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B-decays Properties at BABAR

The Environment:

PEP II & BABAR

The Measurements:

Lifetime, Mixing & ∆m
d

Charmed Semileptonic Decays & V
cb

Chamless Semileptonic Decays & V
ub

Conclusions

Franco Simonetto

INFN & Universita' di Padova

on behalf of BABAR



 FrancoSimonetto  INFN & Universita' di Padova 2

Performances

PEP II & BABAR 
operated successfully

> 100 fb-1 collected

approved results:

~20-30 fb-1 (τ,∆m
d
)

~90 fb-1 (BR,V
cb
,V

ub
)

 τ,∆m
d 

Had ∆m
d

 BR,V
cb

,V
ub
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The Detector
BABAR : omni purpose detector for B Physics

Vertex
Tracking & PID (dE/dX)

PID e/π/Κ/p

γ/π0 / e-PID
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Measurements of 

∆m
d
 (V

td
)

B � X
u
lv (V

ub
)

B � X
c
lv (V

cb
)

allow to determine the side of the Unitarity Triangle

complementary to CP asymmetry measurements 
(see Riccardo's talk)

Physics Motivation
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τ & ∆m
d
: the method

BB coherent
(JPC=1--) state

B(tag) : 
 flavour at other B decay
 (l,K, soft/hard p ) charge
 Tagging quality factor:

 Q = ε(1-2w)2 = εD2 ~ 30 %

B(flavour) : 
flavour at clock start
full / partial /semileptonic
id of a flavour eigenstate

Boost approx.:   ∆t  ≈ ∆ Z / cβγ

τ  measurment:    dN/d(∆t) 

∆m
d
measurment:   A

mix
(∆t) = 

 <|∆ Z| > ≈ 250 µm 
 σ(∆ Z) ≈ 180 µm 

0.56 (PEPII) :
σ(∆t) � <∆t >  <<  2π / ∆m

d

is ~ same for all modes

N(BB)-N(BB) 
N(BB)+N(BB) 

l -

K -
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τ & ∆m
d
 :the samples

1)     B0/+ 

�

D(*)π,ρ,a
1 
J/Ψ K(*)

   

2) Partial B0 Reconstruction:

3) B B

� llX: ∆m
d
 

All results based on < 35 fb-1 

 90000 evts  12500 evts

B0 

�

D*+ l− ν B0 

�

D*+π/ρ

Missing v mass Missing D0mass

  τ(Β0) 

4) Simultaneous measurement 
of τ(Β0) and ∆m using 

B0 

�

D*+l− ν decays

(PRL 89 2002) (subm. to PRD)

(PRL 89 2002)

M(B) (GeV/c2) ∆t (ps)

(PRL 87 2001)

τ(Β0/+)        ,∆m
d

(PRL 88 2002)
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�  High p lepton:

e−/µ− (p>1.2 GeV/c) 

�  + fully reconstructed D*+:

D*+ �  π+D0  ,

D0 � Κ−π+,Κ3π,Κ−π+π0,Κ
s
ππ

� Consistency with kinematics:

cos( Θ
D*l 

) < 0 

|cos( Θ
B(D*l)

 )|< 1.2
� Background properties from 

data control samples

τ & ∆m
d
: B0 �D*lv selection

7000 D*ev

6500 D*µν
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τ & ∆m
d
: B0 �D*lv sample

combinatorics:
M

D*
-M

D
 side bands

continuum: 

off-peak runs

B
1

�

D*X, B
2

�

lY (uncorrelated)

flip: p
l 

� −p
l 

 fake leptons

tracks failing lepton-id

 B+ 

�

D*+ l − ν X

fit  itself

 Backgrounds 

 Any  B0 

�

D*+ l- ν (X) is signal for this analysis 
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 τ & ∆m
d
: the fit Flavour tag: 

l,K,NN, 

Q= ε(1-2w)2 ~ 24 %

Fit simultaneously :

tag Not Mixed,

tag Mixed

no tag (τ only, ~ 30% )

Determine τ , ∆m
d  

+ 29  parameters:

resolution 

f
B+

 = (8.2 �  2.9)%

wrong tags2 π
∆m

d

Not Mixed  Mixed

D = 1-2 w

ρ = -22 %
∆m

d
 = (0.492±0.018±0.013) ps-1  

τ(B0) = (1.523±0.024±0.022) ps   
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τ & ∆m
d
:averages & comparisons

R+/-
D*lv (prel.)

D(*)h 1.546±0.032±0.022 1.082±0.026±0.012
ll

Part.S.L 1.529±0.012±0.029
Part.Had. (prel.)

∆md τ(B0)
0.492±0.018±0.013 1.523±0.023±0.022
0.516±0.016±0.010
0.492±0.012±0.009

1.533±0.034±0.038

0.503±0.006     1.540± 0.014     

0.500± 0.008±0.006     BaBar average
World  average



 FrancoSimonetto  INFN & Universita' di Padova 11

BR(B0 D*+l −v)

Same selection as above

Use 2000+2001+2002 stat. (80 fb-1)

Determine B.R. separately in

2 (e/ µ) * 4 ( D0 ) * 3 (years) = 24 
different modes

70 Kevts, purity 70 - 85 %
D0 :Σ(ε Br) ∼ 10 %  

 Any B0 

�

D*+ l- X ν   is background for this analysis 
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Sample composition

Combinatorics, continuum, 
uncorrelated, fake l

� as above

B0  �

D*X
c
/τ, X

c
/τ 

�

l Y

� from MC (~ 1 %)

B0,+ �

l+v (D*π)/ D**, D** 

�

D*−X

� fit :

 Results consistent with:
 f

B+
 from ∆m

d
 analysis (+Isospin)

 f
D**

 from Moments analysis (see below) 

−(m
B

2+m
D*l

2-2E
B
E

D*l
)+m

Xv
2

2|p
B
||p

D*l
|

cos(Θ
B-D*l

)=
Signal: = 0  

�

|cosΘ|<1 
 Backg.: > 0 

�

overflows  

Κπ
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Results

BR(B0 �D*+l −v) = (4.92±0.03stat±0.02statMC±0.24exp±0.17BR)%

χ2/ndof = 21.3/23

correlated samples 
(tracking,PID,B.R.)

(BaBar Preliminary)

PDG
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Comparisons  & World Average

Results rescaled to common 
inputs:

BR = (5.27 ±0.19 ) %

C.L. = 6.4 %

 To come:

V
cb

 measurement 
with the same data sample

prel.
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BR(B X
c
lv) and V

cb

e-tag, p
tag

 >1.5 GeV

second e: Q
e

�

e

�

e

�

e

�{

fit p
e
 

 bckg subtracted

 ε corrected

 mixing unfolded

with sum of ev (D+D*+D**) spectra 

  selection  

  measurement  

extrapolation : 
(6.1 � 0.9)%

mostly B 

�

�X
c

�

lvY mostly B 

�

lv� X
c
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BR(B X
c
lv) and V

cb 
: Results

BR = τ(B) |V
cb

|2 γ th = (10.87± 0.18 ± 0.30 ) %

|V
cb
|incl = (42.3 ±0.7

exp
 ±2.0

th
 ) 10-3 

  Perturbative & 
   non-perturbative QCD  

BaBar Prel.

 Theoretically limited.
 Experiment can drive theory ! 

Marco Battaglia, Frascati 2002
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B X
c
lv :spectra

 γ th = f(G
F
,α

s
,Λ, λ

1
,...)

OPE: Determine  Λ, λ
1 
from 

First Hadronic Moment:

H
1
 = f

D  
<M2

D
 - M2

D(spin)
>+  

   f
D* 

<M2
D*

 - M2
D(spin) 

>+ 

   f
D**

<M2
D**

 - M2
D(spin)

>         
H

1

 OPE, Λ, λ
1 
free  

p
l
 cut 

points are correlated

Need more x-checks:
 higher moments,

 lepton spectra ...

M
D(spin)

 = (M
D
+3M

D*
)/4

 B
1
 

�

lX , B
2
 

�

fully reco.
  constrained kinematic fit to M

X

 determine f
D  

,f
D* 

,f
D**

X

l

πD
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Main problem: B 

�

X
c
lv background: 

 V
ub 

:inclusive analysis

p
l 
 above B 

�

 X
c
lv end point

acceptance:

f
u
 = 0.074±0.014±0.009 

from CLEO B 

�

sγ spectrum

B �X
u
lv

B �X
c
lv

~ 0.01 

|V
ub

| = (4.43±0.29
exp

±0.25
OPE

±0.50
fu
±0.35

sγ
) 10-3

fit: Monte Carlo

Inclusive Analysis:
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v reconstruction 

hermeticity
constraints: 

M
x
 = M

B
, M

v
 = 0 

B � ρlv :  

2.3 < E
e
 < 2.7

B �X
c
lv : 

2.0 < E
e 
< 2.3

|V
ub

| = (3.64±0.22
st.

±0.25
sys.

       
th.

 ) 10-3+0.39
-0.56

 V
ub 

:exclusive 

�

B+/0 ρ0/+l-v

2.3 < E
e
 < 2.7 

2.0 < E
e
 < 2.3 

signal
B 

�
ulv

B 
�

clv
continuum
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V
ub

 comparison

Good consistency among experiments

Consistency between incl./excl.techniques ?

Marco Battaglia, Frascati 2002

|V
ub

|incl. = (4.43±0.29
exp

±0.25
OPE

±0.50
fu
±0.35

sγ
) 10-3

|V
ub

|excl. = (3.64±0.22
st.

±0.25
sys.

       
th.

 ) 10-3+0.39
-0.56

BABAR preliminary
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Conclusion

BABar and BELLE push B Physics into  high-precision era:

τ,∆m
d
, V

cb
 ~ o(%) level

V
td
,V

cb
 & V

ub
  are theoretically limited

end of the game ?

New experimental handles:

∆m
s
 (Tevatron only 

�

, V
td
 ~1 %) 

lepton & hadron spectra (V
cb
 < 1%) 

�

more measurement + spectra ( V
ub

 ~ 5 % ) 

�

Much more to come ...


