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Introduction

high precision measurement of Drell-Yan production Cross sections

— further input to constrain PDFs

measurements based on data recorded with ATLAS in 2010 arXiv:1109.5141

electron and muon channels + combination
integrated and differential measurements

vs |yz| and |mi| forW

comparison to theoretical predictions of perturbative QCD at NNLO

in this talk: focus on Z—ee

(including high 1 electrons!)

2l
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http://arxiv.org/abs/arXiv:1109.5141
http://arxiv.org/abs/arXiv:1109.5141

Motivation Z—ee

rapidity (y) distribution of Z sensitive to PDFs of quarks
7 TeV LHC parton kinematics
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‘ LHC:

additional data to further constrain PDFs

i measurement in new regime
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rapidity (y) distribution of Z sensitive to PDFs of quarks
7 TeV LHC parton kinematics
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Motivation Z—ee

rapidity (y) distribution of Z sensitive to PDFs of quarks
7 TeV LHC parton kinematics
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‘ LHC:

additional data to further constrain PDFs

| measurement in new regime
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Motivation Z—ee

Z rapidity correlated with pseudorapidity 1 of decay electrons

—> | include "forward electrons"

central (¢): (1] < 2.5 x-spectrum for d/d quarks (MC study)

forward (f): 2.5 < || <4.9 oy 2200 -+ cosef
=X 2000} .ce
S 18001
& 1600k ATLAS WORK IN PROGRESS
L 1400F
increase in acceptance due to higher statistics (~40%) & 12000
~— 1000
800F-
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ATLAS—Detector

muons |
muon System: | 1’] | <2 ,7, Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

trigger: || <2.4,
' inner detector tracking: |n|<2.5

electrons; tracking system, finely

segmented calorimeter:

CIn|<2.5 (‘central’) - m

“
% trigger/tracking (— charge)

only in this region
Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

| forward electrons (2.5<|1| <4.9): only calorimeter shower shapes for identification

| @ 1.37 < |n| <1.52: transition between EM barrel and endcap (“crack”)

8.12.2011 @m

" excluded in electron selection (“crack removal”)
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Analysis Procedure

N-B N - number of selected candidates

O' L, =
{ )
b C w/ zLim B - estimated number of background events

Ci/z - efficiency correction factor

fiducial cross section . ..
L - 1ntegrated lumlnosrcy

36.2pb ! for e, 32.6pb! for u

combination after minimal extrapolation to common phase space

central electrons: interpolation over transition region

all central leptons: extrapolation to |1|= 2.5 ., = _Jd
E

total cross section: acceptance correction to full lepton phase space

O — G_ﬁd

A - acceptance correction factor

—>  additional uncertainty!

PS/hadronisation modeling + PDF uncertainties
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Event Selection

data quality requirements (leaving 36.2pb! for e, 32.6pb! for u)

single lepton trigger

requirements on primary vertex
lepton identification criteria

kinematic and geometric cuts on leptons

PTLe/u = 20 GeV 5 prv=> 25 GeV

central: |N.|<2.47 (without crack) forward: 2.5 <|1.| < 4.9
[Mu| <2.4

additional track and isolation requirements (especially for u)

requirements on lepton pairs

Z: 66 <my < 116 GeV ; opposite charge for selection with 2 central leptons
W: mt > 40 GeV

m, = \/Zpl' Pr.: (l - COS A¢,‘\,)

—> | W : 130 741 candidates (e), 139 748 (u)

Z : 9725 candidates (e) (+ 3376 including forward electrons),
11709 (w)
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Background

It

several electroweak (EW) backgrounds (leptons from real vector boson decays)

e.g. W—w, Z—1r , Diboson

estimated from MC

QCD

jets faking electrons

muons from heavy quark decays ,
y 4 y estimated from data

pion, kaon in-flight decays

> AR RN R RN RAREE RRRRE AR RRARRRE
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o 1 400:_ _+_ e (\/g 7TeV) fL dt=36 pb_1 ] T T T T LI LI LI T % 5000__ ATLAS I:I Qco e B % : | | | | +|Data 20'10 (\J§=I7Tev)l:
= [ Jzee ATLAS 13 © 4 Data 2010 (s = 7 TeV) | ‘_1 5},5, 310000_— det=33 pb! Jw-w 7
%12°°7Eoco g 10 :asoz—gbee det=36pb 92 4000; g : ] aco M+
o entral Z — ee g C |:| QcD ATLAS E B [2} 8000 ATLAS Bz ]
1 1000 - » 300 i C =
c [ Jwey + . 3000 0 - [ Jw-w
C g) 050" Forward Z — ee - | i
600 ] : i . - ]
N 1000f 4000 ]
400 - L L
200" = 40 2000 ‘
m; [GeV]
7080 9 100 - 1[1&\/] ] 0 50 60 70 80 90 100 110 120
ee I i T
70 80 90 100 110 my [GeV]
me, [GeV]
. . . . . ~ 0
Z—ee. all contributions <2%, except for selection W—ev: each source ~3-5%

. ~ 0
with 1 forward electron (QCD ~10%) W—uv: QCD ~2-3%, EW 6-8%
Z—uu: all below 1%

—> | overall good agreement between data and simulation
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Control Plots Z—Rapidity
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Efficienc_y Correction

estimated from simulation —reconstructed events after full selection

_ sel
CW 1Z

fid T\

generated events after fiducial cuts

electrons: Cyy= 0.70 muons: Cy=0.78

corrects for reconstruction, trigger, identification inefficiencies...

adjustment to data via scale factors — ‘tag-and-probe’

Sf — 8data
E

simulated <
‘ counting’

measurement involving forward electrons:

identification efficiency estimation dominant source of uncertainty

driven by background estimation in tag&probe
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Acceptance

L generated events after fiducial cuts

A = Nﬁd

gen

AN

generated events (with mass cut for Z)

MC@NLO with CTEQ6.6

J

A SARIT  FAPY A GAps GAin

sets

eigenvector error set

Electron channels s
W+ 0.478 1.0 0.7 0.9 0.8 1.7
W~ 0.452 1.5 1.1 0.2 0.8 2.0 different PDF sets
W= 0467 1.0 0.5 0.6 0.8 1.5
Z 0.447 L7 0.6 0.2 0.7 2.0 modeling of hard scattering process

Muon channels
W+ 0.495 1.0 0.8 0.6 0.8 1.6
W- 0470 L5 L1 0.3 0.8 9.1 parton shower/hadronisation description
W= 0.485 1.0 0.5 0.4 0.8 1.5
Z 0.487 1.8 0.6 0.2 0.7 .0
same order as experimental
total uncertainties ~1.5-2.1% —> ( P

| uncertainties!

Ruth Pottgen Physics at the Terascale Workshop, Bonn 8.12.2011 AV




Systematic Uncertainties

electr(.)n P T T many effects checked thoroughly

analy51s Trigger 0“: 0“1+ 0‘:'1_ /OZI
El(.’CLrOIl I'L‘(.'Ollb'lurll(.',ti()ll @8 OD largeSt ContrlbUtlonS:
\ : e (
Eizz:z i::g t::;iamn 0:;3) g:: (1); i electron identification/reconstruction
Electron energy scale and resolution 05 05 05 0.2 miss .
Non-operational LAr channels 04 04 04 08 ET scale and resolution
Charge misidentification 0.0 0.1 0.1 06
QCD background 04 04 04 0.7
Electroweak+tt background 02 02 02 <0.1
EF*scale and resolution 08 07 1.0 >—
Pile-up modeling 03 03 03 03
Vertex position 0.1 0.1 0.1 0.1
Cwyz theoretical uncertainty 06 06 06 03
Total experimental uncertainty 1.8 18 20 27
Ay /7 theoretical uncertainty 1.5 1.7 20 20
Total excluding luminosity 23 24 28 33
Luminosity 3.4
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electron

analysis

Systematic Uncertainties

Trigger
Electron reconstruction
Electron identification

Electron isolation

A4 <0.1

04 04 0
8 08 08 1
g 08 1.1 L
03 03 03 —

Electron energy scale and resolution 0.5 0.5 05 02

Non-operational LAr channels
Charge misidentification
QCD background
Electroweak+tt background
E’F**scale and resolution
Pile-up modeling

Vertex position

Cwyz theoretical uncertainty

04 04 04 08
00 01 01 06
04 04 04 07
02 02 02 <01
08 07 1.0 >—
03 03 03 03
0.1 01 01 0.1
06 06 06 03

Total experimental uncertainty

Ay /7 theoretical uncertainty

18 18 20 2
1.5 1.7 20 20

Total excluding luminosity

23 24 28 33

Luminosity

3.4

Ruth Pottgen

Physics at the Terascale Workshop, Bonn

many effects checked thoroughly

largest contributions:

electron identification/reconstruction

E;" scale and resolution

acceptance uncertainties of

SaIme OI'dGl’ as experimental (Same for muons)

8.12.2011
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electron

analysis

Systematic Uncertainties

50‘,»1 dowy dow_ b0z

many effects checked thoroughly

Trigger 04 04 04 <0.1 i )

Electron reconstruction <[E).8 0.8\/1.Z> largeSt contributions:

Electron identification 9 08 1.1 L . o ) .
Electron icolation 03 0303 electron identification/reconstruction
Electron enf:rg\' scale and resolution 0.5 0.5 05 02 E}"mscale and resolution
Non-operational LAr channels 04 04 04 08

Charge misidentification 0.0 0.1 0.1 06

QCD background 04 04 04 0.7

Electroweak+tt background 02 02 02 <0.1

EF**scale and resolution 08 07 1.0 >—

Pile-up modeling 03 03 03 03

Vertex position 0.1 0.1 0.1 0.1

Cwyz theoretical uncertainty 06 06 06 03

Total experimental uncertainty

Ay /7 theoretical uncertainty

acceptance uncertainties of

SaIme OI'dGl’ as experimental (Same for muons)

Total excluding luminosity

Luminosity (3_4 ) luminosity uncertainty dominating
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electron

analysis

Systematic Uncertainties

many effects checked thoroughly

Trigger 0.4 0.4 04 <0.1 1 ¢ tributi
r ntributions:
Electron reconstruction 8 0.8 08 1. a ges co utons
Electron identification 9 08 1.1 L . o ) .
o , , : electron identification/reconstruction
Electron isolation 0.3 0.3 03 —
Electron energy scale and resolution 0.5 0.5 05 02 .
e ’ ’ ’ E7" scale and resolution
Non-operational LAr channels 04 04 04 08
Charge misidentification 0.0 0.1 0.1 06
QCD background 04 04 04 0.7
Electroweak+tf background 02 02 02 <0.1 muon channel
ET™scale and resolution 08 07 10> 7 : reconstruction 0.6%
Pile-up modeling 03 03 03 03 o . o
Vertex position 01 01 01 0.1 W : efficiencies ~1%
Cwyz theoretical uncertainty 06 06 06 03

Total experimental uncertainty

Ay ;7 theoretical uncertainty

acceptance uncertainties of

SaIme OI'dGl’ as experimental (Same for muons)

Total excluding luminosity

Luminosity (3_4 ) luminosity uncertainty dominating
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Systematic Uncertainties

electron
many effects checked thoroughly
. (50’“,+ (50‘;5'4. (50’w - 50’2
analysis
Trigger 0.4 0.4 04 <0.1 1 ¢ tributi
Electron reconstruction 8 0.8 08 1. argest contributions:
Electron identification 9 08 1.1 L 1 q "™ on/ .
Electron isolation 03 03 03 — electron 1dentirication/reconstruction
Electron energy scale and resolution 0.5 0.5 05 02 .
e ’ ’ ’ E7" scale and resolution
Non-operational LAr channels 04 04 04 08
Charge misidentification 0.0 0.1 0.1 06
QCD background 04 04 04 0.7
Electroweak+tf background 02 02 02 <0.1 muon channel
ET™scale and resolution 08 07 10> 7 : reconstruction 0.6%
Pile-up modeling 03 03 03 03 o . o
Vertex position 01 01 01 0.1 W : efficiencies ~1%
Cwy,z theoretical uncertainty 06 06 06 03

Total experimental uncertainty acceptance uncertainties of

Aw/z theoretical uncertainty same order as experimental (same for muons)

Total excluding luminosity

Luminosity ( 3.4 2 luminosity uncertainty dominating

compatible results from e and u analysis

O

Ruth Pottgen Physics at the Terascale Workshop, Bonn 8.12.2011




Systematic Uncertainties

electrc.)n Y T T many effects checked thoroughly
analysis : wt "Wy W= 2
Trigger 0.4 0.4 04 <0.1 . .
Electron reconstruction @.8 OD largeSt contributions:
Electron identification 9 08 1.1 L . o ) .
Electron isolation 03 003 electron identification/reconstruction
Electron cnf:rm' scale and resolution 0.5 0.5 05 02 E;”nissscale and resolution
Non-operational LAr channels 04 04 04 08
Charge misidentification 0.0 0.1 0.1 06
QCD background 04 04 04 0.7
Electroweak+tf background 02 02 02 <0.1 muon channel
Ef**scale and resolution 08 07 10> Z : reconstruction 0.6%
Pile-up modeling 03 03 03 03
Vertex position 0.1 0.1 0.1 0.1 W : efficiencies ~1%
Cwy,z theoretical uncertainty 0.6 0.6 06 03
Total experimental uncertainty acceptance uncertainties of
Awyz theoretical uncertainty same order as experimental (same for muons)
Total excluding luminosity . . . .
Luminosity (3_4 2 luminosity uncertainty dominating
compatible results from e and g analysis —— | combination taking correlations into account

O
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Systematic Uncertainties

electron
. P T many effects checked thoroughly
analysis wx _ Wt " wW- ¢
Trigger 04 04 04 <0.1 1 . cributs
r n :
Electron reconstruction 8 0.8 08 1. a ges contributions
Electron identification 9 08 1.1 18 . o . .
Electron isolation 03 0T 03 electron identification/reconstruction
Electron energy scale and resolution 0.5 0.5 05 02 Emisx .
scale and resolution
Non-operational LAr channels 04 04 04 08 &
Charge misidentification 0.0 0.1 0.1 0.6
QCD background 04 04 04 0.7
Electroweak-+ background 02 02 02 <0.1 muon channel
E'+ ™ ecale and resolution Q807 10> Z : reconstruction 0.6%
Pile-up modeling 03 03 03 03 o .
Vertex position 0.1 0.1 0.1 0.1 W : efficiencies ~1%
Cwy,z theoretical uncertainty 0.6 0.6 06 03

Total experimental uncertainty acceptance uncertainties of

Aw/z theoretical uncertainty same order as experimental (same for muons)

Total excluding luminosity

Luminosity ( 3.4 2 luminosity uncertainty dominating

compatible results from e and u analysis > | combination taking correlations into account

— | total cross sections (+ stat + syst + lumi + acc) in nb:

(7 6= "0.937 £ 0.006 £ 0.009 + 0.032 £ 0.016
Wt : Gtot = 6.048 £ 0.016 = 0.072 + 0.206 * 0.096
W : Gt =4.160 £ 0.014 £ 0.057 £ 0.141 £ 0.083 )

N
S~

O
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Integrated Cross Sections

combined cross sections — . tiducial
-Q — -
S | ATLAS ]
: . : = | ]
comparison with ditterent NNLO PDFs r 5.5F i .
4 - 1 | total uncertainty
E’ dominated by luminosity
MSTWOS8 o [ / |
HERAPDEF1.5 L [re=ssaspn’ -
ABKMO9 4_5_— @ Data 2010 ('s=7TeV) mmm total uncertainty —_
T O MSTWo8 @ sta®sys y
| [] HERAPDF15 uncertainty i
agreement among these - % ﬁsggMog 68.3% CL ellipse area -
—I | | | | | | | | | | | | | | T
R 0.4 0.45 0.5 0.55
JROZ ot - BR(Z/y*— I'T) [nb]
—> | disfavored _ . total
o] - _
S | ATLAS -
/_;\ | ]
p T ’
z |~ | sensitivity ‘polluted’ by
s I 1 :
0 1o . acceptance uncertamty
5 | ]
5 f Ldt=33-36pb" ]
9+ @ Data2010 (s=7Tev) mmm total uncertainty —_
T O MSTwo8 —@- sta®sys ®acc ]
: 1 HERAPDF1.5 uncertainty :
- /A ABKMO09 68.3% CL ellipse area |
8- ¢ JRo9 _
T | 1 1 | 1 1 1 1 | ]
0.8 0.9 1

oot - BR(Z/y*— I'T) [nb]
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Integrated Cross Sections

combined cross sections = fiducial
L, . ATLAS i
. . : = | ]
comparison with ditterent NNLO PDFs r 5.5F i .
) - 1 | total uncertainty
E’ dominated by luminosity
MSTWOS o [ / ’
HERAPDEF1.5 L [re=ssaspn’ -
ABKMO9 4_5_— @ Data 2010 ('s=7TeV) mmm total uncertainty —_
- O MSTWO08 -@-sta®sys .
| [] HERAPDF15 uncertainty i
agreement amOng these - % ﬁsggMog 68.3% CL ellipse area -
—I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 T
0.4 0.45 0.5 0.55
JROY o9 - BR(ZAy*— I) [nb]
—> | disfavored _ . total
o) L _
A=) - ATLAS .
/_;\ | _
p T ’
2 |~ | sensitivity ‘polluted’ by
T | | :
0 qoF . acceptance uncertamty
82 | i
, , , ) % f L dt=3336pb" |
look at fiducial cross sections |
. 9+ @ Data2010(s=7TeV) mmm total uncertainty I
to Stl.ldy PDF dlfferences © O MSTwos -@- sta ® sys @ acc 7
J : 1 HERAPDF1.5 uncertainty :
T - /\ ABKMO09 68.3% CL ellipse area -
8+ ¢ JRo9 _
T | 1 1 | 1 1 1 1 | 1 i
0.8 0.9 1

oot - BR(Z/y*— I'T) [nb]
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Cross Section Ratios

cancellation of uncertainties (luminosity!)

uncertainties reduced to 1.3% (W*/Z) and 0.9% (W* /W) (for fiducial measurement)

wt/7 ATLAS W=/ Z rather insensitive to PDF
f L dt=33-36 pb "’ differences

— Data 2010 (Vs =7 TeV)

total uncertainty ]RO9 disfavored

exp. uncertainty I

ABKMO9
JRO9 !
HERAPDF1.5

MSTWO8

I N S S NN S S T N NN SR S N S B LI T

9 9.5 10 10.5 11
fid fid
W / Oy

- O H 4>

w+/w ATLAS

. il W* /W more sensitive to differences in PDF
f L dit = 33-36 pb

— Data 2010 (\s =7 TeV)
total uncertainty
exp. uncertainty R

ABKMO9 for more detailed information:
JRO9 o

HERAPDF1.5 differential measurement
MSTWO08
1 1 1 ||||||||||| | I I | 1 1 1 1 1 1 ||||||
125 13 135 14 145 15 155 1.6
fid fid
Ow+/0w'
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Ditterential Cross Sections

cross sections determined in bins of |yz| and |Mi| for W

W results
Z analysis includes for the first time ‘forward’ electrons 7 600 Ae T
extension of sensitive region to larger |y| £ 500 W -
3 h-ﬁ#
400 b ) .
Ly} 1 60 T T TT1 | T T 1T | T T TT1 T T 11 | T T T1 | T' T TT1 | T T T1 | - ﬁ 1
s ] : e
= - ATLAS Data 2010 (I's = 7 TeV)] 300/ -
—~ 140+ o B Data 2010 (Vs = 7 TeV)]
= C Ldt=33-36pb" ] i 4]
O ﬁﬂ %} f P - 200:__43_ - f L dt = 33-36 pb ]
_8 120 . R ]
L _ ’ 00: —+— W —ev, — Uncorr. uncertainty
B # 7 N [ Total uncertainty ]
1 OO __ % - __ B . W — W. luminosity excluded ]
: : O_ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1
801 - o 05 1 15 2 25
[ - Z - utw i n|
60— =
:_$_Z—>e+e- - gsoo_l LI B B B LI B B L
i ] — - ATLAS ]
. L . ate — Uncorr. uncertainty ~ _| — N W"‘ ]
channels in agreement 40: 2= et (fwd) B Total uncertainty 5 700F ]
. . . . L —I'r . . ] o) - 1
Wlthln uncertainties 20 _. Z—1Tl luminosity excluded S GOOwM E
. . . B 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | | I I | | 1 11 1 | | I | | 1 11 1 | ] - *
(luminosity not included) 0 05 1 15 2 925 3 35 : ;
500 —
IyZI - Data 2010 (Vs = 7 TeV)]
400:_44% — det=33-36 pb’ 1
i W' — e*v, — Uncorr. uncertainty |
. .7 o . . 7 300 _‘_+_ [ Total uncertainty 7
—-> [ combination for comparison with theory Ew -y, minosty excluded -
l“\ Predictions 2000 [ b|5| [ ‘|I L1 |-I |5| [ |2 L1 |25
o ] - |
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do/dlyzl [pb]

Theory/Data
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Summary

inclusive DY cross sections for W™ and Z (full 2010 dataset at ATLAS) arXiv:1109.5141

extended rapidity range (‘torward’ electrons)

experimental precision O(few%)

luminosity uncertainty dominating (3.4%)

further input for PDF restriction

additional differential measurements in prfor Wand Z arXiv:1107.2381vl arXiv:1108.6308v1

higher order QCD corrections, non-perturbative effects

2011 data set provides ~150 times more data
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Lepton Universality

Standard Model predicts lepton universality

cancellation of uncertainties

~~ | | | | | [ [ [ [ | [ [ [ [ [ [ [ [ [ [ [

> i 1

= [ ATLAS _
“; 1.1 ]
T T f Ldt=33-36pb” green ellipse:
M I 68% CL area for correlated measurement
b”;
S
’g error bars:
HT | 68.3% OL ellipse area | one dimensional unc. for single ratios
% 09__ 2#= Data 2010 (Vs =7 TeV) |
m = Ry PDG world average 1 b Oth measurements

- R, PDG world average -

= z . .
ﬁ L Siandard Model | Compatlble with theory
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o 0.8 0.9 1 1.1
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\

( almost sensitive to RW)
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Boson pr Ditferential Results

pr rather independent of PDFs

ditterent descriptions are expected to work better in different regimes of pr

high pr : hard-jet emission, tests pQCD ;

low pr : soft-gluon emission, tests models for logarithmic resummations

measurements based on 2010 data set: arXiv:1107.2381v1l arXiv:1108.6308v1

combination of e and ¢ channel

all measurements and predictions normalised to RESBOS

comparison with different generators and fixed order calculations
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Simulation

Physics process Generator o- BR [nb]

W s v (E=e,p) Mc@NLo 6.161+0.31 NNLO

W= =05 (E=e,p) Mc@NrLo  4.30+0.21 NNLO MC@NLO, PowHeg: CTEQ®6.6
Zy* = € (mg > 60 GeV, £ =e,p) Mc@NLo 0.9910.05 NNLO

W — v Pyraia  10.46+0.52 NNLO Pythia, Herwig: MRSTLO*
Zy* =17 (mrr > 60 GeV) PYTHIA 0.99+0.05 NNLO

tt Mc@NLo  0.1657001s ~NNLO

WWw Herwic  0.045£0.003 NLO

WZ Herwic 0.0185+0.0009 NLO

ZZ Herwic 0.0060+0.0003 NLO

Dijet (e channel, pr > 15 GeV) PYTHIA 1.2 x10° LO

Dijet (1 channel, pr > 8 GeV) PYTHIA 10.6 x10° LO

bb (i channel, pr > 18 GeV, pr(p) > 15 GeV)  PyTHIA 73.9 LO

@ (p channel, pr > 18 GeV, pr(p) > 15 GeV) PyTHIA 284 LO

all interfaced to PHOTOS (QED FSR)

pr reweighting to data
pile-up reweighting to data

corrections for reconstruction, identification, energy scale/resolution

theoretical predictions for W/Z from FEWZ
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[ umino Sity

_ Npfrnim

L= 22,2, ATLAS-CONF-2011-11

| ATLAS Preliminary . Oata
n, - number of bunches

LUCID_EventOR aigorthm
[ i 138

L Scan IV
0.8} eciD 2001

fr - machine revolution frequency

nj, ny - protons per bunch for beam 1,2

n; ny - ‘bunch charge product’ o8t

0.4-
2, Zy - transverse profiles of colliding beams "

02

Spedfic interaction rate p* /nn, [ 10?2 protons )

measured in ‘van-der-Meer’ scans

beams separated stepwise in x and y direction

Data - Fit
SR

A honao
A~ A\ K- ——

™

™

.

L J

™

*

L J

3 2 7 (] o 02 03
Nominal separation A x [ mm ]
dominant source of uncertainty:

measurement of the bunch charge product: 3.1%

(subleading contribution: transverse correlations 0.9% )

Ruth Pottgen Physics at the Terascale Workshop, Bonn 8.12.2011 AV




systematic uncertainties

Ruth Pottgen

Muon Channel

60’“,1 dow 60'“;_ (50’2

Trigger
Muon reconstruction

Muon 1solation

0.05

Muon pr resolution X 0.02
Muon pr scale 04 06 06 02
QCD background 06 05 08 03
Electroweak-+tt background 04 03 04 002
E*Pss resolution and scale 0.5 04 06 E
Pile-up modeling 03 03 03 03
Vertex position 0.1 0.1 0.1 0.1
Cw/z theoretical uncertainty . ) 0.7

Total experimental uncertaint

Awyz theoretical uncertainty

Total excluding luminosity 2.1 23 26 22

Luminosity (34 )

Physics at the Terascale Workshop, Bonn

8.12.2011

=




Cross Sections

electrons
muons
o BR(W — ev) [nb] _
sta _ sys  lum ow - BR(W — pr) [nb]
W 9.808 + 0.011 + 0.052 + 0.099 sta  sys  lum
W 1.893 < 0.000 < 0.038 < 0.064 w 3.002 + 0.011 + 0.050 + 0.102
W 4791 4 0.014 + 0.089 + 0.163 W- 1.948 + 0.009 + 0.034 + 0.066
oit- BR(W — ev) [nb] W+ 4.949 £+ 0.015 £ 0.081 = 0.168
sta Sys lum acc ow - BR(W — pv) [nb]
W+ 6.063 +0.023 + 0.108 + 0.206 + 0.104 sea SYys lum acce

W+ 6.062 +0.023 = 0.101 £ 0.206 + 0.099
W~ 4.145 +0.020 £ 0.072 £ 0.141 + 0.086
W= 10.210 £ 0.030 £ 0.166 = 0.347 £+ 0.153

W~ 4.191 +0.020 = 0.085 + 0.142 + 0.084
W=  10.255 + 0.031 = 0.190 + 0.349 + 0.156

0% )~e- BR(Z/y* — ee) [nb] 0%y BR(Z/y" — pp) [nb]
sta sys  lum sta sys  lum
Z/ 0426 L0004 L0012 %0014 Z/y* 0456 +0.004 +0.004 + 0.015
Utzo/t'r" BR(Z/y* — ee) [nb] UtZO/t'r" BR(Z/y" — pp) [nb]
sta Sys lum acc sta SVS lum acc
Z[* 0.952 £ 0.010 + 0.026 =+ 0.032 + 0.019 4y 0555 0008 00N =0.032 = 0015
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Combination Procedure
averaging procedure, minimising a %*-function

distinguishing different sources of systematic uncertainties

treated tully correlated between e and 4 :

hadronic recoil uncertainty in MET, EW bkgs, pile-up,

vertex position, theoretical uncertainty of acceptance/ extrapolation

treated fully correlated bin-to-bin and across data sets:

extrapolation in non-covered phase space, normalisation of EW bkg,

lepton energy/momentum scale and resolution, systematic effects on
reconstruction efficiency

QCD bkg syst. bin-to-bin correlated but independent for e and u

stat. unc. of lepton identification bin-to-bin uncorrelated but correlated for Z and W/

stat. unc. of bkgs and electron isolation fully uncorrelated

fully anti-correlated between W* and 7" : charge misidentification, PDF unc. on Cy

luminosity not used since common for all data points
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Combination Results

fiducial cross sections

ow- BR(W — fv) [nb]
Ine| < 2.5, pre > 20 GeV,
prov > 25 GeV and my > 40 GeV

total cross sections

sta Sys lum acc ow - BR(W — &v) [nb]
W+ 3.110 + 0.008 = 0.036 + 0.106 + 0.004 — sta §ys lum acc
W- 2017+ 0.007 + 0.098 + 0.069 + 0.002 w'_ 6.048 + 0.016 + 0.072 + 0.206 + 0.096
Wt 5197 4+ 0.011 + 0.061 + 0.174 + 0.005 W 4.160 £+ 0.014 + 0.057 + 0.141 + 0.083
. W*  10.207 +0.021 +0.121 + 0.347 + 0.164
o33+« BR(Z/y* — ££) [nb] = *
Ine| < 2.5, pre > 20 GeV o «- BR(Z/y* — £€) [nb]
and 66 < me < 116 GeV 66 < mee < 116 GeV
sta Sys lum acc sta sys lum acc

Z/~* 0.479 + 0.003 £ 0.005 + 0.016 + 0.001 Z/y* 0937 £ 0.006 = 0.009 £+ 0.032 £ 0.016

uncertainties signiﬁcantly reduced

uncertainty correlation coefficients

left: full uncertainty, right: without luminosity

Z Wt Ww- ZWt W

Z 1.00 094 0.93
W+ 0.94 1.00 0.97
W= 0.93 0.97 1.00

Z 1.00 0.48 0.44
W+ 0.48 1.00 0.79
W~ 0.44 0.79 1.00

Z Wt W

Z 1.00 091 0.91
W+ 0.91 1.00 0.91
W= 091 0.91 1.00

Z Wt W-

Z 1.00 0.67 0.71
W+ 0.67 1.00 0.70
W= 0.71 0.70 1.00

Ruth Pottgen 8.12.2011
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Ditterential Cross Sections

cross sections determined in bins of |yz| and || for W

for the first time with ATLAS

almost same procedure as for the integrated measurement

for differential measurement only extrapolation to common phase space

in order to be more sensitive to details in the different PDF sets

extrapolation factors with PDF uncertainties for Z channel

min

y7 " yyt Z — pp Central Z — ee Forward Z — ee

Ruth Pottgen

0.0 0.4 1.000(0) 0.954(1) - for W channel effective only in
0.4 0.8 1.000(0) 0903( ) - highest | N1 | bins;

083 1.2 0.984(1) 55(2) - 30% for muons, 9% for electrons
12 1.6 0849(2) 0. 146(3) 0.103(1)

1.6 2.0 0578(5)  0.512(4) 0.327(3)

2.0 24 0207(5)  0.273(5) 0.590(7)

24 28 - . 0.797(1)

28 36 - . 0.404(4)

more detailed information on PDFs (and their uncertainties)
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Control Plots
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Forward Electrons in ATLAS

% electrons reconstructed from electromagnetic clusters

i topological clustering algorithm (TopoCluster)

i cluster moments used for electron identification

_ 1
% <x”> =— El.xf cluster moment of degree n of variable x
E norm i A(l)
wy
. 10-2
%Enorm =2Ei l ml’—‘
M= %
§ - direction along shower axis L 1S
= s E 1073
C - position of shower center
lateral dimension: v, =| (fl -C ) xS | ]
longitudinal dimension: )\'i = ()T,‘l - C ) X T 10+
| I
| (normalised) second moments of these 0'
{ distance of center from calo front face T T
0 500 1000

{ energy fraction in most energectic cell

i 2 sets of cuts optimized on data defining "loose" and "tight" ID
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