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It is about SUSY...
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m The Standard Model (SM) of particle physics Precisely
described the fundamental elements of the matter
and the interactions between them

m Despite the huge success of the SM theory, BSM is
strongly motivated:

e Hierarchy problem, dark matter, the GUT, quantum

description of gravity, muon g-2, e.t.c...

Big Questions
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https://www.quantumdiaries.org/2012/07/01/the-hierarchy-problem-why-the-higgs-has-a-snowballs-chance-in-hell/
https://arxiv.org/pdf/1311.0299.pdf

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

June 2021 Vs=13TeV
Model Signature  [Ldt[b7'] Mass limit Reference
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R, hoh +Z Jep 1b EFs 133 | § Forbidden 0.86 m(F})=360 GeV, m{f,)-m(¥}}= 40 GeV 2006.05880
il g A= - ANN BES EEE EES EES Emm - N, Lt gl altighealsy p—— anng—
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ylﬁfg via Wh Multiple ¢/jets Ejpiss 139 | &3kt Forbidden 1.06 m(E})=70 GeV, wina-bina 2004.10894, ATLAS-CONF-2021-022
I = By 7, 2ep EFs= 13 | & 1.0 m(7,#)=0.5(m(F})+miT})) 1908.08215
I o 27 ERisq3g |7 [F fr) INOHE0E 0.12-0.39 1911.06660
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Direct ¥ ¥, prod., long-lived | Disapp. ttk  1jet  EFs 439 |} 0.66 Pure Wino ATLAS-CONF-2021-015
'§ g X% 0.21 Pure higgsino ATLAS-CONF-2021-015
=5 Stable g R-hadron Multiple 361 |& 2.0 1902.01636,1808.04095
5 Metastable ¢ R-hadron, §—gq?| Multiple 36.1 |V =10s 022 s 28] 2.4 meF)=100 GeV 1710.04901,1808.04085
= g e Displ. lep Ems 439 |aa 0.7 3 2011.07812
7 0.34 2011.07812
L N Bepn _ 139 Pure Wino 2011.10543
F100 = wwizeetew dep Ojets  Efs 13 1.55 m{F})=200 GeV 2103.11684
22, B-aqt), 1 = qqq 4-5 large jets 36.1 19 Large 47, 1804.03568
PO Multiple 36.1 m(F})=200 GeV, bino-ike ATLAS-CONF-2018-003
o bRy, KT = bbs = 4b 138 Forbidden MU )=500 GeV 2010.01015
o 1A )
L fi—bs 2jets+2h 36.7 1710.07171
15, =gt 2ep 2h 36.1 0.4-1.45 BR(f, —be/bu)>20% 1710.05544
n DV 136 1.6 BR(f; —qu)=100%, cosé,=1 2003.11956
VR, ) —stbs, ¥ —sbbs 12epn  26jels 139 |it 0.2-0.32 Pure higgsino ATLAS-CONF-2021-007
*Only a selection of the available mass limits on new states or 10'I 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on

simplified models, c.f. refs. for the assumptions made.

m SUSY...

e The exclusion limit...

squark & gluino (s above 2 TeV

m Electroweak Direct Production to
> 2 two hadronic taus under R-

parity Conserving

light gauginos & stau can be lighter


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-019/

Outline

m Glance Analysis entry: ANA-SUSY-2019-17

m Naming:

e Lightest chargino ()Zli): C1
o Lightest neutralino ()Zf): N1

o Next-to-lightest neutralino(72):N2

m C1C1, C1N2 via stau with > 27 + EMsS
e Previous paper with 2015-2016 data : Eur. Phys. J. C 78, 154 (2018)

« OS final state: Re-optimize based on full Run-2 data
« SSfinal state: New final state for C1N2 production
e A new OS-SS combine result is also included

m C1N2 via Wh with > 27 + 1lep + EJ*'sS
e New final state study for CIN2 via Wh



https://atlas-glance.cern.ch/atlas/analysis/analyses/details?id=3169
https://link.springer.com/article/10.1140/epjc/s10052-018-5583-9

Gaugino pair — OS channel

m SR optimization: cut-based search algorithm
e The kinematic distributions of CT1CT and CTN2 are different

e The kinematic distributions of tau and MET are different for
different SUSY particle mass & mass spliting.

e Four SRs:

SR-CICILM |  SR-CIN20S-LM

SRCICI-HM |  SR-CIN20S-HM

== 2 medium taus (OS) ‘ >= 2 medium taus (OS)
>=1 tight tau

== 2 medium taus (OS) | >= 2 medium taus (OS)

b-jet veto
Z/H veto (m(1y, 72) > 120 GeV)

Ad(t1.12)[ > 1.6 |
EMS > 60 GeV
m>80GeV | mP > 70 GeV

Nje!.\‘ <3

mrsum > 400 GeV
mt2 > 85 GeV m?é" > 85 GeV

asymmetry di-tau Trigger
Ea’}i“ < 150 GeV

di—tau. + E?iss Trigger
EF"™ > 150 GeV

71 and 72 pr requirements described in Table 11 in Section 4.3

e LM an

d HM are split by MET.
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Gaugino pair — OS channel — BKG estimation

m Multijet estimation: ABCD method
for each SR

Used for nominal
|
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m Top, Z, Multiboson: validation regions
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Gaugino pair — SS channel

m Gaugino pair Direct Production! Only C1N2 has SS channel

m SR optimization: cut-based search algorithm
e Also split by MET for different SUSY particle mass splitting

SR-CIN2SS-LM | SR-CIN2SS-HM

>= 2 medium taus (SS)
b-jet veto

AD(Ti,12) > 1.5 -

N jets <3 -
mr sum > 200 GeV mr sum > 450 GeV

m7s* > 80 GeV
asymmetric di-tau trigger di-tau+ET"™ trigger
EF"™ <150 GeV EF"™ > 150 GeV

7, and 12 prt requirements described in Table 11 in Section 4.3
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Gaugino pair — SS channel — BKG estimation

m Multijet estimation: ABCD method

CR - A (lowMass-SS)

SR - CIN2SS - LM

> 2 very loose or loose 75
< 2 medium 18
M sum = 200 GeV
AD(11,12) 2 1.5

> 2 medium 7s (SS)

M sum = 200 GeV
AD(11,12) 2 1.5
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m W+jets and Top : dedicate Control Region &

Vaalidation Region
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Gaugino pair — Results

= Still Blinded! Slelr .
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CiN2 via Wh with 1-lep 2-tau final state

ZEowmiy | G e S , S -
soof-_amaseamnay  wmeame 4 @ New channel for C1IN2 via Wh: make contribution in EWK-combinatio
F =i _ z m SR definition: cut-based search algorithm
300 P - . . .
: , ; e Two SRs are defined to cover low (high) gaugino.
200 o L -
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100F 20 ; \ = ; ;
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e They are not orthogonal!
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Wh — BKG estimation

m Fake estimation: FakeFactor method
W +jets: 2 jet fake Tau + W decay lepton

FF2
MA <« MM

NCR

FFCR AA, f akebkg

h ji == C—

- FF1 ] ’ NMIfQ ,fakebkg

8

CR

AA AM FFCR NMA ,f akebkg

2 = NCR

MM, fakebkg

tau2
Split by Leading tau & Next-Leading tau ID (Medium)

e Also need a SR-like region to apply FFs.
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m Top: dedicate Control Regton & Validation
Region ¢
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m Multiboson: Validation Region
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Wh — Results

Hdy = Wh+2x 3
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m Still Blinded!

m We can see the two SRs are
targeting @ different Region
clearly.

m LM & HM are combined by
choosing best.
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mCT

m We have search for the Direct Gaugino pair
production via stau decay or Wh decay for at
least two tau final state...

e Preliminary results shows: Exclusion limit has
improved a lot comparing to 36 ifb.

e New final state will contribute in EWK
combination (Combined search for
electroweakinos)

m Outlook:
e Unblinding
e Paper publication in next year
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CMS Results

[
Table 1: Brief description of the categories used to classify events in the search.
Category | Requirements
2155 Two light leptons with the same charge
31A Three light leptons with at least an OSSF pair
31B Three light leptons with no OSSF pair
31C A pair of light leptons forming an OSSF pair and a T,
31D A pair of light leptons of different flavor and opposite charge and a 7,
3IE A pair of light leptons of same charge and a 7},
3IF A light lepton and two 1),
4G Four light leptons with two OSSF pairs
4H Four light leptons with less than two OSSF pairs
411 Three light leptons and a hadronically decaying tau
41] Two light leptons and two hadronically decaying taus, two OSSF pairs
41K Two light leptons and two hadronically decaying taus; one or zero OSSF pairs

m They have the splitting x= 0.05 and 0.95.

15


https://cds.cern.ch/record/2752640/files/SUS-19-012-pas.pdf

Definitions

m Object
Cut Selection | ‘ Cut Selection ‘ Cut | Selection Cut Selection
Signal Tau Baseline Electron Baseline Muon Signal Jet
Acceptance | pr > 20.0 GeV , |i7| < 2.5 and crack veto Acceptance pr>4.5GeV, |n| < 2.47 Acceptance | pr >3.0GeV, |n| < 2.7 Acceptance pr >20.0GeV, || <2.8
AbsCharge 1 Quality LooseAndBLayerLLH Quality Medium Type PFlow
NTracks lor3 1P Azosin(8) < 0.5mm P Azgsin(0) < 0.5mm Uncertainty Full JER
EleBDTWP ELEIDBDTMEDIUM Signal Electron Signal Muon JetVertexTagger Default (Tight)
JetIDWP JETIDRNNMEDIUM Acceptance pr>25GeV, || <2.47 Acceptance | pt>25GeV, |n| < 2.7 for pr < 60.0 GeV , |n| < 2.5
Quality Quality TightLLH Quality Medium b tag
1P Azpsin(0) < 0.5mm Isolation | FCLoose (< 200 GeV), FCHighPtCaloOnly (>200 GeV) Isolation Loose_VarRad Acceptance pr>20.0GeV, || <2.8
P do/o(do) < 5 P do/o(do) < 3 Algorithm DL1r FixedCutBER@77%
TimeStamp 201903
m Trigger
° Trigger Trigger leg Year HLT | Offline
leading tau pt [GeV] 2015-2017 | 35 50
2018 60 75
di-tau + E?"‘“ trigger 2nd leading tau pt [GeV] | 2015-2018 | 25 40
EX' [GeV] 20152018 | 50 | 150
asymmetric di-tau trigger leading tau pt [GeV] 2015-2018 | 80 95
2nd leading tau pt [GeV] | 2015-2017 | 50 60
2018 60 75
° Trigger Trigger name Year HLT pr cut [GeV] | Offline pr cut [GeV]
HLT_e24 lhmedium_L1EM20VH 2015 24 25
HLT e60_lhmedium 2015 60 61
HLT e120_lhloose 2015 120 121
single electron trigger | HLT_e26_lhtight_nod(Q_ivarloose | 2016-2018 26 27
HLT_e60_lhmedium_nodO 2016-2018 60 61
HLT el140 lhloose nod0 2016-2018 140 141
HLT mu20_iloose_L1MUI15 2015 20 21
single muon trigger HLT_mu26_ivarmedium 2016-2018 26 273
HLT_mu50 2015-2018 50 52.5 16




Ci1N20S

m CTN20S

SM process SR-CICI-LM | SR-CIN20S-LM | SR-CI1CI-HM | SR-CIN20S-HM
Top 0.95 + 0.38 1.08 = 0.40 0.36 £ 0.22 0.36 +£ 0.22
W+jets 0.43 + 0.50 0.62 + 1.18 0.30+£0.17 0.30 £ 0.17
Z+jets 1.42 +0.51 246 +1.43 0.78 £ 0.56 0.86 + 0.56
Multi-boson 1.65 + 0.36 3,18+ 047 2.19+0.42 243+ 0.44
Higgs 0.27 £ 0.26 0.39 £ 0.27 0.011 £ 0.003 0.73 £ 0.72
Multi-jet 1.86 + 0.19 4.51 £0.29 0.77 £ 0.20 0.72 £ 0.19
SM total 6.58 = 0.95 12.24 + 2.00 441 +0.78 540 + 1.07
Ref. point (300, 150) 10.81 + 1.56 12.53 £ 1.67 6.74 + 1.33 10.68 + 1.74
Ref. point (750, 450) | 2.65 +0.21 440+ 0.31 6.77 £ 0.35 12.16 + 0.53
SR-CIC1-LM SR-CIN20S-LM ‘ SR-C1C1-HM ‘ SR-CIN20S-HM
== 2 medium taus (OS) ‘ >=2 medium taus (0OS) | == 2 medium taus (OS) | >= 2 medium taus (OS)
>=1 tight tau -
b-jet veto
Z/H veto (m(1, 2) > 120 GeV)
Ad(r1.72)| > 1.6 | Njers <3 §
ET'S > 60 GeV MT sum > 400 GeV
mr >80 GeV ‘ mps* > 70 GeV ‘ mr2 > 85 GeV mpy* > 85 GeV

asymmetry di-tau Trigger

di-tau + E%‘i“ Trigger

EP'SS < 150 GeV EXS > 150 GeV

71 and 7> pr requirements described in Table 12 in Section 4.3

variables

| cut values of low E7"* SR [ ~cut values of high E7™* SR

tau quality

>= 2 medium taus, 1 medium 1 tight taus, 2 tight taus

Eiss > 30, 50, 60, 75, 80, 90, 100 GeV 150, 160, 170, 180, 200 GeV
m > 40, 50, 60, 70, 80, 90, 100 GeV
T sum> 200, 250, 300, 350, 400, 450, 500,550 GeV

AR(11,T5) < 24,26,2.8,3.0,32,6

AD(11,12)| > 0.4,0.5,0.6,0.8, 1, 1.2,1.4

m(T1, 1) > 120, 130, 140, 150 GeV
pr(r1) > | 95,100, 110, 120, 130, 140, 150 GeV | 50, 55, 60, 65, 70, 80, 90, 100, 120 GeV
pr(12) > 60, 70, 80, 90, 100 GeV 40, 45, 50, 55, 60, 70, 80, 90, 100 GeV
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Ci1N20S

m MultiJet

CR - A (CICI-LM)

SR-CIC1-1LM

CR - A (CIN20S-LM)

SR - CIN20S - LM

= 2 very loose Ts
60 < .n’_f.[r!"”S < 150 GeV
mT2 > 80 GeV

== 2 Medium = | tight 75 (0S)
60 < E%“"‘“ < 150 GeV
mTy > 80 GeV

= 2 very loose Ts
60 < E,?"‘“ < 150 GeV
MT spum = 10 GeV

60 < EINS* < 150 GeV
Mromax > 10GeV

= 2 Medium >= 1 tight 75 (0S)

VR-E (CICI-LM)

VR -TF (CICI-LM)

[[ VR-E (CINZOS-LM)

1 VR — T (CIN205-LM)

= 2 very loose 75
10 < E,;.“'“ < 150 GeV
35 < mya < 80 GeV

== 2 Medium = | tight 75 (OS)
10< E{.’““ < 150 GeV
35 < mT2 < 80 GeV

= 2 very loose Ts
10< E,;,m“ < 150 GeV
35 < My amax < 70 GeV

10 < E;‘i“ <150 GeV
35 < ML 2max < 70 GeV

= 2 Medium = 1 tight 75 (05)

CR - B (CICI-LM)

CR - C (CICI-LM)

[ CR-B (CIN205-LM)

‘ CR - C (CIN20S-LM)

= 2 very loose Ts
10 < Ef" < 150 GeV
15 < mTy < 35 GeV

== 2 Medium = | tight 75 (0S)
10< E.}"‘“ < 150 GeV
15 < mTy < 35 GeV

= 2 very loose Ts
10< Ef™ < 150 GeV
15 < myomax <35 GeV

10 < ENISS < 150 GeV
15 < My amax < 33 GV

= 2 Medium = [ tight 75 (OS)

CR - A (CICI-HM)

SR - C1C1 - HM

CR - A (CIN20S-HM)

SR - CIN2OS - HM

> 2 very loose Ts
< 1 medium 75 (08S)
EMISS 5 150 GeV
my sum = 400 GeV

mty > 85 GeV

== 2 medium 75 (0S)

EMISS 5 150 GeV
my sum = 400 GeV
mty > 85 GeV

> 2 very loose Ts
< | medium 75 (0S)
EMISS > 150 GeV
my sum > 400 GeV
MT3max = 85 GeV

> 2 medium 75 (OS)

EMISS 5 150 GeV

my spm > 400 GeV
MT 3max = 83 GeV

VR—E (CICI-HM)

VR—F (CICI-HM)

VR—E (CINJOS-HM) |

VR - F (CIN20S-HM)

> 2 very loose Ts
< 1 medium 7s (OS)
E.[rf'“s > 50 GeV
200 < M gyem < 400 GeV
60 < mr2 < 85 GeV

== 2 medium 75 (0S)
EISS 5 50 Gev
200 < M gp0m < 400 GeV
60 < mTy < 85 GeV

> 2 very loose Ts
< | medium s (0S)
EMSS 5 50 Gev
200 < M g < 400 GeV
60 < mT2max < 85 GeV

> 2 medium 75 (OS)
EISS 5 50 Gev
200 < M gpm < 200 GeV
60 < myomax < 85 GeV

CR-B (CICI-HM)

CR - C (CICI-HM)

CR - B (CIN20S-HM)

CR - C (CINZOS-HM)

= 2 very loose Ts
< 1 medium 7s (OS)
EMSS 5 50 Gev
100 < my gpm < 300 GeV
35 < m72 < 60 GeV

==2 medium 75 (0S)
EMISS 5 50 Gev
100 < my gpm < 300 GeV
35 < m72 < 60 GeV

= 2 very loose Ts
< | medium 7s (0OS)
EMSS 5 50 Gev
150 < mig gm < 300 GeV
35 < mromax < 60GeV

= 2 medium 75 (OS)
EMSS 5 50 Gev
150 < Mg g0 < 300 GeV
35 < myromax < 60 GeV
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Ci1N20S

Sample W-CR W-VR
] WC R / VR Data 3055 1010 | W-CR | W-VR |
SM t_Otal 3108.90 + 237.93 | 950.04 + 145.79 pass TrigHLT_mu20_iloose_L1MU15 (2015) and HLT_mu26_ivarmedium (2016-2018) . 10° R —
Wjets 2322.58 +235.77 | 692.62 + 144.62 == | medium tau and 1 isolated muon (OS) §107 ATLAS Internal S e muliboson
Z+jets 80.17 £ 30.06 24.11 £ 17.55 b-veto AL SR CERACR L= =H
Multi-boson 300.66 +7.26 85.81 £2.99 Top-tagged events veto Elgi m-ﬁ‘rr;immx; e
Top 400.27 +7.97 145.82 +2.99 prr > 50 GeV, pry > 40 GeV 10° e
Higgs 522+ 1.53 1.68 + 0.84 méé{jg S aey i | .
Mulu-]ets 0+ 108.93 0.00 + 81.80 40 < ma(7, 1) < T0GeV | mo (7, 1) > 70 GeV !
Ref. point (300, 150) 14.70 +£2.39 8.79+£1.91 10"
E ;g i — i
= iﬂ 100 150 200 250 300 350 4'90 [Gs4 0
| Top-VRI | Top-VR2 | Z-VRI | Z-VR2 | M BVRI | M BVR2 | . | )
T — T channel ‘5107;* ATLAS Internal ;’JE‘“’?Z‘;‘ = mult-boson 1:
[ | Ot h er... = 2 medium taus (OS), = 1 tight tau %106%— 5=13Tev, 13afp’  Ders BT =
at least one b-jet b-jet veto Emj? e, n;iataum 1500 6o .
mt g +my 7, > 150 GeV - MT, 7, +mT, 7, > 180 GeV we =y

m(71y, 73) > 120 Gev m(71,72) <70GeV | m(7y, 12) <60GeV m(71y, 72) < 80 GeV r m(7y, T2) <90 GeV

Ad(7rl, 72) > 1.0
mTo > 40 GeV

AR(Tl,72) <1

mTo < 60 GeV

AR(7l,72) <12
Ag(7l, 72) <10
mro > 60 GeV

asymmetric di-tau trigger

di-tau+E,}“1“5 trigger
20 < E!F“i“ < 150 GeV

Efr“i“ > 150 GeV

asymmetric di-tau trigger di-tau+E.¥"55 trigger
40 < E{\mss < 150 GeV E%"ss => 150 GeV

lepton p1 and E.?‘iss are required at plateau

asymmetric di-tau trigger
70 < E{,m“ < 150 GeV

di-tau+E.}“'55 trigger
E.?lss > 150 GeV

ATLAS Internal

Vs=13TeV, 139 fb"

E ‘ = 107 T T T = =107 T ‘ T T =
7/ Total SM 3 77 Total SM 3 3 7 Total SM 3 3.6 77 Total SM 3
Ehiuli-et Emultiboson ATLAS Intemal Ebuliet Emuitiboson = ATLAS Imornal I Mot mmultboson = S10°E ATLAS Internal I bl I it boson E
DIW+jets @ Top E | = 1 CIW+jets [ Top 3 5= i /+jets op | TanSC V5o 1 /+jets op |
EHiggs [@Z+ets | Vs=13TeV, 139 fb mEHiggs [ Z+ets = Vs=13TeV, 13910 EHiggs [E@Z+jets E 2 10 Ys=13TeV, 139 b M Higgs [EZ+jets E
—~data | —data = —~data 4 5 10¢ —data 4
M, M, = (300, 150) GeV E| M., M, = (300, 150) Ge¥ E| My, M, = (300, 150] GeV E o My, M, = (300, 150) GeV. E|
& - (700, 400) GeV = R (700, 400) Gev - © A e (700, 400) GoV = 10° © H e (700, 400) GOV =
- (1000, 0) GeV/ 3 - (1000, 0) GeV 3 o (1000, 0 GeV 3 5 (1000, 0) GeV 3
El E E 10 E
| e 10 |
7 1
107"
107
g g2 ==
1]
,,,,, 3 P S ———
g § o,ﬁug !
10 20 30 40 50
m;, [Ge' m, [Ge'

T T
: Total SM
ATLAS Internal -bﬂvu\_ti—mt DrTnuIti—hnsnn
i o +jets of
is=13TeV, 139 fb i Bt
~-data
M, M, = (300, 150) GeV
A (700, 400) GeV
(1000, 0) GV

data/MC

80 %0 100 110 120 130 140 150 1
MTZ [GeV]

data/MC

=10 w I N
2 108 ATLAS Internal -’Wiﬁ;t DrTnum—hnsnn =
g Dj (5= 13TeV, 139 b gﬂﬁs‘s B =
310, g 3

(1000, 0) GeV

200

230 240
T2 [Gel]

19



C1N2SS

m(N1) [GeV]

SM-process SR-CIN2SS-LM \ SR-CIN2SS-HM
Top 0.01 £0.01 0.84 £0.36
Multi-boson 0.47 £0.11 0.81 £0.21

Multi-jet 0.94 +0.27 —0.086 + 0.31

W+jets 0.32+0.32 0.10 +£0.10
Z+jets 0.20 + 0.20 0.59 +0.56
Higgs 0.00 + 0.00 0.02 £ 0.00
SM total 1.95 +0.48 2.35+£0.80
Ref. point (325, 175) 7.80+1.27 226 +£0.71
Ref. point (500, 300) 3.78 £ 0.65 5.62 £0.88
Ref. point (900, 300) 0.84 +0.07 6.23 +£0.21
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mi{N1) [GeV]

SR-CIN2SS-LM

SR-CIN2SS-HM

>= 2 medium taus (SS)

A(I)(Tl . T2) > 1.5

Njers <3

b-jet veto

mr sum > 200 GeV
m

m
I

MT sum =~ 450 GeV
2 > 80 GeV

asymmetric di-tau trigger
E‘TniSS < 150 GeV

di-tau+EL"™ trigger

EMss > 150 GeV

71 and 7> pr requirements described in Table 12 in Section 4.3
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71000 1200 1400
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W-CR W-VR

pass TrigHLT_mu20_iloose_L1MU15 (2015) and HLT_mu26_ivarmedium (2016-2018)
== | medium tau and 1 isolated muon (SS)
baseline electron veto
b-veto
50 < mp(u) < 150GeV
mr (T) + mT(p) > 80 GeV
mro(u, ) < 60 GeV | mro(u, 7)) = 60 GeV

TopVRLowMass l TopCRHighMass l TopVRHighMass

Mat least very loose taus >2

Mat least loose taus = 1

Mmedium taus < 2

nBJets 2 1
asymmetric di-tau trigger di-tau plus met trigger
EPss > 100 GeV EPSS > 150 GeV
mrsum < 250 GeV l mrsum = 250 GeV
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C1N2SS

| Sample W-CR W-VR | [ Sample [ TopVRLowMass | TopCRHighMass | TopVRHighMass |
W+jets 88688.2 +2242.2 | 6764.4 + 540.0 W+jets 19.16 £ 13.77 9.75+1.49 4.53+£0.95
Z+jets 17618.9 + 554.6 857.2+96.4 Z+ jets 4.39 £ 0.99 3.34+£0.43 1.78 £ 0.90
top 2386.5 + 18.7 2157 +5.7 top 47.08 +2.70 63.08 +3.15 58.38 +2.98
Muliboson 1844.5 +16.0 148.8 +4.1 Multiboson 0.92 +0.19 2.66 +0.91 0.69 +0.13
Higgs 53.1+54 58+1.8 Higgs 0.63 = 0.06 0.61 £0.03 0.50 £0.03
Multijet 0.00 = 0.00 0.00 + 0.00 Multijet 0.00 = 0.00 0.00 +0.00 0.00 +0.00
SMtotal | 110591.2 +2309.9 | 7992.0 + 548.6 SM total 72.17 + 14.07 79.44 +3.62 65.88 +3.26
Data 112976 7135 Data 52 68 40
process subprocess | DSID | SR-CIN2SS-LM
ety 364253 | 0.2514 + 0.0959 process subprocess DSID ] MBVR-SS ]
Diboson fully leptonic | ££££ 364250 | 0.1493 + 0.0466 CEEY 364253 | 120.6694 + 1.8871
s MBVR Sample MBVR-SS tlyy 364254 | 0.0498 + 0.0244 Diboson fully leptonic | £££¢ 364250 | 13.8055 + 0.3555
Multiboson | 148.26 +2.01 - - tetvjj 364284 | 0.0070 + 0.0029 £bvy 364254 | 5.2136 = 0.5509
Diboson VVjj i _
top 3435+2.19 944444 345706 | 0.0062 + 0.0039 Diboson VVjj £eevyj 364284 | 4.0025 + 0.0650
MBVR-SS : . 412y 407313 | 0.0021 +0.0021 Triboson 412y 407313 | 0.9863 = 0.0660
Zjets 17.30 + 29.65 Triboson
Two OS signal muons 4 OV E LT Sty 407312 | 0.0016 + 0.0011 Triboson 303y 407314 | 0.8989 = 0.1192
1 sional t Higgs 4.43 £1.31 Diboson VVjj teetj 364283 | 0.0011 £ 0.0011 _ - ggllet 345706 | 0.8629 = 0.0366
== 1 signal tau . Triboson 6£0v 407311 | 0.0001 = 0.0001 Diboson VVjj 0L 364283 | 0.5151 + 0.0287
b-Jet Veto Wijets 0.08 = 0.08 JJ . £0.
o Total Multiboson 0.4686 + 0.1095 Dib entonic | WaaZLl 363358 | 0.4553 +0.1171
EF™ 2 100GeV Total Bkg | 204.42 +29.83 process subprocess | DSID | SR-CIN2SS-HM tboson semtleptonic | 5 7e¢ 363356 | 0.3016  0.1040
A®(7, EF"™) < 1.75 data 200.00 + 14.14 tlvy 364254 | 0.3783 = 0.1888 Diboson VVijj tvvijj 364285 | 0.2470 = 0.0564
(325 175) 0 46 + 0 33 Diboson fully ]Bpl()l'liC ey 364253 0.2709 + 0.0909 Triboson 5C01v 407312 0.1180 + 0.0083
’ b ceee 364250 | 0.0540 + 0.0167 ggllvvint 345715 | 0.0945 + 0.0552
(375, 175) 1.09 +0.40 Triboson 2y 207313 | 0.0403 = 0.0137 Diboson VVi ggllvZZ 345723 | 0.0497 £ 0.0115
Diboson fully lep. tvvy 364255 | 0.0163 = 0.0099 thoson ¥ ¥ g8 ZltZqq 364302 | 0.0114 +0.0114
Diboson VVjj Clevjj 364284 | 0.0135 + 0.0042 ggCECOMAI130 | 345705 | 0.0045 = 0.0041
Triboson 363y 407314 | 0.0122 £ 0.0122 Diboson full leptonic | ££vvjjSSEW4 | 364286 | 0.0032 + 0.0032
gelttvvZZ | 345723 | 0.0079 + 0.0046 Tribosons 2t4y 407315 | 0.0127 + 0.0080
Diboson VVij ggttte 345706 | 0.0033 + 0.0033 Diboson VVjj £EvvijjSSEW6 | 364287 | 0.0022 + 0.0022
tbvvjj 364287 | 0.0027 + 0.0027 Triboson 6£0v 407311 | 0.0080 + 0.0009
[lyvjjSS | 364286 | 0.0011 £ 0.0011 — "Foral Multiboson | 1482624 + 2.0118 |

Total Multiboson

0.8005 0.2113 |
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Wh

[ | variables | cut values
m(ty, 1) > 40., 50., 60., 70., 80., 90., 100., 110. GeV
m(t, 1) | <80.,90., 100, 110. , 120., 130., 140., 150., 160. GeV
mys™ > 30., 40., 50., 60., 70., 80., 90., 100., 110. GeV
pr(11) > 20., 30., 40., 50., 60., 70., 80. GeV
pr(m2) > 20., 30., 40., 50. GeV
Mt (1)) > 0., 20., 30., 40., 50. GeV
Mr(lep) > 0., 20., 40., 60., 80., 100. GeV
MTsum > 0., 300., 350., 400., 450., 500., 550. GeV
NTightTau >0,1,2
AR(711,12) <20,22,23,24,25,26., 3., 100.
SM process SR-Wh-LM SR-Wh-HM
Top 2.16 = 0.60 0.16 £0.12
Multiboson 1.87 = 0.28 1.07 £0.16
Wijets 0.23 +0.22 0.062 + 0.062
Higgs 0.131 £ 0.013 | 0.059 + 0.0082
Zjets 0.061 = 0.030 | 0.030 +0.022
total Bkg 445 +0.70 1.38 +0.21
(202.5,72.5) 4.01 = 0.80
(225.0, 75.0) 5.79 £ 0.82
(375.0,0) 4.02 +0.33

140

 ATLAS Internal
- (5=13TeV, 1397 |

e s
[

(a) SRWh-LM

140F
1205
1003
aof
aof
405

20fF

180 ATLAS Intemnal
F {s=13Tev, 139 i

160 ATLAS Internal
F 5=13Tev, 139 5"

140
120

100F

(c) SR-Combined
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TCR-Wh TVR-Wh

== | signal lepton
single lepton trigger and offline pt requirement described in Table 12
>= 2 medium taus
I < Npjers <2
|A¢(T1,2)| <3
40 GeV < m(1y,12) < 160 GeV
MTgum > 250GeV

20 GeV < m9* < 80 GeV ‘

mre > 80 GeV

MB-VR-Wh

TCR-Wh TVR-Wh

Z+jets 1.06 £0.37 | 0.036 + 0.085
Wjets - -
Top 201.67 +£5.27 | 98.73 £3.63
Multiboson 3.76 = 0.28 1.81 £0.19
Higgs 6.14 £ 0.092 4.64 £0.20
Fakes 62.02 +3.14 17.21 £ 1.86
Total BG 27466 +6.15 | 122.43 +4.09
Data 276 109
Wh 126_0 1.00+£0.72 2.04 £0.92
Wh 200_0 0.43 £0.15 0.69+0.18
Wh 375_0 0.06 +0.03 032+0.11

Sample MB-VR-Wh

Z+jets 7.88 £2.27

Wjets -

Top 10.08 + 1.21

Multiboson | 83.43 + 1.59

Higgs 1.19 £ 0.69

Fakes 33.17+£2.13

Total BG 135.75 £ 3.76

Data 144

Wh 126_0 16.04 +2.56

Wh 200_0 5.61 £0.53

Wh 375_0 0.38 £0.10

== 1 signal lepton

pass single lepton trigger and offline pt requirement described in Table 12

>= 2 medium taus (OS)
b-jet veto
|Ap(71,72)| <3
Prr, > 30GeV
40 GeV <m(711,11) <70 GeV
Mriep > 70 GeV
m73* <80 GeV

Wh FF control region

1 baseline light lepton passing the signal lepton requirements
>= 2 very loose (JetRNNSigTransMin > (.05) taus (SS)
b-jet veto
m(t,n) > 20GeV
|Ap(T1,T2)| <3
my3*>20GeV

single lepton trigger and offline pt requirement described in Table 12

24



Events

1.5

05

u.o
0.45
04
0.35
03
0.25
0.2
0.15
0.1
0.05

Events

Wh SR

TTTTTTTT T T T T T T T T T T T T T T T T T T T T T T T

MultiBoson-True

ATLAS Internal
{s=13 TeV, 139 fb

MultiBoson-1Fake

- MultiBoson-2Fake

N
pobed 11U ULl b b PP L LI LBy
Pt e 0 gy B R B o
MultiBoson

(a) Multiboson

ATLAS Internal Z-True

Vs =13 TeV, 139 fb™

Z-1Fake

B z2Fake

nnnnn

Events

1.5

0.5

u.o
0.45
0.4
0.35
03
0.25
0.2
0.15
0.1
0.05

Events

LI L L I L L L L I I L

Top-True

@TLAS Internal
— -1
WS = 13 TeV, 139 fb

Top-1Fake

- Top-2Fake

N
il I I I ) P PR R RN O N D P O B B
o %ﬁ%“ﬁgﬂ{"ggﬂ“wx’”ﬁ?ﬁzwim% e, P, e ot ey e
S G '
Top
(b) Top
= T LA L B B R | T 4
E Higgs-True =
E ATLAS Internal 3
= 1 Higgs-1Fake 3
- Vs=13TeV, 139 fb E
F Higgs-2Fake 3
E 8 E
E .|.|||.4.|.|||.2|W:
g, Birge  Hhrrg oo, Ohisns OBy, Doty 125 Vg, 25, 2 Ar,s Mizg 25 4
e e T
Higgs
(d) Higgs

Events

1.5

0.5

u.o
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Events

TTTTTT T T T T T T T T T T T T T T T T T T T T T TTTT

MultiBoson-True

ATLAS Internal
(s =13 TeV, 139 fb”'

MultiBoson-1Fake

MultiBoson-2Fake

I ]
C § ]
C 1 I I =} l \ I I k I_H L1
i B 'Wi?ﬁ%yﬂwmw gy gy EWWW «ev _—
MultiBoson
(a) Multiboson

S D R L DU
= ATLAS Internal ZTrue 3
= Vs=13TeV, 139 b #1Fake 3
E - Z-2Fake E
- &\ =
E‘ | PR L ISSYSSYY 1o - L .;
z

Events

1.5

0.5

u.0
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

Events

W

L L L I I L L I B L L L B I I L I R

ATLAS Internal Top-True

Vs=13 TeV, 139 b’

Top-1Fake

- Top-2Fake

o v b v b Py

TN PO TP PR N (U AN PO PO o S N (N O O P
o e Py e S e g e Py My gy Moy o %m?w,*‘za
SRR IR i
Top
(b) Top

T T T 1 T T

ATLAS Internal Higgs-True
(s =13 TeV, 139 fb"’ Higgs-1Fake
Higgs-2Fake

HIIlHIIIJ\Illl\\IIIJHIII\IIIII\‘IIII‘HII‘III\

nln‘\II‘J.I‘I‘I.\II

Mgy Mg g Sohin  Whsne  Soksn  Ooi,, e, iz, Ol by SHizg ”"m;
e g g S 25 2y g Pizg 2y Wiz
g gy g oty ey gy -ty
gy gy bt gy g, 2

Higgs

(d) Higgs

25



Events

Events

25

20

15

10

45
40
35
30
25
20
15
10

Wh TCR TVR

TTTTTTTTT T T T T T T I T T T T T T I T T T T I T I I I

ATLAS Internal MultiBoson-True

V'g - 13 TeV 139 fb_1 MultiBoson-1Fake

- MultiBoson-2Fake

\A_ﬂ_llll\\IJ\\_IJ\\IJ\\\I\\\I\\\II

MultiBoson
(a) Multiboson
%: ATLAS Internal Z-True E
= (s=13Tev, 139" FFee =
E_ Z-2Fake _E
_ A L B zﬂ_
z
() Z

Events

Events

10*

10°

102

10

107"

45
40
35
30
25
20
15
10

N R RN L R R R R

ATLAS Internal Top-True
Vs=13 TeV, 139 fb™

Top-1Fake

- Top-2Fake

Ll »

|

I
e 20y o0 i, g 'm«w'?«»,“zam

|

e
Ny e
Top

(b) Top
= —— — - — T3
- ATLAS Internal Higgs-True E
E R Higgs-1Fake e
= Vs=13TeV, 139 fb” E
= - Higgs-2Fake =
E .|.‘\|.\‘1.|‘|.|‘\‘||.:
i P e h:”%ﬁ" e m g g P w%
o gy bwm %f%“%,%m

nggs

(d) Higgs

Events

Events

U.o
0.45
0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05

ATLAS Internal
Vs =13 TeV, 139 b’

MultiBoson-1Fake

- MultiBoson-2Fake

FTTTTTTTTTTT T T T T T T TT T T T T ITTTT T T T T I T

T O s Yy i

o 8 T e e

MultiBoson

(a) Multiboson

ATLAS Internal
Vs =13 TeV, 139 fb’'

Zounziets

z

Events

Events

10°

10°

10

N W R0 N 0 o«

-

IEEE S L L L R

ATLAS Internal Top-True
(s =13 TeV, 139 fb™

] - Top-2Fake

Top-1Fake

N

=

"oz

Top

ATLAS Internal
{s=13 TeV, 139 fb™

N

|||.JI‘\‘1.II

Higgs-True

Higgs-1Fake

- Higgs-2Fake

Boras  Uhrgg Mg
ey fem, ey o

T k),gs stv%s

21 = o
o e’"% 5,,":’%% gy "”ﬂm%“%%

Ling

nggs

26



Events

Wh-MB"

Events

10°

10?

10

107

20
18
16
14
12
10

o N RRoo

FTTTTT T TTTTT T T T T T T T T T T T T T T T T T T T T TT T4

MultiBoson-True

ATLAS Internal
{s=13TeV, 139 fb™

MultiBoson-1Fake

MultiBoson-2Fake

\.I\Il&\-lll

|

o AU R AR

MultiBoson
(a) Multiboson
R B R B e
- ATLAS Internal £-Tre E
r R Z-1Fake -
- Vs=13TeV, 139 fb 3
- Z-2Fake .
o N E
R I I D I I P I
Zmumy Zee Dautau Znunu Zeedjets Zmm2jsts ZiautauZiets Znumjets

V4

) Z

Events

Events

10

N w0 N 0«

—_

LI L L L L L L L L L LA N L L L B BN BN B L B

ATLAS Internal Top-True
NS = 13 TeV, 139 fo” Top-1Fake

- Top-2Fake

l\lllllll\\lll\‘lllll

. | il [ T

fr L L L fr fr fi L ) fi 3 L. =g fl

e, Ve, %%’j?%‘jb M“’""'z’”“"*‘fﬁfgﬁ%%“‘“" oo Uity W, Yoy My, T (g, gy rm";ﬁ 2
log Aty =

Top

(b) Top

T I T I =TT

ATLAS Internal Higgs-True
s=13TeV, 139 fp! = "eoiree

- Higgs-2Fake

III|IIIlllJI\|IJ\I|IIII|III\|IIII|\I\I

i

e 1 L | BISERSR

s, Tty kg, ey, S0y S0 Sy, Vaey,, VB, Vaiy Vg, 2y, Wiy,
3 " g 2 a5 251, s, RS Wi Wi i S 25 s,

e 2 - - e %
ey iy '%:""3""*?0%%’3’7 “Jr%,%;?:rau,,,%:!am%

Higgs

(d) Higgs

o 0R;

27



Fake Factor

Fake Factor

FFs

_ >1truthtau
Nfakebkg = Ndaata — NMC‘bkg

L S B I B IR L I LR & SRR LA LAE AL LA LS L AN L
E 3 k3] C ]

0.9 & ATLAS Internal 4 [£0.35 - ATLAS internal E
0B = 1 = 4] C = -1 B
3 fs=13TeV, 139 R E 2o03f {s=13TeV, 139 b . £
07 E 4 % s ]
E 3 0_25 - ]

06 | E g 3
05 F i o2 3
E . N 3 .

0.4 £ * t E 0.15 |- E
03 E +—= - E
E E 01 —+— =

0z g - 3 FR—-
01E 3 0.05 - E

U:....I....I. [EIPIPIE TIPS PPV IPEPEPITE A [y P | 1 Lassaly 1 1
20 25 30 35 40 45 80 55 60 20 25 30 35 40 45 50 55 60
pT'. p'lt
(a) (b)

T 1 UL L | T E 5 F L L L
09 E ATLAS Internal E Bos - ATLAS Intemnal e
08 = <1 3 @ C = -1 =

3 f==13TeV, 139 fb E ) 1P ] 23 f=13TeV, 130 fb £ 2 3 E
07 F 4 « s 3
06 3 0.25 | E
05 E | } 3 0.2 | -
04 F | [ 3 s 3
03 E —+— T3 o1 E ]
02 F = ' -—+——+— R + ]

E 3 0.05 _+_ =
01 = - o ]

0 E_. T I PP BT IR 0 E P T B

a 0.5 1 15 2 25 0 05 1 15 2 2.5

n,| |
(c) (d)

ATLAS Fake Tau Scoping Study :
https://cds.cern.ch/record/2300696

T SLDNN swre isTmt)%

SR [ike

ani—T Reﬂion Sk

Region 2

Defination |
/

$5-05 CR ? CR
3 [ | \

~\Veto / \ \
- v Do L AWID
aﬂti‘ g %u‘oh
st FF bin “W;? TP peim 22350"\

0 Ster—U 0("”" CR & SR—like anti-t Reyien Mt(dm)' ,\/r. (Mc, Twh T)

FF{U{& =

O Sm-|) from MC Tk , jf,tvbe.a f;')(erj Vulue, Qciount g(w non-W 8Kors
(@ Sgnol conﬂmindiow)

@ Jlffennt proicess > Use J'v((”"‘t CR Nau-ﬁ-r.(daw) = Mmﬁ_f_(_ML, Truvh T)

= N\:(?Akg )
Nanb’-r, ( EJL; 'D)

28


https://cds.cern.ch/record/2300696

July 2019 ATLAS Preliminary Vs=8,13 TeV, 20.3-139 fb™
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