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Introduction
¥A& LHC di-bosons can be produced through :
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¥Measurement of Wand Z production provides a direct test of the
Triple Gauge Boson Coupling (TGC) of the Electroweak theory

Weasure the W\Wvertex in the s-channel

¥Reéobing the existence of the Zand 4! TGC (forbidden in SM at the

tree level)



Definition of Signal

YAZ 1T+ X I ;1S isolated
YAmal state can include contributions from :

. . YA 1"+ X | : e,
Wieasurement of W Z! in the final state : } H

YA@nal State Radiation (FSR)n inclusive W(Z) production

¥YA@ fragmentation of jets produced in association with W or Z boson
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¥RhAase space of production measurement :

I from
fragmentation

YS! > 15 GeV  ¥AY(I*I") > 40 GeV (for Z)

YARR(, 1) > 0.7 yparticle level isolation : # E™ <0.5$ EX
(to reduce FSR "R<0.4
contribution)



Photon Identification
YAdadentified in ATLAS LAr calorimeter

AQXAN = 0.0245%0.05
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| Reconstruction :

¥YA&arrow energy cluster, with no/small
energy leakage into hadronic calorimet
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Y&t on shower shape variables to

S _ Fraction of energy outside "
discriminatel from jets and8, $

shower core in layer S1



Event Selection
Weasurements performed on data set collected in 2010 (L~=3p (aloXiv:1106.1592)

W! Z!
Yine lepton, glen)>20 GeV ¥Réopposite charged leptonsdée utu)
YAB|<2.47, $,|<2.4 A& (e n)>20 GeV
VEEMisS>25 GeV B [<2.47, $|<2.4
e (1,")>40 GeV WE111)>40 GeV

Photon Selection
¥Aéphoton, E'’>15 GeV

B, [<2.37
VAR (ef1,)>0.7
¥Agéplation : Es°< 5 GeV
Identification Efficiency: Number of Selected Candidate Events
Y& ~73%(tight), ~90%(medium) e U
VAR ~88% W/ 95 97
YAE ~70% Z! 25 23




Background Estimation

¥Wi&ain sources of background:

WI! : A8/ +jets * Z! . Y¥&jets *
YAR&™ YA,
YABR I YA ar
YAar

¥Agegligible contribution from
QCD multi-jet, WW, single-top

y&ker W, estimate W+jets background

from data control regions S
£ 5
YAssume photon identification (ID) cuts ':é
not strongly correlated to photon isolatio§*;::
for W+jets £
NW+je'[S — N " NC 5.
A — ''B S§
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(Contributions from non-W-+jets S

backgrounds and signal leakage in control
regions B,C and D are removed)
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Events /2.5 GeV
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Background Estimation
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We+jets background (green) isolation shape is taken from dataOs
Olow-qualityO 1D control region

¥&ince low statistics inZevents, estimate Z+jets background based
on simulation(assign large systematic uncertainty)



Signal Yield

Process Observed EW+tt W+jets Extracted
events background background signal
Nops(Wry — eFvy) 95 10.3+09+0.7 | 16.9+£53+73 | 67.8+9.2+7.3
Nops(Wy — pu*vy) 97 11.9+08+08 | 169+53+74 | 682+93+7.4
Process Observed EW+tt Extracted
events background signal
Nops(Zy — ete ) 25 3.7+3.7 21.3 +5.8+3.7
Nops(Zy — ) 23 3.3+3.3 19.7+ 4.8+ 3.3

Systematic Uncertainties on Extracted Signal:
¥B8@ability of control regions using shower shape : ~9%
¥8a@bility of control regions using isolation : ~4%
Widdeling of signal leakage : ~3%

¥Background correlation in control regions : ~3%



Events /10 GeV

Kinematic Distributions of Selected Events (WYy)
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Events /10 GeV

Kinematic Distributions of Selected Events (Zy)
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Cross Section Measurements

Fiducial Cross Section:

¥Rérformed in the phase space defined by kinematic cuts in event selection
Sig
wfid  _ NW#(Z#)
WHZ#H) —
CW#(Z#)$LW#(Z#)

Si :
NW?(Z..) : Number of measured signal events

va"(z") : Reconstruction and identification efficiency

Production Cross Section:

¥&&trapolate the measurement in fiducial phase space to full decay phase space of

W and Z boson n fig
nprod _  WHAZH
WHZ#) —
A\N#(Z#)

AN..(Z..) . Acceptance of fiducial phase space with respect to total
production phase space

YAse full simulation to calculate acceptarﬁm,(z_,)
13



Uncertainties

¥Aétal uncertainties : ~12% (13%) for muon (electron) channel
¥y®dminant Uncertainties :

¥RBoton reconstruction/ID efficiency : ~1Q¥mcertainty in upstream material and
contribution from fragmentation photon)

¥&éectron reconstruction/ID : ~4.5%
¥&fectromagnetic energy scale and resolution : ~3 - 4.5%

¥®&hers (trigger, muon ID, photon isolationE) : ~1 - 2%
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Cross Section

Cross Section measurement folF @whd 2 in the

fiducial region of the measurement.

Compare to the predictions of the SM.

Experimental measurement

SM prediction

"4 [pb] "9 [pb]
Wi { pp — eFvy 54+0.7£0.9+0.2 4.74+0.3
| pp — vy 4.4+0.6+0.7£0.2 4.9+0.3
| { pp — ete ™y 2.2+0.6+£0.5+0.1 1.7+0.1
= pp — ppTy 1.4+0.3+£0.3+0.1 1.7+0.1

YAd cross section measurements are
consistent with the SM expectation.




Improvements to Wy/Zy Measurements

yaave collected over 2 fhof data in 2011 g *°- AlLAsOnineLuminosity vs=7%ev
> 3 [ ] LHC Delivered All -
YA860X data sample of 2011 s e e s E
¥Adow to select high purity of photon g 2 Now2.2 fb recorded - gF
data sample to improve identification ~ § 1s- =
measurement 5 1 g
¥Rerform measurements of anomalous E . | . :
TGC limits 0303 03004 0505 0606 0807  10/08
Day in 2011
¥Search for new physics inMZ! final g F ATLASPreliminary” ' Jqaa  —Totaimc -
states (E 107 f Ldt=1.04f:b'1 W —Top E
; 105:_ — Diboson — Multijet _:
D = electron channel —7 3
¥oaallenges: - | E
w107z
¥Agerage number of interaction per 10°E N
bunch crossing : ~6 1025 | -
¥kderstand effects of pile-up on the fob el
lepton/photon selection and missing 0 2020 6080100 120 140
transverse energy measurement. m,,, [GeV]

(W candidates in electron decay channel.
From Higgs search in WH production channély



Summary

¥iiave performed the first measurement df,\&! production a) s=7 TeV with
the ATLAS detector, using data sample of 358 (drXiv:1106.1592, submitted
to JHEP)

¥E&perimental measurements are consistent with Standard Model expectation
within their uncertainties

¥R®minant uncertainty is due to photon identification efficiency

¥&&pect to improve the precision of measurement with larger data sample
available this year

¥&&tend analysis to search for new physics and to measure the anomalous TGC
limits.
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BACK UP
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Muon Detectors

——.

Toroid Magnets
(4T)

ATLAS Experiment

Tile Calorimeter

Solenoid

Magnet
(2T)

Liquid Argon Weight : 7000 ton
Calorimeter Length : 46 m
Height : 25 m
N

e e =

Inner Detectors

SCT Pixel
Tracker Detector TRT Tracker
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Photon Isolation Energy

¥Asolation energy is another important
guantity to discriminaté from jet

¥isgolation : sum of transverse energy in
*R=0.4 cone around

y&&clude energy from central core
y&orrect for:

¥Aéakage from photon energy into
Isolation cone

¥&@ergy deposition from pile-up and

to measure the ambient energy density
¥Réoton isolation energy different

between direct photon and photon

from fragmentation 10°

(—J Simulation éisolated prompt y

Simulation (non-iso prompt y)

underlying event by using g 0k amas
Ojet-area/medianO method (Cacciari, 3 . Na=7Tev, [Lat =678 ' -
Salam and Sapeta, JHEP 04 (2010) 065 °F « Data 2010 E

L C @@ Simulation (fake y) );

L

¥isolation not well modeled by 128 o w

. . 5 0 5 10 15 20 25 30 35
simu Iatl on Isolation [GeV]

20




Events

Kinematic Distributions of Selected Events (WYy)
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Electron Chann%l

Uncertainties

Muon Channel

Parameter g—v“’/"vl %’1
Channel efvy | ete

Trigger efficiency 1% | 0.02%

Electron efficiency 45% | 4.5%
Photon efficiency 10.1% | 10.1%

EM scale and resolution 3% 4.5%

Eiss gcale and resolution 2% -

Inoperative readout modeling | 1.4% | 2.1%
Photon simulation modeling | 0.3% | 0.3%
Photon isolation efficiency 3.3% | 3.3%
Total uncertainty 12.1% | 12.5%

Dominant Uncertainties
¥Réoton reconstruction/ID efficiency : ~10Uncertainty in upstream material and

contribution from fragmentation photon)

Y&®ectron reconstruction/ID : ~4.5%

Parameter %TW;’ 657723
Channel prFuy | ptpy
Trigger efficiency 0.6% | 0.2%
Muon efficiency 0.5% 1%
Muon isolation efficiency 1% 2%
Momentum scale and resolution | 0.3% 0.5%
Photon efficiency 10.1% | 10.1%
EM scale and resolution 4% 3%
Emiss gcale and resolution 2% -
Inoperative readout modeling 0.7% 0.7%
Photon simulation modeling 0.3% | 0.3%
Photon isolation efficiency 3.3% 3.3%
Total uncertainty 11.6% | 11.2%

¥&fectromagnetic energy scale and resolution : ~3 - 4.5%




Table for Cross Section Calculation

Central | Statistical | Systematic | Luminosity
value | uncertainty | uncertainty | uncertainty
pp — e*vy
Ny, 67.8 9.2 7.3 -
Lw~[pb~'] | 35.1 - - 1.2
Cw~ 0.359 0.010 0.043 -
Aw- 0.110 0.001 0.005 -
pp—etey
NS 21.3 5.8 3.7 -
Lz pb~ %] | 35.1 - - 1.2
Cz,y 0.280 0.010 0.035 -
Az, 0.240 0.002 0.016 -
pp — prvy
Ny#, 68.2 9.3 7.4 -
Lw~[pb~'] | 339 - - 1.2
Ci~ 0.455 0.010 0.053 -
Aw- 0.114 0.001 0.005 -
pp—upy
NS 19.7 4.8 3.3 -
Lz,pb~%] | 339 - - 1.2
Czy 0.429 0.010 0.048 -
Az, 0.242 0.002 0.016 -

Table 6. Summary of input quantities for the calculation of the W+ and Z~ fiducial and production
cross sections. For each channel, the observed numbers of signal events after background subtrac-
tion, the correction factors Cyy(z4), the acceptance factors Ay, (z,) (see Section 8.2), and the
integrated luminosities are given, with their statistical, systematic, and luminosity uncertainties.
For Cw.(z~) and Aw.(z), the statistical uncertainty reflects the limited statistic of the signal MC

samples.
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