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Introduction

Supersymmetry (SUSY) Model

@ SUSY relates space-time and
internal symmetries

@ Unifies the elementary
constituents (fermions) with
the interactions they
undergo (bosons)

@ Solves conceptual problems
of the Standard Model (SM)

@ Light top squark — solution to
hierarchy problem
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Superpotential of MSSM

Introduction

@ The superpotential of MSSM can be separated into two parts:

Warssy = ty,QH, — dy,QHa — &y, LHy + pH, Hy,
1 . L _ .. 1w -
WR,, = aAzjkLiLjék + A ”kLindk +up'L;H, + 5)\ ”k’ﬁidjdk

@ New symmetry R-parity:

Nguyen Hoang Dai Nghia (AMU)

R

(_I)S(B—LH—ZS

B: Baryonic number
L: Leptonic number
S: Spin number
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Introduction

Superpotential of MSSM

@ The superpotential of MSSM can be separated into two parts:

Wirssa = 4y, QH, — dy,QHy — &y, LHy + nH, Hy,
- / 1

_ Lk = 'ijk i Yijky 3 7
7, 2 THIEE :Elgjdk iy 25‘ uzd]d'k'

3(B—L)+2S B: Baryonic number
(_1) L: Leptonic number
S: Spin number

@ New symmetry R-parity: |R =

Vs=8,13 TeV, 20.3-139 fb '

R-parity conserving (RPC) model $ gogk ATLAS Prelminary

1f, production

@ Conserve B and L
@ Sparticles produced in pairs

@ Stable LSP behaves like a neutrino —
escape detection

@ Large missing transverse energy (MET)

Dsososse)

2
Top squark heavily constrained up to 1.2 TeV 200 400 600 800 1000 1200
[ATL-PHYS-PUB-2020-013] m(t,)[GeV]
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Introduction

Superpotential of MSSM

@ The superpotential of MSSM can be separated into two parts:

Wirssu = Uy, QH, — dy,QHy — &y, LHy + pH,Hy,

1 .. /e - /. | [
Wy = iA’JkLiLjék + XN LQudy + p 'L H, + 3 kg d;dy,

3(B—L)+2S B: Baryonic number
(_1) L: Leptonic number
S: Spin number

@ New symmetry R-parity: |R =

R-parity violating (RPV) model e Many constraints on SUSY
@ Violate B or L > searches disappear
@ Single sparticle production is possible ° TOp squark decays via )\§32
@ LSP not necessary stable — possibility for favored by MFV

new signals

@ MET not necessarily large
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Introduction

Search for RPV decay of top squarks pair in events with multi-b-jets
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[arxiv:1704.08493]

No leptonic final states can be used for this scenario

Search for signal in events with high b-tagged jet multiplicity
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Introduction

Top-squark pair production in natural RPV SUSY
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@ Analysis can be sensitive to values of Aggq

Sara Diglio, Lorenzo Feligioni, Gilbert Moultaka. Stashing the stops in multijet events at the LHC. Phys. Rev., D 96(5)

e For )\g32 — 0 the produced top squark tends to be long-lived
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Experimental signature at the LHC

The LHC and ATLAS detector

Large Hadron collider (LHC)

@ Proton-proton (pp) collisions at four
interaction points

e 2010-2012: /s = 7,8 TeV
e 2015-2018: /s = 13 TeV (Run 2)

@ Very high instantaneous luminosity
@ 70 pp interactions per bunch-crossing
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A Toroidal LHC ApparatuS (ATLAS)

A
Ve sl

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

@ Multi-purpose detector:
o Higgs boson physics
@ SM precision measurements

o New physics searches

@ Large pp collisions dataset in Run 2
~ 140 fb~!
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Experimental signature at the LHC
Overview of particles passage through ATLAS detector

o Electrons: Energy deposition in
calorimeter and charged track in ID

@ Photons: Energy deposition in
calorimeter, no track in ID

@ Muons: Combined track in ID and
MS

@ MET: negative vectorial sum of
selected physics objects and the soft
term

AAASARIAAA ARM AR
ATLAS Simulation
(5=13TeV, t __pjes

o Jets: Energy deposition in
calorimeters and charged tracks in 1D
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ciets
-~ Light flavour jets

o b-jets: jets containing > 1 b-hadrons

— ATLAS uses a Multivariate b-tagging algorithm to separate w0

Jet p,>20 GeV, lnl<2.5

b-jet from light and c-jet SOOI T OOV T OO

B Y R Y S

MV2c10 BDT output distribution
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Search for new physics in fully hadronic final states

Signal and background diagrams

b Multijet: data-driven (TRFMmyg)
b
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Search for new physics in fully hadronic final states  Multijet background estimation: TRFjj method
Multijet background esatimation: TRFy;; method
e TRFyj based on the probability of tagging jet in QCD events

@ Starting from events with the number of b-tagged jets N}, > 2, one can predict the
number of multijet events in high jet multiplicities
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Search for new physics in fully hadronic final states  Multijet background estimation: TRFjj method
Multijet background esatimation: TRFy;; method
o TRFy1; based on the probability of tagging jet in QCD events

@ Starting from events with the number of b-tagged jets N}, > 2, one can predict the
number of multijet events in high jet multiplicities

TRF
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Search for new physics in fully hadronic final states  Analysis strategy

Events pre-selection

Ny

AﬁTLAS Preliminary
>4 jets with pr > 120 (140) GeV gH] s = 13 Tev, 155108

Events

10

° SM background
@ additional jets must have pt > 25 GeV, . 1
Inl < 2.5
102
@ > 2 b-tagged jets :

@ Events containing leptons are discarded

Events

Strategy: Counting events in different
jet and b-tagged jet multiplicity regions

@ SM background is accumulated in low
b-tag multiplicity

@ Signal is accumulated in high jet
multiplicity
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Search for new physics in fully hadronic final states  Analysis strategy

Analysis strategy

Analysis Np
Regions 3 4 >5
6 SRslop SRslop
—VR-MJ]— ««VR-MJ—
7 SRslop SRslop
N; —VRMJ—> « VR-MJ—
8 SRslop SRslopdiscovcry e

«—VR-MJ]—» « VRMJ—

SRslop SRsmp‘discovcry -
«—VRMJ]—» «« VRMJ—

@ N;: number of jets, Ny: number of b-tagged jets
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Search for new physics in fully hadronic final states  Analysis strategy

Analysis strategy: validation regions

Analysis Np
Regions 3 4 25
6
TRFwMy
N7 .
J validation
regions
8
>9

@ N;: number of jets, N,: number of b-tagged jets
e Validation regions (VR-MJ) based on Crass (Hr/Mijets) cut
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Search for new physics in fully hadronic final states  Analysis strategy

Validation of TRFy;; method in VR-MJ in data

@ Number of predicted multijet events with N; > 6 and N, =3 or Ny, > 4
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o C2x: region dependent upper cut on Chass

@ Systematic uncertainties are represented by the blue hatched area
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Search for new physics in fully hadronic final states  Analysis strategy

Analysis strategy: model-dependent test

Analysis Np
Regions 3 4 >5
6
7 ’ . .
N;j - Signal region at
high jet and high
8 SRy gb-tjagged Jetg stop,discovery —
>9 top,discove

@ N;: number of jets, Ny: number of b-tagged jets
@ Signal regions: N; > 6 and IV, >4
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Search for new physics in fully hadronic final states  Analysis strategy

Statistical analysis

@ Profile-likelihood fit is performed on 8 SRs
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Search for new physics in fully hadronic final states  Analysis strategy

Analysis strategy: model-independent test

Analysis N
Regions 3 4 =3
6
N7
. ) i SRistop discovery —
Discovery regions
S0 N SRsmpAdiscovcr} -

@ Nj: number of jets, Ny: number of b-tagged jets
@ Discovery regions: (N; > 8, N, >5) and (N; > 9, N, >5)

Nguyen Hoang Dai Nghia (AMU) July 8th, 2020 19/24



Search for new physics in fully hadronic final states

Model-independent results

Analysis strategy

e Fitted background yields in (IV; > 8, N, > 5) and (N; > 9, N, > 5) signal

regions
(N, No)

Process >8,>5 >9,>5
Multijet 200 + 40 123 + 20
tt + >1c 0.6 + 0.6 0.29 4+ 0.33
tt + >1b 26 + 20 20 + 15
tt+ W 0.11 + 0.05 | 0.09 + 0.04
tt+ Z 14+ 0.7 0.8 £ 0.7
Wt channel 0.9 + 0.8 09 +1.2
ttH 37+ 16 29+ 1.4
Total background 230 + 40 147 £+ 20
Data 259 179

@ No significant excess observed

@ Model-independent limits on the contribution of new phenomena to the
signal-region yields are calculated in terms of the total observed cross section

Signal region

g

95 [fb] N95

NOS po (%)

obs obs
Njets >8, N, >5 | 0.76 105 | 85750 [ 0.24 (0.7)
Niets 29, N, >5 | 0.54 75 | 52778 | 0.11 (1.2)
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Results

Exclusion limits on signal strength pz7. with BR(f — bx*(x™ — bbs)) = 1
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@ Observed (expected) sensitivity up to 950 GeV (1 TeV)
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Results

Exclusion limits on signal strength pz. for H LSP scenario
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@ Observed (expected) sensitivity up to 950 GeV (1 TeV)
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Conclusions

Conclusions

@ SUSY is an elegant way to relate fermions and bosons and solving many SM
shortcomings

o Light top squark — solution to the hierarchy problem

@ Extensive program to explore uncovered phase space for RPV models
o pp — tt* — bbbsbbbs have been a blind spot for natural SUSY

@ Search for RPV decay of top squarks pair

. A 21 1500 Ftproduction, T - ), /b, & ~ ths, &' - bbsand c.c
production in 139 fb™ " of ATLAS data: = [ATLAS Prefiminary ‘
L IR | /s =13Tev, 139 tb"
o Strategy based on a profile likelihood based fit in : e
different N; and N, %E L wass st ez comse)
T 1000 Al \lrtms\al 95% CL B
o Multijet background estimated using TRFy, 4 :
method. Validated in data and MC E

@ No significant excess is observed

@ Model-independent observed limit on BSM
cross-section is 0.54 fb in (>9j,>5b)

M .
1000 1200

@ Observed (Expected) 95% CL exclusion limit is _
m(t) [GeV]

set for top squark mass up to 0.95 TeV (1 TeV)

@ More information in ATLAS-CONF-2020-016
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