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Electroweak cross sections at the LHC
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Successful start and continuous
delivery of the luminosity enabled
rediscovery of the standard mode

processes at the LHC.
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Events / 1 GeV

ATLAS detector performance
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Precision tests of the standard model are enabled by anextcel
performance of the ATLAS detector.

e ¢ u identification dficiency is understood te 1% accuracy with
high background suppression.

e Calorimeter calibratiofspectrometer scale are known to better
than1% precision.

e Jet energy scale known to beteb% for central jets with
60 < p; < 800GeV

e LHC luminosity is known td3.4% accuracy.



Cross sections at the LHC
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The cross sections are given by a convolution of the partosites
and codicient functionsy~ xq f1(Xq, u) Xo fo(Xo, ) 07(X1, Xo, o).

Leading order relation between rapidifyandxy, Xo: X1 2 = %eﬂm.

Interpretation of EW physics results at the LHC requires PBiRd
(N)LO QCD.



W=, Z(y) rapidity dependence flavour decomposition
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Z production is more sensitive to
d-type quarks while photon pro-
duction is more sensitive to-type
quarks. Diterent iny-shapes for os
uu vs dd vs ss because of th&u,,

d, quarks.
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. st W*, W~ production is more sensi-
e ° ~ % | tivity to Cabbibo favoredid andcs
combinations.

Measurements o¥\. Z production
differentially inyz andn, provide
Information on light sea decompo-
sition.
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W, Z Total cross section
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/Z — vt andW — v measurements
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Hadronic identification fokV decays, combination of hadronic and
leptonic forZ. Manageable level of background, cross section
accuracy reaches 10%for the combined result.
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Ratios of\W. Z cross section:
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Theory/Data

Differential cross-section measurements

Measurement of dierentialdo-/dyz anddo/dn, cross sections
compared to NNLO predictions based on NNLO PDF sets.

Analysis preserves correlation information bin-to-biml@mong
different reactions, provides more informaj@nstraining power
compared to simple asymmetry measurement.

Some tensions with all PDF sets, in particulardiot/dy;
distribution, where all sets considered have suppressauaige quark
density.

(arXiv:1109.514)
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Determination of the strange sea density
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A QCD analysis of HERAATLAS data, using HERAFitter.

Perform two NNLO fits: with fixed strangeness fraction
rs = 0.5(s+ 9)/d, rs = 0.5 and free strange density parametrized as

XS(X) = AgxBi(1 — x)©s

For x = 0.023andQ? = 1.9 Ge\#, corresponding to the maximum
of ATLAS data sensitivity extrapolated to lo@?
rs = 1.00+ 0.20exp+ 0.07mod" 9 1epar' g ooas + 0.08h.

consistent with sea quark flavour democracy at jow
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ATLAS strange sea determination results
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W, Z + b jet production
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W, Z + b production are sensitive to (N)LO QCD corrections and (for
Z production)b-quark parton density.

Measured using secondary vertex reconstruction.

For > 2 jets, ATLAS results are somewhat above the NLO prediction
and ALPGEN, PYTHIA MC generators, consisten®Ratlevel.

(PLB 707 (2012) 418; PLB 706 (2012) 2p5
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W, Z+ jet results
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ATLAS performed detailed studies @ Z+jet production cross sections,
with up to four jets in the final state. Results are compared tOQCD
calculations and MC generators with LO matrix element seimgnted by
parton showers. Uncertainties are dominated by the kngelefithe jet

energy scale.
(arXiv:1201.1276, arXiv:1111.2690
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W, Z transverse momentum measurements
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Measurement o, W transverse momentum allows one to study hadronic
recoil inclusively, without need to reconstruct jets.
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Z measurement has good resolution at lewy W reaches highpr with

higher statistics.

Data agree well with RESBOS predictions, somi@edences are observed for

NNLO calculations.

(PLB 705(2011)415,PRD 85 (2012) 012005
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W polarisation measurements
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At LO, W-bosons are left- () or right-handed fR)

and for large rapidity they are mostly left-handed ( left = ¥ ——rrr—rr

handed valence quark carries larger momentumvs s ., R ;
anti-quark). At NLO, for significant transverse mo- 07 E
menta, longitudinal polarisatiorf) is also possible. .- o 50 Gev ;
Measure using “transverse helicitgpsdn ~ pf* - pl 04- .
Sincef, + fg + fg = 1, express results in ternfs — g 3; E
andf,. Charge averagefi — fr is measured accurately, = ° /amaseamwy N
fy is more challenging. Measurements are consiste

with NLO QCD.
(CERN-PH-EP-2012-016
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Diboson production at the LHC

w W= g W=

TGC vertex
55

W g Wt

W=

The main production diagrams for the"W~ pairs are thé-channel
guark exchange and tlsechannel diagram containing triple gauge
coupling (TGC) vertex. The gluon-gluon fusion diagramstabnte

< 10%for VS = 7 TeV. In the standard model, the TGC diagrams
are zero foizZ andWZ production.

— measuring of the diboson production cross sections provide
stringent tests of the standard model.
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Wy andZy production
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Measurement ofV + y andZ + y
production cross section with a high

pr > 15 GeVisolated from the leptons,

Ar > 0.7 photon.

The measurements are found to be in
good agreement with NLO calculations.

(JHEP 09 (2011) 072
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W*TW™ analysis
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Analysis of W"W~ events is performed ia"e", u*u~ ande*u™ channels.
Main selection criteriap??* > 25 GeV, My, > 15 GeV, Mg, > 10 GeV, Z

. T,0
veto, ET'SS; > 40, 45,25 GeVfor ee, uu andeu channel. Here
miss | EP®xsinA¢ if ¢ <n/2
T,Ref — ErTn'SS |f 6¢ Z 7[/2

whereAg is azimuthal betweeB™ and nearest leptgjet.

The Drell-Yan background is suppresseddyeto andE?fFf;gf cut. (the
background is much smaller fer decay channel). The top background is
reduced by the jet veto cut.

(PRL 107 (2011) 041802, ATLAS-CONF-2011-110

18



Events / 10GeV

data/MC

W*TW~ results
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Final event yield ist14 candidate events with an estimated
background ofL70+ 28 events. The measured cross section is

OWW = 48.2 + 4.0stati 6.4systi l.8|um| pb,

consistent with the standard model NLO calculatiod6f 3 ph.
(PRL 107 (2011) 041802, ATLAS-CONF-2011-110
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W*Z analysis

M, [GeV]

WZ analysis has significantly reducec

background,71 candidates are observec )

with background expectation of 12
events.

Ax,

ATLAS result is consistent with the SM |

9

expectation.

(arXiv:1111.5579
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//Z measurement
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expectatlorﬁ 5+ > pb. ATLAS limits on the forbidden TGC are
competitive or exceedlng other experimental results.
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Summary

e Successful operation of the LHC and the ATLAS detector
enabled precision studies of the standard model.

e Accurate measurements of thdétfdrential cross sections foY, Z
production challenge our knowledge of the parton density
functions. The first ATLAS analysis of the PDFs reveals novel
Information on the strange quark sea density which is foond t
be consistent with the down quark sea density at0.023and
Q? = 1.9 Ge\?, supporting the flavousU (3) symmetry.

e Measurements di\, Z+jet production as well as dN, Z pr
spectra investigate (N)LO QCD calculations and test vari®
models.

e \W polarisation is found to be consistent with the NLO
calculations.

e Studies of the diboson production start to impose limitshan t
TPG beyond the SM.
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Flavor decomposition of th2 production at the LHC
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©Sheri Amsel

23



(]

Z + b jet production leading diagrams

A b > Z g b
Y A
b9 b T 7

The leading processes far + b jet
production include diagrams with-
| guark present in the initial state at LO
b as well as higher order diagrams in
@W< . which b-quark is produced in the final
state.
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W, Z transverse momentum measureme

N{S

T T T T TT \‘ T T T T TTT
. Combined ee+ ppu ATLAS

ATLAS ]

2| —e— Combined Data 2010

1.6~ —— Data 2010 1 Stat. Uncert. ]
. — RESBOS IL dt = 35-40 pb 1.8 ALPGEN+HERWIG ILdt =31pb™"
- PYTHIA . - — MC@NLO ’

1.4 —-MC@NLO = C POWHEG+PYTHIA \s=7TeVv
i ] 16 ... PYTHIA -
- — RESBOS .
1.4~ SHERPA —

Data (Prediction) / RESBOS
(Data,Prediction) / RESBOS

- p'T > 20 GeV |
- 66 GeV < m, < 116 GeV
B | | | L1111 ‘ | |

Lol \\7 .7\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\
102 0 50 100 150 200 250 300

pZ [GeV] P
Measurements of thé and\W transverse momentum distribution are
compared to various LO and NLO Monte Carlo simulations. Good
agreement for PYTHIA, SHERPA and ALPGEN LO generators, hawve
significant disagreement with NLO generators MCNLO and P@&Hvith

PYTHIA showering.
(PLB 705(2011)415,PRD 85 (2012) 012005
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