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Top Quark Physics

Top quark – the heaviest known particle
▻ decays before it hadronizes

Cross section measurement
▻tt production
▻search for single top and W' production

Top properties and physics beyond SM

‾

tt production: strong interaction
Dominant mode: σ

NNLO
=6.8±1.2 pb

‾
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Top Quark Pair Production
Lepton+jets – kinematics+NN 760 pb-1

➢ isolated energetic lepton (e or μ)
➢ large missing energy, ≥3 energetic jets

σ=(6.0±0.6
stat

±0.9
syst

±0.3
lumi

)pb

Lepton+jets – b-tag 695 pb-1

➢ ≥1 tagged jets (displaced secondary vertex)
➢ dominant BKGD reduced by H

T
>200 GeV with
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Top Quark Pair Production
Di-Lepton 750 pb-1

➢ ee, eμ and μμ final states only
➢ ≥2 energetic jets, H

T
>200 GeV

➢ bins 0 and 1  control sample for BKGD
determination

σ=(8.3±1.5
stat

±1.0
syst

±0.5
lumi

)pb

Di-Lepton 370 pb-1

➢ topological cuts, no b-tagging

σ=8.6 pb
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Top Quark Pair Production
Lepton+jets 365 pb-1

➢ topological selection with b-tagged (Secondary Vertex Tagg-
ing) of 1 or 2 jets

σ=8.2 pb0.9
−0.9

1.1
−1.0

All jets ∫L∙dt = 349 pb-1

➢ large BR (~44%) but with large QCD multi-jet BKGD
➢ topological variables combined in NN, b-tagging (SVT)

N
obs

 541

N
bkgd

 494

σ=5.2 pb2.6
−2.5

1.5
−1.0

NN
all

>0.9:
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Top Quark Pair Production
Lepton+track/electron-muon (combined) 370 pb-1

➢ two leptons, second one identified only as isolated track
➢ topological, b-tagging
➢ eμ events are explicitly vetoed in lepton+track  eμ purely topological
➢ straightforward combination of lepton+track cross section

σ=8.6 pb1.9
−1.7

1.1
−1.1

lepton+track: σ=7.1 pb2.6
−2.2

1.3
−1.3
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Top Quark Pair Production
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Single Top Quark search

Single top: electroweak interaction
s-channel mode: σ

NLO
=0.88±0.14 pb

t-channel mode: σ
NLO

=1.98±0.30 pb

 direct measurement of CKM's ∣V
tb
∣

 test unitarity of CKM, test SM's V-A
structure

 top polarization+mass
 new physics – s-channel is sensitive to

heavy resonances (W'), SUSY, etc.,
t-channel is sensitive to FCNCs

Topology:
 energetic isolated lepton
 missing energy
 one b-quark (from top)
 light flavor jet + another b-jet

s-channel

t-channel
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Single Top Quark search
Analysis flow:
➢ separate s- and t-channel in electron and

muon, and 1 or 2 b-tags
➢ apply discrimination method (likelihood, cuts based)
➢ 2dim histograms of Wbb and tt NN outputs,

construct binned likelihood and evaluate signal
hypothesis

¯¯
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Single Top Quark search

 Limits @ 95% CL σ
combined

< 17.8 pb

σ
t-channel

< 10.1 pb

< 4.4 pb

σ
s-channel

< 13.6 pb

< 5.0 pb

162 pb-1

370 pb-1

3σ evidence expected with 1.5 fb-1 (27.3 signal events).
At 1 fb-1 – expected 2.4σ excess. (No systematic uncer-

tainties taken into account.)
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Heavy boson (W') search
➢ W'tb with SM-like coupling to fermions
➢ single top s-channel with new heavy boson, m

W '
>m

t
+m

b

(below 200 GeV = SM W)
➢ t-channel – BKGD, σ

W '
≪σ

single top

➢ interference between s-channel and W' is included
(smaller for larger m

W '
)

➢ only lepton final states – better BKGD rejection

Analysis flow (single top search)

apply discrimination method: s-channel
construct √ŝ distributions

binned likelihood (m
W'
=600,700,800 GeV)

evaluate signal hypothesis

Bayesian 95% CL limit (m
W'
=600,700,800 GeV)

W'

separate electron and muon
and 1 or 2 b-tags

400 GeV ≤ √ŝ ≤ 1000 GeV

The 1The 1stst presentation of this new result! presentation of this new result!
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Current limits:
m

W 'any
> 786 GeV

RunI DØ:
m

W '( )only qq'
> 800 GeV

Heavy boson (W') search

Systematic uncertainties included:
sign bkgd

b-tag modeling 4-16% 5-20%
Jet energy calib. 1-2% 15-30%
Other (trigger, ID) 1-5% 1-5%

Excluded

The 1st time in top decay!
m

W '
>650 GeV

(SM-like coupling to fermions)
 Expected limit
 Measured limit

 σ
600 GeV

 < 1.8 pb 
 < 1.7 pb 

 σ
700 GeV

 < 1.6 pb 
 < 1.4 pb 

 σ
800 GeV

 < 2.1 pb 
 < 2.1 pb 

400 GeV ≤ √ŝ ≤ 1000 GeV

The 1The 1stst presentation of this new result! presentation of this new result!
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Conclusions

tt production
updated results – large analyzed samples

➢ CDF with ~760 pb-1 for di-lepton,
lepton+jets (kinem.+NN and b-tag)

➢ DØ with ~360 pb-1 for di-lepton,
lepton+jets, all jets and
lepton+track/eμ (new result!new result!)

Single Top Quark search
moving towards the observation

➢ CDF: σ
t
<10.1 pb, σ

s
<13.6 pb

➢ DØ: σ
t
<4.4 pb, σ

s
<5.0 pb

Heavy bosons (W') search – new physics
➢ DØ: m

W'
>650 GeV (SM-like coupling to fermions)

With ~1 fb-1 of data on tape, good performance of the post-
shutdown detectors and the Tevatron, an exciting future is ahead!

¯
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Top Quark Mass from DTop Quark Mass from DØØ
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Top Quark Mass
➢ Primary top quark production via strong interactions (top in pairs)

➢ Fundamental SM parameter, affecting pre-
dictions of SM via radiative corrections
δm

W
∝m

top

2,ln(m
H
)

➢ m
top

 can be related to m
H
 via m

W

t

b

W W
H

W W

➢ m
top

 is ~½ the vacuum expectation value of the

Higgs field – probing EWSB mechanism (new
physics?)

➢ Precision measurement ⇒ 2 fb-1 projection:
δmt~1.5 GeV (δmH/mH=30%)

NEW
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Top Quark Mass – di-leptons
General: di-lepton channel is under-constrained. Template methods assume va-
lues for certain variables in order to extract a solution, and assign weights to
the different solutions. The Matrix Weighting method scans over top masses and
assigns a weight to the solution, based on the predictions for the lepton pT’s

Topological analysis: 21 candidates with S:B = 4:1
b-tagged (≥ 1 b-tag): 14 candidates with S:B = 48:1
untagged: m

top
=165.0±13.5(stat)±3.8(syst) GeV

tagged: m
top

=176.6±11.2(stat)±3.8(syst) GeV

taggeduntagged
370 pb-1

Systematic uncertainties:
untagged tagged

JES 3.5 3.5  
PDF 0.9 0.9  
Gluon radiation 0.8 0.8  
background 0.7 0.2  
calibration 0.6 0.6
template stat. 0.3 0.3
Total 3.8 GeV 3.8 GeV

W omtop = ∑
solutions

∑
jets

f PDF x  f PDF  x  p E l
¿∣mtop p  El

¿∣mtop* *
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Top Quark Mass – di-leptons

w= 1
N iter

∑
i=1

N iter

exp− Ex,i
calc−E x

obs 2

2σEx
2 exp −E y,i

calc−E y
obs2

2σE y
2 /

The Neutrino Weighting method scans over top masses and the rapidity of the
two neutrions and assigns a weight (as a function of mtop) to the solution, based
on the agreement of the calculated neutrino pT and the observed missing ET

(having 18 quantities total and 12 measured, 6 are still unknown: having two constraints from m
W
 and

one constraint from m
t
=m

tbar
, left unknowns are m

t
, η

ν
 and η

νbar
, we calculate weights for fixed values of

unknowns)

/ //

//

Maximum likelihood fit to sign and bkgd templates (no b-tagging analysis)
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Top Quark Mass – di-leptons

m
top

=175.6±10.7(stat)±6.0(syst) GeV

370 pb-1

21 candidates with S:B = 4:1

Systematic uncertainties:
JES 5.3
Jet resolution 0.5
Muon resolution 0.4 
PDF 0.7
Gluon radiation 2.0 
background 1.3
template stat. 0.9
Total 6.0 GeV
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Top Quark Mass

PS 2005 Run I+ Run II world average: m
top

=(172.7±2.9)GeV
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Supporting slides
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Tevatron collider, CDF and DØ detectors

 RunIIa(b): '01–'06 ('06–...)
 bunch/turn 36x36
 √s [TeV] 1.96
 ∫ℒdt [pb-1/week] 17 (50)
 ℒ

inst
1E32 (3E32)

 interactions/crossing 2.3 (8)

‾Increase of p production:
p recycler (Fall '04)
e-cooling (Summer '05)
‾
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RunIIa DØ detector
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Top Quark Pair Production
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Top Quark Pair Production

All jets channel
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Single Top Quark search
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Single Top Quark search

Systematic acceptance uncertainties for t- and s- single top channel
(combined signal and background)

Extracting signal
➢ binned likelihood technique (depending

only on signal cross sections)
➢ Q•η – separate t-channel (Q=lepton charge,

η=pseudo-rapidity of non b-tagged jet)


