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B Physics at CDFあるいは

第3世代クォークのフレイバー物理



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

– Higher intensity of protons and antiprotons.

• Tevatron operates 
with 36 x 36 bunches
(had been 6 x 6)

• Increased CM energy
1.8 TeV to 1.96 TeV

Run II started in
March 2001

Main Injector
& Recycler

Tevatron

⎯p source

Booster CDF
DØ

at B0 interaction point

シカゴ



Tevatron performance : Run-II • Highest peak luminosity
2.92 x 1032 cm-2 s-1

(Feb 27, 2007)

• Delivered luminosity
~ 2.5 fb-1

• Recorded luminosity
~ 2.1 fb-1

Instantaneous luminosity

2×1032

Integrated luminosity

各年
（米国会計年度）



Run-II CDF Detector • Tracking system
• Silicon detectors : vertex
• Drift chamber : p, dE/dx

• TOF system : K/π sep.
• Solenoid ： 1.5 Tesla
• EM calorimeters
• Hadron calorimeters
• Muon chambers

Good lepton ID capabilities
Excellent tracking (large solenoid)
High-rate DAQ w/ Si trigger



Tevatron : it is an inexpensive B-factory



CDF di-muon triggers
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• Find a track in the
main tracker COT.

• Extrapolate toward
the SVX.

• Find SVX hits
along the road.

• Calculate impact
parameter wrt the
primary vertex
(beam spot).

• Resolution ~50 μm
for > 2 GeV/c.

Run-II Silicon Vertex Trigger : 
SVT

Use silicon information at 
the 2nd level of trigger

Typical trigger requirement : 
two tracks above 2 GeV/c, 
| d | > 120 μm,
Lxy > 500 μm.
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B Physics



4%



Analysis steps

unmixed

mixed



Silicon trigger crucial



Proper time resolution
Real data, hadromic mode 

One of the challenges : resolving very quick oscillations

Roughly 20 times better than Belle/BaBar





Likelihood dist. （拡大図）Δ ln(L) の深さ



Summer 2005 Fall 2006

Impact on the unitarity triangle



Tree

Penguin



Expectation from MC

Combinatorial 
background

Partially
Reconstructed

Statistical separation 
using mass, kinematics, 
dE/dX

Real Data, 1 fb-1





SM 



Rarer modes

MC

Three new modes observed



Mode 1
Mode 2

Gronau, PL B 492, 297 (2000)

Agree, though 
errors are large
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Future : look for CP-violation, ~0 expected in SM, arg(Vts).



1 fb-1



Summary

Many studies of FCNC b s transitions



Backup slides  



長さ（角度以外）のみ 角度のみ



Tension ??



New physics in b → s transition ? Belle : PRL 91, 261602 (2003)



CDF can provide tests of b → s (new phys?)



• FCNC
• Vtd for B0

d,   Vts for B0
s

• Helicity suppressed.
• B.F. very small.

SM predictions for B.F.
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Two and one candidates
in the B0

d and B0
s mass 

windows.

B.R. < 3.0 x 10-8 for B0
d

B.R. < 1.0 x 10-7  for B0
s

@ 95% C.L.
Preliminary.

CDF Run-I 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)
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Prob = 1.25 %
4809 candidates

-1 245 pb≈L 

Understand proper time resolution and flavor tagging 

B signals from CDF SVT triggers : full reconstruction

49004800



Flavor tagging : 

Signal reconstruction



Flavor tagging summary

Big improvement came from same-side  
kaon tagging using TOF informationinformation.

1.44 ± 0.04 (stat)1.47 ± 0.10 (stat)Total OST
0.11 ± 0.01 (stat)0.14 ± 0.03 (stat)JQ/High pT

0.27 ± 0.02 (stat)0.30 ± 0.04 (stat)JQ/Vertex
0.34 ± 0.02 (stat)0.46 ± 0.05 (stat)JQ/Prob.

4.00 ± 1.02 (syst)3.42 ± 0.98 (syst)SSKT

0.10 ± 0.01 (stat)0.09 ± 0.03 (stat)Electron
0.62 ± 0.03 (stat)0.48 ± 0.06 (stat)Muon
εD2 Semileptonic (%)εD2 Hadronic (%)


