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Tevatron Accelerator
• New 120/150 GeV Main Injector replaced Main Ring

– Increased intensity of protons and antiprotons.

• Tevatron operates 
with 36 x 36 bunches

• Increased CM energy
1.8 TeV to 1.96 TeV

Run II started in
March 2001



Tevatron Run-II Luminosity

• Peak luminosity
8.3 x 1031 cm-2 s-1 (Jun 21)

• Delivered luminosity
> 500 pb-1

• Recorded luminosity
> 400 pb-1



Run-II CDF Detector
Many detector components 
are brand-new
• Tracking system

• Silicon detectors
• Main drift chamber

• FE electronics
• Trigger/DAQ
• Plug calorimeter
• Extended muon coverage
• TOF system

Retained good momentum
resolution & lepton ID.



Run-II DØ Detector

• Now with solenoid.   New fiber tracker + silicon detectors.
• Excellent calorimetry, hermetic detector.
• Upgraded µ system for better µ-ID. New electronics, DAQ.



Electroweak Physics
DØ µµ, large acceptance

CDF ee



CDF   e DØ e

42 pb-1



Direct width measurement will also be performed.
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Gauge boson pair production

Unified electroweak theory :
Non-Abelian gauge structure.
→ self-coupling among gauge bosons.

t



W + Photon Production
Photons detected  > 7 GeV CDF,  > 8 GeV DØ. 
Check 3-body mass (l ν γ) for brems.

More direct test : angular distributions → radiation amplitude zero



Top Quark

• Observed by CDF and DØ in Run-I data, 100 pb-1.
• Tens of events reconstructed,  
measurements limited by statistics.

• Run-II data should allow more detailed studies.

Signature :
• Two W and two b
• W to lepton + ν
or, W to quarks.

• b-jets tagged with
lifetime or lepton.



Top quark production cross section Di-lepton channel

Jet multiplicity distributionsDØ ~150 pb-1 CDF 197 pb-1
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CDF
162 pb-1

Top cross section

45 pb-1

Many other measurements with 
various techniques.



CDF/DØ
2 fb-1 goal
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New Physics

Combine with W mass,
probe Higgs indirectly.

World average : Run I only

Top Quark Mass

hep-ex/0404010

Run-II expectations, ~3 GeV



CDF Run II, lep+jet channel,
Dynamical likelihood method
(K. Kondo, J.Phys.Soc.Jap. 57, 4126,1988)

Top mass measurement
examples

DØ re-analysis of Run I data,
a new method using matrix
elements, parton distributions.
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CDF has 3 more Run-II measurements
(not in world average yet) ; 
D0 Run-II analyses also under way.
Uncertainties expected to decrease as
we understand jet energy scale better.

Nature 429, 683 (2004)



W helicity in top decays either left-handed (WL) or longitudinally polarized (W0)

Lepton angular distribution in
W rest frame : 
Backward peak for left-handed W.
→ smaller momentum in lab.

cos(φ)

~160 pb-1

F+ = 0
F+ = 0.3
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nt
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DØ reconstructs cosφ = -cosθ∗



B physics : does the unitarity triangle close?



DØ  RunII  Preliminary, Luminosity = 250 pb-1
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New physics in b → s transition ? Belle : PRL 91, 261602 (2003)
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CDF/DØ can provide unique tests of b → s  (SUSY?)
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s
• FCNC
• Helicity suppressed.
• B.F. very small.

SM predictions for B.F.



]
2

) Mass [GeV/cµ µinvariant (
4.6 4.8 5 5.2 5.4 5.6 5.8 6 6.2

2
# 

o
f 

ev
en

ts
 / 

0.
02

 G
eV

/c

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

Signal region

Side Band 1

  Run II Preliminary∅D

Side Band 2

One candidate
in the overlap region of B0

d
and  B0

s mass windows.

B.R. < 1.9 x 10-7 for B0
d

B.R. < 7.5 x 10-7  for B0
s

@ 95% C.L.
Accepted by PRL.

Previous CDF limits :
B.R. < 8.6 x 10-7 for B0

d
B.R. < 2.6 x 10-6 for B0

s
PRD 57, 3811 (1998)



ct, cm
-0.1 0.0 0.1 0.2 0.3

m
µ

c
a

n
d

id
a

te
s

 p
e

r 
5

0
 

1

10

10
2

10
3

φ ψ J/→ s B
CDF Run II Preliminary

data

ct(Sig)

) allct(Bkg

) Sct(Bkg

ct, cm
-0.1 0.0 0.1 0.2 0.3

m
µ

c
a
n

d
id

a
te

s
 p

e
r 

5
0
 

1

10

10
2

10
3

Fit prob: 26.9%

ct, cm
-0.1 0.0 0.1 0.2 0.3

m
µ

c
a

n
d

id
a

te
s

 p
e

r 
5

0
 

1

10

10
2

10
3

CDF 240 pb-1

D0 225 pb-1

Future : look for CP-violation, ~0 expected in SM, arg(Vts).



B signals from CDF SVT triggers : full reconstruction
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Understand proper time resolution and flavor tagging 
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Pion mass assigned to h+ h- Use dE/dx and mass
distributions to 
determine composition
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Summary
Tevatron Run-II in progress since 2001 : 
• Machine luminosity improving, delivered  > 500 pb-1 to each 

experiment.
• CDF/DØ each recorded ~400 pb-1.

– 4 x Run-I total.  More to come.
• Top production reconfirmed, new precision / measurements to 

follow.
• Electroweak physics : 

– Precision MW → indirect Higgs mass.  Triple-Gauge couplings.
• Enhanced B physics capabilities :

– CDF has added silicon-based trigger, enabling to collect all-hadronic
final states such as B → D π, Bs → K+K- .

DØ is also commissioning a displaced-track trigger.
– Lepton triggers remain valuable, J/ψ K and l ν D.

• Expect to collect ~2 fb-1 in the near future,
and to make some significant measurements.



Backup Slides follow



Many channels and techniques.



Run-II Di-muon data : CDF
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CDF and DØ confirm Belle discovery
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Semileptonic B decay signals : CDF
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Large semileptonic B decay signals : DØ

DØ RunII  Preliminary, Luminosity = 250 pb-1
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Flavor tagging example : 
same-side pion tag (CDF)
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Also, muon tagging
εD2 = (0.7 +/- 0.1)%

εD2 = (2.8 +/- 0.5)% for B+

εD2 = (1.0 +/- 0.5)% for B0



Look at the opposite side of the
event for muons from semileptonic
decays :  tag.

Flavor tagging example : 
opposite-side muon tag (DØ)
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TOF kaon identification
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CDF

12 candidates seen.
1.95 +/- 0.62 BG expected.
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