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The W and Z bosons

- Massive vector gauge bosons

« Mediators of weak interaction—stems from Standard Model’s foundation around local

gauge symmetries

* my = 80.385 £ 0.015 GeV

- my;=91.1876 £ 0.0021 GeV

* Qw==le
° QZ:OC
« Spin=1

« Gamma(W) = 2.085 £+ 0.042 GeV

« Gamma(Z) = 2.3952 £ 0.0023 GeV
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- great for discovery,

- makes EW precision physics
3 challenging...



pp Cross Sections

Parton Distribution Functions

Partonic cross section
(QCD, EW)

o(pp — X) ~ Z//dafld:vzfz 21, pp) (T2, pp) 0ij (8, 13/ Q% i/ 17)

non-perturbative perturbative

+ Measurements of W and Z cross sections provide constraints on PDF,
test models.



The W* — [v and Z/y* — I
Drell-Yan processes in ATLAS

Phys. Rev. D85, 072004 (2012)
5 Phys.Rev.Lett. 109 (2012) 012001



Production of single W and Z bosons

- Lowest order: Drell-Yan process from valence quark and sea
antiquark 1n pp collision:

u+d(s)—w*
d+u(c)—W-

u+u— -/

2 ) | _e
d’)u' ~ 2,q;(x)g(x)o(Q7) d+d Z
dO"dx

+ ~1.4x more W' than W from 2x more u than d in pp + dilution from
symmetric sea-sea production).

+ Sensitive to higher-order strong effects, proton structure, electroweak
corrections. .. 6



c x B [nb]
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Cross sections: big picture

proton - (anti)proton cross sections
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Cross sections analysis and definitions

. W— lvand Zyx — Il (1=e, p)

- differential cross sections measured as a function of W decay lepton
pseudorapidity and Z boson rapidity

- Fiducial vs total cross-sections:

# candidate events | | # background events
N —-B
Cw/z * Lint < integrated luminosity
T efficiency from MC + correction from data

Ofid =

O fid

Aw )z
acceptance from MC and uncertainties 1
8

Otot = OW/Z X BR(W/Z —7 El//gg) —



Fiducialization with kinematic
parameters:

- Fiducial regions for Gfid:

W — ev:

W — uv:

Z — ee:
(central)

Forward Z — ee:

Z —

pre > 20 GeV, |n.| <247,

excluding 1.37 < |ne| < 1.52,

pry > 25 GeV, mr > 40 GeV;

pr. > 20 GeV, |n,| <24, \
pry > 25 GeV, mr > 40 GeV;/
pr.e > 20 GeV, both |n.| < 2.47,
excluding 1.37 < |ne| < 1.52,

66 < Mee < 116 GeV ;

pr.e > 20 GeV, one |n.| < 2.47,
excluding 1.37 < |ne| < 1.52,
other 2.5 < |n.| < 4.9,

66 < Mee < 116 GeV ;

pr,. > 20 GeV, both |n,| <24,
66 < my, <116 GeV .

— \/QPT,EPT,V . (1 — COS AQSE,V)

where A@yy 1s the
azimuthal separation
between | and v
trajectories



Efficiency calculation

- “Tag and probe method:”

- Cywyz calculated from simulation

- corrected for differences in
reconstruction, trigger efficiencies
between simulation and data

- Tagging: where possible, efficiency
derived from Z— /[ and W —ev, triggering
and selecting “pure” events:

- using only one lepton for Z— /I

- only events with significant missing
Er1n W —ev.

+ Probing: second loosely-defined lepton
used as probe to estimate efficiencies after
background subtraction.
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N-—-B
C(W/Z + Ling

Ofid =

NMC,rec

Cw/z =
/ NMC,gen,cut

* Nmc,rec = sum of weights after
simulation, reconstruction and
selection;

Nmc,gen,cut — at generator level after
fiducial cuts



Total cross section and acceptance

Ofid
Ay )z

Otot — OW/Z X BR(W/Z — EI//EE) =

- Acceptance Az used to extrapolate from measured fiducialized value to full
kinematic volume

« Awsz derived from MC (Mc@NIlo), simulation and PDF (CTEQ 6.6 set)
uncertainties, additional measurement uncertainty...

- Analogously to Cw/z:
N MC,gen,cut

Awz =
/ NMC,gen,all

*  Where Nwic genan 18 the sum of weights of all generated MC events
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Monte Carlo results: cross section

Physics process Generator o- BR [nb]

WT sty (E=e,p) Mc@NLO 6.16+£0.31 NNLO
W™ >0 v(l=eu) Mc@NLO 4.30+0.21 NNLO
Z/y* — 2L (mge > 60 GeV, £ =e,u) Mc@NLO 0.99+0.05 NNLO
W — 1v PYTHIA 10.464+0.52 NNLO
Z/v* > 11 (Mmrr > 60 GeV) PYTHIA 0.994+0.05 NNLO
tt Mc@NLo  0.1651291% ~NNLO
WW HErwiG  0.045+0.003 NLO
WZ HeErwIG 0.01854-0.0009 NLO
27 HerwiIG 0.006040.0003 NLO
Dijet (e channel, pr > 15 GeV) PYTHIA 1.2 x10° LO
Dijet (p channel, pr > 8 GeV) PYTHIA 10.6 x10° L0
bb (u channel, pr > 18 GeV, pr(u) > 15 GeV)  PYTHIA 73.9 LO

cc (pu channel, pr > 18 GeV, pr(u) > 15 GeV)  PyTHIA 28.4 LO
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Monte Carlo results: Aw;z and

extrapolation

A SARIE sAPY SAL SAps 0Aie
Electron channels
Wt 0478 1.0 0.7 0.9 0.8 1.7
W~  0.452 1.5 1.1 0.2 0.8 2.0
W+  0.467 1.0 0.5 0.6 0.8 1.5
Z 0.447 1.7 0.6 0.2 0.7 2.0
Muon channels
Wt 0.495 1.0 0.8 0.6 0.8 1.6
W~  0.470 1.5 1.1 0.3 0.8 2.1
W*  0.485 1.0 0.5 0.4 0.8 1.5
Z 0.487 1.8 0.6 0.2 0.7 2.0

Acceptance values (A) and their relative uncer-
tainties (0A) in percent for W and Z production in electron
and muon channels. The various components of the uncer-
tainty are defined in the text. The total uncertainty (dAiot) is
obtained as the quadratic sum of the four parts.
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y 7?2 7 — uy Central Z — ee Forward Z — ee
0.0 0.4 1.000(0) 0.954(1) -

0.4 0.8 1.000(0) 0.903(1) -

0.8 1.2 0.984(1) 0.855(2) -

1.2 1.6 0.849(2) 0.746(3) 0.103(1)

1.6 2.0 0.578(5) 0.512(4) 0.327(3)

2.0 2.4 0.207(5) 0.273(5) 0.590(7)

24 28 - - 0.797(1)

2.8 3.6 - - 0.404(4)

Central values and absolute uncertainties (in
parenthesis) of extrapolation correction factors from fiducial
regions to full lepton pseudorapidity m phase space. The fac-
tors are provided in bins of Z boson rapidity for Z — uu and
for central and forward Z — ee measurements.



Electron event selection
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N B Cw/z Aw/z

W™ 77885 5130 4 350 0.693 4-0.012 0.478 & 0.008
W™ 52856 4500 & 240 0.706 = 0.014 0.452 £ 0.009
W= 130741 9610 & 590 0.698 4 0.012 0.467 +0.007
Z 9725 20664 0.618 =0.016 0.447 = 0.009
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W — ev: transverse energy and mass
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Distributions after all

cuts.

Simulation/QCD
background

normalized to the
data/fit.

QCD background

shapes taken from
background control

samples.
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/. — ee: electron pseudorapidity
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Muon event selection

N B Cw/z Aw/z
WT 84514 6600 4+ 600 0.796 +0.016 0.495 + 0.008
W= 55234 5700600 0.779 £ 0.015 0.470 = 0.010
W= 139748 12300 &= 1100 0.789 £ 0.015 0.485 = 0.007
Z 11709 86 32 0.782 £ 0.007 0.487 4 0.010
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W — uv: kinematic variables and
transverse mass
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Events / 1 GeV

/. — upu: mvariant mass and Z rapidity
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ofid and Oiot results

o BR(W — ev) [nb]

sta SyS lum
wt 2.898 + 0.011 + 0.052 £ 0.099
W- 1.893 + 0.009 + 0.038 + 0.064
W= 4.791 4+ 0.014 + 0.089 + 0.163
o' BR(W — ev) [nb]
sta SyS lum acc

WT  6.063 +0.023 £+ 0.108 & 0.206 & 0.104
W~  4.191 +0.020 &+ 0.085 + 0.142 + 0.084
W 10.2554+0.031 & 0.190 & 0.349 + 0.156

O'Z/,Y* BR(Z/y* — ee) [nb]

sta SyS lum

Z/~* 0.426 = 0.004 = 0.012 == 0.014

0%/ BR(Z/y" — ee) [nb]

sta Sys lum acc

Z/vy* 0.952 4+ 0.010 £ 0.026 4+ 0.032 £ 0.019
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ot BR(W — pv) [nb]

sta SyS lum
W 3.002 £ 0.011 £ 0.050 £ 0.102
W™ 1.948 + 0.009 =+ 0.034 + 0.066
W+ 4.949 4+ 0.015 + 0.081 + 0.168
o’ BR(W — pv) [nb]
sta SyS lum acc

Wt 6.062 & 0.023 & 0.101 = 0.206 = 0.099
W~  4.145 4+ 0.020 & 0.072 & 0.141 =+ 0.086
W*  10.210 4+ 0.030 & 0.166 + 0.347 & 0.153

053 .- BR(Z/v" — up) [nb]

sta SyS lum

Z/y* 0.456 =0.004 = 0.004 £ 0.015

o5, BR(Z/7" — i) [nb]

sta SyS lum acc

Z/vy* 0.935 4 0.009 £ 0.009 + 0.032 + 0.019




Combining data

+ Measured 6’s can be combined for both = 160
e and u channels to decrease uncertainty %N ot ATLAS Data 2010 (s = 7 TeV).
assuming lepton universality. = - % _[ Ldt=33-36pb"

© 1200 vl - .

- 59 differential cross section 1001_ % % | 4

measurements i —#— ]
80} ' .

- 30 sources of correlated uncertainty 60"_+Z—>u n 3
i —41— Z—>e'e ++ §

- Special averaging procedure minimizes 4042 - e'e (fwd) +$;:T:nz;ct::;mv -
X2 20:_—+—Z—>|*r luminosity excluded -

[m _ (uk+2 7 ,mib, )]2 005 1452 25 3 35
X L G T — 7 ay) (B v

+Zb§.
J

x2/dot = 33.9/29 (all), 15.5/9 (Z), 10.2/10 (W), 7.0/10 (W-)
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Final differential cross section
results and theory comparison

e B0 e B0 .
3 ATLAS S | ATLAS :
WS- E 5% -
D 1205 4 e ] Y e ]
100~ ] C o e
80 ILdt=33-36 pb! Z—=IT ﬁ B - . 300 —
E B Data 2010 (15 = 7 TeV) : s I Ldt=33-36pb”’ W' Iy, . s j Ldt=33-36 pb ' Wy, ]
60 4 MSTWO08 ﬁ 400__- Data 2010 (1s =7 TeV) . 200__- Data 2010 (/s = 7 TeV) ]
- © HERAPDF1.5 Uncorr. uncertaint . L A MSTWo08 u rtaint = L A MSTWO8 u rtaint .
40 J — . u y - C o HERABIETE —} Uncorr. uncertainty & oW FERAPDEILE —} Uncorr. unce y 7
O ABKMo9 I Total uncertainty ] 300 O ABKMOS I Total uncertainty ] 100 O ABKMO9 I Total uncertainty ]
ol ¥ JAm — C 0 JRO9 N 0 JRO9 ]
© j 7 g EEWEEETE RS EEEE EE WSS o« Coooow v [owow e oo oeow ey e w Py ey 7
g 1.4 g 1':_ b 0 4,0 B g 115 %éii iliiliiii—
S09F ¢ o o R S 0.9- | Soop ¢ ¥ 4 0 ¥ ¢ | '
2 0 05 1 16 2 28 3 35 g 0 0.5 1  F) 2 2.5 e 0 0.5 1 1.5 2 2.9
= v, E no n|

* do/d|y,| and do/d|n;| compared to NNLO theoretical predictions with various PDF sets.

- Kinematic requirements:

66 <my <116 GeV, pr;> 20 GeV, pr,>25GeV, and mr> 40 GeV
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W charge asymmetry

+ Measured W charge asymmetry & 039
: =%= Data 2010 (Vs =7 TeV) -} Stat. uncertainty
as a function of lepton A MSTWOS i
. q: | Total uncertainty |
pseudorapidity compared to 03[ © HERAPDF15
NNLO theoretical predictions : o ABKMO9
with various PDF sets. o JRO9

1

0.25

« (Calculated from differential
cross section data:

0.2

b | L I L | L

A ( ) _ dUW+/d77£ — dUW_/dne
e dow+ /dne + dow - /dne

j L dt = 33-36 pb”’
0.15
ATLAS

- Kinematic requirements:

L1 1 | I  EN FE () | | I S I |

| | | | I | | | | I | | | | I | | | | I | | | |

pri> 20 GeV, pr,> 25 GeV, 0005 1 15 2 25
and mr> 40 GelV n|
|
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Integrated cross sections

ofd. BR(W — fv) [nb]
Ine| < 2.5, pr.e > 20 GeV,
pr,y > 25 GeV and mr > 40 GeV

sta SysS lum acc

WT  3.110 + 0.008 £ 0.036 4 0.106 + 0.004
W~  2.017 4+ 0.007 £ 0.028 £ 0.069 == 0.002
W=  5.127 +0.011 & 0.061 & 0.174 + 0.005
059+ BR(Z/7* — ££) [nb]
|’I7£| < 2.5, pre > 20 GeV
and 66 < myg < 116 GeV
sta Sys lum acc
Z/y* 0.479 £ 0.003 + 0.005 + 0.016 4 0.001
oW’ BR(W — fv) [nb]
sta Sys lum acc
WT  6.048 £ 0.016 & 0.072 % 0.206 =+ 0.096
W~  4.160 £0.014 + 0.057 £ 0.141 + 0.083
W*  10.207 £ 0.021 £ 0.121 =+ 0.347 £ 0.164
0%/ BR(Z/y" — ££) [nb]
66 < mge < 116 GeV
sta SysS lum acc
Z/~* 0.937 £ 0.006 4+ 0.009 + 0.032 £ 0.016

3 T T I T T T T T T I T T
£ 3.5 ATLAS n
.'3 - -
T - o
“‘; ! |
E’ - |
. 8- -
o3 |
& | det=33-36pb1 -
| @ Data2010s=7Tev) mmm total uncertainty
O MSTWO08 —@- sta @ sys
© [ HERAPDF15 uncertainty iy
2.5 A ABKM09 68.3% CL ellipse area |
| 0 JRO9 |
1 1 I 1 1 1 I 1 1 1 l L L
1.8 2 2.2
old . BR(W = V) [nb]
3 L l T T T T I T T T T I T T ]
= [ ATLAS ]
0 B :
= 6.5 —
¥ gL _
m 6 L y
s | i
¥ I JLdt=33-36 pb'
5.5 ]
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5L [ HERAPDF15 NG N
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- > JRO9 |
C | 1 1 | 1 | | | 1 1 | | 1 ]
3.5 4 4.5

ot . BR(W = |'V) [nb]
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Ratios of cross sections: e—u

universality
Results:

R oy  Br(W —ev)
LA o,  Br(W — uv)

= 1.006 £ 0.004 (sta) £ 0.006 (unc) £ 0.022 (cor)

- BR(W*—= puv)

— 1.006 = 0.024. L
o
oy Br(Z —ee) =
RZ —_ _/J' — % -
GZ BT(Z — lu’:u’) T B . .
= 1.018 £ 0.014 (sta) & 0.016 (unc) & 0.028 (cor) & [ 77 ToEeTe
— 1.018 + 0.031 ¥ 09- =# Data 2010 (Vs = 7 TeV) |
- R m | BE®R, PDG world average
;; - |l R, PDG world average
World averages: © [ o Standard Model
; 1 | I | 1 | 1 I | l | ] | 1 | 1 I | l 1
o 0.8 0.9 1 1.1
fw = 1017+ 0.019 R, =0, BR(Z— €'¢) / 5, - BRZ— W'l

Rz =0.9991 £+ 0.0024

L»using Rz (world avg.) as constraint, Rw (experimental) = 0.999 + (0.020
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Combined cross section ratios

T I T T T T l T T T I T T T T T T T I T T T T T I T T T I T T T I T T T I T T T I T T T I T T I T T T I

ATLAS ATLAS Fiducial:
A A

J L dt = 33-36 pb’ J L dt = 33-36 pb’’

— Data 2010 (/s = 7 TeV) v — Data 2010 (1§ = 7 TeV) AR sta  sys acc
total uncertainty | total uncertainty W+/W— 1.542 + 0.007 & 0.012 &= 0.001
exp. uncertainty — exp. uncertainty — "

L A\ ABKMOS W*t/Z  6.493 £0.049 = 0.064 = 0.005
v JR09 | v JRO09 -
N GEEEBBETE ® AR i < N X X W~ /Z 4.210 4= 0.033 £ 0.049 £ 0.003
® MSTWOS. | 111 , ® MSTWOS . 1 1 1 1 W*/Z  10.703 4 0.078 £ 0.110 =+ 0.008
9 95 10 105 11 _ 52 54 56 58 6 62 64 66 68
Oy | 0% Ol G
I PR ML IR R AR Y R R R . ' ' |
ATLAS ATLAS N Total (extrapolated):
A H
J L dt = 33-36 pb" J L dt = 33-36 pb"
— Data 2010 (s = 7 TeV) s — Data 2010 (Vs = 7 TeV) 2B sta 5YS ace
' total uncertainty 1 total uncertainty W* /W~ 1.454 £0.006 & 0.012 4= 0.022
exp. uncertainty 1= exp. uncertainty H— W+/Z 6.454 + 0.048 + 0.065 & 0.072
A ABKMO09 A ABKMO09 ~ ' ' ' '
v JRO9 g v JRO9 o W=/Z 4.439 £ 0.034 =+ 0.050 £ 0.049
1. M HERAPDF1.
e Mswos o NeigE W*/Z  10.893 4 0.079 +0.110 +0.116
12573 485 14 445 15 155 '1.'6_‘ 34 86 38 4 a2 - 24
Ol dnel ol

+ ratios of W/W , W/Z, W /Z and (W + W )/Z, combining the electron and muon final states.

- Experimental uncertainty (yellow) includes systematics; total uncertainty (green) includes

statistics and acceptance correction. Uncertainties are 68% CL.
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QCD: strange quark density of the proton

T I T T T [ T T T l T T T I T T T ] T

I

——
ATLAS

— T
Q? = 1.9 GeV?, x=0.023 EpiZles =
Ao ABKMO09 —h—
® NNPDF2.1 .
e MSTWO08 —o-
v CT10 (NLO) v
total uncertainty
experimental uncertainty
PR [N N TN TN AN VAN SN TN NN SR NN SN NN SHNNT SR S SN TN ) NN SN NN SN N SR TR SN 1 (S SR T N
-02 O 02 04 06 0.8 1 1.2 14
s

+ At Bjorken x = 0.023, mitial QCD
fit scale Qy° = 1.9 GeV*:

S+3s 0.25
(2—3) = 1.00%0 25

- Consistent with other experiments/
- Combined HERA, ATLAS, CDF:

s — 0.90 £ O.l?exp

re =

28

Ia 2.5-|— I 1 LI 1 I L
- Q? = 1.9 GeV? ATLAS
4 B |
% 2 —— epWZ fixeds i
y L B8 epWZ frees d
R 150 -
1+ ]
0.5 -
" (incl. HERA) i
0 l 1 1 1 L1 111 I 1 1 1 [ b [T e | I Pl

107 102 10"

- Light quark sea at low x 1s flavor
symmetric
- total sea
Y = 2z(u + d + 5)
enhanced by ~8% compared to
situation where s ~ 0.5d (models).



Similar measurements with other
experiments. ..
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Lepton charge asymmetry

I_l LI I L L [ L ' L I L I ' IR L ) I | 5 o R ] gl Iy 8 I L] l_

0.3 \'s= ATLAS+CMS+LHCb-

\s=/ le |

o, Preliminary-

0.2F ot =

0.1 -

0 =

-0~ ATLAS (extrapolated data, W — Iv) 35 pb n

-0.1 -4+ CMS (W— uv) 36 pb -

m  LHCb (W= pv) 36 pb’ z

0.2 MSTWO08 prediction (MC@NLO, 90% C.L.) _

EEHE CTEQS66 prediction (MC@NLO, 90% C.L.) .

0.3l 8 HERA1.0 prediction (MC@NLO, 90% C.L.) -

K - I_ll L1 [ L1 1 1 L1l 1 1 L1 1 1 11 1 1 | I s | l R SR B | l L1 1 l 1 ll—
0 0.5 1 1.5 2 2.9 3 3.9 B

In

W charge asymmetry

- ATLAS and CMS: small-medium rapidity,

light quarks.

- LHCb: high rapidity

<

Electron Charge Asymmetry

-0.35

0.3

0.25

0.2

0.15

B$= Data 2010 (Vs =7 TeV) — Stat. uncertainty

A MSTWO08 - Total uncertainty
o HERAPDF1.5
o ABKMO09

¢ JRO9

1

j L dt = 33-36 pb”’

ATLAS

| I | | { I N (| | L1 1 1

11 1 1 I | I | I | I I I 1 1 1 I 11 1
0'b 0.5 1 1.9 2 2.5

m|
CMS 840 pb’ at Vs=7TeV
0.25 | L -
p,(e) > 35 GeV A
« W ev e |
0.2 4

=g
—
o

=
[

L

.
.
e
ant

sv=r: HERAPDF1.5
------ MSTW2008NLO
= NNPDF2.2 (NLO)

theory bands: 68% CL
1 1 1 1 I 1 1 1 1 I

TR R N R W W W S N

0.05

1 2
Electron Pseudorapidity |
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Integrated cross sections

=T I T T T T I T T T T I T T T T I T

j Ldt=33-36pb" |
® Data2010([s=7TeVv) mmm total uncertainty =
O MSTWO08 —@- sta ® sys ® acc ]
] HERAPDF1.5 MhceHainty ]
/A ABKMO09 68.3% CL ellipse area -
O JRO9 —

0.8

1 | |
0.9 1
olot . BR(Z/y*— I'T) [nb]

GOXBR(Z—l)[nb]

1.15¢
1.05}

0.95¢

CMS Preliminary \s =8 TeV

1.1¢

llllll]llllllllllllll[lllllllllllllll_

1.2}

L dt =18.7 pb™?

FEWZ NNLO Prediction

- Data(stat @ sys)

—e— Data(stat @ sys © lumi)

—&— MSTW 2008 NLO

—&— NNPDF2.0

68% CL unc. —a— CTEQ(CT10)

1 1 1 1 L 1 L 1 1 1 L 1 L 1 L 1 £ L 1 | ! 1

Illlllllllllllllllllllll[llllllll

95 10 105 11 115 12 125 13
GOXBR(W—slv)[nb]
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Combined cross section ratios

CMS Preliminary 18.7 pb” at s =8 TeV
BN D ' NNLO, FEWZ+MSTW2008 prediction
ATLAS [with MSTW2008 68% CL uncertainty]
J‘ y N 11.04 + 0.04
L dt = 33-36 pb
h 4 W-oev, Z—ee
—— Data 2010 (\S = 7TeV) 10.99 + 0‘165tati 0-3933@t et
' total uncertainty
exp. uncertainty g 3 Wouv, Z-up Held
10.44+0.14,, +0.29_
A ABKMO09
v JRO9 ® Wslv, Z-ll (combined) il
B HERAPDF1.5 10.65+ 0.11__ +0.23
® MSTWO8 | S‘al‘ SYSI 1 | |
ISIBIll[9.1511|l110||ll10|.SIl:l 1%111] 011121[14[1161[18][]10I 11211114
Gt\:/ti / gtzo/;* Rwz = [6xXBR (W) /[ oxBR ](2)
experiment theory
ATLAS 7 TeV 10.893 + 0.079 (stat) + 0.110 (syst) = 0.116 (acc) 10.74 + 0.04
A4 £ 0.
CMS 7 TeV 10.54 +£0.07 (stat)+0.08 (syst)+0.16 (th)
CMS 8 TeV 10.65 +£0.11 (stat) £ 0.23 (syst) 11.04 + 0.04
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Many other interesting measurements. ..

»+ Diboson production
- WW
- 17
- WZ
» Single and double W’s and Z’s + jets
- / — 4]
* pp — lvy

* pp — lly, pp — vvy
»  Vector Boson Fusion and Scattering

- EW precision measurements: W mass, Z mass, Ow
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Systematic uncertainties

dow+ dowy dow— d0z

Trigger 04 04 04 <0.1
Electron reconstruction 0.8 0.8 0.8 1.6

Electron identification 09 0.8 1.1 1.8

Electron isolation 0.3 0.3 0.3 —

Electron energy scale and resolution 0.5 0.5 0.5 0.2

Non-operational LAr channels 04 04 04 0.8

Charge misidentification 0.0 0.1 0.1 0.6

QCD background 04 04 04 0.7

Electroweak-+tt background 0.2 02 02 <0.1
EXissgcale and resolution 0.8 07 1.0 —

Pile-up modeling 0.3 0.3 0.3 0.3

Vertex position 0.1 0.1 0.1 0.1

Cw/z theoretical uncertainty 0.6 0.6 0.6 0.3

Total experimental uncertainty 1.8 1.8 20 2.7

Aw/z theoretical uncertainty 1.5 1.7 20 2.0

Total excluding luminosity 2.3 2.4 2.8 3.3

Luminosity 3.4

dow+ dowy dow— 00z

Trigger
Muon reconstruction
Muon isolation

Muon pt resolution

0.5
0.3
0.2

0.5
0.3
0.2

0.5
0.3
0.2

0.1
0.6
0.3

0.04 0.03 0.05 0.02

Muon pt scale 0.4 0.6 0.6 0.2
QCD background 0.6 05 0.8 0.3
Electroweak+tt background 0.4 03 0.4 0.02
E™ss resolution and scale 0.5 04 0.6 -
Pile-up modeling 0.3 0.3 0.3 0.3
Vertex position 0.1 0.1 0.1 0.1
Cw/z theoretical uncertainty 0.8 0.8 0.7 0.3
Total experimental uncertainty 1.6 1.7 1.7 0.9
Aw/z theoretical uncertainty 1.5 1.6 2.1 2.0
Total excluding luminosity 2.1 2.3 2.6 2.2
Luminosity 3.4
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do/dly, | [pb]

do/dn | [pb]

IIIIIIIIIII_jI
=
5

Combining data (the other channels)

1 60 B LI | UL I LI LI | LI | LI l LI | i
1401 ATLAS Data 2010 (Vs = 7 TeV).
C % J Ldt=33-36pb" ]
120 i | -
1001 % :*’4‘(: | -
801~ -
sof - Z > P ]
B —L#— Z—>e'e —H
L +o — Uncorr. uncertainty |
40: _49_ £-> 06 (fwd) Total uncertainty ]
20 :_—+- Zl—> I'r l l | Iumilnosity exlcluded l_:
O 05 1 16 2 25 3 35
.|
800_ ISR L T T 1 ]
- ATLAS ]
700 s
i = Sk i
600 sy T 1‘4_ E

500

Data 2010 (Vs = 7 TeV)]
J L dt = 33-36 pb”’

400 _4:_ W — v) VH __

B —+— W' = e'v, — Uncorr. uncertainty |

300 [ Total uncertainty ]

C '+‘ (A |+V| luminosity excluded

200 L PR T T YT N A TN N T T NN T T TN T N WY M S il
0 0.5 1 15 2

|

2.5

do/dn| [pb]

(@)
o
o

(&)
(=
o

III]

400

300

200

100

| FR Y B | I 1T 1771 l L

- ATLAS

- %ﬁ‘*ﬁ*%_g_

IIIIIIIIIII

1 I L1 1 1

1T 177 L

e

Data 2010 (Vs = 7 TeV)]
J L dt = 33-36 pb”

— Uncorr. uncertainty
| Total uncertainty
luminosity excluded

IIIIIIIIIIII

I 11 1 1 I L1 1 1

0.5 1
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Combined cross sections with correlation
matrices

ofid. BR(W — fv) [nb]
Ine| < 2.5, pr,e > 20 GeV,
pry > 25 GeV and mp > 40 GeV

sta Sys lum acc
W+ 3.110 & 0.008 4 0.036 4 0.106 + 0.004
W~  2.017 £ 0.007 £ 0.028 + 0.069 =+ 0.002
W+  5.127 £ 0.011 & 0.061 + 0.174 & 0.005

o3 .- BR(Z/v* — ££) [nb]
In¢e| < 2.5, pr,e > 20 GeV
and 66 < myg < 116 GeV

sta Sys lum acc
Z/~* 0.479 4+ 0.003 & 0.005 + 0.016 + 0.001

TABLE X. Combined cross sections times leptonic branching
ratios for W+, W=, W* and Z/~* production within the cor-
responding fiducial regions of the measurements. The uncer-
tainties denote the statistical (sta), the experimental system-

atic (sys), the luminosity (lum), and the extrapolation (acc)
uncertainties.

Z Wt w- Z Wt W~
Z 1.00 0.94 0.93 Z 1.00 0.48 0.44
W™ 0.94 1.00 0.97 W™ 0.48 1.00 0.79
W~ 0.93 0.97 1.00 W~ 0.44 0.79 1.00

TABLE XI. Correlation matrixz for the measurements of the
Z, Wt and W™ cross sections in the fiducial volume, for the

full uncertainty (left) and for all but the luminosity uncer-
tainty (right).

o' BR(W — fv) [nb]
sta SysS lum acc
WT  6.048 £+ 0.016 & 0.072 4 0.206 + 0.096
W=  4.160 & 0.014 + 0.057 £ 0.141 £ 0.083
W+ 10.207 £ 0.021 £ 0.121 + 0.347 £ 0.164
0%/ BR(Z/y* — ££) [nb]
66 < Mg < 116 GeV

sta Sys lum acc
Z/y* 0.937 +0.006 + 0.009 + 0.032 + 0.016

TABLE XII. Combined total cross sections times leptonic
branching ratios for W, W, W and Z /7" production. The
uncertainties denote the statistical (sta), the experimental sys-

tematic (sys), the luminosity (lum), and the extrapolation
(acc) uncertainties.

Z Wt wW- Z Wt W~
Z 1.00 0.91 0.91 Z 1.00 0.67 0.71
W™ 0.91 1.00 0.91 W™ 0.67 1.00 0.70
W~ 0.91 0.91 1.00 W~ 0.71 0.70 1.00

TABLE XIII. Correlation matrixz for the measurements of the
total Z, W+ and W~ cross sections for the full uncertainty
(left) and for all but the luminosity uncertainty (right).
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