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Motivation. Signhatures
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m/pb’ pp A SUSY §

Same sign dilepton events arevery rare in SM but

appear naturally innew physics . a .oty

Two possible scenarios. SUSY processes are

dominated by: 10" .
Strong interaction of squarks and gluinos. o :

Electroweak production of charginos and neutralinos |
(squarks, gluinos are too heavy to play a role at LHC 1°
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Motivation. Run | results

Summary of CMS SUSY Results* in SMS framework

uino production
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Only a selection of available mass limits
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Searches for new physics at 8 TeV  have probed extensively many new
physics models

Resultsin agreement with SM expectations

Same sign dilepton searches have probed gluino masses up to 1050
GeV.

This is not the end of the story.
The increase in energy and luminosity for 13 TeV require a complete-

design of the same-sign analysis towards Run Il to enhance sensitivity
and reach.

Lepton identibcation and isolation

Fake lepton background : trigger strategy, ewk-subtraction, cone-pt
correction

Search strategy

Background determination: WZ normalisation from data.

Run Il started with ashort commissioning run  with 50ns bunch
spacing. 40 /pb.

Used for validation of background estimation methods and kinematic
distributions.

Adapted trigger prescales and threshold to new conditions.

Analysis has been commissioned and ready for 2015 data-taking.



Lepton identibcation and isolation

New identiPcation working points

Multi-isolation

Events

Data/Pred.

| i < 11" (pTratlo >, # pTreI > | 3)
Minisolation : relative isolation with a smaller variable cone size optimised for very busy
environments.

jet-pt ratio : ratio of the p; of the lepton and the jet. Acts as a relative isolation in large
cone. Optimised for low-pt leptons.

jet ptRel : pt of the lepton relative to the residual momentum of the jet , = (P4eY ! b(") ap(")

: : : IpGet) ! p(™)|
after the lepton momentum subtraction. Leptons with accidental overlap.
prompt eptOnS nOn-prOmpt eptOnS
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Trigger strategy

A combination of pure dilepton triggers and dilepton+H

events.

- triggers is used to select signal

Off3ine H efbciencies are measured with the brst CMS data in events with leptons gf» 40 GeV.
The Hplateau is reached by 300 GeV for all three triggers, and efbciency on the Hlateau is

effectively 100%
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. a new strategy has been designed for Run Il, to better populate the QCD



Event selection and observables

Events withtwo same-sign leptons are selected.

Leptons are required to havept > 20 GeV.

Leptons must satisfyvery stringent identibcation and isolation requirements to
reduce events with one fake lepton.

Vetos: The lepton pair must have mp> 8 GeV (low mass resonances) and there
must be no other lepton in the event making an OSSF pair with the signal lepton
with m; close to my.

Observables:
| Number of jets (g > 40 GeV)
Number of b-jets (Medium - tagging eff 70%, 10%, 0.1% for b,c. light jets)

Hp = pr(Jet;)



Search strategy and event variables

Design the search to be as wide andnodel-independent

possible.

Three exclusive lepton categories

categorisation: HL is enriched in ttbar w

as i | .
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St 0+ L HS%1&(96- *
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miss
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Events

These signal regions are
being reconsidered for
this iteration given the
total recorded luminosity
in 2015.

Data/Pred.

IS done using:
min

a

80

70

40[4

30

20

10

<.0F

15
1.0

0.5(

0.0o 50

60F

50F

nd M+

CMS Prellmlnary

42 pb™ (13 Tev)

+ H

100

150 200 _ 250 300

M (1,E™) [GeV]



Background processes

Non-prompt lepton backgrounds

tt! IF+jets, W! [+ jets, QCD + jets! 20% - 50% contribution”
Leptons from heavy-Ravour decays, photon )

conversions or misidentibPed jets."

Data driven. Tight to loose method !

Charge mis-identibcation! < 10% contribution, "
Z+jets! FI' +jets, tt! FI' +jets.! Only a#ects electrons. "
Data driven"

Prompt same-sign dileptons " 20% - 50% contribution

WZ, ZZ, W*W=*, ttW, ttZ, ttH, VVV.!
Estimated from MC

prompt lepton : high-pr isolated leptons. Ii.e. coming from W,Z decays.

fake lepton : leptons from heavy-Ravour decay and misidentibed light Ravour jets °



Tight-to-loose method for fake estimation

Loose/tight extrapolation in isolation and identibcation variables to account for all
the fake lepton sources.

There must be some relationship with prompt/fake to make such extrapolation:

|
I
i

what you have | tight -

what you get “prompt - prompt | prompt ? fake ﬂ | fake - fake» w

Making use of the probability for either category of leptons to pass/fail the tight cuts
after passing loose ones:

fake and prompt ratios:  number of (fake / prompt) leptons passing tight id/iso
criteria.



Fake ratio measurement

Fake ratio : Measured in anenriched QCD di-jet environment

Events are selected if they have exactly one lepton and one away jet. an upper cut on MET
and My to reduce EWK contamination. g cut on the jet modibes the isolation distribution.

Parametrised as a function ofp tand"
Prompt ratio : Measured inenriched Z ! |l sample.

Events are selected if they have exactly one OSSF leptons with jmm,| < 15 GeV. Two extra
jets are required to mimic ttbar events. An upper cut on MET is also applied.

Parametrised as a function of p 1, " and number of vertices
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A closure test is then performed in MC, achieving a 50% level of agreement at 8 TeV.



New ideas on the fake lepton background

Try to reduce the non-universality  of the method arising both from 3avour
composition and modelling of mother parton g.

Fake rate is nowparametrised as a function of thecone-corrected p 1.
it p® >13: pr!  préa@+ max(,lm" 11))
else: pr! max(pr,pr(jet) al»)

Subtract EWK contamination.

New trigger strategy also developed.
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Entries / 2 GeV

Charge mis-identiPcation

Electrons radiating a hard photon that then converts
into an e'e pair. Muons negligible due to longer lever
arm for the track measurement and less integration
with material.

Probability measured in Z mass peak using SS and
OS leptons in data, separately for barrel and endcap.

Pcy ! 0.016% (barrel) - 0.3% (endcap)

CMS Preliminary 42 pb™ (13 TeV) CMS Preliminary 42 pb™* (13 TeV)

] Predicted Same-Sign Events
° Observed Same-Sign Events

B Z+jets OS |
B z+jets SS |
e data OS :
o data SS

An alternative method
uses MC truth info. A
closure test is then
performed by measuring p

Entries / 5 GeV
[N
()]

10
8 In MC, applyingittoa Z
6 +jets sample in data and
4 \ comparing to observed
2 . .
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Prompt same-sign dileptons

WZ production

Large contribution for regions with N =0, CMS Preliminary 5=8TeV, L, =195

. . . B /eu/ ® Data
almost negligible otherwise. s Soc
O Wiz
@ Top
[ Ratio

10°

Events/ 20 GeV

I lllllll

Take estimation (shape) from MC and
normalisation from a WZ enriched
constructed by inverting the Z veto.

3

Uncertainties assigned both to the
normalisation and to the extrapolation to the
signal regions.

Rare SM (20-40% of tot. bkg):
Mainly ttV and WW . MC estimated

Uncertainties estimated by evaluating the EP"™ [GeV]
effect of PDF and QCD scale variations.
Using NLO generators.

13



Conclusions

Kinematic variables and background estimation methods have beencommissioned using the
prst data at 13 TeV.[CMS DP-2015/035 |

Showed a glimpse of theseveral improvements in the same-sign search
Lepton identibcation and isolation

Better estimation of the fake-lepton background . A cross-check method is being used to
determine uncertainty (30%)

Better understanding of thetheoretical uncertainties on the irreducible SM background (ttV)

WZ normalisation is extracted from data and theoretical and experimental uncertainties are also
assign to this process.

Search strategy also allow to better control background processes with better sensitivity.

The 13 TeV analysiss being reviewed by the collaboration and public document will be released by
mid December using full dataset collected in 2015.

The LHC entering a new era in particle physics , increase in energy and luminosity will allow
to produce heavier particles (if they existfsame-sign dilepton Pnal state , one of the most

Interesting channels for searching new physics \
ou:

14



Thank you!
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Baseline region for SS+b

CMS Preliminary, (s =8 TeV, L_ =19.5fb"
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Baseline region for EWKIno

CMS Preliminary
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Baseline region !

2 same-sign leptons (e,!) from same
vertex.

No third lepton within Z mass (looser)
Etmiss > 120 GeV

We found 94 events on the baseline
region.

Search regions !

SR2: 120 < E;Miss < 200 GeV, N = 0

Results will be combined with the 3l analysis (a 3" lepton veto is applied to be fully
exclusive with their selection).
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Background estimation

Charge misID (5-10 % of total bkg): !
Electrons only. Data driven.!

Probability measured in Z mass peak
using SS and OS leptons in data (MC
validated).!

Pcm! 0.02% (BB) - 0.2% (EE)!

Single and double OfakesO(10-50% of tot. bkg ):! Z_ * ou

Tight-to-loose method. Data driven.!

Measure fake/prompt rate in an control
region.!

Estimate the Npf, Nz from Ny, Ny, Nyin
signal region.!

50% syst. uncertainty assigned.

Universidad de Oviedo
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Background estimation

CMS Preliminary (s=8TeV,L =19.5b"

ee/ep/upn IEI Data

QcD
Cwz
B Rare SM
WIZIWWIZZ
@ Top
0 Ratio

WZ production (10-50% of tot. bkg): !

=X

Madgraph. MC estimated. !

Events/ 20 GeV

Validate in WZ enriched region.!

3

| lllllll I lllllll |

15% syst. uncertainty to account
for di#ferences!

Rare SM (20-40% of tot. bkg):!

Mainly ttV and W*W=*. MC estimated!

Estimated from MC with 50% syst.
uncertainty.

We prove the validity of these methodsn the baseline region (bkg dominated
Agreement Is good so we proceed to the search regions. 19



Events / 40 GeV

Events / bin

Results: SS+b

CMS Preliminary \s=8TeV,L =19.51b"
rrrrr* sy rr T
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Apply our background estimation
methods to each search region.!

No excess over SM predictions. SR are
exclusive so we use them together in
Interpretations.!

Set exclusion limits on various models.

CMS Preliminary (s=8TeV,L =19.5fb"
-_g 16 High-pT signal regions with = 2 b-tags
; 14F ¢ Data
e r [ | Rare SM processes
O12 ¢ Il Charge misID
> ¢
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- | | Total bkg uncertainty
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7 L
6
4r-
2
0

SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28



Interpretations SS+b

Universidad de Oviedo

Interpret our results in several di#erent models using di#erent regions. !

Gluino pair production (decaying to stops or decaying to light quarks),

sbottom production, RPV ...

For each model / conbguration we will
use di#erent signal regions to optimize
sensitivity.

Systematics are assigned and
calculated on a point-by-point basis: !

A total sys. uncertainty of ~20% is
considered per point.!

Model | Model parameter | Analysis | Signal Regions used |
Al high-pr 21D28
A2 m, o =50 GeV high-pr 21P28
B1 m, o =50 GeV high-pr 11P18, 21D28
B1 X=mo/m: =05 high-pr 11P18, 21D28
Bl X=m, ?/ m,. = 0.8 low-pr 1118, 2128
B2 m ¢ =50 GeV, m,: =150 GeV | high-pr 21P28
B2 m; ¢ =50 GeV, m,. =300 GeV | high-pr 21P28
c1 x = 0.5 high-pr 01D08
C1 x=0.8 low-pr 01D08
RPV high-pr RPV2
pp! tt+ @@ high-pr SStopl, SStop2
pp! tt high-pr | SStopl++, SStop2++
pp! tteP high-pr 2128

Source %
Luminosity 4.4
Modeling of lepton selection (ID and isolation) 10
Jet energy scale 1D1(
Jet energy resolution 0b3
b-jet identibcation 2D10
Trigger scaling 6
ISR modeling 3b15
Pileup modeling 5
Total 14D23

21



Interpretations SS+b
Interpret our results in several di#erent models using di#erent regions. !

Three body decay with virtual stops (Al), two-body gluino decay to top-stop
pair (A2).

CMS Preliminary, 19.5 fb', (s =8 TeV

Check documentation for more interpretations.
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Interpretations SS+b

Universidad de Oviedo

Interpret our results in several di#erent models using di#erent regions. !

Gluino pair production decaying to sbottoms (B2) or light quarks (C1), direct
sbottom pair production (B1).
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bl _ - ..."..."{J
-7 ' R
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Interpretations SS+b

Interpret our results in several di#erent models using di#erent regions. !

RPV model.

s CMS Preliminary L 19.5 fb \s=8 TeV
S O El | I | l I I | I I | I | l I I | E
e 108 e\ H— pp" §3,5" ths —
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Check documentation for more interpretations.
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Results: EWK production o

N 11
CMS | s=8TeV, L =195 1b
> B | | | | | | | | | | | | | | | ]
B0 ¢ Data E
O18§:§§§§§§ I Non-prompt leptons ]
— §§§§§§§ B Charge misiD :
; 16 AR \: Rare SM —
€14 B Wz -
o : : -
S Total bkg. uncertainty
L 12: %hs ) )ix=095
10__ \\\\\\\\\ mgt 300 GeV; mﬁy =100 GeV ]
- _— ﬁ}*ﬁ% (E" #)( )ixe=095
8:_ My, = 300 GeV; My = 100 GeV _:
6__ \\\i _:
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2 ARRRRRRRRN \\\\\\\\T_
g O
3 15F }
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Apply our background estimation method
to our baseline selection. Find good
agreement between data / prediction. !

Apply the same method to our SR. No
excess over the SM prediction. !

Set limits on chargino-neutralino
production. SR exclusive. Used
simultaneously on limit setting.

EIMSS > 200 | EI™S 120D200, ET® > 200 EMSS 120200

Sample Njets =0 Njets =0
39 |epton veto | 39 lepton veto

Non-prompt leptons 34+ 19 4.1+ 2.2 3.1+ 1.7 32+ 1.7
Charge misidentibcation| 0.09+ 0.01 | 0.08+ 0.01 0.09+ 0.01 0.07+ 0.01
Rare SM 10.5+ 5.7 24+ 2.4 8.6+ 4.8 14+ 21
Wz 5.3+ 0.8 50+ 0.8 3.9+ 0.6 3.3+ 0.5
Total background 19.4+ 6.0 115+ 3.3 156+ 5.1 79+ 2.8
Data 22 8 18 4
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P2

"_enriched scenario.

Interpretation: EWK production o

i

CMS L _=195fb% (s=8TeVv
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Events / bin

Prediction / observed in SR

CMS Preliminary (s=8TeV,L  =19.5fb"
70E ngh-pT signal regions with 0 b-tags

z ¢ Data
60:_ [ ] Rare SM processes
50;_ | B Charge misID

C T I Non-prompt e/
40F | | Total bkg uncertainty
30

SRO1

SR02 SR03 SR04 SR05 SR06 SR07 SRO08

Events / bin
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N High-p_ signal regions with 1 b-ta
50 gh-p_sig g g
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SR yields and predictions

SR low-pr high-pr
Expected Observed Expected Observed

1 | 4 = 16 50 51 = 18 48
2 12 = 4 17 9.0 + 35 11
3 12 + 5 13 80 = 31 5
4 191 = 34 4 56 + 2.1 2
5 21 + 8 22 20 = 7 12
6 13 + 5 18 9 + 4 11
7 |35 = 14 2 24 + 1.0 1
8 |58 + 21 4 36 =+ 15 3
11 | 32 £ 13 40 36 = 14 29
12 | 6.0 £ 22 5 38 = 14 5
13 | 17 £ 7 15 10 £+ 4 6
14 | 10 = 4 6 59 + 2.2 2
15 13 = 5 9 11 = 4 11
16 | 55 = 20 5 39 £ 15 2
17 |42 £ 16 3 28 + 11 3
18 | 6.8 = 25 11 40 £ 15 7
21 |76 = 2.8 10 71 = 25 12
22 |15 = 0.7 1 1.0 = 0.5 1
23 |71 = 27 6 38 + 14 3
24 | 4.4 = 1.7 11 28 + 1.2 7
25128 = 1.1 1 29 + 11 4
26 | 1.3 + 0.6 2 08 = 05 1
27 118 = 0.8 0 1.2 £+ 0.6 0
28 134 = 13 3 22 = 1.0 2

SR Expected Observed
RPVO 38 £+ 14 35
RPV2 53 = 2.1 5
SStopl 160 + 59 152
SStopl++ 90 + 32 92
SStop2 40 £+ 13 52
SStop2++ 22 + 8 25
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Signal systematics

Source %
Luminosity 4.4
Modeling of lepton selection (ID and isolation) 10
Jet energy scale 1D1C
Jet energy resolution 0b3
b-jet identiPcation 2D10
Trigger scaling 6
ISR modeling 3D15
Pileup modeling 5

Total 14D23
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Models used for interpretation

Model A1l t Model A2 t Model Bl t

_ P, _ Py
t- t - W_
\ g ) \ _=.._/ i \ b1”, _.JJ )
T X X - X; XY
""""" 5('(1) t 5('(1) ‘s\\ + 5('(1)
F bl P M. Xl ’
/ t % R / °i e
1
_ f :
Model RPV t
Model C1 4
q ) b
g N o w=" P g
X
)2[1) P
O /
b b
ql
q t
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SR used for which model.

Model Model parameter Analysis | Signal Regions used
Al high-pr 21D28
A2 m, o =50 GeV high-pr 21D28
Bl m, o =50 GeV high-pr 11D18, 21Db28
Bl X=m,o/m, : = 0.5 high-pr 11D18, 2128
B1 X=m, 9/ m, : = 0.8 low-pr 1118, 2128
B2 m, o =50 GeV, m, : = 150 GeV | high-pt 21D28
B2 m, o =50 GeV, m, : = 300 GeV | high-pr 21D28
Cl Xx=0.5 high-pr 01D08
Cl X =0.8 low-pr 01D08
RPV high-pr RPV2
pp! tt+ & high-pr SStopl, SStop2
pp! tt high-pt | SStopl++, SStop2++
pp! tt&® high-pr 21D28
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m, e (GeV)

Interpretation: model A1 and A2

Gluino pair production. Al gluino undergoes a three-body decay with the
stop off-shell. A2, gluino decays to top and stop.

CMS Preliminary, 19.5 fb", {s =8 TeV
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Interpretation: model B1

Sbottom pair production. sbottom decays to top, chargino. Fixed LSP
mass (left), and LSP mass is half the chargino mass.

CMS Preliminary, 19.5 fbl (s=8TeV CMS Preliminary, 19.5 fb! s =8 TeV
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msbottom (GeV)

Interpretation: model B2

Gluino pair production. Gluino decays to sbottom, bottom. These
production mode would be dominated is sbottom is the lightest squark.
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m, sp (GeV)

Interpretation: model C1

gluino pair production, decaying to light quarks and a chargino via heavy
sqguarks.
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