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Outline

Introduction to SUSY:
e Coreidea
e Simplified models [arxiv:1301.2175]
e Experimental aspects

Results from 3 recent analysis + 1 combination:
e SUS-17-011: photons and missing transverse momentum
strong production: T5gg, T6gg

o SUS-17-012: a photon, a lepton, and missing transverse momentum
strong production: TSWg, T6Wg,
electroweak production: TChiWg

o CMS-PAS-SUS-18-005: Combined search with photons

e SUS-18-002: a photon, jets, b-jets, and missing transverse momentum
strong production: T5ggggHG, TSbbbbZG, T5ttZG, T6ttZG


https://arxiv.org/abs/1301.2175
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-17-011/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-17-012/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-18-002/index.html

Introduction and Motivation
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What do we mean by SUSY? ( )( )(%) (g)(g)(g) ()L(%) (g> (gﬂg)(g)
e a spacetime symmetry R % 8 g gR R : %: % g g: 8:

relating fermions and bosons

o
e focus on the Minimal Supersymmetric Standard Model (MSSM)
e Huge parameter space — simplified models

Popular models of spontaneous symmetry breaking:
e Gauge Mediated Supersymmetry Breaking (GMSB) [arxiv:hep-ph/9801271]

e Or General Gauge Mediation (GGM) [arxiv:0801.3278]



https://arxiv.org/abs/hep-ph/9801271
https://arxiv.org/abs/0801.3278

R-parity and Lightest SUSY Particle

R-parity conservation assumption
e Baryon number conservation is not hardwired into MSSM
e R-parity is introduced to rule out undesirable couplings:

_(_\3B-L)+2s _ |1 for SM particles
Pr=(=1) {—1 for SUSY partners

— SUSY particles are produced in pairs
— Lightest supersymmetric particles (LSP) are stable

In MSSM with GMSB (GGM) and R-parity conservation:

e LSP is always the gravitino (WIMP candidate)
e Next-to-LSP (NLSP) is typically a neutralino

(and chargino), can be Bino, Wino, Higgsino like
e The NLSP usually assumed to decay as:

Yo = G+~/Z/H (xF—G+Ww%)




Characterizing SUSY Final States

How to find traces of GMSB MSSM using photons?

e Missing Transverse Energy (MET):

o Momentum imbalance of all observed physics objects
o Contributions:

m MSSM signal: gravitinos
m SM background: neutrinos, jet momentum mismeasurement
e Large Hadronic Activity:
o Many reconstructed jets
o Hr=Y |pF'()|, H}=|pp|+ > |pF(
e Reconstructed Photon:
o Large transverse energy
o SI=3Ef +EPT
o Invariant mass of MET and photon
M2 (y; EDS) = DEPSETN —cosDp(pr=,4)]




“Y + MET in strong production sus-17-011

e Framework: GMSB

e Process: P

o Gluino pair production (T5gg)
o Squark pair production (T6gg) y
e Data used: 35.9 fb™'
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“Y + MET in strong production sus-17-011

Effect of last bin upward fluctuation
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Y + MET + lepton sus-17-012

T6Wg q
e Framework: GGM /
- o gl
e Process: b Al AR
o  Gluino pair production - N _
<. Xi ... G
o  Squark pair production P = L
. q W:I:
o EWK production
e Data used: 35.9 fb’ 4
gl
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Y + MET + lepton sus-17-012

Background estimation:

Misidentified photons (no genuine prompt photon)
Electron — Photon (data driven, rate from Z tag-and-probe)

(@)

(@)

Jet — Photon (semi data driven)

EWK & misidentified Ieptons (lepton not from prompt W/Z decay or not lepton)
EWK: Wy, Zy (shape from simulation)

Rare EWK: diboson+y or tty (simulation)
Misidentified leptons: hadron decay, photon conv, misidentified jets (shape from non-iso { CR)
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Y + MET + lepton sus-17-012

EWK Channel Results:

e Limit on NLSP mass in the §1o4

TChiWg model
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Y + MET + lepton sus-17-012

Strong Channel Results:

35.9 fb™ (13 TeV)
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GGM Combination cms-pAs-sus-18-005

Framework: GGM
Data used: 35.9 b

Four analyses combined:
o  #1 and #2 in this talk
o  Other 2 were presented at DIS2018:
m  SUS-16-046: electroweak SUSY productions
with photons + MET
m  SUS-16-047: strong SUSY productions with
photons + MET + large transverse hadronic

activity
o  Overlaps removed in an optimized way using additional
vetoes
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http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-046/index.html
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-047/index.html

GGM Combination cms-pAs-sus-18-005
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GGM Combination cms-pAs-sus-18-005

CMS Preliminary
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GGM Combination cms-pAs-sus-18-005
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Y + MET + (b-)jets in strong production

SUS-18-003
Backgrounds:
e Framework: GMSB : > :
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Y + MET + (b-)jets in strong production

SUS-18-003
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Summary

e Searches address a large area of the GMSB (GGM) MSSM parameter space

e Results consistent with SM, they provide limits on SUSY models, particle masses
e [Efforts are made to combine the different results

e No signs of SUSY yet but it could still be hiding at many places

e Only ~5% of the full pp integrated luminosity recorded yet
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SUSY Breaking

Why do we see no traces of SUSY at low energy?
e Sleptons should be easy to see unless SUSY is broken!

e Several symmetry breaking mechanisms proposed

o Eg: Gauge Mediated Supersymmetry Breaking (GMSB) [arXiv:hep-ph/9801271]

o Or General Gauge Mediation (GGM) [arxiv:0801.3278]
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https://arxiv.org/abs/hep-ph/9801271
https://arxiv.org/abs/0801.3278

“Y + MET in strong production sus-17-011

. . o N
Background estimation: o (@3
. o Se)
e QCD multijet background o Sk
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o Fully data driven e, e
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Y + MET + lepton sus-17-012

Background estimation:

e Misidentified photons (no genuine prompt photon)

(@)

(@)

Electron — Photon misidentification
Jet — Photon misidentification

e Dominant: EWK & misidentified Ieptons (lepton not from prompt W/Z decay or not lepton)

Misidentified leptons: non-iso lepton from hadron decay, photon conv, misidentified jets
Estimated by modifying the lepton definition — control region

O

@)

(@)

(@)

O

m Inverting the isolation requirement

m For e the track matching and cluster shape are
also inverted — cleaner hadronic signal
m Ao, ps)| and p"‘issT shape of this background

are taken from the CR
EWK: main SM contributors are Wy and Zy
|Ag(1, p**)| distribution from Wy and Zy is
determined from simulation

Overall normalization from 2 component template fit
m Performed in 40 < p™_<70 GeV after
removing the misidentified photon and double

vectorboson contributions

m Results in a scale and a transfer factor
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Y + MET + (b-)jets in strong production

SUS-18-003

Background estimation:

e Four main SM backgrounds:
o High-p, y+ W or Z decaying leptonically — lost lepton or hadronic = decay
o W — evandthe eisidentifiedasay
o  Zy — vy
o QCD multijet: jet p, mismeasurement + jet misidentified as y

* CMS . 359fb (13 TeV)
= 10° % EZW)+Y ELoste -Lostu+1 -M|S|dent|f|edy %5
g 4 b [y +jets { Data }QQTotal uncertalnty 3
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10 E =
15 &
B e |
£ 155 ) :
S e R :
8 0 5: ..... b .
O “vE

5 10 15 20 25 23
Bin number



Y + MET + (b-)jets in strong production

SUS-18-003

Background estimation:

e Four main SM backgrounds:
o High-p, y+ W or Z decaying leptonically — lost lepton or hadronic = decay
o W — evandthe eisidentifiedasay
o  Zy — vy
QCD multijet: jet p, mismeasurement + jet misidentified as y
e Example: zy — vy
o  Shape of pm‘SST(NjetS) for Zy — vvy is modelled in simulation
o Normalization is measured in Zy — {*{'y data using
m Branching ratios & reco. efficiencies considered
m Exactly 2 oppositely charged same flavour leptons
= p>100 GeV
m 80 GeV<m,<100 GeV
o Contamination from tty in the Zy — £*l'y
control region is estimated using a different
flavoured control region

(@)
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