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Overview

o W,Z inclusive measurement with 2010 data (£ = 35pb~1)

arXiv:1109.5141, Phys. Rev. D 85, 072004 (2012)
Total and fiducial integrated cross sections
Differential cross sections

W charge asymmetry

@ Application of this measurement to the determination of the strange
quark density

» arXiv:1203.4051, accepted by PRL
@ Polarisation measurement of W at large transverse momentum
» arXiv:1203.2165, sub. EPJC

@ Proposal for common fiducial region for future measurement
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http://arxiv.org/abs/1109.5141
http://prd.aps.org/abstract/PRD/v85/i7/e072004
http://arxiv.org/abs/1203.4051
http://arxiv.org/abs/1203.2165

Selection

@ single lepton trigger
° pgr > 20GeV
@ 4 channel: |p#| < 2.4

@ ‘“central” e channel |n¢| < 2.47 (excluding calo. crack:
1.37 < |nf| < 1.52)

W — v Z =
@ single isolated lepton @ 2 isolated leptons
° E7"-”i55 > 25GeV @ opposite charge
@ mt > 40GeV @ 66 < myy < 116GeV

@ For combination of e and i channels extrapolate to common fiducial
region: |ng| < 2.5
@ Complementary “Forward” Z — ee measurement:

» One well identified electron in central region
» One forward electron in range 2.5 < |n.| < 4.9
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Cross Section Definitions

Ofid = u Otot = Ttid
4T CwyzL Aw/z
@ Fiducial cross section, ogy, is corrected for efficiencies
@ Efficiency factor Cyy 7 = Nw;:;t

» corrected for data/MC differences using “Tag and Probe” method
® Nuc gen,cur defined at three different levels of QED FSR corrections
» Born: Leptons before QED FSR
» Bare: Leptons after QED FSR
» Dressed: Bare lepton re-summed with all FSR photons within
AR < 0.1
@ QED FSR correction factors published on HepData
hepdata.cedar.ac.uk/view/ins928289/d16
@ Total cross section, o¢, is corrected for acceptance
@ Acceptance, Ay, z, derived from MC
@ Theoretical uncertainties for Cy,z and Ay ,z by comparing
MCGONLO
» Powheg+Pythia and Powheg+Herwig
» Reweighting to different PDF sets
» PDF eigenvector propagation
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Systematic Uncertainties

Electron channel

o W — ev: 1.8% -2.0%

o Z —ee: 2.7%

on Fiducial Cross Section

Muon channel

o W — uv: 1.6% - 1.7%

o Z — pup: 0.9%

dow+ dowy dow- doz Sows Sowy dow-— oz

Trigger 0.4 0.4 04 <0.1 Trigger 0.5 0.5 05 0.1
Electron reconstruction 08 08 08 16 Miion Teconstriction 03 0.3 03 06
Electron identification 09 08 1.1 18
Electron isolation 03 03 03 — Mugn solation 0:2 0:2 0 Qo
Electron energy scale and resolution 0.5 0.5 05 02 Muon pr resolution 0.04 003 005 002
Non-operational LAr channels 04 04 04 08 Muon pr scale 0.4 0.6 06 0.2
Charge misidentification 00 01 01 06 QCD background 06 05 08 03
QCD background 04 04 04 07 Electroweak+tf background 04 03 04 0.02
Electroweak-+tt background 02 02 02 <01 ER's resolution and scale 0.5 0.4 0.6 =
Ef"*scale and resolution 08 0.7 1.0 — Pile-up modeling 0.3 0.3 03 0.3
Pile-up modeling 98 08 03 08 Vertex position 01 01 01 o1
Vertex position 0.1 0.1 01 0.1 . .

) ) X X X . Cwyz theoretical uncertainty 0.8 0.8 0.7 03
Cwyz theoretical uncertainty 0.6 0.6 0.6 0.3
Total experimental uncertainty 18 18 20 27 Total experimental uncertainty 1.6 i 1.7 09
Aw/z theoretical uncertainty 1.5 1.7 20 20 AW/Z theoretical uncertainty 15 1.6 21 20
Total excluding luminosity 23 24 28 33 Total excluding luminosity 21 23 26 22
Luminosity 34 Luminosity 34

NIz



Combination and Treatment of Correlated Uncertainties

Ymin = Ymar 0.0-0.4 0.4-0.8 0.8-1.2 1.2-1.6 1.6-2.0 2.0-24 2.4-2.8 2.8-3.6

[+ Assum”‘]g |epton ur“versahty, do/dy [pb] 12027 120.44 125.81 118.23 113.37 105.26 92.18 53.38
e % 146 147 150 161 184 257 324 421

H Sunc, % 059 050 047 045 0.63 1.37 381 437

can Comblne € and 1% reSUItS Am,"/: 1L07  L0S 0.3 097 126 2.9 377 806

. h . d ot % 190 189 183 194 232 3.65 626 10.09

with an averaglng procedure % 029 029 020 029 020 029 029 029
.. . Y2, % 0.09 009 009 009 009 009 009 0.09

"] DlStlngL“Sh sources Of ¥3: % 0.04 0.04 004 004 004 004 004 004
. . . va, % 019 019 019 019 019 0.19 0.19 0.18
uncertainty by their correlations 70,5 007 007 005 001 001 000 000 018

¥6, % 20.13 0.0 -0.08 -0.05 -0.04 -0.07 -0.06 -0.03

> in-to-bi ¥, % 0.05 0.04 0.05 004 005 009 058 176
bin-to-bin Y8, % 20.07 -0.09 -0.07 -0.09 -0.08 -0.19 -0.42 -1.16

> Y0, % 20.03 -0.02 -0.05 0.0l 0.05 018 061 128
between e and H channels Y10, % 012 013 011 008 003 -0.05 -0.40 -0.93

> + — 1, % 2010 -0.10 -0.10 -0.05 0.01 013 0.63 187
between W ! W™ and Z Y12, % 0.06 0.06 006 015 033 076 226 4.97

Y13, % 0.28 -0.20 -0.17 -0.15 0.5 0.8 011 -039

measurements T4, % 20.02 0.0l -0.03 0.05 -0.01 023 116 319

Y15, % 0.07 0.06 001 003 002 023 118 270

"] 30 sources Of COrreIated Y16, % 2010 -0.08 -0.08 -0.03 -0.09 004 023 164
Y1, % 20.53 -0.55 -0.43 -0.37 -0.37 -0.58 -0.82 -195

1 Y18, % 0.07 002 003 007 017 0.7 045 0.56

uncertal nty Y190, % 2016 -0.16 -0.13 -0.06 -0.07 -0.06 0.03 037

i o . Y20, % 0.34 032 022 030 041 0.66 -0.03 -0.83

o ’y k quantlfles Inﬂuence Of Y21, % -0.15 -0.17 -0.15 -0.09 0.04 013 004 -0.03
J5 Y22, % 0.0 015 0.00 -0.25 -0.45 -1.15 -028 139
uncertainty / on measurement j Tt o por D s

Y24, % 022 023 023 016 000 0.5 049 028

1 Va5, % 017 016 012 014 008 001 026 026

n dataset k Va6, % 018 025 028 018 024 0.69 003 -1.13

. Yar, % 0.00 -0.01 -0.04 -0.04 -0.06 -0.20 -0.19 -0.04

I+ Useful |nput for PDF f|ts n,,‘;& 050 047 045 052 066 0.62 070 0.26
Va9, % 017 018 016 0.3 -0.06 -0.14 -1.68 -0.46

Ya0, % 012 011 -0.14 012 -0.11 -0.20 -0.21 -0.21
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Integrated Fiducial Cross Sections

@ Compare theory to measurement in fiducial region to disentangle

theoretical and experimental effects
@ Theoretical prediction at NNLO with different PDF sets
» Compare FEWZ 2.1 (pre-release) to DYNNLO 1.1
(up to 1% differences for fiducial cross sections)
» Remaining H.O. EW effects calculated separately (up to 0.5% effect)
» In following plots use FEWZ without extra EW corrections

@ Generally good agreement
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Integrated Total Cross Sections

@ Introduces additional theoretical and model uncertainties
® As large or larger than experimental uncertainties
> AW ~ 1.5%

> JA z ~ 2 %
i o I e e R oy S e e e e e —T—]
£ | ATLAS £ L ATLAS E
= I 5 = ]
< g5F %/ % T .
J o0 ) w [ ]
/ = r i
I s | ]
x [ h L 4
G 2 qor .
5 [ 1 8% [ ]
B 1 I Ldt=3336pb" | © [ I Ldt=33-36pb" |
5.5+ n r

I @ Data2010Ns=7TeV) wmmm total uncertainty B 9~ @ Data2010 \Ns=7Tev) mmm total uncertainty =
[ O msTwos -@- sta®sys ®acc ] [ O wmsTwos -@-sta®sys ®acc b
5 [ HERAPDF15 uncertainty [ O HERAPDF15 uncertainty ]
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Cross Section Ratios

o Consider fiducial cross section ratios to cancel luminosity and other
correlated uncertainties

L B T 1 T T T
ATLAS ATLAS
A iz
I Ldt=33-36pb’ I L dt = 33-36 pb’
— Data2010 (s = 7 TeV) y — Data 2010 (f5 = 7 TeV) h
s total uncertainty m== total uncertainty
exp. uncertainty — exp. uncertainty ==
A ABKMO09 A ABKMO09
v JR09 P v JR09 p
B HERAPDF1.5 ®m HERAPDF1.5
® MSTW08 ® MSTWO08
P ITEN ISTAFRr APRPITAI IR PRI AU o | P L I L | |
1.25 1.3 1.35 1.4 1.45 15 1.55 1.6 9 9.5 10 10.5 i 1" i
fid / fid f
Sy Ow G-/ Oz
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/ differential cross section

% with fiducial cuts (except 7)

Measurement extrapolated to all n

Combination of “central” and “forward” measurements

Theoretical predictions at NNLO from FEWZ with different PDF sets

Generally good agreement with some tension between PDF sets

do/dly, | [pb]

T —
ATLAS

1 OL--

1200 . “ﬂhﬂ )

100|
sof- J.Lmzasras pb’ Z-1T

T

= Data 2010 (fs =7 Tev)

| A W N

60 4 wstwos

40i © HERAPDF15  _{ Uncor. uncertainty =1
[ © ABKMO9 I Total uncertainty g

20:_ JRO9 ‘_:

-

Theory/Data
o
[ (o Jurapy

A. Lewis W and Z Inclusive Measurements May 21, 2012 10 / 22



W= Differential Cross Sections

° 5—7‘7’[ in common fiducial region

@ Normalisation of prediction from FEWZ
@ Shape of prediction from DYNNLO due to higher statistical precision

@ Generally good agreement with some tension between PDF sets
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W Differential Charge Asymmetry

ot (ne) = o ()
Alne) = ot (ne) + o~ (ne)

Following previous discussion at LHC EWK working group extrapolated
ATLAS charge asymmetry result to common fiducial region to aid
comparisons with CMS and LHCb

@ only p; > 20 GeV
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Application of Measurement: Determination of Strange
Quark Density

@ Very little is known about strange quark distribution in proton
@ 2 types of NNLO QCD fit of HERA DIS and ATLAS W/Z cross
section data

» s quark distribution suppressed and fully coupled to d, §/c_l =0.5
» s quark distribution parameterised with 2 free parameters
o Fit with free 5 results in better partial x2/Npr for ATLAS data
(33.9/30 vs 44.5/30)

@ Enhanced strange fraction in free fit improves prediction of y»

distribution
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E_ Wi I'v, E_ W1y, 12 s,
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8 & 8 Tz
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5501 J 7R E RO 80! il
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5000 (uncorr. sys. ® stat. uncertainty) 350 (uncorr. sys. ® stat. uncertainty) (uncorr. sys. ® stat. uncertainty)
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Strange Quark Density Fit Result

o r;=05(s+3)/d

@ Free 5 fit results in rg consistent with unity

@ Considerable tension with most PDF sets

@ See A. Cooper-Sarkar’s talk on Wednesday for more detail
@ arXiv:1203.4051, accepted by PRL
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Measurement of the W Polarisation

@ W helicity fractions: fy, f; and fg

» Low p%¥: Mixture of LH and RH states (mostly LH for large yi)
» High p¥: All states possible

1 do

_ 3 2 3 5 3 5
odcosbsp 8fL(1:FCOS€3D) + ng(liC°593D) + 4fosm 03p

@ Helicity angle 63p:
» Angle between direction of W in lab frame and direction of decay
lepton in W rest frame

> Not possible to reconstruct unambiguously

=2lx =W
e
‘pT*HPT ‘

@ Fit cos 6,p distribution to MC templates corresponding to LH, RH
and longitudinal states

@ Use transverse helicity angle: cosfp =

o f + fp+ fy = 1 — report results for fy and f, — fg

A. Lewis W and Z Inclusive Measurements May 21, 2012 15 / 22



Template Fits

® Use MCONLO and Powheg 2 sof e mom ] S 20T G0 o
37t i 2 L i

= - 1 250 .
R H h | & 400 W ptv _[Lut=z1pb‘ & _[Lu«=s1m‘ Wopv
@ Reweight events to purely B> 50Gev ATLAS | oo  ATLAS P2 50GoV

LH, RH or longitudinal
cosfzp distributions at
generator level

® Apply selection T T~ e S 05 0 s T
. c0s(8,;,) 008(0,,)
» Standard W selection - i
> 50 < mr < 110GeV | . o
> Two p7v_v bins: % 400F = Daa 7 Tou e :g’:l“mmmii 250f - Dam 7 Tevi L ;?;Elnumna\i
w £ 350~ W*ss ety Lat=37pt" 12 Lat=37po' Woev
< ,1317 < 50GeV . 300 P > 50 GeV IATLAPS 20 IllTLtﬂS P >50GeV
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@ Background subtraction in

100
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E L=~ I ) o T
@ Fit cos,p distribution to s o es T S es 0 s
t I t cos(B,,) 0S(8;p)
emplates e e
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W Polarisation Results

o Correct fit results
» Resolution effects
» Effects of using cosfyp rather than cos6;p
@ Largest uncertainties:
» Powheg vs MCONLO templates
> Recoil energy scale uncertainty reduced for f; — fg by averaging over
lepton charges
@ Results in agreement with prediction within uncertainties

«© 0-5J‘"\““\"“I““\ """""" SmmaEEEsnanaEaE.] 2 0-57“ AR TTFTT I EEET NIRRT
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0.4 w = 0.4 |
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0.35 [ Unphysical area | 0.35F T [ Unphysical area
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L Livaly | N 1 SRSUETEE Ligayl Coil | | IR G SETEry L
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Changes to the Fiducial Selection

@ Small changes to fiducial volume definition
@ W and “forward” Z measurement

» Higher single lepton trigger threshold
» For 2011 data: p% cut in range 20-25 GeV
» For 2012 data: p’ cut in range 25-27 GeV

@ Central Z measurement will use dilepton triggers with lower threshold
— can stay with p} > 20 GeV

@ Other fiducial cuts can remain unchanged

> EMiss > 25 GeV
» mt > 40 GeV
> 66 < my < 116 GeV
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Summary

@ W and Z cross section measurements
Total and fiducial integrated cross sections
Differential cross sections
Full correlation information between measurements
Experimental precision of 1% - 2.7%
Generally good agreement with NNLO prediction
@ Determination of the strange quark distribution
» Fit of HERA DIS and ATLAS W/Z data
» Result consistent with r, = 1.0
@ W polarisation measurement at high p‘{-v
» Template fit cosf,p distribution
» Measurement of f; — fg and fy
» Results in agreement within uncertainties with Powheg and MC@NLO
@ Change in fiducial cuts in 2011/2012 measurements
» Slight increase of lepton pr1
» Other cuts can remain the same

vV vy vy VvYyy
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Backup
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Lewis W and Z Inclusive Measurements

R e e
2~ —+—Combined Data 2010 ATLAS -

r Stat. Uncert. ]
18 DYNNLO O(a,) J.Ldt =31pb" ]
“F —-DYNNLO O(c2) ]
[ o MCFM Ofer) \s=7TeV ]

L MCFM O(c2) ]
I — RESBOS 1
14 B
12F ! { b
TR e
| I = 1 g
0.8y —- .
06— J
R I R WP R R O IR
0 50 100 150 200 250 300
pY [GeV]

(Data,Prediction) / RESBOS

T B TR B
2|~ —e— Combined Data 2010 ATLAS a
= Stat. Uncert. ]
8 ALPGEN+HERWIG J.Ldt= 3tpp’ ]
I —-MC@NLO ]
L POWHEGHPYTHIA Vs=7Tev |
B et PYTHIA B
| — RESBOS ]
4 — SHERPA .
; LI :
s & g T — T P b= ]
8- .
6 Bl -
oo o by v b e b v by by e 0
0 50 100 150 200 250 300
pl [GeV]

May 21, 2012 22 /22



