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@ Introduction U

EXPERIMENT OF SUSSEX

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

» ATLAS search for chargino-neutralino pair production with @ Y
WZ/Wh boson-mediated decays to three-lepton final state ATLAS <7/

EXPERIMENT

in \/S =13 TeV pp collision data Submitted to: EPJC CERN-EP-2021-059

4th June 2021

* Paper recently accepted to EPJC
Search for chargino-neutralino pair production in
final states with three leptons and missing
transverse momentum in Vs = 13 TeV p p collisions
with the ATLAS detector

* Useful links: Twiki, arXiv, InspireHEP, HEPData

. The ATLAS Collaboration
* Outline:

A search for chargino—neutralino pair production in three-lepton final states with missing
transverse momentum is presented. The study is based on a dataset of vs = 13 TeV pp
collisions recorded with the ATLAS detector at the LHC, corresponding to an integrated
luminosity of 139 . No significant excess relative to the Standard Model predictions
is found in data. The results are interpreted in simplified models of supersymmetry, and
statistically combined with results from a previous ATLAS search for compressed spectra in
two-lepton final states. Various scenarios for the production and decay of charginos (7) and
neutralinos ( ,f/g) are considered. For pure higgsino i ,f/g pait-production scenarios, exclusion
limits at 95% confidence level are set on /fg masses up to 210 GeV. Limits are also set for pure
wino ,f/f,f(; pair production, on /fg masses up to 640 GeV for decays via on-shell W and Z
bosons, up to 300 GeV for decays via off-shell W and Z bosons, and up to 190 GeV for decays
via W and Standard Model Higgs bosons.

* Analysis target and strategy
* Results overview

* Recursive Jigsaw Reconstruction (RJR) Run 2 follow-up

arXiv:2106.01676v1 [hep-ex] 3 Jun 2021

* Available HEPData material

© 2021 CERN for the benefit of the ATLAS Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-09/
https://arxiv.org/pdf/2106.01676.pdf
https://inspirehep.net/literature/1866951
https://www.hepdata.net/record/ins1866951

@s Targeted signal models: Wino-Bino(+) scenario uS

EXI!TME OF SUSSEX

Simplified models assumptions:

« MSSM . ;Zli/iga Wino-like and mass-degenrate

« EWK direct production of Chargino-Neutralino R-parity conserving decay to Bino-like, stable LSP = X}

* Wino-Bino scenario: |M;| < |Mz| < |u| SM gauge- and SM Higgs-mediated decays (100% B.R.)

© Meig(X9) X Meig(X?) >0 » Wino-Bino(+) Final state: three leptons (eor 1) + EJ*** + light jets

“Off-shell WZ” “On-shell Wh”’

Am(XE/X2, X°) < my Am(XE /XL, X2) > ma

“On-shell WZ”

~t ~0 ~
Am(XT /X3, X)) 2 mz

mostly h - WW/ZZ/rt V4
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@{. Models Reinterpretations & Combination llS

EXPERIMEN OF SUSSEX

 Wino-Bino(+) Off-shell WZ model — reinterpreted in the context of :
- Wino-Bino(-) scenario:
« Same simplified model assumptions except for: meig(X5) X Meig(X]) < 0

- Different mass lineshape of Z boson from xJ decay - mainly for Am < m, (off-shell)
« Wino-Bino(+) signal samples reweighted based on m,,

- Higgsino scenario:

X, %9, X2 - purely higgsino states
m(x3) + m(x§
2

- m() =

 Results in the WZ-mediated scenario(s):

* Statistically combined together and with a previous ATLAS search
(Phys. Rev. D 101 (2020) 052005) in two-lepton final state:

» “Compressed”

* Model interpretations considered: Wino-Bino(+/-) and Higgsino scenarios
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052005

@{. Analysis strategy: On-shell WZ and Wh u

EXPERIMEN OF SUSSEX

- Trigger strategy: di-lepton - pf, pf, p% > 25,20, 10Gev - trigger efficiency plateau

* Event selection based on the presence of a Same-Flavour Opposite-Sign (SFOS) lepton pair + one extra lepton

n,..=1 nSFOS =0
SFOS DFOS
:F pair gi pair
V4
. If |mSrOS —my| < 15GeV o If |mpy9% —mz| > 15GeV - Different-Flavour Opposite Sign

(DFOS) lepton pair from SM Higgs decay

- Target = On-shell WZ - Target = On-shell Wh , ,
* Background suppression with

requirements on:
 Binned Signal Regions (SRs) approach (see back-up):

« Enhance sensitivity for different Am(xE/x3, x%) scenarios
» Better control over main SM backgrounds (e.g. WZ-3I)
« Exploit topologies with jets from Initial State Radiation * Binning in light jet multiplicity

* Angular separation b/w DFOS leptons
« High E*** significance (due to x?)

© gmiss 5 50 GeV (SUPPression of Z+jets background) and b-tagged jet veto (suppression of top-related backgrounds)
T -
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@25 Analysis strategy: Off-shell WZ u

EXPERIMEN OF SUSSEX

. Trigger strategy: multi-lepton and E}'** triggers - different p%.,/ EF*** thresholds - trigger efficiency plateau

=1 SFOS lepton pair

r‘SFOS

« Ifn,,.>1 — consider the SFOS pair with lowest invariant mass ( myp™)

« Event selection based on m;;}i“ to maximally suppress combinatorial background from on-shell Z boson:

1GeV < mzin < my,** < 75 GeV

+ SRs binned in m);™ (see back-up): * Four different categories for SRs based on:
- to target different Am (x5 /%2, x%) scenarios + - Jet multiplicity ( =0 and =1)
- vetoon J/¥ and T resonances - Low and High E7+ss

* SRs further optimised individually by means of other kinematics constraints
* Dedicated multi-variate, Boosted Decision Tree (BDT)-based isolation requirement on the softest lepton
- suppression of backgrounds from SM Z+jets in which softest lepton likelier to be “fake/non-prompt”

 b-tagged jet veto
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@ Standard Model backgrounds us

UNIVERSITY
EXPERIMENT OF SUSSEX
%104 ATLAS : ¢ota WRz ' e iEEess S R e
= {5= 13 TeV, 139 fb™ #4 Tt SH . S Tt ATLAS ¢ Data  ENZZ ]
peiad vz fieX S g5k (513 TeV. 139 6" %4 Total SM Others i
SRgZ Others - =+ WZ(300,200) - Tiieslele mwz tt+X ]
i poii @ F ooz il i T W*Z*(150,90) ]
Zijets WZ(600,100) § 40 SRIOf:VVZ-n] 5 Zejots —-W*z*gzoo, . 23)) ]
n e,n, =]
w30 :—+ b,c,d : 2,2 3
20 3
10 £
M. 2 ) ¥& Off-shell WZ
= s 15 Sesssllsl Ll LSS ,
n %) , Z
= 8
g 3 ’ .
a : : : . . ; : ; : 045 it nd i el e v 0 R e S e | ] A A
?00 120 140 160 180 200 220 240 260 280 300 0 20 40 60 80 100 120 140 : 160 180
E$iss [GeV] m1rp|nmll [GeV]
« Irreducible backgrounds from: S ATLAS AEC ML =
£10° 5 Vs=13TeV, 139 fo” T X = y
* SM WZz-3I (mainly in SFOS SRs) - MC normalised to : SRpros-1 — sty o B » ,
data in a Control Region (CR) 10 -Higgs+ 5 "
H . ,,,,,,,,,,,,,,,: ittt = & A A X N o )N([l)
 SM Higgs and Triboson processes (mainly in DFOS SRs) / » i
l
+ Reducible backgrounds with “fake/non-prompt” leptons 107" Eaa On-shell Wh
from SM Z+jets (estimated from data) and tt = EE e D s e
w
* Final background estimate from profile log-likelihood fit, §

simultaneous in all (orthogonal) CRs and SRs

AR

OS, near
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@ Results U

EXPERIMENT OF SUSSEX
ﬂ T T T T T T T T T T T T T T T T T T T E T T T T T T T T T T T T T T T T T T T T
S 10* = ATLAS Preliminary « Data ff g 10* = ATLAS Preliminary o Data I Higgs %
o fs=13 TeV, 139 fb™ 4445 Total SM X o s=13TeV, 139 1" 4444 Total SM Z+jets
10° Wz Others 10° [ ] V_VZ Others ¢
[ - — - WZ(300,200) i -—- Wh(190,60) v

Z+jets -—- WZ(600,100) I Triboson - —- Wh(200,25)

>
S5 Lo

102
X
10

h\cv ’
¢

On-shell Wh
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g D i g 2
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mwz ttX - - W*Z*(300,240)
2 VY.
Off-shell WZ 10 mzz Others W*Z*(250,170)

T
-

* No significant deviation from SM
prediction observed
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@ Model-independent limits & Discovery p-values uS

EXPERIMENT OF SUSSEX

[ Off-shell WZ ]

SR Nobs Nexp 0—3159 [fb] S(?Ss Ss)fp CLb p(s = O) (Z)

[ On-shell WZ ] incSRE —nja 3 60£16 003 46 63323 016  0.50(0.00)

incSROENT o 2 14x06 003 48 4078 071 030(0.53)

SR Nops Newp oo ] Son Sep  CLy  p(s=0)(2) NSRS _pjct 7 95+22 005 7.0 84729 028  0.50(0.00)
incSRZ-1 34 38+5 0.10 14 167, 032 050 (0.00) incSREE -njc2 2 2108 003 47 4677 052 0.50(0.00)
incSR”-2 2 12205 0.04 50 4055 076  023(0.73) incSREE7p 31 364 009 12 15 025 0.50(0.00)
incSR-3 4 65=11 0.03 48  65% 019 0.50(0.00 incSRIAZ 3 3.0+09 004 54 5270 053 0.50(0.00)
incSR™-4 25 31+6 0.09 12 157 025 050 (0.00) incSRggf,;”'-c 86 88+7 0.17 23 24" 044 0.50(0.00)
incSR™-5 I 52x1d 0.03 39 5847 003 0.50(0.00 incSRYE 9 93x15 006 77 7774 050 0.50 0.00)
incSR™-6 23 16414 0.12 170 103137 093 0.07 (1.48) ineSROF7_g 202 18412 037 51 37T 084 0.16(0.99)
incSRgos-7 174 15014 041 58 387 090 010(1.27) incSR* -1 332 308+17 049 68 4977  0.84  0.16(1.00)
incSRyo-8 53 55+5 0.12 17 185 042 0.50(0.00) AncSRFM_g 298 26915 0.50 69 46717 090  0.10(1.29)
incSRszo-9 34 36+4 0.10 14 IS5 040 0.50(0.00) AncSRFH_ g1 479 45722 056 78  63F 077 0.23(0.75)
i“CSR%os‘ 10 56 55£7 016 22 2123 055  041(0.22) incSRFM g 277 272+13 033 46 42710 060  0.37(0.34)
incSRi-11 41 4546 0.11 16 875 034 050(0.00) ineSR_ g1 €20 59328 069 9 4 077 021079
incSR™ (-12 18 11.5£4.1 0.12 170 1052 092 007 (1.48) ineSRF_ gy A8 408420 046 64 ST 065 032(047)
incSR_g3 288 28516 0.35 48 4771 055 0.38(0.30)

incSRFM_gq 141 136£10 0.25 35 0 317 064 0.35(0.39)

* Discovery fits, with pseudo-data, performed on inclusive SRs (see back-up):

* Logical OR between nominal SRs (even overlapping) — capture various (signal) kinematics - based on best
expected discovery sensitivity

* 95% CL upper-limits on: observed and expected number of BSM events, visible cross section of a BSM process

* p-value and significance (Z) on background-only hypothesis
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Model-dependent limits: Wino-Bino(+) scenario

US

\

EX:IE-!TM ENT UONFIEEESIETXY
] ] . Combination
Wino-Bino(+) scenario: /y (see back-up)
(Compressed + Off- + On-shell) WZ p Wino-Bino(+) scenario:
/ \A On-shell Wh
~0~ + 0. ~0~ + 0.
XX, OWZy x wmo/bmo m('i =m(y,) L X —->WZ7y x wmo/bmo m('i =m(¥ )
= 600 = = = 250 -2 : = l
(o - ATLAS - - Expected Limit (+ 1o,,,) (o B ATLAS igi —>Whi°x°
O} C Vs=13TeV, 139 b 7 Observed Limit (£ 16peer) | O, - Vs=13TeV, 189 fb’ < 160¢
500 |~ Alllimits at 95% CL mEsGT bl s~000 [ Allimits at'95% CL & [ ATLAs
- u ispaos L MILOM, ST - N - - Expected Limit (+ 1o,,,) S {40 Vs=13Tev, 139 1b"
i - — g_?EAI;rgltT cc\:/mprels?tjj ; ~ - == Obseérved Limit (+ 1cme°,y) OZ/?E_ T Alllimits at 95% CL
€ 400 E. eV exclude B b — Q8 pnton ol € 120 -~ Expected Limit (+10,,)
- & [~ o < Obs. Limit compressed [ —Observed Limit (+10,,,,)
300 :— =4 O s ATLAS 8 TeV excluded 100 :_ ATLAS 8 TeV excluded
- : 100 SRy N 8o
200 — N F & £
- ‘s\ 50 60:— \(\\\\ ,//”, \\\
- ¢ 1 i < i \I
100 o/ / 3 & Qh® overabundant 40_— 2 :
7 \ 5 Qh? underabundant L ln
0 1 11 1 | = IS I I ) 1 | 1 - | 11 1 1 | :l J 1 I || - 1 0 . o e Y ; : gt . I ... | | G | o 1| | . I | TN T __’ \\\
100 200 300 400 500 600 700 800 100 150 200 250 300 350 400 450 500 £ )

95%

m@; . %, [GeV]

m@; . %, [GeV]

0

c Ly 1\ ST I N e, |,

160 180 200 220 240 260 280 300 320

m(F,/X;) [GeV]

Confidence Level (CL) upper-limits on m(X{E/X2) and m(x}) using the CL_ prescription

 For WZ-mediated models: m(ﬁc/xz) excluded up to 640 GeV for m(x}) = 0, and up to 300 GeV for low Am(xl /X9, X5

« For Wh-mediated model: m(xi/x9) excluded up to 185 GeV for m(x}) < 20 GeV
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@ Model-dependent limits:

US

UNIVERSITY
OF SUSSEX

Wino-Bino(-) & Higgsino

~0-+ o 02 0 . + 0
XX —>WZ 7y x . wino/bino(-) m(x)=m(y )
=205 = e . 5 Higgsino scenario:
8 ¥ (Compressed + Off-shell) WZ
C):‘_100
o B e N, R Am3)=mz l
?XN 80— ~ 0+ ~0.0, . : ~ 0 ~ 0
o - X X, PWZ YL X higgsino m(x )=(m(x ) + m(X))/2
& B < 60r
< e © = /
60 [- o] C
B ATLAS : . 908
L Vs=13 TeV, 139 fbo -
0l Al limits at 95% CL :fN L ATLAS :
i - - Expected Limit (+ 1o,,,) = 40— Vs=13 TeV, 139 fb
o0 - == Observed Limit (+ 1o,,,,) T B All limits at 95% CL
L __“, — Obs. Limit off-shell 3 C - - Expected Limit (£ 1o,,;)
E » — Obs. Limit compressed 30 § == Observed Limit (& 16,,,,)
O L i T | l_ A AN A G M A | A A A0 M L Y T A I — Obs. Limit off-shell
B — Obs. Limit d
100 190, 200 . 250 1 300 « 350 {09 ~4(1)50 500 o0 & LES e;gb;;é“presse
mx, . X,) [GeV] =
T 10 —
WinO'BinO(-)ScenariO: 0|||||||||||||||||||||||||||||||||||||||
(Compressed + Off-shell) WZ 100 120 140 160 180 200 220 240 260 0280 300
m(z ) [GeV]
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&) RJR follow-up with full Run 2 data u

EXPERIMEN OF SUSSEX

* Follow-up on 2015-2016 analysis (link) with full Run 2 data (139 fb?)

 An excess was observed with 36.1 fb! data

RJR technique: define decay trees (intermediate states matching signal hypothesis)

« Kinematic variables built from a set of different reference frames
* SRs targeting Standard (0 jets - SR3l-Low) and ISR (= 1 jets = SR3I-ISR) approach

* No significant deviation from SM observed with full Run 2 data

Region SR3{-Low SR3¢-ISR
Observed 53 25
Fitted SM 49 + 14 17+4 .
SRs yields
Diboson 47 + 14 16 +4
FNP leptons 1.36 £ 0.29 0.83 +£0.27
Triboson 0.40+0.14 0.14 + 0.06
Others 0.052 +£0.029 041 £0.21

Model independent/discovery fit results ]

Standard approach ISR approach
SR o bl Sh. Sk CLy  pls=0)(2)
SR3/-Low 0.24 33 3080 0.61  0.39(0.28)
SR3£-ISR 0.14 19 127 089  0.09(1.32)
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@ HEPData material U

EXPERIMENT OF SUSSEX

* Resources - Common Resources buttons:

Q

, = | + SimpleAnalysis code snippets for on-/off-shell
R S README and Table of Contents ssinspbssan hitpsi/jwwnchepdatanetireo| @ | | & | 00

Search for chargino-neutralino pair production in final
states with three leptons and missing transverse
momentum in /3 = 13 TeV pp collisions with the
ATLAS detector

SLHA files for signals used in cutflows
Full likelihoods in HistFactory JSON format:

This i the HEPData space for the ATLAS SUSY EWK three-lepton search. The full resolution figures can be found at

README and Table of Contents >

H
o

above and selecting the ‘Common Resources' category.

* Can be used in PyHF

 Background info & patchsets for signal
models, including combination with
compressed analysis (see back-up)

« README for instructions
 Tables and figures for SRs/CRs/VRs yields

 Exclusion limits curves

* Observed/Expected upper limits on cross section
for every signal point

* Discovery fits tables (see slide 11)
All information from each plot/table in

HEPData is available and retrievable + Kinematic distributions plots (e.g. see slide 7)

In various format (ROOT TGraph, CSV) . Detailed cutflow tables

 Acceptance & Efficiency maps
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https://gitlab.cern.ch/atlas-sa/simple-analysis
https://scikit-hep.org/pyhf/index.html

@ Upper limits on signal cross section U

EXPERIMENT OF SUSSEX

Wino-Bino(+) scenario:
(Compressed + Off- + On-shell) WZ
Numbers = Observed Upper Limits Numbers = Expected Upper Limits

%X - —WZ % % | wino/bino(+) m()~( m(;z ) %X - —WZ % % | wino/bino(+) m()~( m(;z )
= T e = T 3
S0l - o L : Q00 <& 0w :
= - S % o ® —_ - o »
O/\.'_ _\".\'-\ .\9 .\"’.(’ :gggo :2@ ",, 2 'Q-".. (? O/\_'_ ..\q’.‘\"\ .\"\ \6.\'% :: (?
Zx _«a\ L & P ® 3 s i G4 G4 E Zx _e@b" o P ® ) 2 2 §
i h(\j 80 | .0%,07 ,0° ,oF,o° o oo o o g i h(\j 80 | (97,07 ,o° ,of,o’ o RN o g
Zx __.Qq’qeé\ _Q"% .0?%%?55 .0-"‘1 o .Q(b\ iﬂ. Zx __.Qq’.e”% .QéL .0“‘:'\»‘& g .QQ"L iﬂ.
= - g g . 3
g 60 L P BB & A & o § g 60 R ON S & & §
B e & 2 9 B & & » |'><|'|
15 o o o ﬁ - 3 o %
40 __.ﬂ’.»\ NI RN oL oF RS g’ 40 __.fq;eq'q' RN Ra o2 o §

Q
- % ATLAS g . i ATLAS 4
e = . ., Vs=13TeV, 139" = == = , V=13 TeV, 139 fb"! 8
i s < All limits at 95% CL = R < All limits at 95% CL g
20 :5 B aae e .~ —~Expected Limit (£ 1o,,) 20 ; o & & -~ Expected Limit (£ 1o,,) §'
S & — Observed Limit (+ 16,,.,,,) BECWTE B Ly o — Observed Limit (+ 16,,...,)|T
Do oy [ e by e e v Ly 1 Ithl |y | ST (SR UR i ) e e M L b g 1y Ithl |y E
100 150 200 250 300 350 400 %50 500 100 150 200 250 300 350 400 %50 500
m@* 7% [GeV] m@* 7% [GeV]

+ Expected and Observed Upper Limits on signal cross sections for every signal point and for all reinterpretations,
including combination with compressed analysis
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@ Yields tables S

EXPERIMENT OF SUSSEX

Regions SR™-1 SR-2 SR™-3 SR¥-4 SR"-5 SR™-6 SR%-7
Observed 331 31 3 2 42 7 3
Fitted SM_ 314 £33 3546 41+10 12+05  58+5 80+09  58+1.0
WZ 294 + 31 32+5 3709 09+05 484 71£08  5.0+09
77 121431 0.66+035 008+0.04 0.04+0.02 23+06 0.12+0.04 0.08+0.03
* Detailed yields tables showing observed i 28408 036+026 004+001 000+00,  1.4+04 00000,  0.04+0.02
1T+X 0.16+0.06 0.13+0.05 0.03+0.04 0.01+0.01 0.10+0.06 0.05+0.03 0.01+0.01
Others 51+08  1.1+04 021+006 017+006 32+05 038+0.11 034=0.10
« All SRs/CRs/VRs for every model: =
Off-shell WZ, On-shell WZ, On-shell Wh Regions SR™-8 SR™-9 SR"-10 SR™-11 SR"-12 SR"-13 SR"-14
Observed 1 77 11 0 0 111 19
« Breakdown of main SM background Fited SM_ 0.8 +0.4  90+20 13.4+24 05+04 049+024 89«11 160=+14
rocesses WZ 044+032 77+19 113+24 037+031 038+022 729 34+13
P 7z 0.01£0.01 1.9+0.9 024+0.13 0.01+001 001001 58+28 039+0.18
i 0.00+)0)  3.3+09 045028 0.00£)0)  0.00£)%  6.0x£1.4 024x0.17
Z+jets 0284020  4+5 02+04 0.02+0.03 0.02+0.03 0.02+0.03 0.02+0.03
1i+X 0£0 1304 040=0.14 0.05+0.04 002001 1605 056=0.16
Others  0.08+0.06 23+05 079+0.22 0.08+0.05 0.08+003 35+07 137+033
Regions SR™_15 SR"-16 SR¥-17 SR¥_18 SR™-19 SR¥-20
Observed 5 1 13 9 3 1
Fited SM_ 28+0.6 130+027 13.7+26 92+13 23+04 1.09+0.13
WZ 23+06 1.07+024 102+1.9 67+08 1.58+024 087+0.12
77 0.07+0.04 0.04+0.03 0.13+0.06 0.10+0.04 0.02+0.01 0.02+0.01
i 0.00£)0)  0.00£0%  077+032 045+026 0.00£)0  0.00+0)
Z+jets  0.02+0.02 0.07 +0.08 1£1 0.7+1.0 025034 0.02£0.02
[ On-shell WZ SRs ] iT+X 0.07+0.03 0.00+23  053+0.17 033010 0.07+0.04 0.03+0.02

Others 0.37+0.11 0.12+0.04 1.1+0.8 09+0.7 027+0.07 0.18+0.05
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& Cutflow tables Us

UNIVERSITY
EXPERIMENT OF SUSSEX
o h 'l WZ 1 R SWZRRY wino/bino (+) m(EL.0) = (125, 85) GeV
n 'S e j m( /?(z)» /?(1]) [GeV] a b c d e 1 ) gl 22 a through g2
Selection (300, 200) (600, 100) Common cuts
z 53784 2799 Lxo - . 1394866 1394866
xXo Lxo xBF 45634 45634
e Wino-Bino(+
L xo xBF 1760 92 L x0 xBExfilt. eff. 16811 16811
L x o xBFE x filt. eff. 1322 69 3 isolated lepton selection Oﬁ_ s h e l I W Z 2.66e+03 2.66e+03
3 isolated lepton selection, 'T’f'““ e T’:”gi T:T”gi
123 rigger selection Bles Sle+
leﬂfgn Py > 25,20,10 GeV, 227 23.9 e, I (GeV) 1< 75) 1.79€+03 1.79¢+03
Ep™ > 50 GeV Common cuts SRYESE
ngpos = 1 226 23.7 myin (GeV) = [€[12,40]]  1.70e+03 [€[40,75]] 146 1.71e+03
Trigger selection 222 233 lepton pl>* [GeV] B [> 10] 1.44e+03 [> 15) 774 1.45e+03
Myy_jers = 0 209 21.9 ENP lepton cleaning (conversions) - 1.12e+03 592 1L12e+03
Kesonance veto) Mee 220y 209 21.9 "‘;I}A [lgc\\flj ) e [1215]) 47.0 L€ [15,20]) l<ll(:'I 111\)2.16:‘::?“ 406 € [30.40]] 452 L€ [40.60]] 5.9 . [ [60.75]1 0 i:ﬁu‘tg
mpi |Ge - €[12.15 A € [15.2 €[20.3 30, & [40.6 g [60.75 03e
Imye = mz| > 15 GeV 203 217 m [Gev) - L< 115 19.4 1< 120 747 [< 130 374 152 5.9 0 926
my, € [75,105] GeV 196 20.1 minAR [<1.6) 19.4 < 1.6) 732 < 16] 205 452 592 0 846
with MC to data weight 186 19.2 Cuts SRESZ-05 ‘\
Mg =0 76.4 772 e - | =0 122 1=0] 495 =0 186 1=0] 91 1=0] 3.28 =0 0 542
with MC to data Weight )2z 745 Ev:'!““ [GeV] - [< 50] 11.2 < 50] 429 [< 50] 147 [<50] 242 < 50] 2.62 [<50] 0 446
ES signif. < | s 857 | [>15] 347 [>15] 123 [>15) 182 [>1.5] 191 [>15] 0 350
mr € [WlZOO, 160] GeV 26.7 0.90 s [GeV] E 8.57 347 123 182 [> 100] 0.656 [> 100] 0 349
SR™-1 209 0.09 il [Gev]) 3 [<50] 8.16 [< 501 326 1< 50] 97.8 [< 60] 158 [< 60] 0.560 | 1> 90 0 [< 60] 0 [>90] 0 297
SR"z-z 4.86 0.11 ,;';"/E‘,"'“ - [<L1] 527 [< L1] 22 1) 64.3 [< 1.3] 138 [<1.4] 0.560 [< 1.4] 0 [< 14] 0 [< 1.4] 0 231
SRWZ_ 3 0.78 0.16 MC-to-data eff. weights - 4.77 202 593 126 0.525 0 0 0 211
SR™-4 0.14 0.54 O STE ™ e,
pe>30GeY .
iy > 160 GeV 5.80 511 e - | o 720 | >0 2338 [>0] 110 [>0 161 1>0) 2.64 >0 0 304
SR_5 464 037 EPS [Gev] - | <2000 652 | [<200] 213 [<200) 102 [<200) 150 [< 200] 2.64 [<200) 0 282
o ‘ g EMS signif. - | 30 41 | 1530 16.1 [>3.0] 763 [>3.0] 106 [> 3.0 170 [>3.0) 0 205
SR™“-6 0.16 0.49 il (Gev) B [<50] 2.85 |< 50] 107 [<50] 09 [< 60] 65.7 1< 60] 141 (> 90] 0 [< 60] 0 1> 90] 0 124
SR"-7 0 2:21 PP s - | <L 254 | [<10] 106 [<1.0] 365 [<1.0) 599 [<1.2] 11 | <12 [ <12 0 <1.2) 0 11
SR"_g . 0 2.14 MC-to-data eff. weights - 2.31 9.82 337 530 1.25 0 0 0 100
SR (SR-1108) 314 611 Cats SREEEE 05 ‘\
123
n‘e“ > 0, HT < 200 GCV 975 990 lepton Py [GeV] [> 25.15,10] 1.17e+03 1.17e+03
Jets mi [GeV] 2 [€[1215]] 4.0 [€[15.20]] 120 [€120,30]] 422 [€[30.40]] 541 € [40.60]] 111 [€[60.75]]  0.148 1.14e+03
ith MC to data weight 91.8 9.54 i
W 0 data weig 5 g mi® [GeV) - | 1<ns 19.1 1< 120] 763 1< 130] 388 < 140) 540 1< 160] 1.1 1< 175) 0.148 1.03e+03
my € [100,160] GeV 29.6 119 el - | =0 e | (=0 496 | 1=0 239 1=0) 341 =0 7.8 =0 0.148 69
SR"_9 8.75 0.17 EPis (GeV] - | =50 205 | [>50) 103 1> 50) 508 [> 50] 670 [> 50] 108 [>50] 0 131
SR'_1¢ 346 032 EMS signif. - | B30 180 | [>3.0) 937 | 1>30] 46.1 [>3.0) 605 [> 3.0 0.805 [>3.0] 0 19
o ” minmil
Wz i [Gev) - | resm L7 | [<50) 884 | [<60) 433 < 60] 524 [<70) 0805 | [>90] 0 [<70) 0 [>90] 0 107
SRWZ_ 1 0.54 0.15 MC-to-data eff. weights - 1.84 8.03 40.2 48.6 0.760 0 0 0 99.5
SR™-12 0 0.38 Cuts SRR nj ‘\
my > izﬁo GeV 9.50 6.80 lepton p>? [GeV) 1>4.53] 1.79e+03 1.79e+03
SR"-13 7.19 0.49 f g
SRWZ—14 153 137 m;'}‘" [GeV] le[1.12]) 784 e [1215]) 83.5 [e[15.20]] 207 [€[20.30]) 661 € [30.40]] 746 L€ [40.60]] 14.5 [ [60.75]1 0.148 1.79e+03
SR"-15 0.09 277 m [GeV] [<112] 252 1< 115] 48 I< 120] 131 1< 130] 607 [< 140] 744 1< 160] 14.5 [< 175) 0.148 1.56e+03
SR 16 0 1.69 n]';;f““‘” [>0] 971 [>0] 158 > 0] 527 [>0] 252 [>0] 287 > 0] 5.4 > 0] 0 622
= - EFS [GeV] [>200] 0.713 | [>200] 2.09 [> 200] 585 [>200] 223 [> 200] 24.1 1> 200) 7.10e-02 [> 200] 0 55.1
Mjess > 0, Hy > 200 GeV 2.2 2.40 EPIS signif. [>3.0] 0713 | [>3.0] 2.09 > 30 585 >3.0] 23 [>3.0] 24.1 1> 3.0] 7.10e-02 [>3.0] 0 55.1
HleP < 350 GeV 20.9 0.65 PP B [<0.2) 0611 | [<0.2) 1.9 1< 03] 539 1<03] 14.6 [<0.3] 138 < 1.0] 7.10e-02 < 1.0] 0 364
T . . MC-to-data eff. weights 0.594 1.92 494 134 126 7.20e-02 0 335
with MC to data weight 19.3 0.58
my > 100 GeV 10.8 0.47 - I d f . d d f h d - I - d f h
SR17 253 2 * Detailed cutfows provided for each SR (and inclusive SRs ¢——) and some of the
SR™-18 3.12 0.11

SR 19 109 012 most representative signal mass points (for off-shell WZ, this includes Wino-Bino(-)
e e i and Higgsino reinterpretations)
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A@ Acceptance llS

EXPERIMENT OF SUSSEX

Tt O WZLT, Xt~ WZR,7, higgsino m(Z)=(m(z,) + m(7))/2
S LS SRR [l oad ) W SBpaResnER SRR R AR AR R >
© — ATLAS Simulati ; ) — s s iR
O, 500— @=13T£u1220f1-1 _On-shell Wz ) Sle it Higgsino /s = 13 TeV, 139 fo" .t =
= T R ’ 35 4 — g Off-shell WZ SRY™Z_gj . o
= o W 70 et 4 12 §
4001~ 3 §E e HEEE B B B G 3
- e i - s L.
B 2.5 (—é 50 I I I I ! Tg
300— 5 - 108 2
B 2 0 oAt HE N I I s T %
2001~ 1.5 of BE B B 3 Hos
B 1 ook ! II f O
100 a 'I .
L L :I L [ :
200 300 400 500 600 700 800 0700 750 200 50 800 850 400 %
m(x; X,) [GeV] m(x,) [GeV]

* Truth-level acceptances with respect to total sparticle production for all mass points and inclusive SRs in every
scenario and reinterpretation
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Efficiency

UsS

&I!TlﬁNsT UONFI\;lEjgglE!;‘Y
XWX, LA, —>WZx x higgsino m(y,)=(m( %) +m(x, 2
; RIS S e U B LR S (B R L R S B LR S (e '@' ';' C T | I ATLAISIS' | t B 45 '@'
@ ~ ATLAS Simulation - & o 80 Hl Sino imulation . — o3
el e Q W 70K St — 2
= - £ @ S35 £
400— o = L > B S P ® ® ? . )
B = &0 = =
§ %) 50 & B i id = 5
300— - : 25
E ofHER B I & = .
2001 of BN 0 B EI T
- 20F = 10
100 = E I i
10F — 5
0 1 0:| S W Vo I AT Al LS S W AR (] R T VA 50 e T T (S AR W W 1 |: 0
200 300 400 500 600 700 800 100 150 200 250 300 350 400
m(x; X,) [GeV] m(x,) [GeV]

* Reconstruction efficiencies (=
every scenario and reinterpretation

full signal selection / accepted events) for all mass points and inclusive SRs in
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@25 Conclusions U

EXPERIMEN OF SUSSEX

* ATLAS search for the production of chargino-neutrelino decaying via WZ, W'Z* and Wh into
three light-flavour leptons

Off-shell WZ also reinterpreted in the context of Wino-Bino(-) and Higgsino scenarios

« Data compatible with SM prediction

* Results combined with each other and with previous ATLAS compressed search in two
leptons

* Full Run 2 follow-up on RJR search — no excess found with respect to SM prediction

* All results and material provided as part of the recently released HEPData

« Efforts made to ensure the material provided to be suitably preserved and usable for
reinterpretations and any follow-up studies
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US

D

X Lepton selection efficiency and fake rejection
5 1_ PR B PP B ! ! AL | w _"~.'...' L ' ! ISR LR ]
& - ATLAS — = 104k ATLAS |
S sl fs=13Tev 5 o E N, (5=13TeV ]

m L R - E (.‘2 : “’:.'0‘ :
f ] Z =
- “m : S| 210°E :
e ] ¥ Tle™ | . :
G ] i ] *3' = MEIE T R OR R |
i ‘ 7 N Fogl e RIRE U RIS RO AN SRS =
0.4 y © MEICEERES s S E
B = i > BRI B O RS Bl YO ]
B ER D Electrons | N = Electrons.. ... 5 e, !
0.2 ;7:77 D Muons _ © 107 E_ ..... Muons e _E
S : ) W e ]
1| E—— TR R T . 1078 b————l L e e ]
8.4 567 10 :-20::30 107 - 24105 3 4567 10 - -.20:3040 102 2x10°
Generated lepton P, [GeV] FNP Lepton P, [GeV]
« Selection efficiency for signal, lowest-p_ lepton in * Probability for a SM Z+jets event to be
a three baseline off-shell WZ selection accompanied by a fake/non-prompt lepton in a

region with =2 signal leptons

« Non-prompt lepton BDT selection designed to keep 70%-90% efficiency for real leptons (p, = 20 GeV), with a
rejection factor of 2-3 for fake/non-prompt leptons passing the isolation criteria
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On-shell WZ/Wh SR definitions

US

EX:IE-I!TM ENT UONFIEEESFETXY
Preselection requirements
Variable SR* SRebos SRypos
baseline _signal =3
lep > Tlep - -
Trigger dilepton Selection requirements
P pl2, pl 1Gev >25,20, 10 Miers = 0
EFSS [GeV] > 50 my [GeV] Ep ™ [GeV]
M jors =0 [100, 160] | SR™-1:[50,100]  SR"*-2: [100, 150]  SR**-3: [150,200]  SR"*-4: > 200
Resonance veto 1, [GeV] > 12 > 12 - > 160 SR"-5: [50,150]  SR"-6: [150,200]  SR“-7: [200,350]  SR™-8: > 350
Nsros >1 >1 =0
gz [GeV] € [75, 105] ¢ [75,105] - Piers > 0, Hy < 200 GeV
|msp — my| [GeV] > 15 > 15 - my [GeV] Er™ [GeV]
[100, 160] | SR™-9: [100, 150] SR™-10: [150,250] SR™-11:[250,300] SR™-12: > 300
> 160 SR™-13: [50, 150]  SR"-14: [150,250] SR"-15: [250,400] SR"-16: > 400
Selection requirements Top
iy, <75 GeV, i = 0 Rieys > 0, Hp > 200 GeV, H" < 350 GeV
— ? els
my [GeV] EFS [GeVJ] my [GeV] ET™ [GeV]
WZ . WZ_1gq. WZ_19. VZ_5Qq-
[0, 100] SR?;OS—IZ [50, 100] SR‘;’?OS—ZZ [100, 150] SRV;};OS_S > 150 > 100 SR™-17: [150,200] SR"™-18:[200,300] SR"™-19: [300,400] SR"-20: > 400
[100, 160] | SRE.<-4: [50, 100] SReb-5: > 100
> 160 SR -6: [50, 100] SR -7: > 100
mep <75 GeV, figys > 0, Hy < 200 GeV Selection requirements
my [GeV] ET [GeV] . Wh Wh
Variable SRprps—1 SRpras—2
Wh . DFOS DFOS
[0, 50] SR;;OS—S. [50, 100] — — <[1.2]
[50, 100] SR -9: [50, 100] niss jets ’
[0, 100] SR ~16: [100, 150] SR™ -11: > 150 Ep ™ significance > 8 > 8
[100, 160] | SR™,.-12: [50, 100] SR™.-13: [100, 150] SR™,.-14: > 150 p7 [GeV] > 15 > 20
> 160 SR <-15: [50, 150] SR <-16: > 150 AR ear <12 <1.0
Mpp > 105 GCV, njets =0
my [GeV] Er"™ [GeV]
> 100 SRiros-17: [50, 100]  SRir,s-18: [100,200] SRiEc-19: > 200
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Off-shell WZ SR definitions

US

UNIVERSITY
EX:I:!TMENT OF SUSSEX
Selection requirements
Variable a b [¢ d e f1 £2 gl g2
my [GeV] [1,12]  [12,15] [15,20] [20,30] [30,40] [40, 60] (60, 75]
Preselection requirements Sngf,'gZ common
Variable SRYEE -0 SR{E -nj SRY s ~03 SRY{ g -1 mp™ [GeV] X <60 <60 <60 <60 - - - -
baseline_ signal 3 mpmin [(Gev] x <50 <50 <50 <60 <60 > 90 <60 > 90
lep? Tlep my [GeV] x <115 <120 <130 - - - - -
sFos 21 min ARgros x <16 <16 <16 - - - - -
mee GVl <73 P2 p5IGeV]  x >10  >10  >10  >10  >15  >15  >15  >15
min
mpy" [GeV] € [1,75] SR _g;
low]
nhfjets =0 lep miss -
. > 1.1 < 1.1 < 1.1 <13 <1.4 <1.4 <14 <14
AR > 04 Ipy” 1/ Ex x <
T 2 e : my, [GeV] x - - - - >100  >100 >100 > 100
Resonance veto ny," [GeV] ¢ [3,3.2], ¢ [9,12] - SROEAZ
Trigger multi-)lepton multi-)lepton || XS ) Lowt,
3,0%\, _o ( lep o1 | :(()( lepton | T> 1) [P/ ERS x <10 <10 <10 <10 <12 <12 <12 <12
Jets - - O£z
EF™ [GeV] <50 < 200 > 50 > 200 SRhsgng, COMMOnN
EM significance >15 > 3.0 > 3.0 > 3.0 miY [GeV] <112 <115 <120 <130 <140 <160 <160 <175 <175
pé‘, péz, p,? [GeV] > 10 | > 4.5(3.0) fore(u) SRﬁfnghét‘QJ'
Iy — my| [GeV] > 20 (by = e only) prpipe GVl x >25,> 15,> 10
min AR [0.6,2.4] ({4 = e only) mImin [Gev] x <50 <50 <60 <60 <70 > 90 <70 > 90
SFOS w T
SKifR
f g
pypE.py [GeV] >4.5(3.0) fore (u)
IpeP|/ B <02 <02 <03 <03 <03 <10 <1.0
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Off-shell WZ SRs: m, and m_,'°° binning US

ATLAS e
%) ' ' %) ' ' - '
=0 A= S5l = - .
o - ATLAS —— Backgrounds § o 0.4 - ATLAS —— Backgrounds ks
o g Signal Am=20GeV | i ] Signal Am=20GeV _
ks | Vs=13 TeV Signal Am=40GeV A ks - Vs=13 TeV Signal Am=40GeV T
5 0.3 Biei e Signal Am=60GeV ]| 5 B SIIEY Signal Am=60GeV _
= I - Signal Am=80GeV | = 03F - Signal Am=80GeV
@ i i @ 5 5
LT B 1 LT B i
0.2 — - |
E . 0.2 i i
0.1~ W 0.1F 7 .
0 o R e | zr"" g i et e S r | 1= L n I g
0 50 100 900 150 200
min [GeV] myo. [GeV]
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Inclusive SR definitions

US

TL UNIVERSITY
XPERIMENT OF SUSSEX
incSRy o -nj
a b cl c2
m("f[‘" [GeV] [1,12] [12,15] [1,20] [15,20]
SRYf s -nj[a] SRffhe -nj[b] SRYfns. -njla-c] SRPfE -njlc]
WZ
. SR (my, € [75,105] GeV) incSRisﬂ‘Z incSRﬁfg“hﬁl
Ninge =
Jets TIiSS b c b ¢
my [GeV] - = i = Er [G_eV] - _ - min [GeV] [12,15] [12,20] [12,15] [12,20]
[100,160] incSR"™-1: [190, 20(11]2 incSR™-2: > 200 incSR™-3: [15.0, ZSOW]z incSR™-4: > 250 SR?ﬁfg‘z—oj b1, Skﬁﬁﬁf—oj Tb-cl, SRﬁfﬁé,-Qj[b], SR;‘,f;'{'j‘—ej[b—c],
> 160 incSR™-5: > 200 & incSR™-6: > 200 SRYEZ-nj [b] SRYE-nj [b-c] SR _njrb) SREfae ~nj[b-c]
SRsros (mgp < 75 GeV) incSR°FW
Mjers = 0 = d el e2 f1 £2
my [GeV] E¥\ISS [Gev] mgy" [GeV] [12,30] [12,40] [20,40] [12,60] [30, 60]
offWZ > offWZ % offWZ R offWZ & O0ffWZ .
[0, 100] iI‘lCSRgi—lOS—T > 50 SRi?f‘%'z_m [b-d], SRii}'ﬁ‘z_m [b-el, SRi?‘Ef;‘Z_QJ [c-e], SRi?g]lz—SJ [c-£2], SR(I’;?%‘Z—QJ [e-f2],
H Wh i Tih SRlowE -nj[b-dl, SR10wE -nj[b-el, SRIWE -nj[c-e], SRlwn -njlc-£2], SRIWE -njle-£2],
[100, 160] incSRgpos-8: > 50 incSRgos-9: > 75 OffiZ . OffZ o . offil . offiZ . offZ .
i e sl LRI o SRpioh -0 [b-d1, SRpiehg ~0j [b-e], SRpiog ~05 [c-el, SRpfoh ~03 [c-£21, SRY{che ~03 [e-£21,
SFOs ~ U+ sros~ 11

Wh
SRDFOS

££W. &
SRy igng, -1 [b-d]

SRY{ e ~nj[b-e]

£ .
SRﬁX;:; -nj[c-e]

SRYjas -njLe-£]

£ W &
SR} feng -njle-£]

. Wh g
incSRppos =121 Rieys

€ [0,2], ARpg pear < 1.2, 3rd lepton pr >20 GeV

SRYi g ~03 [b-g21,

SRpjang. nj [b-g]

£R0Z
Sjoghé‘ -0j[e-g2],

SRﬁfgf:Z!‘ -nj[e-g]

SRR ~03 [£1-g21,

SRpfang, 1 [£1-g]

incSRF™
: gl 92 93 94
myg" [GeV] [12,75] [30,75] [40,75] [60,75]
SRYLE-05[b-g21, SRy -0ile-g2],  SRYIZ-0j[f1-g21,  SRYLy -0jlgl-g2],
SRYsE -njb-g21, SR -njle-g21, SRYeF-nj[£1-g2],  SR{sf-njlgl-g2],

SRp{ s ~0j[g1-g21,
SRpf s, ~nilg]
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@ RJR regions definitions

Selection requirements

Variable CR3{-VV VR3{-VV SR3{-Low CR3{-ISR-VV VR3/-ISR-VV SR3{-1ISR

nlep = 3 = 3

Miets =0 > 1 > 1 € [1,3]

”b-jets =0 =0

Py, pi, p 1GeV] > 60, 40,30 > 25,25,20

my, [GeV] € [75,105] € [75.105]

my [GeV] € (0,70) € (70, 100) > 100 < 100 > 60 > 100

H3Y [GeV] > 250 > 250 > 250 -

PEPR (pEP 4 1R 1) <02 <02 <0.05 -

Hys,/Hy, >0.75 >0.75 > 0.9 ]

Apns . > 2.0

Rysp - € (0.55,1.0)

Pisr [GeV] - > 80 > 80 > 100

i) [GeV] - > 60 > 60 > 80

pr [GeV] - <25 > 25 <25
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Systematics breakdown plots
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@)s Composition scheme used for combination uS

OF SUSSEX

ATLAS Am(’;zg, ';z?) [GeV]

05 8 28 42 60 78 108 900

wino/bino (+)
on-shellWzZ
off-shellWZ
compressed

wino/bino (-)
off-shellWZ
compressed

higgsino
off-shell WZ
compressed

* Overlapping areas represent the signal points where the corresponding combination has been taken into account
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PyHF patchsets
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# HistFactory Likelihoods for the ATLAS SUSY Electroweak
The HistFactory likelihoods of the three-lepton searches are serialised in JSON.

The likelihoods can be provided as input or manipulated with [pyhf](https:

iris-hep.org/projects/pyhf.html).

For each analysis channel (on-shell, off-shell) a background-only workspace is provided
(bkg_onshell.json, bkg_offshell.json). Information relative to the signal models

is contained in files called 'patchsets'. Patchsets are provided for
each analysis channel and for each SUSY Electroweak scanario considered:

wino/bino (+) for the on-shell channel and wino/bino (+), wino/bino (-) and higgsino for

the off-shell channel.

### Performing a fit

In order to perform a fit, a background workspace has to be applied a patch.

For example, if the desired signal point is defined by m($\chir{\pm} _{1}$) = 250 Gev and m($\chi~r{e} _{1}$) = 56 Gev, the likelihood including the on-shell regions is built with:

pyhf patchset apply --name CN_WZ 250_56_harmonised_onshell bkg_onshell.json onshell_winebino_plus_patchset.json --output-file CN_WZ_250_56_onshell_from_patch.json

The string following the --name option is the patch name.
Al patches are called follwoing the pattern:

CN_wZ_{chargino mass}_{neutralino mass}_harmonised_{channel = onshell or offshell}

The adjective 'harmonised' appearing in the patch name remarks the fact that the onshell and offshell likelihoods share the same conventions for the naming of parameters.

The exclusion fit can be run with:

hf cls CN_wZ_250_50_onshell_jfrom_patch. json

.

### Combined fits

For the wino/bino (+) scenario, the signal points with m(S\chir{\pm} _{1}$)
fit.

To permorm a combined fit:

* create the workspaces using the patchsets:

m(S\chi~r{6} _{1}$) between 78 and 108 GeV are in common between the on-shell and the off-shell channels, allowing for a combined

pyhf patchset apply --name CN_WZ_200_186_harmonised_onshell bkg_onshell.json onshell_winobino_plus_patchset.json --output-file CN_WZ_208_100_onshell_from_patch.json

pyhf patchset apply --name CN_KZ_200_1608_harmonised_offshell bkg offshell.json offshell_winobino_plus_patchset.json --output-file CN_WZ_206_100_offshell_from_patch.json

* combine the workspaces

pyhf combine --join outer CN_wz_200_1060_onshell_from_patch.json CN_wZ_200_100_offshell_from_patch.json --output-file combined_cn_WZ_2e@ 100.json

* run the fit

pyhf cls combined CN_WZ_266_100.json

### Combination with the 2L compressed workspaces

The likelihoods of the [2L compressed analysis](https://doi.orq/10.1103/PhysRevD.101.852605) can be downloaded at https:

To perform a combination the parameters have to be renamed accoring to the mapping specified in “compressed_mapping.py’.

/www.hepdata.net/record/ins1767649.

### Additional Notes

"pyhf’ v6.6.2+ is recommended to use these patchsets. See [scikit-hep/pyhf#1488](Attps:

qithub.com/scikit-hep/pyhf/pull/1488) for more details.

PyHF patchsets available
in HEPData’s Resources

All models and
reinterpretations

Full instructions in
README on how to run
PyHF

* + instructions on how to
perform the
combination

Link to download
compressed likelihoods
+ instructions to include
compressed in the
combination

Marco Aparo - maparo@cern.ch
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