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(I) ATLAS-CONF-2018-041

A search for supersymmetry involving the pair production of gluinos decaying via third-
generation squarks into the lightest neutralino (, )2?) is reported. It uses LHC proton—proton

collision data at a centre-of-mass energy Vs = 13 TeV with an integrated luminosity of

79.8 fb~" collected with the ATLAS detector from 2015 to 2017. The search is performed in
events ining large missing and several energetic jets, at least three
of which must be identified as containing b-quarks. No excess is found above the predicted
background. For ¢ masses below approximately 800 GeV, gluino masses of less than 2.2 TeV

are excluded at 95% confidence level in simplified models involving the pair production of

gluinos that decay via top or bottom squarks. An interpretation of the limits in terms of the
branching ratios of the gluinos into third-generation squarks is also provided.
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Search for squarks and gluinos in final states with
hadronically decaying 7-leptons, jets, and missing

transverse momentum using pp collisions at
Vs = 13 TeV with the ATLAS detector

The ATLAS Collaboration

A search for supersymmetry in events with large missing transverse momentum, jets, and at
least one hadronically decaying 7-lepton is presented. Two exclusive final states with either
exactly one or at least two 7-leptons are considered. The analysis is based on proton—proton
collisions at 5 = 13 TeV corresponding to an integrated luminosity of 36.1 fb™" delivered
by the Large Hadron Collider and recorded by the ATLAS detector in 2015 and 2016. No
significant excess is observed over the Standard Model expectation. At 95% confidence level,
‘model-independent upper limits on the cross section are set and exclusion limits are provided
for two signal scenarios: a simplified model of gluino pair production with 7-rich cascade
decays, and a model with gauge-mediated supersymmetry breaking (GMSB). In the simplified
model, gluino masses up to 2000 GeV are excluded for low values of the mass of the lightest
supersymmetric particle (LSP), while LSP masses up to 1000 GeV are excluded for gluino
masses around 1400 GeV. In the GMSB model, values of the supersymmetry-breaking scale
are excluded below 110 TeV for all values of tan 8 in the range 2 < tan 8 < 60, and below
120 TeV for tan 8 > 30.

—

(Ill) Phys. Rev. D 99 (2019) 12009

A search for new phenomena in final states containing an ¢*e” or y* i~ pair, jets, and large missing
transverse momentum is presented. This analysis makes use of proton-proton collision data with an
integrated luminosity of 36.1 fb~", collected during 2015 and 2016 at a centre-of-mass energy V5 =
13 TeV with the ATLAS detector at the Large Hadron Collider. The search targets the pair production
of supersymmetric coloured particles (squarks or gluinos) and their decays into final states containing
an e*e” or 'y~ pair and the lightest neutralino (i7{) via one of two next-to-lightest neutralino (79)
decay mechanisms: ¢§ — Z !, where the Z boson decays leptonically leading to a peak in the dilepton
invariant mass distribution around the Z boson mass; and 79 — ¢*£~ ¢ with no intermediate £~
resonance, yielding a kinematic endpoint in the dilepton invariant mass spectrum. The data are found
to be consistent with the Standard Model expectation. Results are interpreted using simplified models,
and exclude gluinos and squarks with masses as large as 1.85 TeV and 1.3 TeV at 95% confidence
level, respectively.

e

() Eur. Phys. J. C 78 (2018) 625
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= Strong.production of squarks and g"'luinoS'

» Supersymmetry (SUSY): spacetime symmetry that relates bosons (integer-valued spin) with
fermions (half-integer spin).

+ Each fermion/boson 1is associated with a boson/fermion known as its superpartner.

» Conservation of R-parity Pr = (-1)35+L+2s ; LPCC SUSY Cross Section WG
. . . ) LET — T N\ N T 1 ———310* s
» SUSY particles are produced 1n pairs. = - Vs=13TeV g
» The lightest supersymmetric particle (LSP) is il 1?3
stable, neutral and only weakly interacting < - E
=> Escapes the detector without signature. = 0L e =
— 107 1 2
» Cross section for production of 15t or 2nd gen. % - - %
squarks or gluinos expected to be larger than for © 193 — 10 %
3rd gen. squarks or electroweak SUSY. é - : 2
» Experimental signatures: ° 107 S0 '10'30' =500 2000 |
» Large Ermiss (from LSP). arXiv:1407.5066 SUSY sparticle mass [GeV]
» Multiple high pr light-flavor jets or b-jets. Expected production cross section for several

: types of SUSY particles at 13 TeV
» Other objects (e.g. leptons, Z bosons). yP P

» Only direct squark/gluino production with conserved R-parity shown here
=> other models are addressed in the talks from L. Schaefer/M. Ayoub/T. Yamazaki.
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Search for supersymmetry in
events with multiple b-jets
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=« Multi-b-analysis:\Motivation

» Many SUSY scenarios featuring direct gluino production are expected to produce events with
multiple b-jets and large Ermiss,

» Signal regions with Np.jets > 3, Etmiss > 200 GeV and separation into 0-lepton and 1-lepton
events to be sensitive to top/bottom quark (a,b) production and different gluino branching
ratios (c).

» Other discriminating variables: meft, mt, mt? (transverse mass of b-jets),

M;i% (sum of 1nvariant jet masses).

+ Cut on A@¥min = min;<4 (|@ijet - pmiss|) > 0.4 to suppress mutijet background
in 0-lepton channels.
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= Multi-b-analysis:\Background estimation and ¢R

I
s

+ Dominant SM background in all SRs: 77 production = one #f CR for each SR. Typically lower
ETmiss megr, MiE requirements (or inverting mr cut).

» Signal contamination in CRs typically below 6% (#f normalization checked in VRs).

* Subdominant background processes (single-top, +jets, , tt+7/W/H and diboson) are
estimated purely from MC.

» Remaining multijet background is estimated in multijet enriched region (reverting Ap4imin cut
to <0.1) and extrapolating to SR.

§2] - T T T T T T T T T = 0 — T T T T T T T T T T T T
& [ ATLAS Preliminary o data == Total bkgd. — S —  ATLAS Preliminary o data == Total bkgd.
Lﬁ 10° = 4 i L single top — > 10° = =t [ single top
= (s=13TeV, 79.81b I+ X [0 W-ets = Wi E" {s=13TeV, 79.8 b &+ X 2 Weets
= . ) Z+ets [ diboson - - [ Z+jets @ diboson
— Cut-and-count analySIS — Multlje\t — | Cut-and-count analysis [ Multijet
10° = 1 = 10% ==
= =
10 10
1 1=
EE 5 ----------------------------------------------------------------------- \o‘g )
: T . s i
e < -2
= 0 ' g -
Cr CR, CR, CR, CR, CR, Cr. Cr Cr R £ 73 ) W Vs ) Ve, 4. VR 73 ) ) ) )
Gty g "Sttoy,, Sttop Oty Oty Sty by TGbby, TGbb T Gby Gitg,_, Gt Otto, L 77t E\BG ot 'g{’;f &fﬂ\ " Z";f 725(3 t 70 b Gbb., Cbb Gty

Pre-fit event yields in CRs (left) and results of the background-only fit in VRs
(right): normalization factors are obtained only for the # background
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« Multi-b-analysis:\Results in SRs ¢

aqp

=

SRs designed for kinematically different scenarios = increasing Etmiss, megr or M;E cuts:
j

» Boosted (B) — large Am between SUSY particles.
» Compressed (C) — low Am.
» Moderate (M) — intermediate regions.

+ Model-independent interpretations done with inclusive SRs (simple cut-and-count approach).

» Model-dependent exclusion limits obtained with multi-bin SRs: statistical combination of non-
overlapping Niet, metr bins.

+ Analysed data from 2015-2017, corresponding to 79.8 tb-! = no significant deviation from SM

10
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S ATLAS Preliminary e data s> Total bkgd. — o — ATLAS Preliminary e data = Total bkgd.
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« Multi-b-analysis:\Interpretations ¢

» No significant excess observed = can derive exclusion limits for most relevant SUSY benchmark
models.

» Two simplified models featuring gluino production with decay into bottom/top quarks pairs and
neutralinos: g—#y1° and g—bby1° model.

» Can exclude neutralino masses up to 1.2 TeV and gluino masses below 2.3 TeV (at 95% CLs)
for g—t£y1° scenario (a). Slightly lower for g—bby19 (b).

» Limits can be also set depending on the branching ratio of the gluino decay to top/bottom

quark pairs (c).
ATLAS-CONF-2018-041
9g production, § — tf+)~(?, m(d) >> m(g) gg production, § — b5+§'(?, m(@) >> m(g) B@— tt7) + BG—bb %) + BE— tb %) = 100%
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Observed (red solid) and expected (grey dashed) exclusion limits for Observed limit on the branching ratio
the simplified g—t£y1° (left) and g—bby 10 (right) scenario of the gluino to 710 (x) or bby1° ()
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Search for SUSY in invariant mass
distributions of OSSF leptons
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-« 2| OSSF-analysis: Motivation

» Sensitive to scenarios featuring squark or gluino production with Z bosons (a,b) or multiple
leptons (c¢) 1n the final state.

+ All signal regions require = 2 leptons (e or ¢) and an opposite-sign-same-flavor (OSSF)
lepton pair: ete- or utu-

» my inside (on-Z) or outside the Z mass window (high/low-pr edge). (2) g
Z
» On- and off-shell Z production, depending on Am = m()29) - m(%719). p> q /41 .
» SRs are divided into several m; windows to be sensitive a broad range of 7 ¢ XX f 4
different lepton/Z kinematics.
» Partially overlapping m; bins for model-independent interpretations.

» Orthogonal bin ranges (my shape fit) for model-dependent limits.

high-p_ regions ATLAS

= m,bins
Ie) (shape fit)

oC
B m, windows - —

my binning for one of the SRs (for model-independent
interpretations and for the my shape fit)

> My

Eur. Phys. J. C 78 (2018) 625
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« 2L OSSF-analysisi Background estimation

* Flavor-symmetric processes (e.g. WW, tt, Z—tr) with ee : uu - eu=1:1:2 in SRs can be
estimated from different-flavor (DF) control regions and extrapolated to SRs: flavor-symmetry-
method.

» prand |n| dependent corrections applied to DF-CRs to account for different trigger/selection
efficiencies for electrons/muons.

* //y*+jets background 1s evaluated from y+jets enriched control regions with a photon instead of a
OSSF lepton pair.

» Reweighing/smearing to match p1(y) to pr(Z) and to correct for differences in resolution between
photon and electrons/muons.

» Fake leptons are estimated with matrix-method.

» Measuring efficiencies for prompt/fake leptons é&real fake 1n dedicated CRs and inverting efficiency
matrix to obtain number of fake leptons passing SRs.

+ Other backgrounds (t/+Z, ti+H, WZ, ZZ) estimated purely from MC.

[ SM total )
|
TS GETED GETTED GEESID

extrapolated from e y+jets reweighting

matrix-method Monte Carlo
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« 2| OSSF-analysisy Results

+ Analysed 36.1 tb-! of data (2015/16). > e
& 30° ATLAS E
» Looking at my distributions in inclusive SRs and agreement in B o5 S Tov e
each mywindow: 12 in low-pt SRs (a), 29 in on-Z SRs (b). a soum e
c 20+ 44 Standard Mode _
. . . . . . . . ) B

» No significant deviation from SM. Neither in inclusive SRs, nor 5 _ | " SUSY septon (18005001

. . — mwz/zz

1n mll—blnned. i [ Z+jets (y+jets)

Cef []Other
. . 10? - 7%/ []Flavour Symmetric .
» Largest excess observed in SR with 101 GeV <m,; <201 GeV 5;' , E
=> around 20. a1 ,_%W
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« 2| OSSFanalysisy Interpretations

. . 5 . . 5 5 . 7t
+ Exclusion limits on several models featuring direct squark or gluino production with .
Z bosons (on/off-shell) or multiple leptons in the final states. -
Z®
» Using my shape fit for limit setting = statistical combination _ R e R

of orthogonal m; bins. g™ amas Bectmiton) -
& 18001 fs=13 TeV, 36.1 fo N iszlzi;) -
. . . o ~ ~ . [ On-Z Best Expected Combination _
» Limits derived for different m(g), m(19), but also depending to00f- E
~ b ~ 1400[— —
on m(2%) (with a fixed y1°mass of 1 GeV). "3 . E
. . - H\A(\Gw; .
» Excluding gluino masses up to 1.85 TeV and squark masses R R E
800 —
up to 1.35 TeV. -
q 600 = —
p i ZNO 4003— —f

Eur. Phys' J. C 78 >\:\ ;8 <0 20&?0? ' |8(|)0| ' '1oloo' ' '12|oo' ' '14|oo' = 'ri:6|00' ' |18|00|~| 2000
q X1 m(g) [GeV]

(2018) 625 v NG
GG qT0 T 2T mE)=1 GeV ¢ §0:G- @ 1T T o P mE)=(m@)em §6:3- 9%, 7, 27, mE)=(m@+m(,))/2
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Observed (red solid) and expected (grey dashed) exclusion limits for different SUSY scenarios
producing Z bosons or multiple leptons
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Search for supersymmetry in final
states with T-leptons and Ermiss
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+ T-analysis: Motivation

+ Different SUSY scenarios expect 7-leptons, jets and Etmiss in their final states.
» Direct gluino production (simplified model) with two-step decay via 1%, 20 and 7 (superpartner
of z-lepton) to z-leptons and 10 (a).

» GMSB (gauge-mediated SUSY breaking) model: SUSY breaking is translated to visible sector
via massive gauge field G (b).

» Selecting events with exactly one or at least two hadronically decaying
t-leptons, Etmiss> 180 GeV and two jets (prlst2nd > 120/25 GeV).

+ Discriminant variables: Ht, Etmiss, transverse mass of z-lepton mt(7) or
stransverse mass of the di-tau system:

mpy, = min (max [mT(pTl,p%), mT(pTz,pflf)])
PT+PT=PT (b)
q T
% SRs in 17 and 27-channel optimized for compressed scenarios and larger - / .
mass-splittings. >I/ o C
. . 6
* Multi-bin approach in 2z-channel for model-dependent interpretations. p = ZG

» Binned in sum of transverse tau-masses: mt(t1) + m1(72). e

Phys. Rev. D 99 (2019) 12009
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' ' S 8 AP \ R
« T-analysis: Background estimation and CRs , /5 .J \ R

+ Dominant background processes: /—1v, tf, diboson, Z—vv (only in 1z-channels), /— 77 (only
in 27-channels).

+ Control regions for W/Top, Z—vv, Z—1r.

» Top and W CRs separated into regions targeting real or fake-z (from light/heavy-flavor jets).

+ Multyjet background estimated with jet-smearing-method.
» Estimation for large Ermiss events (from jet mis-measurements) by “smearing” low ETmiss events
with a jet-response function (Ertruth - Frreco),
» VRs for different background sources (different kinematic cuts).
%) 10° E T S T V_I T % T T =
5 = ATLA =13 TeV, 36.1 fb’ e Data =
Phys. Rev. D 99 (2019) 12009 ¢ .- TEE == SMeta ]
< 2200 Errmrr e - 00— 5 = =W — v =
& 2000 ;_ATLAS Vs =13TeV, 36.1fb" “2;‘;0 & 90 E_ATLAS Vs =13TeV, 36.1 fo ‘::/:10 ‘é - ;_ | % B _;I
€ 1400 = A = —— =
> 1200 ) Other > = 1 Other 3
* 1000 w0 e R = B e
800 E- 40E-
600 E- 0| }
400 - 20 :
200 10 T :
% 1'51;_ 1% ecoesoeceocsooss ces _.._._E % 1?_1 t e ‘ / I
g : ! ovees st ¥ g = ELEEEEEERTaE iy
8 05E 3 8 05E 3
100 200 300 400 500 600 700 800 0O 10 20 30 40 50 60 70 80 90 100
H; [GeV] mi+m’ [GeV]

Hr in top true-t CR (left). Sum of transverse tau-masses
mt(71) + m1(12) iIn Z—vv CR (right)

Summary of event yields in all VRs
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« T-analysis: Results and interpretations

@ Analysed 36.1 fb_l Of data (2015/16). a9 production,Qeqqrvi?/qqrti?/qulviﬁ -
= (Good agreement between data and SM prediction
in all 17 and 27-SRs.

— — = Observed limit (=1 0jooy
1600~ ATLAS gy combination  oon Expected limit ((11 o:;,fi"y)
----- 2t expected limit
P tr expected limit
(s=13 TeV, 36.1 fb ATLAS 3.2 fb™ exclusion
Al limits at 95% CL
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» Limits for gluino two-step decay (a) and GMSB
model (b): -

» Gluino two-step: Excluding gluino masses up to 600
2 TeV and neutralinos below 1 TeV. 400

» GMSB: Limits depending on SUSY breaking scale A 200
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mt(7) In a 17-SR (left) and Ht 1n the GMSB SR (right): Observed/expected limits for gluino two-step
SRs are indicated by the back arrows decay (top) and GMSB (bottom)
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-« Summary & Conglusions

@

Inclusive searches for squarks and gluinos can set strong constrains on a wide range of
supersymmetric models.

Distinct signatures (0-lepton, 1-lepton, 2L OSSF, etc.) can be investigated and have sensitivities
to different SUSY scenarios.

: : S : s=13 TeV, 36.1 - 79.8 fb September 2018
Multi-h analysis: searching in events with = A R e
>3 b-jets and light-flavor jets. $ asoor ¢ owntirzea ATLAS Preliminary_
— = - G bby, =3 b-jets [CONF-2018-041] .
— Can exclude gluino masses up to 2.3 TeV. I3 [ Gt =3bijets+ = 2lep. SS [CONF-2018-041, 1706.03731] i

TE' 3000 &~ qaWx; 0lep. + 1 lep. [1712.02332, 1708.08232] _

21 OSSFE analysis: sensitive to SUSY models with - O oawzy =T jets + 1 lep. + = 2 lep. SS .

) ) ] B [1708.02794, 1708.08232, 1706.03731] ]

/ pI'Od. by mvestlgatmg myjj shapes. 2500~ G- qa(iv viaTv 2 lep. OS SF + = 3 lep. [1805.11381, 1706.0373 1}

=> Excluding gluino (squark) masses up to 2000}_ o st E

1.85 TeV (13 TGV) | Al limits at 95% CL i

v+ Eymissanalysis: final states with large Epmiss 15001~ =

and hadronically decaying z-leptons. - )

=> Can obtain limits on simplified and GMSB 1000-1-{- g

models. - \ .

500_— —

Unfortunately no public result with full Run 2 ST R W Y I A
data (139 fb-1) yet. 1000 1200 1400 1600 1800 2000 2200 2400

: : . . ATLAS-PHYS-PUB-2019-012 m(@) [GeV]
Looking forward to interesting new results in the
coming months... hopefully to be presented at Summary plot showing exclusion limits from several
Pheno 2020! inclusive squark and gluino searches
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o SUSY_,_sea‘FEh strategy

How do we search for SUSY?

» Define signal regions (SRs) = using
variables which discriminate SUSY signals
from SM background.

» Transverse momentum prt, missing
transverse energy Etmiss, effective mass mett,
transverse mass mr

N L It

miss
Mett = Ht + ET

mr =\ /205 B - (1 - cos(Ad (pf, ™))

+ Irreducible backgrounds: Monte Carlo
normalized in control region (CR) or

pure MC.

+ Reducible backgrounds: data-driven or
semi data-driven approaches.

+ Validation regions (VRs) to verify the
background estimation.

-_— "r.':.aFaEiwo Ca rdiIIr"(:)A‘s

06.05.2019

Main irreducible Backgrounds:
— Normalize MC prediction in
dedicated Control Regions

— Extrapolate to Signal Regions
using MC

Minor irreducible Backgrounds:
— Pure MC based prediction

Reducible (fake) Backgrounds:

— Fully data driven method

— Matrix method — ABCD method
— Jet smearing
— Templates

Validation Region:

— Cross check back-
ground predictions

Signal Region:

— Look for excess

Top
&

S w
QCD CONTROL

Matrix Method

Loose Tight

— Closer to SR i

—

————

W, (GeV)'

from M. Hohlfelds talk at SUSY13 (link)
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http://susy2013.ictp.it/lecturenotes/01_Monday/SUSY_Phenomenology/Hohlfeld.pdf

Multi-b-analysis:\SRs definitions ¢

» Definition of the O-lepton and 1-lepton signal/control regions of the multi-b analysis (for
the simple cut-and-count approach).

Gtt 1-lepton Gtt 0-lepton
Criteria common to all regions: > 1 signal lepton, Np_jets > 3
: p , b-jets miss incl ) : : . : 4j D-jets miss incl )
Targeted kinematics ~ Type = Njet mr mp o Ep mig M; Targeted kinematics ~ Type  MNepon  Np-jets  Njee A mr rmin ET mg M;
Region B SR >5 >150 >120 >500 >2200 > 200 Region B SR =0 >3 >7 >04 - >60 >350 >2600 > 300
(Boosted, Large Am)  cR =5 <150 -  >300 >1700 > 150 (Boosted, Large Am) ~ cr = >3 >6 - <150 -  >275 >1800 > 300
Region M SR >6 >150 >160 >450 > 1800 > 200 Region M SR =0 >3 >7 >04 - >120 >500 > 1800 > 200
(Moderate Am) CR =6 <150 -  >400 >1500 > 100 (Moderate Am) CR =1 >3 >6 - <150 -  >400 >1700 > 200
Region C SR >7 >150 >160 >350 >1000 - Region C SR =0 >4 >8 >04 — >120 >250 >1000 > 100
(Compressed, small (Compressed,
Am) CR =7 <150 - > 350 > 1000 - moderate Am) CR =1 >4 >7 - < 150 - >250 > 1000 > 100
Gbb

Criteria common to all regions: Njet > 4

Targeted kinematics ~ Type  Niepon ~ Np-jets A¢>;Ein mr mlT’flE; Es Mot Others
Region B SR =0 >3 >04 - - > 400 > 2800 -
(Boosted, Large Am) — cr = =1 > - <150 - >400 > 2500 -
Region M SR =0 >4 > 0.4 - >90 >450 > 1600 -
(Moderate Am) CR =1 >4 - <150 - >300 > 1600 -
Region C SR =0 >4 >04 -  >155 >450 - -
(Compressed, small
Am) CR =1 >4 - <150 - >375 - -
Region VC ;
SR =0 >3 >04 - > 100 > 600 - :
(Very Compressed, 2 T > 400, j, # b,
very small Am) CR =1 >3 - <150 - >600 - A¢l > 2.5

06.05.2019


http://inspirehep.net/record/1684002
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« Multi-b-analysis:\Limits on gluing branchlng I’Q’EIOS

» Observed (top) and expected (bottom) exclusion limits as a function of the gluino
branching ratio to top quarks (x-axis) and bottom quarks (y-axis).

» The neutralino mass 1s fixed to either 1 GeV (left), 600 GeV (middle) or 1 TeV (right).
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¢« 2L OSSFanalysisy Definition of signal/control ',e;;giofjgé

A
J

+ Definition of the 2L OSSF signal, validation and control regions: on-Z, high-pt (left) and
low-pt edge (right).

» All SRs need to have at least two leptons (e or ) and a OSSF pair.

» Besides the cuts listed here, SRs are further subdivided into several m; bins (overlapping

or orthogonal for my for shape fit).
ATLAS-CONF-2018-041

High-pt E%‘iss Hry Rjets Mg mry  SF/DF  npjes  Ad(jetys, p%‘i“) mgp windows Low-pt E'Tniss p%’ Rjets  Mp.jets meg SF/DF  OS/SS  A¢(jety,, p‘l'.'iss) mry mge windows

regions [GeV] [GeV] [GeV] [GeV] regions [GeV] [GeV] [GeV] [GeV]

Signal regions Signal regions

SR-low >250 >200 >2 >12 >70 SF - >04 10 SRC >250 <20 =2 - > 30 SF oS > 0.4 - 6

SR-medium >400 >400 >2 >12 >25 SF - >04 9 SRC-MET >500 <75 22 - >4,¢[84,11] SF O > 0.4 - 6

SR-high >200 >1200 >2 >12 - SF - >04 10 Control regions

Control regions CRC >250 <20 =2 - > 30 DF 0S > 0.4 - -

CR-FS-low > 250 >200 >2 >12 >70 DF _ > 04 _ CRC-MET > 500 <75 =2 - >4,¢(8.4,11] DF 0S > 0.4 - -

CR-FS-medium >400 >400 >2 >12 >25 DF - >04 - CR-real - - 22 - 81-101 2(SF OS - - -

CR-FS-high >100 >1100 >2 >12 - DF - > 0.4 - CR_fake{ <125 - - >4,¢[8.4,11] 2pe oo _ _ _

CRy-low - >200 =2 - - 01y - - - >4,¢[84,11], ¢ [81,101] 26 pp

CRy-medium - >400 =2 - - 04, 1y - - - Validation regions

CRy-high - > 12000 =2 - Wy - B - VRA 200250 <20 >2 - > 30 SF 0S > 0.4 _ -

CRZ-dow <100 >200 =2 >12 >70  SF - - - VRA2 200250 >20 >2 - > 4.¢ (84, 11] S OS 504 - -

CRZ-medium <100 >400 >2 >12 >25 SF - - -

CRZ high 2100 51200 =2 —12 - SF - ~ - VRB 250-500 20-75 >2 - >4,¢[8.4,11] SF 0S > 0.4 - -
VRC 250500 >75 >2 - >4,¢[8.4,11] SF 0S > 0.4 - -

Validation regions VR-WZ-low-pr > 200 - 21 0 >4,¢[8.4,11] 3¢ - > 0.4 - -

VR-low 100-200 >200 =2 >12 >70 SF - > 0.4 - zﬁ:ﬁ'l"w'm : igg -5 ! z i: {gj }H gf; 05 ! - B

VR-medium 100200 >400 >2 >12 >25 SF - >04 - = A :

VR high 100200 > 1200 =2 212 - oF - T o - VR-fakes > 225 - 2 - >4,¢[8.4,11] DF 0S > 0.4 01,6, < 100 -
VR-SS > 225 - >2 - >4,¢[8.4,11] SF SS > 0.4 £1, £, < 100 -

VR-A¢-low >250 >200 =2 >12 >70 SF - <04 -

VR-Ag-medium  >400 >400 >2 >12 >25 SF - <04 -

VR-A¢-high >200 >1200 >2 >12 - SF - <04 -

VR-WZ 100200 >200 >2 >12 - 3¢ 0 >04 -

VR-ZZ <50 >100 >1 >12 - ar 0 > 04 -
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w 2L OSSFanalysisy Results in inclusive SRs and

» Left: Results 1n inclusive on-Z (top) and low-pr edge (bottom) SRs (without m; binning

Events

Eur. Phys. J. C 78 (2018) 625

ATLAS

{s=13 TeV, 36.1 fb™

: ¢ Data %Standard Model (SM)

VR-WZ-low-pt VR-ZZ-low-pt

applied).
» Right: Results in WZ and ZZ validation regions (separate WZ, ZZ VRs for low-pr
validation).
SR-low SR-medium SR-high

Observed events 134 40 72
Total expected background events 144 +22 40+10 83+9
Flavour-symmetric (t7, Wt, WW and Z — 77) events 86+ 12 29+9 75+8
Z|y* + jets events 91'53 0.21’8:3 20+£1.2
WZ]ZZ events 4312 9.8+3.2 4112
Rare top events 6.7+1.8 1.20+0.35 1.8+0.5

SRC CRC SRC-MET CRC-MET
Observed events 93 98 17 10
Total expected background events 104 + 17 98 +10 10+4 10.0+2.6
Top-quark events 85+17 81+ 14 3 2.5439
Fake-lepton events 83+1.5 10+ 10 2.00+0.35 3.6+1.2
Diboson events 7.6x1.3 57+1.6 44+13 3.1+1.2
Rare top events 3.26+0.95 1.8+0.7 0.53+0.15 0.59+0.18
Z/y* + jets events 0.050+0.010 0.0+£0.0 0.52+0.12 0.18 £0.05
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https://link.springer.com/article/10.1140/epjc/s10052-018-6081-9

« T-analysis: Definition of 1T and 27 SRS/CR.S Q\L_

»

+ Definition of the 17 and 27-SRs, targeting different # Definition of the W/Top CRs, as well as the

models and different kinematic scenarios: CRs for Z—vv, Z—1r and mutjjet:
Subject of 17 SRs Subject of W/ Top W/ Top W/ Top
. . selection kinematic CR true-t CR fake-t CR
selection Compressed Medium-mass
0 - 5 - 5 T-leptons | N, =0 | N, =1
7-leptons | 20 < pr < 45GeV > 45 GeV
p Pt Pr Jets | Nigy 23 | —
miss
Event ET > 400 GCV Muons | NIJ =1 | Nﬂ =0 | N/.t =1
. . T T
kinematics mt > 80 GeV my > 250 GeV Whop separation | Ny = 0/2 1
— Hy > 1000 GeV

Event Hy < 800 GeV
kinematics ET™ < 300 GeV

Subject of 27 SRs mflf < 100 GeV m% < 80 GeV ml,; < 100 GeV

selection Compressed | High-mass | Multibin | GMSB - - My > 60 GeV (W CR)

Event my5 >70GeV | myl+mg > 350GeV | my' +mg? > 150GeV | mi! +m3? > 150 GeV

kinematics | Hp < 1100 GeV Hy > 1100 GeV Hy > 800 GeV Hy > 1900 GeV .

m™ > 1600 GeV _ Nigw 2 3 — Subject of selection ‘ Z(vv) CR ‘ Z(tr7) CR ‘ Multijet CR
7 bins in m;l +m¥2 7-leptons ‘ N, =1 ‘ N, > 2, 4z, = —4x, ‘ N, =1
Phys. Rev. D 99 (2019) 12009 Multjetevents | M pE™) > 0.4 | Asr ™) <03

Muons ‘ N,=0 — ‘ —
Top suppression | Npje =0 | _
Event kinematics Hy < 800 GeV —

EMS <300 GeV — —
100 < m} < 200 GeV | my! +mp? < 100 GeV | 100 < m} < 200 GeV
ET Imeg > 0.3 mpy < 70 GeV ET"™ Imeg < 0.2
A¢(pJ£‘1, P™) > 2.0 — —
Ag(py,p7) > 1.0 — —

06.05.2019 , =, " Fabio Cardillo & Inclusive SUSY at ATLAS


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.99.012009

« T-analysis: Results in 1T and 2T-SRs

» Results in 17-SRs (left) and in 27-SRs (right):

» Two SRs in Iz-channel (for compressed and medium-mass scenarios) and three SRs in

27-channel (compressed, high-mass and GMSB).

17 channel Compressed SR Medium-mass SR
Data 286 12

Total background [290] 320+32 [15.2] 15.9+£3.0
Top quarks [66] T7+21 [5.2] 5.8+1.6
W(Tv)+jets [57] 51+18 [2.4] 2.2+1.7
Z(vv)+jets [77] 110+24 [1.5] 2.2+0.5
Other V+jets [52] 45+10 [1.9] 1.7+0.4
Diboson [28] 28+5 [3.0] 3.0+0.6
Multijet [10.0] 9.2+1.2 [1.24] 1.14+0.14
Sons (Sow) 49.5 (64.3%241) 7.7 (10.0%53)
(Tyis)ons 0] 1.37 0.21
CL, 0.18 0.24
Po (Z2) 0.5 (0.0) 0.5 (0.0)

Phys. Rev. D 99 (2019) 12009

27 channel Compressed SR High-mass SR GMSB SR
Data 5 6 4

Total background [4.7] 5.4+1.9 [2.3] 2.3+0.7 [1.5] 1.4+0.5
Top quarks [2.3] 2.9+1.7 [0.9] 1.0+0.5 [0.34]  0.39+0.23
W(tv)+ets [0.5] 04703 [0.4] 0.4+0.4 [0.4] 0.4+0.4
Z(77)+jets [0.035]  0.030+0.011 [0.37] 0.32+0.11 [0.33]  0.28+0.10
Z(vv)+jets [0.47] 0.67+0.35 [0.065]  0.093+0.028 [0.008]  0.011:0.007
Other V+jets [0.32] 0.30+0.08 [0.019]  0.015+0.012 [<001] <001
Diboson [1.06] 1.05£0.25 [0.56] 0.56+0.15 [0.29]  0.29+0.08
Multijet [0.0261]  0.0241+0.0031 [0.0131]  0.0121+0.0015 [0.065]  0.060+£0.008
Sons (Sowp) 6.7 (6.771%) 9.0 (5.0119) 7.3 (4470
(Tyi)os [fb] 0.18 0.25 0.20
CL, 0.50 0.96 0.95
Po (2) 0.5 (0.0) 0.03 (1.83) 0.05 (1.68)
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