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|Vcb|from semileptonic B decays

2

Experiment Theory

Exclusive |Vcb| B ® Dln, D*ln
(low backgrounds)

Lattice QCD,

light cone sum rules

Inclusive |Vcb| B ® Xln
(higher background)

Operator product 

expansion

HFLAV 2016:

|Vcb| excl (D*ln):

(39.05 +/- 0.75) x 10-3

|Vcb| incl:

(42.19 +/- 0.78) x 10-3



Let‘s look at B ® D(*)ln
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B ® D*ln

B ® Dln



Form factor parameterizations

• Caprini, Lellouch, Neubert [Nucl.Phys. B530, 153(1998)]

• Boyd, Grinstein, Lebed [Phys. Rev. Lett. 74, 4603 (1995)]
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B ® D*ln B ® Dln

Parameters: F(1), r2, R1(1), R2(1)
G(1), r2

Parameters: coefficients ai,n

Order N of the expansion a 
priori not defined by theory 



Belle B ® D*ln hadronic tag [arXiv:1702.01521]

• CLN FF parameterization
[NPB 530, 153 (1998)]

• Belle measured |Vcb| and the CLN FF
parameters in the decay B ® D*ln
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Parameterization dependence?

• D.Bigi, P. Gambino, S.Schacht, Phys.Lett. B769 (2017) 441

• B.Grinstein, A.Kobach, Phys.Lett. B771 (2017) 359
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5.4. DETERMINATION OF B
0 REST FRAME
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Figure 5.7: lepton momentum distribution in the lab frame. The colour scheme is

defined in the Fig.5.11

5.4 Determination of B
0 rest Frame

To calculate the B
0 momentum, we require information on the neutrino 4-momentum

however, neutrinos are not detected in the Belle detector. The variable cos ◊B,D
ú ¸ defines

the cosine of angle between D
ú+ and ¸≠ with which the direction of the B

0 momentum is

determined as shown in the Figure 5.8.
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Figure 5.8: Illustration for the B
0 reconstruction

cos◊B,D
ú ¸ is not measured directly, but is found by applying conservation of momentum

of the decay, pB = pDú + p¸ + p‹,

(5.1)

p‹ = (pB ≠ pDú ¸).

(5.2)

FPCP2019 Eiasha WAHEED

using untagged approachB0 ! D⇤�`+⌫`
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FIG. 4. Result of the fits to the (cos ✓B,D⇤`, �m, p`) distributions in the e mode (left) and µ mode (right). The bin boundaries

are discussed in the text. The points with error bars on-resonance data. Where not shown, the uncertainties are smaller than

the black markers. The histograms are, top to bottom, the signal component, B ! D ⇤ ⇤`⌫ background, signal correlated

background, uncorrelated background, fake ` component, fake D⇤
component and continuum background.

and Rij is the detector response matrix (the probability390

that an event generated in bin j is observed in bin i).391

N
bkg
i is the number of expected background events as392

constrained from the total background yield fit.393

In the nominal fit we use the following �
2 function394

based on a forward folding approach:395

�
2 =

X

i,j

�
N

obs
i � N

exp
i

�
C

�1
ij

�
N

obs
j � N

exp
j

�
, (19)396

where N
obs
i are the number of events observed in bin i of397

our data sample, and C
�1
ij is the inverse of the covariance398

matrix. The covariance matrix is the variance-covariance399

matrix whose diagonal elements are the variances and the400

o↵-diagonal elements are the covariance of the elements401

from the i
th and j

th positions. The covariance is calcu-402

lated for each pair of bins in either w, cos ✓`, cos ✓V and403

�. The o↵-diagonal elements are calculated as,404

Cij = Npij � Npipj 8i 6= j (20)405

where pij is the relative probability of the two-406

dimensional histograms between observable pairs, pi and407

pj are the relative probabilities of the one dimensional408

histograms of each observable, and N is the total size of409

the sample. The diagonal elements are the variances of410
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the black markers. The histograms are, top to bottom, the signal component, B ! D ⇤ ⇤`⌫ background, signal correlated

background, uncorrelated background, fake ` component, fake D⇤
component and continuum background.
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arXiv:1809.03290 ,
submitted to PRD

• Measure |Vcb| using Belle 711fb-1.

• Signal Selection using 
• 3D - Binned Maximum Likelihood fit of
• (cosθΒ,D*l) 
• ΔM = mass (D*-D0)
• lepton momentum

• Float Signal & Backgrounds components from MC to extract 
background yields

�14
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Belle B0 ® D*- l+ n untagged [arXiv:1809.03290] subm.to PRD
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FIG. 5. Results of the fit with the CLN form factor parameterisation. The results from the SVD1 and SVD2 samples are

added together. The electron modes are on the left and muon modes on the right. The points with error bars are the on-

resonance data. Where not shown, the uncertainties are smaller than the black markers. The histograms are, top to bottom,

the signal component, B ! D⇤⇤
background, signal correlated background, uncorrelated background, fake ` component, fake

D⇤
component and continuum.

• The tracking e�ciency corrections for low momen-473

tum tracks vary with track pT, as do the relative474

uncertainties. We conservatively treat the uncer-475

tainties in each slow pion pT bin to be fully corre-476

lated.477

• The lepton identification e�ciencies are varied ac-478

cording to their respective uncertainties, which479

are dominated by contributions that are correlated480
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cording to their respective uncertainties, which479

are dominated by contributions that are correlated480

FPCP2019 Eiasha WAHEED �15

FF parameters and |Vcb| from CLN
Simultaneous fit of 1D projections of w, cosθl, cosθv, Χ to extract ρ2, R1(1), 
R2(1) and F(1)|Vcb| 

w cosθl

cosθv �

9

TABLE V. Fit Results for the four sub-samples in the CLN parameterisation.

SVD1(e) SVD1(µ) SVD2 (e) SVD2 (µ)

⇢2
1.165 ± 0.099 1.165 ± 0.102 1.087 ± 0.046 1.095 ± 0.051

R1(1) 1.326 ± 0.106 1.336 ± 0.102 1.117 ± 0.040 1.289 ± 0.048

R2(1) 0.767 ± 0.073 0.777 ± 0.074 0.861 ± 0.030 0.882 ± 0.034

F(1)|Vcb|⌘EW ⇥ 10
3

34.66 ± 0.48 35.01 ± 0.50 35.25 ± 0.23 34.98 ± 0.24

�2
/ndf 35/36 36/36 44/36 43/36

p-value 0.52 0.47 0.17 0.20

B.F [%] 4.84 ± 0.06 4.91 ± 0.06 4.88 ± 0.03 4.82 ± 0.03

TABLE VI. Fit Results for the four sub-samples in the BGL parameterisation where the following parameters are floated:ãf
0 ,

ãf
1 , ã

F1
1 , ãF1

2 , ãg
0 ⇥ 10

2
.

SVD1(e) SVD1(µ) SVD2 (e) SVD2 (µ)

F(1)|Vcb|⌘EW ⇥ 10
3

38.82 ± 0.86 39.16 ± 0.91 39.29 ± 0.39 38.74± 0.42

�2
/ndf 36/35 35/35 44/3 44/35

p-value 0.42 0.47 0.14 0.14

across all bins in plab and ✓lab.481

• The results from the background normalisation fit482

are varied within their fitted uncertainties. We take483

into account finite correlations between the fit re-484

sults of each component.485

• The uncertainty of the decays B̄ ! D
⇤⇤

`
�

⌫̄`486

are twofold: the indeterminate composition of487

each D
⇤⇤ state and the uncertainty in the form-488

factor parameters used for the MC sample pro-489

duction. The composition uncertainty is estimated490

based on uncertainties of the branching fractions:491

±6% for B̄ ! D1(! D
⇤
⇡)`⌫̄`, ±12% for B̄ !492

D
⇤
2(! D

⇤
⇡)`⌫̄`, ±24% for B̄ ! D

0
1(! D

⇤
⇡⇡)`⌫̄`493

and ±17% for B̄ ! D
⇤
0(! D

⇤
⇡)`⌫̄`. If the494

experimentally-measured branching fractions are495

not applicable, we vary the branching fractions con-496

tinuously from 0% to 200% in the MC expectation.497

We estimate an uncertainty arising from the LLSW498

model parameters by changing the correction fac-499

tors within the parameter uncertainties.500

• The relative number of B
0
B̄

0 meson pairs com-501

pared to B
+
B

� collected by Belle has a small un-502

certainty and a↵ects only the relative composition503

of cross-feed signal events from B
+ and B

0 decays504

• Charged hadron particle identification is deter-505

mined with data using D
⇤ tagged charm decays.506

The uncertainties that only a↵ect the overall normalisa-507

tion are: tracking e�ciency for high momentum tracks,508

the branching ratios B(D⇤+
! D

0
⇡
+), and B(D0

!509

K
�

⇡
+), the total number of ⌥(4S) events in the sam-510

ple, and the B
0 lifetime.511

The breakdown of the systematic uncertainties in the512

CLN fit is given in Table VII.513

VIII. RESULTS514

The full results for the CLN fit are given below, where515

the first uncertainty is statistical, and the second system-516

atic.517

⇢
2 = 1.106 ± 0.031 ± 0.007518

R1(1) = 1.229 ± 0.028 ± 0.009519

R2(1) = 0.852 ± 0.021 ± 0.006520

B(B0
! D

⇤�
`
+
⌫`) = (4.86 ± 0.02 ± 0.15)%521

F (1)|Vcb|⌘EW ⇥ 103 = 35.06 ± 0.15 ± 0.54522

These results are consistent with, and more precise than523

those published in Refs. [4, 17–19]. We also present524

the results for the BGL fit, where the first uncertainty is525

statistical, and the second systematic.526

F (1)|Vcb|⌘EW ⇥ 103 = 39.01 ± 0.26 ± 0.60.527

These results are consistent with those based on a pre-528

liminary tagged approach by Belle [20], as performed in529

Refs. [14, 15]. Both sets of fits give acceptable �
2
/ndf:530

therefore the data does not discriminate between the pa-531

rameterisations. The result with the BGL paramterisa-532

tion has a larger fit uncertainty.533

Taking the value of F (1) = 0.906 ± 0.013 from Lattice534

QCD [21] and ⌘EW = 1.0066 from Ref. [13], we find the535

following values for |Vcb|: (38.70±0.17±0.60±0.56)⇥10�3
536

(CLN+LQCD) and (42.78 ± 0.29 ± 0.66 ± 0.62) ⇥ 10�3
537

(BGL+LQCD).538

We perform a lepton flavour universality (LFU) test539

by forming a ratio of the branching fractions of modes540

with electrons and muons. The corresponding value of541

this ratio is542

B(B0
! D

⇤�
e
+
⌫)

B(B0 ! D⇤�µ+⌫)
= 1.01 ± 0.01 ± 0.03,543
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D0 candidate vertices are selected if the ‰2 probability of the fit is greater than 10≠3 as

shown in Fig. 5.6. The reconstructed mass of the D0 is constrained to lie within a 3‡

range from the accepted PDG value as shown in the Fig. 5.7. The standard deviation

value is found to be 4.5 MeV/c2, as calculated using real data. For reconstruction of the
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Figure 5.7: Reconstructed D
0 mass distribution distribution and the dashed line

show 3‡ mass window.

Dú candidate, the D0 candidate is combined with a charged slow pion, fi+
s . This slow pion

is reconstructed with low e�ciency, due to its very low momentum and doesn’t need to

satisfy the impact parameter cuts or SVD hit requirement. To minimise the qq̄ continuum,

the centre-of-mass frame momentum of the Dú must be less then 2.45 GeV/c as shown in

Fig. 5.15. For final analysis signal selection, the mass di�erence (� M) between Dú and

D0 is required to lie between 0.144 and 0.147 GeV as shown in Fig. 5.8.
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TABLE VI. Fit results for the electron and muon sub-samples in the BGL parameterization where the following parameters
are floated: ãf

0 , ã
f
1 , ã

F1
1 , ãF1

2 , ãg
0 along with F(1)|Vcb|⌘EW (derived from ãf

0 ). The p-value corresponds to the �2/ndf using the
statistical errors only.

e µ

ãf
0 ⇥ 102 �0.0507 ± 0.0005 �0.0505 ± 0.0006

ãf
1 ⇥ 102 �0.0673 ± 0.0220 �0.0626 ± 0.0252

ãF1
1 ⇥ 102 �0.0292 ± 0.0086 �0.0247 ± 0.0096

ãF1
2 ⇥ 102 +0.3407 ± 0.1674 +0.3123 ± 0.1871

ãg
0 ⇥ 102 �0.0864 ± 0.0024 �0.0994 ± 0.0027

F(1)|Vcb|⌘EW ⇥ 103 35.01 ± 0.31 34.84 ± 0.35

�2/ndf 48/35 43/35

p-value 0.08 0.26

B(B0 ! D⇤�`+⌫`) [%] 4.91 ± 0.02 4.88 ± 0.03

TABLE VII. Statistical correlation matrix of the fit to the full
sample in the BGL parameterization.

ãf
0 ãf

1 ãF
1 ãF

2 ãg
0

ãf
0 +1.000 �0.790 �0.775 +0.669 �0.038

ãf
1 +1.000 +0.472 �0.411 �0.406

ãF
1 +1.000 �0.981 +0.071

ãF
2 +1.000 �0.057

ãg
0 +1.000

into 10 bins of equal width where the width of each dis-
tribution is equal to 0.05, 0.2, 0.2 and 2⇡

10 respectively.
The bins are labelled with a common index i where i

= 1,...,40. The bins i = 1,...,10 correspond to the 10
bins of w distribution with bin ranging from w = 1.0
to w = 1.50, i = 11,...,20 correspond to the 10 bins of
cos ✓` distribution with bin ranging from cos ✓` = �1.0 to
cos ✓` = +1.0, i = 21,...,30 correspond to the 10 bins of
cos ✓v distribution with bin ranging from cos ✓v = �1.0
to cos ✓v = +1.0 and i = 31,...,40 correspond to the 10
bins of � distribution with the bin ranging from � = �⇡

to � = ⇡.

The values of |Vcb| and the form factors extracted from
fits to these data are found to be compatible with the
nominal analysis approach used in this paper. The over-
all uncertainties may be slightly larger as non-linear cor-
relations of systematic uncertainties are not captured by
the covariance matrices.

IX. RESULTS

The full results for the CLN fit are given below, where
the first uncertainty is statistical, and the second system-

atic:

⇢
2 = 1.106 ± 0.031 ± 0.007, (24)

R1(1) = 1.229 ± 0.028 ± 0.009, (25)

R2(1) = 0.852 ± 0.021 ± 0.006, (26)

F(1)|Vcb|⌘EW ⇥ 103 = 35.06 ± 0.15 ± 0.56, (27)

B(B0
! D

⇤�
`
+
⌫`) = (4.90 ± 0.02 ± 0.16)%, (28)

where the first error is statistical and the second error
is systematic. The dominant systematic uncertainties
are the track reconstruction or the lepton ID uncertainty
which are correlated between di↵erent bins. These results
are consistent with, and more precise than, those pub-
lished in Refs. [7, 25–27]. We find the value of branching
fraction is insensitive to the choice of parameterization.
We also present the results from the BGL fit, where the
first uncertainty is statistical, and the second systematic.

ã
f
0 ⇥ 103 = �0.506 ± 0.004 ± 0.008, (29)

ã
f
1 ⇥ 103 = �0.65 ± 0.17 ± 0.09, (30)

ã
F1
1 ⇥ 103 = �0.270 ± 0.064 ± 0.023, (31)

ã
F1
2 ⇥ 103 = +3.27 ± 1.25 ± 0.45, (32)

ã
g
0 ⇥ 103 = �0.929 ± 0.018 ± 0.013, (33)

F(1)|Vcb|⌘EW ⇥ 103 = 34.93 ± 0.23 ± 0.59, (34)

B(B0
! D

⇤�
`
+
⌫`) = (4.90 ± 0.02 ± 0.16)%. (35)

These results are lower than those based on a prelim-
inary tagged approach by Belle [28], as performed in
Refs. [20, 21]. Both sets of fits give acceptable �

2
/ndf:

therefore the data do not discriminate between the pa-
rameterizations. The result with the BGL paramterisa-
tion is consistent with the CLN result but has a larger
fit uncertainty.

Taking the value of F(1) = 0.906 ± 0.013 from Lattice
QCD in Ref. [29] and ⌘EW = 1.0066 from Ref. [19], we
find the following values for |Vcb|: (38.4±0.2±0.6±0.6)⇥
10�3 (CLN+LQCD) and (38.3 ± 0.3 ± 0.7 ± 0.6) ⇥ 10�3

(BGL+LQCD). The errors correspond to the statistical,
systematic and lattice QCD uncertainties respectively.

• Consistent with CLN
• Differential data is provided 

F(1)|Vcb|ηEW x 103= 34.9 ± 0.2 ± 0.6

BGL: FF parameters and |Vcb|
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Summary B ® D*ln

10

|Vcb| x 103

Belle tagged 2018 37.4 +/- 1.2 arXiv:1702.01521

Belle untagged 2018 38.4 +/- 0.6 arXiv:1809.03290, subm. to PRD

HFLAV 2016 39.1 +/- 0.7 Eur.Phys.J. C77 (2017) 895

CLN

|Vcb| x 103

Belle tagged 2018 41.7 +/- 2.0 arXiv:1702.01521, PLB769 (2017) 441

Belle untagged 2018 38.3 +/- 0.8 arXiv:1809.03290, subm. to PRD

BaBar tagged 2019 38.4 +/- 0.9 arXiv:1903.10002, subm. to PRL

BGL

Recent data does not support the FF parameterization dependence of |Vcb| excl!!

Talk by 
Biplab Dey
yesterday



B ® Dln at Belle

• 711/fb of Belle Y(4S) data
• Full reconstruction of one B (hadronic tag)
• 10 D+ and 13 D0 modes are used on the signal side, covering 

28.9% and 40.1% of the width
• Signal extraction from M2

miss in 10 bins of w
• 16,992 +/- 192 signal events

(5150 +/- 95 neutral, 11,843 +/- 167 charged B events)

11

[R. Glattauer, CS, Phys. Rev. D93, 032006 (2016)]



Belle 2016: CLN vs. BGL fit with lattice data

12

CLN BGL

|Vcb| = ( 39.9 +/- 1.3 ) x 10-3 |Vcb| = ( 40.8 +/- 1.1 ) x 10-3

Vs.



|Vcb| from inclusive decays

• Based on the Operator Product Expansion (OPE)
• <Oi>: hadronic matrix elements (non-perturbative)

ci: coefficients (perturbative)
• Parton-hadron duality ® the hadronic ME depend only on the 

initial state

13

B ® Xln

Kinetic
[JHEP 1109 (2011) 055]

1S
[PRD70, 094017 (2004)]

O(1) mb, mc mb

O(1/m2
b) µ2

p, µ2
G l1, l2

O(1/m3
b) r3

D, r3
LS r1, t1-3



Moments of the El and M2
X spectrum

Also other observables in B à Xln can be expanded into an
OPE with the same heavy quark parameters, e.g.,

• The nth moment of the (truncated) lepton energy spectrum

• The nth moment of the (truncated) M2
X spectrum

14

Master plan:
•Measure the quark masses and heavy quark parameters using moments
• Substitute them in the formula of the semileptonic width
• Determine |Vcb| from the semileptonic branching fraction



Two sets of theoretical calculations

• “Kinetic running mass”
– P. Gambino, N. Uraltsev, Eur. Phys. J. C34, 181 (2004)
– P. Gambino, JHEP 1109 (2011) 055
– A. Alberti, P. Gambino, K.J. Healey, S. Nandi,

Phys. Rev. Lett. 114, 061802 (2015)
• “1S mass”
– C. Bauer, Z. Ligeti, M. Luke, A. Manohar, M. Trott, 

Phys. Rev. D70, 094017 (2004)
• Non-perturbative parameters in the 1/mb expansion

15

Kinetic 1S
O(1) mb, mc mb

O(1/m2
b) µ2

p, µ2
G l1, l2

O(1/m3
b) r3

D, r3
LS r1, t1-3



Data used in b ® c inclusive analyses

• 23 measurements from BaBar, 15 measurements from Belle,
12 from other experiments

• Newest measurement is from the year 2010!
16

BaBar <En
l>: n=0,1,2,3 [PRD 69, 111104 (2004), PRD 81, 032003 (2010)]

<M2n
X>: n=1,2, 3 [PRD 81, 032003 (2010)]

Belle <En
l>: n=0,1,2,3 [PRD 75, 032001 (2007)]

<M2n
X>: n=1,2 [PRD 75, 032005 (2007)]

CDF <M2n
X>: n=1,2 [PRD 71, 051103 (2005)]

CLEO <M2n
X>: n=1,2 [PRD 70, 032002 (2004)]

<En
g>: n=1 [PRL 87, 251807 (2001)]

DELPHI <En
l>: n=1,2,3

<M2n
X>: n=1,2 [EPJ C45, 35 (2006)]



Kinetic scheme analysis

• c quark mass constraints
• Average B lifetime: ( 1.579 +/- 0.004 ) ps 17
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● BaBar
■ Belle
▲ Other
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● BaBar
■ Belle
▲ Other



Outlook to Belle II – improved tagging

20

�6

Improved Tagging Algorithms

1807.08680

• > 5000 B decays modes reconstructed

• O(200) particle decay channels for training

• Output is candidate-wise signal probability

Talk by Lu Cao yesterday



Outlook to Belle II (2)

• |Vcb| exclusive

• |Vcb| inclusive
– Experimental correlations between input measurements 

(only partially accounted for in the current analysis)

21

K. Lieret @ CKM 2018

*



Summary and outlook

• After the excitement in 2017/2018, recent data for B ®
D*ln seem to indicate that there is no significant form 
FF parameterization dependence in the determination 
of |Vcb| exclusive
– |Vcb| exclusive fit values reported by Belle [arXiv:1809.03290] 

and BaBar [arXiv:1903.10002] are consistent with the 
previous HFLAV 2016 average

– The 2-3s-ish discrepancy with |Vcb| inclusive remains
• Experimental D(*)ln data does not constrain the FF 

slope around zero recoil well [arXiv:1905.08209]
® lattice input for D*ln at non-zero recoil needed

• New experimental input to the |Vcb| inclusive analysis 
might also provide insights   

22



Backup

23



Cabibbo-Kobayashi-Maskawa quark mixing

24

• The unitary Cabibbo-Kobayashi-
Maskawa (CKM) matrix transforms 
the flavour eigenstates into the 
physical quark states

• The CKM element magnitudes 
determine the possible quark flavour
transitions in charged current 
processes



CP violation

25

Wolfenstein parametrization of VCKM

• However, VCKM also contains a complex phase, responsible for 
all CP-violating phenomena in the SM

• CPV established ( >5s ) in 17 observables ( in K and B physics ) 
® extremely constrained system

• New physics would typically disturb the SM pattern of CPV



The CKM unitarity triangle

26

B ® Xln
CPV in B ®pp, rr, rp

CPV in B ® J/yKsB-/+ ® D(*)K(*)-/+
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1999 – 2010: B factory at KEK (Japan)

Linac

KEKB double
ring e+e- collider

e+e- ® Y(4S) ® BB

Belle detector



µ / KL detection
14/15 lyr. RPC+Fe

CsI(Tl)
16X0

Si vtx. det.
3(4) lyr. DSSD

SC solenoid
1.5T

8 GeV e-

3.5 GeV e+

Aerogel Cherenkov cnt.
n=1.015~1.030

Central Drift Chamber
small cell +He/C2H5

TOF counter

The Belle detector

28



About 771 million
e+e- ® BB events in 
the Belle data

Belle and BaBar luminosity 

29



B0 ® D*-l+n at Belle

• 711/fb of Belle Y(4S) data

• About 120,000 

reconstructed B0 ® D*-l+n
decays

• Fit in 40 bins of w, cos ql, qV

and c to obtain CLN F.F. 

parameters

• Dominant experimental 

systematics: tracking

30

[W. Dungel, CS, Phys. Rev. D 82, 112007 (2010)]



BaBar hadronic moments

• Fully reconstruct the 
hadronic decay of one B in 
Y(4S) à BB (efficiency
~0.4%, purity ~80%)

31

232M BB

PRD 81, 032003 (2010)

Btag

e/µ required
p(l) > 0.8 GeV/c

Y(4S)

Btag

Bsig

l

X

• Require one identified lepton amongst 
the signal-side particles (p > 0.8 GeV/c)

• Combine all remaining particles to the X 
system and do a kinematic fit
• 4-momentum conservation
• Missing mass consistent with zero mass 

neutrino



Moment measurement
• Hadronic mass spectrum 

after kinematic fit

32

232M BB
PRD 81, 032003 (2010)

• Linear correction of the measured 
moments in bins of X multiplicity, 
Emiss-cpmiss and lepton 
momentum

• Moments of the hadronic mass spectrum up to M6
X for Ecut

between 0.8 and 1.9 GeV are measured
• Also mixed mass-energy moments are determined and 

the electron energy moments from [PRD69, 111104] are re-
evaluated



Belle El and M2
X moments

• For both the El and M2
X measurements, similar 

experimental method using fully reconstructed events
• The finite detector resolution is unfolded with SVD 

algorithm [NIM A372, 469 (1996)]
• <En

e> measured for n=0,…,4 and Ecut=0.4-2.0 GeV
• <M2n

X> measured for n=1,2 and Ecut=0.7-1.9 GeV

33

PRD 75, 032001 (2007)
PRD 75, 032005 (2007)

152M BB

33



1S scheme analysis

• B quark mass constrained with B ® Xs g data

• Average B lifetime: ( 1.579 +/- 0.004 ) ps
34


