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• UTA within the SM

• relying on theoretical calculations 
of hadronic matrix elements
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Fig. 3: Regions corresponding to 95% probability for the CKM parameters ρ̄ and η̄ selected by different con-
straints, assuming present central values with present errors (left) or with errors expected at a SFF tuning central
values to have compatible constraints (right).

3 Phenomenological Impact
The power of a SFF to observe NP and to determine the CKM parameters precisely is manifold. In
the following, we present a few highlights of the phenomenological impact (for more detailed analyses
see [1, 2, 4–6]).

Precise Determination of CKM Parameters in the SM:Most of the measurements described in the
previous section can be used to select a region in the ρ–η plane as shown in Figure 3. The corresponding
numerical results are given in Table 2. The results indicate that a precision of a fraction of a percent can
be reached, significantly improving the current situation, and providing a generic test of the presence of
NP at that level of precision. Note that in the right plot of Figure 3 - where the expected precision offered
by a SFF is used - the validity of the SM is assumed, so the compatibility of all constraints is put in by
hand. In contrast, in Figure 4 we assume that all results take the central values of their current world
averages with the expected precision of a SFF. In this case, the hints of discrepancies present in today’s
data have evolved into fully fledged NP discoveries.

Table 2: Uncertainties of the CKM parameters obtained from the Standard Model fit using the experimental and
theoretical information available today (left) and at the time of a SFF (right). The precision corresponds to the
plots in Figures 3 and 4.

Parameter SM Fit today SM Fit at a SFF
ρ 0.163 ± 0.028 ±0.0028
η 0.344 ± 0.016 ±0.0024
α (◦) 92.7 ± 4.2 ±0.45
β (◦) 22.2 ± 0.9 ±0.17
γ (◦) 64.6 ± 4.2 ±0.38

Of course, many of the measurements used for the SM determination of ρ–η can be affected by
the presence of NP. Thus, unambiguous NP searches require a determination of ρ and η in the presence
of arbitrary NP contributions, which can be done using ∆F = 2 processes.
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Motivation: CKM 
Unitarity Analysis

• UTA within the SM

• relying on theoretical calculations 
of hadronic matrix elements

• Projected Super Flavour Factory 
sensitivity

• Vub (exclusive): 3-5%
• Vub (inclusive): 2-6%

T. Browder et al.
0710.3799
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Status of B → Xu l ν    

• Inclusive determination of Vub using 
OPE and HQE

• Expansion in αs and 1/mb

• Present precision around 6-7%

• however 15% tension with UTA

• dominant source of theoretical 
uncertainty due to shape-function 
modeling (kinematical cuts)

• A fully inclusive analysis would carry 
a tiny 2-3% theoretical error

Lange et al. 
[hep-ph/0504071]

Andersen and Gardi
[hep-ph/0509360]

Gambino et al.
[arXiv:0707.2493]

Aglietti et al.
[arXiv:0711.0860]

Bauer et al.
[hep-ph/0107074]

Antonelli et al. 
0907.5386
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Status of B → Xu l ν    

• At 1/mb3 leading spectator effects due to dimension 6 four quark 
operators (WA contributions)

• 16π2 phase space enhanced compared to LO & NLO 
contributions*

• Affect both the total rate and spectra (expected to populate the 
q2 / lepton energy endpoint region)

• Cannot be extracted from inclusive B→Xc lν analysis

• Nor completely from comparing B+ and B0 decay modes

• Difficult to study non-perturbatively

Not present at dim=7* 
[Dassinger et al. 
hep-ph/0611168]

Bigi & Uraltsev
hep-ph/9310285

Dikeman & Uraltsev
hep-ph/9703437

Bigi et al.
hep-ph/9706520

D. Becirevic
hep-ph/0110124

D. Becirevic et al.
0804.1750

Uraltsev
hep-ph/9905520

Voloshin
hep-ph/0106040

Existing estimates spread between 3-10%



Inclusive Semileptonic Charm Decays

• Recently determined experimentally

• Similar results for muons 

• Very recently results also for Ds decays

• Including spectra

N. E. Adam et al.
[CLEO]
hep-ex/0604044

M. Ablikim et al.
[BES]
arXiv:0804.1454

Asner et al.
[CLEO]
0912.4232
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Electron Spectra
• Unfold true electron spectrum from !, K & e spectra using 

PID efficiency matrix binned in momentum
o Matrix accounts for smearing from finite momentum resolution

• Subtract backgrounds ("#ee, !0#"ee) using wrong sign 
candidates (9% correction for D0)
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FIG. 3 (color online). Inclusive laboratory frame electron spectra obtained from data, shown as points with statistical uncertainties.
The vertical dashed lines indicate the PID momentum cutoff at 200 MeV. Extrapolated spectra are shown as solid curves. The dashed
curve in the Dþ

s spectrum plot is the expected contribution from !þ ! eþ"e !"! from leptonic Dþ
s ! !þ"! decay.

TABLE III. Summary of DTyields, statistical uncertainties, and correction procedure explained in Sec. IV. PID yields (Sec. IVA) for
electron candidates (b ¼ e) are shown in the first group for tag signal region (S), tag sideband region (B), right-sign (R), and wrong-
sign (W) bins, where the yields in the sideband region are scaled by the tag sideband scaling factor (Table II) for each tag mode. PID
unfolded (Sec. IVB) electron yields (a ¼ e) are shown in the second group. Tag sideband subtracted (Sec. IVC) electron yields are
shown in the third group, followed by the wrong-sign subtracted yield (Sec. IVD), tracking efficiency-corrected yield (Sec. IVE), and
remaining tag bias (Sec. IV F) or DCSD (Sec. IVG) corrected yield.

D0 Dþ Dþ
s

PID yield, electron candidates
yðb ¼ e; S; RÞ 6618:0% 81:4 24 834:0% 157:6 553:0% 23:5
yðb ¼ e; B; RÞ 41:6% 6:7 332:4% 19:2 24:5% 4:9
yðb ¼ e; S;WÞ 653:0% 25:6 711:0% 26:7 50:0% 7:1
yðb ¼ e; B;WÞ 19:2% 4:5 55:2% 7:8 9:8% 3:1

PID unfolded yield, electrons
yða ¼ e; S; RÞ 7292:4% 90:7 27 304:5% 174:8 608:9% 26:4
yða ¼ e; B; RÞ 47:1% 7:7 370:4% 21:7 27:7% 5:6
yða ¼ e; S;WÞ 682:4% 31:4 812:8% 33:8 56:7% 8:6
yða ¼ e; B;WÞ 21:3% 5:3 65:2% 9:8 11:7% 3:4

Tag sideband subtracted electrons
yða ¼ e; RÞ 7245:3% 91:0 26 934:1% 176:2 581:2% 27:0
yða ¼ e;WÞ 661:1% 31:9 747:6% 35:2 44:9% 9:2

Wrong-sign subtracted electrons 6584:2% 96:4 26 186:5% 179:6 536:3% 28:5
Tracking efficiency-corrected electrons 8361:0% 123:0 33 182:0% 228:2 681:3% 36:4
Tag bias (and DCSD) corrected electrons 8450:8% 124:3 33 125:6% 227:9 676:6% 36:2

TABLE IV. Summary of semileptonic branching fractions. Here Btrunc is the partial branching fraction above 200 MeV, BðeþXÞ is
the extrapolated full branching fraction, andBðXeþ"eÞ is the semileptonic branching fraction after ! ! e correction (forDþ andDþ

s ).
First uncertainties are statistical and the second are systematic due to uncertainties in BðDþ ! !þ"#Þ [27], BðDþ

s ! !þ"!Þ [25,26],
and Bð!þ ! eþ"e !"!Þ [17].

Tag mode BtruncðeþXÞ (%) BðeþXÞ (%) BðXeþ"eÞ (%)

!D0 ! Kþ$& 5:958% 0:084 6:460% 0:091 6:460% 0:091
D& ! Kþ$&$& 14:863% 0:092 16:147% 0:100 16:129% 0:100% 0:000
D&

s ! %$& 7:002% 0:361 7:525% 0:387 6:522% 0:387% 0:079

D.M. ASNER et al. PHYSICAL REVIEW D 81, 052007 (2010)

052007-6

curve used for extrapolation
dashed = Ds!"#,"!e##

8450 33125 677

PRD 81 052007 (2010)
CLEO-c 818+602 pb-1

B(D+ → Xeν) = (16.13± 0.20± 0.33)%
B(D0 → Xeν) = (6.46± 0.17± 0.13)%

B(Ds → Xeν) = (6.52± 0.39± 0.15)%



• Ratio of Ds and D0 rates shows significant [17(6)%] deviation from unity

• Signs of WA in Ds decays?

• How to disentangle from possible SU(3) violation?

Inclusive Semileptonic Charm Decays

Asner et al.
[CLEO]
0912.4232

Γ(D+ → Xe+ν)/Γ(D0 → Xe+ν) = 0.985(28) ,

Γ(D+
s → Xe+ν)/Γ(D0 → Xe+ν) = 0.828(57)



SU(3) violation in Charm (Two examples)

• Hyperfine mass splitting

• SU(3) violation at 10%

• Decay constants

• Lattice estimates:

• SU(3) violation at 20%

∆hf
Dq

= 3(m2
D∗

q
−m2

Dq
)/4

∆hf
D+ = 0.409(1)GeV2 , ∆hf

D0 = 0.413(1)GeV2 , ∆hf
Ds

= 0.440(2)GeV2 .

fDs = 260(10)MeV fD = 217(10)MeV

Bazavov et al.
[Fermilab & MILC]
0912.5221

∆hf
Dq

= 3(m2
D∗

q
−m2

Dq
)/4

∆hf
D+ = 0.409(1) GeV2 , ∆hf

D0 = 0.413(1) GeV2 , ∆hf
Ds

= 0.440(2) GeV2

fDs = 260(10) MeV , fD = 217(10) MeV



Inclusive Semileptonic Charm Decays in OPE

• Treating charm quark mass as heavy, one can attempt an expansion in αs(mc), 
Λ/mc

• Need to estimate local operator matrix elements between hadronic states

• First appear at 1/mc2  ⇐ sources of SU(3) violation

• Heavy quark symmetry relates these estimates between the charm and 
beauty sectors

• Quantitative translation (renormalization) not straight-forward

• Alternative approach involves an educated sum over known exclusive modes

I. I. Bigi & N. G. Uraltsev, 
Phys. Lett. B 280 (1992)

Gronau & Rosner
0903.2287



OPE for the rate & leptonic moments

• Rate & leptonic energy moments in HQE & OPE

• x=2E/mc,      r=(ms/mc)2

• αs corrections known up to αs2 for the total rate (αs2β0 for the higher 
moments)

• 1/mc corrections known up to 1/mc4 (all present analyses use 1/mc3)

• Cabibbo suppressed modes contribute to the total rate at the level of 5%, but 
their effect is highly suppressed in the normalized moments

A. Pak & A. Czarnecki
0803.0960,

K. Melnikov
0803.0951 

V. Aquila et al.
hep-ph/0503083

Czarnecki & Jezabek
hep-ph/9402326

Gremm and Kapustin
hep-ph/9603448

Dassinger et al. 
hep-ph/0611168



• WA contributions to the rate can be related to matrix elements of dim=6 
four quark operators

• In the SU(3) limit one distinguishes between isosinglet/triplet contributions - 
only the later can be estimated from the rate differences of B+ and B0

• Conventionally one parametrizes deviations from VSA: bag parameters

• Renormalization scale dependent, mix with the Darwin contributions at LO

• can be used to estimate WA contributions to the rate 

WA in OPE

δΓ ∼
�
CWABWA(µWA)−

�
8 ln

m2
c

µ2
WA

−
77
6

�
ρ3

D

m3
c

+O(αs)
� P. Gambino et al.

hep-ph/0505091, 
0707.2493

I. I. Bigi et al.
0911.3322

 

http://arxiv.org/find/hep-ph/1/au:+Gambino_P/0/1/0/all/0/1
http://arxiv.org/find/hep-ph/1/au:+Gambino_P/0/1/0/all/0/1


Modeling WA 
in leptonic moments

• WA contributions to the weak current correlators 
vanish in the OPE - need to model

• Expected to populate the spectrum endpoint 

• Develop a perturbative tail & non-perturbative 
smearing

• Possible phase-space suppression by hadronic 
thresholds

• Can be studied directly using exclusive channels 
(Ds → ω l ν)

Bigi & Uraltsev
hep-ph/9310285

A. K. Leibovich et al.
hep-ph/0205148]

Gronau & Rosner
0902.1363
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The WA interpretation of rate differences

• Without resorting to quantitative OPE predictions, one can estimate WA from 
rate differences

• By equating the difference between Ds and D0 rates with the isotriplet 
component of WA

• assumes SU(3) violating effects are sub-leading

• Isosinglet component unconstrained

Bigi et al.
0911.3322

ΓWA(D0) ∝ cos2 θcB
s
WA(D0) + sin2 θcB

d
WA(D0) ,

ΓWA(D+) ∝ cos2 θcB
s
WA(D+) + sin2 θcB

d
WA(D+) ,

ΓWA(Ds) ∝ cos2 θcB
s
WA(Ds) + sin2 θcB

d
WA(Ds) ,



Confronting OPE convergence in charm

• In order to constrain WA fully, need to explicitly compute semileptonic rates 
and/or distribution moments - compare with exp.

• Perturbative corrections known in the pole scheme

• Renormalon (Λ/mc) ambiguity of pole mass

• all moments affected (n-th scales as mcn)

• Better to use a short distance - threshold mass definition

Γ = Γ0

�
1− 0.72 αs − 0.29 α2

sβ0 − 0.60 µ2
G − 0.20 µ2

π + 0.42 ρ3
D + 0.38 ρLS + 80B(0)

WA

�
,

< E > =< E >0

�
1− 0.03 αs − 0.03 α2

sβ0 − 0.07 µ2
G + 0.20 µ2

π + 1.4 ρ3
D + 0.29 ρLS + 135B̄(1)

WA

�
,

< E2 > =< E2 >0

�
1− 0.07 αs − 0.05 α2

sβ0 − 0.14 µ2
G + 0.52 µ2

π + 3.5 ρ3
D + 0.66 ρLS + 204B̄(2)

WA

�
,

σ2
E = (σ2

E)0
�
1− 0.09 αs − 0.05 α2

sβ0 − 0.14 µ2
G + 1.7 µ2

π + 9.4 ρ3
D + 1.4 ρLS + 641B̄(σ)

WA

�
,

Ligeti et al.
1003.1351

J.F.K.
0909.2755

Gambino & J.F.K
1004.0114

c.f. Antonelli et al. 
0907.5386



• Marginal in the pole scheme (αs(mc)≈0.35)

• Improves in short distance mc schemes

• One can try to soften the strong dependence on the charm quark 
mass using information from inclusive B decays

Convergence of perturbative corrections

Γ
Γ0

�
mpole

c
� = 1− 0.269 �− 0.360 �2BLM + 0.069 �2 + . . . ,

Ligeti et al.
1003.1351

(∆ = mb −mc)

(ε[=1] - pert. order counting parameter)



Convergence of perturbative corrections

• In schemes with explicit IR cut-off, one needs to choose proper (low) IR scale 
(0.5-0.8 GeV)

• Need to translate OPE parameters as well (from global B fits)

• Perturbative and OPE corrections translated to kinetic scheme

• Rate uncertainty dominated by mc & μG

• Higher leptonic moments by ρD

Gambino & J.F.K
1004.0114

using HFAG 
winter ’09 update



Extraction of WA contributions

• Comparing theoretical expressions with experimental rates (in 1S scheme)

• using OPE parameters and masses as extracted from global B decay fits

• neglecting possible SU(3) violations

• Indication of a non-zero isosinglet WA contribution

• Translates into O(1-2%) effect in B→Xu l ν rate

4

FIG. 1. The 90% CL contours for fits at order ε
0 (dotted green), ε1 (dashed blue), and ε

2 (solid red). Note that a8 is not
affected by the order in ε. The thin dot-dashed black line is the large-Nc relation, a0 = a8.

where only the fit uncertainty is quoted, as discussed
above. The 90% confidence level contours in these vari-
ables are shown in Fig. 1. While there is a significant
uncertainty in the final result for the WA contribution
Eqs. (20) and (22), it still has important implications for
B and D decays and the determination of |Vub|.
It has often been assumed that the WA term where the

light quark in the operator matches that in the heavy me-
son is much larger than when the light quarks differ, i.e.,
|a0+2a8| ! |a0−a8|. However, there is no reason for this
to be the case, and we find no evidence for this assertion
in our numerical analysis. The WA matrix element in
which the light quark field of the operator is contracted
with the spectator quark in the heavy meson is helic-
ity suppressed by m2

!/m
2
c, where m! is the lepton mass,

and gives a contribution of relative order Λ3
QCDm

2
!/m

5
c to

the decay width. Other diagrams, in which the specta-
tor quark is not annihilated by the four-quark operator,
are of relative order Λ3

QCD/m
3
c . In a quark model, they

would contain additional suppression factors from gluon
exchange to connect the spectator light quark with the
rest of the diagram, but nothing as small as m2

!/m
2
c.

The D meson lifetimes also depend on the WA matrix
elements through both the semileptonic and non-leptonic
decay rates. The non-leptonic rates depend on two addi-
tional color octet operators, and the behavior of the αs

perturbation series is even worse than for the semilep-
tonic case. Neglecting the color octet matrix elements
and SU(3) violation (as before), one would predict [6]

Γ(D0)
SL − Γ(Ds)

SL

Γ(D0)
total − Γ(Ds)

total

=
3

8C+ C− cos2 θC
≈ 0.3 , (23)

where C− = C−2
+ = [αs(mc)/αs(mW )]12/25, and we have

used C− = 1.6 and C+ = 0.8 for the numerical values.

The D branching ratios Eqs. (6) and (7) and the lifetimes
yield 0.07 ± 0.02. This shows that there must be some
other large contribution to the nonleptonic decay rates,
e.g., large color octet matrix elements, αs corrections,
or higher order 1/mc terms, so the total widths do not
provide a useful bound on a0,8.
It is often claimed that the difference between the B±

and B0 semileptonic rates can be used to constrain the
impact of WA on the extraction of |Vub| from B → Xu#ν̄

decays. However, Γ(B+)
SL − Γ(B0)

SL ∝ a8, while individually

Γ(B+)
SL and Γ(B0)

SL , which determine |Vub|, depend on both
a0 and a8. We find no evidence that a0 & a8, so the

Γ(B+)
SL − Γ(B0)

SL width difference does not constrain the
uncertainty of |Vub| due to WA. While the uncertainties
in our analysis are substantial, it gives strong indication
that the WA contribution to the B → Xu#ν̄ rate is less
than the ∼ 3% estimate [6] often used.
The central value of our fit result for (a0 + 2a8)/3 in

Eq. (22) implies that the WA contribution to B decays,
which is a factor (mc/mb)3 ∼ 0.03 smaller than the ∼
29% contribution to D decays, is around 0.8%. A recent
CDF measurement [29] of the B meson and Λb baryon
lifetimes also indicates that spectator effects in the b-
sector may be smaller than previously thought.
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a0 = 1.25± 0.15 ,

a8 = −0.20± 0.12 ,
a0,8 =

m2
c mDf2

D

m5
c

16π2
�
Bs,ns

2 −Bs,ns
1

�
,

a0=
a8

ε0 ε1 ε2



• Including information on the leptonic energy moments

• Different dependence of moments on the OPE parameters allows to 
possibly disentangle SU(3) violating effects from WA contributions

• Introduces dependence due to the modeling of the WA shape in the 
spectra

• Correlated WA determination from the rate and the moments
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Extraction of WA contributions

• Including information on the leptonic energy moments

• Allowing for O(20%) SU(3) violation in OPE parameters

• Largest uncertainty due to ρD - linear (scale dependent) combination of ρD 
and WA contributions determined precisely

• For μWA≈1GeV no clear indication of non-zero WA contributions

• Translates into O(2%) uncertainty in B→Xu l ν decay rate
Bs

WA = −0.0003(25)GeV3

Gambino & J.F.K
1004.0114



Conclusions

• Inclusive semileptonic charm decays can be used as a laboratory to test the 
OPE techniques used in the extraction of |Vub| and |Vcb| from inclusive B decays

• perturbative convergence seems to be surprisingly good

• Use several observables to over-constrain the OPE parameter uncertainties 
and test OPE convergence

• Indications that WA related uncertainties in inclusive |Vub| extraction smaller 
than previously expected [O(1%)]

• More tests possible in the future with additional experimental inputs 
(experimentally determined leptonic energy and hadronic invariant mass 
moments) from Cleo and BESIII
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Status of B → Xu l ν    

• Experimental cuts on the  leptonic 
energy and hadronic invariant 
mass to suppress dominant 
charm final state contributions 

• Introduce theoretical sensitivity 
to effects beyond the OPE

• Modeled by s.c. shape-
functions

• A fully inclusive analysis would 
carry a tiny 2-3% theoretical error
Antonelli et al. 
0907.5386

M cut
X = 2.4 GeV

0.2 0.4 0.6 0.8 1
E0

0.2

0.4

0.6

0.8

1

s0

Figure 1: Effect of lepton energy and MX cuts on the E0 − s0 phase space. See the text for
explanations. The cuts employed in the figure are M cut

X = 2.4 GeV and ξ = 0.5.

corrections A(1)
(i,j) computed in this way agree with those computed from the results of

Ref. [6], where the u quark is massless from the beginning. The numerical results for the

BLM corrections A(2)
(0,j) are very sensitive to the value of the charm quark mass employed

in the code [5], as at small mc the A(2)
(0,j) are proportional to m2

c ln2 mc. The numerical error
associated with the choice of mc = 50 MeV in their computation is certainly acceptable
for our purposes (it is below 1% in the BLM correction to the total rate, A(2)

(0,0), where it
can be estimated using the exact result [10]). In the case where only a cut on the charged

lepton energy is imposed, it is also possible to express M(i,j) and A(1)
(i,j) in compact analytic

form; the expressions relevant for the first three integer moments are given in Appendix
A and B. In general, however, we rely on a numerical integration for the perturbative
corrections.

As mentioned in the Introduction, we consider here truncated moments subject to a
lower cut on the energy of the charged lepton, Ecut

! , and to an upper cut on the hadronic
invariant mass, M cut

X . In the following we employ

ξ = 2
Ecut

!

mb

. (5)

It is useful to explain the kinematics with cuts in some detail. The region of integration
in the E0-s0 plane is depicted in Fig. 1: the green (light) solid lines delimit the region
of integration without any cut, that is the region between the curves s0 = 2E0 − 1 and
s0 = E2

0 . The introduction of a cut in the lepton energy Ecut
! divides this region into

three parts that should be treated differently (see e.g. [11]): in the figure these regions

3

ξ =
2Ecut

�

mb
= 0.5

Phillip Urquijo, Moriond EW, March 2010     

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

|Vub| Challenge

E. Barberio 4

Vub inclusive determination

Selection to remove background removes a sizeble part of the 
phase space. 

Need theoretical extrapolation for the full phase space 

B→ Xulνrate is very small, Vub is small, therefore very difficult 

to measure

the problem is the b! clv decay

Tree level
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Phillip Urquijo, Moriond EW, March 2010     

Multivariate analysis from Belle

Boosted decision tree: use many 
event parameters from the full 
reconstruction sample: Mmiss

2, impact 
parameters, Qtotal, Qlepton, Nlepton, Q
(B), D* partial reco., NKS, NK± ...

Measure the partial BR, with 
plepton>1.0 GeV/c .

Belle analysis exploits non-linear correlations between kinematic and event 
variables available in B-full recon sample to separate b→u and b→c. 

∆B =
N∆

b→u

(2�∆b→uNtag)
(1− δrad)

PRL 104 2021801 (2010)

→90 % total phase space!

Signal Extraction

! Background subtracted prior to fit

! not from B decay (scaled off resonance)

! not correctly reconstructed Btag
(MC shape scaled to mbc sideband)

! Fit in 2D mX − q2 distribution (5×4 bins)

! 3 components (MC driven)

! Xu!ν contribution

! Xc!ν contribution

! Secondary and fakes

Source # Events

BDT selected 5544 ± 54

scaled off-resonance 35 ± 18

wrong Btag 825 ± 38

Xu!ν 1032 ± 91

Xc!ν 3615 ± 32

Secondary and fakes 38 ± 2

Projected Distributions
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Belle Hadronic Tag Measurement

! arXiv:0907.0379 (July 2009)

! “Fully” reconstruct one B (Btag), exclusively

! Total of ∼180 exclusive modes

! Known Bsig 4-momentum

! High purity, low efficiency

! need many events

! 605 fb−1 Belle Data (–2005)

eff. (%) purity Ntag (×103)

charged 0.29 0.25 689

neutral 0.28 0.30 479

! mbc > 5.27 GeV, |∆E| < 0.05 GeV

! more than million reconstructed B

BSig

BTag
!4S

8 GeV 3.5 GeV

Signal Side

Tag Side

X}
" l

e-

e+

q2
 (G

eV
2 )

604 fb-1

1.15x106 Fully reconstructed B-mesons

P. Gambino, G. Ossola
hep-ph/0505091



Playing the experimentalist

• One would want to compare completely inclusive leptonic energy moments in 
the rest-frame of the decaying hadron

• This is not what Cleo presently provide:

• do not compute the leptonic energy moments

• spectra given in the lab frame

• involve a lower Ee=0.2 GeV cut

• do subtract the Ds → τ ν leptonic background

Asner et al.
[CLEO]
0912.4232

26 May 10 Charm Semileptonic Decays - Karl.Ecklund@rice.edu

Electron Spectra
• Unfold true electron spectrum from !, K & e spectra using 

PID efficiency matrix binned in momentum
o Matrix accounts for smearing from finite momentum resolution

• Subtract backgrounds ("#ee, !0#"ee) using wrong sign 
candidates (9% correction for D0)

23

FIG. 3 (color online). Inclusive laboratory frame electron spectra obtained from data, shown as points with statistical uncertainties.
The vertical dashed lines indicate the PID momentum cutoff at 200 MeV. Extrapolated spectra are shown as solid curves. The dashed
curve in the Dþ

s spectrum plot is the expected contribution from !þ ! eþ"e !"! from leptonic Dþ
s ! !þ"! decay.

TABLE III. Summary of DTyields, statistical uncertainties, and correction procedure explained in Sec. IV. PID yields (Sec. IVA) for
electron candidates (b ¼ e) are shown in the first group for tag signal region (S), tag sideband region (B), right-sign (R), and wrong-
sign (W) bins, where the yields in the sideband region are scaled by the tag sideband scaling factor (Table II) for each tag mode. PID
unfolded (Sec. IVB) electron yields (a ¼ e) are shown in the second group. Tag sideband subtracted (Sec. IVC) electron yields are
shown in the third group, followed by the wrong-sign subtracted yield (Sec. IVD), tracking efficiency-corrected yield (Sec. IVE), and
remaining tag bias (Sec. IV F) or DCSD (Sec. IVG) corrected yield.

D0 Dþ Dþ
s

PID yield, electron candidates
yðb ¼ e; S; RÞ 6618:0% 81:4 24 834:0% 157:6 553:0% 23:5
yðb ¼ e; B; RÞ 41:6% 6:7 332:4% 19:2 24:5% 4:9
yðb ¼ e; S;WÞ 653:0% 25:6 711:0% 26:7 50:0% 7:1
yðb ¼ e; B;WÞ 19:2% 4:5 55:2% 7:8 9:8% 3:1

PID unfolded yield, electrons
yða ¼ e; S; RÞ 7292:4% 90:7 27 304:5% 174:8 608:9% 26:4
yða ¼ e; B; RÞ 47:1% 7:7 370:4% 21:7 27:7% 5:6
yða ¼ e; S;WÞ 682:4% 31:4 812:8% 33:8 56:7% 8:6
yða ¼ e; B;WÞ 21:3% 5:3 65:2% 9:8 11:7% 3:4

Tag sideband subtracted electrons
yða ¼ e; RÞ 7245:3% 91:0 26 934:1% 176:2 581:2% 27:0
yða ¼ e;WÞ 661:1% 31:9 747:6% 35:2 44:9% 9:2

Wrong-sign subtracted electrons 6584:2% 96:4 26 186:5% 179:6 536:3% 28:5
Tracking efficiency-corrected electrons 8361:0% 123:0 33 182:0% 228:2 681:3% 36:4
Tag bias (and DCSD) corrected electrons 8450:8% 124:3 33 125:6% 227:9 676:6% 36:2

TABLE IV. Summary of semileptonic branching fractions. Here Btrunc is the partial branching fraction above 200 MeV, BðeþXÞ is
the extrapolated full branching fraction, andBðXeþ"eÞ is the semileptonic branching fraction after ! ! e correction (forDþ andDþ

s ).
First uncertainties are statistical and the second are systematic due to uncertainties in BðDþ ! !þ"#Þ [27], BðDþ

s ! !þ"!Þ [25,26],
and Bð!þ ! eþ"e !"!Þ [17].

Tag mode BtruncðeþXÞ (%) BðeþXÞ (%) BðXeþ"eÞ (%)

!D0 ! Kþ$& 5:958% 0:084 6:460% 0:091 6:460% 0:091
D& ! Kþ$&$& 14:863% 0:092 16:147% 0:100 16:129% 0:100% 0:000
D&

s ! %$& 7:002% 0:361 7:525% 0:387 6:522% 0:387% 0:079

D.M. ASNER et al. PHYSICAL REVIEW D 81, 052007 (2010)

052007-6

curve used for extrapolation
dashed = Ds!"#,"!e##

8450 33125 677

PRD 81 052007 (2010)
CLEO-c 818+602 pb-1



Playing the experimentalist

• One would want to compare completely inclusive leptonic energy moments in 
the rest-frame of the decaying hadron

• We try to compensate:

• extrapolate the spectra down to Ee=0 using inclusive model shapes

• compute the leptonic energy moments from extrapolated spectra  (in the 
lab frame)

• boost the moments to the D frame by directional averaging

• D’s produced in pairs at ECM=3774MeV

• Ds’s produced associated with Ds*’s and through their decays

< E�
e >= γ < Ee > < E�2

e >= γ2(1 + β2/3) < E2
e >

Gambino & J.F.K
1004.0114



• Optical theorem:

• (Global) quark-hadron duality, 
HQE & OPE

• Equations of motion

• HQE parameters:

• Only applicable for the total rate

OPE and heavy 
quark expansion

Γ(HQq̄) =
1

2mH

�HQq̄| T |HQq̄�

T = Im i
�

d4x T{Heff (x)Heff (0)}

c̄c = c̄v/c +
1

2m2
c

�
c̄(iD⊥)2c + c̄

gs

2
σ.Gc

�
+O(1/m3

c)

Bigi et al.
[hep-ph/9207214]

Manohar and Wise,
[hep-ph/9308246]
...



• Analogously define current correlator 
whose imaginary part gives the hadronic 
tensor contributing to inclusive 
semileptonic spectra

• Again use HQE & OPE

• Requires local quark-hadron duality to hold

• Can be softened by instead computing 
spectral moments

• Any spectral cuts will reintroduce 
sensitivity to contributions beyond OPE

OPE and heavy 
quark expansion

q

Q QBigi et al.
[hep-ph/9207214]

Manohar and Wise,
[hep-ph/9308246]
...


