
WW→lνlν : Final Numbers

Drell−Yan background :

updated data−based estimate

updated systematic uncertainty

Fake background :

use of full statistics

more careful W/Z contamination 
removal

P
T
 dependence

Diboson backgrounds :

ZZ

W(Z/γ*) normalization

Signal estimates :

updated WW yield calculations

PDF acceptance systematic

S.Cabrera, S.Carron, S.Chuang, J.Deng, A.Goshaw, Y.Huang, M.Kruse, D.McGivern, D.Waters

Not covered :

Updated MET_PEM trigger efficiency

Updates on heavy flavour background

Many other minor changes and cross−checks.

See :

CDF−6909

http://www−cdf.fnal.gov/internal/physics/WW
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Signal:
σ(pp→WW→eνeν) ~ 0.15 pb 

Drell−Yan :
σ(pp→γ∗/Ζ→ee) ~ 250 pb
Must have "fake" missing−E

T
. 

W+jets :
σ(pp→W(→eν)+≥1−jet) ~ 500 pb
Jet must fake a lepton.

tt , WZ, ZZ, Wγ:

σ(pp→tt→eνeνbb) ~ 0.1 pb
σ(pp→WZ→eνee) ~ 0.01pb 
σ(pp→ZZ→eeνν) ~ 0.02 pb
σ(pp→Wγ→eνγ) ~ 50 pb

e.g.

MC

The Big Picture

MC ?

DATA

MC



Diboson Backgrounds

SOMETHING HERE ON ZZ AND W/GAMMA* CONCERNS



Drell−Yan Background

Data−based method :

BA

A (outside Z window) :

E
T

sig>3

N
DY

out = n
WW

in ×R
out

in

events in B passing A cuts
ratio of DY events in A to DY events in B



Drell−Yan Background : Outside Z Window

ratio very correlated with cuts : take from MC

Number of events in Z mass window passing WW cuts heavily contaminated :



Drell−Yan Background : Outside Z Window



Drell−Yan Background : Inside Z Window

B (inside Z window) : N
DY

in = n̂
WW

in ×R
D̂Y

DY

events in C passing D cuts

ratio of DY events in D to DY events in C

D

C

C : E
T
<25 � E

T

sig<3

D : E
T
>25 � E

T

sig>3



Drell−Yan Background : Inside Z Window

Numerator is mainly non−DY.



Drell−Yan Background : Inside Z Window



Drell−Yan Background : Summary

0.75 ± 0.34

0.61 ± 0.27

MC

Comments on data cross−check :

It is not independent of the assumed WW cross−section due to the contamination 
corrections. Turning off WW in the contamination estimate :

1.2 ± 0.3

1.0 ± 0.3

DATA (w/WW) DATA (wo/WW)

0.37 ± 1.18

0.46 ± 1.28

    Iterative solution would be close to estimate with WW.

Still dependent on MC in several ways.

Considered a consistency check only.



Drell−Yan Systematic

Previously done by "eye".

Now smear                   and fit         distribution 
between 10 and 20 GeV where contamination 
small.

∝ ΣE
T

E
T

no clear evidence for 
additional smearing 
required (minumum 
covered by systematic)

µµ ee

additional smearing 
does much better job at 
intermediate E

T



Fakes

R
TCE PHX

=
Number of isolated TCE PHX

Number of jets with η<1.1 1.2<η<2.5

Rµ =
Number of isolatedµ

Number of tracks consistent with MIP’s

corrected track P
T
>20 GeV

E ⁄P<1.0
track z

0
<60.0 cm

track d
0
<0.2 cm ,<0.02 cm if SI hits

nonBcosmic
CMUP,CMU,CMP,CMX,CMIO based on muon fiducial tool

rawE
T
>20 GeV

12

No tight         cut to 
remove W 
contamination (worry 
about bias of this cut)

E
T



Fakes : P
T
 Dependence

P

JET−20

JET−50

JET−70

JET−100

Fake rates applied as 
a function of 
denominator P

T
.

Final fake estimate 
changes very little 
compared to applying 
an average value.

TCE

PHX



Fakes : P
T
 Dependence

JET−20

JET−50

JET−70

JET−100

CMUP

CMIO



Fakes : W Contamination Correction

Want to remove leptons from W decay from fake ratio numerator.

Previously done by applying a harsh and potentially biasing cut :

New strategy is to select W events in the lepton (signal) sample and directly count how 
many will have entered the fake ratio numerator.

Double check using Monte Carlo that the events we remove are "W−like". 

E
T
<10 GeV

E
T
>20 GeVIsolated lepton,                      , must be in FR numerator (trigger bit, leading jet)  :

D
A

T
A

P
Y

T
H

IA



Fakes

Full statistics in the jet samples used 
to compute fake ratios.
Same run range as signal samples.
Far fewer zero bins (consistent with 
statistics).
CMUP/CMX fake rates very similar.
Same systematics considered as 
before.
Blessed fake number :

1.08 ± 0.49

1.34 ± 0.66

Updated number :



WW Acceptance Systematics

Largely unchanged.
Additional cross−check of 0−jet efficiency scale factor. It’s not a strong function of 
selection cuts for the signal − covered by existing 6% error.
Revisit Pythia/Herwig difference, taking properly into account different assumptions for 
BR(W→lv) built into each generator − slightly reduced systematic of 4%.
New systematic due to PDF variation −1% :

Combined acceptance uncertainty 10% (unchanged).

Apply cuts (at generator level) on all 40 CTEQ6 PDF sets. 
Monitor acceptance range.

Conservative since we have wider acceptance than |η|<1



WW : Summary of Expectations

⇐ new

⇐ updated

⇐ new σ(WW)

⇐ updated



WW Cross Section Extraction

Blessed :

Updated :

Previously using 0.11043 (Campbell & Ellis LO EWK)
Switch to using Standard Model value 0.1080



Backup Slides



WW Cross−Section X−Checks

Using old value for BR(W→lv)=0.11043 :

Using data−based DY background numbers :



WW : Grand Summary Table Blessed Winter’04



WW : Updated Plots

WILL PUT UPDATED PLOTS HERE ...


