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W/Z reconstruction in
ATLAS

Muon trigger used 
to write Z→μμ and 
W→μν events to 
di k ATLASdisk

Muons reconstructed as a 
combination of a track in the

Jets reconstructed in the 
calorimeters. Jets are built combination of a track in the 

inner detector and the muon 
spectrometer

from calorimeter towers which 
are ‘H1 style’ calibrated to 
hadron level)

Met and SumPt 
determined by 
summing oversumming over 
calorimeter cells.

Electrons reconstructed as a 
combination of a track in the
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Electron trigger system used to 
write Z→ee and W→eν events to 
disk

combination of a track in the 
inner detector and the energy 
deposit in the EM calorimeter



W/Z boson studies at the LHC
• W and Z events will be produced in their millions even in early running at the LHC
• Z events in particular will be used initially to calibrate the detector
• Fundamental electroweak parameters may be extracted from precision studies

ii NN
Number of events 
(signal-background) 

• Fundamental electroweak parameters may be extracted from precision studies
• These events are an important background for new physics searches
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We must make corrections to these quantities for resolution (detector unfolding), ideally in 
a data driven way → of particular importance in a differential cross section measurement



Calculating εt

Trigger analysis performed in collaboration with Mike Flowerdew (Liverpool)

g t
• Single electron trigger (e25i) used to select Z → ee and W → eν events 
• e25i efficiency determined using a ‘tag and probe’ data driven method in Z → ee 

t hi h l b li d t l l t W ffi ievents, which also may be applied to calculate W → eν efficiency
• Measure number of events, N1, where tag electron passes selection and N2, where 

the probe electron additionally passes selection
• Similar technique used for reconstruction efficiencies ε (Maria Fiascaris and• Similar technique used for reconstruction efficiencies, εR  (Maria Fiascaris and 

Guillaume Kirsch, Oxford)

Level Measured single 
l t

22 )(2 BN
trig

−=ε
electron 
efficiency(%)*

Reconstruction 62.26 (0.37)

2121 BBNNtrig −−+
)2)(1(

NN
Error

+
−−= εεε

ATLAS 
L1 (wrt OL) 97.94 (0.05)

L2 (wrt L1+OL) 97.02 (0.06)

EF (wrt 97.69 (0.05)

21 NN +

* Tight electron selection

three 
tiered 
trigger 
system
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L2+L1+OL)

Whole trigger 92.83 (0.08)

y

Differential case is computationally harder - must distinguish cases where the two electrons fall 
in the same bin (case A) and different bins (case B) for statistical treatment…..



Examples of studies/uses of this method

S iti t

Turn on curves and effect of 

Sensitive to 
software bugs 
in ATLAS

electron ID ‘tightness’ MC truth comparison

Precise check of charge asymmetry

Z+jet results – effect of 
hadronic activity is to  
lower efficiency due to
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lower efficiency due to 
isolation cut in the trigger 



EtMiss scale from Zee events
e+

Resolution axis
• Define an axis in the transverse plane from the 
event topology along which to resolve quantities 
• Find axis sensitive to lepton-jet balance:
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Hadronic 
recoil
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Y axis quantity (red) negative 
→ EtMiss anti parallel to axis 
→ Magnitude of hadronic 

Perpendicular to resolution axis

activity underestimated
(reason for this as of yet unknown –
current ongoing study…..)

Resolution axis

S ff t i
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This method is very sensitive to 
biases of this type and will be very 
important in first data!

Same effect seen in muons



EtMiss resolution   
from Zee events

A i f i lid

1
5.0

0)( pEpE TT += ∑σ

• Axis from previous slide 
constructed from lepton angles alone
• Will thus yield an optimal 
measurement of the resolution 

Sum of hadronic activity in calorimeter

Sigma of Gaussian fit of EtMiss 
projected along resolution axis

Pythiay

Herwig
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Comparing event topologies/generators Comparing leptonic decay channels



QCD Background EstimationQ g
• QCD is by far the dominant background in an inclusive analysis
• Logistical problems due to the enormous cross section of the process

B f ill i QCD i MC d b l• Brute force will not give a QCD spectrum in MC- need to be more clever…..

‘Worst case’ background in trigger analysis

Fake rates (Mike Flowerdew)

Control sample
(1 offline electron+jets)

Fake rates (Mike Flowerdew)
P(jet will fake electron)

Energy correction
( h t j t i t EM l l)(what jet energy is at EM level)

Background mass spectrum Generator level 
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Fit and subtract from signal

cut on signal sample



Cross section results (preliminary!)
• Acceptances calculated from MC (only possible way!)

- global event acceptance of 0.3256 (W) and 0.3130 (Z)
- note photon merging not included yet (~3% effect)

• Current global cross section measurement (decaying into electrons):
17.6nb ± 1.8 (luminosity) ± 0.14 (stat) at ~30 pb (W) 

1.7nb ± 0.17 (luminosity) ± 0.028 (stat) at ~300 pb (Z) 

Assuming 10% error on the luminosity

(Without k factor correction)

Systematic effects
• Using binned efficiencies in η, PT: 1%
• Jet veto in W event selection : 3%

Assuming 10% error on the luminosity
The main LHC systematic at startup will 
be the luminosity (to be improved….)

• Jet veto in W event selection : 3%
• QCD background subtraction : ~1% (trigger and reconstruction studies only)
• Smearing effect (on acceptance) : 0.5% (Z events), 3% (W events)
• Effect of binning acceptances in Pt(W) : 0.5%

V i I EM l l 3% ( t d!)
Unfolding 

Ellie Dobson 9

• Varying IsEM level : 3% (unexpected!)
• PDF uncertainty : ~5% (for differential cross section measurements)

g
corrections for MEt 
a high priority! 



ConclusionsConclusions

Some ideas for further work…..
• Work on unfolding – not a trivial problem (but necessary for the EtMiss!)
• Differential cross section measurement
• Data driven estimation of electron resolution and scale using the Z peak

Z events are immensely important for very early data (calibration)

• Data driven estimation of electron resolution and scale using the Z peak
• # electrons hidden in jets- can do this from data using muons?

Z events are immensely important for very early data (calibration)
The analysis tools for making a cross section measurement for W and Z events 
in ATLAS are largely in place
It i f i t th t ti d b f ldi th d t f d t tIt is of importance that corrections are made by unfolding the data from detector-
hadron level and not relying on MC (especially in EtMiss)
Within early running (1fb-1) we should have ~11 million Ws and 1.5 million Zs 
to play with!
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to play with!


