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- Standard Model (SM) is a very successful theory and has been found to be in agreement
with experimental measurements, but it does not explain problems such as:
- hierarchy problem,
- Dark Matter (DM),...

- Supersymmetry (SUSY) can solve these problems by introducing a super partner
(SUSY particle) for each SM particle:

SM particles SUSY particles

) Quarks ‘ Leptons . Force particles Squarks Q Sleptons 0 psggz‘;grce
R=(-1)3® L)*Rs ~0 ~0 50 o3 mixin 50 50 ~0 o~
P R +1 for SM particles Hy Hy W" B o %1 X2 %a T nevtralinos
- { -1 for SUSY particles A H, Ww — % % charginos
R-parity conservation
- SUSY particles pair-produced R-parity violation
- Lightest SUSY particle (LSP) is stable - LSP not necessarily neutral and stable

« DM candidate
PIC/17.09.2019 Searches for strongly interacting SUSY particles - Danijela Bogavac (IFAE-Barcelona) S




SUPERSYMMETRY @ LARGE HADRON COLLIDER

SUSY particles can be produced by several mechanisms @ the LHC

In this talk, the main focus will be on:

1) Strong production of squarks (15t and 2"¢ generations) and gluinos
- High cross-section

« Sensitivity up to high SUSY particle masses
- Jet-rich final states

) 3*d generation of squarks (stop and sbottom)

- Lower cross-sections than for the 1stand 2™¢ generations of squarks and gluinos

- Light 3" generation squarks preferred by naturalness arguments
- Final states with b-jets
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RUN 2 DATASET

Proton-proton collision data @ 13 TeV,

@ good for physics, recorded by:
i 139 fb! 137 fb'!
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- In this talk, only results obtained analyzing the full Run & dataset

« All the other SUSY results are available:
ATLAS SUSY public results page: here && CMS SUSY public results page: here ‘
- — , (4
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

OVERVIEW OFF RECENT SUSY SEARCHIES®
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* Only searches for squarks and gluinos

FULL RUN 2 DATASET

P
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OL 2-6 jets CONF-2019-040 OL with MT2 SUS-19-005
> 2L SS CONF-2019-015 OL with MHT SUS-19-006
Stop Z CONF-2019-016 1L with Mg SUS-19-007
Stop 1L CONF-2019-017 > 2L SS SUS-19-008
Sbottom arXiv:1908.03122 Stop 1L SUS-19-009
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-017/
https://arxiv.org/abs/1908.03122
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-007/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-009/index.html

SEARCHES FOR SUPERSYMMETRIC PARTICLES

- Both experiments employ similar analysis strategy

Study a specific decay chain using simplified model: P

- Simple approach for SUSY searches with small number of particles >

« Assumed branching ratio usually 100%
« Decays described by masses and cross-sections

- Signal region (SR) designed based on requirements on

signal/background discriminating wvariables to target NA
specific decay chains 2
S |

Background estimation.: § VR SR
- MC normalized data in process-enhanced control regions

(CRs) for dominant backgrounds 5 A
- Data-driven estimates for fake/non-prompt leptons, fake £ | 4 TE
- MC simulated data for additional backgrounds

CR = VR

- Validation regions (VRs) used to check the assumptions - -
in the background estimate and the CR — SR extrapolation Variable 1

% R\ A
Unblinded SR, and: Y Dobalion 7
« celebrate in the case of excess @M’”\@

- ifthere is no the excess, set model limits and keep the dream alive!
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INCLUSIVE HADRONIC SEARCHES A@)S

+ Searches for squarks (1% and 2"¢ generations) and gluinos with jets CONF-2019-040
« Wide range of signal models:

S
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- Final state contains OL, high jet multiplicity and large F7***

Two sets of SRs are defined using different jet multiplicities, E7°*%, A¢(j;, ppris*)

ol
either specific range of kiWic variables or values of the BDT output variable
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/

INCLUSIVE HADRONIC SEARCHES

+ Searches for squarks (1%, 224 and 3™ generations) and gluinos with jets SUS-19-005

A Many signal models: SUS-19-006
\32 31”,-/......2(1) § _ = .0
S . o= 3 g — bbxy
b \EB :Z
]

*pbackup slides

1 2 3 4 5 6 =7 n;(r>30GeV)

- Final state contains OL, high jet multiplicity and large Ej’@iss

Two sets of SRs are defined using various discriminating variables such as:
1Yy, b, Hy = Z |?T|

jets

=
transverse momentum imbalance or variable MHT
inferred through Mtz :
s MHT = | —
Mp= _ @ min [max (Mél), M%z))] | j;?ﬂ
p_}mss -|—p,i.m55 (2)=p_}mss .
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html

INCLUSIVE HADRONIC SEARCHES

CONF-2019-040
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html

INCLUSIVE HADRONIC SEARCHES

Both experiments found good agreement
between data and the SM expectation in all the SRs
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EXPERIMENT BDT s CMS Preliminary MTZ 137 b (13 TeV)

%)) T T T T T T T c . E|
€ 10° ATLAS Prelimi e Data @ Pre-fit background Integrated over M_, -e- Data 3
o re |m|nar1y -~ SM Total 2 10 Wz—-v |4
L 1 04 4 - I W+j ets o 1j,0b ; 1j,1b ; H,[250,450] ; H, [450,575] | H, [575,1200] X H, [1200,1500] E
\/g 13TeV, 139 fb ] ti(+EW) & single top T | | | | | [ | Lost"Lepton 3
10° 1 Z+ets A ! ! ! [ Multijet E
. 3 Diboson 10° | : : : Hy 1500, =]
102 Em Multi-jet ! ! ! E
10* ! 5
10 | -
10° B E
1 E
102 =
107 .
(% 1.5 — — 10 =
= = 4 + ook = 1=
8 WA A R N 2 R ///////////////////4////////////7 I
© K S S S S S SN TS S S S S S S S S S S S 1 5
a — S SN S S S S ] g Ei
q) 0.5 __ T T T T T T T __
g 2¢ ] E
g o - —_ﬁ
:S) _2 :_ 1 1 1 1 1 1 1 -qc;
& 5 3 2 3 5 S % 3 &
O (O] (O] (0] ) (0) O] (O] 3
O] O] (O] (O] O) (O] (0] (0] N

CONF-2019-040

PIC/17.09.2019 Searches for strongly interacting SUSY particles - Danijela Bogavac (IFAE-Barcelona)


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/

INCLUSIVE HADRONIC SEARCHES

SQUARK-PAIR PRODUCTION
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Squark masses up to 1.94 TeV (ATLAS) and 1.77 TeV (CMS)
excluded for low LSP masses
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-005/index.html

INCLUSIVE HADRONIC SEARCHES

GLUINO-PAIR PRODUCTION

f CONF-2019-040 @) \ ( SUS-19-006
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Masss limits have reached ~ 2.2 TeV (ATLAS) and ~ & TeV (CMS) for low LSP masses

5¢ the interpretations of the other signal models:
1-step squark-pair/gluino-pair decays, inclusive ... see backup slides ‘
, (n
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-040/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-006/index.html

SEARCHES FOR GLUINOS WITH A LEPTON

« Searches for gluinos in events with exactly one lepton and jets SUS-19-007

Final state contains:

- 1 lepton,

« jets including at least one b-jet, and
- large E7'ss

SRs are defined using kinematic variables such as:
mr =\ /2P [l = cos(Ay ypeee)] and Mo= D ml)

Ji=large— Rjets

3

additional bins in »7"* n;and ny to improve sensitivity
200 < pss < 350 GeV 350 < pss < 500 GeV pss > 500 GeV
> >’ >
) ) )
O, O, O,
- = =
S < S
140

140 140

250 250 450 650 250 500 800

My [GeV] M, [GeV] Q



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-007/index.html

SEARCHES FOR GLUINOS WITH A LEPTON

Dominant background arrives o

from: £ 10

- leptonic decays of tt %’ "
- estimated with ABCD in Mg 2

and mr plane 1

+ extra bins in »7 , njand npused 2

=

03_ 0

N

s v sy g s v 1T ]

800
m(9) [GeV]
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Searches for strongly interacting SUSY particles
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1 * Gluino masses up to £.15 TeV
are excluded for low LSP ma.sses



http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-007/index.html
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SEARCHES FOR SQUARIKS AND GLUINOS WITH LEPTONS

- Searches for squarks and gluinos in events with jets and either 2 same CONF-2019-015
sign leptons or at least 3 leptons

- Wide range of signal models (including E-parity violating scenarios):

-

\_
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bl ~0
P ~+ Xl
t\\ jZiF ~0
b* X1
1
P W

N

‘)

PIC/17.09.2019

Five SRs are defined using various discriminating variables such as:
N1, Ny, Iy, £ Mefr, Merr/ B

mM1SSs

T

L]

- Final state contains 2 same sign leptons (or at least 3), jets and large L7
R-parity violating scenarios)

SR ne np nj EDSS [GeV] | mer [GeV] | EDS [meg
Rpv2L >2(*¢*) | 20 | 26(pr >40GeV) — > 2600 —
>2(**) | =0 | 26(pr>40GeV) | > 200 > 1000 > 0.2
Rpc2Llb || >2(£*(*) | =1 | 26 (pr > 40GeV) — — > 0.25
Rpc2L2b | >2(£**) | 22| 26(pr>25GeV) | > 300 > 1400 > 0.14
Rpc3LSS1b || > 3 (£**¢*) | > 1 no cut but veto 81 GeV < m:.+ < 101 GeV > 0.14

(not for


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
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SEARCHES FOR SQUARIKS AND GLUINOS WITH LEPTONS

/
> &6 6 6 6 6 6 6 o & o & o o o o o o o o o o o o o o o o o o o O° OO O O o o o o o o o °o o °o O O o o o o o o o °o o °o o o o '//

- Searches for squarks and gluinos in events with jets and either 2 same sign SUS-19-008
leptons or at least 3 leptons

» Various signal models (including B-parity violating scenarios):

5 many others. See backup slides!

m1Ss

- Final state contains 2 same sign leptons (or at least 3), jets and large £~ (not for
R-parity violating scenarios)
Five sets of SRs are defined using different discriminating variables such as:
ni, pr(l), nj, ny, £7°°and Hr

1. SSHH (high-high) - exactly 2L with pr > 25 GeV Ao
2. SSHL (high-low) - exactly 2L, one with pr > 25 GeV and one with pr <25 GeV &,‘;\o

3. SSLL (low-low) - exactly &L with pr < 25 GeV .40"030@69

4. LM (low E*9) - exactly L with pr > 25 GeV and E}'**< 50 GeV eog's’ﬁ‘ 0%°

5.

ML (multi-leptons) - 23L, at least one with pr > 25 GeV

PIC/17.09.2019


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html

SEARCHES FOR SQUARIKS AND GLUINOS WITH LEPTONS A@é
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- Fake/non-prompt leptons

=15
w»
g 1 %
o) 05 ---------------------------------------------------------------------------------------------------------------------------------------------------------
CMS Preliminary SUS_19_008 137 fb~1 (13 TeV) VRtV VRWZ4j VRWZ5j Rpc2L0b Rpc2L1b Rpc2L2b  Rpc3LSS1b RpvaL
(7)) (¥ J \ J
+J 2% Nonprompt lep. e%1 Rare
c 3 ( ttw ttH \/ N
S 10 > > SSHH Xy — Thtttt (1600,100) x10 VARs SRs
L B . mown WW . ¢ Data [5206]
Charge misid.
102
101 )
- The properties of the events are
100 consistent with expectations from the
SM backgrounds and no significant
10-1 excess is observed in the SRs
go
O 2 * * |H IJ/ « Largest excess of 2.6 (CMS
é L/)/’/f&/kb/ﬁ/’&i’%ﬁ//’//é})w» {M Yo AN g ( )
©
AL AR ARRSARRSRRRRSRAARE LS AEAN LAAARSARARRARLEE RSN
()

Region



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-015/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-008/index.html

SEARCHES FOR SQUARKS AND GLUINOS WITH LEPTONS A@

EXPERIMENT
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+ Search for top squark pair production in events with at least one Z boson CONF-2019-016
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- Final state contains at least 3L (2L OS from Z decay and an additional lepton(s) from top

decay), jets and large Er's

- Two sets of SRs are defined using lepton kinematics,

(b-)jet kinematics, E7***an
1. SRA1ce) for small 5(#) -
2. SRBi(2) for large 3(#®) -

- Dominant backgrounds

d mr:

¥} mass splittings
¥y mass splittings

are and multi-

boson production (estimated in the dedicated
CRs) with additional contributions from fake

and non-prompt leptons (
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SEARCH FOR TOP SQUARKS WITH Z BOSONS
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SEARCH FOR TOP SQUARKS IN THE 3-BODY DECAY MODE @)
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« Search for top squark pair production with exactly one lepton CONF-2019-017
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Dominant background is the ¢t process 5 10°EVs=13TeV, 1397 mti+v

= [JW+jets []Single top3

- B VR B Multi- boson ]

Machine learning approach was developed to = CR ., — m(tx,)=(500,380) GeV 2

separate the signal from tt PE— SR
E EEEER l:'l >

SR is designed using n, 0y, Do, E7**5 |A¢(j1 .2, P H5)|, Mr, 107
and the output discriminator: NNywy

The background is estimated in the CR, orthogonal to

S 2
the SR due to the selection on NI,y 5 3
The background modelling is validated in the VR @ —5;' sl b Bt 3
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SEARCH FOR TOP SQUARKS IN THE 3-BODY DECAY MODE @)

- INo excess over the SM prediction is observed

ATLAS

EXPERIMENT

CONF-2019-017

- Limits are set on masses of top squark and LSP using the multi-bin SRs =» 10 bins:
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SEARCH FOR TOP SQUARKS WITH A LEPTON

Final state contains 1L, high jet multiplicity and large E7***

>
' i ' i 5 [ 1/ not from to
SRs are designed using nj, np, £7°% M (b-jet, 1) €  F Observed P

Lt < 10 -Z—> vV

either resolved or boosted hadronic top tagger

Events

Dominant backgrounds estimated in CRs:
tt, single top and W+jets (lost lepton)
= CRs with two leptons
(1 lepton)
= CR without b-jets or with soft b-jets
tt (1 lepton) & Z—vv
= gstimated from MC simulated data 0 100 200 300 400 500 600
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SEARCH FOR TOP SQUARKS WITH A LEPTON

CMS Preliminary 137 fb' (13 TeV)
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SEARCH FOR BOTTOM SQUARIKS WITH DECAYS TO HIGGS @

ATLAS
« Search for bottom squark pair production with Higgs bosons arXiv:1908.03122
b
) h *+ Final state contains OL, high jet multiplicity with many of
A L ;/ 0 these jets originating from b-quarks and large E;*°°
-~ 0 1
g ;3 - T'wo mass hierarchy scenarios are considered:
o~ 1) m(x?) = 80 GeV
p b\% . Q) Am(x3,x1)= 130 GeV
b

Three sets of non-orthogonal SRs are defined to target different mass hierarchies
using various discriminating variables: 1y, o, A¢(j;_4, pi**)y Ad(j1, pits®)
P

either Higgs bosons reconstruct algorithms mesror the Object-based L1~ significance

BULK COMPRESSED
—p bietsfrom by decas + SRB Target N Piets from b decays
SRA Ta rget =P ojets from by decays  SRC Ta rget =P b-jets from h decays

—p [-jets from h decays )

. =P b-jets from h decays miss

— » E’%HSS ] LN ] * ET
—— - [
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SEARCH FOR BOTTOM SQUARKS WITHI

Dominant backgrounds estimated in the CRs: E
. tt (SRA and SRB) ’
- Z —vv and top-related processes (SRC)

Other: {t +W/Z, tt+h, diboson, W+jets

The background modelling is validated in orthogonal
VRs defined with OL and different b-jet selections

DECAYS TO HIGGS

® 6 6 ¢ 6 6 o o o o o o QIRLIANST
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SEARCHES FOR TOP AND BOTTOM SQUARIKS

bi1by, by —>b)?(1) /T Multiple 36.1 by Forbidden 0.9 m(¥})=300 GeV, BR(h¥')=1 1708.09266, 1711.03301
Multiple 36.1 b, Forbidden 0.58-0.82 mE)=300 GeV. BR(bY)=BRGX1)=05 1708.09266
Multiple 139 by Forbidden 0.74 m(¥})=200 GeV, m(¥;)=300 GeV, BR(t¥})=1 ATLAS-CONF-2019-015
biby, b1 —b¥s — bhT) Oe,u 6b EPS 139 | B Forbidden 0.23-1.35 Am(@s,1))=130 GeV, m(¥})=100 GeV SUSY-2018-31
by 0.23-0.48 Am(P5,77)=130 GeV, m(¥})=0 GeV SUSY-2018-31
7 f—whtY or i 0-2 e,u 0-2jets/1-2 b EMS 36,1 B 1.0 m(t’)=1 GeV 1506.08616, 1709.04183, 1711.11520
| fif, F— WYY 1ep 3jets/th EMS 139 | 0.44-0.59 m(¥7)=400 GeV ATLAS-CONF-2019-017 |
f1f1, i—=T1bv, 111G Tr+1eur 2jets/1 b EP 36.1 f 1.16 m(7,)=800 GeV 1803.10178
i, hock) e, ek Oe.u 2¢  EMs 361 |z 0.85 m(¥))=0 GeV 1805.01649
: . i 0.46 m(f,&)-m(¥1)=50 GeV 1805.01649
Oe,pu mono-jet EMS 361 i 0.43 m(f,&)-m(¥1)=5 GeV 1711.03301

{s=13TeV, 36.1-139 fb July 2019

[ T, production

ATLAS Preliminary

Limits at 95% CL

200 300 400 500 600 700 800 9001000

= Observed limits
= = Expected limits

139.0fb™
Bl LT~ Wbszf
[ATLAS-CONF-2019-17]

36.1fb™
~ ~0 ~ ~0
= 0Lt =t /1, — Wby
[1709.04183]

g ~0 1~ ~0 ~ y~0
B Lt — 7t — Wby /1, — bty

[1711.11520]

T 0T ~0 ¥ ,~0
oLt tr, /t,— Wby /t,— bff'y

[1708.03247]
— monojet,'f1 — bff'i:J
[1711.03301]
-~ 0
—
[1903.07570]
~ ~0
B coLt,— X,
[1805.01649]
. v ~0
B monojet, t,— oy,
[1711.03301]

—— Run1,fs=8TeV,20f™"

[1506.08616]
~y
m(t,) [GeV]
hofr, ot +h 1-2 e, 4b EMiss 361 7 0.32-0.88 m(t")=0 GeV, m(#,)-m(t")= 180 GeV 1706.03986
| 2h,boh+2 3e,u 1b Ems 439 | 7 Forbidden 0.86 m(¥})=360 GeV, m(7, )-m(¥})= 40 GeV ATLAS-CONF-2019-016
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- The latest results of SUSY searches at the ATLAS and CIMS experiments with the full
Hun 2 dataset have been presented

- Unfortunately, no SUSY particles have been found

« Many other searches are currently in progress, some of which hopefully give us hints
for SUSY

+ Stay tuned for more SUSY results!

[ THANK YOU FOR YOUR ATTENTION! j
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INCLUSIVE HADRONIC SEARCHES

PIC/1%7.09.2019

MB-SSd | MB-GGd MB-C
Nj > 2 > 4 > 2
pt(j1) [GeV] > 200 > 200 > 600
MGt ] <20 | <20 | <28
Ad(j1,2,(3)> PT ) min > 0.8 > 0.4 > 0.4
A¢(4i>3,PT ) min > 0.4 > 0.2 > 0.2
Aplanarity - > 0.04 -
BRsS s Hey [GeV 2 > 10 > 10 > 10
Meg (GeV] > 1000 > 1000 > 1600
BDT-GGd1 BDT-GGd2 | BDT-GGd3 | BDT-GGd4

N, >

A¢(j1,2,(3)7p$lss) min > 0.4

A¢(ji>37p%lss) min Z 0.4

Er ™" [meg(NJ) > 0.2

Mo [GeV] > 1400 > 800

BD'T score > 0.97 > 0.94 > 0.94 > 0.87

Am(§,X1) [GeV] 1600 — 1900 | 1000 — 1400 | 600 — 1000 | 200 — 600

BDT-GGol BDT-GGo2 BDT-GGo3 | BDT-GGo4

N; > 6 > 5

A¢(jl,2,(3)7p$lss) min > 04 >0

A¢(ji>37p$lss) min Z 0.4 Z 0

Er™ /meg (NJ) > 0.2

Meg [GeV] > 1400 > 800

BD'T score > 0.96 > 0.87 > 0.92 > 0.84

Am(§,X1) [GeV] 1400 — 2000 | 1200 — 1400 | 600 — 1000 | 200 — 400




INCLUSIVE HADRONIC SEARCHES

BDT regions

Signal Region GGd1 GGd2 GGd3 GGd4
Fitted background events
Diboson 30£09 49+14 21+5 26 + 7
Z /v +jets 20 + 4 33+5 139 + 14 180 + 18
W+jets 7.0+26 13.2+35 48 + 8 52+ 9
t{(+EW) + single top 0.1152 0.619:8 16 + 5 39 + 11
Multi-jet 0.1+91 0.1+91 0.1191 0.1+9:1
Total bkg (pre-fit) 29 56 253 348
Total bkg 30£5 52 + 6 223 + 17 298 + 23
Observed 34 68 227 291
(ec)ops [fD] 0.13 0.25 0.33 0.36
S22 19 34 46 50
Sews 1678 22718 43117 54732
po (Z) 0.30 (0.52) 0.05 (1.60) 0.44 (0.15) 0.50 (0.00)
Signal Region GGol GGo2 GGo3 GGo4
Fitted background events
Diboson 0.6 £0.2 22+06  6.6+2.2 6.8 + 2.1
Z/y" +jets 3.8413 109+1.9 35+ 6 39+ 7
W +jets 09+05  3.8+1.3 16 +4 27+ 6
tt(+EW) + single top 0.2+0.2 1.3+0.8 28+ 6 85 + 14
Multi-jet - - 0.17551 05795
Total bkg (pre-fit) 7 25 111 178
Total bkg 55+1.5 18.3+24 85+ 9 159 + 16
Observed 6 25 80 135
(€0)ors [fb] 0.05 0.12 0.16 0.18
Sy, 7 17 22 25
Sev, 6.6 1175 25 12" 3710
po (Z) 0.41 (0.22) 0.10 (1.28) 0.50 (0.00) 0.50 (0.00)
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INCLUSIVE HADRONIC SEARCHES
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qq production, B(q — q %, — q W* % )=100%, m(x )=(m(q) + m(x,))/2

= ATLAS Preliminary

All limits at 95 % CL

L — Obs. limit (+1 0, )
B - . theory
C 6—13 TeV, 139 fb e Exp. limits MB
[__O-leptons, 2-6 jets —-— Exp. limits BDT

i

Exp. limit (1 04yp)
susy

.~ OLobs.36fb"
[arXiv:1712.02332]
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m(q) [GeV]

& production, B(§ — qa 7. — aq W* 7,)=100%, m(Z.)=(m(g) + m(z,))/2

= ATLAS Preliminary

All limits at 95 % CL

\

III|III|'I.

- —— Obs. limit (x1 0 )
B = 1 theory
- 6—1 3 TeV, 139 fb . Exp limits MB

[ O-leptons, 2-6 jets ~---— Exp. limits BDT

Exp. limit (1 04yp)
susy

OL obs. 36 fb™
[arXiv:1712.02332]
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Squark-gluino-neutralino model, m(i?):O GeV
;‘ 7000 B T T T T | l III T T | T T T T | T T T T | T T T T | T T T T ]
O] B . .
o, B i ATLAS Preliminary -
6 — I = -1 —
< 6000_—ﬁ {1 {s=13 TeV, 139 fb ]
B 0-leptons, 2-6 jets 7]
- ] - All limits at 95 % CL -
5000— i - ]
~ \ Exp. limit (£1 04yp) —
B i —— Obs. limit (1 0p057) -
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INCLUSIVE HADRONIC SEARCHES

Hrt range [GeV] Jet multiplicities M, binning [GeV]
[250, 450 ) 2 — 3j, 0b [ 200, 300, 400, o0 )
2 —3j,1b [ 200, 300, 400, o0 )
2 — 3j,2b [ 200, 300, 400, o0 )
4— 6j,0b [ 200, 300, 400, o0 )
4—6j,1b [ 200, 300, 400, o0 ) Source Range [%]
4— 6j,2b [ 200, 300, 400, o0 ) ——
> 7]-3 b [ 200, 300, 500, co) Integrated luminosity 2.3-2.5
> 7, 1b [ 200, 300, ) Limited size of MC samples 1-100
> 7, 2b [ 200, 300, c0 ) . o
2 6 >3b [ 200300400, o) Renormah.zatlon and factorization scales 5
>7,>3b 200,300, ) ISR modeling 0-30
[450,575) 2-3j,0b [ 200, 300, 400, 500, co ) b tagging efficiency, heavy flavors 0—40
2 —3j,1b [ 200, 300, 400, 500, oo ) , o .
2 - 3j,2b [ 200, 300, 400, 500, 00 ) b tagging efficiency, light flavors 0-20
4 —6j, 0b [ 200, 300, 400, 500, 00 ) Lepton efficiency 0-20
4—6j,1b [ 200, 300, 400, 500, o0 )
4-6,2b  [200,300,400,500, ) Jet energy scale 5
> 7j, 0b [ 200, 300, 400, co ) Fast simulation p7"** modeling 0-5
> 7, 1b [ 200, 300, 400, o0 )
> 7, 2b [ 200, 300, 400, o0 )
2-6j,>3b  [200,300, 400,500, co)
>7,>3b  [200,300,400, o)
[575,1200) 2 — 3j, 0b [ 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, co )
2 —3j,1b [ 200, 300, 400, 600, 800, 1000, co )
2 — 3j,2b [ 200, 300, 400, 600, 800, oo )
4—6j,0b [ 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, co )
4—6j,1b [ 200, 300, 400, 600, 800, 1000, co )
4—6j,2b [ 200, 300, 400, 600, 800, oo )
2-6j,>3b  [200,300,400, 600,800, co )
7 —9,0b [ 200, 300, 400, 600, 800, oo )
7 -9, 1b [ 200, 300, 400, 600, 800, oo )
7—9j,2b [ 200, 300, 400, 600, 800, oo )
7 —9%,3b [ 200, 300, 400, 600, o0 )
7-9i,>4b  [200,300,400, o)
> 10j, Ob [ 200, 300, 500, o0 )
> 10j, 1b [ 200, 300, 500, o0 )
> 10j, 2b [ 200, 300, 500, o0 )
> 10j, 3b [ 200, 300, o0 )
>10j, >4b  [200, o)
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INCLUSIVE HADRONIC SEARCHES
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INCLUSIVE HADRONIC SEARCHES
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SEARCHES FOR GLUINOS WITH A LEPTON

CMS rreliminary 137 b (13 TeV)
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SEARCHES FOR SQUARIKS AND GLUINOS WITH LEPTONS

b, b, production, b~ tij, m(ij) = m(i:’) +100 GeV
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SEARCHES FOR SQUARKS AND GLUINOS WITH LEPTONS
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SEARCHES FOR SQUARKS AND GLUINOS WITH LEPTONS
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SEARCH FOR TOP SQUARKS WITH Z BOSONS

P © © © © © © © © © 06 0 © © © © 06 0 © 06 0 © © © © © 0 06 06 0 © © 0 06 0 06 06 06 0 © © 0 0 06 06 06 06 0 0 0 0 0 o EXPERIMENT
Requirement / Region SRin  SRiyg  SRsoax  SRop SRia SRig SR2a SRz
Total systematic uncertainty (%) 13 13 29 15
Third leading lepton pp [GeV] >20 >20 <20 <60 o - " " > 3 - p
iboson theoretical uncertainties (%
Mjets (pr > 30 GeV) =4 Z9 =3 =3 ttZ theoretical uncertainties (%) 3 6 4 5
Np—tagged jets (PT > 30 GeV) > 1 > 1 - > 1 Other theoretical uncertainties (%) 6 9 2 9
Leading jet pr |GeV] B - > 150 B MC and FNP statistical uncertainties (%) 6 <1 14 7
Leading b-t d jet GeV - 100 - —
ilais Sl ng b-tagged jet pr [GeV] - Diboson fitted normalisation (%) 2 3 11 6
EE [GeV] >250  >150 >200 >350 47 fitted normalisation (%) 5 9 2 7
p T3 E[GeV] - >0 <50 > 150 Fake/non-prompt leptons efficiency (%) -+ <1 14 2
mry [GeV] > 100 - - - Jet energy resolution (%) 4 3 2 2
Jet energy scale (%) 1 A4 <1 1
b-tagging (%) 3 5 1 5
SRia SRip SRoA SR7p
Observed events 3 14 3 6
Total (post-fit) SM events 54+0.7 12.8 +1.6 57+1.7 54+0.8
Post-fit, multi-boson 0.50+0.22 1.5+0.5 27+1.0 1.5+0.6
Post-fit, t1Z 25+0.5 8.7+1.6 0.73 +£0.29 2.1+0.5
Fake or non-prompt leptons 0.74 £0.24 0.04 £0.02 1.8+1.1 0.65 +0.11
tZ,tWZ 09+04 22+1.2 0.19 £0.11 1.0+£0.5
Others 0.78 £0.17 0.37 £0.08 0.21 £0.06 0.16 £0.03
Pre-fit, multi-boson 0.59+0.18 1.8+0.5 32+09 1.8+04
Pre-fit, t1Z 26+04 89+1.0 0.76 £0.27 22+04
Soo. 4.6 10.9 4.9 7.0
Sexp 6.1'73 94433 6213 6513
Ovis [fb] 0.03 0.08 0.03 0.05
Do 0.5 0.37 0.50 0.38
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SEARCH FOR TOP SOUARKS WITH Z BOSONS )

ATLAS

> © © © © © © © © © © © © 0 0 © © © 0 0 © © © © © © © © 0 © © © © © © © © © © 0 0 © 0 0 6 © © 0 0 o 0° 0o O EXPERIMENT
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-016/

SEARCH FOR TOP SQUARKS IN THE 3-BODY DECAY MODE @)

ATLAS

EXPERIMENT

Input variable Description

proiss Missing transverse energy

d(PT%) Azimuthal angle of the pp™*

mr Transverse mass

AG(L, priss) Azimuthal angle between o™ and lepton
M) Invariant mass of leading b-tagged jet and lepton
p?rj ot Transverse momentum of the leading b-tagged jet
Miet Jet multiplicity

Np—tag Number of b-tagged jets @ 77%

pr(0) Transverse momentum of lepton

n(¢) Pseupdorapidity of lepton

o(0) Azimuthal angle of lepton

E(¢) Energy of lepton

Architecture Parameter set

Number of hidden layers
Neurons per hidden layer
Activation function
Learning rate
Regularisation

Weight initialisation
Batch size

Batch normalisation [130]

1
128
leaky relu (e = 0.1) [128]
1072 [127]

L2 (A =10"7) [123]
Glorot normal [129]
32 [123]

Yes
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SEARCH FOR TOP SQUARKS WITH A LEPTON

Label Nj tmnoa Mg top tagging EXS bins
[ GeV] category  GeV]

A0 — 600, 750, +o0]
Al < 175 U 350, 450, 600]
Ay 22 =210 M 250, 600]

B > 175 — 250, 450, 700, +o0]

C <0 < 175 — 350, 450, 550, 650, 800, +o0]
D > 175 — 250, 350, 450, 600, +o0]
EO — 450, 600, +00]

E1l < 175 U 250, 350, 450

E2 0-10 M 250, 350, 450

E3 >4 R 250, 350, 450

F — > 175 — 250, 350, 450, +o0]
GO — 450, 550, 750, +o0]
Gl < 175 U 250, 350, 450
G2 > 10 M 250, 350, 450
G3 R 250, 350, 450

H > 175 — 250, 500, +00]
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SEARCH FOR BOTTOM SQUARIKS WITH DECAYS TO HIGGS @

> 6 ¢ 6 6 6 6 o o o o o o o o o o o o o ﬁl%“ﬁNsT
Variable SRB
Variable SRA | SRA-L  SRAM SRAH Nieptons (baseline) =0
Nieptons (baseline) = =0 ]Vjets > 9
Njets Z 6 Z 6
Nb—jets >4 >4 Nbfjets >4
Efr“ (GeV] - > 350 > 350 EfrmSS [GeV] > 350
Tlvr;tAo(ﬁ(Jetl_@pT fred >Y254 >Ygé4 min Aé(jet; 4, pr ) [rad] > 0.4
T]ébl) Ez}eb\)/] > 200 > 200 T+ veto Yes
max\"» 2.5 2.5
AR, x—min (D, ) ?2.5 d{2.5 m(hcandla hcandQ)avg [GGV] S [757 175]
M (hcana) [GeV] > 80 > 80 leading jet not b-tagged Yes
Meg [TeV] >1.0 | € [1.0,1.5] €][1.5,2.0] >20 ,
pr(J1) [GGV] > 350
[A¢(j1, )] [rad] > 2.8
Meg |T€V] > 1
Variable SRC SRC22 SRC24 SRC26  SRC28
Nieptons (baseline) =0 =0
Njets Z 4 Z 4
Nbfjets >3 >3
ET" [GeV] | > 250 > 250
min A¢(jet, 4, pr ) [rad] > 0.4 > 0.4
S > 22 | €[22,24] € [24,26] €126,28] > 28
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