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Introduction
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o Inclusive rapidity-differential measurements of W+ and Z/~*
production probe different combinations of PDFs. They
provide constraints on the light flavour sea decomposition and
the valence PDFs

@ W charge asymmetry measurements provide constraints on
the u and d valence PDFs

@ The shape of the Z rapidity distribution, and the W/Z
cross-section ratio probe the strange PDF
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Measurement definition

o Data collected in 2011: L = 4.7 fb™1, /s =7 TeV
@ Electron and muon decay channels
o Fiducial phase space definition:

Central Z/y" — €( : pr,e > 20GeV, |ne| < 2.5, 46 < mge < 150GeV

Forward Z/y* — €C : pr,e > 20GeV, one lepton |n¢| < 2.5, other lepton 2.5 < |n¢| < 4.9,

66 < mge < 150GeV
W* > v i pre>25GeV, el < 2.5, pry > 25GeV, mr > 40GeV .

@ Measured 12 distributions:

o 4 W™ and W~ lepton pseudorapidity (e and )

o 6: Low-mass (46-66 GeV), peak (66-116 GeV), and high-mass
(116-150 GeV) Central Z rapidity (e and p)

o 2: Peak (66-116 GeV), and high-mass (116-150 GeV) Forward
Z rapidity (only e)
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Measurement methodology
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o Efficiencies evaluated with tag-and-probe method

e Background estimated with MC simulation (Top, EW) and
with data-driven techniques (QCD multijet)

@ Electron and muon decay channels combined
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Measurement uncertainties

Typical uncertainties:

W: Total (0.6-1.0%), multijet background (0.3-0.7%)
Z Central: Total (0.4%), reconstruction efficiency (0.2-0.3%)
Z Forward: Total (2.3%), identification efficiency (1.5%)

1.8% luminosity uncertainty

Electron channel Muon channel

Sows  bow_ 30z O0forward z bdowy dow— doz
® (%l 1%) il [%] %] (%]
[ - om0 0w om Trigger efficiency 008007003
Identification efficiency 009 009 016 012 Reconstruction efficiency 019 017 030
Forward identification efficiency - - - 151 Isolation efficiency 0.10 0.09 0.15
Isolation efficiency 003 003 - 004 Muon pr resolution 001 001 <001
Charge misidentification 0.04  0.06 - - Muon pr scale 0.18 0.17 0.03
tron pr resolution 002 083 001 001 IS soft term scale 019 019 =
L i ooy EF ot e esolution 00 oo -
B} soft term scale 011 013 Jet energy 0.09 012 -
EF™ soft term resolution 0.06, 0.04 J 0.11 0.16 -
Jet energy scale 001 002 lement generator) 012 006  0.04
N “‘““‘ ]"]“*U“"(’U"‘ Jement o t: 1 :: ‘1; o0 -, Signal modelling (parton shower and hadronization) — 0.14 017 022
ignal modelling (matrix-clement gencrator) 57 6 3 5 -
Signal modelling (parton shower and hadronization)  0.24 0.25 0.18 1.25 PDF 0.09 0.12 0.07
PDF 010 012 009 0.06 Boson pr 018 014  0.04
Boson pr 0.22 0.19 0.01 0.04 Multijet background 0.33 0.27 0.07
Multijet background 035 072 003 005 Electroweak-+top background 019 024 0.02
EM:I‘»\T:\T +top 'Mdizmmd g [1]; :: Ll]’; [;7‘:‘12 :: (1] : Background statistical uncertainty 003 004 001
ackground statistical uncertainty 3 < atistic ertz g 3 .
Uit statistiea) mneertabnty 0o oo W ol Unfolding statistical uncertainty 0.03 003 0.02
Data statistical uncertafnty 001005000 018 Data statistical uncertainty 004 004 008
Total experimental uncertainty 091 105 035 239 Total experimental uncertainty 061 059 043
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Electron and muon channels combination

@ 12 distributions and 105

measurement points combined to 7 Cliannel X /n/.d-f.
. . . . W+ =ty 4.4/10
distributions and 61 points: Total P . 6,9//10
Z/y* = 0l (46 < myp < 66 GeV 3.2/6

x?/dof= 47.4/44, (59.5/53 when 2 o (66 < meg < 116 GeV)  235/18
. Z[y* — €0 (116 < myy < 150 GeV) 3.4/9

CC and CF Z are also combined) Correlated Is1
Total 59.5/53

@ Integrated cross sections are also
combined, yielding x?/dof= 0.5/3
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Theory predictions

e Start from APPLGRIDs of MCFM predictions at NLO QCD
and LO electroweak

@ Supplement the predictions with NNLO QCD and
NLO+leading-2-loop electroweak corrections, in the form of
bin-by-bin k-factors. Photon-induced processes are subtracted
as background

@ The NNLO QCD corrections are evaluated with DYNNLO
(nominal prediction) and FEWZ (alternative)

@ The electroweak and photon-induced corrections are evaluated
with SANC

@ The G, scheme is used in all the predictions (inputs: my,
mz, and Gf)
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Theory predictions - NNLO QCD corrections u i, m. tisowi

e FEWZ and DYNNLO agree better than 0.2% for total cross
sections, but in the presence of fiducial cuts on the leptons
they give significantly different predictions

e FEWZ-DYNNLO: 1.2%(W™) 0.7%(W~) 0.2%(2)

o FEWZ shows a discontinuity of the total cross section as a
function of the p cut of one of the leptons, when the pr
cuts approach a symmetric configuration, as expected in a

fixed order calculation
@ DYNNLO is effectively smooth
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Theory predictions - FEWZ vs DYNNLO

o FEWZ and DYNNLO differ for the subtraction scheme, sector
decomposition in FEWZ and gt-subtraction in DYNNLO

@ In DYNNLO, for values of the dilepton pr below the gtcut
(set to 0.008 - my ~ 0.6-0.7 GeV) the fixed order prediction is
approximated by NNLL resummation of logs of pr/m

@ The difference between DYNNLO and FEWZ may be an
indication that these large log corrections are significant for
fiducial cross sections, and should be accounted for either
with parton showers or with analytic resummation
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Comparison to PDF sets - Integrated cross sections
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@ Measurements compared to ABM12, CT14, HERAPDF2.0,
JR14, MMHT2014, and NNPDF3.0 PDF sets

@ Good agreement between data and all the PDF sets for the

W /W~ ratio, some tension for the W /Z ratio
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Comparison to PDF sets - Differential cross sections
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W~ =D 11 12|20 8.927 8.1|31 12|19 7.8|17
Z/y* — 06 (mge = 46 — 66 GeV) 6 1721 11(30 1824 21|22 28(36
Z/v* — 06 (mye = 66 — 116 GeV) 12 24|51 16|66 20116 14109 18|26
Forward Z/y* — £0 (my; = 66 — 116 GeV) 9 7.3]9.3 1012 12]13 1418 6.8]7.5
Z/y* = 2L (mee = 116 — 150 GeV) 6 6.1/6.6  6.3[6.1 5.9/6.6 6.1/8.8 6 7\() 6
Forward Z/~* — €€ (mge = 116 — 150 GeV) 6 4.2]3.9  5.1/4.3 4.6 5.1/5.0
Correlated 2 57/90 39]123 43]167 69]157 51\48
Total x 61 136/222 103290 118]396 147351 113[159

@ NNPDF3.0, which includes CMS W asymmetry data, is in
good agreement with the W charge asymmetry
@ Predictions tend to undershoot the Z data at central rapldlty
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Hessian profiling

PDF uncertainties are introduced in the x? definition: %/—7[2‘3/’

2 2
XZ(IBexpv ﬁPDF) = Xexp + XppDF =

2
. exp eXp 1. th PDF
Naata (O',- + Zj r,J Bj,exp -0 = Zk rik “BKPDF>
2
Ai

i=1
+ Z 5J'2,exp + Z %3/%,PDF
F P

e The x? minimisation yields the optimal values of the 34 ppr
shifts and the relative reduction of the PDF uncertainties

@ The shifts and the reduced uncertainties can be interpreted as
an optimization (“profiling”) of PDF sets

@ Using the xFitter implementation, which allows asymmetric
PDF uncertainties to be included
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Hessian profiling - Strange PDF
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@ The strange PDF is enhanced by profiling in the region of
sensitivity x ~ 0.01-0.1

March 7. 2017 Stefano Camarda 14



Hessian profiling - u, PDF
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@ Significant reduction of the u, PDF uncertainty
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Comparison with ATLASepWZ12
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@ Very good compatibility with the previous QCD analysis based
on 2010 data

@ The new 2011 data shows about a factor of 3 improvement on
the experimental uncertainty for the strange PDF
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QCD analysis - Settings

The W and Z rapidity cross section measurements are
included in a NNLO PDF fit together with the HERA |+l %F/ﬁ'g/

data, using xFitter
@ RT variable-flavour-number scheme

@ Starting scale Qp = 1.9

e as =0.118

e m.=143

e mp=4.5

@ Qumin = 7.5 GeV for the HERA data

Parametrisation form:
xf(x) = AxP(1-x)S f= dy,5,d,5
Xf(X) = AXB(]_ — X)C(]_ + EX2); f
xf(x) = AL —x)C —AXF (10" f= g

Il
<
<

Impose momentum and valence sum rules, constraint & = d at

low-x: Total of 15 free parameters in the fit
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QCD analysis - Results

@ Reasonable overall compatibility, some tension for the
low-mass Z rapidity (partial x2/dof = 26/6)

Data set ATLAS-epWZ16
2 /n.d.f.
ATLAS W+ — Ty 8.4 /11
ATLAS W~ — ¢~ 123 /11
ATLAS Z/v* — €L (mge = 46-66 GeV) 259/ 6
ATLAS Z/~* — 6 (my = 66-116 GeV) 15.8 / 12
ATLAS forward Z/v* — €0 (mg = 66-116 GeV) 74/9
ATLAS Z/v* — €L (mge = 116-150 GeV) 71/6
ATLAS forward Z/v* — €0 (mge = 116-150 GeV) 40/ 6
ATLAS Correlated + Log penalty 27.2
ATLAS Total 108 / 61
HERA I4+11 CC e*p 44.3 / 39
HERA I4+II CC e p 62.7 / 42
HERA I+II NC e p 222 / 159
HERA I+I1 NC e*p 838 / 816
HERA Correlated + Log penalty 45.5
HERA Total 1213 / 1056
Total 1321 / 1102

March 7. 2017 Stefano Camarda 18



QCD analysis - Results

@ Good agreement for W™ and Z peak, different shape for the
low-mass Z rapidity
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QCD analysis - Strange PDF

b ATLAS Q?=1.9 GeV? =g Re=i
G 1.6 =139 Ge
% _ATIa-teeSx-epanglgc. Central value 1.19 113
Ig xB+mg§ unc. N .
B = €XP UNC. Experimental data +0.07 +0.05
@ Model (mp, Q% Q2 &m,)  +£0.02 £0.02
o Parameterization irg(l)g tggé
a0 o
Beam energy E), +0.03 tgg%
EW corrections +0.01 +0.00
QD scales 0% 00
FEWZ 3.1b2 +0.10 +0.08
Total uncertainty tg}g +0.11
-3 -2 -1 5
10 10 x10 Ry = f:; = 1.13 = 0.05 (exp) + 0.02 (mod) *2%! (par)
u
LA L L B S S B A RN LA . . .
Q%= 1.9GeV? x=0.023 ATLAS @ Improved determination of Rs with
A ABM12 — .
“NNPDF30 —— respect to the analysis of 2010 data
vCT14 —_— . . .
o ATLAS-epWZ12 @ Dominant uncertainties are
ATLAS-epWZ16 M
exp uncertanty theoretical (QCD scales,
W exp+mod-+par uncertainty
exprmodsparny uncertamy | | | FEWZ-DYNNLO)
0 02 04 06 08 1 12 14
Rs @ Large parametrisation uncertainties
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QCD analysis - Scale variations

iy It x?/n.d.f. re = S;f R, = ;:r;—
Total ATLAS
1 1 1321 / 1102 108 / 61 1.193 1.131
1/2 1/2 1297 /1102 85 /61  1.093 1.066
2 2 1329 / 1102 115 /61 1.270 1.186
1 1/2 1307 / 1102 94 /61 1.166 1.115
1 2 1312 / 1102 100 / 61 1.201 1.130
1/2 1 1304 / 1102 94 / 61 1.128 1.088
2 1 1321 / 1102 107 / 61 1.241 1.165

o Large variations of the x? associated to variations of the
factorisation and renormalisation scales

e Factorisation and renormalisation scales set to ;1 = my /2 are
significantly preferred by the data (Ax? = 23)
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Determination of |V|

Ves|
Central value 0.969
Experimental data +0.013
T T T : : +0.006
ATLAS CKM fit Model (my, Q% Q3 &me) 003
- e +0.003
arameterization —0.027
oD -Klv ——
as +0.000
= Dy - 1v —
Beam energy E, +0.001
© NNPDF1.2
EW corrections +0.004
o ATLAS-epWZ16 —t—ey
inner unceer;tjamly: exp only ™ QCD scales tgggg
ou!eru‘ncenamty:!o‘tal ‘ ‘ SV
08 085 09 095 1 105 FEWZ3INR oo
|Vcs| Total uncertainty J_r0:031

@ The CKM matrix element |V | is determined from the fit,
with a precision competitive with other measurements from D
meson decays
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tt/Z ratio at various centre-of-mass energies

@ 6 measurements of tt and Z ATLAS
. 13Tev,3.21b"
cross sections at /s =7, 8, e
| data stat. = exp. uncertainty
an d 13 TeV L ﬂa:'n;Msl!:! uncertainty
v e I
@ The measurements are used to . Il e
— . . O ATLASepwz12 ——O—+—
compute tt/Z ratios, ratios of S |
Z and tt cross sections at o7 08 05 1 11 a2
) ) f(13Tev) * ~ Z(13TeV)
different energies, and double : ‘ ;
. . ATLAS
ratios, accounting for the TTevast,

correlation of experimental

. . . A -
systematic uncertainties v -
®  MMHT14 £
@ Most ratio measurements are O sz o
not affected by luminosity e e P
u ncertainties OZustev) ! O2(rrev)
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tt/Z ratio at various centre-of-mass energies

51000
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ATLAS-epWZ12 CT14 MMHT14 NNPDF3.0 HERAPDF2.0 ABMI2
X2/NDF | 8.3 /6 15/6 13/6 17/6 10/6 25/ 6
p-value | 0.22 0.02 005 0.01 0.11 < 0.001

@ The HERAPDF2.0 and ATLAS-epWZ12 are in best overall
agreement with the data
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tt/Z ratio at various centre-of-mass energies

@ The tt meausurements provide significant constraints on the
gluon PDF at high x, and the constraints is enhanced by the
inclusion of the Z data, thanks to uncertainties correlation

@ The Z measurements provide constraints on the total sea
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@ New precise measurements of W and Z inclusive cross
sections at /s = 7 TeV has reached a subpercent uncertainty,
and the provide significant constraints on the PDFs. The data
tables are available for the PDF groups, and will be soon in
HEPDATA

@ A QCD analysis of the W and Z cross sections, together with
the HERA I+Il data, yields an unsuppressed strangeness
corresponding to Rs = 1.13 4+ 0.11 at Q? = 1.9 GeV? and
x = 0.023, with the dominant uncertainties due to QCD
theory. The ATLAS-epWZ16 PDF grids are available on
LHAPDF

@ The precision of the data challenges the accuracy of fixed
order NNLO QCD predictions. Significant x? variations
associated with scale variations and differences between
FEWZ and DYNNLO may indicate the need for higher order
QCD corrections
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Theory predictions - NLO electroweak corrections

@ QED FSR is the dominant correction. Simulated with
PHOTOS and unfolded from the data

@ QED ISR, electroweak loop corrections and QED ISR-FSR
interference are evaluated with MCSANC

e Corrections are approximately —0.4% (W™), —0.3% (W),
+6% (Z low-mass), —0.3% (Z peak), —0.5% (Z high-mass)
@ Additional two-loop corrections are found to be small
(< 0.1%), except for Z low-mass (—0.62 + 0.15%)

o Corrections are applied with the multiplicative ansatz
(Kew = oPLO /oLO ). The additive ansatz
(Kew = a,':ylﬁvo - a,ﬁ-ﬁ,) is considered as an uncertainty

@ Photon-induced contributions are evaluated with the
MRST2004qed PDF set
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Hessian profiling - Isospin asymmetry
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@ Moderate sensitivity to the low-x isospin asymmetry
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QCD analysis - Model and parameterisation uncertainties

Variation Total x2/n.df. 7y = b;{f R, = zf:-:?
Nominal fit 1321 / 1102 1.193 1.13
Model variations
my = 4.25GeV 1319 / 1102 1.172 1.111
my = 4.75GeV 1322 / 1102 1.211 1.149
Q% =5GeV? 1389 / 1149 1.202 1.128
Q2 = 10GeV? 1263 / 1062 1.188 1.129
Q% =1.6GeV? and m, = 1.37GeV 1322 / 1101 1.198 1.148
Q% = 2.2GeV? and m, = 1.49GeV 1323 / 1101 1.197 1.119
Parameterization variations
Bs 1319 / 1101 1.094 1.067
Ds 1321 / 1101 1.192 1.130
Dy 1318 / 1101 1.184 1.128
D; 1321 / 1101 1.194 1.132
Dy, 1320 / 1101 1.195 1.132
D,, 1320 / 1101 1.161 1.107
D, 1319 / 1101 1.209 1.141
F,, 1321 / 1101 1.206 1.143
Fy, 1323 / 1101 1.203 1.141
Theoretical uncertainties

as(mz) = 0.116 1320 / 1102 1.185 1.121
as(mz) = 0.120 1323 / 1102 1.194 1.136
LHC beam energy uncert. E, —0.6% 1322 / 1102 1.168 1.116
LHC beam energy uncert. E, +0.6% 1319 / 1102 1.218 1.145
NLO EW down 1323 / 1102 1.199 1.132
NLO EW up 1319 / 1102 1.187 1.130
FEWZ 3.1b2 1314 / 1102 1.294 1.211
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