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Ten Years Of Top

DØ Cross Section: 6.4 ± 2.2 pb
DØ Top Mass: 199 ± 20 ± 22 GeV/c2

DØ Cross Section: 8.1 ± 1.3 ± 0.5 pb
Combined Top Mass: 172.7 ± 2.9 GeV/c2

Top Factory
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Top Quark Properties

Mass 169.5 ± 4.4 ± 1.7 GeV/c2 (lj ME)
Cross Section 8.1 ± 1.3 ± 0.5 pb (lj b)
Top Spin Correlations :-(
W Helicity This Talk
Top Charge This Talk
Top Branching Ratios This Talk
Rare Decays :-(
Resonance Searches Model Dependent Limits Set
Single Top Searches <5.0 (s), <4.4 (t)

Indirect Predictions of MH 
using Standard Model Fits
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Analyses 
Discussed Today
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Top Physics
Pair Production

Top Quark Decay

~15%

g­gq­q

~85%

• W decay modes determine top 
quark final state

• Dilepton (ee, μμ, eμ)
– Both W‛s decay leptonically
– BR = 6%
– Backgounds: WW, Z+jets, 

instramental
• Lepton (e or μ) + jets
– One W decays leptonically, 

another one hadronically
– BR = 34%
– Backgrounds: Multijet, 

W+Jets
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Signatures
Lepton + Jets Channel


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Top Property Analyses use cross section samples
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B-Tagging
Secondary Vertex Tagger

Reconstruct Vertex From 
Displaced Tracks

Operating Point:
"TIGHT"

Impact parameter

Efficiencies and fake rates 
measured on data
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Outline
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W Helicity

t
b

W

SM Top decay occurs via the charged 
current interaction (V-A like)

Restricts phase space 
available to the decay
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Measurement Strategy
State SM Frac Decay

f- (left) ~0.3
f+ (right) < 3.6 x 10-4

longitudinal 0.703W
tb

l





Figure out where that is from!
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Analysis Strategy

Yes

No
"topological analysis"

"b-tag analysis"
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Analysis Strategy

"topological analysis"
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Selection

HT, min dijet-mass, 2 of constrained 
fit, aplanarity, sphericity, centrality, 
Kt'

HT, min dijet-mass, 
centrality,  2 of constrained 
fit

Input Variables Depend on Analysis

Cut on D optimized to minimize 
statistical error on f+.
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Jet/Lepton Matching

Use a constrained kinematic fit to the tt hypothesis.

Cos * requires correct association of b-quark jet!

There are 2 b's per event!

• Two Jets must form W Mass
• pz of neutrino is calculated (best solution kept)
• Two top masses must be 175 GeV/c2

• Tag Information is not used
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Templates

ALPGEN used for both top and W samples

• Apply selection Cuts, perform Matching
• Generate template for background events
• Generate MC for top decay with f+ = (0.0 – 0.3 in 7 steps. (f- = 0.3-f+).

(best fit)
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Systematic Errors



Gordon Watts – Wine & Cheese Fermilab, Jan 19, 2006

The Data

Binned Likelihood Fit

95% CL

Limit: 0.0 < f+ < 0.25 @ 95% CL CDF Limit: 0.0 < f+ < 0.17 @ 95% CL R1
CDF Limit: 0.0 < f+ < 0.27 @ 95% CL R2
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Outline
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Charge Of The Top Quark
SM: top charge +2/3 e

t
b

W+

e+

Current results for pair production 
would not differentiate between the 
two possible top quark charges.
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Charge Of The Top Quark
SM: top charge +2/3 e

t
b

W+

e+

Current results for pair production 
would not differentiate between the 
two possible top quark charges.

Associate the proper lepton and b quark together

Determine Charge of the b-jet

Use a kinematic fit (to tt hypothesis)

Use convolution of charges of the tracks 
from the b hadron decay

(two per event!)
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Analysis Strategy
Lepton + Jets Only
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Jet/Lepton Matching

Use a constrained kinematic fit to the tt hypothesis.

Cos * requires correct association of b-quark jet!

There are 2 b's per event!

• Two Jets must form W Mass
• pz of neutrino is calculated (best solution kept)
• Two top masses must be 175 GeV/c2

• Tag Information is not used

Additionally Require Double Tags
Require that the Tags match the B-Quarks
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Jet Charge
pT weighted sum of charged tracks
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Calibrating qjet
Use sample of (QCD) back-to-back jets

• Both are b-tagged ((j1,j2)>3.0)
• One has a muon (pT > 4 GeV)

• Used to determine charge of j1
• Calibration derived from second jet

j1

j2

• Direct b to  decay
• B hadron oscillation
• Cascade decay to  thru c quark
• Charm pair production background

The  charge is not 100% correlated with b-quark type!
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Calibrating qjet
(and systematic errors)
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Jet Charge Templates

b b
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Making The Measurement
Looking at Lepton + Jets 
Events

Q1 = |ql + qbl|
Q2 = |-ql + qbh|

Diagram of ttbar decay 
l+jets, with labels
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Limits
Probability charge observed in SM

Probability charge observed in 4/3 
model

6.3%

px(qi) are the templates

Effects of Systematic Error
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Systematic Errors
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Outline
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Top Branching Ratio

t
b

W-

e-



t
q

W-

e-



Standard Model Model

This assumption is central to most pair-production analyses!

(tt WbWb) with b-tagging, for example.

Measure this in Single Top

Deconvolute cross section, detector, and tagging
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Analysis Strategy
Can't Claim To Know Overall Cross Section!

Pair Decay # of tagged Jets
t Wb, tWb 2
tWb, tWq 1
tWq, tWq 0

Count # of Tagged Jets (R)

• SM Cross section 
analysis is an event 
count.
• This is a "shape" 
analysis in # of tagged 
jets

Fit to background fraction (cross section)

Use Discriminant, as before.
• Sphericity,  Centrality, KTmin, H'T2
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Tagging Probabilities

And for n taggs, the probability to tag an event:

This can be turned into a tagging probability

SM Contribution
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Background
Binned Likelihood Fit to determine R and 

• 10 bins in the Discriminate for 0 tag events, 4 Jet Events
• 2 bins for 1 tag events (3, 4 jet samples)
• 2 bins for >2 tag events (3, 4 jet samples)
• Double above for e and  channels.

Njet=3 Njet4

tt is SM!



Gordon Watts – Wine & Cheese Fermilab, Jan 19, 2006

Systematic Errors
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Results

Limit using zero 
prior outside

0 < R < 1
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Limits on Vtb
Unitarity of the SM

|Vtb| > 0.80 @ 95% CL CDF: Vtb > 0.78
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• Improved Reconstruction
• Improved MC
• Improved BTagging (NN)
• Luminosity!

Thanks!
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The Future
Improvements in b-tagging will directly 
translate into physics

Layer 0 to be installed in March Shutdown



Gordon Watts – Wine & Cheese Fermilab, Jan 19, 2006

Conclusions

Rule out +4/3 model at 93.7% 

|Vtb| > 0.80 @ 95% CL


