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Introduction

Supersymmetry at weak scale
motivated by:

- unification of forces
- hierarchy problem
- nature of Dark Matter

Potential to discover partners for
all Standard Model (SM) particles

Light 3" generation squarks
motivated by naturalness

- motivates also not too heavy
gluinos

High cross sections of strong
production (depending on mass)
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3'Y generation “strong production”:
squarks gluinos, 1st & 2
(stop/sbottom) generation squarks
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https://link.springer.com/article/10.1140/epjc/s10052-014-3174-y

The ATLAS detector

LAr hadronic end-cap and
. forward calorimeters

Solencid magnet ‘ Transifion radiation tracker

Muon chambers
Semiconducter fracker

doi.org/10.1140/epjc/s10052-011-1593-6
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ATLAS is a multi-layer general-purpose detector at the LHC

LHC Run 2 finished in 2018
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139 fb? of proton-proton collisions at a center-of-mass energy of 13 TeV

ready to be analysed
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https://doi.org/10.1140/epjc/s10052-011-1593-6
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/LuminosityPublicResultsRun2

Object reconstruction
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EXPERIMENT

"SUSY candidate”

Typical SUSY signatures:

hadronic jets initiated by quarks or gluons; b-jets can be identified due to long
lifetime of B-mesons

sometimes leptons (only electrons and muons in this presentation)
missing transverse energy (E.™*) as indicator for invisible particles
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Strong production search program
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Channel Published Dataset
0l + 2-4] PRD 97 (2018) 112001 36 fb?
0l + 7-11; JHEP12 (2017) 034 36 fb?
multi-b ATLAS-CONF-2018-041 80 fb?
1l + 2-9j PRD 96 (2017) 112010 36 fb
SFOS 2| EPJC 78 (2018) 625 36 fb!
SS/3L ATLAS-CONF-2019-015 139 fb?
y + jets PRD 97 (2018) 092006 36 fb
T+ jets PRD 99 (2019) 012009 36 fb?

+ more dedicated searches for R-parity violating
scenarios (not in this presentation)

+ dedicated search program for 3" generation
squarks (more later)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-07/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-041/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-12/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-33/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-27/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-30/

Strong multi-b

ATLAS-CONF-2018-041 . _
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Decay channels:

~ - . ~0
g>LE+X1 ] via off-shellion-shell
g->bb+'y; 3rd generation squark

gtb+x, via 3rd gen. squark & chargino =S ..
o - ATLAS Preliminary ¢ Data
. @ 10° E Vs=13TeV,79.8 fb! %45, Total background
Final state: s 53 S o
g) 104 - i = Gtt: m(g), m(¥, ) 1900, 1 (x50) - e X
. . miss - E e Gib:m(@), m(r}) = 1800, 1000 (x50) 3 Z+iets
- =3 b-jets,upto 12 jets, E. 5 s

10°E

......

- Oorllepton h D e
Dominant background: t t 10
Cut-and-count and multi-bin signal regions 1
dependent on jet and lepton multiplicity 2ol sl Ry
. . 3 Lt //?%/%

1-lepton control regions with low m, to

: 5 bbb 6856 00
normalise background to data | m, [GeV]
(background-only fit), validation regions m, =2 py Ey[1—cos(A )]

close to signal regions as cross check

05.06.2019 squarks and gluinos @ATLAS 6/21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-041/

Strong multi-b

ATLAS-CONF-2018-041
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-041/

ATLAS-CONF-2019-015

Decay channels:
rI;l—>tW+;N((1’
G+,
g2qqw z+%,

Final state:
- =2 same-sign leptons, > 6 jets, (E,™)

Challenging backgrounds: WZ+jets,tt+W/Z
- high theory uncertainties

Data-driven estimates for
- fake/non-prompt leptons: matrix method
- charge-flip electrons: weighted OS data

05.06.2019 squarks and gluinos @ATLAS
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imi —4— Dat —
—ATLAS Prellmrgnary = Mot uncenainy =
E Vs=13Tev, 139 1b [ Fake/non-prompt -
I, 22, ET° > 50 GeV — wz —
= T = 3
E B WW. ZZ, VH. WV =
E 1 tiw =
E [ ((W)Z, fTH. 1V, 3t 4t 3
M I Charge-flip —
= Gz, e} =

-’ - -
2 3 4 5

Number of jets (pT > 25 GeV)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/

SS/3L

ATLAS-CONF-2019-015
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More channels:

. . . t 1%
- R-parity violating: - 3L W
p .
T i 305053 o 'Cé@"%%fi X
g _{10,{1 q, ?1—)tWi(W*)){2 T X G 10
Gqq%, %1*aq'l A e
goti,t,2qq’ FH

05.06.2019

SR Ne NESY | Niews | PE® [GeV] | ER™ [GeV] | mes [GeV] | EF™/mes Targeted Model
Rpc2L1b >2 >1 >6 40 - - >0.25 by — t%y
Rpc2L2b >2 >2 >6 25 > 300 > 1400 >0.14 by — t%]
& — tERY/thRy
Rpc2L0b >2 =0 >6 40 > 200 > 1000 >0.2 & — qg WZR°
Rpc3LSS1b | >3 (SS) >1 no cut but veto 81 < m_+ 2+ < 101 GeV > 0.14 i — tWE(WH)P
Rpv2L >2 >0 >6 40 - > 2600 - gt i — g9 (N #£0)
& — qq¥i, X1 — qq't (' #0)
g — tt3, %8 > 39 (V" #0)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/

ATLAS-CONF-2019-015
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§ g production, § — quZij"; m(i:) = (m(g) + m(i‘:))ﬂZ. m(f:) = (m(f‘) + m(ij:)).’z g gproduction, § - T, i->bd
= L s = L L
] 2500 — ATLAS Prehmmar?l ,,,,,, Expected Limit (£104,) & 2000 — ATLAS Prehmmary ______ Expected Limit (+16,,,)
= - Vs=13 TeV, 139 fby o susy = F Vs=13TeV, 139 ity o susy
T [ AllimitsatgsecL —  ObservedLimit (t1cy,,g,) E 1800 Alllimits at 95% CL — Qpserved Limit (=16y,.,,)
2000 — SS/3L obs. 36 fby C SS/3L obs. 36 fb
L [arXiv:1706.03731] 1600 — [arXiv:1706.03731]
1500 — 1400 -
L 1200 —
1000 (= 1000 —
= 800[—
500 — E
= 600 —
B b s 7 A R 408”‘\”‘\...\”‘\”{l...|...|..‘m
1000 1200 1400 1600 1800 2000 2200 00 800 1000 1200 1400 1600 1800 2000 _ 2200
m(g) [GeV] m(g) [GeV]

No excess observed
Limits for multiple scenarios including also 3" generation squarks
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/

Strong production summary plots
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New updated summary plots coming soon!
All results and summary plots on:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

3" generation search program
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Published
JHEP 12 (2017) 085

JHEP 06 (2018) 108 /
ATLAS-CONF-2019-017

PRD 97 (2018) 032003
JHEP 09 (2018) 050
PRD 98 (2018) 032008
ATLAS-CONF-2019-016
EPJC 76 (2016) 547
ATLAS-CONF-2019-011
EPJC 78 (2018) 18
arXiv:1903.07570

scenarios (not in this presentation)
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Dataset
36 fb?

36 fbt/
139 fb*

36 fb
36 fb
36 fb
139 fb?
36 fb
139 fbt
36 fb*
36 fb

+ more dedicated searches for R-parity violating
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-15/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-16
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-29/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-26/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-19/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2015-01/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-18/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-29/

Spin correlation

arXiv:1903.07570

Challenging region m(t)~m(t): i 4 @
- stop pair hardly distinguishable from top pair > " iﬁ o
Top lifetime shorter than decorrelation time g
- spin correlated for top pair but not for decay products of stop pair
- make use of angular variables between leptons

i 60x1o3
d - ATLAS T T I‘ Data T T T b ;- 140 E LF3 5] [EE 1L T ) L L T ) e S L) (7R . L B L ) LB L L B R 7l
2 13 TeV, 36.1 fo! — Powheg Pythias ] S M N ATLAS ’
S 50 A Tk — mfi. %)) =(170,05) GeV 9} [ e CDeled IMItE Loy int : ]
5 S0 e = 120f T a6, (a3 Tev
i g3 7 0 -
- E B3 Background 5 [t [ S Expected limit (+10,,,) Limits at 95% C.L. 7
i I Stat. error ] £ 100 r ?1 L i? —
B Stat. @ syst. error ] o Am(1,3°)=m g
' = - 1 L =1
%0F = 80 -
20— - B =
10F 3 r B
® 1.2F = -
g 11 ——— .
= 1E [ — 0
ke
&; 0 01 02 03 04 05 06 07 08 09 1 170 180 190 200 210 220 230 240 250 260
Detector-level A¢(I*,I)/x [rad/r] m(t) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2016-10/

Sbottom with Higgs
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ATLAS-CONF-2019-011

- fixed Am(%,,%,)=130GeV
- fixed m(%})=60GeV . r )

. . h
Two scenarios considered: 'S0
> - X1

Final state: = 4 jets, > 3 b-jets, E_.™ b
Methods:
LA e e e s
- i - i i 5 ATLAS Prel Zijets [
associate b-jets to Higgs candidates g - e T . :smg.e.mp

. . . e g SRC, fi :
- if not possible, use E.™** significance: i %M Total $ Data

eaian m(E‘,zz,z:‘) = 1200, 1150, 60 GeV

S
E.I:III IIIIlU].l IIlILUJ.| IIIlII.ll.l_-

10
new method calculating significance of .
E_™ss with uncertainties of all objects: 1
ATLAS-CONF-2018-038 i
Main backgrounds: tt, Z+jets g 2;#//d//*//f//f/}/?’/*/gf/%/ﬂf/zl’/)(///)ﬂ//z%/ //%
- normalised to data in 1-lepton / 2-lepton ° 8720 22 24 26 28 30 32 34 36

Object Based E?iss Significance

control regions
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/

Sbottom with Higgs

ATLAS-CONF-2019-011
3 signal regions
%) 103§ T T T T T T T 3 T ” . . .
2 C amaspreiminay Bzes M 3 - SRA: "bulk” region, bins in m_,
A |[§R:13Te\§_,139fb" Bother lSingle-top_‘ ]
1TE SRepos %sMTotal foaa -  SRB: ISR selection
10

- SRC: bins in E_™** significance

No excess observed

- New exclusion limits for both
W e E scenarios

L L L L
SRA-L SRA-M SRA-H SRB SRC22 SRC24 SRC26 SRC28

Significance
o

S‘ S‘ production ; E| —b )N(Z —bh i? ;Am (i:, i?) =130 GeV S, E| production ; S‘ —b i: —bh i: H m(i:)) =60 GeV
T T T T T T

S T ] = r ———— T ]
& 1400 ATLAS Preliminary . & %% ATLAS Preliminary =
— F Vs=13TeV, 139 fb™", 95% CL — . [ V{s=13TeV, 139 fb", 95% CL SRC i i

i 1200; = S 1400 » =
[t -~ Expected Limit (+1 6,,,) 3 = [ === Expected Limit (£10,) ]
c B L2 4 € - — Observed Limit (+1 652" 3

i e il i ] 1 o00E. el =
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L R u 1000 5 —
800~ Y, - r - ]
B n F @ B
- . 800~ o —
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/

Stop to Z/h

ATLAS-CONF-2019-016 " 7 I
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Two scenarios considered:

Final state: : z b
- = 3 leptons, 2 same-flavor opposite sign with

m;~m (Z )
. . £ 200~ b e : r
. >3 JetS, ETm|ss 5180}2;’LAS Preliminary Vs=13 TeV, 139 fb
160:— tiz e Data
2 . | . f h . E ~—— Standard Model
signal regions for each scenario . FNP

B Multi-boson
ttz
B tZ and tWZ

120 M\\\]

100

- targeting high/low Am(x,,%,) and Am(T,,%})

II\‘III|III|II\|I\I|III|III|I!I|\II|III|

Main backgrounds: t 7+ Z, multi-boson sz

- normalised to data in low-E_™* control regions ‘2‘2‘ e

- leading systematic uncertainty 055 I
Fake and non-prompt lepton estimated ?1)2 . . LA M
with matrix method = = s " ow

Validation regions for all backgrounds
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/

Stop to Z/h

ATLAS-CONF-2019-016

§ WE Amasrimnay | om  wswsmamesd | 3 Multi-bin signal regions
W E  (s=13TeV,139fb" FNP M Multi-boson 3

12— tiz B (Z and tZW =

10E- = No excess found

s SRy, 4 SR;g —;

= = New limits in both

2 scenarios

E7™ [GeV] (200,250) (250,300) (300,350) >350 >150 >150 > 150 > 150 >200 (300,350) (300,350) > 350 > 350
i L s s =

P} [GeV] (150,300) (300,450) (450,600) > 600 <50  (50,150) > 150 (50,150) > 150
7 1,4, production, |, > t+ 7, 7, — ZIh + 7, m(z) = 0 GeV 1, %, production, T, » Z + 1, %, - bif 7, A m ) = 40 Gev

<1200 T = ——
S T I T T S [T I T I T I 28
$ [ ATLAS Preliminary ] 3 %" atLAS Preliminary === Expected Limit (+10,)
=, L[ tfs=13Tev, 139" ] =~ [ (s=13Tev, 130107 === Observed Limit ]
Cigmoo— Al limits at 95% CL PR = Cfg 550[— Alllimits at 95% CL - arXiv:1708.03247 .
[ --- Expected Limit (+10,,,) - a3 C i 3
= Observed Limit a3 r .
800 arXiv:1706.03986 - 500— -
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600 : — E ]
] 400 3
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/

3-body stop

ATLAS-CONF-2019-017

Targeting region Am(7,,%})<m(t)
Final state:

- 24 jets, 21 b-jet, E™

- 1 lepton

Neural network (NN) design to distinguish
from background:
- jet 4-vectors + 12 other variables

- trained with truth-smeared signal samples for
larger statistics

Main background: tt (di-leptonic with missed
lepton)

Control region for background normalisation
and and validation region both orthogonal in
NN discriminator

05.06.2019 squarks and gluinos @ATLAS

UNI
FREIBURG

100 200 300 my [GeV]

18/21


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/

3-body stop

FREIBURG

ATLAS-CONF-2019-017 &
-
0 = — g fﬂ production, f1—>bffx ¥—>bWx f1—>tx

'c :ALASPrehmmary = Dat ~Total SM 1 g e e e e T T e e R

|j>j 105 -5 =13 TeV, 139 b Dﬁaa ;ﬁi\? - % 800‘ ATLAS Preliminary — Observed limit (+15,) 3

g [l\l\//lw-ljetg [JSingle top3 O, 700__ /s =13 TeV. 139 b’ = = = Expected limit (+16,,)]

B [ Multi-boson 7 fi Ee i =) =

1045_ CR — m(,%)=(500,380) GeV = U 600:_LImIt at 95% CL Hf‘ifHEP 06_(_2012_3__)_.1?‘?‘ s

R ] = - 0 it

3 il = In

0 500 E

102 . 4001 =

0 S 300F -

E s .
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= _' 2z .

.09; __21 Sy l . 0 [Em ) ) e[ 0 e [ A0 [ B ) e[ g i e ety oot )|
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No excess observed
10-bin fit in SR
Large improvement of exclusion limits in T ,—%, plane
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/

¢ generation summary plots

FREIBURG

2
1 . -
—1000 ‘s|= 13 Telv, 36.1 l- 139 fl?' | Marcll'm 2019 | — 70055 13 TeY 36. 1| li*} | | |Decerlnber 2|018
> : T i 'J T i T T T T T T T T T T | T . T .I T T : > _I I TT TTTT TTTT TTTT TTTT TTTT TTrTT TTTT TTT
& 90oL Bib: production ATLAS Preliminary - 3 - ATLAS Preliminary :
: E 51 —by )( —bhy ,( A m(zO ZO) 130 GeV [ATLAS-SUSY-2018-31] E : 600: Et prid uctloi1 0 [1293(::;855;711.11520, 170?&?:;;:02;2‘3 i:);)”]q_:
02\51_ 800:— 51 —>1x m(f) x + 100 GeV [1706.03731] —: 05" C tj: bx1 . Eo_> txlg 0 —— WinoNLSPu<0  —— Higgsino LSPT,=1, |
e E 51 —>bx [1708.09266, 1711.03301] E £ C XT—T\N% X hx1, Xy WinoNLSPu>0  — Higgsino LSPT,~T, ]
700 E 500_ Limits at 95% CL [1806.02203] [1712.08119] -
oo F 400- .
500 E - :
400F- = 300F "
300 ) 200} )
200 . 1 5 dlecto-
1 00; —i 190 B searches
E | L 1 L | Il 1 | L 1 | 1 L 1 | L 1 1 I 1 : :
. 200 400 600 800 1000 1200 1400 200 300 400 500 600 700 800 900 1000
m(o,) [GeV] m(1,) [GeV]

New updated summary plots coming soon!
All results and summary plots on:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

Conclusion

Broad search program for squarks and gluinos @ATLAS

First results with full Run 2 dataset public!
- updated results of previous searches

- new scenarios in difficult phase space / longer decay-chains
considered

- new methods used
No excess above Standard Model expectation observed
New exclusion limits

In simplified models, e.g.:
- gluinos (into top/bottom pair) up to 2.2 TeV
- sbottoms (with Higgs) up to 1.45 TeV
- stops (3-body decay) up to 720 GeV

And more incoming, stay tuned!
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Strong multi-b

Gtt 1-lepton

UNI
FREIBURG

Criteria common to all regions: > 1 signal lepton, Nb,jﬂS >3

p i atics : b-jets miss incl z
Targeted kinematics ~ Type  Niet my LA my My

Region B SR >5 >150 >120 >500 >2200 > 200
(Boosted, Large Am) R =5 <150 -  >300 >1700 > 150

Region M SR 26 >150 >160 >450 > 1800 > 200

Godsam)  cn g <1 - ~40 100 »10 Dominant systematic uncertainties
Coiimat el b = LIRS E 00 varying in each signal bin:

) CR =7 <15 - >350 >1000 -

Jet energy scale: 0.5% - 15%

Targeted kinematics ~ Type  Niepton ~ Np-jets  Niet A(b:-liin Jer ’";Jr::. E7 5 mgrd M}E J et e n e rgy re SOI Ut| 0 n 1 % - 1 9 %

Region B SR =0 >3 >7 >04 b >60 >350 >2600 > 300

(Boosted, Large Am)  cr = 53 56 = iS50 = =995 11800 >:300 . . - . .
b-tagging efficiency / misstagging
Region M SR =0 >3 >7 >04 - >120 >500 > 1800 > 200
(Moderate Am) ~ CR =1 3 26 - <150 -  >400 >1700 > 200 rate: 1% - 7%
Region C SR =0 24 >8 04 -  >120 >250 >1000 > 100
(Compressed, . .
moderate Arm) CR =1 >4 >7 - <15 - >250 >1000 > 100 Slngle_top model“ng
Gbb ..
Criteria common to all regions: Njt > 4 u n Ce rtal ntl eS . 4_35%
Targeted kinematics ~ Type  Niepon ~ Np-jets Aqﬁfi . mr m';frf :f‘ o Mesp Others . . .
B S ST P S B EEP EERP : W/Z+jets factorisation and
(Boosted, Large Am)  cr =1 >3 - <150 -  >400 > 2500 = . H .
renormalisation: 0-50%
Region M SR =0 >4 >04 -  >90 >450 > 1600 =
(Moderate Am) CR =1 =4 - < 150 - >300 > 1600 =
Region C SR t0 4 0q - ossiEusy - Ee =
(Compressed, small
Am) CR =1 >4 T 0 s -
Region VC = j -
(Verynglo(::pressed, SR =0 23 >04 - >100 >600 - Pt > 400,, # b,
very small Am) CR =1 >3 - < 150 i > 600 i Agi > 2.5
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Strong multi-b — exclusions

05.06.2019

Cross-section [fb]

iy

107"

NLO+NLL gg prod. + 16 =

Observed limit

| ATLAS Preliminary

—Vs=13Tev,79.8fb" ----- Expected limit —
E - . E
[ Gtt, m(@)=2.1 TeV, e 0

-0,
i ”"(X1 )=600 GeV Observed off-shell stop

e Expected off-shell stop
All limits at 95% CL

(HABiE B0 oG0S VSIS ISl IS el 1S SISl Pl Brmieir b Sl (SR SO RN GO
1000 1200 1400 1600 1800

m(t) [GeV]

B@E -7} + BE—bb %) + BE— BT) =100%
ATLAS Preliminary
(s=13 TeV, 79.8 fo™
m@;) = 1 GeV
Expected

215 TeV

40 50 60 ZO 8_0 090 100
BG - 7)) %]

95% limit on m(g) [TeV]

squarks and gluinos @ATLAS
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2200 1Tt b
ATLAS Preliminary

Vs=13TeV, 79.8 b
Al limits at 95% CL

2000

1600

1400

1200

""\

1000

800

600

400

200

Expected Limit (£1 6,,,)

Observed Limit (£1 i)

ll|IIIIIIllllllIII||Illllllllll!llllllllll

C . P
1000 1200

P SRR TR WA . .. | 1| P
1400 1600 1800 2000 2200

m(g) [GeV]

Different visualisation
methods in multi-parameter
phase space
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Events

Data/SM

05.06.2019

ATLAS Preliminary
{s =13 TeV, 139 fb

® Data Total uncertainty

[ wz

Il charge-fip [ tW)Z, tiH, tivV, 3t, 4t

I:’ Fake/non-prompt

iz

B ww, 7z, vH, vwv

PII‘ ||||||||‘ ||||||||‘

AI

/,ir

o

VRtV VRWZ4|

VRWZ5;

Rpc2L0b Rpc2L1b

squarks and gluinos @ATLAS

Rpc2lL2b

Rpc3LSS1b
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Systematics:
cross section uncertainty of VV ,tt+W/Z/H processes

UNI
FREIBURG

factorisation and renormalisation scales from generator-provided up/down
weights

modelling uncertainties obtained by comparing with alternative
generators/same generator with different event tune

overall: 35-45% tt+W, 25-45% tt+Z, 40-45% W Z

Matrix method:

05.06.2019

F/NP leptons usually filtered out by lepton isolation criteria

Loosen criteria, measure how many leptons pass this and the nominal (tight)
lepton selection

Obtain probabilities from MC events Nt riry mifa firs fufa N/ (ri72)
. . Ntf _ Ty T1fs Jil'FQ f_lf? Nﬁj«/(‘rlfQ)
30-80% uncertainty on probability (th ) (mz Fifs fire fufa ) ( N/ (fura) )
Nt 73 ‘7:1152 fl'FQ flf; N}iﬁ/(flm)
t . passes tight criteria, t: does not pass tight criteria
r: real lepton, f: fake lepton
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Spin correlation

Selection:

inclusive: 2 OFQOS leptons, = 2 jets, = 1 b-jet

Unfolding procedure: Background-substracted data are corrected
for detector acceptance and resolution effects.

Systematic uncertainties:

05.06.2019

t t modelling: matrix-element generator, hadronisation
and parton-shower model, amount of ISR/FSR, choice
of PDF set

normalisation of other backgrounds

only small detector uncertainties

squarks and gluinos @ATLAS

Parton-level A¢(I*,I)/x [rad/x]

oo 99 99 OO0 OO OO OO0 OO =Oo
o ocw

0.0-
0.1

ATLAS Simulation \s =13 TeV, 36.1 fb’!

0.0- 0.+ 0.2- 03- 04- 05- 0.6- 0.7- 0.8- 0.9-
01 02 03 04 05 06 07 08 09 1.0

Detector-level A¢(I*,I')/x [rad/x]
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Sbottom with Higgs

UNI
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Decay hierarchy predicted in MSSM, when: is lightest neutral boson,
LSP is bino-like, Xais wino-higgsino mixture

- ISR jet
SRA Target : :):J:ets :rom zlddecays SRB Target m—fp b-jets from 51 decays SRC Target — :):J:ets :rom ilddecays
jets from ecays = bjets from h decays — h-jets from ecays
=== Fis -y Emis === s
________ N -
- “bulk” region - “compressed” region, - “compressed” region,
- all objects high p. and small  Am(b,,%y) small Am(b,,%?),
resolved Am(%,,%7)=130GeV m(%?)=60GeV
- max-min method: remove b- - soft b-jets from sbottoms - soft b-jets from sbottoms
jets most likely from sbottoms _ use ISR-like selection - require lower b-multiplicit
(pair with max AR), then find 9 plicity
Higgs candidate (pair with - reconstruct two Higgs candidates - visible and invisible
min AR) with high AR hemisphere
- use lower bound on invariant - use mass window around Higgs - more Z+jets background
mass of Higgs candidate mass for avg. cand. mass
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Sbottom with Higgs

Dominating systematic uncertainties:

- experimental: jet energy scale & jet energy resolution, b-tagging efficiency
and mis-tagging (dominant in SRC)

- theoretical: top quark pair and Z+jets modelling

UNI
FREIBURG

Region SRA SRB SRC
Total background expectation 17.1 3.3 37.9
Total background error 2.8 (16%) 0.9 (27%) 6.2 (16%)
Systematic, experimental 1.4 (8%) 0.3 (10%) 3.0 (8%)
Systematic, theoretical 2.3 (13%) 0.6 (18%) 3.2 (8%)
Statistical, MC samples 0.7 (4%) 0.4 (12%) 2.0 (5%)

% [ T LI A B L IR B §2] 104 T T T T T T T T T

O] 25__ ATLAS Preliminary Zijels Iomcr - § ATLAS Preliminary Zsjets [t

= _ § Vs=13TeV, 139 fb ther ingle-to

é i ;F;(;ST::‘ _1:": fo !t[ [ sirotetop W o10® SSRC, pozt-fit ;:n: Tma:za: i

§ 20 :_ + P fISM Tatal + Data . 102 m(szZ,g?) = 1200, 1150, 60 GeV

w

e mib F E ) = 1200, 1150, 80 GeV ]

15F

10F

1400

1200
=miss

Er [GeV]

05.06.2019

N SRR AR T AR LB pERE, 780
TJE& 118w R R
Sl s e e R
18 20 22 24 26 28 30 32 34 36
Object Based ErTnlss Significance

squarks and gluinos @ATLAS
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Stop to Z/h

=4 i ae aans name Remnm e AR RRE AR B EE R EE
(GDJ 702_ ATLAS Preliminary Vs=13 TeV, 139 fb! e
it SR2A e Data 1
E 60 ~——— Standard Model =
i FNP .
AT NN I Multi-boson B

50:\\\\\ ttz ]

40e\ NN I tZ and tWZ E

3

\ Otr~1ers
\ ......... m(t,) = 500, m(F’) = 350

20

7
%

>
N \i‘ —— Ly

10 R R
.................. B I8 SN

a

60 80 100 120 140 160 180 200 220 240

ET* [GeV]

SRia SRip SRaa SRz
Total systematic uncertainty (%) 13 13 29 15
Diboson theoretical uncertainties (%) 2 3 11 5
tfZ theoretical uncertainties (%) 3 6 4 5
Other theoretical uncertainties (%) 6 9 2 9
MC and ENP statistical uncertainties (%) 6 <1 14 7
Diboson fitted normalisation (%) 2 3 11 6
ttZ fitted normalisation (%) 5 9 2 7
Fake/non-prompt leptons efficiency (%) 4 <1 14 2
Jet energy resolution (%) 4 3 2 2
Jet energy scale (%) 1 4 <1 1
b-tagging (%) 3 5 1 5

05.06.2019 squarks and gluinos @ATLAS

Events / 150 GeV

7L I =) LR L . L L L |

ATLAS Preliminary Vs=13 TeV, 139 fb™!

B tZ and tWZ
Others

A\ & m(t) = 800, m(z) = 130

18

F SR 5 e Data
16— == Standard Model
1aF- FNP

= I Multi-boson
12 ttz

0 100 200 300 400 500 600 700
Pl (GeV]
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3-body stop

Jet 4-vectors (up to 8)

(RNN)

—»  Recurrent neural network

Input variable |

Description

E'rl{liss
S(PT™)
mr

Ad)(/’ Z—){Ix}lsS)
mMp1

p?[g'et

Np—tag
pr(f)
n(f)
é(f)
20)

Missing transverse energy
Azimuthal angle of the pp'**
Transverse mass

Azimuthal angle between js®

and lepton
Invariant mass of leading b-tagged jet and lepton
Transverse momentum of the leading b-tagged jet
Jet multiplicity
Number of b-tagged jets @ 77%
Transverse momentum of lepton
Pseupdorapidity of lepton
Azimuthal angle of lepton
Energy of lepton

UNI
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Shallow neural
network NN

Dominant systematic uncertainty: tt hadronisation/fragmentation (16%)

05.06.2019

squarks and gluinos @ATLAS
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MC samples

Process Generator Tune PDF set Cross-section
+ fragmentation/hadronization order
Gbb/Gtb/Gtt MADGRAPH5_aMCQNLO-2.2.2 Al4 NNPDF2.3 NLO+4NLL [30,31,32,33,34,35]
+ PyTHIA v8.186
tt POWHEG-BOX v2 Al4 NNPDF3.0 NNLO+NNLL [36]
+ PYTHIA-8.230
Single top PowHEG-Box v1 (v2) PERUGIA2012 CT10 NNLO+NNLL [37,38,39]
Wi-channel (s/t) + PYTHIA-6.428 (-8.230)
ttW /ttZ MADGRAPH5_aMC@NLO-2.2.2 Al4 NNPDF2.3 NLO [40]
+ PyTHIA-8.186
4-tops MADGRAPH-2.2.2 Al4 NNPDF2.3 NLO [40]
+ PYTHIA-8.186
ttH MADGRAPH5_aMC@NLO-2.2.1 UEEES CT10 NLO [41]
+ HERWIGH4-2.7.1
Dibosons SHERPA-2.2.1 Default NNPDF3.0 NLO [42,43]
WW, Wz, 2z
W /Z+jets SHERPA-2.2.1 Default NNPDEF3.0 NNLO [44]
Physics process ~ Generator Parton shower Cross-section PDF set Tune
normalisation
SUSY Signals MG5_.AMC@NLO 2.6.2 [31] PyTHiA 8.212 [32] NNLO+NNLL [33,34,35,36,37] NNPDF2.3LO [38] A14 [39]
wzZ/y", ttw MG5_.AMC@NLO 2.3.3 PyTHiA 8.210 NLO [31] NNPDF2.3LO Al4
Diboson SHERPA 2.2.2 [40] SHERPA 2.2.2 Generator NLO NNPDF3.0NNLO [41] SHERPA default
tth POWHEG v2 [42] PyTHIA 8.230 NLO [43] NNPDF2.3LO Al4
Wh, Zh PyTHIA 8.186 [44] PyTHIA 8.186 NLO [43] NNPDF2.3LO Al4
HWW, titt MG5_.AMC@NLO 2.2.2 PyTHIA 8.186 NLO [31] NNPDF2.3LO Al4
ttt MG5.AMC@NLO 2.2.2 PyrHIA 8.186 LO NNPDF2.3LO Al4
tZ MG5.AMC@NLO 2.3.3 PyTHIA 8.186 LO NNPDF2.3LO Al4
tWZ MG5_.AMCQ@NLO 2.3.3 PyrHIA 8.212 Generator NLO NNPDF2.3LO Al4
Triboson SHERPA 2.2.2 SHERPA 2.2.2 Generator NLO NNPDF3.0NNLO SHERPA default
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Detector uncertainties

UNI
FREIBURG

g " aTLAS Preliminary ] alee R ;
E E {s=13TeV, 801" ] = ATLAS Preliminary anti-k, R=0.4
F 1v1:_Ami_er:0’_4 E %F°-35 \s=13TeV, 43.6 b 02<|p<0.7 E
S 3 - 03 k EM-JES dijet in situ £
U ] 2 025 I EM-+JES total uncertainty
1:_ E =t ¢ PFlow+JES dijet in situ 3
E —— ‘l; 0.2~ B PFlow-+JES total uncertainty
095_ - g 0'15; 3
E . Total uncertainty, PFlow + JES ] GC)
F . 5 0.1
0.9 —— Total uncertainty, EM + JES = -
E ] 0.05[~
0.85 00—l P EE— — E T E N EEiEE ey .
A €Y 10° 210° U0 22 20 30 107 2x10° 10° 2x10°
pj GeV pil?l [GeV]
L L e B B S 1
g - ATLAS Preliminary 4, ] Jet energy Scale (tOp Ieft), Jet
g I e 1 . .
2 L -4 © 4
§ 10F W-wTevait Fw energy resolution (top right) and b-
£ [ MV2ci0,6,=60% # s ] . .. .
- . 1 tagging efficiencies.

F p
I /

e /” : JETM-2018-006, JETM-2018-005,

e //////// ATLAS-CONF-2018-045

3
107, 300 400
Jet [ [GeV]
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