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Preselection

Preselection of low EIT““SS SR

Preselection of high E2* SR

>=2 medium taus
b-jet veto
Z/H-veto (m(71y,75) > 120 GeV) (only for OS channel)

asymmetric di-tau trigger
JE"T“iSS < 150 GeV

di-tau+ EJ"™ trigger
EDS > 150 GeV

71 and T pT requirements described in Table 8 in Section 4.3

Table 20: Preselection before low and high E%‘iss SR optimization for both C1C1 and C1N2
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Signal region optimization
Simplified ABCD method
Cut & Count




Simplified ABCD method

preCR — A (lowMass)

preSR — lowMass

= 2 veryloose T5;
mty = 35 GeV
10 < E,'I',““"E < 150 GeV

= 2 Medium >= 1 tight rs (OS)
mt> = 35 GeV
10 < E,'}““ < 150 GeV

preCR — B (lowMass)

preCR — C (lowMass)

= 2 veryloose T5;
15 < mpy < 35 GeV

10 < Egl‘i“ < 150 GeV

= 2 Medium >= 1 tight s (OS)
15 < mpy < 35 GeV
10 < EF'F”"E < 150 GeV

The multi-jet are estimated by simplified ABCD method.
PF(purity factor) = #QCD / #data
Multi-jet events yields in a region — data * PF
TF = #multi-jet in C / #multi-jet in B
#multi-jet in SR = #multi-jetin A x TF
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M., ~ T quality correlation

Use QCD events in CR-B, C(after remove MT2 < 35 GeV cut).
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Kinematic distribution in the preSR-C1C1-lowMass
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Cutcount

Cut candidates

variables cut values of low E7" SR cut values of high ET"™ SR
tau quality >= 2 medium taus, | medium | tight taus, 2 tight taus

ET™ = 30, 50, 60, 75, 80, 90, 100 GeV

mT: =

150, 160, 170, 180, 200 GeV
40, 50, 60, 70, 80, 90, 100 GeV
M sum=

200, 250, 300, 350, 400, 450, 500,550 GeV
AR(T).T2) = 24,26 28 30, 32,6
|Ad({T, T2)| = 04,0506 08 1,1.2,14
mir|, T2} =

120, 130, 140, 150 GeV
pPriTi) = 95, 100, 110, 120, 130, 140, 150 GeV
priT) =

60, 70, 80, 90, 100 GeV

50, 55, 60, 65, 70, 80, 90, 100, 120 GeV
40, 45, 50, 55, 60, 70, 30, 90, 100 GeV

Signal significance ~ z = +V2 x \/nln"(b +o) b

b2 + no?

ft )

P(x)

! tuobs
n .

o b(b+o?)
Assumptions about uncertainty:

30% flat syst uncertainty on the SM background.
signal stat uncertainty is assumed to be negligible

the dominant bkg multi-boson stat uncertainty < 50%
total bkg stat uncertainty < 30%
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CutCount result
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Kinematic distributions

Distribution of a variable with some selections.
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l“3 Signal region definition




Signal Region Definition

SR-C1C1-LM

== 2 medium taus (OS)
>= 1 tight tau
b - jet veto
Z/H veto ( m(tq,1,)>120 GeV)
|Agp(71,72)[>1.6
EMss>60 GeV
mr,>80 GeV
asymmetry di-tau Trigger
EMiss<150 GeV

7, and 1, pr requirements
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Signal Region N-1 plots
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Signal Region Yields

SM process SR-C1C1-LM
Top 0.95 £ 0.38
W+jets 0.43 + 0.50
Z+jets 1.42 + 0.51
Multi-boson 1.65 + 0.36
Higgs 0.27 £ 0.26
Multi-jet 1.86 + 0.19
SM total 6.58 + 0.95
Ref. point (300, 150) | 10.41 = 1.51
Ref. point (750,450) | 2.06 £ 0.17
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Significance plot

nlb+cl) B bI4no? o
L=xV¥2x,,nln—s——— - —wIn————- 30% syst
V2 yjmin b2 +no! o nb{b +2) /o SY

C1C1_Low_significance

4 |

900

ATLAS Internal  /
Vs=13TeV, 139 b1 ,

o ob% Bl gof gud el

800 Z

700 e e pe

(7010 [ E S ------- - L 2.0
< 500 -
,.% i L 1.5
[ i F L
= 400 i .

300 oo L 1.0

200 - &

100 1o

0 200 400 600 800 1000 1200 1400 1600
my7 [GeV]

Zn (30% syst)



Background Estimation

Reducible: Multi-jet, W+jets

Irreducible background




Multi-jet background estimation: regions definition

CR-A (CICI1-LM) SR - C1C1 - LM
> 2 very loose 15 == 2 Medium > 1 tight 7s (OS)
60 < E%}i’“‘" < 150 GeV 60 < E%ﬂ”ﬁ < 150 GeV
mr> > 80 GeV mr> > 80 GeV
VR -E (CICI-LM) VR -F (CICI-LM)
> 2 very loose Ts ==2 Mediun_'l > 1 tight s (OS)
10 < E%“’"ﬁ < 150 GeV 10 < E%“’"ﬁ < 150 GeV
35 < mm < 80 GeV 35 < m < 80 GeV
CR-B (CICI-LM) CR - C (CICI1-LM)
> 2 very loose Ts ==2 Medium > 1 tight 7s (OS)
10 < E%“’"ﬁ < 150 GeV 10 < E%“’"ﬁ < 150 GeV
15 < m < 35 GeV 15 < m < 35 GeV




Multi-jet background estimation

SR Sample CR-B CR-C VR-E CR-A T=0C/B Multi-jet Multi-jet
in VR-F in SR-D
Data 20564 1040 5128 08
SR- Z+jets 48897 £ 67.08 363.04 + 87.69 64.47 £ 23.53 4017 = .58
CICl Wels 92304 £ 66.74 195,16 + 33,82 40651 £ 3823 21.20 £ 5.22
-LM Multi-boson 20,90 + 2.00 3300 £ 2.16 J0.18 £ .85 .97 % 0.33 0.022 92.91 1.50
Top 32T x 306 36.00 £ 2.47 3545 £ 285 136  0.46 + 0.006 + 31.26 +0.47
Higos .92 £ 083 .15 £ 0.80 .07 £ 0.35 0.02 £ 0.01
Multi-jet 1006613 £ 17183 412.63 = JOS.89 STO0.32 + 88.06 6925 + 11.36
Ref_ point (300, 150) 26,77 £ 2.32 26.94 £ 2.37 36.16 + 271 1064 £ 1.2
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Multi-jet background estimation: correlation plot

red/blue
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Multi-jet background estimation: kinematic distribution

in VR-F

Multi-jet events are
transfered from VR-E.
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W-jets background estimation

Use W-CR to normalize W+jets, and validate by W-VR

W-CR W-VR

pass TrigHLT mu20_iloose_ L1IMUI15 (2015) and HLT_mu26_ivarmedium (2016-2018)
== | medium tau and 1 isolated muon (OS)
b-veto
Top-tagged events veto
pr+ > 50 GeV, pr, > 40 GeV
mt(u) < 140 GeV
ET' > 60 GeV

40 < mpa (7, 1) < 70 GeV mro (7, 1) > 70 GeV




Irreducible background estimation

Only validate these bkgs

Top-VRI ‘ Top-VR2

Z-VR1 | Z-VR2

M B-VRI1 M B-VR2

at least one b-jet
MT,z, + MT, 1, > 150 GeV
m(ty, 7) > 120 Gev
Ad(71,72) > 1.0
mT2 > 40 GeV ‘ mt2 > 30 GeV

T — 7 channel
> 2 medium taus (OS), > 1 tight tau

b-jet veto

m(t,72) <70GeV | m(7y, 13) <60 GeV
AR(71,72) <1

mT2 < 60 GeV

mr,z, + MT, 7, > 180 GeV
m(ty, 7) < 80 GeV | m(ty, 72) <90 GeV
AR(T1,72) < 1.2
Ad(tl,72) < 1.0
mT2 > 60 GeV

asymmetric di-tau trigger | di-tau+E™" trigger
20 < E?’i"‘s < 150 GeV E_'r“is’i > 150 GeV

asymmetric di-tau trigger | di-tau+E™" trigger
40 < E_'[“is"" < 150 GeV E_’lz‘is"' > 150 GeV
lepton pt and E{Z‘““ are required at plateau

asymmetric di-tau trigger | di-tau+E3"™" trigger
70 < E’T“"-“-'* < 150 GeV E_F‘iss > 150 GeV

24



How to design

* How to design VR

 orthogonal,

» close to signal region,

 the number of bkg to be validated should be large.
* How to design CR

« 2 uncorrelated arguments for ABCD method,

 orthogonal,

» small signal contamination,

* large statistics(loose cut),

* high purity for one type of background.
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THE END




