Electroweak Precision Measurements in ATLAS
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EXPERIMENT

This talk covers some of EW results reported in the following 3 publications:

1. Tau polarisation in Z boson decays at 8 TeV,
EPJC78 (2018) 163, arXiv:1709.03490

2. Triple-differential cross-section of Drell-Yan events at 8 TeV,
JHEP 12 (2017) 069, arXiv:1710.05167

3. W boson mass measurement at 7 TeV,
EPJC78 (2018) 110, arXiv:1701.07240
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Introduction

A The EW gauge sector of the SM is constrained by 3 precisely known
parameters:
» Fine-structure constant: 0=1/137.035999139 (31) —0.23 ppb (relative precision)

» Fermi coupling constant: Gg=1.1663787(6)x 107> GeV2—0.5ppm
» Z boson mass: mz=91.1876(21) GeV —23ppm

d At leading order, mw is expressed as

e’ . 9 myy

V2Grp' my

mi, sin® Oy =

d At higher-orders, dominant W and y self-energies contribution

modifies the relation to

TQ 1
\/§GF1—A7"(Oé,meZ,mt,mH,"')

miy, sin® Oy =
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Motivation

Plots from gFitter arXiv:1407.3792 mm Global EW fit
Bl Indirect determination
-&- Measurement
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Tau Polarisation in Z Boson Decays (1)

d Tau (1): the heaviest lepton in the SM
d Tau polarisation is a measure of parity violation & probes Lorentz structure
of the interactions
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Tau Polarisation in Z Boson Decays (2)
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Tau Polarisation in Z Boson

d Dominant background, multijet & W+ jets,

estimated with data-driven techniques:
» multijet with same-sign control region

» W+jets with dedicated W+jets control region
A Minor background estimated from simulation

d Template fit used to extract the polarisation
following ATLAS W->1tv analysis at 7 TeV
» Simultaneous fit to the signal and same-sign

control regions

4 Uncertainties include:
» Shape of the templates (signal shape being the
dominant source
» Acceptance, efficiency, i.e. hormalisation
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https://inspirehep.net/record/1112906

Tau Polarisation in Z Boson Decoys (4)
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-0.3 -0.2 -0.1 0 0 -0.4 -0.3 -0.2
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Channel P, in mass-selected region P, in fiducial region

Te—Thad —0.20 £0.02 (stat) £ 0.05 (syst) —0.33+£0.03 (stat) £+ 0.05 (syst)

Ty ~Thad —0.13+0.02 (stat) £ 0.05 (syst) —0.26 +0.02 (stat) =+ 0.05 (syst)
Combination —0.14+0.02 (stat) + 0.04 (syst) —0.2740.02 (stat) £ 0.04 (syst)

in excellent agreement with
Prediction* -0.1517 + 0.0019 -0.270 + 0.006

* based on Alpgen interfaced with Pythia6 & Tauola
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3D Cross-Section of Drell-Yan Events at 8 TeV (1)

Based on the same 8 TeV data sample
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3D Cross-Section of Drell-Yan Events at 8 TeV (2)

A Initial state QCD radiation
=» Quark directions may no
longer align with initial

proton directions

A Define decay angle 6* in the
Collins-Soper reference

frame D2e¢ DiDy — DI Da

cosf* = | |
MMy 00 2 2
Pz, \/mee + DT

A It is measured from an axis
symmetric wrt the two
Incoming partons

T — —

p,?: — Ez :lzpz,z'
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3D Cross-Section of Drell-Yan Events at 8 TeV (3)

Forward-Backward Asymmetry Ars
d3o(cos 0* > 0) — d®o(cos 0* < 0) is yi dependent
d3o(cos0* > 0) + d?o(cos6* < 0)

App =
The largest asymmetry at large yi
with ee channel
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See Ulla Blumenschein's talk for 3d cross section measurement
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3D Cross-Section of Drell-Yan Events at 8 TeV (4)
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W Boson Mass Measurement at 7 TeV (1)

x10°
. s 160+ -
1 Based on 7 TeV data with up to 4.6 fb! 8 1aof ATLAS eDaa 3
; 0 = Is=7TeV, 4.1fb mWo v E
» Signal samples: W = e/, decays o 152_ e ackground E
» Calibration samples: Z - ee, uu +W samples 2 go- E
» Favorable pileup condition (<u> ~ 9) i E

» Resolution less affected by pileup

d Extremely challenging measurement
» Strongly affected by PDFs (s, c PDFs)
> Difficult modelling @ low pYV+
» Precise lepton, recoil (u) system calibration

Data / Pred.
[ole) e

'03;'2 3'43'63'84'0 42 44 46 48 50
p [GeV]
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W Boson Mass Measurement at 7 TeV (2)

In addition to p'r, mt, W*, W-, e, u categories, several pseudo-rapidity categories defined

Uncertainties are evaluated in all these categories and with their correlation taken into

account in the combination

Momentum scale error
dominates

R— —

Energy scale, reconstruction
and identification efficiencies
are equally important
dominant error sources

— —
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|n¢| range [0.0,0.8] [0.8,1.4] [1.4,2.0] [2.0,2.4] Combined
Kinematic distribution py mr  ph mr Py mr 5 mr  py  mr
dmw [MeV]

Momentum scale 8.9 9.3 14.2 156 274 29.2 111.0 1154 84 8.8
Momentum resolution 1.8 2.0 1.9 1.7 1.5 2.2 3.4 3.8 1.0 1.2
Sagitta bias 07 08 17 17 31 31 4.5 43 0.6 0.6
Reconstruction and
isolation efficiencies 40 36 5.1 3.7 47 3.5 6.4 5.0 2.7 2.2
Trigger efficiency 5.6 5.0 7.1 5.0 118 9.1 12.1 99 4.1 3.2
Total 114 114 169 17.0 304 31.0 1120 116.1 9.8 9.7
[n¢| range [0.0,0.6] (0.6, 1.2] [1.82,2.4]  Combined
Kinematic distribution py mr Py mr  ph mr Py mo
dmw [MeV]
Energy scale 104 103 10.8 10.1 16.1 171 81 8.0
Energy resolution 5.0 6.0 73 6.7 104 155 35 5.5
Energy linearity 22 42 58 89 86 106 34 55
Energy tails 23 33 23 33 23 33 23 33
Reconstruction efficiency 105 88 99 78 145 11.0 7.2 6.0
Identification efficiency 104 7.7 11.7 88 16.7 121 73 5.6
Trigger and isolation efficiencies 0.2 05 03 05 2.0 22 08 09
Charge mismeasurement 02 02 02 02 15 15 01 0.1
Total 19.0 175 21.1 194 307 305 14.2 143
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W Boson Mass Measurement at 7 TeV (3)

The recoil correction
dominates & contributes
essentially only to mt

» PDFs uncertainty is by far
the dominant physics-
modelling error source

» Anti-correlated between W*
and W~

— T
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W-boson charge W+ Combined
Kinematic distribution pET mr pZT mr pfr mr
(p) scale factor 02 10 02 10 02 1.0
Y E7% correction 09 122 1.1 102 1.0 11.2
Residual corrections (statistics) 20 27 20 27 20 27
Residual corrections (interpolation) 14 31 14 31 14 31
Residual corrections (Z — W extrapolation) 0.2 58 0.2 43 0.2 5.1
Total 26 142 27 118 26 13.0
W-boson charge W+ W~ Combined
Kinematic distribution ps mr  ph mr  pL mr
omw [MeV]
Fixed-order PDF uncertainty 13.1 149 12.0 142 8.0 8.7
AZ tune 3.0 3.4 3.0 3.4 3.0 3.4
Charm-quark mass 1.2 1.5 1.2 1.5 1.2 1.5
Parton shower pp with heavy-flavour decorrelation 5.0 6.9 50 69 50 6.9
Parton shower PDF uncertainty 3.6 4.0 2.6 2.4 1.0 1.6
Angular coefficients 58 53 58 53 58 53
Total 159 18.1 148 172 11.6 12.9
Decay channel W — ev W — v
Kinematic distribution p‘}T mr pZT mr
dmw [MeV]
FSR (real) <01 <01 <01 <01
Pure weak and IFT corrections 3.3 2.5 3.5 2.5
FSR (pair production) 3.6 0.8 4.4 0.8
Total 4.9 2.6 5.6 2.6
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W Boson Mass Measurement at 7 TeV (4)

Tests:

A large number of closure/consistency/validation tests performed in additions to the
existing categories: extract mz from Z samples, extract mw in different <p>/recoil
intervals, in different p'y and mr fit ranges, by removing pt™* cut etc

+ —r 1 [ r 1t 1 [ 1 1| 11 T 11

2 e " (Partial Cotnb)
p'T, W Tv ATLAS - au Stat. Uncertainty
IowE _ 1 — Full Uncertainty
PpW v Vs=7TeV, 41-46f" ——e" — my (Full Comb.)
mp, W= T'v Stat. Uncertainty
my, W—Tv P Full Uncertainty
my, W= Iy | °
pLoWisety | e o=
mpWeoev | T xR
P, W pty o)
mp Wi | TToio- - ____
mT p' W+_> |+v —
my p, W lv —
mT-p!r! Wi% FV 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1
80280 80300 80320 80340 80360 80380 80400 80420 80440 80460
my, [MeV]

=» The consistency e vs g channels tests of experimental calibrations
the consistency W+ vs W- & different rapidity categories tests W production model
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W Boson Mass Measurement at 7 TeV (5)

ween  [aras
DELPHI @
Results:
. L3 °
* In good agreement with
. . OPAL L
other single experiment = T | L ..
measurement CDF ==
* Precision matches other Do — =
best one ATLAS W* e
— — ® Measurement L
ATLAS W2 @ Stat. Uncertainty
ATLAS W* — FluII Uncertalinty I—?— | |

80250 80300 80350 80400 80450 80500
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Impact of ATLAS measurement in global fit (arXiv:1803.01853):
* The uncertainty of world average improved from 15 MeV to 13 MeV
* The precision of the indirect determination reduced from 8 MeV to 7 MeV
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W Boson P+ Measurement Perspective

1.2¢
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-021/

Summary

d EW precision measurements at the LHC are very challenging

A They have been achieved with good and competitive precision
» Tau polarisation is sensitive to sinBw, the technique may be used
to distinguish SM and BSM signals
» 3d DY cross sections are being used to constrain both sinBw and
PDFs, the latter is needed for improving the precision of mw
» mw measured with best precision from a single experiment but
heeds improvement Yo match the precision of the indirect

determination

4 Stay tuned for new EW results with much improved precision
based on high statistics and dedicated data samples
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