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Introduction



Quantum mechanics



Time development of a state



Is it relevant ?



Tevatron accelerator complex
• 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



Tevatron Luminosity : Run-II

• Peak luminosity
  1.82 x 1032 cm-2 s-1

• Delivered luminosity
  ~ 1.6 fb-1

• Recorded luminosity
  ~ 1.3 fb-1



Run-II CDF Detector From inside outward

• Tracking system
• Silicon detectors : vertex
• Main drift chamber : p

• TOF system : K/π sep.

• Solenoid  1.5 Tesla

• EM calorimeters
• Hadron calorimeters

• Muon chambers



Tevatron : it is an inexpensive B-factory
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~15% from B decays





• 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.



Understand proper time resolution and flavor tagging

B  signals from CDF SVT triggers : full reconstruction
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2005

Kobayashi-Maskawa
picture holds good,
but we are looking for
possible
discrepancies!
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Flavor tagging : 

Signal reconstruction 



ε







Flavor tag summary

• use exclusive combination of tags on opposite side
• same side – opposite side combination assumes

independent tagging information

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 (%)











3.7 k total

53 k



















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



CDF can provide unique tests of b → s  (SUSY?)



• 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)



260 pb-1

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



Pion mass assigned to h+ h- Use dE/dx and mass
distributions to
determine composition

Total
891±47



Angle γ in a longer term  (given Δms)





Summary



Backup slides







Bound state of two different heavy quarks
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B physics : does the unitarity triangle close?



2002 2004

PDG 2000



SVT impact parameter resolution



Detector
• Single-sided
• At radius ~ 1.6 cm, 
   minimize effect of multiple
   scattering.
• Can operate up to ~ 5 fb-1

Layer 00

Purpose
 Improve impact parameter
 resolution :
   σ ~  9 µm for high pT
     ⊕ 10 µm alignment



signal
Bs! Dsπ,
Ds ! φπ,
φ ! K+K-

Example Mass Spectrum

partially
reconstructed

B mesons
(satellites)

combinatorial
background

B0! D-π decays



Signal Yield Summary: Hadronic

  high statistics light B meson samples:
    B+ ( D0π ):  26k events
    B0 ( D-π ):   22k events

3700Total
200Bs! Ds3π (K*K)
500Bs! Ds3π (φ π)
600Bs! Ds π (3π)
800Bs! Dsπ (K* K)
1600Bs! Dsπ (φπ)
Yield oscill. fit range



Amplitude Scan: Hadronic Period 1

Bs ! Dsπ / Dsπππ



Amplitude Scan: Hadronic Period 2

Bs ! Dsπ / Dsπππ



Amplitude Scan: Hadronic Period 3

Bs ! Dsπ / Dsπππ



Semileptonic Scan: Period 1



Semileptonic Scan: Period 2



Semileptonic Scan: Period 3



Hadronic Scan: Combined
Preliminary

Bs ! Dsπ / Dsπππ



Semileptonic Scan: Combined



測定法２ 2 さ



CDF



Probing angle γ (phase of Vub)
• B0 → π+ π- once thought to be the mode for sin2(π-γ-β).

(assuming b → u tree dominance over penguin)
• CLEO finds much larger K- π+ and tiny π+ π-.
• Not just small rates, but also means penguin pollution.

→ Relation to sin(2α) less clear.
• Strategies proposed, but are challenging experimentally...

New approach : R. Fleischer, Phys. Lett. B 459, 306 (1999).
Throw in B0

s → K+K-, measure asymmetries in both B0 and B0
s.

In general, for a decay B0 → f  (f = CP eigenstate) :
      ACP(t)  =  Adir cos(Δmt) + Amix sin(Δmt).
Adir : “direct” CP violation,  Amix : CP violation thru mixing.
Experimentally, measure 4 A’s from B0 → π+ π- and B0

s → K+K-.
Then extract β, γ and penguin and tree decay amplitudes.



Angle γ (phase of Vub)  continued
Four CP asymmetries to measure.  (λ = sin θc)
• Adir(B0 → π+ π-)  =  -2d sin θ sin γ / (1 - 2d cos θ cos γ + d2)
• Amix(B0 → π+ π-)  = [ sin2(β+γ) - 2d cos θ sin(2β+γ) + d2 sin2β]

        / [1 - 2d cos θ cos γ + d2 ]
• Adir(B0

s → K+K-)  ~  2(λ2/d) sin θ sin γ
• Amix(B0

s → K+K-)  ~  2(λ2/d) cos θ sin γ 

Four unknowns to extract :
• β, γ = angles of the unitarity triangle.
• d = ratio of penguin (P) to tree (T) decay amplitudes, 
   θ = phase of “P/T”
   d eiθ ≡ λ|Vcb/Vub| / (1-λ2/2) [ P / (T+P) ]

Expect ~5 k B0 → π+ π- , ~10 k B0
s → K+K- 

→ angle γ to ~10º.

If no penguin,
Adir = 0       (B0, B0

s)
Amix = sin2(β+γ) (B0)
Amix = sin(2γ)    (B0

s)
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