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Theoretical Limitations

LHC parton kinematics

o, 10%¢
> fixed order calculations of Drell-Yan production g 85 ]
computed using DYNNLO 1.5 and FEWZ 3.1.62  210° — g gg? y M=10Tev
. . . L. F— 2. e 77
> with typical systematic uncertainties of %107?
& b
IR, JF variations ~1.1% g 10
(factors of 2, with 0.5<pugr/pur<2) E 105%
0 £
beam energy +0.5-0.6% m% 2,040 M= 100Gev
W E 3
PDF up to £2.5% Tweg F e
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E M=1066v /00100 G
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> measurement of W and Z production can Jok Y~ 6 4 2 0 2 4
constrain these uncertainties, in particular those
from PDF 1k y
> measurement as a function of rapidity can provide .1E ol vl vl vl vl ol mm%
10

information for the parametrisation vs. x

y = 0.5In(x1/x2)

107 10° 10° 10* 10° 102 107 1
parton momentum fraction x

> measurement performed in 4.6 fb~! of pp collisions at /s = 7 TeV



W — v Analysis
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Z — L¢ Analysis
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> the analysis of Z — ¢/ events is 8 ATLAS Reted 8 ATLAS Rl
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> sensitivity to PDF by performing measurements in bins of 0< |yp¢| <2.4 (central-central)

by using central-forward events can extend the measurement to 1.2< || <3.6



Systematic Uncertainties

> the differential W — fv and Z — ¢¢ cross sections were already measured in 2010 data
Phys.Rev. D85 (2012) 072004

> to improve on this measurement requires a better understanding of the detector performance

S 2010 data, 36 pb " sow- sow- oow- oo D011 data, 4.6 fb " orv. b 67, oTuenr
Q Electron reconstruction 0.8 0.8 08 1.6 Reconstruction efficiency 012 012 0.20 0.13
ko Electron identification 09 08 11 18 Identification efficiency 009 009 016 0.12
K{ QCD background 0.4 0.4 04 07 EF™ soft term scale 014 013 - -
Q Ef'*scale and resolution 08 07 10 B soft term resolution 006004 - -
Multijet background 055 072 0.03 0.05
QJ Total excluding luminosity 23 24 28 33 pom uncertainty 094 108 035 22
Luminosity 3.4 Luminosity s
- =
2010 data, 36 pb 3w bows dow- b0z 2011 data, 4.6 fb Sow. oow- doz
Muon reconstruction 03 03 03 06 Reconstruction efficiency 0.19 017 0.30
% Muon isolation 02 02 02 03 Isolation efficiency 0.10 0.09 0.15
OQ Muon pr resolution 0.04 003 005 002 Muon pr resolution 001 001 <001
0 Muon pr scale 04 06 06 02 Muon pr scale 0.18 017 003
& QCD background 06 05 08 03 Multijet background 033 027 007
Total excluding luminosity 21 23 26 22 Total experimental uncertainty 061 059 043
Luminosity 3.4 Luminosity 1.8
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http://dx.doi.org/10.1103/PhysRevD.85.072004

Cross Sections & Lepton Universality

> fiducial cross sections are calculated for W+, W—
and Z production

ot~z [PD]
WF St 2939 = 1 (stat) £ 28 (syst) £ 53 (lumi)
Wt —putv 2048 + 1 (stat) % 21 (syst) =+ 53 (lumi)
wt -ty 2047 £ 1 (stat) & 15 (syst) =+ 53 (lumi)
W~ —e i 1957 + 1 (stat) £ 21 (syst) £ 35 (lumi)
W~ o 1964 + 1 (stat) 13 (syst) + 35 (lumi)
W™= 1964 + 1 (stat) + 11 (syst) + 35 (lumi)
W e 1896 & 2 (stat) = 49 (syst) & 88 (lumi)
W — 4912 + 1 (stat) + 32 (syst) + 88 (lumi)
W — v 4911 £ 1 (stat) + 26 (syst) £ 88 (lumi)

T

07~ —ee [PD]
7/ — eTe 5027 0.5 (stat) & 2.0 (syst) & 9.0 (Tumi)
Z[y* — ptpT 501.4 0.4 (stat) £ 2.3 (syst) £ 9.0 (lumi)
Z/y >l 502.2 4 0.3 (stat) & 1.7 (syst) + 9.0 (lumi)

> significant improvement of precision by combining
lepton flavours



Cross Sections & Lepton Universality

» fiducial cross sections are calculated for W+, W~ 21.05
and Z production = ATLAS
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> significant improvement of precision by combining
lepton flavours

> ratios of the measured cross sections in electron and muon decay channels are used to
measure the relative branching fractions

> due to cancellation of correlated uncertainties reach a precision of 1% and 0.5% for W and Z
branching fractions, respectively

> improvement over previous on-shell W — fv results from the LEP and LHC experiments



Combination of Measuremen
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Combination of Measurements
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Comparison to Theory

4.8
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> the small uncertainties on the measured fiducial cross sections allow to discriminate between
different PDFs
. . . . . I T T
> due to large correlations this particularly applies to ratios ATLAS
f5=7Tev, 46" il
predictions for W= /Z ratio systematically higher than — vaa
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Differential W — ¢v Measurements
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Differential Z — ¢¢ Measurements
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> differences in the rapidity dependence between data and theoretical predictions
> at the Z resonance the data can also provide information on the normalisation
> at central rapidity the theoretical predictions are lower by 3-5%

> in the forward region the measurement is not sensitive to differences between PDFs
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PDF Profiling

© b @*=19GeV  ATLAS © F @=19GeV*  ATLAS
X 1.8] 44 MMHT14 2 1.8] 4% MMHT14 profiled
I? [ &CT14 F§ F & CT14 profiled
5 1. F g
0 1.4F o g,
@ &
1.2 .

[ S IR AN AT A

> quantitative assessment of agreement of PDFs with data by profiling PDFs in the fit

> best match: CT14 with x?/n.d.f. = 103/61
worst match: NNPDF3.0 with x?/n.d.f. = 147/61

T T T T T T T
Q%= 1.9 GeV?, x=0.023 ATLAS
A ABM12 .
" NNPDF3.0 —=—
* MMHT14 ——
> profiling the PDFs by introducing data provides v CT14 —

> Lo o ATLAS-epWZz12
constraints on the central values and the uncertainties

ATLAS-epWZ16

. . - tai
> most notable is the shift of the strange sea fraction to B modsa wncertainty
higher values exp+mod+par+thy uncertainty

| .
02 04 06 08 1 12 14

> leading to a reduction of the light sea quark density



QCD Analysis

> the data is combined with ep data from H1 and ZEUS
> to obtain a new PDF set, ATLAS-epWZ2016

“8_ [ amas Q?=1.9 GeV? S ATLAS Q?=1.9 GeV?
X 050 ATLAS-epWZ16 3 ATLAS-epWZ16
> F e par+exp+mod unc. > e par+exp+mod unc.

° b gxgﬂnﬁd unc. =1 gx +mod unc.
x L — X nc. x = €XpP UNC.

0.4F o

0.3

0.2

0.1

1 1
10° 10? 10"

0! 1 1
10° 10? 10?

> the ATLAS data adds information on the flavour
composition of the quark-sea and the valence-quark

distribution at lower x

> letting | Vcs| free floating in the fit provides a competitive

direct measurement

g 200FarLas
= FZiy >, Vs=7TeV, 460"
> (.
5 150
) E
100
501~

—e— ATLAS Data 66 <m, < 116 GeV
+ uncorrelated unc.
[ total unc.

Theory
- Theory + shifts
s

ATLAS-epWZ16
= L L
©
2
=
]
]
<
F
ly,l
T T T
ATLAS CKM fit
oD -Klv —a—
=D -1V — -
© NNPDF12  ——————°—
* ATLAS-epWZ16 e
inner uncertainty: exp only
outer uncertainty: total ) )
08 085 09 0.9 1 1.05
Ve
Ccs

13/15



Outlook

> first measurement available at /s = 13 TeV, using 81 pb~?! of data from 2015

> results on integrated fiducial cross sections and cross section ratios

luminosity [J experimental uncertainties
[ experimental uncertainties

MMHT14nnlo68CL
NNPDF3.0
CT14nnlo

ABM12
ATLAS-epWZ12nnlo
HERAPDF2.0nnlo

(inner uncert.: PDF only)

o>r<ame

- +
W W W* Z ATLAS
13 Tev, 81 pb™*

Phys. Lett. B 759 (2016) 601 Ry = Ol / ol

A
N data + total uncertainty
| data # stat. uncertainty
the measurements probe to lower values of x A ABMI12 —-—
v CTil4nnlo
confirmation of the trends seen at 7 TeV but results are N lo68CL
generally less precise A Alseniteaaio o
1.2 1.‘22 1.‘24 l.‘26 1.‘28 13 1.‘32 1.‘34
ofid. / ofd

> by now the data collected at 13 TeV increased by > 400

our understanding of the detector has since improved considerably but there is a lot of work
ahead to bring down the uncertainties to the level of 2011

14 /15


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2015-03/

Summary

> measurement of integrated and differential fiducial W — fv and Z — £ cross sections in pp
collisions at /s =7 TeV

> improving precision of previous measurement of fiducial Z (W) cross sections by x10 (x3.5)

> one of the most precise measurements at the LHC, more precise than theoretical predictions

> measurement used to derive a set of parton distribution s Ll ———
functions ATLAS-epWZ16 T [ATLAS = 1
M [ [s=7TeV,46f" / \ 1
> evidence for enhanced strange quark density at low x & Q2 © L [} b
b
I 1
ﬁ | ¥ paa ]
» much more data have been collected since 2011 & 0.9 ERyLEPEe - WW i
. . | HlR,LEP+SLDEe - Z |
> it will take a few years of work to understand them to a | o Standard Model ]
level that can improve the precision reached at /s = 7 TeV [ ---ATLAS 35 pb, V5 =7 Tev ]
[ —-ATLAS 81pb”, {s=13 TeV b
0.8h | =
0.8 0.9 1 11
R

] ) , :o%y, . e‘e'lcﬁﬂdy* W
» for more details see arXiv:1612.03016, submitted to EPJC
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https://arxiv.org/abs/1612.03016
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Profiling PDFs

Data set n.df. ABMI2  CT14  MMHTI4 NNPDF3.0 ATLAS-cpWZ12
wt =ty 11 11]21 10[26 11[37 11[18 12[15

L 11 12[20 8.9|27 8.1|31 12[19 7817
Z/y* — 00 (mgp = 46 — 66 GeV) 6 17|21 11|30 18|24 21|22 28|36
Z[~* = £ (mgg = 66 — 116 GeV) 12 24[51 16(66 20[116 14[109 18|26
Forward Z/v* — £ (mee = 66 — 116 GeV) 9 7.3]9.3 10[12 12[13 14[18 6.8]7.5
Z/~v* — £ (mee = 116 — 150 GeV) 6 6.1/6.6  6.36.1 5.9]6.6 6.1/8.8 6.7]6.6
Forward Z/~v* — €0 (mge = 116 — 150 GeV) 6 42[3.9  5.14.3 5.6]4.6 5.1]5.0 3.6/3.5
Correlated x? 57|90 39]123 43167 69]157 31]48
Total x° 61 136[222 103200 118396 147[351 113[159

> %2 values including | excluding PDF uncertainties
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Profiling of the Strang

(s+9)/([@+A)(x,Q%)
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W-charm, JHEP05(2014)068

70
05555 [pb]

> theoretical predictions from AMC@NLO at NLO

> uncertainties from pg and ug variations: +8/ — 4%

> experimental uncertainty on measurement: ~ 6%

S e R R e
ATLAS ) ATLAS N
Ldt=4.6fb" Ldt=4.6fb
=7 Tev aMC@NLO =7 Tev aMC@NLO
W'e-jet il " cTio We-jet - m CT10
e A MSTW2008 Hb— A MSTW2008
W ¥ NNPDF2.3 W ¥ NNPDF2.3
pata 0 O HERAPDF1.5 Data —0—+ O HERAPDF1.5
—336+09+18[ph] =+ O ATLAS-epWZz12 —37.3£08+19[pb]  woftH~ O ATLAS-epWZz12
Stat Stat
[ Stat+syst A NNPDF2.3coll [ Stat+syst A NNPDF2.3coll
P B ST | | A AR A P AR SRR | 1 [ AR A
10 20 40 50 10 0 50

fid

70
o= [pb]
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http://link.springer.com/article/10.1007/JHEP05(2014)068

Systematic Uncertainties, Electrons

dowy dow-— doz 00forward Z

(%] (%] [%] [%]
Trigger efficiency 0.03 0.03 0.05 0.05
Reconstruction efficiency 0.12 0.12 0.20 0.13
Identification efficiency 0.09 0.09 0.16 0.12
Forward identification efficiency — — — 1.51
Isolation efficiency 0.03 0.03 — 0.04
Charge misidentification 0.04 0.06 - -
Electron pr resolution 0.02 0.03 0.01 0.01
Electron pr scale 0.22 0.18 0.08 0.12
Forward electron pr scale + resolution - - - 0.18
ER soft term scale 0.14 0.13 - -
EMS 5oft term resolution 0.06 0.04 - -
Jet energy scale 0.04 0.02 - -
Jet energy resolution 0.11 0.15 - -
Signal modelling (matrix-element generator) 0.57 0.64 0.03 1.12
Signal modelling (parton shower and hadronization) 0.24 0.25 0.18 1.25
PDF 0.10 0.12 0.09 0.06
Boson pr 0.22 0.19 0.01 0.04
Multijet background 0.55 0.72 0.03 0.05
Electroweak+top background 0.17 0.19 0.02 0.14
Background statistical uncertainty 0.02 0.03 <0.01 0.04
Unfolding statistical uncertainty 0.03 0.04 0.04 0.13
Data statistical uncertainty 0.04 0.05 0.10 0.18
Total experimental uncertainty 0.94 1.08 0.35 2.29
Luminosity 1.8
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Systematic Uncertainties, Muons

dowy Oow— doz
(%] [%] [%]

Trigger efficiency 0.08 0.07 0.05
Reconstruction efficiency 0.19 0.17 0.30
Isolation efficiency 0.10 0.09 0.15
Muon pr resolution 0.01 0.01 <0.01
Muon pr scale 0.18 0.17 0.03
ERss goft, term scale 0.19 0.19 —

ERs5 5oft term resolution 0.10 0.09 -

Jet energy scale 0.09 0.12 -

Jet energy resolution 0.11 0.16 -

Signal modelling (matrix-element generator) 0.12 0.06 0.04
Signal modelling (parton shower and hadronization)  0.14 0.17 0.22
PDF 0.09 0.12 0.07
Boson pr 0.18 0.14 0.04
Multijet background 0.33 0.27 0.07
Electroweak+top background 0.19 0.24 0.02
Background statistical uncertainty 0.03 0.04 0.01
Unfolding statistical uncertainty 0.03 0.03 0.02
Data statistical uncertainty 0.04 0.04 0.08
Total experimental uncertainty 0.61 0.59 0.43

Luminosity 1.8
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