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Motivation of the W /Z measurement at the LHC

@ Production of W, Z bosons is theoretically well understood
@ Clear experimental signature in the leptonic decay
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PDFs sensitivity
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@ For the Z exchange the d-quark distribution is higher than u for the central

rapidity region

@ A contribution of s quarks to the Z cross section for the central rapidity is not

negligible

@ W cross section is dominated by the u,d contribution and expected to exceed

the W cross section, which is dominated by the ud, part

@ Measurement of the W /Z production at the LHC and structure functions at
HERA allow for PDF decomposition determination
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The ATLAS detector

ATLAS Online Luminosity &= 7 Tev
-

Muon Detectors Electromagnetic Calorimeters

i Forward Calorimeters

Total Integrated Luminosity [pb}

End Cap Toroid

Eur.Phys.J. C 72 1849
Integrated Luminosity:

@ 20 pub~tin 2009
@ 45pb~tin 2010
® 5.2~ tin 2011
@ >41fbtin2012
Detector structure:

{ 3
i Inner Detector ieldi
Lol Hadronic Calorimeters Shedng

@ Trigger:
99 @ Inner detector |n| < 2.5
» electrons: |n| < 2.5

@ Calorimeter system 4.9
» muons: || < 2.4 ystem | <

@ Muon system |n| < 2.7

u]
]
I
w
it

DA

M. Karnevskiy (DESY) W /Z measurements



Electron and Muon performance

> T T
& 1600F ATLAS
-

T T T
—4— Data 2010 45 = 7 Tev)

i 4\+7 T " T X T i T
E Data 2010 (/5 = 7 TeV) s s
= = O - Ldt=36pb’ J O 350 Ldt=36pb"
- 4 Data 201085 =7 Tew) _r'-d'*33 pb 1400 [(Jeee I P o Tlz-ee I p
2 1400F ;.4 1 Bi1200F oo ATLAS 3 300p o ATLAS
© 1200F [ o0 4 8 Central Z - ee 3 Cwee Forward Z - ee
fir 511000 4 a ]
1000 b
800 b 3
800 B
6001 3 600 = !
400~ 4 400r E E
200 4 200 4 4
o L n . 1 .
70 80 90 100 110 70 80 920 100 70 80 920 100

110 110
M, [Gev] Mee [GeV] m.. [GeV]

Phys. Rev. D85, 072004
@ Various components of the electron and muon efficiency  were measured with
high accuracy

@ Energy calibration of the EM calorimeter was measured with 1% uncertainty for
almost all pseudo-rapidity regions

@ Muon momentum scale and resolution  are determined with ~ 0.3% and
~ 0.5% uncertainty respectively

@ QCD background is studied using data-driven methods, while EW background
are taken from MC samples.

@ The total uncertainty of the luminosity measurement is 3.4 %
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W /Z measurement

@ Inclusive W /Z cross-section measurements in each leptonic
channel

@ Differential measurement in the electron and muon channel in bins
of boson rapidity and transverse momentum.

@ W boson polarization and charge asymmetry (~ 1 fb=?1)
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Differential cross-section combination (e + 1)
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Phys. Rev. D85, 072004

@ The combination increases precision of the measurements and provides a test of

compatibility

@ Combinations of several cross sections are performed taking into account all
sources of correlated and uncorrelated uncertainties

@ The data show good compatibility, with the total x?/dof = 33.9/29
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Comparison with theory prediction

Phys.

@ The combined data are compared to theoretical calculations performed with
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FEWZ and DYNNLO programs using recent NNLO PDFs (JR09, ABKMOQ9,
HERAPDF1.5 and MSTWO08).

@ Overall there is reasonable agreement, however none of the PDF sets describe
all features of the ATLAS data. Thus it can be expected that the differential cross

sections will reduce the uncertainties of PDFs and also influence the central

values.
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Strange quark density. Motivation.
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@ Little is known about the strange quark distribution

@ Flavor SU(3) symmetry suggests that the three light sea quark distributions are
equal

@ Strange quark density is suppressed in many PDFs due to their larger mass
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Set-up of the QCD analysis

@ The QCD analysis uses the HERAFitter framework

@ The APPLGRID package interfaced to MCFM program was used for fast
calculation of the differential W /Z boson cross section at NLO level and the
K-factor technique to correct NLO to NNLO prediction.

@ The data are compared to the theory using x? function
@ The following parameters were chosen for analysis:

> Q2 =1.9Ge\?

me; = 1.4 GeV

my = 4.75 GeV

as(Mz) = 0.1176

QZ;, > 7.5 for HERA data

@ The standard parametrization is used:
» xqi(x) = AixBi(1 — x)%P;(x ) for uy, dy, G, d S=s
> Xg(x) = AgxBs(1 — x)% — ALxBo(1 — x)Cs

v vy VvYy
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Result of the PDF fit

= 140 T T T T T T = 70 T T T T = 500 T T T T
5 5 ] =
2 L ATLAS ] = i = n i ATLAS ]
= F 1 = i = W - Iy, 1
2 120 1 £ 4 £ I ]
Z 1200 ] % 1S 450kt h
2 fzom i 8 18t b
100F < 7 4 600H—+ r ]
[ X ] £ . 3 400 . 4
[ IL dt = 3336 pb ] [ [Ldt=3336p0 3 5 IL dt = 33-36 pb 1
80 ] £ ] r ]
[ —+— Data 2010 (Vs = 7 TeV) 1 [ —+— Data 2010 ({5 = 7 Te\ 1 [ —+— Data 2010 ({5 = 7 Te\ 4
r (uncorr. sys. (1 stat. uncertainty) ] E (uncor. sys.  stat. uncertainty) B 350 (uncorr. sys. O stat. uncertainty) —
B0 - epWZ fixeds — E oo epWz fixeds 1 [ e epwz fixeds 4
[ — epwzfrees [ — epwzfrees ] [ — epwzfrees ]
] . I . ] . . ] . .
3 1027—‘_‘R ] g0z 1 g0z E
EP s I ES!
£ 0.98F 4 Soo98 i $oo8t 3
L 05 1 15 2 25 3 35 2 o0 0.5 1 15 2 25 2 0.5 1 15 2 25
Iv,| Il Il

arXiv:1203.4051

@ The measurement uses ATLAS and HERA data

x?/dof for PDF fit:

data fixedS/d =05 freeS/d
All 546.1/567 538.4/565
ATLAS 45.0/30 33.9/30
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Study of uncertainties

ro = SGLE0) — 1.00 4 0.20exp + 0.07moa 9120 735, + 0.08

@ The experimental (exp) uncertainties (both statistical and systematic
uncertainties of the W /Z measurement) dominate.

@ The model (mod) uncertainties arise from:

» varying charm mass 1.25 < m¢ < 1.55 GeV

» varying bottom mass 4.3 < my < 5.0 GeV

» varying cut on minimum Q2 5 < Q2. < 10 GeV
» varying starting scale Q2 lowered to 1.5 GeV2

@ The parametrization (par) uncertainties arise from varying polynomials in the
parametrization.

@ The as uncertainty corresponds to the variation 0.114 < as(Mz) < 0.121

@ The theoretical (th) uncertainty is assessed by comparing the DYNNLO and
FEWZ predictions.
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Strange quark density. Result.
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Summary

@ Inclusive W /Z cross-section measurement was performed in e
and i decay channels. The total experimental uncertainty is
around 1.2% and the overall normalization is 3.4 %.

@ Differential measurement was performed at very high accuracy in
the electron and muon channel.

@ Strange quark density was determined from the differential W /Z
measurement. The resulting value is consistent with no
strange-density suppression.
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Background studies
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@ Numbers of the EW background are taken from MC samples.

@ The QCD background is studied using data-driven methods. The signal and background

contributions are estimated by fitting the di-electron invariant mass shape.

@ Z — Il measurement was performed in a common phase space.

> 66 < Mee < 116 GeV
» lepton pr > 20 GeV
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Ratio of fiducial cross-sections

N
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W — 7v and Z — 77 measurement
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@ Measurement was performed using 2010 data and shows an
agreement with other leptonic decay channels

@ The values are in agreement with the NNLO prediction.
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The Resbos describes the Z spectrum well for

the entire pr z range.

Predictions of various event generators:
Sherpa, Alpgen and Pythia show a good

agreement with the measurement as well.
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@ x?/dof =17/19

@ Combination volume:
pr, > 20GeV,
66 < m; < 116GeV,
Imi| < 2.4,
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The Alpgen+Herwig, Pythia, Resbos, and
Sherpa predictions match the W — [v cross

section in pr w bins within 20%.

MC@NLO provides the closest description of

the data for pr w < 38GeV

M. Karnevskiy (DESY) ATLAS W /Z measurements

2f- - Combined Data 2010 ATLAS
3 Stat. Uncert. b

18k ALPGEN+HERWIG J'Lm =31pb” ]
[ — mcenLo ]
[ POWHEG+PYTHIA Vs=7Tev

L8 e PYTHIA 3

[ — RESBOS

50 100 150 200 250 300
W
pY [GeV]

o \2/dof = 13.0/13

@ Combination volume:

> pr) > 20GeV
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Lepton universality
The correlated measurement of the electron-to-muon cross section
ratios in the W and the Z channels.
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@ The inclusive measurements were performed with a few %
uncertainties (~ 35pb™1)
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W boson polarization
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@ W polarization was derived from tt events with missing transverse
momentum using 1.04fb~! 2011 data
> |+ i
> Ul +jj
@ Any deviation of Fg, F|, Fr from the Standard Model prediction
could be caused by new physics contributing to the Wtb vertex
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