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Introduction

Standard Model (SM): very successful.
However, leaves many open questions.

Supersymmetry (SUSY): sparticles↔ SM
particles, differ 1/2 in spin.

no sparticles observed → broken symmetry
→ sparticles masses 6= SM partner ones.

charginos χ̃±1,2, neutralinos χ̃0
1,2,3,4: linear

superpositions of the SUSY partners of the
Higgs and of the electroweak gauge bosons.

R-parity: PR = (−1)3B+L+2s . R-parity
conserved (RPC):

SUSY particles produced in pairs.
Lightest supersymmetric particle (LSP)
stable, weakly interacting → invisible to
detector, Dark Matter candidate.
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Introduction

Simplified signal model

χ̃±1 χ̃
0
2 directly pair-produced, mχ̃±1

= mχ̃0
2
.

χ̃±1 →W±χ̃0
1 and χ̃0

2→ Z0χ̃0
1 with

branching ratios 100%.

W±→ l±ν and Z0→ qq̄.

Final state:
1l± + jets + missing transverse energy /ET .

Perform a search for full ATLAS Run-2 data, integrated luminosity L = 140 fb−1.

Simulated samples
generated signal samples for different (mχ̃0

2
,mχ̃0

1
).

generated samples for background processes e.g tt̄,W + jets, diboson, singletop, etc. which share
same final state topology with signal.
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Reconstructed Objects

Leptons:

Electrons: pT > 7 GeV, |η| < 2.47.

Muons: pT > 6 GeV, |η| < 2.5.

Jets
Required pT > 20 GeV and |η| < 4.5.

Observables built from central jets (pT > 20 GeV, |η| < 2.8).

b-jets: MV2c10 with b-tagging efficiency of 77%. Required pT > 20 GeV, |η| < 2.5.

Missing transverse momentum
reconstructed using fully calibrated baseline objects.

VU Ngoc Khanh (CPPM) JRJCs November 28, 2019 5 / 25



Reconstructed Objects

Leptons:

Electrons: pT > 7 GeV, |η| < 2.47.

Muons: pT > 6 GeV, |η| < 2.5.

Jets
Required pT > 20 GeV and |η| < 4.5.

Observables built from central jets (pT > 20 GeV, |η| < 2.8).

b-jets: MV2c10 with b-tagging efficiency of 77%. Required pT > 20 GeV, |η| < 2.5.

Missing transverse momentum
reconstructed using fully calibrated baseline objects.

VU Ngoc Khanh (CPPM) JRJCs November 28, 2019 5 / 25



Reconstructed Objects

Leptons:

Electrons: pT > 7 GeV, |η| < 2.47.

Muons: pT > 6 GeV, |η| < 2.5.

Jets
Required pT > 20 GeV and |η| < 4.5.

Observables built from central jets (pT > 20 GeV, |η| < 2.8).

b-jets: MV2c10 with b-tagging efficiency of 77%. Required pT > 20 GeV, |η| < 2.5.

Missing transverse momentum
reconstructed using fully calibrated baseline objects.

VU Ngoc Khanh (CPPM) JRJCs November 28, 2019 5 / 25



Reconstructed Objects

Leptons:

Electrons: pT > 7 GeV, |η| < 2.47.

Muons: pT > 6 GeV, |η| < 2.5.

Jets
Required pT > 20 GeV and |η| < 4.5.

Observables built from central jets (pT > 20 GeV, |η| < 2.8).

b-jets: MV2c10 with b-tagging efficiency of 77%. Required pT > 20 GeV, |η| < 2.5.

Missing transverse momentum
reconstructed using fully calibrated baseline objects.

VU Ngoc Khanh (CPPM) JRJCs November 28, 2019 5 / 25



Event pre-selection

Preselection:

Exactly 1 signal lepton.

Second baseline lepton veto.

2-3 jets with pT > 20 GeV.

/E T > 200 GeV.

mT > 50 GeV.

Split search:

Zqq analysis

Z → uū/dd̄/ss̄/cc̄

BR(Z → light jets) ≈ 55%.

0 b-tagged jet in events.

Zbb analysis

Z → bb̄

BR(Z → bb̄) ≈ 15%.

2 b-tagged jet in events.
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Z → uū/dd̄/ss̄/cc̄

BR(Z → light jets) ≈ 55%.

0 b-tagged jet in events.

Zbb analysis

Z → bb̄

BR(Z → bb̄) ≈ 15%.

2 b-tagged jet in events.

VU Ngoc Khanh (CPPM) JRJCs November 28, 2019 6 / 25



Event pre-selection

Preselection:

Exactly 1 signal lepton.

Second baseline lepton veto.

2-3 jets with pT > 20 GeV.

/E T > 200 GeV.

mT > 50 GeV.

Split search:

Zqq analysis
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Signal Region Optimization

Focus only on the Signal Regions which enrich signals.

Need a set of discriminating variables and set of cuts on these variables.

Thank Lennart for this very nice picture :))
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Signal Region Optimization

Reconstruction of Z boson

2-jets events, all jets from Z decay.

q

q

Z

in 3-jets events, 2 jets from Z boson decay, the other from initial state radiation (ISR) or final
state radiation (FSR).

q

Z

q

g

q

q

g

Z

apply kinematic fit to introduce tagger differentiating ISR and FSR case.
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Signal Region Optimization

FSR kinematic fit:

χ2
FSR =

3∑
i=1

[
pMeas

T (ji)− pFit
T (ji)

]2
σ2pT (ji)

+

[
pMeas

T (l±)− pFit
T (l±)

]2
σ2pT (l±)

+

[
/pMeas

x
− /pFit

x

]2
σ2/ET

+

[
/pMeas

y
− /pFit

y

]2
σ2/ET

+

[
MFit(j1, j2, j3)−MPDG

Z

]2
Γ2

Z

For each event, consider 3 jet indices k, l ,m, each of which ∈ [1, 3].
MFit(jk, jl) built from combination of dijet mass closest to MPDG

Z .
Index m corresponds to ISR jet.
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Signal Region Optimization

Minimize χ2
FSR and χ2

ISR .

Classify 3-jets events as:

FSR

Min(χ2
ISR)−Min(χ2

FSR) > 0

ISR

Min(χ2
ISR)−Min(χ2

FSR) < 0

ISR jet determined based on index m
corresponding to minimum χ2

ISR .
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ISR 3-jets events: jk, jl are not ISR jets.
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Zbb analysis:

2-jets events: jk, jl are j1, j2.
FSR 3-jets events: jk is combination of non b-tagged jet

with closest b-jet, the other b-jet is jl .
ISR 3-jets events: jk, jl are b-jets and not ISR jets.
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Signal Region Optimization

Transverse mass

mT =
√

2pT (l)/E T

(
1− cos

[
∆φ
(
pT (l), /pT

)])

100 200 300 400 500 600
 [GeV]Tm

0.1

0.2

0.3

0.4

0.5

0.6

ar
b.

 u
ni

t

Data

SM Bkgd

Diboson

Triboson

Single Top

Top pairs

+Htt+

+Vtt+

V+H

+jets±W

/Z+jets*γ

 (200,0)
2

0χ∼
1

±χ∼

 (200,50)
2

0χ∼
1

±χ∼

 (300,0)
2

0χ∼
1

±χ∼

 (400,0)
2

0χ∼
1

±χ∼

 (500,0)
2

0χ∼
1

±χ∼

Effective mass

meff = pT (l) +
∑
jets

pT + /E T
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Signal Region Optimization

Missing transverse energy significance

S2 = 2 ln

[
maxpinv

T 6=0L(/E T |pinv
T )

maxpinv
T =0L(/E T |pinv

T )

]
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Signal Region Optimization

Leading jet pT
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Signal Region Optimization

Build Signal region (SR) based on
discriminating variables.

For each analysis, SR splitted into 3 orthogonal
bins of mT , each of which covers a region of
signal grid.

Optimization strategy for each signal point
scan discriminating variables one-by-one and choose which gives the highest significance ZN .

Apply this cut for event selection.

Redo the scan for the other variables.

Significance ZN calculated with BinomialExpZ from the total background and signal yields, includes
a systematic uncertainty of 30% for background yield

.

Choose the common cut values for all signal points to form the SRs.
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Signal Region Optimization

Zqq SR
Observable SRLM bVeto SRMM bVeto SRHM bVeto
Nlep = 1
Njets = 2, 3
Nb−jets = 0
MZ [GeV] ∈ [88, 103]
pT (j1) [GeV] > 135
pT (j2) [GeV] > 110
pT (l1) [GeV] > 40
mCT [GeV] > 220
/E T [GeV] > 200
/E T significance > 12
mT [GeV] ∈ [140, 200] ∈ [200, 340] > 340
meff [GeV] ∈ [500, 900] > 900

Zbb SR
Observable SRLM bTag SRMM bTag SRHM bTag
Nlep = 1
Njets = 2, 3
Nb−jets = 2
MZ [GeV] ∈ [75, 105]
mCT [GeV] > 210
/E T [GeV] > 230
/E T significance > 12
mT [GeV] ∈ [100, 140] ∈ [140, 250] > 250

VU Ngoc Khanh (CPPM) JRJCs November 28, 2019 17 / 25



Preliminary Results

Yieldstable

Process SRLM bVeto SRMM bVeto SRHM bVeto SRLM bTag SRMM bTag SRHM bTag

Total SM 6.47±1.71 4.54±1.69 6.42±1.20 3.62±0.83 3.57±0.80 1.16±0.45

t̄t 0.47±0.14 0.53±0.18 0.15±0.04 1.62±0.39 0.48±0.10 0.28±0.07
W+jets 3.65±1.66 0.97±1.66 4.37±1.13 0.80±0.34 0.97±0.41 0.28±0.34
Single top 0.00±0.00 0.00±0.00 0.29±0.29 0.39±0.60 1.61±0.68 0.28±0.28
Diboson 2.19±0.36 2.83±0.23 1.32±0.15 0.59±0.25 0.18±0.05 0.04±0.08
... ... ... ... ... ... ...
mχ0

2
= 200,mχ0

1
= 0 9.47±2.03 0.40±0.40 0.00±0.00 5.94±1.54 6.43±1.71 0.00±0.00

mχ0
2

= 400,mχ0
1

= 50 4.92±0.97 4.94±1.00 1.47±0.57 0.94±0.42 6.55±1.12 4.83±0.95

mχ0
2

= 600,mχ0
1

= 200 0.30±0.19 2.18±0.47 3.60±0.63 0.62±0.24 0.95±0.31 3.23±0.59
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Preliminary Results

For each signal point, compute ZN in each SR, then estimate the total ZN :

Z total
N =

√√√√Nbins∑
i

[Z 2
N ]i , [ZN ]i > 0

Zqq analysis

1.77965 2.09408 1.66688 1.29761 0.844405 0.395073 0.16834

0.544092 1.38909

0.797404 0.775882 0.760542 0.357617 0.0996768

0.451485 1.48741

0.789164 0.283608

0.235091 0.140385 0.0801887
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Preliminary Results
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Summary and Prospect

Summary
Performed the search for χ̃±1 χ̃

0
2→W±(→ l±ν) + Z0(→ qq̄) + /ET with full LHC Run2 data.

Introduced a tagger using kinematic fit to differentiate ISR and FSR 3-jets events → improve
Z boson reconstruction.

Optimzed the SRs and obtained upper limit of 600 GeV for exclusion limit at 95% CL

What next?
Reoptimize the SRs using more information of kinematic fit and applying more complex
algorithm to gain the sensitivity.

Take into account other regions e.g Control Regions, Validation Regions, etc. and systematic
uncertainties for the fit.
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THANK YOU
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BACK UP
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Simulated Samples

3 different Monte Carlo production
campaigns

MC campaign data

MC16a 2015-2016
MC16d 2017
MC16e 2018

WZ Signal samples

Each (mχ0
2
,mχ0

1
) at leading order using

Madgraph5 aMC@NLO v2.6.2 and Pythia

8.230.

Cross sections at NLO+NLL.

samples with ∆m(χ̃0
2, χ̃

0
1) ≥ 300 GeV

produced with full ATLAS detector
simulation, otherwise fast ATLAS simulation.

Background samples
produced with full ATLAS detector simulation.
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Reconstructed Objects

Electrons and muons:

baseline: smaller purity, higher
acceptance, useful for e.g. /E T

computation.

signal: subset of baseline objects,
tighter selection, used as physical
objects.

Electron

baseline pT > 4.5 GeV, |η| < 2.47

signal pT > 7.5 GeV, |η| < 2.47

Muon

baseline pT > 3 GeV, |η| < 2.7

signal pT > 6 GeV, |η| < 2.5

Jets
Required pT > 20 GeV and |η| < 4.5.

Observables built from central jets (pT > 20 GeV, |η| < 2.8).

b-jets: MV2c10 with b-tagging efficiency of 77%. Required pT > 20 GeV, |η| < 2.5.

Missing transverse momentum
reconstructed using fully calibrated baseline objects.
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