are used for the
fitting procedure and for setting the limits.
Andrea Gozzelino - CMS 37
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Selection Epse N(7)=0, Np—jets=0 N(th)=1, Np—jets=0 N(1)=0, Np—jets=>1 | N(mh)=1, Np_jets>1
3 Lepton Results obs exp obs exp obs exp obs exp
OSSFO Hy < 200 NA (100,00) 7 114+49 101 111 £ 54 13 10 £ 5.3 87 119 £+ 61
OSSF0 Ht < 200 NA (50,100) 35 38+ 15 406 402 + 152 29 26 + 13 269 298 + 151
OSSFO HT < 200 NA (0,50) 53 51 £ 11 910 1035 =+ 255 29 23 £10 237 240 £+ 113
OSSF1 Hr <200 above-Z  (100,00) 18 134+ 35 25 38+ 18 10 65+29 24 35+ 18
OSSF1 Hr < 200 Dbelow-Z  (100,00) 21 2449 41 50 &+ 25 14 20+ 10 42 54 + 28
OSSF1 Hr < 200 on-Z (100,00)1 150 152 4+ 26 39 48 + 13 15 14 4+ 4.8 19 23+ 11
OSSF1 Hr <200 above-Z  (50,100) 50 46 £9.7 169 139 + 48 20 18 £ 8 85 93 + 47
OSSF1 Hy < 200 below-Z  (50,100) 142 125 + 27 353 355 + 92 48 48 £23 140 133 + 68
OSSF1 Ht < 200 on-Z. (50,100) *773 777 & 116 1276 1154 4 306 56 47 +13 81 75+ 32
OSSF1 Hr < 200 above-Z (0,50) 178 196 &+ 35 1676 1882 + 540 17 18 £+ 6.7 115 94 4 42
OSSF1 Hy < 200  below-Z (0,50) 510 547 + 87 9939 8980 =+ 2660 34 42 £11 226 228 + 63
OSSF1 Hy < 200 on-Z. (0,50) *3869 4105 £ 666 | *50188 50162 4+ 14984 | *148 156 4+ 24 906 925 4+ 263

Table 4: Results from 19.5 fb™! of 2012 data. The labels going down the side refer to whether
or not there are OSSF pairs, whether or not Z — 7~ was excluded (below-Z means m; <
75GeV, above-Z means my > 105GeV, on-Z means m;; between 75 and 105 GeV), and the Ht
and EY'™* requirements. Labels along the top of the table give the number of 7, candidates,
0 or 1 and the number of b-jets which is 0 or >=1. All channels are exclusive. The channels
shown in the table are for displaying purposes only. Finer E}"™* channels are used for the

fitting procedure and for setting the limits.
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Control region distributions

CMS-SUS-13-002

CMS Preliminary Vs=8TeV, fr. dt =19.5 fb"!
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é Uncertainties SYTRITREYTY

Source of Uncertainty Uncertainty
Luminosity 4.4%
PDEF 14%
Renormalization Scale 10%
E%ﬁss Resolution/Smearing: 0 — 50 GeV, 50 — 100 GeV, > 100GeV | (-3%, +4%, +4%)
Jet Energy Scale W*Z 0.5% (WZ)
B-Tag Veto 0.1% (WZ), 6% (tt)
Muon ID/Isolation at 10 (100) GeV 11% (0.2%)
Electron ID /Isolation at 10 (100) GeV 14 % (0.6%)
Tau ID/isolation at 10 (100) GeV 2%(1.1%)
tf cross-section/ fake rate 50%
WZ normalization 6%
Z Z normalization 12%
Internal conversion fake rate 100%

Statistics dominated uncertainties
The results are used to place upper limits at 95% confidence level (CL) on the signal rate
calculated using the modified frequentist CL method.
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GMSRB scenarios CMS-SUS-13-002

GMSB = Gauge Mediated Supersymmetry Breaking L _
Gravitino is the lightest

Mass spectra in 3 models SuSsY particle (LSP).
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Jet
==—  Squarks
Jets ‘
StOpR —— Wino
Bottom v l B; Smuong
Top no Selectrong
Lepton l Lepton l
=——= Higgsino === Slepton, —— Staug
Higgs
Z-Boson Lepton Tau
Goldstino —— Goldstino —Y Goldstino
Natural Higgsino-NLSP Slepton co-NLSP Stau (N)NLSP
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Natural Higgsino NLSP scenario

Gauge Mediated Supersymmetry Breaking (GMSB) model
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Natural Higgsino NLSP scenario

Gauge Mediated Supersymmetry Breaking (GMSB) model
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Natural Higgsino NLSP scenario

Gauge Mediated Supersymmetry Breaking (GMSB) model
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Discrepancy studies

CMS-SUS-13-002

Categorle CMS Preliminary s=8TeV, I_Irrt =195f"
. . _E — . 4-leptons+0SSF1+off-Z+1-tau+no bjets+ow H_ ]
4 leptons, including 1 T, § [ 9 ot e ]
l_l_l ::::: sl
OSSF1, off-Z, 10 E .

no b-tags, HT< 200 GeV
Observe = 22 events
Expected = 10 &= 2.4 events

107

0-50 50-100 100-150 150-200 =200

ET™ (GeV)

Probability for 1 out of 64 categories to have as large a fluctuation = 50 %
Probability for all bins in 1 out of 64 categories to have as large a fluctuation = 5 %

Given that we search for new physics in 64 different categories of
multi-lepton events, it Is not surprising that we find one category with
a large deviation between observed yield and expected SM background.
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CMS-SUS-13-002

SMS = Simplified Models Space

Neutralino is the lightest
SUSY particle (LSP).

Production of partners of

Mass spectra in 2 models third generation quarks

—— Gluino
——  Sbottom
Top
Top +
Anti-Top |
— Chargino
W-Boson l
—Y _  Neutralino Neutralino
T1tttt Tett WW
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Third generation scenario T1tttt

Simplified Models Space (SMS)

—  Gluino CMS-SUS-13-002
© Third generation SUSY particles produced
~0 . - - -
X1 via gluino mediated stop production;
X1 gluinos decay in three bodies in SMS
Top + t  approssimation to tt(bar).
Anti-Top
, : CMS Prelimi \s=8TeV, [Ldt=19.5 b
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% Third generation scenario T6ttW

Simplified Models Space (SMS) model
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Search for supersymmetry
In pp collisions at 8 TeV
In events with three leptons
and at least one b-tagged jet

CMS-SUS-13-008
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Control regions

CMS Preliminary ls=8TeV,L =19.51b"

CMS-SUS-13-008

CMS Preliminary \s=8TeV, L =19.5 o™
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Jet multiplicity distributions for diboson Jet multiplicity distributions for diboson
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S~ Search regions distributions

CMS-SUS-13-008

On-Z events CMS Preliminary Vs=8TeV,L =19.5fb"
S 45FT T T T T T T T c T T T 1 > 4 r
L0 —o— data )
— 40 I non-prompt e/pn
*g 35 [Iwz+zz
o 30 B iz
1125 L ldw

B 5z
[ lrare SM
L] total bkg unc.

100 150
Njets Nb—tags E-TIQS [G eV]

Fair agreement between SM predicted backgrounds and data
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Results in off Z regions

CMS-SUS-13-008

Searching results in different signal regions for events without a Z candidate (Off-2)

miss Ht+ < 200 GeV Hr > 200 GeV
Nb-tags | Njets | £F (GeV) Expected Observed Expected Observedl

50-100 33.3 £ 7.0 36 10.9 £ 2.4 9

2—3 100—-200 11.8 £ 2.6 13 9.0 & 2.0 §)

" >200 0.33 = 0.21 0 1.2 +£04 0

50—100 0.92 £+ 0.36 2 5.3 = 1.3 3

>4 100200 0.10 = 0.12 0 3.5+ 1.0 3

>200 < 0.09 0 0.74 + 0.31 0

50-100 4.7 = 1.9 7 3.8 &=1.1 7

2—3 100—-200 2.2 £ 0.7 1 1.9 &+ 0.7 0

5 >200 0.22 £+ 0.19 1 0.14 = 0.13 0

50—-100 < 0.13 0 2.7 = 0.8 1

>4 100-200 < 0.16 0 1.7 &= 0.6 0

>200 < 0.09 0 0.33 £ 0.18 0

50-100 < 0.09 0 0.56 £ 0.27 1

>3 100—-200 < 0.12 0 0.17 £ 0.13 0

>200 < 0.09 0 0.20 £+ 0.19 0

Fair agreement between data and SM predicted backgrounds
Trieste, August 26th 2013
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S Search regions distributions

CMS-SUS-13-008
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Off-Z events CMS Preliminary Vs=8TeV, L =195 i1
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Fair agreement between SM predicted backgrounds and data
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S Search regions distributions

CMS-SUS-13-008

CMS Preliminary Vs =8TeV,L =195 fb”
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chs, | - . CMS-SUS-13-008
Mé' Uncertainties

Source Uncertainty, %
Luminosity 4.4
Modeling of lepton reconstruction, ID, I..; based on Z-events 12
Jet energy scale 515
Unclustered energy and lepton effects on EXiss 5}
Modeling of b-jet multiplicity 5—20
Trigger 5}
Total systematic uncertainty 15-30

Statistics dominated uncertainties

The results are used to place upper limits at 95% confidence level (CL)
on the signal rate calculated using the modified frequentist CL method.

Trieste, August 26th 2013 Andrea Gozzelino - CMS 56



