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Introduction

Supersymmetry(SUSY): one of the most appealing BSM theories
— Introduce new symmetry: R-parity between boson and fermions

— Brings solutions to problems such as hierarchy problem, grand unification of gauge couplings, dark matter...

Naturalness arguments for weak-scale supersymmetry favors squarks and gluinos light enough to be

produced at the LHC
ATLAS recorded 139 fb~! of data in Run-2, could we find SUSY in these huge amount of data?

This talk will present the latest SUSY strong production searches with the ATLAS detector
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SUSY strong production search with ATLAS detector

Based on the full Run-2, various strong productions with many different final states are studied

— In these study, the models are simplified models. Sparticles not included in the model are set to very large values
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Squark(1st and 2" gen) and gluino

Gluino and squark prod, 1L final state

Gluino prod, large jet multiplicities final state
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Stop and sbottom

Stop prod, 2L + MET final state,

Stop prod, 1L + MET final state,

Stop prod, OL + MET in final state,

Sbottom prod, bjets and taus in final state,

Stop prod, Z and Higgs in final state

More models like
RPV models are

also studied
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l Inclusive 1L: ATLAS-CONF-2020-047 ' new

« Signal models
— Squarks(1st and 2"d generation) and gluinos productions

— Two kinds of signal grid considered:

: : : . p
« X =1/2 grid: Free parameters on gluino/squark and ¥ masses while the mass difference between the
)Zf and 7! is set to half of the mass difference between the gluino/squark and 7 mass. (x =
(¥i mass — 79 mass)/(§lg mass — 3 mass))

« grid-x: Free parameters on gluino/squark and )ZI—F masses, 7. mass is fixed to 60 GeV /

: : - W

- Signature: 1 lepton + jets + EFUSS 'S .
-7 X1 !

— One lepton from the W — | + v decay S~o X o

q 1

— Multiple jets from the gluino and squark decay and W hardonic decay g W

—  EPYSS mainly from the j?


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-047/

Inclusive 1L: Signal regions  new
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I Inclusive 1L: Background estimations new
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«  Main backgrounds are ttbar/Single-top and W+jets G qgs L ATLAS Preliminany T L I SM 5 Diboson
o 10 {s =13 TeV, 139 b i Z+jets 3
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« The variable of the m; is used to extrapolate from control region

to signal region and validated in validation region. Top regions
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I tt2L + EMSS: ATLAS-CONF-2020-046  new

« Signal models
— Stop production, then decay through 2-/3-/4- body decay

« Signature: 2 lepton + (bjets) + E;**>° b ¢
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The search for spin-0 mediator DM production associated with top quarks is also proceed
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-046/

I tt2L + EMSS: Signal regions  new

«  Considering different 2-/3-/4 body signal model behavior. Three kinds

of signal regions are defined to gain the best sensitivity in each models

Events / Bin
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For 2 body, use high EF*sS and stransverse mass my, to extend the

sensitivity of high mass split regions
For 3 body and 4 body, the bjet requirement is not strongly required

For 4 body small(large) AM signal regions, strict(loose) lepton upper cuts

are applied to target compressed mass scenario
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I tt2L + EMSS: Background estimation  new

«  Main backgrounds are ttbar, diboson and ttZ. In compressed regions the fake/non-prompt(FNP) become

an important source due to low lepton p; (< 25(100)GeV in small(large) AM signal regions)

 Defined dedicate control and validation regions for ttbar, diboson and ttZ if the background contribution is

high in relevant SRs

FNP backgrounds estimated using a data-based method (the so called fake-factor method)
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I tt2L + ETSS: Results  new

* No significant excess over the SM

S
. . ()
background estimation O,
O’-:—
« The stop mass <1 TeV are excluded fora &
&
low neutralino mass
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tt2L + ETSS: Results  new
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I Sbottom multi-b with taus: ATLAS-CONFE-2020-031  new

« Signal model

— Sbottom production, with 2 taus in final state

— Assume the mass split between the 2 and 7? is 130 GeV b
P T
: : ; : - h &L T
— Hadronically decay taus bring more E7*** and more signature to b . ~—l_ <0
X2 X1
separate the signal and backgrounds. Unique sensitivity at low g’ S~ Y )
b Yu Xl
masses p ) n
: : : b
« Signature: 2 taus + 2 bjets + EF**°

— Taus from the Higgs decay
—  EPYSS mainly from the 7?9

— Multiple b-jets from sbottom decay

14


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-031/

I Sbottom multi-b with taus: Signal regions  new

* SRrequires Npjo; = 2 and Nigy s = 2 With opposite sign

N, +N, > 1
.. : . Nigio >3
«  Multi-jet background is suppressed by requiring the angular poiety) 140 G&V
oo pr(jets,) . > 100 GeV
separation of both leading jets and the P7*'*S to be greater than Adliet12,P1 ) > 05
Nb—jets 2 2
pr(b-jety) > 100 GeV
0.5 Tq;igger l B335 4 pojet OR s
ERss > 160 GeV > 200 GeV

Higgs mass window, stransverse mass my,, Hy to further

Common SR requirements

reject other backgrounds N 2,
0S(7y,7) ;es
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Sbottom multi-b with taus: Background estimations new

Main backgrounds are ttbar and Ztautau

« The 2tau + 2 bjets statistics are small for those backgrounds

Define extra control regions to extrapolate mu-tau(mu-mu) events to tau-tau

events for ttbar(Ztautau)

— Validation regions are defined to validate the estimation and the Hy variable is

used to extrapolate from control regions to validation regions
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I Sbottom multi-b with taus: Results  new

* No significant excesses observed in SRs

b, b, production; b, b i: Sbh zf; Am(zz,z':)ﬂ 30 GeV
| gy 1 000 I I | I 1 I I 1 I 1 | I I I I I I I I I I I
> - —
*  Sbottom masses up to 850 GeV are excluded 3 ~ ATLAS Preliminary Vs=13TeV, 139 fb™, all limits at 95% CL .
e 900~ —
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Significance

17

n»r-=p»



I RPV SUSY in multi b-jet: ATLAS-CONF-2020-016  new

« Search for RPV SUSY models where we assume the LSP could decay into SM particles

« Signal models
— B-violating Ag}k considered for stop decay. Choose 13,5 which favored by Minimal Flavor Violation

(MFV) hypothesis

- Signature: Multiple b-jets, no leptons and low E7*sS

18


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-016/

I RPV SUSY in multi b-jet: Signal regions and background estimation new

Analysis Ny,
. . . _ . . Regions 3 4 >5
- Preselection is made to requires >= 4 jets passing 6 T S
. . . . VR-MJ max VR-MJ max
the 4 jet trigger and offline requirement, >=2 b- T am T e
N 7 ———— SRgiop SRepap ——
. . J — VR-MJ —rgmax < VR-MJ —rgmax
tagged jets, with no lepton > 10 GeV . ¢ SRuep —+ ¢ SRuup: SRumcorery —
< VR-MJ —gmax « VR-MJ — gmax
>9 A — SRstop S — SRstopa SRdiscovery —
- +— VR-MJ —>C§;::s + VR-MJ —)C;:::S
«  Simultaneous fit binned by different number of jets
: g 10°} ATLAS Preiiminaryl | ____~_>I -
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104+ m(b) = 600 GeV, m(¥,) = 550 GeV %g+31c Etsu Tﬂf ]
SRstop Post-Fit B tH “ Ungenair:)ty :
10°¢ Y E 3
«  Multi-jet estimated by a data-based method (Tag- asa——
rate-function multi-jet method) and validate in 10
validation regions o ‘ , , , , , ‘
3 1.1 7 ;
I e /W
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I RPV SUSY in multi b-jet: results  new

i-t production, t — by, ¥ — bbs and c.c., BR(t — by )=100%
p 1 1 1

-t production, t— t%?z / bﬁ, 2:)2 — tbs, ﬁ — bbs and c.c.

; 1 500 T | T T T * I T ‘ T T T ;I 1 500 T | T T T I T T T ‘ T T T
© | ATLAS Preliminary ] © L ATLAS Preliminary ]
O, | (s=13TeV, 139 fo! === Obs.limit:1o,.) | O, | s=13TeV, 139 fp ——— Ovstimt (1 0y 1
’_\C\I_ ....... Exp. limit (£ 1 c“p) +|’—:— - e Exp. limit (£ 1 c“p) 1

Ciﬂxw— = ATLAS Obs. 36.1 fb™!, JHEP 09 (2017) 887 (_P_'S All limits at 95% CL
‘g N P LR ATLAS Exp. 36.1 fb™!, JHEP 09 (2017) 88 | E u -
. 1000 All Iim’:)ts\at 95% CL p 1000 —
-H’-:— o B i i 7]
= ) *} R, h J
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I | I Ry ,".’:-‘.:‘w‘ 1 ‘ 1 1 1 ] I | I i |d.| I 1 1 ‘ 1 1 1 ]
600 800 1000 1200 600 800 1000 1200

m(t) [GeV] m(t) [GeV]

* No significant excess over the SM background estimation
«  The stop mass < 950GeV are excluded

. Final state considered for the first time at the LHC 20
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I Other results
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Stop with 1 lepton final state Stop with O lepton final state
. 7 SRs defined for different 2/3/4body and DM . 4 SRs defined for different 2-/3-/4-body regions
regions . Main backgrounds are ttbar, tt+V, Z+jets and W+jets
*  Main backgrounds are ttbar, tt+V, and W+jets «  Stop mass < 1.25 TeV are excluded for a low
. Stop mass < 1.2 TeV are excluded for a low neutralino mass
neutralino mass
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-12/
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I Other results >;; Ca
t
s N\
Stop with Higgs and Z final state Gluino with large jet multiplicities

- SRrrelied on the Njets, Nbjets, m and pr of objects | |+ SR defined by the Njets, Nbjets, ET**** significance

. Main backgrounds are fakes and ttZ, WZ and large R jet mass
. t; mass < 1.22 TeV and t, mass < 875 GeV are . Background dominated by multi-jet and ttbar
excluded for a low neutralino mass . Gluino mass < 2 TeV(1.8 TeV, 1.6 TeV) are

excluded for a low LSP mass via different decay
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-17/

I Summary

«  Several new results from the SUSY strong side using the full Run 2 dataset are presented

— Inclusive 1L: ATLAS-CONF-2020-047 , excluded the gluino(squark) mass < 2.2(1.4) TeV and one-flavour squark mass < 1 TeV

—  tt2L + EMSS: ATLAS-CONF-2020-046 , excluded the stop mass < 1 TeV and dark matter < 250GeV

—  Sbottom multi-b with taus: ATLAS-CONF-2020-031 , excluded sbottom mass < 850 GeV

—  RPV SUSY in multi b-jet: ATLAS-CONF-2020-016 , excluded stop mass < 950GeV

 And don’t forget other still recent results
—  Stop with 1 lepton final state: ATLAS-CONFE-2020-003

—  Stop with 0O lepton final state : SUSY-2018-12

—  Stop with Higgs and Z final state: SUSY-2018-21

—  Gluino with large jet multiplicities: SUSY-2018-17

. Want to see more results? Look at ATLAS SUSY Public Resulis!

*  More full Run-2 results are coming. So stay tuned!

. Relevant talks:

—  SUSY EWK production: Previous Abhishek’ talk at here

—  More BSM models with jets in final state: Elham’s talk at here and Vincent’s talk at here 23
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-047/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-046/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-031/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-003/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-21/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-17/
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://indico.cern.ch/event/868045/contributions/3996170/
https://indico.cern.ch/event/868045/contributions/3996209/
https://indico.cern.ch/event/868045/contributions/3996141/




I Analysis Strategy

« Signal region
— Defined to get the best signal sensitivity
— Ideally with small expected yields of backgrounds(SM) events

« Control region

— For major SM background, dedicated Control Region is designed as the process enriched region to

extrapolate its expectation into SR

— If some background are hard to estimate using the MC(like multi-jet background), we could also define

process enriched control regions to use data-driven method to extrapolate its expectation into SR

«  Validation region

— The region is designed to validate extrapolation from CR

— Itis constructed close to SR but with small expected yields of signal

25



Inclusive 1L:
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Data / SM

Events / 600 GeV

Inclusive 1L:

me s variable distributions for each post-fit CR

and SR

Good agreement between the data and SM

prediction in general and no big excess in SR is

observed
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Inclusive 1L:

* mgsy variable distributions for each post-fit SR

« Good agreement between the data and SM prediction in general and no big excess in SR is observed
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Inclusive 1L:

« Eventyields in 2J and 4J high-x regions

n»r-»

2J b-veto bin 1 bin 2 bin 3 4J high-x b-veto bin 1 bin 2 bin 3
[700,1300] [1300,1900] $1900 [GeV] [1000,1600] [1600,2200] > 2200 [GeV]

Observed events 280 84 22 Observed events 104 32 11
Total SM background events 261 £+ 22 7T3+£12 12.8 + 2.2 Total SM background 92 £ 32 18+ 4 71+£23
tt events 19+ 13 11+7 1.3+ 0.6 tf events 9+5 1.24+04 0.32+0.11
W+jets events 155 + 14 28+5 3.4+ 1.5 W+jets events 61+ 30 9+4 3.6L£1.7
Z+jets events 14+5 4.34+0.6 1.37 £ 0.18 Z+jets events 1.5£0.6 0.8+0.4 0.26 £0.14
single-top events 5+4 29+23 1.1+£0.9 single-top events 03f8‘3 0.006f8;8§2 1.3+£0.8
diboson events 66 £ 8 26.0 £ 34 5.5+ 0.7 diboson events 18.7£2.9 6.1+0.9 1.59 +£0.29
tt +V events 1.324£0.16 0.47 £0.23 0.041 £ 0.018 £ +V events 0.65 + 0.15 0.097505 0.029 + 0.023
2J b-tag bin 1 bin 2 bin 3 4J high-x b-tag bin 1 bin 2 bin 3
[700,1300] [1300,1900] £1900 [GeV] [1000,1600] [1600,2200] > 2200 [GeV]

Observed events 154 106 21 Observed events 121 26 8
Total SM background 134 £ 36 123 £33 16 £6 Total SM background 127+ 27 25+5 T7TE£21
tt events 74+ 35 90 £+ 32 10+ 5 tt events 90 £+ 24 13.1+2.8 2.0£0.5
W+jets events 20+ 6 6.3+2.1 0.7+ 0.5 WHjets events 17£9 46+2.4 1.1+£04
Z-+jets events 5.040.7 2.0+ 2.0 0.55 +0.09 Z+jets events 0.32 +0.10 0.0170:43 0.15 4 0.09
single-top events 18+ 7 15+6 2.6 £ 1.6 single-top events 10+4 49+1.8 3.6+1.7
diboson events 9.0+1.4 43+1.5 1.04 £0.17 diboson events 31406 1.20+0.34 0.41+0.15
tt +V events 8.4+0.7 50£0.5 0.63 £0.09 tf +V events 58 +£0.5 1.51+0.17 0.39 +0.08
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Inclusive 1L:

 Eventyields in 4J low-x and 6J regions

«  Discovery fit results

n»r-=p»

4J low-x b-veto bin 1 bin 2 bin 3 6J b-veto bin 1 bin 2 bin 3 bin 4
[1000,1600] [1600,2200] > 2200 [GeV] [700,1400] [1400,2100] [2100,2800] > 2800 [GeV]

Observed events 393 57 10 Observed events 19 16 3 2
Total SM background 383 £ 27 56 + 6 9.5+ 1.7 Total SM background 2568 15.9+25 3.5£0.5 1.8+0.6
tt events 72415 8.7+1.8 1.56 £0.35 tt events 10+6 4.6 £1.7 0.77 + 0.26 0.09 £+ 0.07
W +jets events 179 + 22 23+4 3.44+1.4 Wjets events T+5 52+ 1.5 1.2+0.5 0.6+ 0.4
Z+jets events 47408 0.73+0.18 0.16 £0.04 Z+jets events 0.237033 0.25 + 0.06 0.12+0.05 0.060 + 0.024
single-top events 1245 3.3+1.3 0.1679%  single-top events 0.570% 0.3705 0.0 £ 0.0 0.5+0.4
diboson events 110+ 15 20.5+ 2.8 4.2+0.6 diboson events 62+1.4 52+0.9 1.31+0.26 0.52+0.16
tf +V events 5.6+ 0.6 0.54 4+ 0.22 0.070 £0.031 tf +V events 0.90 £0.17 0.47 £0.11 0.06 +0.04 0.01270 525
4J low-x b-tag bin 1 bin 2 bin3 6J b-tag bin 1 bin 2 bin 3 bin 4
[1000,1600] [1600,2200] > 2200 [GeV)] [700,1400] [1400,2100) [2100,2800] > 2800 [GeV]

Observed events 695 79 11 Observed events 117 68 7 2
Total SM background 701 + 90 94419 15+4 Total SM background 110 £17 70+ 11 13.6 £ 3.1 24+1.0
tt events 510 £ 90 60 + 18 9.0+ 2.9 tf events 90+ 17 52+ 10 10.2+2.8 0.9+06
W +jets events 3649 70+1.6 0.96 +0.35 W-jets events 20+1.3 1.6+08 0.53 +0.16 0.46 + 0.19
Z+jets events 17405 0.36 £ 0.08 0.03540.020 Z+jets events 0.0570 08 0.12+0.04 0.06 + 0.04 0.08 & 0.04
single-top events 88+ 12 19+6 3.9+ 25 single-top events 46+3.1 945 1.3+1.1 06708
diboson events 21.1 +£3.2 43406 0.9040.13  diboson events 1.62 £ 0.32 1.64 4 0.31 0.57+0.13 0.14 + 0.07
tf +V events 415 + 3.0 3.9+06 0454 0.10 tf +V events 115+ 15 5.140.7 0.95 £ 0.24 0.20 £ 0.13

SRyjec Observed events Total SM background (ec)ons|fb] Sone  Sewp  CLp p(s=0) (2)

2J (gluino)
2J (squark)
4J high-x
4J low-x

6J (gluino)
6J (squark)

22
106
11
10
2
5

12.8 £ 2.2

85 £ 12
71+23
9.5 £ 1.7
1.8 +0.6
5.3 £ 0.8

0.14 19.0 10.1%39
0.34 477 3077
0.09 120 8312

0.06 89 84750
0.03 47 43708
0.04 6.0 6. 0+24 0

098  0.02 (1.97)
091  0.09 (1.35)
087  0.13(1.12)
057  0.42(0.19)
059  0.41 (0.24)

048  0.50 (0)
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Variables: Aplanarity and Sphericity
Arxiv:1206.2135

. The Sphericity, Transverse Sphericity and Aplanarity embody more global information about the full momentum
tensor of the event M,,,, via its eigenvalues 4,, 4, and 1;. Where the sum run over all jets and the eigenvalues

have 44 > 1, > Az and };;4; =1

D% DxiDyi PxiDi
M. =) | pvipsi P5; pripi
PziPxi PziPyi Py

. Sphericity and Aplanarity are usually used to measure how closely the shape of an object resembles that of a

perfect sphere. The Sphericity: S = %(Az + A3) and transverse sphericity: S, = ;i; measures the total
1 2

transverse momentum with respect to the sphericity axis while the Aplanarity A = %/13 measures how spherical
the shape in general

. In inclusive 1L study, The signals have multiple objects emitted in the gluino/squark decay chains so they are

more spherical than backgrounds(higher Aplanarity)
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I tt2L + EIss:

mg, variable distributions for

each post-fit SR

« Good agreement between
the data and SM prediction in
general and no big excess in

SR is observed
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2-body
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j 2L - ETHss:
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I tt2L + EMSS:

Event yields in SR - 2 body

2-body 2-bod 2-bod 2-bod 2-bod; 2-bod

| SR—DF[IIOJ}/QD) SR_DF[BO,&U) SR’_DF[MO,l}éO) SR'DF[lﬁo,lgo) SR‘DFHSU,Q};D) SR'DF[QQD,oEV)

Observed events | 19 13 5 1 1 3
Fitted bkg events | 22 + 4 16.3 + 3.2 5.1+ 0.8 2.83 + 0.45 3.254+0.45  3.11+0.67
Post-fit, 17 +4 10.0 + 3.2 0.7+£0.5 0.017959 0.13+0.11 -
Post-fit, tf + Z 2.3+0.5 3.5+ 0.7 2.740.7 2.0+ 0.4 1.9+04 17406
Wit 0.47 +£0.27 0.05705%  0.0254+0.012 0.033 £ 0.013 =
Z/ + jets - - - - -
Diboson 0.67 +0.27 0.61 +0.24 0.49 + 0.16 0.057007 0.19+0.13  0.1440.07
Others 0.97 +0.19 1.48 4+ 0.28 1.19 + 0.16 0.78 4+ 0.12 0.68 +0.13  0.67+0.11
Fake and non-prompt 0.0t8;8 0.6 £0.6 0.0’5818 ().Ufg:g 0.37 £ 0.23 0.6£04
2-bods 2-bod; 2-bod: 2-bods 2-bod:; 2-bod:

| SR’_SF[II{;lgO) SR_SF[lQ[(]),lZO) SR‘_SF[IZL)O,IZSO) SR_SF[IGS,léO) SR_SF[lSO,ZZD) SR’_SF[22O,00¥)

Observed events | 17 19 9 3 4 5
Fitted bkg events | 18.8 + 3.5 14.4 £ 2.9 5.1+0.9 3.7+0.6 4.440.7 5+1
Post-fit, tt 15.74+ 3.4 7.6+ 2.3 0.6+0.4 0.00770 o8 0.10 £ 0.08 0.1670 1%
Post-fit, t{ + Z 1.65+0.35 3.5+0.7 2.2+0.5 2.1+0.4 2.18 +0.45 1.9+0.6
Wt 0.5+ 0.5 0.8+ 0.8 0.10 =+ 0.04 0.018" 5078 0.12+0.06  0.71+0.29
Z/y" + jets 0.020 £0.014  0.044 £ 0.003 0.0770 47 0.38+0.13 0.60 £+ 0.33 0.4+0.4
Diboson 0.27 4+ 0.20 1.0+ 0.6 0.65 & 0.24 0.6 + 0.4 0.59 & 0.28 0.9+0.5
Others 0.69 +0.13 1.37 £0.21 0.99 + 0.16 0.63 +0.11 0.67+0.14  0.64+0.10
Fake and non-prompt 0.0t93 0.0793 0.56 & 0.06 0.0"9:3 0.15+0.12  0.28+0.21
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I tt2L + EMiss:

Event yields in SR - 3 body and SR - 4 body

«  Discovery fit results

n»r-»

| SR-DF,™®  SR-SF3P°%  SR-DFy ™%  SR-SF¥ % | SRemathm SRimechom
Observed events | 1 5 5 5 Observed events | 10 19
Total (post-fit) SM events | 5.1+ 1.0 40+1.0 75414 5.0+ 1.1 Total (post-fit) SM events | 12.8 + 3.2 19.34+2.7
Post-fit, tt 1.3£05 0.76 £ 0.32 3.9+1.1 1.8 0.7 Post-fit, tt 0.87£0.26 87+x1.5
Post-fit, tt + Z 0.085 £ 0.034 0.08 £0.05 23+04 1.69 +£0.35 Post-fit, diboson 1.5£0.5 6.8+ 23
Post-fit, diboson 25%+1.0 20+1.0 0.17 £ 0.09 0.34 £0.14 Wit 0.32 £0.08 2.7+0.5
Wt 0.30 £0.05 0.211 4 0.030 04705  0.54+0.19 Z/~v* +jets 0.128 = 0.023  0.46 = 0.19
Z/v* +jets . 0.044+0.019 ~ 0.01579027 tZ 0.047 +0.010  0.126 = 0.033
Others 0.232+£0.020  0252+0.05 0.70+£0.12  0.49 = 0.08 Others 0.01970:055  0.26 £ 0.07
Fake and non-prompt 0.70 £0.09 0.005020 0.0010:3¢ 0.160 1 Fake and non-prompt 10.0x3.1 0.24 = 0.09
Selection Signal Region oy [fb]  Soos ngp p(s=0)

SRITy S 021 293 31F% 0.5

SR 015 214 2178 0.40

SR2body 010 132  14%] 0.5

Twobody g2 body 006 82 1, 05

SR§8‘3°§OY 006 7.9 96%573 0.5

SRgogogg 006 7.6 84735 0.5

SR§2%°§OY 005 76 75750 0.5

SR-DFSP°Y 0023 3.2 57773 0.5

SR-SFy, Y 005 7.0 5. 6t2 3 0.27

Three-body SR-DF%{bOdy 004 55 6. 91% § 0.5

SR-SF; oy 004 63 61178 0.5

Ribody 006 82 9635 05 36
Four-body SR%E‘g’éyim 008 111 11 1%% 0.5




I tt2L + EIss:
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Variables: stransverse mass niy,
ArXiv:1206.2135

«  The stransverse mass my, can be shown to have a kinematic endpoint for events where two
massive pair produced particles each decay to two objects, one of which is detected and the other

escapes undetected

mry = mm [max (mT 1(PT.215 QT), MT.22(PT. 22, PP — QT))l

Visible final state

- Where the mr(pt, qr) = V2(prgr — PT - qr)
oopEERERRRRED
*  The ming, forced to introduce a pair of dummy vectors which constrained by cx

the minimisation condition q} \

«  Due to the two massive SUSY particles are pair produced and LSP are ]{z’::;l;;?éfe

expected to be larger than neutrinos, the my, of the SUSY signals are usually

larger than standard model backgrounds
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Variables used in tt2L + E™SS study: Razor Frame variables
Arvix:1310.4827

. The Razor Frame is target to make a approximate of the center-of-mass ECMI CM Frame | iﬁdecay’ Decay Frames|
Boost
energy(CM) frame of two parent particles (i.e. top squarks) and the 3 S, N C "
decay frames using the object information in lab frame
3.
—  Each parent particle is assumed to decay into a set of visible and invisible 5 QQ—@—xz
2
part|C|eS % Original Razor BL
—  To build the frame for our targeting scenarios and transform the EF*S to CM §§ St azor L O —
Z ‘ Razor Frame R | | Razor Frames R + 1

frame invisible particles, a series of assumption is made
* Ry Ry, = |J7|/(Ur| +/Sr/4). The J is the vector sum of the transverse momenta of the visible particles and
Emiss /S, is the estimated Razor Frame energy

. Yr+1. The Lorentz factor, is associated with the boost from the razor frame R to the approximation of the two

decay frames of the parent particles
. A<p§: The azimuthal angle between the razor boost from the laboratory to the R frame and the sum of the visible
momenta as evaluated in the R frame

. ME: the mass-splitting between the parent particle and the invisible particle 39
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Other variables used in tt2L + E™SS study

*  DFhoost: The vectorial sum of PSS and PF and P

©  Adpo0s: The azimuthal angle between the PSS and DY boost

* Ry = EPSS/(pr(l) + pr(l)

* Rypuj= EPYSS [(pr(ly) + pr(ly) + Y1 pr(G))

. min ARy, ;. = MiNj¢[jets] (AR(12,)))
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I Sbottom multi-b with taus:

Normalization / transfer factor Fitted value Control region Purity
CR_Top_tuTipue  86%
Wirne tau 0.88 £ 0.16 CR_Top_i7p,.. 53%
CR_TOp_[_LTfake 43%
Wrake tau 0.79 £ 0.30 CR_TOP_[.LTtrue 9%
W1mu 0.91 £0.10 CR_- Top-_u 94%
TFp,, = Witan/ Y lmu 0.98 + 0.04 CR_Top_Ti,;4e 88%
Wz mumu2b 1.28 +£0.12 CR_Z_uqu 89%
WZmumuOb 1.00 £ 0.05 CR-Z-[JJ.LOb 96%
TFZ = tha,uta,uOb/meumuOb 0.99 = 0.17 CR_Z_770b 79%

The transfer factor calculated in each control regions

CR_Z_Ttt0b

0 b-jet

Z

CR_Z_ppob

TF

Top

TF,

CR_Top_WNTirye

2 b-jets

z

SR

CR_Z_ppu2b

41
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I Sbottom multi-b with taus:

Single-bin SR

Multi-bin SR

ming < 0.5 0.5 <ming < 1.0 ming > 1.0

Observed events 4 3 1 3
Total SM background 3.8+ 1.5 2.7E£1.1 3.0+ 1.6 1.5+£0.6
top quark e Tirne 1.440.9 1.6 0.7 1.9+ 1.0 0.30 * 530
top quark Tirue Trake 0.924+0.62  0.76 +0.43 0.96 = 0.69 0.22 £0.17
top quark Teie True 011792 0064006 01222 0.04 + 9%
tiX 0.52+0.42  0.18+£0.10 0.26 = 056 0.31 +0.22
Z(77)+jets 0.734+0.25  0.05+0.05 0.17 £ 0.16 0.59 £ 0.22
other 0.07 4 0.04 — 0.04 £ 0.01 0.06 = 0.03
m(b,%9) = (800,131) GeV  56+1.4  0.1440.06 1.5+ 0.4 13+1.1
m(b, %9) = (800,180) GV 9.3+22  0.08 T 055 2.4+ 0.6 71+1.7

The event yields in each post-fit signal regions

42
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I Sbottom multi-b with taus: Tag-rate-function multi-jet method

* In signal regions, the MC statistics for multi-jets with many jets are small

— If we could get the tag rate of a normal jet to the b-jet. Then we could increase the

statistics by promoting a normal jet to the bjet then multiple its possibilities

. Method:

— In Nj.; = 5 region, measure the tag rate of 2 bjets Multijet events to 3 bjets events:

€, and the tag rate of 3 bjets Multijet events to 4 bjets events: €5

— When doing the €,(e3) measurement, the already tagged 2(3) bjets are removed

since we are calculating the tag rate of a normal jet promotion

— The € are measured by the function of p;/Hy and AR,,,;,(jets, bjets)
— The Multi-jet events are data driven: Ny; = Ngara — Nother Big

— Finally randomly promote jet to bjet to the target Ny .5 rejoins and multiple

corresponding €

— To gain more accuracy we first use €, to get N3p .5 then use €3 to get Nuypjers

>= n+1 b-tagged jets

Probebilities of having n--m b-tag
jets (m=0,1,2)
Njct_"
Pm-O = H (l — fi)y
123 §

Njc!_"
Pm=l = Z (‘j H(l_el))
i#j

i=1

43
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ATLAS Preliminary l
{s=13TeV,139 fb"

Fine agreement between the data N=5, N, >2
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l RPV SUSY in multi b-jet:

« The event yields in each post-fit discovery signal regions

«  Discovery fit results

Process Nj >8, Ny >5 Nj >9, Ny >5
Multijet 200 + 40 123 £+ 20

tt + >1c 0.6 £0.6 0.29 £+ 0.33
tt + >1b 26 £+ 20 20 £ 15
tt+ W 0.11 £0.05 0.09 £ 0.04

tt + 72 1.4 4+0.7 0.8+0.7

Wt channel 0.9 +0.8 09+1.2
ttH 3.7t 1.6 29+14
Total background 230 = 40 147 £ 20
Data 259 179

Signal region  oops [fb]  Nops Ngjp po (Z)
N; >8, N}, >5 0.76 105 8575 0.24 (0.7)
N; 29, N, >5 054 75 52770 0.11(1.2) 45
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I Stop with 1 lepton final state results

The Stop mass < 1.2 TeV are excluded for a low neutralino mass

In compressed mass regions, the Stop mass < 640 GeV are excluded

t{, production,f;—bff¥), L, >bWX,, t-t¥,

_I_ I I T | I T I I I I T | I I I I I I T | I I I I r_]
= ATLAS Preliminary 222 Observed limit (+15,) 3
= Vs=13TeV, 139 fb' o e === Expectedlimit o) 3
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- o A . ]
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00 400 600 800 1000 1200 1400
m. [GeV]
1
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I Stop with O lepton final state results

«  The Stop mass < 1.25 TeV are excluded for a low neutralino mass

 In compressed mass regions, the Stop mass < 630 GeV are excluded
_ ttproductto'n :—>Itxl/bWx :bffx1 — lel'[? atl95% CL | 441-1"?:4-'-3\/ S Tfproduction;f—ni?/bW%?/bff’)Z?
% 1000—- ATLAS ((\;\(0/’/'/./.,'/ —— S= eAT’LAS - Limits at 95% CL
2 - fs=13TeV, 139 10 ¥ ) = Observed Limit (1 o525y
G - ATLAS, 36.1 fb” ,“@ﬁé*ff' . S=== Expected Limit (1 o,,)
- - === Observed Limit (+1Cpegy) .~ Lt -
800————-Expectedlelt(+1c )-‘/_./ l/_/ \'i\‘\/-/ — ; :_llllllllllllllllllIIII’J-"II SRR LU L DL L _:
- gy 1 &  200- E
600_ s ) ” | ?X_ 5._._.._._._,_._._._.._._‘_.._._._A_._A_._._._. '_‘_-_-_-;ni;‘;r;_;r_n ..... %
- i g 150F T S
400— ........ - §, : :
- 4 = 100F -
200 ." y . _— 50:_ t W b__:
1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 l 1 l 1 ] 0: ||||||||||||||||||| :_‘I o e N O T I | | I 1111 l L1l | 111 I::'
400 600 800 1000 1200 1400 300 350 400 450 500 550 600 650 700 750 800
m- [GeV] m: [GeV]
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Stop with Higgs and Z final state results

« t; mass<1.22 TeV and t, mass < 875 GeV are excluded for a low neutralino mass

t A f
p . ; D p /J i
L i o0 s -="" -
-7 X5 u Prad ty XY
~ =0 ~
T~ X2 0 . i <0
t1 X1 to = "1‘- - J‘Xl
ft
t Z b
~ L -0 _0 -0 .0 -0 -0 -0 -0 ~ o~ ~ o~ 0 ~ 0
ty typroduction, t, — t+ %, %, = Zh+ ¥, m(x,)=0GeV, By, > Z+¥) =B, > h+¥)=50% » , production, , — Z + t,t, —» bff ¥, A m(t ) = 40 GeV
; L T T T T | T T T T l T T T T | T T T T I T T T I | T T T T | T T T T | ;‘ GOOJ_ T T T T | T T T T I T T T T I T T T T | T T T T I T l_
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Gluino mass < 2 TeV(1.8 TeV, 1.6 TeV) are excluded for a low LSP mass via different decay
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