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Introduction SATLAS

EXPERIMENT

 Recent electroweak related measurements performed using high energy proton-proton collisions in the ATLAS detector:

 W-boson mass ( )
* Tau polarisation in Z/y* = 1T decays ( )
o Drell-Yan triple-differential cross-section ( )

 For each measurement the tollowing will be discussed:
 Analysis technigues and methodology
 Background estimation
e Sources of error and evaluation of systematic uncertainties

e Measurement results
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W-boson Mass SATLAS

« Measurement: W-boson mass (link)

« Data Conditions: pp collisions in the ATLAS detector recorded in 2011 aty/s =7 TeVand! =4.6fb"

* |nthis analysis, the mass of the W-boson is determined using the W ! 1" signal process (where £ = e or p).

The Method:

» Simulated distributions of p;* and m; in bins of Ine| are created for a range of my, values. My = \/2}?@??188 (1 —cos(Ag))

« The value of the W-boson mass is determined by finding the simulated distribution in the range with the value of my, that
vields the smallest x° difference from data.

* This process is performed separately for W™ and W in the two lepton decay channels.

» All measurements of the m, for W* or W™ are then combined accounting for correlation between the measurements and
statistical and systematic uncertainties.

e (Calibration:

» Detector response and physics modelling are calibrated using Z ! !l events.

 These calibrations rely on precise measurement of the Z-boson mass.

« The Z-boson and the W-boson masses are determined in the same wavy.

7-9 May 2018 Linck - Pheno 2018


https://doi.org/10.1140/epjc/s10052-017-5475-4

W-boson Mass YATLAS

Backgrounds for the W — /v signal process: Template Fits in FR1 for the Electron Channel
s OFEatas T o 4 3 OFAmas | b 3
o Z — Ul (ee <4.1%, a 10°z s=7TeV, 461" ;C\'}:g:'i ew 3 O 18755 s =7 TeV. 4.6 fb ;w::yi w3
UU < 6.4%, TT < 0.13%) 2 10k | R Y 5 sngle op
Estimated @ 10*F 4 @ q0°F =
0] - = -
» Boson pair (0.07%) Simulation 10° JPE
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To estimate the multijet background in the signal region:

* Invert the lepton energy-isolation requirements. 35000

30000

e Subtract off the affects of contamination from electroweak and top production.

y
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« Normalise the result using fits to p:™%, m; and p;*/m+ in two kinematic regions. - Fitto p™* (FR1)

20000

Number of multijet events

4 Fit to m, (FR1) * Fit to m, (FR2)

« FR1: signal region without the p;™* and m; requirements 15000 b Fittoptim (FR1) § Fitto poim, (FR)
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W-boson Mass SATLAS

 [he sources of uncertainty evaluated as part of the W-boson mass analysis include,

e PDF  Lepton calibration and efficiency correction
* Higher order electroweak corrections * Recoll corrections
« QCD modelling e Background estimation
. Shown to the right, is the Chanpel my Stat. Muon Elec. Recoill Bckg. QCD EW | PDF | Total
uncertainty breakdown (iﬂ I\/IeV) mr-Fit IMeV] | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unec. | Unc.
tad with N of th W+ = uv,|n| < 0.8 803713 | 292 124 00 152 81 99 34 284 | 47.1
associlated with each ot the W* = w08 <n <14 | 803541 | 32.1 193 00 130 68 96 34 233 | 476
measurements found using My Wt - uv,14<n <20 | 804263 | 30.2 351 00 143 72 93 34 272 | 569
distributions. Wt > u,2.0<|nl <24 | 803346 | 409 1124 00 144 90 84 34 328 1255
o W~ — uv,|n| < 0.8 803755 | 306 11.6 0.0  13.1 85 95 34 306 | 485
A similar measurements were W™ - uv,08<|n<14 | 804175 | 364 185 0.0 122 77 97 34 222 | 49.7
performed for each of the pT2 W= - uv, 1.4 <|n| <2.0 | 803794 | 35,6 339 0.0 10.5 8.1 977 34 23.1| 569
distributions. W~ - uw,2.0<|n <24 | 803342 | 524 1237 00 11.6 102 99 34 34.1 | 1399
W+ — ev,|n| < 0.6 80352.9 | 29.4 00 195 13.1 153 99 34 285 | 508
+
e The measurements from these W+ — ev,0.6 < gl < 1.2 | 80381.5 | 30.4 00 214 151 132 96 34 235 | 494
categories are then combined, in W+ > ev, 1,8 <|n <24 | 803524 | 32.4 00 266 164 328 84 34 273 | 626
Cwith the intent : ’ W~ — ev,|n < 0.6 80415.8 | 31.3 00 164 11.8 155 95 34 313 521
part, with the intention ot W- = en,06<n <12 | 802975 | 330 00 187 112 128 97 34 239 | 490
reducing the overall uncertainty. W- —ev.18<n| <24 | 804238 | 428 00 332 128 351 99 34 281 | 723
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W-boson Mass @\I&éé

* The Coloureq pqints on the plot to the right shovy the result L L A AL 7 o
of the combination of my, measurements from ditferent o, w—rv | ATLAS . = Stat. Uncertainty
. s _ — Full Uncertainty
categories. oWy | fs=7TeV,41-46f0" ——e"— — my, (Full Comb,)
mp, W—Tv ® Stat. Uncertainty
« The overall combined value of my, is, My, W=>Tv ° Full Uncertainty
my, W*— Fv ®
oL Wsev | —= = —
my, = 80369.5 + 6.8 (stat.) M Woes ey .
+ 10.6 (exp. syst.) = 13.6 (mMod. syst.) MeV pL, W*— v o
m, W | T I_._ —— .
: . . , My p'T, W' [Ty ——
* This value is consistent with the world average (PDG 2014), meepl W [y — ! ——
3
mep, Wis B L e
my, = 80385 + 15 MeV "7 80280 80300 80320 80340 80360 80380 80400 80420 80440 80460

m,, [MeV]

* Using separate combined values, it is then also possible to determine the mass difference between W* and W',

Channel | mw+ —my- | Stat. Muon Elec. Recoill Bckg. QCD EW  PDF | Total

Mg~ My [ MeV | Unc. Unc. Unc. Unc. Unc. Unc. Unc. Unec. | Unc.
-29.2 £ 12.8 (stat.) Woev | =297 | 175 00 49 09 54 05 00 241 ] 307
+ 7.0 (exp. gvSt-) ey W — uv 286 | 163 117 00 11 50 04 00 260 | 332

+ 23.9 (mod. syst.) Me
( yst.) Combined | -292 | 128 33 41 10 45 04 00 239 280
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Tau Polarisation ¥ ATLAS

Measurement: tau polarisation (link)

Data Conditions: pp collisions in the ATLAS detector recorded in 2012 at /s = 8 TeV and! =20.2 fb™

In this analysis, tau polarisation is determined using the Z/~" — 77 signal process where one tau decays leptonically
(Tlep = £ + v, where £ = e or y) and the other tau decays hadronically (t,,4 = hadron(s) + v).

The Method: Simulated Asymmetry Distributions
LO O L e A L R (o) L L L IR I
° ' ' ' N | ##,,channel, lefthanded  ATLAS Simulation | & - ATLAS Simulation 1,1, channel, right-handed -
Distributions of the Changed tTrack S 1500 T s=8Tev,202f" 4 S {ggpl s=8TeV,202fb" — ] .
asymmetry, T, were created for all I = r—— ! 1 2 Qus, | £ | Ow
possible combinations of the following. T S S I T i
. 1000 Other #_, _| i Other 1, _,
¢  ToThag @Nd T Tpag Channels (for OS and SS Ty, Ty .4 PAIrs) ; — - —
L B B o
 The fiducial and mass-selected (66 < mz,- < 166 GeV) regions. =00L ; L L
* Inside (with left or right-handed 1 leptons) or outside the region. : L =
. T . ST Qe 0 |
A maximum-likelihood fit was performed on each of theY distributions. "+ 05 0 05 1 15 -+ 05 0 05 1 15

! T
In each of the regions, a T polarisation measurements is made by combining the fit results, normalising to the signal process

cross-section in the region and then scaling by a parameter of interest.

The parameter of interest is chosen so that it represents the T polarisation either in the mz,- range for the mass-selected
region or in the fiducial region.
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Tau Polarisation S ATLAS

Backgrounds for the 7/~ — 77 signal process:

- Control Region | Alterations to Signal Region Requirentments

o Z/v" — ¢ (£ =eory), where T, |

originates from quark or gluon initiated Estlma’[ed Multijet CR Invert lepton-isolation requirement

jets or from one of the leptons using

| Simulation _ > A¢ =35 m;>70GeV

» tE€events that involve a real lepton and (T.Tpoy = 5%, W+jets CR (InSR: 5" A¢ < 3.5, m- < 30 GeV)

either real 1,4 Or a misidentitied quark T T = 2%) !

Co . uthad —
or gluon initiated jet * These requirements apply to the opposite-sign regions

(where 1,4 and the lepton have opposite-sign charge).

o W+jets (T Thag = 7%, TyThag = 8%) -
°ne e — Data-ariven - An associated set of same-sign regions also exist.

« Multijet (TgThag = 19%, T\ Tpog = 7%) Estimates
To estimate the W+jets background: To estimate the multijets background:

 Inthe W+jets CR, construct a W+jets | distribution by * |Intwo multijets CRs, subtract from data the sum of the
subtracting from data the MC contributions from the signal MC signal and background contributions (except for
and all of the other backgrounds (except the multijets). W+jets) and the W+|ets background estimate.

 (Construct the W+jets ! distribution in the signal region by e |nthe same-sign multijets CR, construct a multijets !
applying linear corrections to the W+jets CR ! distribution. distribution and scale it by rqcp, Where

« The signal region W+jets N Vs ME chﬁﬂéts . ~ # multijets in OS CR
contribution is normalised by: oK -~ Ng™= ™ foco = % multijets in SS CR
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Tau Polarisation

Uncertainty

SATLAS

EXPERIMENT

 The method used to extract the 1 polarisation is highly dependent on template shape. So, the most important sources of

uncertainty are those that affect the shapes of the signal asymmetry templates.

 Shown here is a breakdown of the different
sources of uncertainty affecting the
measurement of the 1 polarisation in each
region.

e [orreference:

« TES/TER = Tau Energy Scale/Resolution

e QOther = the remaining experimental
uncertainties (trigger, lepton
reconstruction and identification
efficiencies, JES, JER, etc.)

Sources of Uncertainty

Source of uncertainty

| p. INn mass-selected region! p. In Pducial region

Modelling of signal process 026 Q022
"had ldentibPcation D20 Q024
MC statistical 0016 Q019
Signal sample splitting 015 Q015
TES and TER M15 Q019
Multijet estimate 013 Q013
PDF Q007 Q005
W+jets shape 002 Q003
Other 0008 Q003
Total systematic uncertainty @0 Q039
Statistical uncertainty 015 Q016
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Tau Polarisation ATLAS

* Shown here for the mass-selected region Post-fit Charged Parameter of Interest
are the resulting charged asymmetry Asymmetry Distribution 0 Likelihood Profiles
LO I L L E— o \y o
dIStrIbUthn |n the OppOSlte_Slgn TeThad g 2500:_ igi:ide mass range /%\I;\(/e:;zn.ded %I\R/IIL?I:;_ertlandEd_: % : ATLAS :
channel (middle) and the likelihood profiles —~ "~ =" 777 Dresrany (0) I\ s=8Tev,202f" /| [ -
for the parameter of interest (right). € 20001 % S i Polarisation in mass range ]
it - |* ATLAS l i o ;
* Inthe asymmetry plot, the contributions to 1500 ign;?e;ﬁ\/!, . 6l —F?mb'r;]a“onl _________________________________
the signal are broken into those inside the - _l_l_lm_l_r : : ' ! hag ChANNE .
. L B 1000 — - — ! hag Channel -
region with @ or -handed T leptons : ] - - - -
and those outside the region. 500}*‘%* = AN e __
 [he T polarisation measurements are | Of:'j—f: : : : :T: : - : — | —— ol N Lo o )
shown at the lower right. g 1y > — -
g 1 //‘////9///(///9////9///#///‘////9///&//y///’///#///?////‘///)’////{///(///fé - _
e The combined T polarisation value inthe 4 O'iflfl . K T e o) RIS A r——
mass-selected region agrees with the © | ’ 0.3 0.2 0.1 0
Standard Model prediction. P!
SM Prediction: P, =-0.1517 £ 0.0019 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)
 Due to its uncertainty, additional studies
are required before a,meaningful T, —Thad —0.13 £ 0.02 (stat) = 0.05 (syst) —0.26+0.02 (stat) £ 0.05 (syst)
measurement of Sinz(! °') can be made. Combination —0.14 +0.02 (stat) £ 0.04 (syst) —0.27+0.02 (stat)+ 0.04 (syst)
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Drell-Yan 3D Cross-section YATLAS

« Measurement: Drell-Yan triple differential cross-section (link)

« Data Conditions: pp collisions in the ATLAS detector recorded in 2012 ats =8 TeVand! =20.2 fb

e In this analysis, the measurement is made using the Drell-Yan Z/~v* — £7/~ signal process (where £ = e or p).

The Method:

 The triple differential cross-section in a
given my,, |yee| @and cos(6*) bin is given by,

dSO_ Ndata L kag 1

— Moo ijk ijk
dmeed‘yee‘dcos(e*) o £int Amw ' 2A|yw| ' ACos(@*)

Imn

Pz PP ! P
m, ‘pz, I ‘ mﬁ + p%, I

« JjjkandImn are bin indices at reco and generator level ¢ The decay angle in the
Collins-Soper frame is,

cos(') =

« M isan element of the inverted response matrix

« The 3D cross-section is determined in 7 my, bins, 12 |y,,| bins and 6 cos(6*) bins. = EREEp,

* |tis also determined in two central rapidity channels (|n%| < 2.4, £ = e or p) and one high rapidity channel (2.5 < |n®| < 4.9).

 The fiducial cross-sections are the result of an unfolding that is performed on background-subtracted data. This unfolding is
done using the inverse of the response matrix, which is itselt produced using iterative Bayesian unfolding.

By integrating the combined 3D cross-section (d°c) measurements it is possible to determine d“c/dmy,d|y,,| and do/dmy,.

~ 3! (cos("') > 0)! d®! (cos("') < 0)
~ d3! (cos("') > 0)+ d3! (cos("') < 0)

By combining the 3D cross-section results based on the value of cos(6%), it
IS possible to also determine the differential forward-backward asymmetry.

AFB
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Drell-Yan 3D Cross-section SYATLAS

Backgrounds for the Drell-Yan signal process: » Forthe central rapidity muon channel.
| . * For muons, the transverse momentum
» Z/1 (< 7%) isolation is defined as,

 Diboson-WW, WZ and ZZ (< 6%)
 Photon-induced dilepton (< 5%)

Estimated | H = p: (! Ij =0.2)

using Pr

Simulation ¢  Three control regions are constructed by
inverting the muon ID and/or charge

« ¢t and Wt (< 5% except at high |cos(0*)| where < 20%)

* Wh+jets (negligible except in high |n°| channel where < 0.2%) requirements and requiring that I¥ > 0.1.
Data- . L

*  Multijets (< 15% except in high |n®| channel where < 60%) =¥ driven * Ineach of these regions, I* distributions

Estimate are created in bins of m,,. This is done

The multijets background is determined in three channels. separately for same-sign and opposite-

» For the central and high rapidity electron channels: Sign muon pairs.

 For electrons, the transverse energy isolation is defined as, o Shape comparisons are then performed
' between the same-sign and opposite-sign
EZ AR — ,r e - e e
[; = > ngei ) 1 =min(I7,15) |H distributions.
T

* The multijet fraction is estimated in data by fitting distributions of 1¢, « The signal region |y, | and |cos(6%)|

in bins of |cos(6)|, using a template method where the background spectra are then normalised using a ratio

template Is selected by inverting the electron ID requirements. of the opposite-sign to same-sign yields.
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Drell-Yan 3D Cross-section

Uncertainty

The sources of uncertainty studied in this analysis are categorised as correlated (cor) or uncorrelated (unc) and include,
| bkg )

uncs - unc

| stat sig

and background sample sizes (* unc ,
and o™

unc COor )

Data and MC signa

| ™

Multijet background estimation (!

Combined normalisation of the background MC samples (! 2 )

| scl

Lepton calibration, efficiency corrections, misidentification (! & ! Omer ! 5

5qmid)
cor »"cor ' “cor ! "cor ’“Ycor

5kfac

Trigger (! ), K-factors (65™°), Z-boson pr modeling (! & ), PDF variation (0% )

The full set of systematic uncertainties were evaluated for all of the bin and channel combinations included in this analysis.

Shown here is the breakdown of the sources of uncertainty (excluding luminosity, '™ = 1.9%) for a sample set of bins in
the central rapidity electron channel.

SATLAS

EXPERIMENT

Bin e Yee cost* S Gu% Gme 0w Oor  Ocor Ok Sy oe 6l oer odp okhe sl obe o0

[GeV] (%] [%] [%] (%] [%] [%] [%] (%] (%] [%] (%] [%] [%] [%] [%] [%]
157 8091 04, 0.6 "1.0," 0.7 0.6 0.3 0.0 0.1 0.0 0.1 14 0.3 0.3 3.2 04 0.1 0.0 0.0 0.1 3.6
158 8091 04, 0.6 "0.7,"04 04 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 1.2
159 8091 04,0.6 "04, 0.0 0.4 0.1 0.0 0.0 0.0 0.0 1.0 0.1 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.1
160 8091 04,0.6 0.0,+0.4 04 0.1 0.0 0.0 0.0 0.0 1.0 0.0 0.0 0.3 0.1 0.1 0.0 0.0 0.0 1.2
161 8091 04, 0.6 +0.4,+0.7 04 0.2 0.0 0.0 0.0 0.0 1.0 0.1 0.1 0.5 0.2 0.1 0.0 0.1 0.0 12
162 8091 04,0.6 +0.7,+1.0 0.6 0.3 0.0 0.0 0.0 0.1 1.6 0.2 0.3 3.2 0.4 0.1 0.0 0.0 0.1 3.7
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Drell-Yan 3D Cross-section

SATLAS

EXPERIMENT

« An example of the fiducial 3D : :
. 1P . 1D Cross-Section 2D Cross Sectlon 3D Cross-Section
differential cross-section at Born- g e e e 2 e B T A
_ ) _ G = Central rapidity channel ¥ Data 1 0 9 Central rapldlty channel + Data 4 0 s ATLAS ® Data B
level Is shown to the far right. g | e ‘Totalunc. | §  ,F 91<m,<102GeV ‘Totalune. 5 8 L (s=g8TeV,20.1 fo I Total unc.
8|%= oL =¥ Prediction | = 75 =¥ Prediction E . s High rapidity e channel XX Prediction  J
. . - E <\.'O'§= N ] § - 91 <mg, <102 GeV -
o Shown with it are examples of the : S T ol g SO Vel =24 -
associated 2D and 1D differential e, . j: EI I T— B -
distributions distributions. These : T : 5 E i E
are formed when the 3D cross- 0L ATLAS ' < 2 TLAS - - E
section is integrated with respect E s=8TeV, 202107 — e = : ' :
o e b b b e b b B P B by 0 v v by by by e by by by by Ly
tO |yEQ‘ aﬂd then COS(G*) §1-05 § o R R R R R R RN R R RN AR % 1.1;&';&;&;;'|"'|"'|"'|"'|"'|"'|"¥§|é§;§;
= M;&;&M = A AN R L e - S i e e
}.30.9; A 3 0.9;& M 3 0.91— ]
o Example diStributionS Of the o :T?"O[Ge\zl?o o 0 0.2 04 06 08 1 12 14 16 18 2 22|yﬁ|4 o -1 0.8 -06 -04 -02 O 0.2 04 0.6 0.205!*1
forward-backward differential
asymmetry are shown in the
| ov?//er . gh%/ Forward-Backward Differential Asymmetry Distributions
<O woaa AT'L'A';,;': <os—‘ o goe T T T
« The 3D differential cross-section can be 0.2f SWPredcton us =8TeV, 202007 4 oo —— 1 o2
used to simultaneously extract PDFs 0.1F 1 o o 3 o e
and Sln2((9w) O;—.........._l.-l-—I-"""" - * = oi_ - —i 0 ...-.-
[ - I i
-0.1F - 01 = - -0.1 e
»  For reference, complete tables with full 02F Gocy|com 3 02F 1o<iyj<1z 1 ook 20ey<zz
breakdowns of all systematic uncertainties ‘60 80 100 120 140 160 180 200 =80 80 100 120 140 160 180 200 ~60 8'0' T00 120 140 160 180 200
m, [GeV] m, [GeV] m, [GeV]

are avallable in HEPData.
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Conclusion SATLAS

EXPERIMENT

 As part of its ongoing studies into the nature of the particles produced in high energy proton-proton collisions, the ATLAS
detector has been used to perform the following set of recent precision electroweak related measurements:

e \W-boson mass
my, = 80370 + 19 MeV Amy, = My, - My, = =29 = 28 MeV

 Tau polarisation in Z/y* = 1T decays

P.=-0.14 £ 0.02 (stat) = 0.04 (syst) in the mass-selected region

 Drell-Yan triple-ditterential cross-section
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EXPERIMENT
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