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Motivation
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Diboson
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o EWSB probe
at TeV scale

o Sensitive to
aTGCs/
aQGCs

o Polarization

v and especially
w=z:

Twtz

w-z

o NLO & NNLO
corrections
(1604.08576)

o
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Q9

w+ q

q
q
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v
\/; Lo :ph] ONLO [PI)] ONNLO [th] onLo/0Lo | oxNLO/ONLO
7 | 11.354(1) *05% | 18.500(1) *33% | 19.973(13) F1TE | +62.9% |+ 8.0%
8 | 13.654(1) T53% | 22.750(2) T35 | 24.690(16) T} +66.6% + 85%
13 | 25.517(2) 46.068(3) *A9% | 51.11(3) +80.5% +10.9%
14 | 27.933(2) 17 | 51.038(3) F30% | 56.85(3) +82.7% +11.4%

Table 1:

Total on-shell W*Z cross sections at LO, NLO and NNLO for relevant collider ener

the last two columns contain the relative corrections at NLO and NNLO, respectively.
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m /llv signature
3 sets of lepton selection cuts:
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o Z-type: pt > 15 GeV, better
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o W-type: pr > 20 GeV, tighter
quality criteria and stricter
isolation
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W=Z Inclusive Event Selection

Event Cleaning  Reject LA, Tile and SCT corrupted / incomplete events

Hard scattering vertex with Nyacs > 2
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P > 27 GeV

Leading pr (25 GeV for data / MC from 2015)
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Event Selection

m /llv signature

3 sets of lepton selection cuts:

o Baseline: pt > 5 GeV, basic
quality & isolation, overlap

removal with other leptons etc.

o Z-type: pt > 15 GeV, better
quality & isolation, OLR with
selected jets etc.

o W-type: pr > 20 GeV, tighter
quality criteria and stricter
isolation

m Reconstruct resonant Z
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W=Z Inclusive Event Selection

Event Cleaning

Reject LAr, Tile and SCT corrupted / incomplete events

Trigger and Vertex

Hard scattering vertex with Nyacs > 2
Event must fire e/p HLT

ZZ veto

< 4 Baseline-Selection Leptons

llv signature

Exactly 3 leptons passing Z lepton selection

Leading pr

P > 27 GeV
(25 GeV for data / MC from 2015)

Z-decay leptons

Pair of SFOC leptons passing Z selection

Z Mass Window

My — Mz| < 10 GeV

W# lepton

Remaining lepton passes W= selection

W= Transverse Mass

m¥ > 30 GeV
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Selection
(o] Jelee)

Backgrounds

m Distinguish depending on final state (FS) leptons:

Irreducible - > 3 prompt FS leptons

m itV
mtZ
m VWV
mZZ

Reducible - > 1 fake FS lepton

Heavy / Light flavour jets mis-identified as leptons

Leptons (electrons) from photon conversion
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Backgrounds

m Distinguish depending on final state (FS) leptons:

Irreducible - > 3 prompt FS leptons

m itV
m iz
=V
mZZ
Reducible - > 1 fake FS lepton
q i q I+ a v
tt 9 b Zijets 9 = zy 4 I~
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Matrix Method for Background Estimation

— The Matrix Method (MM) is a way to estimate the contribution of background
processes to the SR without relying on Monte Carlo simulation.

— Background processes may not be accurately modeled by existing software
o MM is a data-driven method to estimate such backgrounds
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Matrix Method for Background Estimation

— The Matrix Method (MM) is a way to estimate the contribution of background
processes to the SR without relying on Monte Carlo simulation.
— Background processes may not be accurately modeled by existing software
o MM is a data-driven method to estimate such backgrounds

Toy single Bkg. Case

o Assuming SR selection C, o Create selection D targeting B:
expect: v (C) events in total
vsel (C) = ecvs + €c,BvB
o Substitute the selection vsel (D) = epvs + €p,prs
efficiency

o Solve for vg by inverting the
v (C) = ecvs + €c.pvB efficiency matrix

v = e_1use|
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Matrix Method for Background Estimation

— The Matrix Method (MM) is a way to estimate the contribution of background
processes to the SR without relying on Monte Carlo simulation.

— Background processes may not be accurately modeled by existing software
o MM is a data-driven method to estimate such backgrounds

Toy single Bkg. Case

o Assuming SR selection C, o Create selection D targeting B:
expect: v (C) events in total
vsel (C) = ecvs + €c,BvB
o Substitute the selection vsel (D) = epvs + €p,prs
efficiency

o Solve for vg by inverting the
v (C) = ecvs + €c.pvB efficiency matrix

v = e_1use|

m In W*Z production, any of the leptons assigned to the W or the Z can be a fake.
Notation: Nger denotes the number of events with a real lepton assigned to the
W and the trailing Z-lepton, while the leading Z-lepton is fake
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Matrix Method in W=*Z production

1. Loose SR: Loosen the

selection — enhance fakes

Electrons Muons
pr > 15 GeV pr > 15 GeV
In| <2.47 n<27
1(1.37 < [y] < 1.52) -
pass Loose LH ID Medium LH ID
0Bt /o(aBl) <5 | |dBL/o(dEL) < 3 (if 5 < 2.5)
20 <0.5 20 <0.5 (if n < 2.5)
+ lisolation and/or lidentification =
Loose

m Loose lepton set disjoint
from tight (SR) selection set
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Matrix Method in W=*Z production

1. Loose SR: Loosen the

selection — enhance fakes

Electrons Muons 2. Express selection combinations
pr > 15 GeV pr > 15 GeV

In| <2.47 n<27 Nrrr €16263 €1€2f5 eihes hexes eihfy fels fikbes Nar
1(1.37 < |n| < 1.52) - Nrr €16283 er162fy e1h8s feBs ehfy fieofy fihes Nrre
pass Loose LH ID Medium LH ID Nrir e18&263 €18fy eihey h&xes ehfy figefy fihes Nerr
|aBt/o(dft) <5 | |aBt/o(df) < 3 (ifn < 2.5) Nir | =| @iezes Bieofs Bihes fieces &bl hefy fikes Negp

20 <0.5 20 <0.5 (if n < 2.5) xm €1828; e18fy eh8 [18:8 ehh féh fihés xw

f . H 3 7 i 816283 €163 E1h8s he8s Gihhy feels fihes IFrF
+ lisolation and/or lidentification = Ner oo, Bah Bie hee Bih ok fhe Neen

Loose

m Loose lepton set disjoint m Select real as fight — e

from tight (SR) selection set m Select fake as tight — f
m Select real as loose — e

m Select fake as loose — f
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Matrix Method in W=*Z production

1. Loose SR: Loosen the

selection — enhance fakes

Electrons Muons 2. Express selection combinations

pr > 15 GeV pr > 15 GeV
n| <2.47 n<27 Nrrr e1e265 e162fy e1he; fiexes eibfy fiexls fifes Nrgr
1(1.37 < |n| < 1.52) - Nrr €16283 er162fy e1h8s feBs ehfy fieofy fihes Nrre
pass Loose LH ID Medium LH ID Nrr e1&e3 e1&fy ehes fidses ehfy figoh fibes Naer
|aBt/o(dft) <5 | |aBt/o(df) < 3 (ifn < 2.5) Nir | =| @iezes Bieofs Bihes fieces &bl hefy fikes Negp
20 <0.5 20 <0.5 (if n < 2.5) xm ©18:8; €&y ek h&& ehlh héh hhé xnrr
T : li ot - i Bieo8y Br1e2fy B1hE feds Bihh heh fihés IFRF
+ lisolation and/or lidentification Ner oo, Bah bie hee Gif hafh fie ) \ Nem

Loose

m Loose lepton set disjoint m Select real as fight — e

from tight (SR) selection set m Select fake as tight — f
m Select real as loose — e

m Select fake as loose — f

3. Matrix Method N estimate equation

Niake = N2 Fz + NiE3Fz + Ng3Fiy — N4 FzFz — NS¢ FiyFz — N FwFz — NS3FwFz

1 Define Fake Factors Fz,y = £ = gt
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Matrix Method in W=*Z production

1. Loose SR: Loosen the

selection — enhance fakes

Electrons Muons 2. Express selection combinations

pr > 15 GeV pr > 15 GeV
n| <2.47 n<27 Nrrr e1e205 el ehes hexes ehly fieahy fikes Nesn
1(1.37 < ] < 1.52) - Nrr. ety eieh eihls heds ebh heh hbés | | N
pass Loose LH ID Medium LH ID N e1&e3 e1&fy ehes fidses ehfy figoh fibes Narr
|aBt/o(dft) <5 | |aBt/o(df) < 3 (ifn < 2.5) Nur | = | @iees @exfs @ihes fezes Bihh freehs fibes Nera
20 <05 20 <0.5 (if n < 2.5) xm €188y €8y eihd; B8 ehh héh ﬁ;zéa x,w
i i i ificati i 816283 €163 E1h8s he8s Gihhy feels fihes Fre
+ lisolation and/or lidentification = Ner F I Sl ¢ G B S A i

Loose

m Loose lepton set disjoint m Select real as tight — e

from tight (SR) selection set m Select fake as tight — f
m Select real as loose — e

Strategy m Select fake as loose — f
3 sources of reducible " . "
background — 3 FFs 3. Matrix Method N estimate equation

CR rich in non-prompt Naake = Ni&3 F7 + Ni%9 F7 1 Ni24 Fyy — Nie? Fz Fz — Njod Fiy Fz — Njgd FFz — NS Fi Fz
leptons — Fake Factor
- . : f
A value combining 3 FFs is 1 Define Fake Factors Fz,y = ; = &‘T
substituted in (3) to estimate
Nfake
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Selection
00000

Control Regions

m Z+jets: Create
Z-pair by selecting 2
likely prompt leptons
and a non-isolated
lepton

m ft: Select two likely
prompt leptons from
t — Wb, while
avoiding SFOC pairs.

m Z~ : Similar to Z+jets
CR, however use my
window below Mz
and an mj; cut.

loannis Karkanias (A.U.Th.)

> 2 Z-type leptons, same-flavour and opposite charge (e*e~ or "1 ™)
|my — m5Pe < 15| GeV
fake lepton is highest-pr Matrix Method lepton

fake electron fake muon
m¥ <30 GeV m{¥ < 30 GeV
Ef's¢ < 30 GeV -

my > 81 GeV

> 1 Z-type electron ez
> 1 Z-type muon iz
charge(yz) - charge(ez) < 0
remaining highest-pr Matrix Method lepton = fake lepton ¢,
lepton with different flavour than fake lepton passes W-lepton requirements: ¢y
charge(/m) - charge(fw) >0

> 2 Z-type muons, opposite charge (u*p™)
55 < my < 85 GeV
mg; < 105 GeV
fake lepton is highest-pr Matrix Method electron
m¥ < 30 GeV
ETiss < 30 GeV
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Fake Factors for tt / Z+jets / Z
FFoma = FFuo =

NT, Data — NT,RL&ND tt/Z+jets/Z~ — NT‘ Irr. MC NT, 1/ Z+iets/Z~ — NT,RL&ND ft/Z+jets/ Z~
N7, pata—N, T,RL&ND ft/Z+jets/Z~ — Nt 1. Mo N, T, tt/Z+ets/Z~ — N, T,RL&ND 1/ Z+jets/ Z~
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Matrix Method Application
[

Fake Factors for tt / Z+jets / Z

FFbata _ o data fake factors (I stat & | stat®syst)

N7, pata— N7 RL&ND 7/ Z-+jets /24 —NT, Im. mc — MC fake factors (! stat)
NiT, Data—Ni7 RL&ND £/ 2 tjets 2 —NiT, 1. mc
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Fake Factors for tt / Z+jets / Z

o data fake factors (I stat & | stat®syst)
— MC fake factors (' stat)
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Fake Factors for tt / Z+jets / Z

FFbata _ o data fake factors (I stat & | stat®syst)
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Matrix Method Application
[

Expected Composition of Loose SR

25000 ATLAS Work in Progress | Matni(:zmcd Regions «— Z+Jet3 fake background
— W .
contribution is dominant,

Vs =13Tev
— 7 4 jets MC

139fb~" 'S
i followed by tt

20000
1. MC & Signal
I Data (stat)
115000 MC (stat.)
]
>
o

0 LTT TLT TTL TLL LTL LLT
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Expected Composition of Loose SR

25000 ;?/Z'L;:ftvork in Progress | Matni(:zmcd Regions «— Z+Jet5 fake background
Ldt=1397" — 7 4 jts MC contribution is dominant,
20000 ZyMC —
followed by tt

e |rr. MC & Signal
I Data (stat)

115000 MC (stat.)
10000

5000

0 J Composition of Loose SR, per
LTT TLT TTL TLL LTL LLT Ieptonic channel

ATLAS Work in Progress | _Matrix Method Regions ATLAS Work in Progress | _Matrix Method Regions ATLAS Work in Progress | _Matrix Method Regions. ATLAS Work in Progress | _Matrix Method Regions.
5000 :;:":UM( 50005 =13Tev. : 'Z't‘:m( Vs =13Tev
4000 1.1 & Signal | 4000 11 MC & Signal | 6000
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I Data (stot)
HC (stat)

e (stat)
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Matrix Method Application
[

Composition-Weighted Average
o Utilize MC-based composition information

ATLAS Work in Progress | Matrix Method Regions

25000
s =13TeV w— i MC
f/Ldl=139 b —7 4 jots MC
2000p zy MC
s |17, MC & Signal
0 Data (stat)
£ 1500p MC (stat.)
]
>
e

1000p

500D

LTT )TLT TTL TLL LTL LLT
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Matrix Method Application
[

Composition-Weighted Average

o Utilize MC-based composition information
o in combining 3 Fake Factors

ATLAS Work in Progress | Matrix Method Regions

25000
s =13TeV

(T/La=130%-"
2000p

1500p

Events

1000p

500D
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w— i MC
— 7+ jets MC

Zy MC
|17, MC & Signal

I Data (stat.)
MC (stat.)

LTT JTLT TTL TLL

LTL LLT

Average Fake Factors with
Exp. Composition

Combined FF =
FFZ+jets X (% Z+ jets)

+FFz % (% Z7)

+FFgz x (% tf)
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Matrix Method Application
[

Composition-Weighted Average

o Utilize MC-based composition information

o in combining 3 Fake Factors
Average Fake Factors with
In th d Exp. Composition
n na:
- Combined FF =

— 1 combined FF per Loose FFzjets % (% Z + jets)
SR region +FFzy x (% Zv)

FFirr, FFrr ete. +FFg % (% ﬁ)

June 18, 2021 10/21
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Matrix Method Application
o

in|-Dependence

o Ideally: Fake Factors calculated in 2-D bins of pr —
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Matrix Method Application
o

in|-Dependence

o Ideally: Fake Factors calculated in 2-D bins of pr —
[J Alternatively: n-dependent correction on FF
Symmetric dependence: FF — F (|n]) x FF

T T T E
ATLAS s
Run2, p FF-fn|

£ T
241 |
£ ATLAS oo,
22 Run2, e FF-fn|
E —e— z+jots Wedata
2 4+ tiWedata
E o zsjets ze data
= 18 —« tiZedata
E E —4— Combined

Fake Factor
N
Ny
|

Fake Factor

—e— Z+jets Wy data
—a— Wy data

= 16
14 JR — E 1.4F
1.2 = 1.2F

o
©

'\“ T
|

o
o
o
N
N
o
I
o
o
N
L bo bl
o

Be== ] o $$

=
=
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Matrix Method Application
o

in|-Dependence

o Ideally: Fake Factors calculated in 2-D bins of pr —
[J Alternatively: n-dependent correction on FF
Symmetric dependence: FF — F (|n]) x FF

T T T T

2 24F E S 24 L3

s E ATLAS .o k< £ ATLAS ;i (3

vo22F Run2, p FF-n| 3 5220 Run2, e FF-f| |

] E —e— Z+jets Wy data k! ) —e— Z+jets We data 3
© 20— Wy data = < 2 — tiWeda

w E  —o— Ztjets Zy data E w 4

18F - fiZudata E 1.8 -

160 —4— Combined — E 1 El

E | : 1

1.4; —— = 1 v 3

12 E 1 3

= / ——— | : E

0.8F = E = fEE E

X o < A e —r —— 3

05 1 15 2 25 0.5 1 15 2 25

=
=

— Combined points from weighted average of data FFs of Z-+jets and tf, weights are the
respective statistical errors
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Matrix Method Application
o

in|-Dependence

o Ideally: Fake Factors calculated in 2-D bins of pr —
[J Alternatively: n-dependent correction on FF
Symmetric dependence: FF — F (|n]) x FF

T T T T

2 24F E S 24 L3

s E ATLAS .o k< £ ATLAS ;i (3

vo22F Run2, p FF-n| 3 5220 Run2, e FF-f| |

] E —e— Z+jets Wy data k! ) —e— Z+jets We data 3
© 20— Wy data = < 2 — tiWeda

w E  —o— Ztjets Zy data E w 4

18F - fiZudata E 1.8 -

160 —4— Combined — E 1 El

E B S| i ]

14 —_—— = 1 v 3

12 = 1 3

1 / —— | ? E

0.8 Sl 4 f 755 E

ooE e L, e —r —— 3

05 1 15 2 25 0.5 1 15 2 25

=
=

— Combined points from weighted average of data FFs of Z-+jets and tf, weights are the
respective statistical errors

— Fit combined points with y = ax? + bx + ¢
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Matrix Method Application
o

in|-Dependence

o Ideally: Fake Factors calculated in 2-D bins of pr —
[J Alternatively: n-dependent correction on FF
Symmetric dependence: FF — F (|n]) x FF

T T T T

2 24F E S 24 L3

s E ATLAS .o k< £ ATLAS ;i (3

vo22F Run2, p FF-n| 3 5220 Run2, e FF-f| |

] E —e— Z+jets Wy data k! ) —e— Z+jets We data 3
© 20— Wy data = < 2 — tiWeda

w E  —o— Ztjets Zy data E w 4

18F - fiZudata E 1.8 -

160 —4— Combined — E 1 El

E | : 1

1.4; —— = 1 v 3

12 E 1 3

= / ——— | : E

0.8F = E = fEE E

X o < A e —r —— 3

05 1 15 2 25 0.5 1 15 2 25

=
=

— Combined points from weighted average of data FFs of Z-+jets and tf, weights are the
respective statistical errors

— Fit combined points with y = ax? + bx + ¢
10 error band used to evaluate the systematic uncertainty of this correction
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Systematics

Source eee nee eyt T All
Relative uncertainties [%]
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Systematics

Statistical Uncertainties of the FFs
0.5% to 4%

Source eee nee eyt T All
Relative uncertainties [%]
Fw muon 0.00 2.95 0.00 4.36 0.55
Fz muon 0.00 0.00 0.32 2.31 0.31
Fu electron 3.18 0.00 5.29 0.00 3.56
Fz electron 275 3.46 0.00 0.00 1.27
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Matrix Method Application
o

Systematics

Statistical Uncertainties of the FFs
0.5% to 4%

15% cross-section uncertainty in
Irreducible Subtraction
in CR and SR
17% ( 35% in pupup)

loannis Karkanias (A.U.Th.)

eee ee eyt T All

Relative uncertainties [%]

000 295 000 436 055
0.00 000 032 231 0.31
3.18 0.00 5.29 0.00 3.56
275 346 000 0.00 127
1428 2632 17.40 3561 17.43
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Systematics

Statistical Uncertainties of the FFs
0.5% to 4%

15% cross-section uncertainty in Breakdown

Irreducible Subtraction Source —eee ee oy AT
. Relative uncertainties [%]

in CR and SR Fy muon 000 295 000 436 055

. F muon 000 000 032 231 031

17% ( 35% in pupup) Fi electron 318 000 529 000 356

. . F; electron 275 346 000 000 127
Uncertainty from || correction: Irr. subtraction 1428 2632 1740 3561 1743
9% for electron fakes Correlated 7 correction (e) 9.70 8.14 9.89 0.00 8.87

Correlated 7 correction () 0.00 1.90 0.58 10.24 1:21
1% for muon fakes
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Matrix Method Application
o

Systematics

Statistical Uncertainties of the FFs
0.5% to 4%

15% cross-section uncertainty in Breakdown

Irreducible Subtraction Source o0 _uee _oui i Al
. Relative uncertainties [%]
in CR and SR Fy muon 000 295 000 436 055
. Fz muon 000 000 032 231 031
17% ( 35% in pupup) Fi electron 318 000 529 000 356
. . F electron 275 346 000 000 127
Uncertainty from |n| correction: Irr. subtraction 1428 2632 1740 3561 1743
0 Correlated 7 correction (e) 9.70 8.14 9.89 0.00 8.87
9 A’ for electron fakes Correlated 7 correction () 0.00 1.90 0.58 10.24 1.21
1% for muon fakes W. Average Stat. Uncertainty 6.7 12.89 529 13.97 6.48
. i . Total sys. 7885 3082 2138 3990 2099
Uncertainty assigned to Weighted Stat 288 548 178 166 152
Total 19.07 3130 2145 39.94 21.05
Average Absolute uncertainties
— Expected Composition: 6.5% Total 75049 3568 155.19 58.68 373.30
Vary expected reducible background v

yields by their statistical uncertainty
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Multivariate per-event Weighted Average

o ldea: Utilize data-driven composition of Fake Background in W.A.
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Multivariate per-event Weighted Average

o ldea: Utilize data-driven composition of Fake Background in W.A.
Neural networks were trained on tt, Z-+jets, Z~ events in the Loose SR

Input Variables
o8 (high level)
06 O Neural Network
O
| — —
0.2
-0.0 O
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Matrix Method Application
[ 18

Multivariate per-event Weighted Average

o ldea: Utilize data-driven composition of Fake Background in W.A.
Neural networks were trained on tt, Z-+jets, Z~ events in the Loose SR
Each data and Irr. Bkg. (MC) event receives a score from the trained

classifier

Input Variables
Los (high level)
Neural Network

—ll ||| —

0.6

0.4

0.2

0.0

O0—0O0
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Matrix Method Application
[ 18

Multivariate per-event Weighted Average

o ldea: Utilize data-driven composition of Fake Background in W.A.
Neural networks were trained on tt, Z-+jets, Z~ events in the Loose SR
Each data and Irr. Bkg. (MC) event receives a score from the trained

classifier
Use scores as weights in the weighted average of FFs

Average Fake Factors with

NN Score

Combined FF =

FFzjets x (Z + jets NN score)
+FFz., x (Z~ NN score)
+FFg x (tf NN score)
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Multivariate per-event Weighted Average

o ldea: Utilize data-driven composition of Fake Background in W.A.

Neural networks were trained on tt, Z-+jets, Z~ events in the Loose SR
Each data and Irr. Bkg. (MC) event receives a score from the trained
classifier

Use scores as weights in the weighted average of FFs

ATLAS Work in Progress | MM C with NN

15000 aress | '
Vs=13Tev (i NN ScorexWeight
[Ldt=139f"" w7+ jets NN ScorexWeight

‘0000 Zy NN ScorexWeight

1. MC & Signal

.5000 I Data (stat.)

.0000

o The per-event NN score triplet can be used to
provide a data-driven Reducible Background
composition.

5000

0

LTT TLT TTL TLL LTL LLT
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Matrix Method Application
oe

Performance of trained Classifiers

Train-Test Nevents (80 — 20)

NN Architecture

Z+jets Z’y ﬁ Num. Layers Nodes Drop-out Batch Size
2 256 40% 1024
Train 41766 2988 47756

Test 10442 747 11939
Val. 13052 934 14924

loannis Karkanias (A.U.Th.)
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Matrix Method Application
oe

Performance of trained Classifiers

Train-Test Neyents (80 — 20) NN Architecture J

H i Num. Layers Nodes Drop-out Batch Size
ZAjets  Zy tt 2 256 40% 1024

Train 41766 2988 47756
Test 10442 747 11939
Val. 13052 934 14924

Train-Test set ,
performance : ) )

o Train-test distributions indicate smooth learning

o Z+jets train-test curves flatter than tt / Z~

Z+jets mis-classification as Z+ leads to larger estimates, due to large Z~
FF values contributing through the Z~ score
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Results
®0

Results - Using Expected Composition

<+ Comparison of distribution of

Exp. Composition FF Weighted Average Yz — yiw| and prz with

Expected Reducible MC,
T S - O ey et ATLAS W scaled with MC Scale
é 400 Matrix Method Run2 All, Exp. Comp.”| .% 800 Matrix Method Run2 All, Exp. Comp.~| Factors
Reducible MC Run2 All Reducible MC Run2 All
3°°1|111‘ ‘ ] . | 1 Shown are MM stat. errors,
2007 | ‘1’1'1 . : 400 |‘ ] MM total errors and
[N}
100F My, B 2001 B
T, L»H
0‘5 ‘1 15 é 2‘5 1(';”35 4 45 kS 200 400 600 8001000‘12001400160018002 0
3 I | g
i 1.5F 5 15
S Ttbpatdy it hita s M | :
=0 5? T tn\y |m=..m’ = o H* J i
azZylw pTZ
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Results - Using Expected Composition

<+ Comparison of distribution of

Exp. Composition FF Weighted Average Yz — yiw| and prz with

Expected Reducible MC,
P — — = 1000 T — '
N et frassomt aTiasonnroses T oo [uamssop aTLAs Wk scaled with MC Scale
3 400 Matrix Method Run2 All, Exp. Comp.”| :>j 800~ Matrix Method Run2 All, Exp. Comp.”]| Facto rs
Reducible MC Run2 All | Reducible MC Run2 All
300 | 600 —
j|11 L | Shown are MM stat. errors,
1
i sl | 4
200 [ m, 400 |‘ MM total errors and
[N}
100f- My, B 20014 9
T L
e " 5
0‘5 1 15 2 25 3 35 4 45 kS 200 400 600 800 100012001400160018002000
g I g
s 1.5 + * * o 1.5
z tppbbppbty i - z iy .
0.5frfer - 0.5 +
it only | totaarror - St only | totaerror - ~L Break—down Of the result,
azyl p ..
) localizing to each lepton
channel.
Source cee 166 e S Al
Nirr - Fw 4783+ 11.0+-108.9 238+0.6+267 683.5+ 128+ 153.2 443+08+438 1230.0 + 16.9 +321.1
Nnr - Fz 87.74+131+36.1 52+22+55 78+06+£17 124+£07+111 1131 +£133+435
N Fz 2825+ 14.7 + 56.0 876+58+159 343+13+45 908 +22+ 141 4953 +16.0 + 75.2
—2L Terms —-59.3+28+20.1 —27+02+17 —22+01+08 —06+00+04 —648+28+225
_ Matrix Method result 789.24 2272+ 148.77 113.99 £6.25+35.13 72353 +12.87 £ 15466 146.92+2.44 +58.62 1773.68 +26.96 + 372.33
(ft + Z+jets + Z7) MC x SF 565.80 + 25.70 198.00 + 6.60 695.50 + 31.60 270.60 + 9.20 1730.00 + 42.30

loannis Karkanias (A.U.T
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Results
oe

Comparison of results - Expected Comp. FF vs NN Score FF

Exp. Composition FF NN Score FF Weighted
Weighted Average Average

I S I S
b =13 TeV jmum 5" ATLAS Work nProgress b =13 TeV J‘menr/ b ATLAS Work nProgress
i’ 400~ Matrix Method Run2 All, Exp. Comp. ] Q": 400" Matrix Method Run2 All, NN bl
Reducible MC Run2 All | Reducible MC Run2 All
3001 B 300f3 —LI B
L !
200 ] \ | B 2000 ' |—|‘I . B
|1 | lr—u
100F I—L:L ) 3 100F ,'L;—L i
T ;11
ORI T s~ ce e LSO
05 1 15 2 25 3 35 4 45 [ B F- R B TR R TR i
g T g
o 151 + * o 151 { *
3 e z iy i ]
=osp e i =osp o i
stat only | tatalsror stat only | tatalsror
azZylw azZylw
4 4

m NNscore combined FF is in general larger <+ contribution from large Zv FF
values

m Larger total errors with NN, despite no systematic from Expected Composition

Uncertainty due to limited Loose SR statistics < 1/>; (w; x FF;)2

m All-channel estimate still within error, per-channel discrepancies remain

loannis Karkanias (A.U.Th.) June 18, 2021 16/21



Summary
°

Summary

v Two methods for estimating the background of the W*Z — flI'vy,
analysis using the Matrix Method

o Fake Factors are defined for 3 CRs and their combination is
substituted in the Matrix Method equation for Loose SR events

o The Fake Factors are combined with a weighted average using:
either the Expected Composition of the Reducible Background
or a Multivariate Classifier's scores

v Future Investigation

o Investigation of Loose SR & CR selection leading to small fake-u
rates for Z+jets and large Data and MC fake-e rates for Z~

o Damping of the Z~ FF contribution in the NN score Matrix Method

loannis Karkanias (A.U.Th.) June 18, 2021 17/21



W=Z Inclusive Object Selection

Electron object selection Muon object selection
Selection | Baseline selection | Z selection | W selection ~_Selection Baseline selection | Z selection | W selection
pr>5GeV v v v pr>5 GeV v v v
Electron object quality v v v L’/‘ < 2q7uah\y j j j
custer| - - oose
Toosevatayer onifation 7 7 ’ B rieB)] <3 forl <25 ant / ‘ ‘
;;’fe ot "‘yeg AZEsin6] < 0.5 mm (for 5] < 2.5 only) v v v
105" /o(d5)] < v v v PflouLoose_FixedRad isolation v v v
|aZ5tsin 6| < 0.5 mm v v v
FCLoose isolation v v v p-jet Overlap Removal v v
&0~ and e-to-e overlap removal v v v Pr>15GeV v v
0 <25 v v
e-to-jets overlap removal v v Medium quality v v
> 15 GeV v v
pr > 20 GeV v
Exclude 1.37 ;_\,,‘ tor| < 1.52 v v Tight quality v
MediumLH identification v v PflouTight_FixedRad isolation v
HighPtCaloOnly isolation v v
pr > 20 GeV v Jet object selection
TightLH identification v -
FCTignt isolation v | Selection
Unambiguous author v
DFCommonAddAmbiguity < O v anti-kf AR =0.4 v
pr > 25 GeV v
JVT > 0.59 (for pr < 60 GeV & |n| < 2.4) v
AR (jet - baseline electron) > 0.2 v
AR (jet with < 3 tracks - baseline muon) > 0.4 v
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Comparison of Expected - Neural Net compositions

per channel
m Expected MC Compositions

ATLAS Work in Progress | _atx method regions ATLAS Work in Progress | _atx wethod Regions ATLAS Work in Progress | _ st Method Regions ATLAS Work in Progress | _ ot method Regions

— i HIC

=

fLot=139m"
1. M & Signal
1 Data (stot)

MC (stat) MC (stat.)

m Neural Network score-based Composition

ATLAS Work in Progress | compostion wth ATLAS Work in Progress | i compositon with W ATLAS Work in Progress | 1 ompositon win Wy ATLAS Work in Progress | i Compositon with Wy

NN ScorexWeight
7 4ot NN ScorexWeight
2y NN ScorexWeight
1. MC & Signal
B Data (stot)

30001t S | 3000 s
4000 — |17, MC & Signal 4000 — 7. MC & Signal
0 Data (stat.) §  Data (stat)

Chanmet emm Channet: mmm

LT TLT TTL TLL LTL

loannis Karkanias (A.U.Th.
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Comparison of Expected - Neural Net compositions
per channel

m Results of MC closure with Exp. Comp. Weighted Average of
FFs

Source ee jiee i i Al
Nirr - Fw 478.3+11.0+108.9 238+0.6+26.7 6835+ 128 +153.2 443+0.8+438 1230.0 £ 16.9 +321.1
Nnr-Fz 87.7+131+36.1 52+22+55 78+06+17 124+07+ 111 1131 +13.3+435
N~ Fz 282.5+14.7 +56.0 876+58+159 343+13+45 90.8+22+14.1 4953 +16.0 +£75.2
—2L Terms ~59.3+2.8+20.1 —27+02+17 ~-22+01+08 ~06+00+04 ~64.8+28+225
Matrix Method result 789.24 £22.72+148.77 113.99+6.25+3513 72353+ 12.87 + 154.66 146.92+2.44+5862 1773.68+26.96 +372.33
(tt + Z-+jets + Z7) MG x SF 565.80 + 25.70 198.00 + 6.60 695.50 = 31.60 270.60 +9.20 1730.00 + 42.30

m Results of MC closure with NN-score Weighted Average of FFs

Source cee jiee S T AT
Nerr - Fw 5823+ 14911237 209:05=138 S8 717421717 3971071272 4616+ 22.9 £ 3120
Nnr-Fz 160.9+£31.2:87.9 —1.7+247+566 74+05+18 12.0+0.7 36 178.7 £39.8+ 130.9
Nrm-Fz 498.4 +42.3+108.0 215.6+35.6+91.8 3251244 858+2.1+12.1 832.2+55.3+201.3
—2L Terms -284.6+324+1128  -34.1+227+284 —20+0.1+06 ~0.6+0.0+0.4 -321.3+39.6 +137.7
Malrix Method result 957.05 % 6349 = 187.37 20067 £ 48.80 = 138.76 85668 = 17.47 = 17293 137.00 £ 2.35+ 30.78 2151.30 = 82.05 = 454.55
(£ + Z+jets + Z-) MC x SF 565.80 = 25.70 198.00 -+ 6.60 695.50 -+ 31.60 270.60 + 9.20 1730.00  42.30
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Backup
0000

MC Closure Distributions - |yz — yw|

2 700
e =13 TeV JLA//’IJ’JN)I ATLAS WorkIn
£ s00F Progress |
2 —— MM Closure Run2 All, Exp. Comp.
W s00F E|
Reducible MC Run2 All
400F E

B Comparison of distribution of
|yz — yiw| and Expected Reducible
MC, scaled with MC Scale Factors.

m Per MC event, the weighted average
of the 3 MC-derived FFs (weights
being the Exp. MC composition) are

8157 i } * *» used.
s it Ho“,“n.‘ '
=, 4
ooy | poord ] m Shown are MM stat. errors, MM
total errors and

il Jua-tsom arias wen 3 g et rer [Laresso’ arias Yk Ecrsnt s Atias L E [ Jua-ts" arias q
@ a4 Reducible MC Run2 mee 3 Reducible MC Run2 emm 1 2 Reducible MC Runz mmm

E NN 1 “Hpr 1

| ol | FH”}:}\ \ 4 zoﬁ“h:l

My,
0‘5 1 15 2 25 3 3‘5 0‘5 1 15 2 25 3 35 4 45

g 4 &t | ] St 1
= = = 1
5 Sttt ) %“”"',!,!n¢ﬁ,.a.,4.|, ]

loannis Karkanias (A.U.Th.)
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Backup
0000

MC Closure Distributions - |yz — yw|

00T

T
=13 TeV _[m:/wny‘ ATLAS WorkIn ]
E Progress 3

Comparison of distribution of
|yz — yiw| and Expected Reducible
MC, scaled with MC Scale Factors.

Events (All)
@
2
8

—— MM Closure Run2 All, Exp. Comp.
Reducible MC Run2 All E

m Per MC event, the weighted average
of the 3 MC-derived FFs (weights
being the Exp. MC composition) are
used.

_ ]
5]

140++,’o~¢..1", {
5]

ot oty | ot oot ™

Shown are MM stat. errors, MM
azylw

total errors and

m Results of MC closure with Exp. Comp. Weighted Average of FFs

Source eee e e [ Al

Nirr - Fw 4614 +65+49.7 349+05+435 627.0+7.0+55.6 67.0+£0.7+499 1190.2+9.6 £ 191.6
Nnr - Fz 1771 +£12.0 + 54.0 92+04+04 6.6+02+09 11.04+03+18.3 203.9+12.0+57.3
Nrr - Fz 384.3+94+873 86.2+1.6+24 375+05+09 100.0+1.2+15 607.9 + 9.6 + 89.6
—2L Terms -654+19+94 -28+01+£02 -24+01£07 -05+00+04 -71.2+19+98
Matrix Method result 957.32 £ 16.67 £ 11272 127.53 +1.70 £ 43.57 668.56 +7.04 + 55.58 177.45+1.45+53.19 1930.86 + 18.23 + 225.69
(1T + Z+jets + Zv) MC x SF 565.80 + 25.70 198.00 £ 6.60 695.50 + 31.60 270.60 + 9.20 1730.00 -+ 42.30
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Backup
000

Systematics of MM with NN

Breakdown (NN) Breakdown (Exp. Comp.)

Source uee  euu AT Source eee  pee  _ewn  jum All
Relative uncertainties [%] Refafive uncertainties [%]
Fy muon 0.00 11z 000 354 033 Fw muon 000 295 000 436 055
FFz Tuon 0.00 0.00 023 232 024 Fz muon 0.00 0.00 032 231 0.31
w electron 5.30 0.00 14.63 0.00 8.18 Fy electron 3.18 0.00 5.29 0.00 3.56
Fz electron 1.03 9.96 0.00 0.00 1.19 Fg electron 2.75 3.46 0.00 0.00 1.27

Corelated Ir. subtraction (GR) ~ 326~ 692 7.6 2671 673 Correlated Irr. subtraction 1428 2632 1740 3561 17.43

Irr. sublraction (SF) 1705 6745 559 246 1626 Correlated 7 correction (¢) 970 814  9.89 000  8.87
Correlated n correction (e) 728 910 1039 000 822
Correlated n correction (1)~ 0.00  1.90 058  10.24  1.21
Correlated n correction (1) 000 089 046 1028 092 ;
W. Average Stat. Uncertaty 000 000 000 000 000 W. Average Stat. Uncertainty  6.27  12.89 529 13.97 _ 6.48
Total sys. 7958 6915 2019 _29.04 _21.13 T°f;';¥3- 128é835 3504852 211 ;ee 3196960 2‘015929
Stat 663 2436 204 172 381 - -
Total 2067 7331 2029 2509 2147 Total 1907 3130 2145 3994 21.05
Absolute uncertainties Absolute uncertainties
Total 197.84 14712 173.81 39.85 461.90 Total 15049 3568 15519 58.68 373.30
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