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1. Introduction

ATLAS [{] has carried out multiple measurements of vector boson produbtith inclusively
and with associated light or heavy flavour jets at the Large Hadron Co(lid&€). Events con-
taining aW or aZ boson provide clear experimental signatures in the leptonic decay chamaels
are produced abundantly at the LHC, thanks to their large cross secfldrese events can be
considered as a test bench for probing high-order quantum-chrgmaydcs (QCD) as well as
measuring electro-weak parameters and constraining parton distributictiofus (PDFs). These
measurements have reached high experimental precision and allow dtdoggrarisons with the-
oretical predictions to be made.

The study of boosted vector boson production, i.e. with non-pgraean be used to constrain
theoretical models of perturbative QCD (pQCD): the high and low vectsotpt regimes can
probe high-order QCD corrections and resummation techniques, tieghecThe studies oW
or Z boson events where accompanying jets are explicitly reconstructed, ipithesively in jet
flavour or exclusively as heavy-flavour jets, provide important tedtgybforder QCD calculations,
heavy-flavour production schemes, and can also be used to condireg FFurthermore, such
processes constitute an important background to many searches fghe@emena. With the
large LHC data-sets being available such measurements are carriechiglteatjet multiplicities
and higher scale regimes then previously.

The measurements presented here are based on the data collected by A& deftector
during the years 2010 and 2011 of LHC proton-proton collision running &V centre-of-mass
energy. The measurements are carried out separately for electromuamdichannels, corrected to
a common region in phase space and then combined.

2. W, Z inclusive production

TheZ, W andW~ production cross sections have been measured both inclusively agd diff
entially [B] using about 35 pb' of 2010 data. Figurf I{a) shows the fiducial inclusive cross sec-
tions of W+ andW— bosons. The uncertainty is dominated by the 1% systematic uncettality
measurement is compared to theoretical predictions obtained from negktdenleading-order
(NNLO) FEWZ2.0 [3] with the MSTW2008[]4], HERAPDF1.5][5], ABKMOS] or JRO9 [}/]
NNLO PDF sets. The measurement, while in broad agreement with NNLO pogdishows
some tension between the different PDFs.

The Z, W andW~ cross section measurements by ATLAS as a function of the pseudo-
rapidity, n, of the decay lepton are used together with the deep inelastic scatteringatatthé
H1 and ZEUS experiments at HERA as inputs to NNLO PDF fits performed withlERAFitter
framework [p][B]. The results of these fits are nanegVZ [f]. The fit which parametrises the
anti-strange contributios with two free strangeness parameters and asssmes shows better
agreement with ATLAS data than the one with fixed/here the strange to down quark ratio is
fixed to s7d_: 0.5. The level of suppression of the strange sea can be determined feoime¢h
§ fit by considering the ratios = 0.5(s+§)/d, which is found to be D0' 25 when evaluated at
the initial scale of 1.9 GeV and parton momentum fracton 0.023. This is consistent with no

lexcluding the 3.4% luminosity uncertainty.
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Figure 1: Fiducial inclusive cross sections of thé" and theWV— bosons (a)|]2] and the ratio W+ to Z /y*

(b) [E]. The total uncertainty includes the luminosity gystic uncertainty. The theoretical predictions are
obtained at NNLO with FEWZ2.0 and various NNLO PDFs.

suppression of the strange quark sea at veryXdowhe level of agreement of the epWZ fit with
ATLAS data can be seen from the measurement of the ratié“ofo Z/y* fiducial cross sections,

as in fig[1(B). The epW?Z fit with free better agrees with the ATLAS measurement than the other
PDF fits with a suppressexicontribution.

3. BoostedW, Z

The measurement of th& and Z cross section as a function of the bosmnis important
for improving our understanding of Higgs boson production and the maudrtainty in pre-
cision measurements, e.g. tdémass. The ATLAS collaboration has published measurements
of theW andZ pr spectra using about 31 pbof integrated luminosity[[30[[31] and compared
them with theoretical predictions, such as LO and NLO Monte Carlo (MCgigdars and analytic
calculations at NNLO with and without NNLL resummation. Higher precisioreeixpental mea-
surements can be obtained by measuringZthess section as a function of tipg variable defined
as@; = tan(@ucop/2) - SIN(6;;), Wheregacop= 11— A and cog6;;) = tan(n~ —n™)/2], with Ap
being the difference in the azimuthal angle between the leptons) aring the pseudo-rapidity
of each lepton. As suchy; is dependent only on the angles of the two leptons which can be
measured with far better resolution than the momentum, particularly gt#owhe variable is cor-
related withp% /my, as shown in fig. 2(h), allowing the same physics to be probed. The noehalis
differential cross section measured in data by ATLAY [12] with 4.6'fbf integrated luminosity
is compared to theoretical predictions from an analytic QCD calculation peblistvef. [13] and
from RESBOS[[14]. The first prediction matches NNLL resummation to an KIGD calculation
from MCFM [[L§]; the second prediction matches NNLL resummation to an L@@@&lculation
corrected with NLO/LO k-factors. Fi. 2(b) shows that the differeneveen the RESBOS pre-
diction and the data is smaller than the RESBOS PDF uncertainty of about 4 H&analytical
calculation describes the data less well than RESBOS, but is still overalteemegnt within the
relatively large theoretical uncertainty. It should be noticed that thererpatal measurement is
an order of magnitude more precise than theory.
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Figure 2: (a) Correlation matrix betweep;, andZ pr variables, at Born level, fat/y* in the fiducial region
using RESBOS with CT10 PDF. (b) Ratio of normalised difféi@rcross sections as function gf from
data and an analytical QCD calculation to RESBOS (se€[r@f).[1

4. W, Z plus jets production

4.1 W, Z plus inclusive jets

The large data-set of 4.6 B allows the study o production with up to seven jets and jet
pr up to 700 GeV [[Ip], where the jets are reconstructed in a large acceptegion in rapidity,
lyI¥| < 4.4. The measurements are compared to NLO predictions from the Bla¢kGIHERPA
program [1¥][IBI[1P] and LO predictions from ALPGEIN]20] and BRPA [2]] MC generators.

Figure[B shows the scaling patternszsnijet events by investigatinB, 1) /n, the ratio ofZ
production with exactlyn+ 1) jets to that with exactlyn jets. Exclusive jet multiplicities are
expected to be described by a combinatior8iaircase scaling in which R, 1)/, is constant and
Poisson scaling in which Ri,1)/n is inversely proportional ta. The symmetric jet selection,
i.e. all jetpr > 30 GeV, is used to investigate staircase scaling if fig} 3(a) whilst Poisatingsis
enhanced in fid. 3(pb) by introducing a large scale difference betwedadting jet pr > 150 GeV)
and the sub-leading jetp{ > 30 GeV). It is seen that both scaling relations are well described by
the theoretical models. The measurement of these scaling properties wikehd un analyses
searching for new particles beyond the Standard Model (SM), e.gY3u8ch employ jet vetoes
to discriminate between signal addjets background, and assume scaling properties between low
and high jet multiplicity to estimate thé+jets background.

Z+jets events form an irreducible background to Higgs boson analysesx&dmple in the
vector-boson-fusion (VBF) production channel. A study efets events with a VBF-like selection
is carried out to study the modelling éf-jets events as background to Higgs analysis. These events
are selected by requiring two jets with large invariant mass & 350 GeV) and large rapidity
separation4y!! > 3.0). Both ALPGEN and SHERPA MC generators provide a good de&srip
of the data within 5% accuracy in various observables.

The study ofV boson production with jets is complementarytgets, as it has larger statistics
but also larger background contamination. A vast range of measureofevtsjets properties
have been carried out using 36‘6[@]. In particular a large deviation between fixed order pQCD
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Figure 3: Ratio of cross sections of successive jet multiplicitiasd®jet events. Staircase scaling is exhib-
ited using the standard selection in (a) whilst Poissonrsg# enhanced in (b) by requiring the leading jet
pr > 150 GeV [1f].

calculations and data is observed in inclusive event observablesasubk scalar sum of ther
of all objects in the final-state (H above 350 GeV. Such a deviation is also seen+jets events
and is consistent with the observation that the mean jet multiplicity of events sese@dove two
at about 300 GeV. Event observables, like, ldre better modelled using exclusingets sums of
fixed order pQCD calculations.

4.2 W plus heavy flavour jets

The study of the properties of a vector boson accompanied by heawoyfflgts probes the
production mechanism of heavy flavour quarks, e.g. by initial state yhiéaxour quark within
the proton) or by gluon splitting (e.g. & bB). In addition it can shed light on the competing
schemes for heavy quark production, e.g. different flavour (4F¥8IS) and massive/massless
approximations, and help understand an important background to Higge boalyses (e.§VH,
ZH), single top quark measurements and searches of new particles begdsid th

The ATLAS measuremenf [R5] with 2011 data (4.6 ¥integrated luminosity) 0¥ boson
production in association withrquark jets is compared to NLO predictions from POWHIEG [23][24]
and MCFM and LO ALPGEN predictions scaled to NNLO. The MCFM predictsocorrected for
hadronisation, the POWHEG and MCFM predictions are corrected fdsld@arton interactions,
which is an important contribution to the cross section in the lowpjetegion (about 25%). The
experimental results are observed to be above predictions as showfdifajigCross sections have
also been measured differentially in @t, and with and without subtraction of the single top quark
contribution.

As discussed in secticﬂh 2, the ATLA® andZ inclusive measurements along with HERA data
have bolstered the case for an SU(3) symmetric sea~a0.01. The cross section measurement
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Figure 4: (a) Measurements of the fiducial cross sections\fab production for exactly 1-jet, 2-jets and 1-
or 2-jets ]. (b) Sum of cross sections for the productibg DT andW*D*T compared to aMC@NLO
predictions calculated using a range of PDF [26].

of W bosons in association with D mesons can also be used to constrasgtizek PDF in the
same region ok. This analysis is carried out using 4.6 fo[Pg]. The charge correlation between
the lepton from th&V and the D is used to extract the single-charm component. Distributions
are formed for both opposite charge (OS) and same charge (SS) distithand the OS-SS com-
bination is used for the extraction of the cross section. The yield is fourfitimg the D" mass
(for D*) or the D' - D° mass difference (for D). The sum of cross sections fv*DT and
W=D*F is shown in fig.[4(®) and it is compared to predictions from aMC@N[QD [Z7ihg six
different PDF sets: CT1(Q [P8], MSTW2008, NNPDF2[3][29], HERAFLb which all have sup-
pressed strangen@sspWZ with strangeness equaltt@andd (see sed]2), and NNPDF2.3¢cdll][29]
which includes only collider data and has an even more enhanced stfaageeontribution than
epWZ. It is observed that the measurement is most consistent with predicsomny epWZ and
NNPDF2.3coll, both of which have enhanced strangeness as compdheddihner PDFs.

5. Conclusions

The analyses presented here cover a range of measureméhenofZ production at ATLAS
in pp collisions at,/s = 7 TeV. The inclusivéV* andZ cross section measurements are used to
determine the strange quark density at smathich is found consistent with no suppression of the
S PDF relative tad.

The normalised differential cross sectionZoproduction as a function af; is measured with
small experimental uncertainties, probing similar physicZ gg. The predictions are largely in
agreement with the experimental results within the large theoretical uncedaintie

ATLAS has also carried out a wide range of measurements of vecton mogoaccompanying
jet production to test and constrain pQCD calculations. Scaling propegiesbeen tested with
W, Z boson plus inclusive jet production, while heavy-flavour productidrestes in predictions
have been tested witlV, Z boson plus b-tagged jets. In many regions of phase space such mea-
surements have experimental uncertainties which are competitive with or sthaltetheoretical

2although in CT10 the strange contribution is less suppressed then in the. other
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uncertainties. The exclusive measuremenif+D*)F cross sections has been used to extract
information on thes-quark PDF, confirming the preference of the ATLAS data for PDFs with a
SU(3) symmetric sea.
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