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|Vub| Determination
Limiting factor in CKM precision tests; known much less well than |Vcb|

CKM suppressed Vub~0.1xVcb- therefore harder to measure

The problem: b → clv decay

How can we suppress 50× larger background?
How can we reach 4% precision on |Vub|?

Vub: @8% precision, dominated by theoretical uncertainties

Measurement of Vxb
b x

Vxb

W
l

ν

! Measurement is very straightforward, use a relation

Γ(b → x!−ν̄) =
G2F
192π2

|Vxb|2m5b
(

1 +
)

! Only need to count the number of b→ x!−ν̄ events, however in reality
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 Cut away b → clv  Lose a part of the b → ulv signal

 We measure

Fraction of the signal that pass the cut

Requires the knowledge of the b quark’s motion inside the B meson

|Vub| Measurement

Total b → ulv rate

Cut-dependent
constant predicted

by theory

 Must be corrected for QCD

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

between all measurements/experiments!

 But we need the reasonable fraction (e.g., Eℓ > 2 GeV) of the rate.
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Detecting b → ulν

• Inclusive: Use mu << mc  difference in 
kinematics

• Maximum lepton energy 2.64 vs. 2.31 GeV
• First observations (1990) used this technique
• Only 6% of signal accessible

• Small theory error requires low Elepton cut
• Small BG uncertainty requires high Elepton cut
• Measure partial BR in a region where S/N is 

acceptable and that the width is reliably calculable. !"#$%"&''!
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• El cut

• Many techniques used:
• Endpoint, Improved Endpoint, Simulated Annealing, SF factorisation, Full 

Reconstruction tagging etc.
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Endpoint method

  

          Endpoint method – Signal extractionEndpoint method – Signal extraction
BelleCLEO

                   * Subtract offpeak data scaled to onpeak luminosity bin-by-bin

                   * Fit in low energy region to constrain B!X
c
l! BG on data:

  CLEO:
  B!X

u
l!,  B!Dl!+B!D*l! (ratio fixed) 

  B!D**l!, B!D(*)"l! (Goity & Roberts)

                   * Signal yield by subtracting MC BG scaled to scaling factors from fit       

  Belle:
  B!X

u
l!,  B!Dl!+B!D*l! (D/D* fixed) 

  B!D**l!    D**/D+D* fitted ((D
1
+D

2
)/D** fixed)
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b→c

Other background

signal

ΔBR x 10-4 |Vub| x 10--3

                %Δ( exp       -the.  + the.)

(PRL 88, 231803, 2002) Belle 27fb-1:Ee>1.9 GeV 8.47 ± 0.37stat ± 1.53sys 4.61(±9.3 + 5.0 - 6.7)

(PLB621, 28, 2005) BaBar: Ee > 2.0 GeV 5.72 ± 0.41(stat)±0.65(syst) 4.13(±5.6 + 5.6 - 8.2)

((PRD 73, 012006, 2006) CLEO: Ee > 2.0 GeV 4.22 ± 0.33stat ± 1.78sys 3.77(±12. + 6.9 - 10.)

Subtract offpeak data scaled to onpeak luminosity bin-by-bin.

Fit MC to data in low energy region to constrain B->Xc l v from data.

  

          Endpoint method – Signal extractionEndpoint method – Signal extraction

BABAR  

Simultaneous fit for non-BB, B!X
u
l!, B!Dl!, B!D*l!, B!D**l!, B!D(*)"l!, other BG  

  
                    in offpeak (shape) & in onpeak data (scaling factors) for E

e
=[1.1,3.5] GeV    

                                                                                                                   in bins of 50 MeV

                           Reduces stat. error, introduces systematic error (shape)

Large signal bin reduces 
sensitivity to signal shape
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          Endpoint method – Signal extractionEndpoint method – Signal extraction

BABAR  

Simultaneous fit for non-BB, B!X
u
l!, B!Dl!, B!D*l!, B!D**l!, B!D(*)"l!, other BG  

  
                    in offpeak (shape) & in onpeak data (scaling factors) for E

e
=[1.1,3.5] GeV    

                                                                                                                   in bins of 50 MeV

                           Reduces stat. error, introduces systematic error (shape)

Large signal bin reduces 
sensitivity to signal shape

~25 % acceptance
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          Improved Endpoint method – Principle Improved Endpoint method – Principle 

Principal ingredients (BABAR):

1) 

2) * track & neutral selection
    * Only one high energetic lepton
    * 

3) Signal region: E
l
* & s

h
max  => B!X

c
l! suppression

    core         /q2 - resolution: 0.32 GeV/2.5 GeV2 

    * dominated by particle losses
    * complicated by K

L
, split-offs, etc.

sh
max"mB

2#q2$2mB%El&-#q2&+ '4 Ee ( ,) 2 Ee*) +q2&
)

sh
max"mB

2#q2$2mB+q2 , otherwise

!-reconstruction required  

Maximally allowed hadronic mass for given E
l
 & q2 can be determined: 

&)"+%1) ,('%1 - ,(

,.0.06

sh
max"mD

2

p/"pmiss"%Emiss ,0pmiss (1%20pmiss2, 0pmiss(

20pmiss2, Emiss$20pmiss2, cos3miss , cos3thrust , e

20pmiss2

Possible alternative: Frank & Kerstin Tackmann (Sunday session)

B!X
c
l! 
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gion and the yield in the sideband region in simulated
events and 2NBB is the number of B mesons produced
from Υ (4S) → BB decays. Since the resulting ratio of
ε sig/ε sig is small, ∆B depends only weakly on the model
used to determine fu.

Fig. 2 shows the electron energy and smax
h distributions

after cuts have been applied to all variables except the
one being displayed. The discrepancy observed between
data and MC for Ee < 1.95 GeV is covered by the sys-
tematic error on the B → Xceν modeling. The yields
and efficiencies are given in Table I. We find

∆B(2.0, 3.5) = (4.41 ± 0.42 ± 0.42)× 10−4 (2)

where the uncertainties are statistical and systematic, re-
spectively. Alternative values of ∆B are obtained using
different electron energy requirements: ∆B(1.9, 3.5) =
(5.29 ± 0.44 ± 0.72) × 10−4 and ∆B(2.1, 3.5) = (3.68 ±
0.43 ± 0.36)× 10−4.
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FIG. 2: The electron energy, Ee, and smax
h spectra in the

Υ (4S) frame for continuum-subtracted data and simulated
BB events satisfying all selection requirements except for the
variable shown. The arrows denote the signal (and sideband)
region in Ee and smax

h . Note that Ẽe != Ee (see text).

Systematic uncertainties are assigned for the modeling
of the signal B → Xueν decays, background and detector
response. The leading sources of uncertainty are listed in
Table II. Uncertainties from the simulation of charged
particle tracking, neutral reconstruction, charged par-
ticle identification, and the energy deposition by K0

L

were evaluated from studies comparing data and simula-
tion. Radiation in the decay process was simulated using

TABLE I: Yields and efficiencies from data and simulation.
All uncertainties are statistical except for N

BB
where system-

atics are included. Efficiencies are quoted in units of 10−4.

Ncand Nside εdata
Deν N

BB
(106)

5130 ± 150 6152 ± 130 902 ± 39 88.35 ± 0.97
Mbkg Mside εMC

Deν ε sig ε sig fu

3176 ± 35 6423 ± 49 906 ± 19 256 ± 3 2.7 ± 0.2 0.174

PHOTOS [12]; comparisons with the analytical result of
Ref. [13] were used to assess the systematic uncertainty.
The uncertainty due to bremsstrahlung in the detector
was evaluated using the method of Ref. [11]. The uncer-
tainty in modeling the background was first evaluated by
varying the total B → Xceν, B → Deν and B → D∗eν
rates within their measured range. Furthermore, the
form factors for B → Deν [14] and B → D∗eν [15] were
varied within their uncertainties, and the composition of
the D∗∗ states was modified to include only narrow reso-
nances, broad resonances, or Goity-Roberts decays [16];
the effect of these variations is reduced by the fit to the
Deν control sample. The modeling of D decays was var-
ied based on the measurements reported in Ref. [17]; the
variation in the D → K0

L
X branching fractions domi-

nates the uncertainty. The modeling of B → Xueν de-
cays is sensitive to the resonance structure at low mass.
The branching fractions of B → (π, ρ, ω, η, η′)eν were
varied as follows: π: ±30%; ρ: ±30%; ω: ±40%; simul-
taneously η and η′: ±100%.

TABLE II: Uncertainties on |Vub| and ∆B.

Source σ(|Vub|)/|Vub| (%) σ(∆B)/∆B (%)

Tracking ±0.8 ±1.5
Neutrals ±1.7 ±3.4
Electron ID ±0.5 ±1.0
Hadron ID ±1.0 ±2.0
Bremsstrahlung ±1.0 ±2.0
K0

L ±1.3 ±2.6
N

BB
±0.6 ±1.1

Radiation ±1.9 ±3.8
B → Xceν modeling ±2.5 ±5.0
B → Xueν resonances ±2.2 ±4.4
Statistical ±4.7 ±9.3
Total experimental ±6.7 ±13.3
Heavy quark parameters +14.6

−10.6 ±1.5
Theoretical ±6.3

We extract |Vub| = [∆B/(∆ζ τB)]1/2 using τB =
1.604 ± 0.023 ps [17]. The normalized partial rate, ∆ζ,
computed in units of ∆Γ/|Vub|2, is taken from Ref. [18],
in which the leading terms in the HQE of the B →
Xueν spectra are computed at next-to-leading order, and
power corrections are included at O(αS) for the lead-
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BaBar (PRL 95, 111801, 2005
PRL 97, 019903 (2006) Err.)
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Summary of Endpoint methods
El cut

Integrated 
Luminosities (fb-1)

Uncertainties on BF (%)

Method onpeak offpeak El > 2.1 GeV El > 2.3 GeV

Stat Sys Stat Sys

El CLEO (PRL 88, 231803, 2002) 2.0 9.1 4.3 7.0 22.3 7.0 9.1

Belle (PLB621, 28, 2005) 1.9 27 8.8 5.3 12.7 8.5 5.9

BaBar (PRD 73, 012006, 2006) 2.1 80 9.5 5.7 9.4 4.1 6.9

El-q2
BaBar (PRL 95, 111801, 2005
PRL 97, 019903 (2006) Err.) 2.0 81 9.6

9.3 (>2.0 
GeV)

9.6 (>2.0 
GeV)

‣Current data sets from Belle and BaBar have low offpeak/onpeak ratios.
‣Prospect for stat. error <2.5% by relaxing continuum suppression techniques.
‣B->Xc l v systematics have improved significantly over 5 years.

Systematics D-> Xs l nu B → cl v

Select non-BB FSR/Brem KL Neutral B → Xu l v D-> e, mu D->KL FF Excl BR

El 6.8 2.4 1.0 - 1.1 <0.5 - 2.4 2.8

El-q2 - - 3.8 2.0 3.4 4.4 2.1 4.5 0.3 2.0

Errors in % ΔBR
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B meson “beam” method

q2 = lepton-neutrino mass squared

mX = hadron system mass (all 
remaining particles)

El = lepton energy (in B rest frame)

b→u

b→c

b→u

b→c

b→u
b→c

N
ot

 t
o 

sc
al

e!

Best access to kinematics with B meson “beam”

41

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

P+ = EX -|PX| (PX = pbeam-pBtag-pl-pν)

b→u

b→c
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tag - charge - momentum 

high purity, 
low efficiency
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EPS Lisboa July 21-27 2005 Antonio Limosani KEK Slide 10

Selection Criteria

1.SIGNAL SIDE

• Reconstruct high momentum lepton

• No strangeness

2.EVENT LEVEL

3.Obtain signal yields by fitting Mbc

distribution in bins of  P+, Mx, q
2

4. Fit to P+, Mx, q
2 distribution with

signal and background and extract

background yield

5. Measure relative branching fraction to

reduce systematics

Measurement technique
1. Signal side

Reconstruct high momentum lepton

plepCMS > 1 GeV/c

No strangeness 

N(K±, K0S) = 0 (KL cut used by Belle 2005)

2. Event Level

ΣQ=0,

Q(Breco+) x Q(lep) = -1

Mmiss, etc.

3. Fit Mbc in bins of P+, Mx, q2

4. Fit to P+, Mx, q2  with various background and 
signal floated to determine background yield.

5. Measure relative BR to control systematics
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Belle tagged method
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|Vub| x 10--3

                %Δ( stat.      sys.        sf.       th. ) Δ|Vub|

mX < 1.7 4.70( ±5.1±6.0±4.2±5.1) 10%

 mX < 1.7, q2 > 8 4.09( ±4.6±4.9±4.4±3.7) 9%

P+<0.66 4.19( ±4.8±7.2±5.7±3.3) 11%

PRL .95:241801 (2005)

q2/Mx

Mx P+

253 fb-1

BLNP

~40-60 % acceptance
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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

We would like to thank the many theorists with whom 193

we have had valuable discussions, in particular J.R. An- 194

dersen, E. Gardi, B. Lange, Z. Ligeti, M. Neubert and 195

G. Paz. We are grateful for the excellent luminosity and 196

machine conditions provided by our PEP-II colleagues, 197

and for the substantial dedicated effort from the com- 198

puting organizations that support BABAR. The collab- 199

Babar tagged method

B → Xu l n
B → Xc l n 

(bkgd)
B → Xu l n 

(outside selected 
region)

Background subtracted

347 fb-1

Mx P+

q2

PRL 100, 171802 (2008)

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 ( ± 3.7 ± 3.0 ± 7.0) BLNP

4.56 ( ± 3.7 ± 3.0 ± 7.0) DGE

P+<0.66 GeV/c2 0.95 ± 0.10 ± 0.08 ± 0.01
3.88 ( ± 4.9 ± 4.1 ± 7.2) BLNP

3.99 ( ± 4.9 ± 4.1 ± 6.0) DGE

MX<1.7 GeV/c2 & 
q2>8.0 GeV2/c2 0.81 ± 0.08 ± 0.07 ± 0.02

4.57 ( ± 5.0 ± 4.2 ± 4.6) BLNP

4.64 ( ± 5.0 ± 4.2 ± 5.4) DGE

4.93 ( ± 5.0 ± 4.2 ± 7.3) BLL

~40-60 % acceptance
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Mass moments related to mb, with mX2 < 6.4 GeV2
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Belle Multivariate analysis (NEW @ CKM2008) 1/2

13

1. Signal side: Reconstruct high momentum lepton: plepB* > 1 
GeV/c

2. Event Level: Q(Breco+) x Q(lep) = -1

3. BDT cut with many input par’s: Mmiss2, dZ, dr, Qtotal, Qlepton, 
Nlepton, Q(B), D* partial reco etc.....   

The irreducible uncertainties in the measurements to date are related to limited phase space.

Solution: exploit the many non-linear correlations between kinematic and event variables available in B-
beam sample that separate b→u and b→c. 

Table 4: Neutral cluster selection. The cluster energy cuts applied in the different parts of the
detector.

17◦ < θ < 32◦ 32◦ < θ < 130◦ 130◦ < θ < 150◦

Eγ > 100 MeV > 50 MeV > 150 MeV

removed from prompt semileptonic candidates on the basis of the invariant mass they form
combined with oppositely charged leptons (m!!) and with an additional photon in the case
of Dalitz decays with electrons (meeγ). We reject leptons if m!! lies within ±4.9 MeV/c2 of
the nominal J/ψ mass, mee below 100 MeV/c2 or meeγ within ±32 MeV/c2 of the nominal π0

mass.

5 Event selection

We keep events with 5.27 GeV/c2 < Mbc < 5.29 GeV/c2, |∆E| < 0.05 GeV, and χ2
B < 10.

With respect to the |Vcb| analyses, a χ2
B constraint has been included, and the ∆E selection is

tighter to address the higher background from continuum events.
The number of B+ and B0 candidates in the signal region (Ntag), after continuum and

combinatorial background1 subtraction, are 688669 ± 4362 and 478660 ± 3203, respectively.
The errors are statistical only. The subtraction of these backgrounds is described earlier. See
Fig. 3 for the corresponding Mbc distributions.
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Figure 3: Beam energy constrained mass (Mbc) distributions for charged (left) and neutral
(right) B decays after subtraction of the continuum background (C. F. stands for cross feed,
and M. R. stands for misreconstruction).

1This is the background from incorrect reconstruction or tagging of the tagged B.
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Boosted decision tree based selection, use ~20 event 
parameters from the full reconstruction sample.

No need to place stringent, hard cuts that result in zero efficiency!

4. Combinatorial estimated from MC, normalisation  from 
sideband region. (same approach as Vcb moments analyses)

5. 2D fit to Mx, q2  with backgrounds and signal floated to 
determine background yield.

6. Measure absolute rate. B
el

le
 P

re
lim

in
ar

y 
C

K
M

20
08
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Belle Preliminary CKM2008

2D fit in q2 mx. (projections shown)

Kinematic 
Region

B(B→Xulν) x 10-3 mb |Vub| (10-3) % error
Theory

       Δ( stat.      sys.)

Plepton > 1.0 
GeV 1.96 x (1 ± 0.088 ± 0.076)

(kinetic) 4.613 GeV, 
mupi=0.440 GeV2 4.42 (± 3.1 ± 5.1) GGOU (thanks P. 

Giordano)

(MSbar)  4.243 GeV 4.47 (± 6.7) DGE (thanks E. Gardi)

~90✝ % total phase space, thus theory error less correlated to other Vub determinations

604 fb-1

Belle Multivariate analysis (NEW @ CKM2008) 2/2

PreliminaCKM2008
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stat sys. MC stat detector/other B → Xu l v B → cl v

Pl>1.0 GeV Det. Mbc/ES SF Excl ss Inc. FF Excl BR

PRL 100, 
171802 (2008)

Mx/q2 8.0 7 4.3 3.8 5.2 2.4 2.7 1.0 1.2 0.6 0.8

Mx 9.0 7 3.2 1.9 3.7 0.9 2.1 1.6 0.9 0.2 0.4

P+ 10.0 8 4.6 3.9 4.0 1.3 2.2 1.5 2.8 0.4 0.7

Phys.Rev.Lett.
95:241801 
(2005)

Mx/q2 10.0 8.9 8.9 6.2 5.3

Mx 9.1 7.1 7.1 6.1 2.2

P+ 9.4 9.3 9.3 6.4 8.7

Belle Preliminary 
CKM2008 BDT 8.8 7.6 4.8 3.6 4.0 1.5 1.7

•Detector effects are better understood and no longer dominate.
•Selection often involves complex fitting techniques (mES)

•more data improves fit convergence in mES method.
•more data will mean more detail in q2/MX/P+ to account for!

•Dominant systematics are in the modelling of signal and background contributions
•b->u l v (resonances, non-resonant contributions)
•b->c l v (D, D*, D** very small)
•Continuum error large in q2/MX/P+ analyses.

KL cut powerful (used in Belle 
MX/P+/q2 analysis) but 
modelling/understanding needs 
huge improvments.

Tagged method Uncertainty Breakdown
Errors in % ΔBR

15
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E. Barberio

Weak anihilation

39

Different BR between 

B+ and B0

b

u

soft

B

!p (GeV) !B(B) 104
!B(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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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
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• Small contribution  to  B → Xu l v decays
• Introduces difference between B0 and B+ decays.
• Tag with partial reconstructed  B0 → D*+ l v
• Neutrino mass from mv2=(PB-PD-Pl)2

• Compare B0 partial rate to B+ averaged rate over large Pl 
region (to enhance the WA contribution) PRD73, 012006 
(2006)
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FIG. 4: The extracted photon energy spectrum of B → Xs,dγ.
The two error bars show the statistical and total errors.
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Shape Function

Shape Function needs to be determined from experimental data.

Theory doesn’t work everywhere in the phase space →
re-sum turn non-perturbative terms 

We can determine mean and width of shape function. 

alternatives: cut out SF region, or factorise out the SF

• Fit the b → sγ spectrum to constrain the shape function
• b-quark: mass and kinetic energy from b → clv and b → 

sγ  decays
• Plug the SF into the b → ulv spectrum calculations
• Ready to extract |Vub|

Theory calculation for SF >= 2-loop.

17
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LLR
LNP

Graph

SF independent analyses
Exploit the assumption that the leading shape functions are the 
same for all b→q transitions.

Uncertainties due to non-perturbative power corrections 
increase rapidly near the kinematic end point (not included 
in LLR).
The results agree with analyses that rely on an assumed 
shape function form.
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Use lepton endpoint spectrum (BaBar)

LLR

LNP
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 Inclusive |Vub|
mb(kin) = 4.601 ± 0.034 GeV HFAG mb (MSbar) = 4.243 ± 0.042 GeV

GGOU DGE

no systematic difference between tagged and untagged results

HFAG

belle BDT prelim. belle BDT prelim

19
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 Inclusive |Vub| Error Breakdown
BLNP DGE GGOU

+8.2 -7.2 +5.7 -4.7 +6.3 - 7.0

Statistical 2.1 2.2 2.2

Experimental Systematics 2.3 2.1 2.2

b->c l v model 1.3 1.2 1.3

b->u l v model 1.4 1.3 1.5

HQ parameters/non. pert 5.7 +4.0 - 2.7 3.9

SF + Sub. SF 2.4

matching 3.7

Weak Annihilation 1.6 1.5 +0.0 -3.1

DGE theory +1.2 -0.5

Rcut +0.7 -0.3

q2 tail model 2.6

Higher order parameters +1.3 -0.6

More data (ab-1) for better background 
suppression, more off-res in endpoint.

B Beam

Reduced significantly in tagged meas.

Exclusive B→ρ/ω/η lν recently 
dominate

Most theory uncertainties can be 
reduced significantly if we increase 
the measured phase space. 

The power dependence of mb and 
related theoretical uncertainties 
scale inversely with phase space 
coverage.

what can improve?

HQE/|Vcb| fits/ Y(1S) (hit 
theory and  expt. wall!)

20
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OPE based + SF

‣BLNP: HQE with systematic introduction of SF
PRD71:073006 (2005)

‣BLL: phase space in mx-q2 with reduced SF
PRD64:113004 (2001)

‣GGOU: kinetic scheme
JHEP 10(2007) 058

‣LNP (LLR): b→sγ directly related to b→ u l ν 
JHEP 0510:084 ( PLB 486:86 )

No SF introduced ➢ model non-perturbative QCD

‣DGE: Dressed Gluon Exponentiation
JHEP 0601:097 (2006)

‣ADFR: Analytic coupling
PRD74:03400(4,5,6) (2006)

Comparison of |Vub| extraction

21
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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

22
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 Conclusions
Untagged methods
Endpoint:
Goal: lower lepton energy cut to reduce theoretical uncertainty

Will require improved knowledge of charmed semileptonic background.
Stat. error will be relatively small if we have enough off-resonance data.

Improved Endpoint:
Prospects for reducing systematics, phase space cuts can be relaxed
Gain from relaxing Shmax , however, there is fast BG increase

Tagged Methods
Full Reconstruction:
Better knowledge of exclusive states crucial. 
Data has become quite sensitive to the underlying hybrid model MC (though HQ parameters have become 
better known with charmed semileptonic decays).
Novel BDT approach by Belle promises to reduce phase space dependent uncertainties.

Overall
Novel approaches eliminating SF dependence agree with SF, and QCD Model results.
WA tied down.
Inclusive Vub ~8% error shared between theoretical and experimental. Static in the past 2 years. 

Why? |Vub| theory errors are highly correlated.
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