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Introduction

@ In Gauge-Mediated Supersymmetry Breaking (GMSB) scenario,
gravitino (G) is taken to be massless LSP, neutralino ({°) and
chargino ({*) are taken to be co-NLSPs with equal masses.

@ Assuming R-parity conservation, ﬁ’ﬁt are pair produced.

o ¥V ~G and >~<1i - WG — (G
v 4 £ 4 pi* is a typical signature of ¥9Xi pair production.
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Triggers for event selection

@ e signal region data come from diphoton triggers (electrons can be
photon candidates at the trigger level).

@ 1y signal region data come from the muon-gamma cross trigger.
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Object definition

(]

pr > 35GeV, |n| < 1.4442 @ pp > 25 GeV, |n| < 2.5
@ passes HLT selection @ passes HLT selection
e R9 > 0.5 e R9 > 0.5 (0.8) for EB (EE)
@ cut-based loose ID @ cut-based medium ID
@ pixel seed veto @ mini-Isolation < 0.1
@ no y or e within AR < 0.3

pr > 25 GeV, |n| < 2.4

passes HLT selection

e Hr = ijft
o AK4 PF jet with

pr > 30 GeV, |n| < 2.5,
AR (jet, £ ory) > 0.4

cut-based medium 1D
mini-Isolation < 0.2
|do| < 0.05,|d,| < 0.1

4
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Event selection

Selections :
e =1~v2>1e/u
@ At least one good vertex
@ Passes MET filters

e AR (4,v) > 0.8
@ For ey channel: M, — Mz > 10 GeV

Control region (CR) : piss < 70 GeV
Validation region : MT(E piss) < 100 GeV
Signal region (SR) :

° p%liss > 120 GeV

o MT(f pmlss) 100 Ge\/, MT = \/2prp$ISS( — cos A Cb( mlss))

@ Binned in pmlSS X Hr X vp, :

p2iss + [120-200, 200-400, > 400], Hr : [0-100, 100-400, > 400]
[35 200, > 200]
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Background estimation overview

o W(Z) +~
> main background
> true photon, lepton and piRiss
> take shape from simulation and derive the normalization in control
region
@ Mis-identified objects :
> fake v from e
estimate the fake rate with Z— ee tag and probe method
> fake v from jet
estimated using jet-enriched control samples
> fake lepton from jet
take shape from control samples and derive the normalization in
control region together with W(Z) + ~

@ Rare processes :
tty , WW~, WZ~ taken from simulation
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Mis-identified v from e

Electrons with no track seeds are misidentified as photons. Arises from
Drell-Yan di-electron productions, tt and WW events with ee and ep.

@ Electron faking as v contribution is estimated by applying
“fake rate” to “proxy sample” as an event weight.

° evy/py events with ~ having pixel seed and matches
to an electron with AR < 0.02
° probability of e misidentified as ~y
R = %
Nee

estimated using Z— ee tag-and-probe method.
@ Measure the dependence of fake rate on pp, |1 and Ny
i (pTv Nytx, 77): N- (A P+ B)n ’ (D +E- N\'tx) : f(n)
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/—ee tag-and-probe method

Tag and probe in control region (p™** < 70 GeV)
@ Fitting target
> dataset : SingleElectron, trigger : HLT _Ele* WPTight_Gsf
> Tag : electron with p > 35 GeV, |n| < 2.1
match HLT object, medium WP, mini-Isolation < 0.1
> Probe : photon with p > 30 GeV, loose WP

@ Signal template (Breit-wigner convoluting with crystal ball function)
@ Background template (1 + probe) utilizing lepton flavor symmetry
> W(—ev)+~y and Z(— ee)++ for the numerator
di-electron decay of tt for the denominator
> dataset : SingleMuon, trigger : HLT _IsoMu*
> Tag : muon with pp > 35 GeV, |n| < 2.1
medium WP, mini-Isolation < 0.2, |do| < 0.05, |d,| < 0.1
> Probe : photon with p. > 30 GeV, loose WP, A(y,~) > 0.3

@ Passing probe (photon candidate) :
probe doesn’'t match to an electron with AR < 0.03

and doesn't have pixel seed
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@ Tag-probe (passing probe) invariant mass from data is fitted with signal and
background template to calculate Nee (Ney).

@ Normalization and parameters of the signal shapes are determined from the fit.

@ Ne. and N, values are given by the integrals of signal shapes between 80 GeV
and 101 GeV in the corresponding sample.

Tag" : a well reconstructed electron with p, > 35 GeV

For 100 < probe p, < 120
£ " workin progress
‘Probe” : photon with p, > 30 GeV
chi2/ndf = 0.88
Passing probe” (when e fake y)
Probe doesn't have hit in tracker and doesn't

match to an electron

“
©

; 4o l," M
L
m
tag-passing p'ob \ N

workin progress,

0.035f

fake rate

2016 pevFP
workiin progress.

Events

3000 0.025
o I chi2/ndf = 1.39 Fake Rate - 00d
- J
N oot
o ee
o0 001
“ A 0.005|
| o . .
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tag-probe Pt(GeV)
Data points : Invariant mass of Tag + probe from data

Signal template : BreitWigner convoluting with CrystalBall
-------- Background template : Invariant mass of p + probe from data
Signal template + background template
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Fitting plots : 2016-preVFP 2016-postVFP 2017 2018
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https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/eleFakePho/DataFitting16preVFP/Bw_ker/
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/eleFakePho/DataFitting16postVFP/Bw_ker/
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/eleFakePho/DataFitting17/Bw_ker/
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/eleFakePho/DataFitting18/Bw_ker/

Mis-identified v from jet

It happens when jet energy is mostly carried by a 7° or n which decays
into two nearly collinear photons.

@ Jet faking as v contribution is estimated by applying “fake rate” to
“proxy sample” as an event weight.

° £y events from data with «y failing either ojp;,, or I+ cuts.
i.e. Oipin > 0.0106 or 1.694 < I+ < 15 GeV

probability of jet being misidentified as 7, estimated in piiss < 70 GeV CR.

R Nfake _ fhaa X (Number of signal s — Number of e fake vs)SK,

Nproxy (Number of jet proxies)SR,
Hadron fractions (f,aq) are estimated from template fits to I; +

Nproxy 1 ¢y events from data with «y failing either oy, or I+ cuts.

@ Parameterize the p dependence of the fake rate using analytical functions.
Nfakc - C1l- e)‘lpT + Cc2. e>\2p"'

R = =
Nproxy C3 . e’spPT 4+ C4 - eMapPT
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Hadron fractions (f,aq) are estimated from template fits to I, +
@ Fitting target: signal photons from data, oy, < 0.0106
@ Pure photon template: signal photons from Glet MC, o/, < 0.0106
with photon truth-matching to a generator level prompt photon.

@ Hadron template: sideband photons from data, 0.0106 < oy, < 0.014

10* aatev)

work in progress oo ons

mmtrue photons |
I hadrons

- 2016 preVFP
- 2016 postVFP
2017 B

EventiGeV

2018

..........

hadron fraction

¥2Indof = 17.7643/18

isor. (GeV)’ P, (GeV)
. Integral of hadronic template in 0 < /,+ < 1.694 _ Nfake
"2 ™ Integral of observed photons in 0 < /px < 1.694"  Nproxy
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Mis-identified lepton from jet

All leptons that do not originate from a W/Z are considered as fakes.
Fake muons mostly come from heavy flavor quarks, while fake electrons
predominantly come from light flavor jets.

@ Jet fake lepton estimate = Scale factor x Lepton proxy sample

° one candidate -y, one fake lepton proxy.

€ proxy :
> dominantly light-flavoured jets
> fail oiyin, Aniy, A¢jy cuts or 0.1 < mini-iso < 0.4
/L proxy :
> dominantly heavy-flavor decay muons b— c/u + ¢ + v
> 0.2 < mini-iso < 0.4

is obtained from template fitting on A¢(¢, p2iss)
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Fake leptons and V- (true lepton) scale factors

@ For the fake lepton background, p%iss is typically caused by mismeasured
object whereas W/Z + events contain genuine pp's.
The W/Z +~ and fake lepton have different A¢ (¢, p2is*) shapes.

@ The scale factors for W/Z + ~ and fake lepton backgrounds are
determined from a template fit to the A¢ (¢, p™®) distribution in the
control region (40 < p&iss < 70 GeV).

. . data prediction prediction MC
> Fit target : Ne,y - Ne fake v Njet fake v Nrare bkgs

> Template 1 : misidentified lepton proxy samples
Template 2 : mixture of W~ and Zy MC samples.
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Control region (40 GeV < piiss < 70 GeV)

ey channel 2018
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Summary and future plan

@ We have looked at each SM background estimation.

@ We need to look more closely to understand weird fake rate values in
some cases. We also have to understand some of the discrepancies
between data and estimated SM backgrounds in the control region.

@ The analysis work is ongoing and we are expecting to finish it soon.
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Additional materials
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V~ backgrounds

Take the shape from simulation:

o W~ samples :
WGToLNuG_TuneCP5_13TeV-madgraphMLM-pythia8
WGJets_MonoPhoton_PtG-130_TuneCP5_13TeV-madgraph-pythia8
WGJets_MonoPhoton_PtG-40t0130_TuneCP5_13TeV-madgraph-pythia8

o Z~ samples :
ZGToLLG_01J_5f_TuneCP5_13TeV-amcatnloFXFX-pythia8
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Rare backgrounds

tty, WWr, WZ~

Backgrounds are taken directly from simulation.
@ TTGJets_TuneCP5_13TeV-amcatnloFXFX-madspin-pythia8
@ TTlJets_TuneCP5_13TeV-amcatnloFXFX-pythia8
@ WWG_TuneCP5_13TeV-amcatnlo-pythia8

@ WZG_TuneCP5_13TeV-amcatnlo-pythia8

December 14, 2022 19/24



f (o1 Nvix, )= N- (A - pp + B)" - (D + E - Ny £ (1)

] El
g g
£ ooq [R——— S00E o da E
Fooss S oosf E
ook a— o tresul
o0zs|
0025
o0z
002]
oo1s|
oo
ool —+ oo
0005 0005
e ol . = uofL I T TN
E LS. K oy —H
g - k| " ——
e e Tb0 T oIS I 0™ I 0Th0
p,(Gev) p,(GeV)
0o I
8
R—— s o da
3 Soosl- B
e ftresut -
oosf- 3 o8- b
ool ooaf-
Tt rverTe roew
wrg] Fid !
F FrL t ELES
EU T R ]
vix nVix

2016-preVFP

2016-postVFP

0

. o omp —
& oosf- E §
s —— A —wn
1 £ ool E
004 —e— fit resuit E —e— fit result
ook E
oo2f E|
oaf
NS PSRRI, I, _ TN L
S Kt § . e
3 1 3 *
e % T B T T 102 e T T T T T A
p,(GeV) p,(GeV)
Vo oo o
g 8
s —— A —a
Soo E Sool B
- e
oosf- E oosf- B
oo
oo E
= il
£ 14
|
8 T
R U T T R R
nvix

December 14, 2022

20/ 24



Hadron fractions (flaq)

ey channel 1y channel
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https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2016preVFP/?match=*frac*DoubleEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2016postVFP/?match=*frac*DoubleEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2017/?match=*frac*DoubleEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2018/?match=*frac*DoubleEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2016preVFP/?match=*frac*MuonEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2016postVFP/?match=*frac*MuonEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2017/?match=*frac*MuonEG*
https://trmishra.web.cern.ch/trmishra/Plots/SUSYAnalysis/jetFakePho/2018/?match=*frac*MuonEG*
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Template fitting on A¢ (¢, p2is
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miss )

@ Scale factors obtained from template fitting on A¢(¢, pT

@ Fake fraction = coeff of fake lepton pdf (Template 1) used in fitting

Fake fraction x Total events in Fit target
@ Fake lep scale =

Integral of fake lepton sample (Template 1)
(1-Fake fraction)x Total events in Fit target
Integral of W~ and Zy MC sample (Template 2)

@ Vgamma scale =

ey channel
2016-preVFP 2016-postVFP 2017 2018
Vgamma scale 1.95 1.7 1.83 2.0
Fake lep scale 0.39 0.52 0.41 0.37
My channel
2016-preVFP  2016-postVFP 2017 2018
Ronae 1.72 1.77 1.63 1.49
scale
Fake lep
— 0.88 0.97 0.88 0.94
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