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SUSY searches @ CMS L

Strong production Electroweak production
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* Largest cross section * Small cross section
* Large hadronic activity * distinct leptonic signature
* sensitivity at TeV scale * sensitivity at TeV scale is
achieved at 13 TeV
Dedicated third-generation squark searches at using 35.9 o data

CMS will be covered by Marketa Jansova

Scope of this talk

General perspective of leptonic and hadronic
SUSY searches at CMS will be covered by
Ilgnacio Suarez Andrés




Focus: electroweak SUSY production = —

* 0 lepton * 1 lepton * 2 opposite sign
* 2b jets * =1 jets, Ob jets

* 4b jets
P * ET . \ ‘/f )
X X,(l)...---‘-,—/_-—- G \’2 - ‘,/’, _ - X1
2 L %,

7 X'?-‘.._..\_\ _____ G / ii ________ 0
N P, 1
h \\ other result :CMS-SUS-16-034 sus 16 034

* >1 photon $ * 2/3/3+ same-sign lepton

sk * Interpretation:
ET simplified SUSY models

(limited sparticle content)

* Several models considered x ’70
for a given analysis p

* Results can be interpreted
independent of the model

* Inputs for reinterpretations
are provided, e.g., results in

fewer ("aggregated") signal
regions



http://cds.cern.ch/record/2256648?ln=en
http://cds.cern.ch/record/2256754?ln=en
http://cds.cern.ch/record/2256434?ln=en
http://cms.cern.ch/iCMS/analysisadmin/get?analysis=SUS-16-043-pas-v4.pdf
http://cds.cern.ch/record/2256640?ln=en
http://cds.cern.ch/record/2257293?ln=en

O-lepton

HH production searches with H-bb

CMS preliminary

production and decay: ~ degenerate Higgsinos

gauge mediated supersymmetry breaking
h
Target signature
* ET> 150 GeV P, SRR LR G

4 or 5 jets o mg = 1GeV

%k
* lepton veto / T é
* 3/4 most b-like jets )

> need high b-tagging efficiency :
> deep learning b-tagging @

* 4 ET bins [150-200-300-450)  ABCD method- .

2 b jets : Control Regions NSE  _ NCR o DVab

(3/4)b (3/0b X NCR

Baseline : 2

Am = min(|lmyg, — mpy,|) < 40GeV ( finding 2 same mass particles )

100 GeV < < m >= (my, + mu,)/2 <140 GeV (/1995 mass
ARpar = mar(ARy,, ARy, )< 2.2 (against ttbar) window )

main background is tt+Jets
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O-lepton -
HH production searches with H—+bb
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Observations consistent
with SM expectations
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O-lepton

v + T search

* 1 photon with

* no veto to additional photons
* ET>300/100 (SR/CR) GeV

oT > 180 GeV

% mT > 300/ 100 (SR/CR) GeV
* counting experiment in 4 bins of 57

Y — ,,miss .
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* No evidence of new physics

NLSP masses excluded below 750 GeV

( using a simplified model in the
context of gauge mediated
supersymmetry breaking )



1-lepton —

X1 X2 — (HX?)(WX?) — (b0)(lv)X7X3
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Chargino-neutralino N\ o
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di-lepton

Chargino-neutralino

* Dominant
backgrounds
predicted with
Data

* No significant
excess
observed

Events
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multi-leptons

Chargino-neutralino

* (many) lepton final states

* 158 regions :
many models , wide

SUSY mass space
Two leptons same-sign

Three or more leptons
A B three light-flavor leptons
. (electrons or muons).

two light-flavor leptons
C, D, and a th.

E F one light-flavor lepton
) and two Th.

at least four light-flavor
G H leptons and no Th.
y ! 1y at least three light-flavor
| J K leptons and one Th.
) at least two light-flavor
leptons and two Th.

Further divide in (ET , MT1(l, ET),
pT(ll), MT2(l,1))

* WZ:
especially dominant in final states with three leptons
shape estimated from Monte Carlo

* residual nonprompt background:
nonprompt lepton = misidentified leptons and leptons
from heavy-flavor jets

* rare standard model backgrounds
processes that produce hard, central and isolated

signal-like leptons
estimate from Monte Carlo

* charge mis-identification of electrons
(negligible for muons)
relevant only in 2Iss and 2Iss+tau events

estimate from Monte Carlo
validated in data

* leptons from photon conversions
radiated photon undergoes asymmetric conversion

11



multi-leptons - -
Chargino-neutralino

14
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multi-leptons

Chargino-neutralino
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Summary—

* Electroweak-ino searches
@ CMS with 13 TeV Data
are presented

various ..
* production modes
* mass ranges
* final states

No significant excess indicating

presence of physics beyond the

Standard Model has been observed
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“Things are only impossible until they're not! “
Jean-Luc Picard
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Additional material
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References

* PAS/paper references
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CMS detector

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0 m Pixel (100x150 ym) ~16m* ~66M channels
Overall length :28.7 m Microstrips (80x180 pm) ~200m? ~9.6M channels

Magnetic field :3.8T
SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m?> ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels
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SUSY TOOLKIT

* Isolated light, tau leptons
* Jets, b-tagged jets
* missing energy (T / MHT)

* myp(lepton, Br)
> endpoint at m(parent)
* ™y reconstructed Higgs
mass
* S ET+gamma pT

* topness
* boosted W and top taggers
* Jet substructure

19

* Hr (scalar sum of (jet) pTs)
*kMEff (sum of jet & lepton pTs, ET)
* Er (sum of all particle pTs)

* hemispheres
* razor / super-razor
* recursive jigsaw reconstruction



SUSY searches @ CMS L

Strong production Electroweak production
R-parity conserving R-parity conserving
Usually hadronic searches Usually leptonic searches
* gluino, squark, sbottom pair * chargino pair
R-parity violating * chargino-neutralino
* Gluino-induced Z/y+gravitino % neutralino-neutralino
gauge-mediated SUSY breaking R-parity violating
Usually no ETin final state * chargino pair decays 4 lepton via L#
* gluino pair decays to d/b violating coupling A
*squark pair decays t/b gauge-mediated SUSY breaking
* neutralino-neutralino decays higgs
+ goldstino

* chargino-neutralino decays vy
+gravitino

20



Additional Material

Background prediction
* ABCD using <m>
* 2 b-tagged jets

SUS-16-44

3 CMS Simulation Pre//mmary Search bins
I I ' I I ' I I ' I I ]
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Additional Material : SUS-16-46

kK
kK
kK
kK

%k

1 photon with pT > 180 GeV

7> 300/100 (SR/CR) GeV

mT > 300/ 100 (SR/CR) GeV
counting experiment in 4 bins of *

ST = puss + v pr(7mi)

CR : exclude SR

S1: 600 — 800 GeV

S1: 800 — 1000 GeV

yield Ostat  Osyst
V(+’)’) 213.7 44 213
r+ets 500 1.13 0.51
tf(-{-’)') 1291 5.73 3.87
e — 7y 285 09 142
diboson 703 280 211
total 267.11 7.87 26.04
data 281
S%: 1000 — 1300 GeV
yield 0gat Usyst
V(+7) 350 13 39
y+ets 418 125 041
tf(+')’) 353 090 1.06
e —y 467 035 234
diboson 540 3.00 1.62
total 5281 3.62 497

data 65
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yield 0t Osyst
V(+7) 768 19 8.1
T+jets 437 122 0.38
tt(+7) 801 375 240
e — Y 9.16 049 458
diboson 190 1.70 0.57
total 10024 4.73 9.67
data 101
S7: 1300 — o0 GeV

yield Ostat  Osyst
V(+7) 126 0.7 16
T+jets 1.07 054 0.36
tt(+7) 0.73 051 0.22
e — 7y 1.50 020 0.75
diboson 1.71 1.71 0.51
total 1760 201 1.92
data 24



Additional Material : SUS-16-46
Systematics ..

signal scenario

electroweak strong production
Statistical MC precision per signal region 1—28% 2 —50%
FastSim uncertainty in piss <0.1-5% <0.1-25%
Scale uncert. in shape <0.1-18% <01-12%
Luminosity 2.6% 2.6%
Trigger efficiency 0.4% 0.4%
Photon scale factor 2.0% 2.0%
Multiple pp interactions < 0.1-04% <01-21%
Electroweakino ISR reweighting 0.6 — 3.0% -

Fit uncert. of statistical origin
Scale uncertainty in shape
PDF uncertainty in shape

JES uncertainty in shape
Tag-and-Probe fit

Cross section, PDF, scale
Luminosity

Photon scale factor

Trigger efficiency

V(+7)
6.9%

3.8 — 9.0%
1.6 — 3.8%
5.0 — 5.9%

(r+)jets
3.3%

2.8 —7.1%
1.9 —8.2%
0.9 — 32.3%
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tt(+y) Diboson

30% 30%

2.6% 2.6%
2.0% 2.0%

0.4% 0.4%



