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Introduction ... signal models

e Amongst possible SUSY processes gluino pair production has largest cross section
e Large increase in cross section from 8TeV to 13 TeV

e Fully hadronic analysis targeting pair production of gluinos in the final state of jets +
MET

e Signal models targeted are

T1tttt T1bbbb T1qqqq
(high Niets, high Nb-jets) (low Njets, high Nb-jets) (low Njets, low Nb-jets)




Introduction ... search variables

e Final state comprises jets, b-jets, missing energy and high transverse
momentum

e Sothe search variables are H. , H,™**(MHT), Njets,Nb_jets defined as
follows

Visible energy

H~ =Z|5T|

jets

Energy of undetected particles

MHT = Mt — | — Z .5T| Missing energy

Jjets




Analysis Strategy . . . Baseline for bkg rejection

H, > 500 GeV
H_™ss > 200 GeV
Nis>=4 ., because signal models has minimum 4 jets

Npjers > = 0, motivated by signal models

A¢(jeti, HT"“SS) > (0.5, 0.5,0.3, 0.3) fori=1to 4 toreject QCD
electron and muon veto, because we are doing all hadronic search

Isolated track veto, rejects W/top events that fails lepton veto



Analysis Strategy .. binning

3 (Njets) X 4 (Nb-jets) X 6 (HT/MHT) = 72 bins total

® ® Ne:4-6,7-8,2>09;

o Npjer: 0,1,2,>3; - Box & :

e Hy: 500—800, 800—1200, > 1200 GeV; B

e HMss: 200—500, 500—750, > 750 GeV. 700t -
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Background composition

diagram: Jack Bradmiller feld



Introduction . .. to backgrounds

e Background estimation methods are very important
In this analysis,

e WH+jets/ top back ground : Enters search region
when one of the lepton is either out of acceptance,
not reconstructed or not isolated

e Z(toneutrino) + jets back ground: irreducible
because it has

because jet energy is mismeasured ,

Ad(jet, H.™'**) will be small for QCD events

1.top/W
(top at high Niets, high No-jets) 1

2. Z—invisible e
(Iow Niets, 10w No.ets, high MHT)

0 jets

——wn<

v
3. QCD (low MHT)
Grey: true jet pr

Black: measured jet pr

MET




Z (to invisible)+ jets background

Z (vv)+ jets
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e y+jets has large statistics ,but higher syst. uncertainties

=R, *N

Zly Y+jets
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e Z(ll)+jets has small statistics , but smaller syst. uncertantie§ */ets

e So combine the two to make hybrid method

q <



Z to invisible background estimation -Hybrid

e ForN = 0 use photon +jets method, 18 bins =6 (HT/MHT) x 4 (Njet)

b-jets

e ForN, .. >Ouse extrapolation factors from ZIl control sample

Photon +Jets Method:

Prediction — * data
NZvv RZ/\( NY+jets

more accurately

Predicti —_ * * . * dat
N, Frediction =R, * DR * Purity * N, %

Zvv Y+jets

DR is the Ratio of RZ/Y calculated in Data and MC or DR = RZ/Y (data) / RZ/Y(MC) »



Z to invisible (explain bin)background ...using
Photon + jets

Prediction — * * gy * data
e N =R DR * Purity * N, ..
Zvv Zly Y+jets
CMS Preliminary 2.3fb", ys=13 TeV
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Data/MC in search variabes (control region)
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Photon Purity(add bigger font for y)

We want this (PROMPT ) ) QCD gives this : contamination(NON Prompt)
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Charged Isolation Side Band and SR

Charge Isolation

(0,0)
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Sigma leta leta behaviour, prompt, Barrel

Events
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0

III|I|1|IIrllII|III|||:I|I|||I|1|III|III[!II|II

¥+ Jals
HT =500 [Tl
TR 100

MJats >=4

MHT>200 y
w " e
Prompt-EB-DP kch-SA

-:Irlllrlllilllrlll-l :I|I|III|FIIIrII|r1|||1||r1IIIIIiIIII

14 Jatg
HT =500
1P, > 100
MJats »=4
MHT»200
w I

Prompt-EB-0OP, lch-SR =

ol

a8

1IIIrllrllII|II|I1I|IIII|II

O b et

1+ Jels
HT =500
7P, = 100
NJats >=4
MHT =200
w I
Prompt-EB-DP lch-SR




Sigma leta leta behaviour, non prompt,barrel

ach
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Purity Fits

CMS Preliminary 23", 13 TeV
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Z/Gamma Ratio, Double Ratio

Ly Ratio
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b-jet > 0

Use Z Il data to get the b-jet distributions
That gives you the probability of N events from number of 0 b-jets
events

b-jets

N(Z = )N R = Naooww(y +jets e - Foip, N (Z = £707)

Extrapolation factors from Z(ll)+jets
From Photon+jets in 0 b-tags

20




Zinvisible prediction

Lot of difference between data driven prediction and simulation
2.3fb7 (13 TeV
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W+jets /top - lost lepton bkg ,data driven

Acceptance  reconstruction  isolation  Lepton

e / > - f:;:-upnd!

Fail Faifl Fail
T - - -
ﬁ"*ﬂﬂtof v Nt Not

 acceptance | reconstructed isolated

|

Enters search region when the lepton fails the lepton veto

Use the MC information to know the probability(€_,) of happening this

Take a muon control sample of exactly one isolated muon in Data

Use € .. to trace back no of leptons that failed the lepton veto

For example number of muons that fails the isolation 1 — €150

SO = N¢pg - p—
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Data vs all predicted background : no excess

CMS 2.3 (13 TeV)
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T1tttt limits

2.3fb' (13 TeV)
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T1qqqq limits
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T1bbbb limits

CMS 2.3fb' (13 TeV)
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All the data driven background estimations converged with full data
set

Observation in the signal region is consistent with background
predictions

Limits significantly extended from Run1 with only 2.3 fb-1 of Data
No observation of excess !
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Setting limits

We use Higgs combination tool to calculate the upper limits
e Itsuses a Likelihood ratio as a test statisticsS gy = —2In (£,/ Lnax)

For setting limits, we use the LHC-style CLs approach in the Higgs
Combine tool i.e. ratio is the ratio of confidence intervals

e CLS—I—EJ
Bl

e We will see the results in the next slide

CLs

29
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A‘f’(HTm Isssj1,2,3,4) = Difference of ® between ith jet

OCD background

QCD events do not have real missing energy
But jet energy can be mismeasured

This results fake MET region

This fake MET tends to be alligned with jet
We reject 90% of events using cuts on low Ag¢

and HT"“SS vector

Then we use a control region of events with low A ®
We use a ( high/ low ) A ® ratio to go from control region to signal region

(mismeasured)
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W+jets/top - hadronic tau background

e Results from hadronic decay of tau

Estimation:
- Get aresponse template from MC that maps gen tau to hadronic tau jet
- Replace gen tau with muon from data after efficieny correction
- Smear the muon control sample from data with that template to estimate the hadronic
tau background

e
]
-

p,(z™)
— 20 - 30 GeV

o
[=]
]
I

E f — 30 - 50 GeV
0.05F i —— 50 - 100 GeV
F — >100 GeV

Arbitrary unit

1 1.5 2 2.5
p_r(visible) / p_r(generated—'c)
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Comparison Limit Plot (T1tttt)
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T1bbbb limits
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Tlqqqq
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W+jets / top - lost lepton background

o because Iepton veto fails e/ Acceptance reconstruction  isolation Lepton

. . . i found!
e Estimation method o - -

- Take a single lepton control , SN Yoo Lo
: . ~Outof - Not Not
- Figure out the probability tt ' acceptance’ rmstmmed,, s Isalateq____,,:

efficiencies at each stage of iaenuricauon

- Take care of control region contamination

1 = 1 1-—¢ne 1 - €50
: : “ IReco= N¢g - : = 11SO = N¢g -
€ISO  €Reco €Acc €1S0 €Reco €1SO

® lAcc=Ngp-

[EF““W] urity : : . .
®  Total Lost Leptons = €jsotrk - ) i Iso' + [Reco’ + !Acc’ ) 4 Lost#'e?
k otrk ° =, [ e ( gleLep ( ) )

36
s



Cut ‘ Motivation ‘ Impact

MHT > 200, HT > 500 Get to trigger plateau Trigger ~95% efficient here

4+ jets (30+ GeV, CHS)

Ad(ets 1-4, MHT) >
(0.5,0.5, 0.3, 0.3)

Suppress QCD by targeting under-
measured jets

Rejects > 90% of QCD
Favorable signal eff / real-MET BG eff

elu veto (pt > 10 GeV,
veto/medium ID, mini iso)

Reject more top/W — #v events with
lower-pt leptons, leptons failing mini iso

Rejects 30% of lost e/u events, ~90%
of which have 5-10 GeV leptons

Leptonic track veto
{pT > 5 GeV, mt < 100 GeV, irack iso)

Hadronic track veto
(pr > 10 GeV, mr < 100 GeV, track iso)

37



Cut flow Signals

Cut T1tttt T1tttt Tlbbbb T1bbbb Tlqqqq Tlqqqq
(1500, 100) (1200, 800) (1500, 100) (1000, 900) (1400, 100) (1000, 800)
Start 141.9 856.4 141.9 3253.8 252.9 3253
Npt = 4 141.8 (1.00) 854.8 (1.00) 137.3 (0.97) 1624 (0.50) 2449 (0.97) 2549 (0.78)
Hy = 500 GeV 141.7 (1.00) 706.1 (0.83) 137.3 (1.00) 654.8 (0.40) 2448 (1.00) 1390 (0.55)
HFISE > 200GeV 1258 (0.89) 311.9 (0.44) 1242 (0.91) 534.8(0.82) 221.2(0.90) 904.1 (0.65)
1 veto 80.49 (0.64) 202.4 (0.65) 1231 (0.99) 521.3(097) 220.8(1.00) 902.6 (1.00)
e veto 51.54 (0.64) 135.14 (0.67) 122.0(0.99) 512.0(098) 2185 (0.99) 894.9 (0.99)
u track veto 50.74 (0.98) 129.9 (096) 121.5(1.00) 500.07 (0.98) 217.8 (1.00) 888.9 (0.99)
e track veto 49.32 (0.97) 120.0 (0.92) 1199 (0.99) 478.8(096) 2150 (0.99) 868.8 (0.98)
Had. track veto 43 27 (0.98) 112.0 (093) 1194 (1.00) 472.0(099) 2139 (1.00) 852.2 (0.98)
Ag cuts 08 (0.81) 87.76(0.78) 9594 (0.80) 373.1(079) 173.0(0.81) 699.6(0.82)
Evt. cleaning 33 18 (0.98) 86.27 (098) 9476 (0.99) 369.0 (0.99) 1699 (0.98) 690.6 (0.99)
N}, jgt bins
0Cs5VvM 0.99 (0.03) 2.46 (0.03) 452 (0.05) 25.46(0.07) 1159 (0.68) 489.3 (0.71)
1 C5VM 5.31 (0.14) 1375 (0.16) 2089 (0.22) 110.8 (0.30) 43.59 (0.26) 163.5(0.24)
2 C5VM 11.55 (0.30) 2776 (0.32) 3451 (0.36) 144.4(039) 9.13(0.05) 32.81 (0.05)
=30C5VM 20.33 (0.53) 4230 (0.49) 34.84 (0.37) 8834 (0.24) 1.38 (0.01) 5.12 (0.01)

38



Cut flow Bkg

lable 11: Cutflow and expected yields at 10 fb 1 for SM backgrounds, with the baseline se
sections listed in Section 3. The efficiency of each cut, calculated with respect to the previ

sield.

Cut tF QCD Z +ets W tjets
Start 8 x 10° > 10° 6 x 10° 2 x 107
Nig >=4 6 x 106 > 107 8 x 10° 2 x 108
Hr > 500 GeV 10 > 107 4% 10* 3x 10°
HDiss > 200 GeV 46204.02 100718.36 10709.43 35208.73

p veto 31200.42 (0.68) 100424.34 (1.00) 10693.15 (1.00) 24940.95 (0.71)
e veto 19116.81 (0.61)  99296.67 (0.99)  10607.60 (0.99) 15240.75 (0.61)
u track veto 17698.28 (0.93)  97798.80 (0.98) 10538.85 (0.99) 14456.57 (0.95)
e track veto 15237.88 (0.86)  93962.19 (0.96)  10272.05 (0.97) 12952.54 (0.90)
Had. trackveto  12201.90 (0.80) 91628.84 (0. 93) 10133.97 (0.99) 10553.74 (0.81)
A¢ cuts 6946.27 (0.57)  9645.15 (0.11)  7543.35(0.74) 610187 (0.58)
Evt. cleaning 6651.03 (0.96) 478970 (0.50)  7477.41(0.99) 5803.18 (0.95)

N jet bins

Npjet =0 982.01 (0.15) 249463 (0.52) 574330 (077) 4433.89 (0.76)
N =1 2839.90 (0.43)  1575.38 (0.33)  1416.57 (0.19)  1158.09 (0.20)
Np et = 2 2298.84 (0.35)  466.97 (0.10) 286.99 (0.04) 190.50 (0.03)
Npjt > 3 53028 (0.08) 252.71 (0.05) 30.55 (0.00) 20.70 (0.00)
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had tau events in bins
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Photon control region Data/MC plots

e Good data/ mc agreement

CMS Praliminary 2.3fb", 5= 13 TeV CMS Profiminary 23", 5= 13 TeV
T T T T T T T T T T T T I T T T T T T I T T T I

TR = 100

Events

::4
==, 200

Ny =0
A ®,,,,>(0.50503,0.3)

Events

DataMC=1.01 - 0.02

CatafMC= 1.07 +/- 0.02
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cross section

Table 10: MC FullSim samples for signal SMS model points.

Dataset o(pb) [Ldt(fb~7)
SMS-T1tttt_mGluino-1500_mLSP-100_TuneCUETP8M1_13TeV-madgraphMLM-pythia8 0.014 7268
SMS-T1tttt_mGluino-1200_mLSP-800_TuneCUETP8M1_13TeV-madgraphMLM-pythia8 0.086 1719
SMS-T1bbbb_mGluino-1500_mLSP-100_TuneCUETP8M1_13TeV-madgraphMLM-pythia8 = 0.014 3708
SMS-T1bbbb_mGluino-1000_mLSP-900_TuneCUETP8M1_13TeV-madgraphMLM-pythia8  0.325 438.5
SMS-T1qqqq-mGluino-1400_mLSP-100_TuneCUETP8M1_13TeV-madgraphMLM-pythia8 = 0.025 1958
SMS-T1qqqq-mGluino-1000_mLSP-800_TuneCUETP8M1_13TeV-madgraphMLM-pythia8  0.325 293.0
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Kinematics

Events / 1.000

Events /0.200

Rl
Rl
Rl

1’

10

a a 10 12 1

Ns (P, > 30 GeV)

e e L e e T e
CMS Simulation — fren.sm cov [0
fi-13TeV, L - wm“---mnﬂ-
i aom cav
Tt

Events / 50.000

Events / 0.200

R e Bl P e e e
CMS Simulation — mllﬂl:nl [Caco
VE-13TeV L - ml:*———“mnﬁ. =:~ﬁ=
(=1} -
fom Il singaTop
10m cay [l Othar
ronkam caw [ uncer

nil.!lnnw
T

2m 400 B0 B 10 1200 1400
H™S [GeV]

B e S o o e e
CMS Simulation — feo tom ey 1050
¥E =13 el L = 10" - - - [ommem caw

Events / 250.000

Events {0.200

T T
CMS Simulation — et oy oo T
V3 = 15 Te¥, L = 106" —— Nmamm cov

1000 1500 2000 2500 3000 3600 400D

Hy [GeV]

e R E R T
CMS Simulation — fpeat o [0
f5-15TeV, L0 f - oee - T

Tt | B
L T

Ao Ml segpa Top
o cov [ oo
ooy cov 1 MG undet,

43




Motivation

e Supersymmetry is a beyond Standard model theory that solves many puzzling issues like
- Hierarchy problem

- Gauge coupling unification

- And possible candidate (neutralino) for dark matter
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Force particles

SUSY is a broken symmetry : Expect new particles in ~TeV range !

““Natural SUSY” requires : In R-Parity conserving

- light stops, sbottoms (<1 TeV) models, lightest .
supersymmetry particle (L.SP)

- not so heavy gluinos (1.5-2TeV) § 1. ' 1ple. Popularly lightest
-light 7} %, (few hundred GeV) |/ neutralino 70 is an LSP.




