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see also: plenay talk by
M. Jones
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V cd V cs V cb

V td V ts V tb
dsb 

● unitary
● 3 angles
● 1 complex phase (CPV)w
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SM Box Diagram SUSY Example
(+ charginos, neutralinos, etc @ tan >>1)
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i d
dt ∣B 0t  〉

∣ B 0t  〉=M−i 
2 ∣B 0t  〉

∣ B 0t  〉 M ,=Hermitian, 2x2 matrices

∣BH 〉=p∣B0 〉q∣ B0 〉 ∣BL 〉=p∣B0 〉−q∣ B0 〉 ; ∣BH 〉~∣BCP−odd 〉 ∣BL 〉~∣BCP−even 〉

m=M H−M L~2∣M 12∣

CP~L−H~2∣12∣
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md
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2 BBd
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s

=0.12±0.05 s~0.03o

1.210
−0.035
0.047

2

M.Okamoto heplat/0510113

t (lifetimes)

B0 prod
at t = 0

sens. to NP

not sens. to NP

very sens. to NP

A.Lenz hepph/0412007










Component CDF D0
Triggers 2Trk @ L1 1 & 2 Muon

SVT @ L2
Tracking

Lepton ID
dE/dx & TOF 
 :∣∣1  :∣∣2

Both Exp's Integrated Lumi:
● ~1.3 fb1  collected
● up to 1 fb1 analyzed

p /p~0.1%
〈 ct 〉~26m

p /p~0.2%
〈 ct 〉~33m

/K sep

Tracking: SMT & CFT

ULAr Cal

Muon Syst
& Toroids

shielding
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Mixed Bs  Ds()  X @ DØ










∆md = 0.507 ± 0.004 ps1

>30 separate 
measurements !

∆ms > 16.6 ps1 (95% CL)

Heavy Flavour Averaging Group
End 2005 update
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SM Preferred Region
16.8 – 24.8 ps1 (“1 σ”)

HFAG: end 2005

CKMFitter: ICHEP 2004

punm /mix t ∝e−t / [1± A
m∗

D cos m∗t ]

t (lifetimes)

B0 prod
at t = 0










Channel (Ds Mode) CDF total D0
32 K 21 K
11 K
10 K 53 K
1600
800
600
500
200 3700

 



Bs  Ds  X Bs  Ds l X
Bs  Ds()  

Bs  Ds 

Bs  Ds 3

Bs  Ds l X
()

(K*K)
(3)
()

(K*K)
(3)
()

(K*K)

SemiLeptonic Modes
● high statistics
● missing particles

Hadronic Modes
● lower statistics
● fully meas PT(B)
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pair produce b−b  at Tevatron

CDF: Hadr. Lept (1 fb1) D0: Lept (1 fb1)
D 2: Opp [%]
D 2: Same
md [ps1]

md (W.A.)

2.48±0.21
−0.06
0.08

 

  

  

*   –

0.506 ± 0.020 ± 0.0160.509 ± 0.010 ± 0.0160.536 ± 0.028 ± 0.006
0.507 ± 0.005    (HFAG – PDG 2006)

1.47 ± 0.10
3.42 ± 0.98

1.54 ± 0.04 ± 0.05
4.00 ± 1.02

opposite sidesame side
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ct=M Bs

Lxy

P T
meas K 

CDF
BsDs(3)

ct

DØ
BsDsX

vpdl

VPDL

osc. period at ms = 18 ps1
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DØ SemiLeptonic CDF SemiLeptonic CDF Hadronic

CDF Combined

A/A = 2.5 at 19 ps1

A/A = 3.5 at 17.25 ps1

ms=17.33
−0.21
0.42±0.07ps−1










HFAG: Summer 2005 HFAG: incl. new CDF & DØ

Check CDF D0 Method
Prob that meas is due to a fluctuation ~0.5% ~5% randomize tags in data
Prob of seeing obs signif or greater ~40% ~15% toy MC

CDF: ∣V td

V ts
∣=0.208

−0.007
0.008 c.f.  Belle bd  : 0.199

−0.025−0.015
0.0260.018 (hepex/0506079)

A/A = 4.0 at 17.5 ps1

(m=∞ )









CKM Fitter: EPS 2005 CKM Fitter: incl. new CDF

(& lattice calc)see also new Utfit results: http://utfit.roma1.infn.it/

∣V td

V ts
∣
2

=
M Bs

M Bd

f Bs
2 BBs

f Bd
2 BBd

md

ms

~ ±7%

< ±1%

±2.5%











● ()(K+K)
– comb. of CPeven & odd
– decay distrib  3 angles

● Likelihood Fit
– Mbs, ct, 3 angles

 , <>, CPodd frac, ...

● Main Issue: accept vs angles
– use different MC models
– tuned to data kinematics
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Observable CDF 2004 (355 pb1) D0 2006 (1 fb1)
Candidates
Lifetime Diff
Ave Lifetime
CPOdd Frac
CPEven
Strong Phases
CPV Phase

|A0(0)|2  |A||(0)|2

(ps1)
(ps1)

R





free (20)

0.47
−0.24
0.19±0.01

1.40
−0.13
0.15

0.13±0.08

1.94±0.36
0.355±0.067

≡0

0.15±0.10
−0.04
0.03

1.53±0.08
−0.04
0.01

0.19±0.05±0.01
0.35±0.07±0.01

2.5±0.4
≡0

2.6±0.4
−0.9±0.7

0.34±0.07
0.19±0.05
1.53±0.08
0.17±0.09

203±15 978±45NBs










Exp Mode Lumi N(signal)
CDF 360 pb1

CDF[1] 355 pb1 difficult b/c noninclus.

D0 1 fb1

ALEPH 2000

BR(BsDs
(*)Ds

(*)) 0.071±0.035
−0.025
0.029

(BsK+K) [ps] 1.53 ± 0.18 ± 0.02 –0.08 ± 0.23 ± 0.03718 ± 55

17.6 ± 7.9 0.142±0.064
−0.050
0.058

BR /  

1  uses CDF meas 
BRBsDs

Ds
−

BRB0Ds
D−

=1.67±0.41stat ±0.12syst ±0.24f s /f d ±0.39BR


and BRB0Ds
D−=0.0080±0.0030(PDG 2006)

0.12±0.05
−0.05
0.10 0.26

−0.15
0.30

23.5 ± 5.5BR(BsDs
+Ds

) 0.013 ± 0.006

CDF
Bsh+h

Lifetime

CDF: Bs Ds
+() Ds

() Mass
DØ: Bs Ds

(*)() Ds
(*)(X)

M() for events w/ 2nd  + 








Unofficial World Average



Theory: s=0.10±0.03 f Bs

260MeV 2 
update (Nierste) of PLB 459, 631 (1999)

s=0.097
−0.042
0.041  ps−1

=
1
s

=1.461±0.003 ps
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ex. of possible DØ improvements

Tevatron Projections
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Exp Prob of Fluct

CDF 3.5 ~0.5%

D0 2.5 ~5% – 

ms (ps1) Signif ()
17.33

−0.41
0.42±0.07
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CKMFitter Group: summer 2005

very different hierarchy than 
Lepton Mixing Matrix

d '
s '
b ' =V ud V us V ub

V cd V cs V cb

V td V ts V tb
dsb 

 1−1
2
2  A3−i 

− 1−1
2
2 A2

A31−−i  −A2 1


A=0.825
−0.019
0.011

=0.2262
−0.0010
0.0010

=0.207
−0.043
0.036

=0.340
−0.023
0.023
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 α →ππρρρπ
 β →ψηη’

 →φηη ’ 
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  →
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 η →π
  →µµµµ

(0,1)

γ β

α

(0,0)

(ρ,η)

Unitarity 
Triangle

V ub V ud
∗ V cb V cd

∗ V tb V td
∗ =0

∣
V td V tb

∗

V cd V cb
∗
∣=R t

arg [−V td V tb
∗

V cd V cb
∗ ]

arg [−V ud V ub
∗

V cd V cb
∗ ] arg [−V cd V cb

∗

V td V tb
∗ ]

Ru=∣
V ud V ub

∗

V cd V cb
∗
∣









MisTagging
● reduces ampl

Missing Particles
● affects large ct

Vertex Res
● affects small ct

visible ctA t =N unm t −N mix t 
N unm t N mix t 

gen truth

observed










dpr

D

DØ: Tagging Var.

CDF: SSKT Calib
Data vs MC

EventbyEvent
Dilution Estimate
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CDF: Ds + prompt track










CDF
SemiLeptonic
CDF
SemiLeptonic

CDF: Hadronic


●
●
●




DØ: SemiLeptonic

Mode CDF D0 W.A.

Bs  l Ds X

Bs  Ds ()
Bd  D +

B  D0 

1.538 ± 0.040

1.508 ± 0.017

1.638 ± 0.017

1.454 ± 0.040

1.527 ± 0.008

1.643 ± 0.010

1.480 ± 0.030 1.37 ± 0.03 1.454 ± 0.040










–ln L:

Prob Density Func's (src = a):

Event Observables:

Parameters: 

L= ∏
i=evts

[F sig f i ,sig  x i ; p 1−F sig f i ,bgd  x i ; p ]

x=X M ,X , tag ,D ,M


, y signal /bgrd discrim 

p=ms ,s ,md ,d ,eff. param ' s ,res. param ' s , ...

f i=P a
tag X M∣X ,D ,M


; p P a  X P a D P a M 

P a y 

“ ”

P sig
tag X M∣X ,D ,M


; p  =

X M 

N


∫
0

∞

dX R X −X M ; sX  p tag X 

 





punm /mix X  = ∫dK P sig K 
K M




c s

exp 
−KX
c s


1
2 [1±D cos 

ms⋅KX

c
A ]






































pattern limit
|d0| < 1 mm

“trigger” turnon

0.0 0.2 0.4
proper time (cm)

CDF Hadronic Efficiency DØ SemiLeptonic Efficiency










CDF Bd Amplitude Fit
● Hadronic Modes

DØ: Bd   D+() X











CDF: SemiLeptonicCDF: Hadronic

A
stat(17.25 ps1) = 0.284

DØ: SemiLeptonic

Source
SVX Align 0.04
Track Fit Bias 0.05
PV Bias (tagging) 0.02
Other < 0.01
Total 0.07

Syst (ps1)

CDF: Syst's on ms Meas










randomized
tags

CDF





























