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They are fundamental parameters of the Standard Model and cannot be predicted

Vu

Vcd Vcs

Vtb

Vcb

Vub

VtsVtd

Vud

•V = |V|exp(iφ)
• |V| from semi-leptonic decay rates
• φ from CP asymmetries
•No new physics in V but can show up in φ 
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New Physics?

 exploit the unitarity constraint to look for 
new physics → geometrical relation 

between CKM elements: 
 angle from CP asymmetries
 size from V

 New precision era where new physics may 
appear as a few percent disagreement:

 Large new physics contributions to 
penguins would have already been seen. 

 New physics contributions to decays such 
as B → τν is still open  (e.g. minimum 

flavour violation)
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b

decay properties depend 
directly on |Vxb| and mb in
perturbative regime (αs

n)

tree level, short distance:

4

qi
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νW

b Vxb

Semileptonic decays

B Xi l ν



decay properties depend 
directly on |Vxb| and mb in
perturbative regime (αs

n)

tree level, short distance:
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b

But quarks are bound by soft
gluons: non-perturbative  

long distance interactions of b 
quark with light quark+ long distance:

B Xi l ν

W

l

ν

]XiB[
qib Vxb

Semileptonic decays

two way to go:
•      Measure exclusive states
•      Measure inclusively b → xln spectrum



Vcb
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Vcb exclusive B- → D*0e-ν
B- → D*0e-ν; D* → π0D0 

Main physics background BD**lν 
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=K(w)F 2 (w)Vcb
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F (1)|Vcb|

HFAG average uses R1, R2 from BaBar 
this decrease F (1)|Vcb|

chi2/dof = 37.8/17 F (1)|Vcb|=(35.9±0.6)10-3 ρA
2 =1.23±0.05

 From F(1)=0.919±0.033:

 |Vcb|=(39.1±0.65±1.4)10-3

error is dominated by the lattice 
calculation, no improvement in the near 
future

B →D0l ν  has a small theoretical error 
but it’s more difficult experimentally 
and very few measurement
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Hadronic Xc system

B → D  ν

B → D*  ν

B → D**ν
B → D π  

21%

54%

~25%

Mx
2

B0 BR(%) B+ BR(%)
  inc.-Σ excl. 2.22±0.38 1.27±0.37

PDG&HFAG& Babar & Belle

Heavy Quark Symmetry predicts
Br(B → Narrow l ) >> Br(B → Broad l ) 

Experiment seems to point towards the 
opposite !!!!

The hadronic XThe hadronic Xcc systemsystem
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HQET:

GroundGround

statesstates
BroadBroad

statesstates
NarrowNarrow

statesstates

for L=1 " jq=1/2, jq=3/2

A. OyangurenEPS ‘05 - Lisboa 4

Grounds states Broad states Narrow states
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Hadronic Xc system
Theory predicts the rate of broad D*0 

∼ 10 times smaller than narrow D*2 

 
Belle measure comparable branchings 
fractions
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Vcb from inclusive semileptonic decays

Γsl described by Heavy Quark Expansion in (1/mb)n and αs
k

  

€ 

Γ(B→ Xclν) =
GF
2mb

5

192π 3
Vcb

2
1+ Aew[ ]AnonpertApert

 
  

 
  

expansions depend on mb definition

exp. Δ|Vcb|<1%     

€ 

Γsl(b→ c−ν ) = γ th Vcb

2
=
BR(b→ c−ν )

τb

non perturbative parameters need to be measured and arise at each order

Xn: sensitivity to non-perturbative parameters evaluated on part of the 
spectrum (pl>pmin) in the B rest frame
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b  

Heavy quark parameter determination- Big Picture

rate

shape

shape

|Vcb|

mb,mc

µ2
G, µ2

π
Inclusive Mx spectrum

Semileptonic B 
decay

|Vub|
2|| ubV∝

€ 

Shape(B→ Xs γ)

Inclusive El spectrum

Belle

Experimental 
Challenge: go from 

the measured shape 
to the true shape 

rate

shape
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moments in semileptonic decays

 
Fit moments of these distribution to get Vcb and HQ parameters

fully-reconstructed B meson B flavor and momentum known.
rest of the event contains one “recoil” lepton in the recoil-B
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FIG. 10: The measured hadronic-mass and mixed moments (•/◦), as a function of the minimal lepton momentum p∗
!,min

compared with the result of the simultaneous fit (solid line) and a previous measurement by the BABAR Collaboration (!)
[2]. The solid data points mark the measurements included in the fit. The vertical bars indicate the experimental errors. The
dashed lines correspond to the total fit uncertainty as obtained by converting the fit errors of each individual HQE parameter
into an error for the individual moment.

The theoretical covariance matrix CHQE is constructed
by assuming fully correlated theoretical uncertainties for
a given moment with different lepton momentum or pho-
ton energy cutoff and assuming uncorrelated theoretical
uncertainties for moments of different orders and types.
The additonal uncertainties considered for the photon
energy moments are assumed to be uncorrelated for dif-
ferent moments and photon energy cutoffs.

D. Results

A comparison of the fit results for the hadronic-mass
and mixed moments with the measured moments is
shown in Fig. 10. The moments 〈mX〉 and 〈m3

X〉
are not included in the fit and thus provide an unbiased
comparison with the fitted HQE prediction. We find an
overall good agreement, also indicated by χ2 = 8 for 20
degrees of freedom. The measured moments continue to
decrease with increasing p∗!,min and extend beyond theo-
retical predictions available for p∗!,min ≤ 1.5GeV/c.

Comparing the measured moments 〈n2
X〉 and

〈(n2
X − 〈n2

X〉)2〉 with predictions resulting from the
presented fit, a good agreement is found. The calcu-
lations used for the predictions of the mixed moments
are currently missing p∗!,min-dependent perturbative
corrections. The p∗!,min dependence of the perturbative
corrections for those moments is however expected to be
small [38].

The fit results for the standard model and HQE pa-
rameters are summarized in Table I. We find as pre-
liminary results |Vcb| = (41.88 ± 0.81) · 10−3 and mb =
(4.552±0.055)GeV/c2. The results are in good agreement
with earlier determinations [12, 13], showing slightly in-
creased uncertainties due to the limited experimental in-
put used in this fit.

Figure 11 shows the ∆χ2 = 1 contours in the (mb, |Vcb|)
and (mb, µ2

π) planes. It compares the standard fit in-
cluding photon energy moments, and a fit based on mo-
ments from semileptonic B → Xc"−ν decays only, clearly
indicating the significance of the constraints from the
B → Xsγ decays for both |Vcb| and mb.

VII. SUMMARY

We have reported preliminary results for the moments
〈mk

X〉 with k = 1, . . . , 6 of the hadronic mass distribution
in semileptonic B-meson decays to final states containing
a charm quark. In addition we have presented prelimi-
nary results for a first measurement of the moments 〈nk

X〉
for k = 2, 4, 6 with n2

X a combination of mass and energy
of the hadronic system Xc. The results for the mass mo-
ments agree with the previous measurements [1–5] but
tend in general to higher values, between 1% and 2%
for 〈mX〉 and 〈m4

X〉, respectively, relative to the previ-
ous BABAR measurement [2]. The increased data sam-
ple compared to the previous BABAR measurement led

<mXn> new

<mXn> old
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Heavy quark parameters

Decay rate in terms of Operator Product Expansion up to 1/mb
3

Expansions in terms of:

mkin
b ,mkin

c (m1S
b) - mass of b and c quarks 

ΛQCD2/mb2
μπ

2(λ1) - kinetic energy of b quark,

μG
2(λ 

2) - chromomagnetic coupling 

ΛQCD3/mb3 ρD, ρLS (ρ1,τ1-3)

Two approaches:

Kinetic running mass
(P. Gambino and N.Uraltsev, Eur. 

Phys. J. C 34, 181 (2004))

1S mass 
(C.Bauer, Z.Ligeti, M.Luke, 

A.Manohar, M.Trott PRD 70 
094017)

... and |Vcb|2 dependence on partial branching fractions

El    : lepton energy spectrum in B→Xcl ν (BaBar Belle CLEO DELPHI)

MX 
2: hadronic mass spectrum in B→Xcl ν   (BaBar CDF CLEO DELPHI)

 Eγ    : photon energy spectrum in B→ Xsγ      (Babar Belle CLEO)
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Experimental data 

|Vcb| and HQ |Vcb| and HQ 

HQ parameters              
(SF scheme)

Fit 
Strategy

fit to set of equations
extract

convert

Without truncation of perturbation theory, any path to a given 
scheme would lead to the same result, e.g.:

[Fit in kinetic scheme] = [Fit in 1S scheme] ⊕ [Translation: 1S → kinetic]

In practice, results differ at finite order in αs.
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contours Δχ2=1

1S

16

Vcb and HQ parameters

Global fit with all available 
results (except the latest 
BaBar moments)

Kinetic Vcb (10-3) mb (GeV)

41.91±0.19±0.28±0.5
9

4.613±0.022+0.027

no b→sγ 41.68±0.39±0.58 4.677±0.053

1S Vcb (10-3) mb (GeV)

41.78±0.30±0. 08 4.70±0.03

no b→sγ 41.56±0.39±0.08 4.751±0.058

|Vcb|excl=(39.1±0.7±1.4)10-3



Vub
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B

−


ν

W −

uX
ubV

inclusive

B

−


ν

W −

ubV

exclusive

π/ / /

Vub determination

Uncertainty dominated by theory errors, measurements with different 
methods

 Inclusive B → Xuℓν
 Use difference in kinematics to separate uℓν from cℓν
 Theory must predict signal spectrum

 Exclusive B → πℓν, ρℓν, ωℓν, …
 Better S/B, esp. 
 Theory must predict form factor
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Vub inclusive determination

selection to remove background removes a sizeble part of the 
phase space. Need theoretical extrapolation for the full phase 
space (Shape Function, DGE, Aglietti et at,....). 

B→ Xulν tree level rate same as B→ Xclν

very small, very difficult to measure

the problem is the b→ clv decay



 Cut away b → clv  Lose a part of the b → ulv signal

 We measure

Fraction of the signal that surviving

Need knowledge of b quark’s motion inside B meson

Total b → ulv 

Cut-dependent
constant 
predicted

 Must be corrected for QCD

 Main uncertainty (±5%) from mb
5 → ±2.5% on |Vub|, correlated 

between all measurements/experiments! 20

Vub inclusive determination



B meson - “Beam”

tag - charge - momentum 
B+ and B0 decays 
studied separately

Fully reconstruct the tag-side B meson by searching the decay 
modes

Bsig→Xlν

π

π

K
γ

γ

l-

ν

B B0
0

Υ(4S)

Btag→DX

21

Elepton: in rest frame of signal B

MX: all remaining particles (X), 
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Inclusive b → ulν

Signal events have smaller MX  and P+ →  Larger El and q2

mu << mc →  difference in kinematics

q2 = lepton-neutrino mass squared

mX = hadron system mass

El = lepton energy

P+ = EX -|PX|

b→u

b→c

b→u

b→c

b→u
b→c

b→u

b→c

N
ot

 to
 sc

al
e!

u-quark turns into 
one or more 
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FIG. 1: The mES distribution for data (points with statistical
errors) is shown together with the results of the fit (solid line)
for selected semileptonic decays from B+B− events (a) and
B0B0 events (b). The dashed line shows the contribution
from combinatorial and continuum background.

the Breco candidate or the identified lepton. We re-
construct K0

S
by performing a mass-constrained fit to

π+π− pairs with an invariant mass in the range 0.473-
0.523 GeV/c2. The neutrino four-momentum pν is esti-
mated from the missing momentum four-vector pmiss =
pΥ (4S)−pBreco

−pX−p#, where all momenta are measured
in the laboratory frame and pΥ (4S) refers to the Υ (4S)
meson.

To select B → Xu#ν̄ candidates we require exactly one
charged lepton with p∗# > 1 GeV/c, charge conservation
(QX + Q# + QBreco

= 0), and a missing mass consistent
with zero (m2

miss < 0.5 GeV2/c4). These criteria sup-
press the dominant B → Xc#ν̄ decays, many of which
contain additional leptons or an undetected K0

L
meson.

We suppress the B → D∗#ν background by reconstruct-
ing the low momentum π+ from the D∗+ → D0π+ decay.
Since the momentum of the π+ is almost collinear with
the D∗+ momentum pD∗+ , we can approximate the D∗+

energy as ED∗+ # mD∗+ × Eπ/145 MeV/c2. Because the
neutrino mass m2

ν = (pB − pD∗+ − p#)2 is peaked at zero
for background events, we require m2

ν < −3 GeV2/c4 for
signal events. We reject events with charged kaons or K0

S

in the Brecoil to reduce the background from B → Xc#ν̄
decays.

To extract the distribution in the variables MX , P+,
and the combination of MX and q2, we perform fits to the
Breco mES distributions for subsamples of events in indi-
vidual bins for each of the variables, and subsequently
separating the signal from the combinatorial and con-
tinuum backgrounds for the three distributions. The
resulting distributions are presented in Fig. 2. To re-
duce the systematic uncertainties in the derivation of the
branching fractions we determine the ratios of the par-
tial branching fractions to the total semileptonic branch-
ing fraction. This is done for restricted regions of phase
space, MX < 1.55 GeV/c2, P+ < 0.66 GeV/c, and
(MX < 1.7 GeV/c2, q2 > 8.0 GeV2/c4). Specifically

we define this ratio as

∆B(Xu#ν̄#)

B(X#ν̄#)
=

(Nu − Nout
u − BGu)/(εu

selε
u
kin)

(Nsl − BGsl)
×

εsl# εslt
εu
# εu

t

,

(1)
where Nu and BGu are the measured signal events
and the corresponding calculated background, and Nout

u

refers to signal events that migrate from outside the kine-
matic region into the signal region. They are deter-
mined by a χ2 fit to the measured spectra with the back-
ground shape determined from MC simulation. Nsl =
181074 ± 706 and BGsl = 12185 ± 78 are the measured
semileptonic events and the corresponding background.
The efficiency εu

sel denotes the fraction of selected Breco-
tagged signal events with a high-energy lepton. The
model-dependent efficiency εu

kin accounts for the loss of
selected events generated in the kinematic region that
migrate outside this region. The efficiency of the tag
and lepton selection, εt and ε#, differ slightly for the sig-
nal and the semileptonic samples, due to differences in
the lepton momentum distribution and the multiplicity
of the recoiling B meson. To convert the ratio in Eq. 1 to
partial branching fractions, we use the total semileptonic
branching fraction, B(B → X#ν#) = (10.75±0.15)% [17].
The resulting partial branching fractions for the three se-
lected kinematic regions, along with parameters in Eq. 1,
are listed in Table I.

We consider several sources of systematic uncer-
tainties. Detector-related uncertainties take into ac-
count particle (e, µ, K) identification (efficiency, mis-
identification), charged particle tracking efficiency, pho-
ton reconstruction efficiency and K0

L
interactions. We

estimate the error due to signal and background mod-
eling. The signal modeling uncertainties are due to the
modeling of exclusive charmless semileptonic decays and
gluon splitting into ss̄-quark pairs. We also calculate
the errors associated with the uncertainties in the non-
perturbative parameters and the functional form of the
shape function. The background simulation depends on
the B and D branching fractions and B → D∗#ν form
factors. We estimate the error due to mES fits, coming
from the uncertainty in the parameterization ansatz. Fi-
nally, we estimate the error due to MC statistics. The
fractional contribution of each uncertainty is shown in
Table II together with the total error.

The results of the partial branching fractions are trans-
lated into |Vub| in the context of recent QCD calcula-
tions [3–5], including estimates of theoretical uncertain-
ties (see Table I). The hadronic input parameters, the
b-quark mass mb, and the kinetic energy expectation
value µ2

π , are extracted from moment measurements in
B → Xsγ and B → Xc#ν̄. Their values in the ki-
netic scheme [18] are mb = (4.59 ± 0.04) GeV/c2 and
µ2

π = (0.40 ± 0.04) GeV2/c2 [19] and are translated into
values in different schemes, as needed [3–5]. The partial
branching fraction ∆B(B → Xu#ν̄) is related directly to

PDG
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Inclusive 
Vub

24

Kinematic Region
B(B→Xulν) x 10-3 |Vub| (10-3)

Theory
       Δ( stat.      sys.      th. )        Δ( stat.      sys.      th. )

MX<1.55 GeV/c2 1.18 ± 0.09 ± 0.07 ± 0.01 4.27 ± 0.16 ± 0.13 ± 0.30 BLNP
4.56 ± 0.17 ±0.14 ± 0.32 DGE

P+<0.66 GeV/c2 0.95 ± 0.10 ± 0.08 ± 0.01
3.88 ± 0.19 ± 0.16 ± 0.28 BLNP
3.99 ± 0.20 ± 0.16 ± 0.24 DGE

MX<1.7 GeV/c2 & 
q2>8.0 GeV2/c2 0.76 ± 0.08 ± 0.07 ± 0.02

4.48 ± 0.22 ± 0.19 ± 0.30 BLNP
4.53 ± 0.22 ± 0.19 ± 0.25 DGE
4.81 ± 0.23 ± 0.20 ± 0.36 BLL
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FIG. 2: Upper row: measured MX (a), P+ (b) and q2 with MX < 1.7 GeV/c2 (c) spectra (data points). The result of the fit
to the sum of three MC contributions is shown in the histograms: B → Xu!ν̄ decays generated inside (no shading) and outside
(dark shading) the selected kinematic region, and B → Xc!ν̄ and other background (light shading). Lower row: corresponding
spectra for B → Xu!ν̄ after B → Xc!ν̄ and other background subtraction; they have been rebinned in order to show the shape
of the kinematic variables.

TABLE I: Summary of the measurement of the fitted number of events and efficiencies, ∆B(B → Xu!ν̄), and extracted |Vub| for
the three kinematic cuts. The first error is statistical, the second systematic. For ∆B, the third error is due to the theoretical
uncertainty on the signal efficiency; for the |Vub| values, it comes from the the theoretical uncertainty on ∆ζ. For Ref. [3] we
use the exponential parametrization of the shape function.

Nu Nout
u BGu εu

selε
u
kin

εsl! εslt
εu
! εu

t
∆B(B → Xu!ν̄) (10−3) |Vub| (10−3)

4.27 ± 0.16 ± 0.13 ± 0.30 [3]
MX 803 ± 60 27 ± 2 923 ± 21 0.331 ± 0.003 0.76 ± 0.02 1.18 ± 0.09 ± 0.07 ± 0.01

4.56 ± 0.17 ± 0.14 ± 0.32 [4]

3.88 ± 0.19 ± 0.16 ± 0.28 [3]
P+ 633 ± 63 48 ± 5 1183 ± 27 0.344 ± 0.003 0.81 ± 0.02 0.95 ± 0.10 ± 0.08 ± 0.01

3.99 ± 0.20 ± 0.16 ± 0.24 [4]

4.48 ± 0.22 ± 0.19 ± 0.30 [3]

MX − q2 562 ± 55 32 ± 2 789 ± 9 0.373 ± 0.004 0.79 ± 0.03 0.76 ± 0.08 ± 0.07 ± 0.02 4.53 ± 0.22 ± 0.19 ± 0.25 [4]

4.81 ± 0.23 ± 0.20 ± 0.36 [5]

lated into |Vub| in the context of recent QCD calcu-170

lations [3–5], including estimates of theoretical uncer-171

tainties (see Table I). The hadronic input parameters,172

the b–quark mass mb and the kinetic energy expecta-173

tion value µ2
π, are extracted from moment measurements174

in B → Xsγ and B → Xc"ν̄. Their values in the ki-175

netic scheme [18] are mb = (4.59 ± 0.04) GeV/c2 and176

µ2
π = (0.40 ± 0.04) GeV2/c2 [19] and are translated into177

values in different schemes, as needed [3–5]. The partial178

branching fraction ∆B(B → Xu"ν̄) is related directly to179

|Vub| by the relation |Vub| = [∆B(B → Xu"ν̄)/τb∆ζ]1/2,180

where τb is the average B lifetime [17], and ∆ζ is the181

prediction for the partial rate for B → Xu"ν̄ [3–5].182

In summary, we have measured the branching fractions183

for inclusive charmless semileptonic B decays B → Xu"ν̄184

in three overlapping regions of phase space. Our result 185

based on the hadronic mass spectrum supersedes our pre- 186

viously published measurement [20]. Relying on theoret- 187

ical predictions, we extract values for the CKM matrix 188

element |Vub| from our measured ∆B. The statistical, 189

systematic as well as theoretical errors are highly corre- 190

lated. These values are in good agreement with the world 191

average [17]. 192
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B → Xu l n
B → Xc l n 
B → Xu l n 

(outside selected 
region)

382M BB
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How Things Mesh Together

Inclusive
b → ulv q2

b→sγ

Shape
Function

Eγ

mb

Inclusive b → clv

mXEl

HQE Fit

mX

El

WA

duality

|Vub|

SSFs

|Vcb|

AKA: M. Morii’s  HQE plumbing diagram
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mb more in details

1S mb (GeV)

4.70±0.03

no b→sγ 4.751±0.058

Kinetic mb (GeV)

4.613±0.022+0.027

no b→sγ 4.677±0.053

comparison from 
A. Hoang 
Vxb workshop 2007
Heidelberg

==

no b→sγ b→sγno b→sγ b→sγ

1S fit  Kin fit  

(2008, only BELLE) 

Belle fits are consistent.

It’s not the theory!

= 4.20 ± 0.07 GeV
PDG
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 Inclusive |Vub|: BLNP framework

Statistical ±2.0%

Expt. syst. ±2.6%

b → clv model ±1.8%

b → ulv model ±1.1%

SF params. ±3.8%

HQE param. ±6.9%

WA ±1.7%
|Vub| determined to ± 8.9%

HQ parameters from b→clν and b→sg  
• mb(SF) = 4.63 ± 0.06 GeV 

• µπ
2(SF) = 0.18 ± 0.06 GeV2 

|Vub|= (4.31  ± 0.17 ± 0.35) 10-3

|Vub| world average
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 Inclusive |Vub|: DGE framework

b-mass form PDG
• mb(MSbar) = 4.20 ± 0.07 GeV 

Statistical ±2.0%

Expt. syst. ±2.4%

b → clv model ±1.9%

b → ulv model ±1.0%

DGE theory ±3.1%

Rcut+total width ±4.2%

WA ±1.9%

|Vub| world average

|Vub| determined to ± 6.8%

|Vub|= (4.34  ± 0.16 ± 0.25) 10-3
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Weak anihilation
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Different BR between 
B+ and B0

b

u

soft

B

Δp 

(GeV)

ΔB(B) 104 ΔB(B0) 104 A+/0

2.3-2.6 2.31±0.10±0.18 1.30±0.21±0.07 0.08±0.15±0.08

2.4-2.6 0.75±0.04±0.06 0.76±0.15±0.05 -0.05±0.20±0.10
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Figure 2: M2
ν ,tag distribution for 2.2 < P" < 2.6GeV/c(top), 2.3 < P" < 2.6GeV/c (center) and

2.4 < P" < 2.6GeV/c (bottom), for e (left) and µ (right). The signal component from simulation
and the wrong-charge sample have been rescaled according to the fit results. The inner error bars
are the statistical error from the right-charge sample only while the larger error bars include also
the statistical errors of the wrong-charge sample and of the various peaking components described
by the simulation. The distribution of the combinatorial BB background, (dashed histogram)
is overlaid to illustrate the contributions from continuum and non-peaking BB backgrounds as
expected from simulation.
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Exclusive |Vub|
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Experimentally clean
Currently only  B → π l ν for |Vub|  - one dominant 
form factor (q2 shape and normalization needed)

dΓ(B → π"ν)

dq2
=

G2
F

24π2
|Vub|

2p3
π|f+(q2)|2

 LQCD and LCSR compatible with data
   ISGW2 quark-model incompatible (Prob<0.06%).

B0→πlυ

Phys.Rev.Lett. 98 (2007) 091801

FF dominates |Vub| error

• Form factor calculations from various methods:
• “unquenched” lattice QCD (HPQCD, Fermilab, …)
• Light-Cone Sum Rules (Ball & Zwicky, …)
• quark models (ISGW2, …)
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Approaches to Measuring B(B → Xu l ν) Exclusive

Signal

Tag side

Rest used to reconstruct ν 

Signal

Signal

Tag side

< 0.5ab-1

< 1 ab-1

> 1ab-1

Effi.
High

Low High

Low
Purity

Lumi.Untagged
‣Initial 4-momentum known.
‣Missing 4-momentum = ν.
‣Reconstruct B → Xu l ν 
using mB (beam-constrained) 
and ΔE = EB-Ebeam.

Semileptonic Tag
‣One B reconstructed in a 
selection of D(*) l ν modes.
‣Two missing νs in event.
‣Use kinematic constraints.

Full Reconstruction Tag
‣One B reconstructed 
completely in known b → c 
mode. 
‣Many modes used.
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ρ-

ρ0

D(*)lν tag Method

Signal

B0
tag→D*+l-ν/D+l-ν

B-
tag→D*0l-ν/D0l-ν

B0
sig→π-l+ν / π-π0l+ν 

B+
sig→π0l+ν / π+π-l+ν 

Tag side reconstruction

Full q2 region 

B- tag

π−lν
ρ−lν

π0lν
ρ0lν

B0 tag

253 fb-1 

(275M BB pairs) 
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Current status of Br(B0 →π-l+ν) & |Vub|

]-3 10×|  [ub|V
2 4

]-3 10×|  [ub|V
2 4

Ball-Zwicky q2 < 16

 0.13 + 0.56 - 0.38±3.41 

HPQCD q2 > 16

 0.21 + 0.58 - 0.38±3.33 

FNAL q2 > 16

 0.22 + 0.61 - 0.40±3.55 

APE q2 > 16

 0.22 + 1.37 - 0.63±3.58 

HFAG
LP 2007

]-4 10× ) [ν + l-π → 0B(B
-2 0 2

]-4 10× ) [ν + l-π → 0B(B
-2 0 2

+τ/0τ 2× ν + l0π → +BABAR SL tag: B 
 0.15± 0.33 ±1.36 

+τ/0τ 2× ν + l0π → + tag: B recoBABAR B
 0.20± 0.41 ±1.52 

+τ/0τ 2× ν + l0π → +BELLE SL tag: B 
 0.16± 0.26 ±1.43 

+τ/0τ 2× ν + l0π → + tag: B recoBELLE B
 0.11± 0.32 ±1.60 

ν + l-π → 0BABAR SL tag: B 
 0.10± 0.25 ±1.12 

ν + l-π → 0BELLE SL tag: B 
 0.14± 0.19 ±1.38 

ν + l-π → 0 tag: B recoBABAR B
 0.15± 0.27 ±1.07 

ν + lπ →CLEO untagged: B   
 0.11± 0.18 ±1.33 

ν + lπ →BABAR untagged: B   
 0.08± 0.07 ±1.46 

ν + l-π → 0 tag: B recoBELLE B
 0.06± 0.26 ±1.49 

ν + l-π → 0Average: B 
 0.06± 0.06 ±1.39 

HFAG
LP 2007

/dof = 3.23/ 9 (CL =  95 %)2χ
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  |Vub|: inclusive vs exclusive
Most probable value of Vub from measurements 
of other CKM parameters 

|Vub| exclusive

*

|Vub| inclusive

 b→sγ
]-3 10×|  [ub|V

2 4 6
]-3 10×|  [ub|V

2 4 6

) eCLEO (E
 0.35± 0.41 ±3.52 

) 2, qXBELLE sim. ann. (m
 0.31± 0.42 ±3.97 

) eBELLE (E
 0.33± 0.40 ±4.35 

) eBABAR (E
 0.33± 0.22 ±3.89 

) h
max, seBABAR (E

 0.39± 0.27 ±3.94 

) XBELLE (m
 0.27± 0.24 ±3.66 

) XBABAR (m
 0.31± 0.18 ±3.74 

Average +/- exp +/- (mb,theory) 
 0.30± 0.15 ±3.98 

HFAG
LP 2007

OPE-HQET-SCET (BLNP)

Phys.Rev.D72:073006,2005

 momentsν c l → input from bbm

/dof = 6.3/ 6 (CL =  39 %)2χ

no b→sγ

|Vub| inclusive
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CONCLUSION AND OUTLOOK
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b→ clν 

Vcb 1% error with the inclusive determination dominated by 
theory and inclusive versus exclusive are increasing the gap ~2 σ 

b→ ulν 

Vub ~8% error shared between theoretical and experimental 
inclusive vs exclusive are decreasing the gap but....

The B→ D**lν decays are challenging the theory...


