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The dataset

2010 2011
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[3] ATLAS Data Summary
June 2010: Observation of W — fv and Z — &/
Oct 2010: Measurement of W — v and Z — ££ cross sections
Nov 2010: Observation of W — v
Feb 2011: Observation of Z — 77 — 41y,
Mar 2011: Observation of Z — 77 — £¢
July 2011: Measurement of p.%
July 2011: Measurement of p,‘{‘v
July 2010: Update: Measurement of W — £ and Z — €€ cross sections
July 2011: Measurement of Z — 77 cross section
July 2011: Measurement of W — Tv cross section
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The dataset

2010 2011

Total Integrated Luminosity [pb™]
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The results shown today use the 2010 dataset, where our detector

related systematics have improved and the pile-up is less. At the
end, | will show a hint of our Z — 77 events in the 2011 data.
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[3] ATLAS bata dSummary

June 2010: Observation of W — fv and Z — ¢/
Oct 2010:
Nov 2010:
Feb 2011:
Mar 2011:
July 2011:
July 2011:
July 2010:
July 2011:
July 2011:

Measurement of W — fv and Z — ££ cross sections
Observation of W — v

Observation of Z — 77 — £y,

Observation of Z — 717 — 44

Measurement of pZ

Measurement of pY¥¥

Update: Measurement of W — £fv and Z — ££ cross sections
Measurement of Z — 77 cross section

Measurement of W — Tv cross section
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Ingredients for a cross section

o= Nobs_kag
A-C-[dtL

Nops: number of observed events in the signal region
Nypkg: estimated number of background events

o EW backgrounds are estimated with Monte Carlo,
constrained to data with performance scale factors.
o QCD backgrounds are estimated with data-driven
methods.
A: kinematic acceptance factor, estimated with generator-level
Monte Carlo.
C': summarizes reconstruction efficiency, estimated with
reconstructed Monte Carlo, corrected with scale factors.
[ dt L: integrated luminosity.
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Progress in reducing systematics

The main advancements in W and Z cross section measurements
since last winter are due to the reduction of systematics.

Examples:

o Tag and probe studies lead to many improvements in
electron and muon identification and scale factors correcting
our simulation thereof.

o Reduced acceptance uncertanties by switching from using a
LO Pythia generator to MC@NLO, p%v and p% reweighted to
better agree with data (discussed later).
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Tag and probe studies

ATLAS preliminary il
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[4] ATLAS-PERF-2010-04-001
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W — Lv and Z — UL
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Event selection

W — fv

o One e/p with pp > 20 GeV
o EMiss > 95 GeV
o mrp(l, Bs) > 40 GeV

Z — be

o Two e/p with pp > 20 GeV
QO Myy = 66—-116 GeV

& T oo | S1c00. | ATLAS Preliminary
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[6] STDM-2011-06
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QCD background estimation

W — ev: template fit to ErTniss. Template derived from data
with inverted electron ID and isolation.
Z — ee: template fit to myy to a sample with looser electron
ID, extrapolated to the signal region.
W — pv: matrix method using track isolation.
Z — pp: ABCD method with track isolation in m,,, side-band.
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Cross section results

o [nb]  stat. sys. lumi.  acc.
ow - BR(W — ev) = 10.255 0.031 0.190 0.349 0.084
ow - BR(IW — uv) = 10.210 0.030 0.179 0.373 0.153
07/ys BR(Z/v* —ee) = 0952 0.010 0.026 0.032 0.019
07/ys " BR(Z/v* = pp) = 0935 0.009 0.009 0.032 0.019
N ———— o Dominant uncertainty
ATLAS Preliminary is luminosity.
I L dt = 33-36 pb” i o Acceptance
— Data 2010 N5 = 7 TeV) uncertainty remains
o e " significant due to the
A ABKMO9 extrapolation from
. MsTWos 4 the fiducial volume.
e e ——— o Detector related

S/ O uncertainties partially
cancel in the ratio.
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Cross section results

o [nb]  stat. sys. lumi.  acc.
ow - BR(W — ev) = 10.255 0.031 0.190 0.349 0.084
ow - BR(W — uv) = 10.210 0.030 0.179 0.373 0.153
0yme - BR(Z/7% — ee) = 00952 0010 0.026 0032 0.019

Many more details on the W — v and Z/y* — £/ cross section |19

measurements, including differential measurements of do/dn and
their constraints on proton PDFs will be discussed in Massimiliano
Bellomo's talk in the QCD session this afternoon.

R ]

uncertainty remains
significant due to the
extrapolation from

J o
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total uncertainty
exp. uncertainty
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3 3= i e 0 9 Detector related

S/ O uncertainties partially
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p%f and p%
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Z boson pt measurement

Ryan Reece |

9 Important for modeling
high-pt lepton kinematics.
At leading order, prV/Z =0

/2

Non-zero p¥/ is generated
through the hadronic recoil
of ISR, p&.

p% reconstructed directly
from pr(p1) + pr(pe), while
pY reconstructs pit.
Detector and FSR effects
removed with a bin-by-bin
unfolding.

3-4% precision per bin.
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W boson pr measurement

9 Necessary for a future precision W mass measurement.

o Detector and FSR effects removed by inverting a response
matrix parametrizing the probabilistic mapping of p¥ to p%v.

Events / GeV
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W, Z boson pr reweighting

2 e

—e— Combined Data
Stat. Uncert. ATLAS Preliminary

© The modeling of

da/dp%v/z can have b

o)

----- ALPGEN J-th 31 pb
. . — - MC@NLO -
significant effects on the 16 e

11 PYTHIA
expected efficiency and 1ab L Rithos

acceptance.

@ NLO generators MC@NLO
and POWHEG have
deficits at high pYFV/Z. 08

o NLO effects are important

1.2

(Data,Prediction) / RESBOS

0.

)]

at high p%V/Z because the
W /Z is polarized by higher

50 100 150 200 250 300

order QCD. pY [GeV]

o
o™

o W — fv and Z — ¢ cross section measurements use MC@NLO
reweighted to match pYFV/Z for LO Pythia, which agrees with the data
because it has been tuned well to the Tevatron data.
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Taus in ATLAS

o Tracks are matched to jet
seeds and discriminating
variables are calculated from
the combined tracking and

calorimeter information. % 0.143 ‘Wﬂwlzan T ATLAS Prell‘mmar)‘/ N

=) C " 2

_ H I [ dijet Monte Carlo 3 prongs 15 GeV<p_<60 GeV

1 or 3-prong signature g 0.121 ", 2010 diet data [dt L = 23 pb* ! =

Narrow clustering of tracks & & ; E

. . < T ]

and calorimeter deposits. 0.08]- 3

o Three advanced 0.06 =

discriminants: 0.04 3
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boosted decision trees.
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[9] ATLAS-CONF-2011-077

Ryan Reece | Penn | ryan.reece@cern.ch | ATLAS W and Z cross sections | EPS-HEP 2011 20 /31


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-077/

Z — T — 1, event selection

o single lepton trigger
o One tight e/p with
pr > 16/15 GeV

o One tight 7, with

pr > 20 GeV, 1 or 3 tracks,
unit charge

- -e-Data
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L

L
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Muons / 0.01

o tight lepton isolation to
reject QCD multijets

9 opposite sign
o Y cosA¢p > —0.15

10

T T T T T
ATLAS Preliminary -»-Data OwW-v
= Oy*Z- 11 @W-1v
Ns=7 eV BEMultijiet Ey/Z- I
Ldt = 36 pb Ot

10? o -

10°

10

L
0 0.05 01 015 0.2 0.25

0.3

1247 ()

o Choose low pr leptons to accept Z — 7.
o Combat QCD with tight isolation.

[10] STDM-2011-18
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Z — 1717: W + jet suppression

% 100

>_cos A = & g
cos[(£) — G(EF™)] -
+cos[o(m) — o(EF*) ”

o Quantifies if the E%liss is 20
between the decay products 0

o Only dependent on the
direction, not the magnitude
of the E%iss.

o All channels except pu

R A B S B
ATLAS Preliminary

require Y cos A¢ > —0.15 K2
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Z — 71T — £f event selection

ep-channel
one e with pp > 15 GeV
one p with pt > 10 GeV

Y cos Agp > —0.15

> Bt + EFs < 150 GeV
(rejects tt)

¢ © ¢ ¢ ¢

> F T T T T T T T T T
[ E -»-Data ]
© 30fF Qyiiz 1t 4
a E Ldt= -1 @@Multijet A
- J»dt sp’ BV 3
g 3 S=7TeV Wy - Il ]
g 20F B =
w E E
15 E
10F ATLAS Preliminary 3
00 20 40 60 80 100 120 140 160 180 200

m(e) [GeV]

opposite sign, tight isolation

pp-channel
o two u with pp > 20 GeV
O opposite sign, tight isolation

o BDT for rejecting
Z[yx — b

0 my,, = 25-65 GeV

> R IR B B B
@ ATLAS Preliminary ® Data

o 1Z- 1T

o 10° \s=7TeV E;”*/Z«"

= g Ow- v

2 ILdt=36 pb* WMultijet

@ 10 =l

o @ Diboson

20 80 90 100
m(u, p) [GeV]
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Z — 171 background estimation

140

T T T B R RS U R
ATLAS Preliminary (5= 7 Tev -s-Data

o Jets are wider in data than

- - -
> § 3
) 0] i Oy*zZ- 1t j
in Monte Carlo = 7, ID o 1200 Jra=36p0" 5&“}”,5‘ 1
fake rate is underestimated £ %00 HAE
5 v 1
in Monte Carlo. w80 o E
. . 60 -
o Normalize W — fv + jets g 1
Monte Carlo using high m 40; ]
data. 20 E
0
o Other EW backgrounds 0 20 40 60 8 100 12;’1 [;OW
estimated from Monte Carlo. ‘o '
. . \50';6 C D
o QCD estimate is e
data-driven, scailing SS data adail & B
by Ros/ss, measured in
non-isolated (multijet rich) By 1. s
data sample, correcting for o
EW contamination with A B N B
N*=N".—5 =N""-Rog/ss
Monte Carlo. N
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Z — 77T cross section results

Ocombined = 0.97 £ 0.07(stat.) £ 0.07(sys.) £ 0.03(lumi.) nb

Otheory = 0.96 £ 0.05 nb at NNLO

—————————————————
Z-Tt combined +—e—+4  ATLAS Preliminary
%6 Dominant systematics
Z - eelpp
sa-3spb* "I o 7, energy scale 11%
LT, et o 7y, efficiency 8.6%
T, , o u efficiency 8.6%
— Stat .. 0
- e  oyetn st o e efficiency 3-10%
— Syst O Stat O Lumi o) acceptance 3%
Ty b — Theory (NNLO)
R B L @ luminosity 3.49
0.6 0.8 y /0

1 12 14 16
o(Z - Il, 66<m, <116 GeV) [nb]

Ryan Reece | Penn | ryan.reece@cern.ch | ATLAS W and Z cross sections | EPS-HEP 2011 25 /31



W — Tv event selection

& [atlAsprelimnary » Data2010 (s =7Tev) ] % 600 ATLAS Preliminary + Data 2010 (3 = 7 Tev)]
8 10% d ESYW - 1w - 0 E W o T,V ]
& E EW background 3 2 5000 EW background E
3 F [ QCD background (CD) E L [] QCD background (C) ]
S > L ]
g ¢ Jra=sap® 3 5 400- & Jra=aap’ ]
5 1 % 300" 3
2 1 [ E
10 - S £ E
E T E Z 200 E
i
£ | | | E 5 E P s el ]
0 2 4 6 8 10 12 14 16 18 20 %% a0 60 8 100 120 140
Ser m, [GeV]
o pr(m) =20 — 60 GeV
o EMiss > 30 GeV
Emiss
0 Spmiss = = > 6.0
EX'™ 7 (05VGeV) /T Ex
9 veto events with leptons with pt > 15 GeV
© data-driven QCD estimate: scale events failing Spmiss by
efficiency measured in inverted tau ID sample.
[11] STDM-2011-23
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W — T cross section results

o(W — 7v) = 11.1 £ 0.3(stat.) £ 1.7(sys.) &+ 0.4(lumi.) nb

Otheory = 10.46 4 0.52 b at NNLO

ATLASW = TV, bt

ATLASW - ev, e i
—— Sys O Stat O Lumi
s Prediction (NNLO)
Theory uncertainty
ATLASW - pv, y

R R AR
ATLAS Preliminary

e Data 2010 \s = 7 TeV)
—— Stat uncertainty
—— Sys O Stat

[ Y T T T S
11 12 13 14 15 16

o(W - |v) [nb]

Dominant systematics
o Ty efficiency 10.3%
o 7, energy scale 8.0%

o 1, + MET trigger
efficiency 7.0%

luminosity 3.4%

©

©

acceptance 2.3%
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W — 7m,v tau ID measurement
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Number of tracks
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Tag jet + MET events, probe for tau.

Looser identification working point
ATLAS Preliminary L=34pb?

Cuts

(Tag&Probe) 1.04 £ 0.06(stat) = 0.04(sys)
Likelihood o e e 11

(Tag&Probe) 1.02 + 0.09(stat) + 0.05(sys)

““““ A

Boosted decision trees 1.05 + 0.06(stat) + 0.05(sys)

(Tag&Probe)

“““““““““ @ ==
1.00 + 0.05(stat) + 0.13(sys)

Cuts
(Cross section)

1.02 + 0.04(stat) + 0.16(sys)

Likelihood
(Cross section)

Boosted decision trees
(Cross section)

0.5 1 15
Tau identification efficiency scale factor

[12] ATLAS-CONF-2011-093
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W — 7m,v tau ID measurement

L B I L R
* Data 2010 (34 pb™) )

o wem Tag jet + MET events, probe for tau.
== Jet background

ATLAS Preliminary Looser identification working point
Before tau ID ATLAS Preliminary L=34 pbrl

~~——___—A—

Many more details on tau performance studies have been discussed
in Stan Lai's talk in the Detector session this morning.

T A1
Boosted decision trees
(Tag&Probe) 1.05 + 0.06(stat) + 0.05(sys)
@ R R R B B
2 goof 3
3 E ¢ Data 2010 (34 pb*) cus s @ =i
L 700F =T (W v uts
: = e((\\,/vva ev)) (Gross section) 1.00 + 0.05(stat) + 0.13(sys)
600F =2 Jet background
E [ ]
500F B Likelihood
3 ATLAS Preliminary (Cross section) 1.02 + 0.04(stat) = 0.16(sys)
400F E!
£ After tau ID e e — @ ==
300F (Looser Cuts working point)-] Boosted decision trees 0.94 + 0.07(stat) + 0.13(sys)
£ 3 (Cross section) e -
200F =
100F E 0.5 1 15
Tau identification efficiency scale factor

= . L L L
00 2 4 6 8 10 12 14 16
Number of tracks
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Z — 71 — £1y, with 730 pb!

S R L B B A e R
& 250l After tight BDT ID ATLAS Preliminary ]
[t} N I dt L = 730 pb* J
@ C \s=7Tev ]
2 200 smrE .
g C —e— data ]
o L [ z— 1t (truth-matched) —
150 Il Z- T (non-truth-matched) |
C [ Jw-unv ]
C I Muttijet ]
100 Nz - pp ]
50— -
055540 60 80 100 120" 140 “180 200

mys(T,) [GeV]
@ We now have a substantial control sample of hadronic tau
decays.
o More data-driven efforts in taus to come.

[13] ATL-COM-PHYS-2011-842
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Conclusions

o ATLAS has published (or will soon publish this month) W and

Ryan Reece |

Z cross section measurements with the 2010 dataset for all
lepton flavors:

o W —ev o Z —ee
o W — uv o Z — up
o W — v o J =TT

We have also published precision measurements of the p%v
and p% line-shapes.

W and Z performance studies have improved our knowledge
of our object identification for e, u, and 7.

The 2010 ATLAS Standard Model analyses have set an
impressive standard for measurements with the 2011 data.
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Backup Slides
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Collider kinematics

Muon Detectors E

Solenoid

n=0
0=m/2

L

Forward Calorimeters

Hadronic Calorimeters

pr=(p..p,)  p, =psin6, E,=Esin6

n = -In(tan(6/2))

Shielding

E;‘m =" EEiﬁi

clustersi
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Phenomenology of tau decays

T Z_ I;i”y: ﬁigz } leptonic 35.2%
i 25.5%
T Uy 10.9%
7 210 v, 9.3% 1 prong 49.5%
K= (N7 (NKO v,  15%
7 310 v, 1.0%
T wty, 9.0%

a0y, 4.6% } 3 prong 15.2%

Ryan Reece | Penn | ryan.reece@cern.ch | ATLAS W and Z cross sections | EPS-HEP 2011 36 /31



Tau identification variables

AR;<0.4 EM _
ZiE{EM o0—2} BT AR;

9 Electrmagnetic radius: Rpy = AR<0T o
N Zie{EM 0—2} “T,i
; <O0.
. i X PT,i AR;
o Track radius: Ryack = Smxm=os - —
Zi pr,i
track
o Leading track momentum fraction: f, = M1
g - Jtrack Py

ZARi<O,1 EM
. ie{all T,7
o Core energy fraction: feore = _ZA%
Zie{all} Bt
ZARi<o.4 EM
iE{EI\/[ 0—2} T,i
AR;<0.4
J EM
Zje{all} Bt

o Cluster mass: Mgjusters, iNVariant mass clusters at the EM
energy scale.
o Track mass: Myracks, iNvariant mass of the track system.

o Transverse flight path significance: S}}ight

o Electromagnetic fraction: fryv =

Motivation: taus tend to be collimated more than jets, have a
leading track, and often significant neutral pion deposits in the EM

calorimeter.
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Tau discriminants

o Cuts
pr-parametrized cuts on Rgy and
Rirack, and a cut on ftrack-

E L Ll L i
20 30 40 50 60 70 80 90 100

p, [Gev]
o Projective likelihood B sy opter s
S 0.1§ 3 prongs 15 GeV<p, <60 GeV
N Py (z:) R e R
=In Ls = . In [ &=L g J
d Ls Zz:l piB (2177,) 2 0,;‘2

o Boosted decision trees (BDT) b

13,

Likelihood Score

LAMALAAAM MMM poans A A SE AR AR
Wotwez 1 ATLAS Preliminary
dijet Monte Carlo 3 prongs 15 GeV<p, <60 Ge
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Seeing hadronic taus
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Electrons in ATLAS

o Seeded by matching
calorimeter clusters from a
sliding-window algorithm to
inner detector tracks.

o Candidates are selected by:

track quality
track-cluster matching
narrow calorimeter cluster
high electromagnetic
fraction

[+

¢ ¢ ¢

o Tight candidates have cuts
on E/p and high thesholds
hits from the transistion
radiation in the TRT.
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Muons in ATLAS

o Combination of muon
spectrometer segments with
inner detector tracks.

o Track combination matching
to reject decays in flight.

W-pv candidate in o
7 TeV collisions ImpaCt .paramete.r .
constraints to reject cosmic
muons.
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W — Lv and Z — ¢£ systematics reduction

Moriond result March 2011 July 2011 update

— T T —
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Z boson pt measurement

o Important for
modeling high-pr
lepton kinematics.

o At leading order,
wW/z
Dt =0
o Non-zero p%V/Z is
generated through
the hadronic recoil of

ISR, pk.

o Detector and FSR
effects removed with
a bin-by-bin
unfolding.

AO'iZ 1 N(Z;bs - N’ékg
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z
T

1/6™ do"¥dp
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15 E; (GeV)
E (e)=45GeV  E (e")=40GeV
M (e)=0.21 (") =-0.38

Run Number: 154817, Event Number: 968871
Date: 2010-05-09 09:41:40 CEST

M_=89 GeV
Z-ee candidate in 7 TeV collisions
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Run: 154822, Event: 14321500
Date: 2010-05-10 02:07:22 CEST
|

\

p() =27 GeV ()= 07
p(u) =45GeV n(u) =22
Muu =87 GeV > ~

@ Z>pp candidate
in 7 TeV collisions



Run Number: 152409, Event Number: 5966801
Date: 2010-04-05 06:54:50 CEST

W-ev candidate in

7 TeV collisions
p,(e+) =34 GeV
n(e+)= -042
E,™ = 26 GeV
M, =57 GeV




p(u+) = 29 GeV
np+)= 0.66
E ™= 24 GeV
M, =53 GeV

JATLAS

Run Number: 152221, Event Number: 383185
Date: 2010-04-01 00:31:22 CEST

W>pv candidate in
7 TeV collisions



pT(p) = 18 GeV
pY¥s(th) = 26 GeV
myis (1, Tp) = 47 GeV
m; (4,E7") = 8 GeV
EM =7 GeV

Run Number: 160613, Event Number: 9209492
Date: 2010-08-03 02:12:37 CEST

L — TT

3-prong hadronic
tau decay ﬂ
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