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Outline

• Introduction

• Electron charge asymmetry W→eν

• A study of the Z→ee and Z→μμ events at 
low pT using a novel technique 

• Forward Backward asymmetry (AFB ) 
measurement

2Thursday, July 16, 2009



Introduction 
• W and Z production at Tevatron

• Constrain Parton Distribution Functions (PDFs)

• W charge asymmetry

• Test higher order QCD and QED corrections

• Z boson AFB measurement and Zpt measurement

Introduction
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!W and Z boson production at Tevatron

!Constrain parton distribution functions (PDFs)

"Electron charge asymmetry from W

!Test higher-order QED and QCD corrections

"Z boson AFB measurement

"Z+jet measurement

!Make precision measurements of electroweak parameters

"Extraction of sin2!
W

eff

!Search for physics beyond the SM

"AFB measurement at high mass region 
3Thursday, July 16, 2009



DØ Detector

• Important components for this analysis:

• Inner tracker: silicon inner (SMT) and scintillating fibre (CFT)

• Measure angles of decay leptons

• pT of muons

• Calorimeter 

• Identify and measure ET of electrons

• Muon system

• Identify muons

19

D0 detector
• Important components for these analyses

• Silicon tracker (SMT) and fiber tracker (CFT) : measure tracks of decay leptons

• Calorimeter

• Identify and 
measure ET of 
electrons.

• Measure the overall 
ET of the event and 
calculate MET

• Muon system

• Identify muons
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W and Z events

• Z: two high PT charged lepton

• W: one high PT charged lepton and one high PT neutrino

• Neutrino can not be detected: Missing ET used to estimate PTν

Z event
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!Two high p
T

charged leptons (ee or !!) 

!Both charged leptons are detected and their momenta measured

!Electrons: tracker, EM calorimeter

!Muons: tracker, muon detector

!Jets: Hadronic calorimeter
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W event
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12-3456*

718

!One high p
T

charged lepton, one high p
T

neutrino (e! or "!) 

!Charged lepton is detected and momentum measured

!Neutrino cannot be detected

!p
T
(!) is inferred by the “missing E

T
(MET)” in the detector

12-3456*

718
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W asymmetry

• On average u quark carries more 
momentum than d quark, which causes 
asymmetry in W+ and W- distributions.

• Rapidity η=-ln[tan(θ/2)], θ is azimuthal 
angle.

• Use Ws to probe proton structure.

• W→eν⇒ W asymmetry hard to 

measure as we don’t know longitudinal 
momentum of neutrino.

• W asymmetry → electron asymmetry.

• Electron asymmetry: A(y)⊗(V-A)

12/23/08 David Khatidze 15

W asymmetry

• On average the u quarks in the proton
carry more momentum than the d quarks,
which causes asymmetry in W+ and W-

rapidity distributions.

• Use Ws to probe proton structure.

• W!e"# W asymmetry hard to measure

as neutrino escapes undetected.

• W asymmetry ! electron asymmetry.

• Electron asymmetry: A(y)$(V-A)
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Asymmetry 

• The result corrected for the detector smearing effects

• Due to CP invariance,  A(y)=-A(-y). The asymmetry “folded” to increase statistics.

12/23/08 David Khatidze 33

Folded asymmetry ET>25GeV

• Major collaborations that use 
experimental data to derive 
PDFs are CTEQ and MRST

• CTEQ 6.6 NLO PDFs 

• P.M.Nadolsky et. al. Phys. Rev. D78 
013004 (2008)

• MRST2004

• A.D.Martin,  R.G.Roberts, 
W.J.Stirling, R.S.Thorne Phys. Lett. 
B604, 61 (2004)

arXiv: 0807.3367
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ET bins
• Splitting analysis in ET bins 

allows finer probe of PDFs

• Plot below - MC simulation.
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Electron ET bins
• For a given !(e), different ET regions probe different ranges of yW.

• Allows finer probe of the x dependence
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Folded asymmetries for

25 GeV< ET<35 GeV and ET>35 GeV

12/23/08 David Khatidze 35

Folded asymmetries for

25 GeV< ET<35 GeV and ET>35 GeV

Uncertainties smaller than PDF uncertainties:
Inclusion of our results will further constrain

future PDF fits and improve predictions 
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Low Z PT analysis using novel method
• The Z PT distribution is interesting

• Test QCD 

• Understand the production of inclusive vector bosons.

• Perturbative QCD insufficient.

• NP effects absorbed into universal form factor, e.g. BLNY.

• At the tevatron the Z PT is very sensitive to the g2 parameter.
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Low pT Z’s

• The Z pT distribution is interesting 

• Test QCD and MC tuning. 

• Understand the production of inclusive vector bosons. 

• Important for Higgs/NP and in particular, the W mass measurement

• Calculation of d!/dpT at low pT
[1]:

• Resummation and NP form factor to be determined from data

• At Q=MZ, (low) pT(Z) most affected by g2.

• Small-x (large y) is poorly constrained

[1] J. Collins, D. Soper, G. Sterman, Nucl. Phys. B259 199 (1985)
[2] F.  Landry, R. Brock, P. Nadolsky, C. P.  Yuan. Phys. Rev. D 67, 
073016 (2003)
[3] C. Balazs and C. P.  Yuan, Phys. Rev. D 56, 5558 (1997)

dσ

dydq2
T

=
σ0

S

∫
d2b

(2π)2
e−i !qT ·!bW̃PERTe−SNPb2 + Y

SNP
BLNY(b, Q2) = −g1 − g2 ln(

Q2

Q0
)− g1g3 ln(100xAxB)

• Ideally, measure unfolded d!/dpT and fit g2      
(at detector level).  Also in y bins.

3Monday, 13 July 2009
G.A.Ladinsky, C.P.Yuan,  Phys. Rev. 50 4239 (1994); 
C.Balazs, C.P.Yuan, Phys.Rev. A56: 5558-5583, 1997
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at and aL

• Previous measurement of the dσ/dpT 
have been dominated by systematics

• “unfolding” for the lepton pT 

resolution

• Correcting for the Z pT 

dependence of the event selection 
efficiency

• Decomposing Z pT into at and aL 

largely fixes the problem.
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Figure 1.5: Detector and generator level distributions for (a) aT , (b) aL, (c)
pZ

T . The detector level distributions are with Gaussian smearing of width
δpT /p2

T = 0.003 GeV−1, and all selection cuts. The generator level dis-
tributions are for no selection cuts. The lower plots show the fractional
differences.
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Figure 1.5: Detector and generator level distributions for (a) aT , (b) aL, (c)
pZ

T . The detector level distributions are with Gaussian smearing of width
δpT /p2

T = 0.003 GeV−1, and all selection cuts. The generator level dis-
tributions are for no selection cuts. The lower plots show the fractional
differences.
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Results 

  

• Consistent measurement in di-muon and di-electron channels.

• Experimental uncertainty comparable to the world average.

• Theoretical PDF uncertainty is dominant.
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Z/γ* Forward-Backward asymmetry

• pp→l+l- : mediated by γ*, Z, Z/γ*Z/!* Forward-backward asymmetry
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Rosner, PRD 54, 1078 (1996)

Motivation 

• New resonance can interfere with Z and γ*

• AFB is sensitive to sin2θW
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Results

• Result corrected for the detector smearing effects.

• sin2θW = 0.2327 ± 0.0018(stat) ± 0.0006(syst)
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• AFB result agrees 
with the SM 
prediction.

• sin2θW result 
agrees with the 
global EW fit
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Conclusions
• Many exciting W and Z results at D0

• Many in the pipeline

• W charge asymmetry - 0.75 fb-1,  AFB -1 fb-1, Z pT analysis - 2 fb-1. Now 
more than 6 fb-1 data recorded

12/23/08 David Khatidze 41

Bright future ahead

• Largest source of uncertainty is

statistical.

• This analyses uses 750pb-1. D0 has

already recorded almost 5fb-1 and

counting.

• Statistical uncertainties could

decrease by more than a factor of 3.

• This gets even better: most of

systematic uncertainties calculated

from data ! they also benefit from

increased statistics.

•Already the worlds most precise electron asymmetry 

  measurement will get even more precise.

Bright future ahead
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Thank you!
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• Start with 15 MC samples for 
different values of g2. 

• Data vs MC χ2 is calculated for 
each of the 15.

• 2nd order polinomial is fitted to 
the results.

2.9.1 Measurement of g21
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(c) Run IIa di-electron
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Figure 2.35: Data vs MC χ2 as a function of g2 for each of the four data sets.

In this section, the results of the g2 measurement are presented for the2

four samples. The χ2 vs. g2 plots are shown in figure 2.35. The fit is3

performed as follows:4

• We have 15 MC templates corresponding to different g2 values.5

• The data-vs-MC χ2 of the aT distribution is calculated for each tem-6

plate.7

61

g2 measurement
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Asymmetry calculation

• Remove SM background using Monte Carlo simulated data.

• Calculate charge misidentification rate (g) and correct for it.

• Estimate QCD background using samples that pass loose and 
tight shower shape conditions.

• NL=Ne + NQCD

• NT=εNe + fNQCD

• ε probability for real electron to pass tight cut, given it passed loose cut. 

• f same thing for fake electron.

• Calculate ε, f and g first and then calculate asymmetry.
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