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Introduction

@ 13 TeV pp collisions at LHC
provide possibility of the search
for strong production of
supersymmetry particles.

» Based on the prediction for cross
section.

@ For each decay mode, models of
both R-parity conservation and
violation are considered.

» R-parity conservation (RPC) : High
Eq’l”iss from LSP.

» R-parity violation (RPV): High
multiplicities of final state, low E™,
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All results with full dataset of 139 fb—!collected by ATLAS.
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

Final states searched in ATLAS

@ Various final states are searched in ATLAS for pair production of gluino, squark,
stop and sbottom.

@ Five publications are selected for this talk.

B Two opposite-sign leptons, jets and E{P"SS (arXiv: 2204.13072) !
= aiming for & and 15t/2" squark with R-parity conservation.

B Photons, jets and E™ (arXiv:2206.06012)
= aiming for g with RPC and
Gauge-Mediated Supersymmetry Breaking (GMSB).

5706205 e


https://arxiv.org/abs/2204.13072
https://arxiv.org/abs/2206.06012

Final states searched in ATLAS

B Two/three same-sign leptons and jets (JHEP 06 (2020) 046)
= aiming for t and b with RPC and g with both RPC and RPV.

1)

-_— . 4 ~ ~

B All-hadronic tf and ET* (Eur. Phys. J. C 80 (2020) 737) >‘4~Y

= aiming for t with RPC. }“i* N
p

B Leptons and many jets (Eur. Phys. J. C 81 (2021) 1023)
= aiming for g and t with RPV.

Other relative talks:
@ Philipp Mogg's talk for DM on June 27.
@ Devanshu Kiran Panchal’s talk for long-lived particles on June 27.
@ Leonardo Rossi's talk for long-lived particles on July 1.
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https://doi.org/10.1007/JHEP06(2020)046
https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8
https://link.springer.com/article/10.1140/epjc/s10052-021-09761-x
https://indico.cern.ch/event/1083758/contributions/4878291/
https://indico.cern.ch/event/1083758/contributions/4878293/
https://indico.cern.ch/event/1083758/contributions/4878292/

Special variables for SUSY search

@ Mry algorithm:
» Consider pair production of S. 51/2 — P1V/'§ Xll%ls

Mty = min  {max[Mr(py%, %r.1), Mr(prs, %r.2)]}
Rr,14+%r, =P

= miss

m-2|— (ﬁT,1/2aﬁTmiss) =2x (PT,1/2 X Ef}ni - PT /2 PT )

» Mo can be considered as the transverse mass of S.

@ Object-based EF"** significance (S): hioh value indi
» Quantification of the consistency of true zero E?"SS. 'gh value in |cat¢s a
real source of EJ"*
|Emiss|2
82 —_ T

UE(l - PET)

oy: total longitudinal resolution relative to the direction of p™.
o2+ correlation factor between total longitudinal and transverse relative resolution.
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Two opposite-sign leptons Ref: arXiv: 2204.13072
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@ Gluinos or squarks decay to light quarks and )NCS, and the decay of X3 produces

two opposite-sign leptons and X1
~ Mg /5+m

@ The mass of xS is assumed as Mgy = /Tx?

@ To cover most of mass difference range between gluino/squarks and )2(1), four
signal regions, SRC-STR (compressed region), SRLow-STR (low A(mg /5, my9)),
SRMed-STR (medium A(mg/4, myo)) and SRHigh-STR (high A(mg;4, mg)),
are defined.
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https://arxiv.org/abs/2204.13072

Two oppisite-sign leptons

@ Common selections:

» Same-flavour leptons

> Njets = 2

> A¢(jr,2, prm) >0.4

> myy >12 GeV

» S(E™ss) > 10 (only SRC)

» Signal regions are optimized by using

Hr, mro, and pree.

@ Lower bound of my, removes the
background of low mass
resonance.

o S(E™=) and mry is used for the
reduction of tt background.
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https://arxiv.org/abs/2204.13072

Two oppisite-sign leptons: Results Ref: arXiv: 2204.13072

25009—9: G-k - ThT - B mE=m@ + mEy2; m{=mE) + mEy2

@ Shape fits to binned myy in
each signal region are
combined into limits.

@ Small excess in SRLow-STR ———1500]
causes weaker observed

| {s=13 TeV, 139 fb™, All limits at 95% CL
<2000
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* A kink is due to switching between signal
regions based on expected sensitivity.
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https://arxiv.org/abs/2204.13072

Photons, jets and Eil;niss Ref: arXiv:2206.06012

q q Y

e With General Gauge Mediation (GGM) model, gravitinos with very light mass
(mg = 1079 GeV) are the lightest supersymmetry particles contributing to EF™.

@ Gluinos decay to gravitinos via X1 with final states including ~v/Z or v/h.

@ Three signal regions are designed for different Am(g, )2(1))
> SRL (low mgo), SRM, SRH (high myo, compressed).
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https://arxiv.org/abs/2206.06012

Photons, jets and Erfniss Ref: arXiv:2206.06012
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https://arxiv.org/abs/2206.06012

Photons, jets and Erfniss: Results Ref: arXiv:2206.06012

@ No significant excess is found.

Scenarios Limits
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https://arxiv.org/abs/2206.06012

' Ref: JHEP 06 (2020) 04
Two/three same-sign leptons ef: JHEP 06 (2020) 046

RPC RPV

e Various strong productions (g, t, E) are considered in this paper.
@ For the R-parity conservation (RPC), two same-sign leptons can be produced in
a single decay chain, and one additional same-sign lepton is produced for t

production.
e For g with the R-parity violation (RPV), two same-sign top quarks produce

same-sign leptons.
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https://doi.org/10.1007/JHEP06(2020)046

Two/three same-sign leptons: Results

@ No significant excess is found.
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https://doi.org/10.1007/JHEP06(2020)046

ic tt ' Ref: Eur
All-hadronic tt and Ep™*
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. Phys. J. C 80 (2020) 737

@ SRA: two body
Highly boosted top
quark

@ SRB: two body
top quark with
medium prp

@ SRC: two/three body
Compressed region,
soft top quark

@ SRD: four body
soft b quark
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https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8

A”—hadronic tt__ and Erifniss Ref: Eur. PhyS J. C80 (2020) 737

ATLAS Z+jets tt

5-13Tev, 130" MUZ W Wijets
SRB-TT [l Single top [l Other
44SM Total ¢ Data

J—— m&v;‘j) = (700,400) GeV

@ SRA, SRB: use reclustering jets with large radius
to tag boosted top quarks. My, used for a
boundary of SRA and SRB, and object-based
E™'ss significance (S) reduces tt background.

Events / 20 GeV

@ SRC: use R-jigsaw method to identify a ISR
hemisphere and a sparticle hemisphere.

@ SRD: use soft b-tagging from track jets (down to

pT of 5 GeV) and angular separation between
jets and E7*.

Z+jets . Wjets E
=137eV, 139" I Gty i
RDO P
%SMTotal { Data
— — mit,X) = (500,493) GeV

Events / 2 GeV'?

@ Major background:

» Z(— vv)+jets, ttZ(SRA), tt(SRB and SRC), W+jets
(SRD).

35556 27 28 29 30 31 82 83 34
ETS\(Hy [GeV'™)
Yi-Lin Yang
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https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8

Ref: Eur. Phys. J. C 80 (2020) 737

m/ss
All-hadronic tt and E{"*: Results
+()
@ No significant excess is found. N
L~ X1
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(ATLAS-CONF-2022-007).
Ref: ATL-PHYS-PUB-2022-013
_ nproducno'n 1 a'(?/bWEp/b"EP i Liymitf at 95°'A, C'L 900 \E=8,13 TeV, 20.3-139 fb -1 March 2021
5 oo amas b 5 oooE Sras iy S
& 1000: (5=13TeV, 139 fb" 9800 ', production Y Data 1518, & = 13 Tev, 1391 !
Py - ATLAS, 36,1107 STH Limits at 95% CL
& gool == Semim iy E
600} =T o e

400

200

[1709.04183, 171111520,
1708.03247, 1711.03301]

.
[1903.07570)

uamzr 8Tev, 2031 "

NI BRI BRI S R

N S [ I NS
400 600 800 1000

Yi-Lin Yang

il E"/ nw{"’/ bn?
PR B ST lSﬂSDSEJS
1200 1400 200 400 600 800 1000 1200 e
m; [GeV] m(t,) [GeV]
27.06.2022 16 /31


https://link.springer.com/article/10.1140/epjc/s10052-020-8102-8
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-007/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/

: Ref: Eur. Phys. J. C 81 (2021) 102
Leptons and many jets ef: Bur. Phys. J. C 81 (2021) 1023

t
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b
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S~ NP Mg s
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@ Assume 100% branching ratio of )"(?,2 — tbs and & — tbs.

LSP type stop gluino
W, b ttx%, bbY bi;
tXio bXi  ttXio 1ot
Bino 100% 0% 100% 0% 0%
Wino 33% 67% 17% 17% 66%

Higgsino  50% 50%  50% 0% 50%
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https://link.springer.com/article/10.1140/epjc/s10052-021-09761-x

- Ref: Eur. Phys. J. C 81 (2021) 102
Leptons and many jets ef: Eur. Phys. J. C 81 (2021) 1023

Lepton category Jet multiplicity Analysis regions ATLAS —letp,>20Gev = Data ttbar (2L)
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@ Background prediction:

o T
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https://link.springer.com/article/10.1140/epjc/s10052-021-09761-x

Leptons and many jets: Results

e No

significant excess is found.
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Ref: Eur. Phys. J. C 81 (2021) 1023
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Ref: ATL-PHYS-PUB-2022-01
Summary e S-PUB-2022-013

@ No significant excess is found in all scenarios for this talk.

@ A broad SUSY program in ATLAS targets both RPC and RPV models, which is
employing advance objects and sophisticated analysis techniques.

@ More results with Run2 and the start of Run3 are coming.

Vs=13 TeV, 36.1 - 139 b’ March 2022

= ot B B L R L N
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<1‘(‘\253000 o qu Olep. + 1 lep. [2010.14293, 2101.01629] T 2600 [ A%g - tt¥}, ¥§ - uds, SS/3L, arXiv:1706.03731 All limits at 95% CL
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/

Summary Table

R-parity Scenarios OSlep Photons SSlep All-had tt lep&jets
F = qaN9; XS — FE0F 7% = (=X) 2.25 TeV
g — qq\; X5 — Zz°\} 1.95 TeV
g — qqd Wzl 1.6 TeV
g— qq)??;f((l’ - (v/2)6 2.2 TeV
g — qq'%; X8 = (v/n)G 2.2 TeV

(1

RPC

G— g3 %8 = 2#%3 1.55 TeV
Bt - wih i - wid 750 GeV
f— %0 1.25 TeV
b by — tX1; 8 — wid 750 GeV
g — tht——db 1.6 TeV
3 & — qa\y; {3 — qq(t/v) 2.2 TeV

g — thi— bs 1.8 TeV
g — tEX) 2/ EbXT; X0 — ths; KT — bbs 2.4 TeV

FooF— tX02/b%7 ;X3 2 — ths; Xi — bbs 1.3 TeV

Q2

RPV
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Two oppisite-sign leptons: Results
@ my is excluded up to 1.95 TeV for § — Z model and 1.55 TeV for G — Z model.

E V=13 TeV, 139 fb™, Al limits at 95% CL

- - Expected Limit (+10,,)

~ Observed Limit (+1020)

ATLAS 13 TeV, 36.1 fb™ (observed)
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https://arxiv.org/abs/2204.13072

Ref: JHEP 06 (2020) 046
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Two same-sign leptons: Results

@ No significant excess is found.
@ The exclusion of m; and m; is reaching up to 750 GeV.

t w
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Leptons and many jets: Results

@ No significant excess is found.

Ref: Eur. Phys. J. C 81 (2021) 1023

@ mj is excluded up to 2.2 TeV for g — qul and 1.8 for g — tt.
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Two oppisite-sign leptons:

@ Table of model-independent limits.

Signal Region ~ Total Bkg.  Data  (Aeo)’ [fb] Soo Sep CLy, p(s=0)(2)
SRC-STR
12-31 26+13 2 0.03 4.7 5721033 0.50(0.0)
12-61 6319 7 0.06 8.4 8331 051 0.50(0.0)
31-81 68+28 9 0.08 11.0 80732 083 0.18(0.9)
81— 254+35 27 0.12 16.4 153539 061 0.34(04)
SRLow-STR

12-81 168426 18 0.09 12.6 11.6%2 061  0.39(0.3)
101-201 120£2.3 13 0.08 11.2 9.65% 067 0.30(0.5)
101-301 165426 20 0.11 15.4 11451084 017(1.0)
301- 46414 6 0.07 9.5 6.6'3% 085  0.09(1.3)
SRMed-STR

12-101 425 38 0.10 13.6 18872 015 0.50(0.0)
101- 2644 27 0.12 16.7 158792 056 0.41(0.2)
SRHigh-STR

12-301 227432 18 0.06 8.9 130758 0.1 0.50(0.0)
301- 1510 1 0.03 37 4418032 0.50(0.0)
On-Z
SRZLow-STR 334 35 0.15 20.5 17054076 0.25(0.7)
SRZMed-STR 15224 15 0.08 107 1033 053 0.50(0.0)
SRZHigh-STR ~ 4.5+12 3 0.04 5.0 64735 024 0.50(0.0)
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Two same-sign leptons

Ref: JHEP 06 (2020) 046
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Njet >6 >6 >6 - >6 2E =
E/™s [GeV] > 200 - > 300 - - ; S
mer [GeV]  >1000 - > 1400 - > 2600 i v 1
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EF** [GeV]
@ A veto on np_je; in Rpc2LO0b largely reduces tt 3PS s B,
background. p ’ — [ —-—

o Additional veto on 81 GeV < m.x.+ < 101 GeV
reduces Z — ete™ background.
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. . =
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* Mer = Hp + E™° (leptons is included in E;™5)
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Tau |ept0ns b—JetS and Emlss Ref: PhyS. Rev. D 104, (2021) 112005

i i % a E 8 A"I’LAS ¢ I?a‘(a %é Total SM‘ E

@ Tau leptons decay hadronically >: 3 7p EemTevusw Bieen Biemn 3

,% A 2 E?zau channel [ v+iets @ muttiboson —f

so there are zero electrons and 7 # NS § Do "

- mif)=1350, 1000 Gev o

muons. b v 4 m(I‘FE = 1350, 590 GeV é

. . 7 R

@ A hadronic tau lepton is reconstructed from R = z E

0.4 jets tagged by a neural network algorithm. 1 )

e Common selection: Epmiss > 280 GeV, nje > 2. o 0 1200 1§3(”)1fgev]

® Two signal regions: R P Y
> Di-tau channel: np_je: > 1, Opposite-sign tau leptons, & | F F=sarevassn’ - 5iemn o
mTZ(le 7.2) > 70 GeV g Single-tau channel !ﬁgﬂ):usm .

m(LQ)=12TeV,p=05

> Single-tau channel: np_j: > 2, sT >600 GeV,
> my(by2) > 700 GeV, my(7) > 150 GeV, pr(7)
binned. » p——
@ Major background:
» tt and single top (Single-tau channel). Teo @ 100 120 10 160 1m0 200 e

S S



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.112005

Tau leptons, b-jets and E%”"SS: Results

@ No significant excess is found.

Scenarios

Limits

f— burG
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Yi-Lin Yang
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Summary plots for g — {1 with R-parity conservation

Vs=8-13 TeV, 20.3 - 139 b’ March 2022
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e L = 2y [1802.03158] ]
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L =1t 4
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Summary plots for b — X1 with R-parity conservation

(s=13TeV, 139 fb* March 2021
';12007 T { L ‘ LI ‘ L ‘ L ‘ LI ‘ L T
8 L bp, production ATLAS Prellmlnary
_ [ b~bx —bh &““ Am(xx) =130 GeV [1908.03122, 2103.08189] |
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