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Introduction

W/Z physics at the LHC

TLAS
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LHC: a W/Z factory...

» Theoretically well understood bosons, produced at high rates

» Unique signature in the lepton decay

.. in a QCD environment
» Cross sections factorise at scale y on PDF:
=D
(a,0)
» Explore phase space uncovered so far:

/ i dxy foxas 12) fo (X 1) X G0p()

Mw,z

Qz = Mlzf\//Z and xl/z = eiy \/g
Motivations
> Test pQCD predictions up to NNLO

> Test phenomenological models: ME+PS, soft
gluon resummations. ..

> Provide precision measurements: lepton
universality, polarisation, my...

12/04/2012

Q’/GeV?
5
T

1 b

T
Atlas

1
2EUS
e
BCDMS
665

DENEEDROOD

stac

W/Z@

y=

and cus (7 Tev)
Atlas and CMS rapidity plateau
DO Central+Fwd. Jets

CDF/DO Central Jets

Standard Model @ LHC 2012 - J-B. Blanchard

2/18



W/Z cross-section : In 7 lepton

Outline

WI/Z cross-section
In 7 lepton
In light flavour leptons
Differential measurement in e/
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W/Z cross-section : In 7 lepton % 'n'L A ,

W — 7v and Z — 77 cross sections EXPERIMENT

. _ 3 ATLAS Preliminan - We-7Te
W — v using 2010 data (~ 35 pb™") o Jee
£ 500 Mot
Z — 77 using 1.32-1.55 fb~! in three channels: L =
13
> u + hadrons + 3v (7,7) 300 SDiosen
> e+ hadrons + 3v (7.m) 200
> e+ pu+4v (TeTy) 100

. - 9
= ~ 10% systematic uncertainties N

M7 [GeV]
Validation of 7 reconstruction performances critical for searches
Measurement in agreement with other leptonic decay channels
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W/Z cross-section : In light flavour leptons

Lepton universality

W > vand Z° — £10~ forl=e, 1

12/04/2012

» Inclusive measurements done with 2010 data (~ 35 pb’1 )

— experimental accuracy of few %.

> Ratio of e and p cross sections in common fiducial region

@ATLAS

EXPERIMENT

= Rw=1.006+0.024, to compare with world average 1.017+0.019
= Rz=1.018+0.031, when world average is 0.9991+0.0024 (LEP)

Precise measurements guarantee lepton flavours combination

e BR(W*— puv)
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W/Z cross-section : In light flavour leptons

<
Flavour combined cross sections %ﬁJPLWﬁEr

Combination of lepton flavour

» Cross sections provided with correlations between channels (Z° = 0te0—,
WT Ty, W™ = 077)

» Ratios of fiducial cross sections avoid phase space extrapolation (larger
theoretical uncertainty), and cancel luminosity terms

> Broad agreement with NNLO predictions, different PDF dependences
f1d fid
Y/ o

w— sensitive to up-down PDF differences
= O'V\‘,ji / o34 rather PDF insensitive (provided sea is flavour symmetric)

R m —
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—¥— el
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= total uncertainty = total uncertainty
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W/Z cross-section : Differential measurement in e/ % ﬁ 'U'L ﬁ (N
WI/Z transverse momentum XPERIMENT

Test multiple models of QCD predictions

Low pr soft/collinear partons.
= Logarithmic resummations up to NNLL in ressos
= PS (pyTHIA, HERWIG) iterative splitting and radiation of parton
= ME+PS (Mc@nLo, powHEG), with ME O(as)
High pr hard partons.
= FEWZ, DYNNLO available to O(a?)

= ME+PS (sHErpa, ALPGEN). High order ME but tree-level production hard
parton
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> RESBOS

> ALPGEN

(Data,Prediction) / RESBOS
|
A

il 2 ]
H 8

(Data,Prediction) / RESBOS

> PYTHIA

»> SHERPA

0 50 100 150 200 250 300 0 50 100 150 200 250 300

P [GeV] P GeV]

References
Phys. Rev. D85 (012005), Phys. Lett. B705 (415-434)
12/04/2012 Standard Model @ LHC 2012 - J-B. Blanchard / /18



W/Z cross-section : Differential measurement in e/ % AT L A S
W/Z rapidity EXPERIMENT

» Boson rapidity linked to parton momentum fraction

» In the W boson case, lepton pseudo-rapidity 7, is used.

» Comparison to NNLO models shows broad agreement
= shows PDF sensitivity (even tension with few sets)
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Analysis of these cross-sections : W charge asymmetry

Outline

Analysis of these cross-sections
W charge asymmetry
Strange quark density
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Analysis of these cross-sections : W charge asymmetry

A(ne) =

> Sensitive to valence quark (ud - Wt /din — W™)

W charge asymmetry

@AMAS
EXPERIMENT

Definiton

dow+ (ne) — dow - (ne)

dow+ (1e) + dow- (ne)

» Usable to constrain uy, / dy at low x
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Combined results

» More constrained in central region
(CMS+ATLAS)

» Extended up to n ~3.7 (LHCb)

ATLAS-CONF-2011-129, arXiv:1109.5141 sub. PRD
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Analysis of these cross-sections : Strange quark density @ A 'n'L A c
. 3 \e)
Strange density: state of the art EXPERIMENT

s+5 distribution at Q2 = 1.9 GeV?

T — -
NLO PDF (68% C.L)
= usrom G. Watt
4% cT10
3 NNPDF2.1
H-H ABKMOg

832 HERAPDF1.0

Little is known about strange density

» Flavour SU(3) suggests equal proportion
in sea (1, d and s)

1 (s(x) +5(x))

x(s+3)(x, Q? = 1.9 GeV?)
o

> Ts = = =
o 2 d(x)
LENNAN % » s suppression assumed in many PDFs
0.1 \\§§§\\§~ - “‘ because of s mass (rs ~ 0.5)

10?2 1

(NuTeV, CCFR)

Motivations

» Higher relevance than at Tevatron
=central W ¢5 30%(pp) / 10%(pp)

> Better accuracy needed for precision measurement as myw (c and b
already measured by HERA with 5% and 20% accuracy)

» Might be constrained by Z rapidity and W+charm
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Analysis of these cross-sections : Strange quark density % 'n'L A <
Measurement principle EXPERIMENT

Perform NNLO fits on

» HERA ep DIS data (sensitive to linear combination of g + 7)
= cover 107* < x < 0.6 for1 < Q% < 10* GeV?

» ATLAS W™, W™ and Z° data (sensmve to bilinear combination of g + 7)
= cover 0.001 < x < 0.1 for Q* = My, GeV?

Results extrapolated to low Q? with pQCD (chosen scale Q3 = 1.9 GeV?)

140

2 fits procedure g "ATLAS
Fixed 5/d Free 5/d g . E
S o 22T ]
2/NDF  Alldata - 5161/567  5384/565 [ra-smse - ]
ATLAS data 45.0/30 33.9/30 F Tt o sya. & et amcertanty)
60 - epWz ﬁxedf
= Free 5/d fit determinsgl})faluoeo 6of Ts ‘?;102_*__‘——%_
rs = 1.00 £ 0.20exp = 0.07moa 3 0par 4%, & 0.084, o A — =
Y|
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Analysis of these cross-sections : Strange quark density @ \ \ S
4

Results and interpretations EXPERIMENT

T T
Q%= 1.9 GeV?, x=0.023
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Results in two kinematical zones

> (Q%%)=(1.9,0.023) and (Mg, ,,,0.013)

[ total uncertainty
experimental uncertainty
B I I

‘ ;
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Polarisation measurements

Outline

Polarisation measurements
W boson polarisation
T polarisation from W — 7v
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Polarisation measurements : W boson polarisation

W boson polarisation

%EM'M S

EXPE [’WE[‘

Motivations
» Win three states: f1, fo and fz: Principle
= LO: predominantly left-handed » No p? = use reductlon of cose
= NLO: all states possibles. cosbp = (P4 ?T a2
» Compare to LO and NLO predictions ~ » 35 < p}’ < 50 and p}’ > 50 GeV
» Good understanding needed for >Tﬁq%&ﬁ$@wam%ﬂqﬁmﬁﬁ—ﬁ
precision measurement _ —_ ———
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= E . it result .ongitu \na; E r ]
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E 350? W*= etv deI:S?pb‘ E ; ATLAS py > 50 GeV ;
300;* p¥ > 50 GeV ATLAS 7; 1501 + + b
2505 9 iy + ]
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1501 5ol
1005 b 5
S T % -
0_1y ‘ €08(8,p)
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Polarisation measurements

: W boson polarisation

W boson polarisation

Measurement and results

@M’M S

XPE [’WE[‘

g 408 ATLAS W' >lv 4 g 40} ATLAS W' =lv 4
= Simulation +-MC@NLOY o Simulation -e-MC@NLO
T oo coy TEOMEST T e o ey TPOMEG
» Measurement done with 2 Monte-Carlo o il e b i o
— - ——
generators: MC@NLO, POWHEG I B e
= get uncertainty for unfolding procedure - -oo— |j5+é+2_‘;; [ POPPTRSTRROOS s
» High sensitivity to energy scale (lepton, Kr) Folt v i B S v i
At e
» Scale uncertainty on f; — fr drastically o, _sstenoe ZENEE T g T soatamon ZEUES
25¢ —— 25}
reduced when averaged over charge R e
15 = 15 ]
» Agreement with predictions within e Eoms B
uncertainties (f;, — fr~ 25%) " !
o 0.5pm T .o 0.5 LAASALAAABA NSRS ARARa=AzaE:
[ >25 Gov, P > 25 GeV, * DataE - 7TeV.
m\>24 Pl >20 GeV, 0.45F  n|>24,p, >20GeV, touncertainty
50<m' < 110 GeV, 50 <m’ < 110 GeV, o voono
35 < p!' < 50 GeV/ 04 %550 GeV = powes
06327 [ urehysical area Future
. 0.25- . - » Would like to have
0.2 i
¢ o | access to the 9
01F i . polarisation matrix
= L L L L A\TLAS\ L L L N 005 Il L L L ATLAS\ L L L N elements in MC
Cb 0.10203040506070809 1 Cb 0.1 02 0.3 040506070809 1
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Polarisation measurements

T polarisation P,=

: T polarisation from W — v

T polarisation from W — 7v decay

H W— mv ‘ Z— 1T ‘ H— 77 ‘ H —7v

Expected P~

-1

T ~015 | 0 | +1

First T polarisation measurement at LHC

> Use charged asymmetry variable in one prong decay

T =

— 0 — 0
(BF —EF)/IPF + 77|
» Produce left- and right-handed templates

» Fit24 pb~' with these templates
= P, = —1.06 % 0.04stat ) Psyst

=> Results in agreement with SM predictions

Entries/0.1
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(or — o1)/(or 4 o1) can be measured at LHC

, L ATLAS Preliminary
NE=7TeV

Reference
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Conclusion . @ ATLAS

Conclusion EXPERIMENT

WI/Z cross section
> Inclusive measurement done with every lepton channel

» Differential measurement as function of pr ,n ory
= very accurate measurement in e/ (Rw comparable to world average)

» Can already be used to constrain PDFs models
= W charge asymmetry for u/d
= strange quark density (underestimated in most PDF sets)

Particles properties

» 7 polarisation from W — 7v decay

» W boson polarisation

To be pursued

» Exploit much larger dataset available to explore more differential
distributions

» Increase the menu of measurements
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Back-up




Back-up @ S
Effect of , on PDFs E)’!PEHMEMT
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