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Overview

Increasing Precision on Z+jets production — better understanding of QCD,
more precise modeling:

(.« Triple-differential measurement of Z/y*— |l cross section
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Triple-dift. ¢ of Z/y*—ll

~
» Access to axialvector- and vector couplings via decay kinem.
- Measurement of sin®0,,
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Triple-dift. ¢ of Z/y*—ll

~
» Access to axialvector- and vector couplings via decay kinem.
- Measurement of sin®0,,
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(myr/ -\/E')ei.ffff =X, | - Sensitivity to quark PDFs viam, andy,
- Sensitivity to quark vs gluon PDF through cos6*
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Triple-dift. ¢ of Z/y*—ll

» Access to axialvector- and vector couplings via decay kinem.
- Measurement of sin®0,,

¢ 9
d o Q-

ﬁ;(xl, 0)) (2. 0%) + (g © §)

df}f{[dy{(d Cos 6* 3”3{{5‘

Contains EW coupling Depends on cos®* « Sensitivity to quark PDFs viam and y,

constants ~ sin®6,, * Sensitivity to quark vs gluon PDF through cos6*

- Sensitivity to sin®6,, through forward-backward
asymmetry

— Observable:

dPo(cos & > 0) — d3o(cos & < 0)

d3o(cos & > 0) + d3o(cos & < 0)

AFB =

Measurement of o unfolded to Born level
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Triple-dift. ¢ of Z/y*—ll

» Access to axialvector- and vector couplings via decay kinem.
- Measurement of sin®0,,
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Contains EW coupling Depends on cos®* « Sensitivity to quark PDFs viam and y,

constants ~ sin“f,, * Sensitivity to quark vs gluon PDF through cos6*

- Sensitivity to sin®6,, through forward-backward
asymmetry

— Observable:

dPo(cos 0* > 0) = d3o(cos O < 0)

d3o(cos & > 0) + d3o(cos & < 0)

AFB =

Large PDF uncertainty in sin®6,, measurement

Measurement of ¢ unfolded to Born level @ 7 TeV
— now constrain PDFs in sinzeW measurement
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Signal & Backgrounds Estimation "%

Simple high-purity selection of dilepton Signal simulation:
events  NLO Powheg-Box + Pythia8 PS, CT10 PDF

- m,-dependent K-factor from NNLO pQCD

Three final states: - NLO EW corrections using G, scheme

« Two central muons

- Amplitude coefficient A reweighted in bins of y,
« Two central electrons

and p.(2)
« Central+forward electron
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Small |y,| and m near Z peak: higher purity, smaller asymmetry

Large |y,| and m, off Z peak: more background, stronger asymmetry
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Signal & B

> ‘IOg%'r T T T r%
& = ATLAS $0ata @z o S
N 10°-Vs=8TeV, 20.2fb" Olziy* — nu @l Fake lept. =
2 E Central rapidity u channel N Pred. unc. [llvy —np 3
.g 10"=1y |>1.0 [ Diboson [l Top quark —
5 E s =
10° E
10°E -
10* -
10° _
10°
.U' 1 1_| T | T T | T T T I T T | T T | T T T I
2 1.05+
a i seereetrmeatutety M S
— 095+
9 O 9 1 | 1 11 | 1 1 1 I 11 1 | 1 1
3 0 80 100 120
= 3000_"|" I I rrryrrTrrTrT T T T T T T T T T T
g - ATLAS % Data By —w ]
E‘ - {s=8TeV, 20.1 fb’ []Ziv" — ee P Fakelept. 7
S 2500 central rapidity e channel 3 Pred. unc. [llvy —e= —
w C 116 < m,, < 150 GeV [ Diboson [l Top quark
2000F- R
15001 —
1000 —
500
; ‘|U1 b ___ T = T T T T I T
_U . T T T T T T T T LI LI LI T T T T 1T LI T 1T 1]
8 105~ LR Py, g4t ]
& 09 5‘| @ﬁ\\t&\ﬁ*{\ﬁ\\ t\%t\ﬁiﬁtt\\t M\\\‘*&i\tﬁ‘ﬁe
{‘E l[:,g_| 11 I 11 | I 11 1 I 11 1 | 11 1 | 11 1 I 11 | I 11 1 I 11 1 I 11
a -1 08 06 04 02 0 02 04 06 08 1
cosf*
30.8.2018

Simulated backgrounds:
« Top quarks

 Diboson
s /-1TT
e W - |v

d%

ackgrounds Estimation ™"

All very small below 10%, a bit higher in some regions

Data-driven estimates of fake lepton ~ multijets

background:

« Fake muons, typically very small, up to ~5%

« Fake electrons, typically small, up to ~30-60% at

high |

Central e and u channel results consistent —

Combination of ¢‘s using x? minimization technique

PW, QCD@LHC
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Results & Systematics e T G T

o
. : :
Integrated over y, and cos6 Impact of systematics on g =g~y o varies
depending on m,:
%‘10?5"|"'|'.'_'|"'|"'|"'|"'|"E I
g Cenmalrapidiychamnel - § Data =3 - Off-Z peak: Background uncertainties, lepton
gE o NPrediction | reco/ID/isolation efficiency, MC signal statistics
* For central electrons & muons: total below
7 ~5% at low m and up to 10% at high m,
:  Impacts from unc. larger by factor 2-3 for
. | forward electrons
107 ATLAS E
F [s=8TeV, 20.21b" - « On Z peak: lepton momentum scale
v by b Py vy b by v by
L R I I I I I * For electrons total impact ~2-3%
= TM\W \\%\\\x\\\jl\\\\m .
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Slight underestimation covered by lumi & PDF systematics
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Results dmee dlyecl d cos 6
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Alternative sinzeleﬁ Measurement

ATLAS Preliminary

0.23152 £ 0.00016
0.23221+ 0.00029
0.23098 + 0.00026
0.23148 + 0.00033
0.23142 £ 0.00106
0.23101 £ 0.00053
0.23080 = 0.00120
0.23119 £ 0.00049
0.237166 + 0.00043

0.23140 + 0.00036

LEP-1 and SLD: Z-pole -
LEP-1 and SLD: A% e |
SLD: A, B —— N
Tevatron B . -
LHCb: 7+8 TeV B . N
CMS: 8 TeV B — o N
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- sin’0'_ measured from angular coefficients in

DY -l (see J. Crane’s talk)

- Used sin“0' .= 0.23148 to evaluate modeling of A__

— compatibility

- Possible sensitivity gain by combining A_, and A,

measurements
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https://indico.cern.ch/event/662485/contributions/3059853/
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— Z/y? —

qr qr.

o

Tau polarization in Z—7TT events

PW, QCD@LHC
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Events / 0.125

Events / 0.125
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Tau polarization in Z—1T events

T,Tha ChANNEL left-handed  ATLAS Simulation |
s=8TeV, 202" -

Oan ..

@ —hv
—=h v

Other 1, _,

T

IIII|IIII|IIII|IIII|IIII
- ATLAS Simulation 1,7, channel, right-handed

N LR
B r—htv
—=hly

Other 1,_,

Axialvector- and vector couplings cause asymmetry of
average t,_, polarization P_in Z boson decays

Affects 1 - v decay kinematics

Observable: Ers — i plrack
o EThaﬂ-vis o EThad-vis
T T

Most precise O(1%) measurements of P_from LEP

This analysis:

Can measure P_in range of Z peak incl. non-Z
contributions

Pioneer new experimental techniques (t pol. in H - 1,
Higgs CP, background suppression using W)

PW, QCD@LHC 13



Selection & Backgrounds 74
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Selection & Backgrounds 74
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30.8.2018

W+jets estimate:
« Shape from data in control region (CR) — inv. m_and XA¢ cuts

« Small O(%) shape correction from MC for CR-to-SR transfer
« Normalization from simulation

= Multijets estimate:
« Shape from same-sign (SS) events

« Normalization transfer SS to OS from events with inverted lepton
isolation

5

PW, QCD@LHC 15



Systematic Uncertainties 74

Dominant uncertainties on shape Source of uncertainty o p, in mass-selected region
Modelling of signal process +0.026

Theory Thad 1dentification +0.020

- Difference between Alpgen, Pythia8 and Powheg MC statistical +0.016
Signal sample splitting +0.015

— uncertainty in ¥ distr. and n acceptance

- TauSpinner sample splitting — vary QCD TES and TER £0.015
ters. sin6 Multijet estimate +0.013
parameters, o e PDE 0,007
W+jets shape +0.002

Experimental Other +0.008
« Mismodeling of t ID input variables propagated to ¢ Total systematic uncertainty +0.040
Statistical uncertainty +0.015

« T energy scale and resolution split into EM and
hadr. contributions: measured in-situ

30.8.2018 PW, QCD@LHC 16



Events / 0.125
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Result 74

Binned fit in signal and SS regions
Fractional contributions from left- and right-handed Z - 11
templates - P_

Channel P: in mass-selected region
Te—Thad —0.20 £ 0.02 (stat) £ 0.05 (syst)
T;—Thad —0.13 £0.02 (stat) £ 0.05 (syst)

Combination —0.14 +0.02 (stat) £ 0.04 (syst)

- Agreement with SM prediction: -0.1517 + 0.0019

- Also measured: P_in fiducial region selected with truth

information — less model dependent
« Result compatible

PW, QCD@LHC 17
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EW Zjj cross section

PW, QCD@LHC
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EW Zjjj cross section

Motivation
« Sensitivity to inclusive ¢ of EW+QCD and of EW Zjj
« Sensitivity to triple gauge couplings

« Similar measurement of EW Zjj at sqrt(s) = 8 TeV
— first observation ' JHEP 04 (2014) 31

PW, QCD@LHC
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EW Zjjj cross section

Motivation
Sensitivity to inclusive ¢ of EW+QCD and of EW Zjj
Sensitivity to triple gauge couplings

Similar measurement of EW Zjj at sgrt(s) = 8 TeV
— first observation 'JHEP 04 (2014) 31

Measurement
Particle level fiducial o:

J f f
U_f B N obs N QCD-Zjj N, bke
EW — 7
L-Cgy
N
with ¢/ = —% - 0.6-0.8 (Zjj MC)

7

particle

Also published (not shown):
Inclusive EW+QCD Zjj cross section

30.8.2018 PW, QCD@LHC



EW Zjjj cross section

Motivation
« Sensitivity to inclusive ¢ of EW+QCD and of EW Zjj
« Sensitivity to triple gauge couplings

« Similar measurement of EW Zjj at sqrt(s) = 8 TeV
— first observation 'JHEP 04 (2014) 31

Measurement Selection & Categorization
Particle level fiducial o: - Select dilepton evts in Z peak + 2 jets — mostly QCD Zjj
NS — NS N - 2 categories in phase space near EW Zj;.
f " obs QCD-Zjj bkg )
Tpw = 7 - Highm, >1TeV
L-Cgw .
- Large Jet p;
. N-_]]:l « 3 categories with varying EW/QCD fraction:
with ¢/ = —=<— ~ 0.6-0.8 (Zjj MC)

7

particle

« EW enriched: O jet with 1 between jets

« EW enriched and m, > 1 TeV

Also published (not shown):

° 1 - > : : .
Inclusive EW+QCD Zjj cross section QCD enriched: >1 jet with n between jets

30.8.2018 PW, QCD@LHC 21
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& L ATLAS v Data E
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|
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2 3L ATLAS + Dot 3
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|
T 3 BALPGEN +'MG5_aMC —¢-
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o 1 4
-
- 0

Signal & Backgrounds

1 1
1000 2000 3000 4000
Dijet invariant mass [GeV]

Signal EW Zjj simulation
NLO Powheg-Box + Pythia8 PS, CT10 PDF
(same as previous analysis)

Backgrounds
* QCD Zjj: Alpgen, MG5_aMC@NLO, Sherpa 2.2.1
» Other simulated: Dibosons, Top — both <5%
» Multijets & W+jets est’d data-driven:
- Templates vs. m, from inverted lepton ID/isolation

« Normalization from fit to m,

« Both contribute <0.3%

PW, QCD@LHC 23



Correction of m,
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. Extract correction factors vs. m, in QCD-enriched

region and apply to EW-enriched region

* Modeling of additional jet within n-interval of selected

jets — largest uncertainty on measurement

Events /| GeV
o

102

103k

I TTTTH

PW, QCD@LHC

ATLAS
{s=13TeV, 3.2 b’

Zjj EW-enriched region
¢+ Data
I EW-7Zjj (POWHEG)

I QCD-Zjj (ALPGEN)
Corrected
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Result

—@— Data (QCD+EW) 13 TeV SHERPA 2.2 (QCD-Zjj) + PowHEG (EW-Zjj)
—&— Data (EW only) 13 TeV MG5_aMC (QCD-Zjj) + PowHEG (EW-Zjj) Measurement
—— Data (QCD+EW)8 TeV  [E8388] ALPGEN (QCD-Zjj) + POWHEG (EW-Z]) _ . . T
—&— DataEWoniy)aTev NI Pownec-Pris (EWZ)) = * Fit both QCD Zjj and EW Zjj normalization in
PoOWHEG+PyTHIA (QCD+EW Zjj) . .
s) i i : : : : . EW-enriched region
— 1L T i i i i ] .
= 10" g, e | 5 5 5 = + Repeat measurement for each QCD Zjj MC,
: e i E i ] take average
10°F w0 g -
F i i He A :
102L ; | i | i Ze= | Uncertainties
E ATLAS | e ; e : e deling i :
5-13Tev, 32107 | i i i <7 + Jet modeling in QCD region
10pYs=8TeV. 20307 i i i “ 3 < EW Zjj signal modeling (scale, PDF)
Baseline High p_ EW-enriched QCD-enriched High n}ais EW-e1n_|}ic¢1ed J |
n'i|>1 e my=1 Te' °
© 150 i i T TN A et energy scale
8 SRR s A, |
‘Eﬁ 1 ATwle  © el 1 1 . | : E::“ 1
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Result

—@&— Data (QCD+EW) 13 TeV SHERPA 2.2 (QCD-Zjj) + PowHEG (EW-Zjj)
—&— Data (EW only) 13 TeV MG5_aMC (QCD-Zj) + POWHEG (EW-Zjj) Measurement
—— Data (QCD+EW)8 TeV  [E8388] ALPGEN (QCD-Zjj) + POWHEG (EW-Z]) _ . . T
—#— Data (EWony)sTev NN POWHEG-PYTHAS (EW-Zj) » Fit both QCD Zjj and EW Zjj normalization in
POWHEG+PyTHIAS (QCD+EW Zjj) . .
s) i i : : : : . EW-enriched region
— il T i i : : ] N
= 10" g, e | 5 5 5 = + Repeat measurement for each QCD Zjj MC,
: e i E i ] take average
1165 S S N e & S R
F i i He A :
102L ; | i | i Ze= | Uncertainties
E ATLAS ! | e ; e : s deling i :
5-13Tev, 32107 | i i i 21 + Jetmodeling in QCD region
10pYs=8TeV. 20307 i i i “ 3 < EW Zjj signal modeling (scale, PDF)
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n'i|>1 [ my=1 Te' °
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o
S
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« Results compa_tlble with pred_lctlons 3 E B ATLAS EW.Z ]
« Most constraining power of fit at m, 4 POWHEG EW-Zj m, > 250 GeV |
~ 900-1000 GeV 2 Bl POWHEG EW-Zjim > 1TeV
| ! ! ! ! | 1 ! ! ! |
g 10 15
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Summary

Various precision measurements in Z+jets

 Triple-differential cross section in Z -l
- Asymmetry behavior as predicted by SM, compatible with sin6'®__ measurement

« All distributions well modeled by Powheg+Pythia8 within PDF uncertainties

« Measurement of t polarization in Z - tt events

 Sensitive to New Physics contributions outside Z peak
* Led to development of novel techniques useful for other analyses
» Result compatible with SM prediction, ~10% precision

« EW Zjj cross section
- Sensitive to triple gauge couplings
« Mismodeling of m, corrected

* Result compatible with SM prediction, ~20% precision

PW, QCD@LHC
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Collins Soper Frame

arxiv:1101.0909 ]

lepton plane (cm)

+

Poic PPy — PiP>

> . 0
Mer T PT oy
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(m,, y,» COSB%):

Binning and some plots

Three analyses with diff. binning in

« Two central muons: Total 504

« Two central electrons: Total 504

« Central+forward electron: Total 150

« 12 bins within |y,| < 2.4 (muons) or |y,| < 3.6

(electrons)

« 7 bins within 46 <m, < 200 GeV

* 6 bins within -1 < cos6* < 1

— Central and forward leptons

30.8.2018
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Backgrounds

Data-driven estimates of fake lepton ~ multijets
background:

« Fake muons (typically very small, up to ~5%):
- Shape vs. cos6* and |yw| from inverted u isolation

« Fake electrons (typically small, up to ~30-60% at
high [n}):
« Multijet fraction from template fits to energy

isolation, shape template from inverted
identification

- In some regions: Template fits to E_ of forward
electron

30.8.2018 PW, QCD@LHC

30



o

Results & Systematics e T G T

Integrated over cos6* _ _ _
Impact of systematics varies depending on m:

T T T
0.25

3 il o i
CR e M e I + Below and above Z peak: Background
JE 02 s Prediction uncertainties, lepton reco/ID/isolation efficiency,
L E MC signal statistics
» For central electrons total below ~5% at low
N3 E m, and up to 10% at high m,
VO arLas 1 E « Similar values for muons, MC stats dominant
B Vs=8TeV, 20.2 fbr : o
R . - u inti W
s R T By factor 2-3 larger uncertainties for forward
S 1m _ \w&\%&% electrons
B 0951, 3
- ?2 ?‘* ??,ﬁ?,,],,?ﬁ,‘,;‘,ﬂ P, ,‘,?,,?l,?,f,‘?j « On Z peak: lepton momentum scale
& 0.014F- Central rapidity channel D -
R e P - For electrons total unc ~2-3%
1—_‘=0012:— ¥ Prediction = total 10/
&bﬁ_ B i r m n n -~ 0
9F ool E or muons total unc
i E Central e and u channel results consistent —
0.006— —] . . . .. . . .
. i Combination of ¢'s using ¥? minimization technique
0.004[— -
0.002f. ATLAS E
- (s=8TeV, 20.2 fb" ]
e - As expected y, distribution narrower at higher m,
T TR B B B - - Simulation slightly high in some high y, bins
I R L R M R R N A

1Y,
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Signal & Backgrounds Estimation "%

Simple high-purity selection of dilepton Signal simulation:
events  NLO Powheg-Box + Pythia8 PS, CT10 PDF

- m,-dependent K-factor from NNLO pQCD

Three final states: - NLO EW corrections using G, scheme

« Two central muons _ . . .
- Amplitude coefficient A reweighted in bins of y,
« Two central electrons

and p.(2)
« Central+forward electron
g 10000 TTT | TTTT | TTTT I TTTT | TTTT | TTTT I TTTT | TTTT I TTTT T T I: g 4GDD_I T T | T 11T I TTr 1T | T 1T T 1 I LU | LU I T T 17T | LI I_ l_- _I T I TTTT | TTTT I TTTT I TTTT | TTTT | TTTT I TTTT | TTTT T I_
2 go00F. ATLAS $0aa  Mzy—>w 3 = C ATLAS $ Data @zw' o 2 L ATLAS $Data [MZy o A
& {s=8TeV, 20.1 b’ 02— ee WFakelept. 3§ § 3500 {5-8TeV, 20.1 b (024" — ee [WFakelept. 212000 5 _ g Tev, 202 b 2" — m [l Fake lept.
E 8000F- Central rapidity e channel ~ N Pred.unc. llvy—ee 5 2 C  High rapidity e channel WPred unc. ly—=ee 1 B " Central rapidity u channel ~ 88 Pred.unc. [llyy —up ]
7000E- 16 < Mee < 66 GeV [Diboson  WTopquark 5 W 3000 g6 1 50 Gev [oiboson M Topguark = " 10000~ 46 . m,, < 66 GeV [EDiboson [l Top quark —
-t e o E C T - |
6000 =y 3 25001 - s000F- E
5000 —; zooof— —f C ]
1 s E RN E
3000 = - ] 4000F- 7
1000 = 500 = 2000
_ o D e
- & LI e e
aQ ‘|bg - 12§ LI L B I |$| TT T T [T T 1T TT 1] % 8 1 E)gf *I T T T T T T T T
& WQ\ Vk\ \*\\W % = TN Qiik .................... T I T o M et tonst s Al n et Lt
'(_U. O 5 L L I EE 0.8% 1 | L1l I L1 k_l L1 I L |§ |+‘ \1_ :'_U‘ 0,9‘[ 11 I 1111 | 111 1 I 1111 I 1111 | 111 1 | 1111 I 1111 | 11 11 | 11
a - T 3 5 T 0 1 = 2 15 1 05 0 05 1 15 2
O
y ee y " y.u.u

Small |y,| and m, near Z peak: higher purity, smallér asymmetry

Large |y,| and m, off Z peak: more background, stronger asymmetry
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Signal & B
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d%

ackgrounds Estimation ™"

Simulated backgrounds:
« Top quarks
« Diboson

s /-1TT
e W - |v

All very small below 10%, a bit higher in some regions

Data-driven estimates of fake lepton ~ multijets
background:

Fake muons (typically very small, up to ~5%):

- Shape vs. cos6* and |y | from inverted u isolation
i

Fake electrons (typically small, up to ~30-60% at
high [n}):
 Multijet fraction from template fits to energy

Isolation, shape template from inverted
identification

- In some regions: Template fits to E_ of forward
electron
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EW Zjj — Event Categories

pl:&l_‘a]ance — |i1i;l N ’ﬁ? N ﬁ%l i T{_|.1 .
e+ o]+ |pit |+ |
Fiducial region
Object Baseline High-mass High-pr EW-enriched EW-enriched, QCD-enriched
mj; > 1 TeV
Leptons Il <247, pr > 25 GeV, AR, > 0.4
Dilepton pait 81 < my < 101 GeV
— py > 20 GeV
lyl < 4.4
Jets pll > 55 GeV pll > 85 GeV pll > 55 GeV
pl2 > 45 GeV pl2 > 75 GeV pl2 > 45 GeV
Dijet system — m;; > 1 TeV — mj;>250GeV | m;; >1TeV m;; > 250 GeV
[nterval jets — Natom 2 Gevy = 0 Nt 05 cevy = |
Zjj system — phaae < (.15 praes 20,15

Table 1: Summary of the particle-level selection criteria defining the six fiducial regions (see text for details).
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Inclusive Zjj fiducial 6 measurement

Systematics on C. and background estimates: ~ Result:

- Jet energy scale & resolution ~4-12%

- m, distribution modelling < 5%

« Luminosity: 2%

« Generally larger uncertainties on theory

« Mostly agreement

« Some disagreement in EW-enriched regions due
to mismodeling of QCD Zjj

Fiducial region

Inclusive Zjj cross-sections [pb]

Prediction
Measured _ - - -
value + stat. + syst. = lumi. Suerpra (QCD-Zj7) | MG5_aMC (QCD-Zjj) | Avpcen (QCD-Zjj)
+Powuea (EW-Zjj) +Pownec (EW-Zjj) +Pownec (EW-Zjj)
Baseline 13.9 £ 0.1 + 1.1 + 0.3 135 £ 1.9 152 +2.2 11.7 = 1.7
High-pr 477 +0.05 =+ D.2|7 +0.10 47 + 0.8 5.5 +0.9 42 +0.7
EW-enriched 277 £0.04 +0.13 =0.06 2.7 £0.2 36 +0.3 24 +0.2
QCD-enriched 1.3 =0.02 +=0.17 =+=0.03 1.5 +04 1.4 +0.3 1.1 +0.3
High-mass 030 £0.01 =003 =0.01 0.46 =0.11 0.40 +0.09 0.27 £ 0.06
EW iched
ERHEREE 0118 = 0.008 = 0.006 = 0.002 | 0.156 = 0.019 0.185 +0.023 0.120 =+ 0.015
(mj; > 1TeV)
30.8.2018 PW, QCD@LHC
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Uncertainty from additional jets

Correction factor
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Results from other MCs

MC / Data MC / Data MC / Data

1.5F

—

_'|.

0.5
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Other systematics on EW Zjj measurement

Relative systematic uncertainty [%]

Source irg{,} 250 GeV ﬂ_g 1I;;;:r::-l TeV
EW-Zjj signal modelling (QCD scales, PDF and UEPS) +74 + 1.7
EW-Zjj template statistical uncertainty + (.5 + 0.04
' EW-Zjj contamination in QCD-enriched region -1 —02
QCD-Zjj modelling (m; shape constraint / third-jet veto) + 11 + 11
Stat. uncertainty in QCD control region constraint + 6.2 + 6.4
QCD-Zjj signal modelling (QCD scales. PDF and UEPS) +4.5 + 6.5
QCD-Zjj template statistical uncertainty + 2.5 + 3.5
- QCD-EW interference 13 +1.5
7t and single-top background modelling ~~ x1.0 +12
Diboson background modelling + 0.1 + 0.1
~Jetenergy resolution %23 1.1
Jet energy scale +5.3/4.1 +3.5/4.2
Lepton identification. momentum scale, trigger, pile-up +1.3/-2.5 +3.2/-1.5
Luminosity + 2.1 + 2.1
Total + 17 + 16

30.8.2018 PW, QCD@LHC



EW Zjj result

Fiducial region

EW-Zjj cross-sections [fb]

Measured PowHEG+PyTHIA
EW-enriched, m;; > 250 GeV | 119 £16 +20 +2 1252 £ 34
EW-enriched, m;; > 1 TeV 342 +58 +55 +£0.7 385 +1.5

30.8.2018 PW, QCD@LHC
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sin“0' _ from Z/y*—ll

» Access to axialvector- and vector couplings via decay kinem.

« Consistency test with lepton collider results and global EW fits:
precision ~O(103)

- Large PDF uncertainty in sin®0,, measurement @ 7 TeV

d 3 d U+L
7 = il {(l+00529)+...@,}’”,m1@"-}
dptl dytdmtCdcoso dg 167 dptl dyC dm

m', y!, p_": Dilepton mass, rapidity, p,

9: Decav anales « Decomposition at LO EW theory into harmonic
, y ang
(p," is reweighted to data and integrated out) polynomials: A, sensitive to sin?@'® __ —
measurement binned in coso
/ '__ffo-”_""""|""|""|""|""|""|_
/ : ATLAS Simulation Preliminary
f’f 01 {s=8TeV,Zk" (NLOQCD) ]
ff‘j / E 80 GeV =m' < 100 GeV ;
,’j 77777777 ] Y 0_09:— 4 Improved BornApproximation—:
j;‘f - P1 >, N Pg S Effective Born 7
o — / 0.08— Yaa ' —
< o* C “ma -
1 0.07— “ua E‘ =
lepton plane (cm) o_osf— L Ama _f
arxiv:1101.0909 - b g
0.05

L1 1 | | I T | ' L1 1 | | L1 11 |I | I L1 1 | | 11 1 1 | 1
0.229 0.23 0.231 0.232 0.233 0.234 0.235
sinel
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$in“0'__ from Z/y*—ll

» Access to axialvector- and vector couplings via decay kinem.

« Consistency test with lepton collider results and global EW fits:
precision ~O(103)

- Large PDF uncertainty in sin®0,, measurement @ 7 TeV

do

'y

(1 +cos” ) + .. +A4(plTl,y”,m”)c056+ }

2 =02
m" Q
o i, . .
(myg/ \/})e—wf =X Decomppsmon at LQ !EW thepry into harmonic
polynomials: A, sensitive to sin?@'® __ —
%‘« 00dATLAS Prefminary | se-CTI0 measurement binned in cosO
= - 8TeV, 202 fb” —-=CT14 ] e :
< 0025 Y mwn_: - Sensitivity to quark PDFs viam, andy,
c C —_ 14 7
> 002 : — Constrain PDFs in-situ sin*g'** . measurement
§ :}_:}153
5 F
0.07F
:}_:}Dﬁf
D:

1 1 11 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 I 1 1 I_
70 a0 a0 100 110 120
m! [GeV]
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$in“0'__ from Z/y*—ll

-

» Access to axialvector- and vector couplings via decay kinem.

« Consistency test with lepton collider results and global EW fits:
precision ~O(103)

- Large PDF uncertainty in sin®0,, measurement @ 7 TeV

do 3 doV+t
dptl dy@ dm‘C dcos 6 dg 167 dptl dytt dm!!

{(l +cos”0) + ... +A,(ph,y",m")cos0+ }

Measurement of o unfolded to Born level

EW corrections are important
- Improved Born Approximation

« Decomposition at LO EW theory into harmonic
polynomials: A, sensitive to sin6*__ —

measurement binned in cos

- O;DOB_I LI L L I T 1T | T 17T I L | L I LI I_
< o . . L 7 e . .
<1 0.004f- ATLAS Simulation Preliminary . Sensitivity to quark PDFs viam, andy,
- Vs =8 TeV, Ziy* (NLO QCD) 3
0.002 . . . . .
e ] — Constrain PDFs in-situ smze'eF’eff measurement
oF----- A, T
E .'.' e ® .E
~0.002— N, o« ® ® "
C ® 90 ° ]
-0.004— -
—o.ooef— —f
-0.008~ --- 2, -0.23113, EWLO -
ool ® Si=022352, EW FF no boxes _I
C s, = 0.22352, EW FF with boxes 3
_[].D‘l _I L1 1 | L1 1 | | L1 1 1 I L1 1 | | | | I L1 1 | | L1 1 1 I L1 | I_
21" 80 90 100 110 120 130 140 150
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$in“0'__ from Z/y*—ll

» Access to axialvector- and vector couplings via decay kinem.

« Consistency test with lepton collider results and global EW fits:
precision ~O(103)

- Large PDF uncertainty in sin®0,, measurement @ 7 TeV

do 3 doV+t
dptl dy@ dm‘C dcos 6 dg 167 dptl dytt dm!!

{(l +cos’f) + .. +A,(py,y",m'") cos+ }

Constributions from Z, Z/y* interference « Decomposition at LO EW theory into harmonic

k- . - .
and *: polynomials: A, sensitive to sin?6*_ -
R e measurement binned in coso
. - ATLAS Slmulatlun F'rehmmarj,r ] e . ;
“E E-atev Le** Y - Sensitivity to quark PDFs viam, andy,
06— . .
C L .
" . E — Constrain PDFs in-situ sin?6"*?_ measurement
n2F e -
- F -
o Foo ol o T
o " =
DA —E
E_EE_ ® ® Ik* (NLOQCD) S
B ; -

-IIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIII
I VI R T K N KR LV
m' [GeV]
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Signal & Backgrounds Estimation

Simple high-purity selection of dilepton Signal simulation:
events  NLO Powheg-Box + Pythia8 PS, CT10 PDF
- m,-dependent K-factor from NNLO pQCD

Three final states: - NLO EW corrections using G, scheme

« Two central muons

- Amplitude coefficient A reweighted in bins of y,
« Two central electrons

and p.'
» Central+forward electron
X1DD x-loa
s U A N N B B B I B I A L LI G [ 7 ¥ I A A I I I I I L
= 120— ATLAS Preliminary —e=Dala =4 5 1a0f ATLAS Preliminary —e=Dal = . ATLAS Preliminary —e=Dala ]
u - 8Tev, 202107 ee 0z 1 o C 8TeV, 20217 uu 0z 1 @ - 8Tev. 20210 es [ ]
E 0 cc [ Top+EW i R - = ce I Top+EW 3 Sa000 Bl Top+EW 7
g - 80 =m<100GeV, 0<lyl<25 Il on-fiducial Z 4 2 - 80=m<100GeV.0<lyl<25 [ on-fiducial Z 1 = - 80<m<100GeV, 16<Iyl<36  gNonfiducial Z .
u C ' [ Multiet e i Muijet Juw C [ Muitet ]
80 E - 3 30000F -
: : BU__ —_ — -
60— . C - - ]
C ] 60— — 20000— ]
A ] ig:_ B E E
C ] I 3 10000~ —
20— ] 20— — - .
" . ~ v 0 Y ———
11 3 4 5 " it
E i o - ;&
u% 1.05E . O DE}E— Wﬁw
3 1 g 3 0 *11°
3 085 o 07F
09 0.6E g 4
1 -08 06 04 02 0 02 04 06 08 1
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Small |y,| and m near Z peak: higher purity, smaller asymmetry

Large |y,| and m, off Z peak: more background, stronger asymmetry
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Signal & B
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ackgrounds Estimation

Simulated backgrounds:
« Top quarks

 Diboson
s /-1TT
e W - |v

All very small below 10%, a bit higher in some regions

Data-driven estimates of fake lepton ~ multijets
background:

« Fake muons, typically very small, up to ~5%

« Fake electrons, typically small, up to ~30-60% at
high n|

Central e and u channel results consistent —
Combination of ¢‘s using x? minimization technique

PW, QCD@LHC
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Systematics

Channel eecc | Hicc | eecr | eecc +UpCC | eecc + HUCC +eecE
Central value 023148 | 0.23123 | 0.23166 0.23119 0.23140
Uncertainties

Total 68 59 43 49 36

Stat. 43 40 29 31 21

Syst. 43 44 32 38 29

Uncertainties in measurements

PDF (meas.) 8 0 7 6 4
pTZ modelling 0 0 1 0 5
Lepton scale 4 4 4 4 3
Lepton resolution 6 l 2 2 1
Lepton efficiency 11 3 3 2 4

Electron charge misidentification 2 0 | I <1
Muon sagitta bias 0 5 0 I 2
Backeround 1 2 ] 1 2
MC. stat. 25 22 18 16 12

Uncertainties in predictions
PDF (predictions) 37 35 22 33 A4
QCD scales 6 8 9 5 6
EW corrections 3 3 3 3 3
30.8.2018 PW, QCD@LHC
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 CF final state competitive with

combined CC final states

Dominant uncertainties:
« On A4 measurement:

Data & MC stat.

« On interpretation A, — sin?@'*__:

PDF
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- Results for A_,
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« MC datasets

Tau pol. in Ztautau

Sample Event generator PDF UE tune

(Z/y* — 1)+ jets  AvrpceN 2.14 [3] + PyTHIA6.427 [4] CTEQ6L1 [10] Perugia2011C [11]
(Z/y® — t7) + jets  PytHia 8.160 [19] CTEQ6L1 AU2 [20]
(Z/y® — 17) + jets  PowHEG r1556 [21-23] + PyTHia 8.160 CT10 [24] AUET?2 [28]
(Z/y" — 17) + jets  Avrpcen 2.14 + Herwic 6.5/Jimmy 4.3 [25, 26] CTEQG6LI1 Perugia2011C
Top pairs + jets PowHEG 12129 + PyTHIA 6.426 CT10 AUET2

(W — ev) + jets ALpPGEN 2.14 + PyTHIA 6.427 CTEQ6L1 Perugia2011C
(W — pv) + jets ALprGEN 2.14 + PyTHIA 6.427 CTEQ6L1 Perugia2011C
(W — 1v) + jets ALPGEN 2.14 + PyTHIA 6.427 CTEQeoLI1 Perugia2011C
(Z/y* — ee) + jets  Avrpcen 2.14 + PyTHIA 6.427 CTEQ6LI Perugia2011C
(Z/y® — pu) + jets  Arpcen 2.14 + PyTHIA 6.427 CTEQ6LI1 Perugia2011C

30.8.2018

PW, QCD@LHC

49



« Single measurements

ATLAS Preliminary
8 Tev, 20.2 b’

Results

in2Qlep
SIN“0*P_

Ber;

70 < m' < 80

70 =m' = 80

= 4 T T T T T T T T T
. =
generally compatible e ; \
between final states —=— CT14 ]
. ] —— NNPDF31 0
« One uu . bin slightly o MMRTIE
off compared to most : H H HH
sensitive ee__ bin T T e e
Result: sin6*?__ = 0.23140 + 0.00021 (stat.) + 0.00024 (PDF) £ 0.00016 (syst.)
ATLAS Preliminary
LEP-1 and SLD: Z-pole ' e 0.23152 + 0.00016
LEP-1and SLD: A% | e |0.23221+0.00029
_ _ _ SLD: A B —e—i | 023098 + 0.00026
« Consistency with previous Tevatron — 1 0.23148 + 0.00033
measurements — —
LHCDb: 7+8 TeV - 0.23142 £ 0.00106
* Does not confirm the ~3c deviation CMS: 8 TeV B - | 1 0.23101 + 0.00053
fromA_, ATLAS: 7 TeV - ° .| 0.23080 + 0.00120
ATLAS: e HUL B — a1 N 0.23119 + 0.00049
ATLAS: ee,, B 1o |023166+0.00043
ATLAS: 8 TeV B — | 0.23140 + 0.00036
0.23 0231 0.232
"
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