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Introduction

•Fewer measurements of semileptonic Bs than 
that of  B+, B0

•Inclusive, Exclusive, |Vcb|, |Vub|, HQ 
parameters... not for Bs, but what can we learn?

•Semileptonic Bs decays are (already) used as 
standard candles of Bs measurements, 
e.g. LHCb & D0 hadronisation fraction, fs,  
determinations [PRD.85.032008 (2011)]

•Normalisation of Bs production essential for 
comparison between SM and data

•Bs modes may be more precise in determining 
exclusive |Vqb|, due to lattice predictions with 
heavier quarks, and more phase space at lower 
recoil...But can experiment keep up?
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SU(3) symmetry?

[Bigi et al., JHEP 1109 (2011) 012]

What happens when the up or down quark is 
replaced by a strange quark?

Experiment:

Theory:

[PDG 2012]

extensively used as normalisation in other measurements
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HQET

• Heavy Quark Effective THEORY 
(HQET) (N. Isgur & M. Wise)

• QCD is flavour independent, so in 
the limit of infinitely heavy quarks 
qa→qb occurs with unit form-factor 
when the quarks are moving with 
the same invariant 4-velocity, ω=1.

•  

• Corrections to the M∞ quark limit 
are in principle calculable along 
with QCD corrections
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 => Idea: extract |V
cb

| ξ (w)  at zero recoil
      

1. Phase space near w=1   
    prefers
    (Actually, why?)

2. For many years:                  preferred due    
                              to smaller FF uncertainties
Situation has changed (Lattice QCD):  

BD* l

G 1=1.074±0.018±0.015
F 1=0.91±0.035

3. Experimental BG: present methods prefer
      

w=1=1

w=v Bv D

BD* l

• HQET tells us that in first order when 
a b quark transforms to a c quark with 
the c going at the same velocity as the 
b, the form factor is 1 in first order 
AND the corrections to 1 can be 
calculated
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Inclusive Semileptonic Bs decay predictions
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•The most important prediction for SL Bs decays is Flavour SU(3) (& U-spin) 
Symmetry, which must be tested.

•Non-perturbative QCD contributions are modified, which are most significant 
at third order e.g. spin orbit operator. Largest effect in charmless modes.

•High order corrections, e.g. due to weak annihilation, expected to be small.

•Bigi et al., JHEP 1109 (2011) 012, 

•Gronau, Rosner, PhysRevD.83.034025 (2012)

•These parameters were measured directly in |Vcb|/mb moment fits

Order Term δΓ%
δTerm 
(d↔s) δΓc (d↔s)% δΓu (d↔s)%

1/mb2
µπ2 -1 25% -0.25 -

1/mb2

µG2 -3.5 10% -0.4 -

1/mb
3 ρD

3 -3 50% -1.5 2.5

Higher 
orders 0.5 0.5 2

�sl(B0
s ! Xc`⌫)

�sl(B0
d ! Xc`⌫)

= 0.99± 0.04

�sl(B0
s ! Xc`⌫)

�sl(B0
d ! Xc`⌫)

⇡ 0.99

�sl(B0
s ! Xu`⌫)

�sl(B0
d ! Xu`⌫)

⇡ 0.97
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Bs production near the Y(5S)
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•Correlated Bs production

•Bs tagging can be exploited for 
unbiased absolute 
measurements, and to suppress 
Bud background.

Experiment Luminosity

Babar: √s>2mBs ~3.2 fb-1

Belle: √s~mY(5S) 121 fb-1

CLEO: √s~mY(5S) ~0.5 fb-1

•Υ(5S)→ B(∗)B(∗)(nπ), Bs
(∗)Bs

(∗), Υ(nS)ππ

CLEO, 
1985

Rb 

• Covers less range: 
from 10750 to 11050 with 3 extra points v.s. from 10540 to 11200 

• Higher by ~ 0.0185 
• No bump at 10900 
• Smaller error & less fluctuation 

2012/6/27 Yuan-Pao, Yang. Belle Analysis Meeting 
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Bs production @ Υ(5S)
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The ⌥ (5S) data sample

FWF grant number P22742-N16 3 Felicitas.Thorne@oeaw.ac.atFigure 13: M
bc

, �E scatter plot of ⌥(5S) MC [21].

Decay type Decay channel Fraction of ⌥(5S) ! B
u,d

B̄
u,d

events

Small M
bc

B+(⇤)B�(⇤) f
(2)

u

· F
B

(⇤)
¯

B

(⇤)

B0B0 f
(2)

d

· F
B

¯

B

B0⇤B0 f
(2)

d

· F
B

⇤
¯

B

B0⇤B0⇤ f
(2)

d

· F
B

⇤
¯

B

⇤

B+(⇤)B�(⇤)⇡ f
(3)

u

· F
B

(⇤)
¯

B

(⇤)
⇡

3-body

B0B0⇡ f
(3)

d

· F
B

¯

B⇡

B0⇤B0⇡ f
(3)

d

· F
B

⇤
¯

B⇡

B0⇤B0⇤⇡ f
(3)

d

· F
B

⇤
¯

B

⇤
⇡

B0(⇤)B�(⇤)⇡ f
(3)

ud

· F
B

(⇤)
¯

B

(⇤)
⇡

Res. large M
bc

⌥(4s) ! B+B� f
(2)

u

· (1� F
B

(⇤)
¯

B

(⇤) � F
B

(⇤)
¯

B

(⇤)
⇡

)

⌥(4s) ! B0B̄0 f
(2)

d

· (1� F
B

(⇤)
¯

B

(⇤) � F
B

(⇤)
¯

B

(⇤)
⇡

)

Table 8: Decays of ⌥(5S) to B
u,d

mesons. F
X

is the fraction of ⌥(5S) decaying to the final

state X. f (n)

q

is the fraction of the n-body ⌥(5S) decays with q quarks in the final
state.

22

Fully 
reconstructed 
Bs candidates

•Challenges (for precise measurements)

•σbb
(√s=10.87GeV)/σbb

(√s=10.58GeV)~0.3

•fs~0.199±0.030 [HFAG 2012], large 
uncertainty! impacting most absolute 
BF measurements at Y(5S).

•Above Bs
(∗)Bs

(∗) threshold 
~14M Bs

0 in 121 fb-1 at Belle

•Excited production: kinematic 
smearing

•BF(Y(5S)→ Bs*Bs*)~90%

•Bs*→Bsγ, m(Bs*)-m(Bs)≃49 MeV
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Current Bs Tagging methods

•Smaller data samples and Bu/d 
contamination, 
Choose particles that have very 
different decay rates from B and Bs 

e.g. [PDG2012]

•B(Bs
0→Ds

±X) = (93±25)%, 
B(B→Ds

±X) = (8.3±0.8)% 

•Two methods Φ, Ds+:

6

Bs Semileptonic Branching Fraction

Invariant KK mass in the bin 10.8275 < ECM < 10.8425 GeV

9 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches

For each bin in CM energy, Φ candidates are reconstructed in the 
Φ→K+K- decay mode

Fit PDF is a Voigt profile for the signal and the product of a linear 
term and a threshold cutoff function for the combinatorial background

Continuum e+e-→qq ̄ background is subtracted, bin by bin, 
using data below Υ(4S) threshold

BB→ΦX candidates BB→ΦlX candidates

⌥(5S)
B̄0

s

B0
s

�Ds

X

X 0

X 00
`

X 000

�Ds

D+
s

⇡

`+
⌥(5S)

B̄0
s

B0
s

�

X

X 0

Bs Semileptonic Branching Fraction

Invariant KK mass in the bin 10.8275 < ECM < 10.8425 GeV

9 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches

For each bin in CM energy, Φ candidates are reconstructed in the 
Φ→K+K- decay mode

Fit PDF is a Voigt profile for the signal and the product of a linear 
term and a threshold cutoff function for the combinatorial background

Continuum e+e-→qq ̄ background is subtracted, bin by bin, 
using data below Υ(4S) threshold

BB→ΦX candidates BB→ΦlX candidates

Ds
+ Method: 

Eff.≳0.01, 
orthogonal tagging.

Φ Method (mostly 
from Ds): eff.~0.1, 
correlated tagging.
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Babar Inclusive

•p(B→ΦX) are probabilities that a Φ 
is produced in a BBbar event

7

Semileptonic B Decays and Implications for Higgs Searches 1585
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Fig. 1. Relative (a) event, (b) �, and (c) �-lepton yields, normalized to the µ+µ�

yields. Corrections for detector efficiency have not been applied. The dotted ver-
tical line indicates the Bs production threshold.

the related reconstruction efficiencies, and

fs ⌘
NBs

NBu + NBd + NBs

. (1)

The ratio fs can be determined as a function of ECM from its expression in
terms of �, and �-lepton yields and known branching fractions. The result
is presented in Fig. 2.

The ratio fs peaks around the ⌥ (5S) mass. The total excess below the
BsBs threshold and deficit above 11 GeV are consistent with zero within
1.5 and 1.3 standard deviations, respectively.

Inclusive Φ+lepton
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FIG. 1. Invariant mass distribution of φ → K+K− candi-
dates in the energy bin 10.8275GeV ≤ ECM ≤ 10.8425 GeV:
(a) inclusive φ candidates; (b) φ-lepton candidates. The back-
ground shape is shown by the dashed curve and the total fit
by the solid curve.

subtracted. This is achieved by using the data collected
below the Υ(4S) described above. The event, φ, and φ-
lepton yields are measured in this dataset following the
same procedures described above. These yields are cor-
rected for the energy dependence of the reconstruction
efficiencies and are then subtracted from the scan yields
in each ECM bin. This procedure neglects the different
energy dependence of a small component of the hadronic
and dimuon cross sections, primarily due to the presence
of initial state radiative (ISR) e+e− → γΥ(1S, 2S, 3S)
and two photon e+e− → e+e−γ∗γ∗ → e+e−Xh events,
which do not scale according to 1/E2

CM. The effect of
these contributions is to introduce a small energy depen-
dence on the amount to be subtracted from each bin. The
average size of this effect is estimated to be less than 2%
of the below-resonance event yield. The impact on the
result is taken as a systematic uncertainty.

The normalized event, φ, and φ-lepton yields after the
continuum subtraction are presented in Fig. 2. These
three quantities, denoted Ch, Cφ and Cφ" respectively,
can be expressed in terms of contributions from events
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FIG. 2. Relative (a) event, (b) φ, and (c) φ-lepton yields,
normalized to the µ+µ− yields. Corrections for detector effi-
ciency have not been applied. The dotted vertical line indi-
cates the Bs production threshold.

containing B(∗)
u,d and B(∗)

s events, the cross section ratio

RB ≡
∑

q={u,d,s}

σ(e+e− → BqBq)/σµ+µ− , and the related

reconstruction efficiencies, as follows:

Ch = RB [fsε
s
h + (1− fs)εh] (2)

Cφ = RB

[

fsε
s
φP (BsBs → φX)

+(1− fs)εφP (BB → φX)
]

(3)

Cφ"= RB

[

fsε
s
φ"P (BsBs → φ%X)

+(1− fs)εφ"P (BB → φ%X)
]

(4)

(with energy dependence implicit in all terms here and
elsewhere), where

fs ≡
NBs

NBu
+NBd

+NBs

(5)

and εX(εsX) is the efficiency for a Bu,d (Bs) pair to con-
tribute to the event, φ or φ-lepton yield. The efficien-
cies are estimated from simulation, while P (BB → φX)

5

Φ→K+K- 
production

Φ Φ+l 
(same B)

Φ+l 
(Opp. B)

B(Bs→DsX) x 
B(Ds→ΦX)  

15% 1.3% 1.4%

B(B→ΦX) 3.4% 0.1% 0.7%

•Measure number of events, Φ yield, and Φ 
+lepton yield in correlation with a high-
momentum lepton as a function of CM energy

Bs Semileptonic Branching Fraction
We measure number of events, Φ yield, and Φ yield in correlation 

with a high-momentum lepton as a function of CM energy

RB [fs�
s
h + (1� fs)�h]

RB [fs�
s
�P (BsBs � �X) + (1� fs)��P (BB � �X)]

RB [fs�
s
��P (BsBs � ��X) + (1� fs)���P (BB � ��X)]

RB =
�

q=u,d,s

�(e+e� � BqB̄q)/�µ+µ� fs �
NBs

NBu + NBd + NBs

Hadronic event rate

Inclusive Φ rate

Inclusive Φ+lepton rate

εi are efficiencies estimated from MC
P(BB→Φ(l)X) are probabilities that a Φ(l) is produced in a BB event

8 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches

Rates
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Babar Inclusive

8

1586 R. Sacco
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Fig. 2. Results for the fraction fs as a function of ECM. The inner error bars show
the statistical uncertainties and the outer error bars the statistical and systematic
uncertainties added in quadrature. The dotted line denotes the Bs threshold.

Finally, a �2 is constructed from the measured and expected values of
P (BsBs ! �`X) across the entire scan. The �2 is minimized with respect
to B(Bs ! `⌫X). After assessing systematic uncertainties, dominated by
the inclusive Ds yield per Bs, we calculate the inclusive semileptonic branch-
ing fraction as B(Bs ! `⌫X) = 9.5+2.5+1.1

�2.0�1.9%, which is the average of the
branching fractions to e and µ.

2.2. Study of the decay B ! D(⇤)⌧ ⌫̄

Experimentally, b! c⌧�⌫⌧ decays are distinguishable from other semilep-
tonic decays because they result in one or two additional neutrinos from the
⌧ decay. The branching fractions are smaller than those to lower mass lep-
tons, ` = e± or µ±. SM predictions for the relative rates are R(D) =
B(B ! D⌧⌫⌧ )/B(B ! D`⌫`) = 0.302 ± 0.15 [40] and R(D⇤) = B(B !
D⇤⌧⌫⌧ )/B(B ! D⇤`⌫`) = 0.252 ± 0.013 [10]. These two decay modes ac-
count for most of the predicted inclusive rate, B(B ! Xc⌧⌫⌧ ) = (2.30 ±
0.25)% [4] (here Xc refers to all charm hadronic states). Calculations [6, 7,
8, 9, 10] based on multi-Higgs doublet models predict a substantial impact,
either positive or negative, on the ratio R(D), and a much smaller effect on
R(D⇤).

This analysis is based on the full data sample recorded by the BABAR
detector. It places constraints on the unobserved particles in the event
by reconstructing both B mesons and can be summarized as follows: the
hadronic decay of one B meson is fully reconstructed (hadronic tag) and
the remaining charged particles and photons are required to be consistent
with a semileptonic decay of the other, specifically a charm meson (charged
or neutral D or D⇤) and a charged lepton (either e± or µ±). We divide

and P (BB → φ"X), which are the probabilities that a φ
or a φ-lepton combination is produced in an event with
a BB pair, are measured using the Υ(4S) data sample
described above. Specifically, we determine the φ and φ-
lepton yields in the the Υ(4S) data. We then apply Eqs.
(2), (3), and (4) with fs = 0 to extract εφP (BB → φX)
and εφ"P (BB → φ"X). Simulations are used to extrapo-
late the values of the efficiencies to other energies.

 (GeV)CME
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FIG. 3. Results for the fraction fs as a function of ECM.
The inner error bars show the statistical uncertainties and
the outer error bars the statistical and systematic uncertain-
ties added in quadrature. The dotted line denotes the Bs

threshold.

The remaining unknown quantities of interest are the
probabilities P (BsBs → φX) and P (BsBs → φ"X) that
a BsBs pair will yield a φ or φ-lepton event. To esti-
mate P (BsBs → φX) we use the current world averages
[1] of the inclusive branching fractions B(Bs → DsX),
B(Ds → φX), and B(D → φX). Here and in the fol-
lowing D refers to the sum of D± and D0 contributions.
Also needed are estimates of the unmeasured branching
fractions B(Bs → ccφ) and B(Bs → DDsX). The former
quantity accounts for direct Bs → φ production, a sub-
stantial fraction of which arises from Bs to charmonium
decays. We use the central value from the simulation,
1.7%, which is roughly consistent with charmonium pro-
duction in the B system. For the latter quantity we use
a naive quark model prediction of 15% for b → ccs.

The inclusive φ yield in Bs decays can be expressed as:

P (Bs → φX) = B(Bs → D(∗)
s X) B(Ds → φX)

+ B(Bs → ccφ)

+ B(Bs → DDsX) B(D → φX),

(6)

from which we determine

P (BsBs → φX) = 2P (Bs → φX)−P (Bs → φX)2. (7)

The unknown quantities in Eqs. (2) and (3) are fs and
the common normalization RB. The ratio fs can be de-
termined as a function of ECM by eliminating RB be-
tween the two equations. The result is presented in Fig.
3. The ratio fs peaks around the Υ(5S) mass. The to-
tal excess below the BsBs threshold and deficit above 11
GeV are consistent with zero within 1.5 and 1.3 standard
deviations, respectively.
Using Eq. (4), a χ2 is constructed from the measured

and expected values of P (BsBs → φ"X) across the entire
scan. The χ2 is minimized with respect to B(Bs → "νX).
The following processes contribute to Cφ" from BsBs

events: primary leptons originating from a Bs semilep-
tonic decay, secondary leptons resulting from semilep-
tonic decays of charmed mesons, and π± or K± misiden-
tified as e± or µ±. The contribution from primary lep-
tons arises from events where one or both Bs mesons
decay semileptonically, and we determine the φ-lepton
efficiency for each case (denoted εsφ" for one semileptonic
decay and εsφ"" for two). It is found that εsφ" ranges from
8.5%− 10% and εsφ"" is about 10%.

 l X) (%)→ sBr(B
0 10 20 30 40 50

2 χ

10

15

20
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35

40

45

50

55

FIG. 4. χ2 formed from the measured and expected yields,
as described in the text, as a function of the semileptonic
branching fraction. Note that since we express the branching
fraction as the average of the e and µ channels, the physical
bound is 50%.

For the secondary lepton contribution, we consider
events with up to two leptons coming from D±, D0 or
D±

s decays. The selection efficiency in this case is esti-
mated as the product of the φ reconstruction efficiency in
BsBs events in which neither Bs decays semileptonically
but a lepton candidate is identified (referred to below as
εDφ ), and a lepton detection efficiency determined from

simulation (εD" ). It is found that εDφ lies in the range

15%− 16.5%, and εD" in the range 8%− 9.5% per lepton.
The contribution from hadrons that are misidentified as
leptons is estimated from simulation to be 3.3% of the
φ-lepton candidates in BsBs events.
For the expected and measured φ yields, we find:

6

•Bu/d from Y(4S), Continuum from using off 
resonance

•fs extracted simultaneously at each energy 
scan point from Nevents, and Φ yield

•Bs contributions depend on various inputs 
e.g. BFs: 
Bs→DsX, Bs→lνX, 
Ds→lνX, Ds→ΦX, Ds→ΦlνX’ 

•χ2 constructed from measured and 
expected value of P(BBbar→ΦlX), 
minimising for BF(Bs→lνX)

•BF(Bs→lνX) = 9.5 +2.5
-2.0

+1.1
-1.9 %

•Dominant systematic (~%10) from inclusive 
Ds yield.

Bs Semileptonic Branching Fraction

BF(Bs→lνX) = 9.5+2.5-2.0+1.1-1.9 %

11 - R. Sacco, Semileptonic B decays and Implications for Higgs Searches

Bs production rate compatible with 
earlier estimates at Υ(5S) peak:

Belle: (19.3 ± 2.9)% 

CLEO: (16.8±2.6+6.7-3.4)%

Dominant systematic is from inclusive Ds yield 
per Bs: 0.93 ± 0.25 (Belle and LEP, PDG2010) 

PRD 76, 012002 (2007) 

PRD 75, 012002 (2007) 
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fs �
NBs

NBu + NBd + NBs

fs

χ2

HFAG: 19.9±3.0 %
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•Same sign tagging Ds

-l- : no tag bias

•Fit m(KKπ) in bins of lepton momentum

•Continuum subtracted with off resonance (Lumi(off)/Lumi(on)~0.5)
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FIG. 1: KK⇡ mass fits to the D

+

s `
+ samples collected near

the ⌥(5S) resonance. The figure shows KK⇡ mass for the
whole p(`+) range.

widths (r� = �

2

/�

1

) and the ratio of the normalisations
(rN ).

For the ND+
s

measurement, the fits are performed in
20 bins of the normalised D

+

s momentum x(D+

s ). The
fit results for the parameters r� and rN are found to
be independent of x(D+

s ). Figure 2(a) shows the D

+

s

momentum spectra for ⌥(5S) data and o↵-resonance
data. The o↵-resonance data is scaled with a factor
S

cont

= (L
⌥(5S)

/s

⌥(5S)

)/(L
o↵

/s

o↵

) to take into account
the di↵erence in integrated luminosities and the depen-
dence of the quark pair production cross section on the
centre-of-mass energy

p
s. The number of D+

s mesons
ND+

s
is obtained by integrating over the region x(D+

s ) <
0.5 and subtracting the continuum background given by
the scaled o↵-resonance distribution. The accuracy of
this approach is proven with the comparison between
⌥(5S) data and o↵-resonance data in the control region
x(D+

s ) > 0.5 where only events from the continuum can
contribute. A total of (12.4 ± 0.8

stat

) ⇥ 104 D

+

s mesons
are reconstructed, where (2.7± 0.1

stat

)⇥ 104 of these are
from continuum processes.

For the ND+
s `+ measurements, the KK⇡ mass fits are

performed in nine bins of lepton momentum in the range
0.6GeV < p(`+) < 3.1GeV (see Figures 2(b) and 2(c)).
The D

+

s `
+ samples do not contain enough events to de-

termine all seven fit parameters. Therefore r� and rN

are fixed to the values obtained in the ND+
s

measure-
ment. The remaining parameters except for N

sig

and
N

bkg

are determined from a fit to the total D+

s `
+ sample

without the binning in p(`+) as shown in Figure 1. Com-
pared to the D

+

s sample, the continuum background in
the D+

s `
+ sample is suppressed due to the same sign lep-

ton requirement. The remaining continuum background
is subtracted using scaled o↵-resonance data. The shape

Mode Ratio R⇥ 10�4

�

2

/ndf ✏D+
s
(KK⇡) ✏D+

s `+(KK⇡)

e

+ 426± 20± 13 6.4 / 7 30.2% 30.9%
µ

+ 471± 24± 16 6.7 / 7 30.2% 31.2%
Comb. 446± 16± 13 — —

TABLE I: Measured ratios R. The given uncertainties are 1.
statistical and 2. systematic. The last row shows the result
for the combination of the e

+ and µ

+ modes and takes into
account the correlations.

di↵erence of the continuum lepton momentum spectra
at ⌥(5S) and o↵-resonance samples is determined from
MC simulation and the e↵ect is corrected by a bin-by-bin
re-weighting before the subtraction.
A �

2 fit to the lepton momentum spectrum is per-
formed with two components: the prompt lepton signal
and the remaining Bu,d,s backgrounds, which is the sum
of secondary leptons (not coming directly from Bu,d,s de-
cays) and misidentified lepton candidates. The shapes of
the signal and Bu,d,s backgrounds are derived from the
MC simulation. Figures 2(b) and 2(c) show the fit result,
and the goodness of the fits is listed in Table I. We find
(4.26± 0.19

stat

)⇥ 103 and (4.76± 0.23
stat

)⇥ 103 prompt
signal electrons and muons, respectively.
To determine R (Eq. 2) the lepton fit results are ex-

trapolated from the experimental momentum threshold
of p(`+) > 0.6 GeV to full phase space region p(`+) > 0.0
GeV using MC simulation, where the uncertainty on this
acceptance is included in the systematics. The signal ac-
ceptance in the region p(`+) > 0.6GeV is 91% for elec-
trons and 92% for muons. We additionally account for
lepton reconstruction e�ciencies, and for the di↵erence
in D

+

s reconstruction e�ciencies between the inclusive
D

+

s , and the signal samples D+

s `
+. The D

+

s reconstruc-
tion e�ciencies and the results for R are summarised in
Table I, where the combined result is obtained from the
weighted average of the e

+ and µ

+ modes, taking into
account measurement correlations.

SYSTEMATIC UNCERTAINTIES ON R

The systematic uncertainties on the ratio R are di-
vided into four categories: detector e↵ects, fitting proce-
dure, background modelling and signal modelling. They
are discussed in turn below, and are given as relative un-
certainties. Numerous potential systematic uncertainties
related to the reconstruction of the D+

s ultimately cancel
in the ratio.
The uncertainties attributed to kaon and pion selection

cancel in the ratio and only the lepton has to be consid-
ered. The uncertainty on the lepton identification is 0.7%
(1.4%) for electrons (muons). The lepton misidentifica-
tion probability is determined from D

⇤ ! K

�
⇡

+

⇡

+

slow

decays by studying the electron and muon likelihood of
the K

� and ⇡

+ track. The resulting uncertainty is be-
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FIG. 2: Momentum spectra obtained fromKK⇡ mass fits: (a) In bins of x(D+

s ); (b)+(c) In bins of p(e+) and p(µ+), respectively,
where continuum backgrounds have been subtracted using o↵-resonance data. The MC uncertainty (yellow) comprises statistical
and systematic uncertainties.

low 0.1%. Another 0.35% uncertainty is added for the
reconstruction e�cieny of the lepton track. The sta-
tistical uncertainty of the e�ciencies ✏D+

s e+(KK⇡) and
✏D+

s µ+(KK⇡) is 0.8%.

Uncertainties in the modelling of the KK⇡ mass shape
cancel in the ratio R. The shape parameters fixed in the
ND+

s `+ fits are varied by one standard deviation and the
variation of the result is taken as uncertainty. It results
in an uncertainty of 2.0% (2.2%) for electrons (muons).

The scale factor S

cont

for the o↵-resonance data and
the correction of the o↵-resonance lepton momentum
spectrum add uncertainties of 0.4% and 1%, respectively.
The knowledge of the composition of secondary lepton
and misidentified lepton candidate backgrounds is lim-
ited by the precision of the measurements of B0

s branch-
ing fractions, which is of the order of 30%. Hence, the
amount of secondary leptons from Du,d,s, from ⌧ and
from other decays, as well as the amount of misidenti-
fied leptons is scaled by ±30% and the variation of R is
taken as systematic uncertainty, giving 1.0% (1.5%) for
electrons (muons).

For the signal model, since most of the exclusive modes
have not been measured, the shape uncertainty is esti-
mated as the full di↵erence between the result obtained
with HQET and with ISGW2 where applicable. For elec-
trons the obtained uncertainty is 0.7% and for muons
0.6%. The background from Bu,d decays contributes
approximately 17% to the measured semileptonic yield.
Since the semileptonic width of Bu,d decays has been
studied in more detail, the shape uncertainties are found
to be negligible compared to B

0

s decays. The uncertainty
due to the composition of the B

0

s semileptonic width is
evaluated by conservatively varying the contributions by
±30%, which results in an uncertainty on R of 1.0% and
1.1% for electrons and muons, respectively. This varia-
tion corresponds to signal lepton acceptance variation of

only 0.3%
The total systematic uncertainty of R is calculated by

summing the above uncertainties in quadrature. It is
found to be 3.0% (2.7%) for electrons and 3.5% (2.8%)
for muons, where the values in parentheses are the fully
correlated error, between both modes. Taking these cor-
relations into account, the total systematic uncertainty
on the combined value of R is 3.0%.

EXTRACTION OF THE BRANCHING
FRACTION

The extraction of the B

0

s ! X

�
`

+

⌫` branching frac-
tion is based on a prediction of the measured ratio R and
includes the estimation of the background from Bu,d de-
cays. This approach is is based on the calculation of the
number of same sign lepton pairs `+`+ in ⌥(5S) decays
discussed in Ref. [15]. The total number of produced
b-quark pairs cancels in Eq. 2 and the absolute numbers
N⇣ (where ⇣ = D

+

s , D

+

s `
+) can be replaced by fractions

F⇣ of events. These fractions F⇣ can be split into the

contribution from B

0

s decays F⇣(B
(⇤)
s B̄

(⇤)
s ) and the back-

ground from Bu,d decays F⇣(B
(⇤)
u,dB̄

(⇤)
u,d(⇡)):

R =
FD+

s `+(B
(⇤)
s B̄

(⇤)
s ) + FD+

s `+(B
(⇤)
u,dB̄

(⇤)
ud (⇡))

FD+
s
(B(⇤)

s B̄

(⇤)
s ) + FD+

s
(B(⇤)

u,dB̄
(⇤)
ud (⇡))

. (4)

Pairs of bb̄ quarks produced near the ⌥(5S) resonance
hadronise in fud = (75.9+2.7

�4.0)% of the cases into Bu,d

mesons, a smaller fraction of fs = (19.9+�3.0)% into B

0

s

mesons and in the remaining cases no open b is produced
[13]. In the latter case, D+

s mesons are not produced in
subsequent decays and hence there is no contribution to
the ratio R.
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[PDG 2012]

•x(Ds) separates continuum

2

fractions in parentheses: Xc = Ds(2.1%), D

⇤
s(4.9%),

D

⇤
s0(2317)(0.4%), Ds1(2460)(0.4%), Ds1(2536)(0.7%),

and D

⇤
s2(2573) (0.7%). To generate these modes we use

the ISGW2 quark model [8] (for all modes) and a model
based on heavy quark e↵ective theory (HQET) [9] for the

Bs ! D

(⇤)
s `⌫ modes. The HQET parameterisation form

factors for the Bs ! D

(⇤)
s `⌫ modes are assigned to be

the same as in B ! D

(⇤)
`⌫ decays, and the values taken

from the heavy flavour averaging group [10]. QED final
state radiation in semileptonic decays is added using the
PHOTOS package [11].

MEASUREMENT OVERVIEW

The challenge of measuring the branching fraction of
B

0

s ! X

�
`

+

⌫` is that only one fifth of the mesons con-
taining a b-quark produced near the ⌥(5S) resonance are
B

0

s mesons, the rest are Bu,d mesons. In this analysis,
the relative abundance of B0

s mesons in the sample is en-
hanced by reconstructing, or tagging, the CKM-favoured
B̄

0

s ! D

+

s transition [12], where B(B0

s ! D

±
s X) =

(93±25)% [13]. The signal signature is a lepton (e+, µ+)
from the decay of the other B

0

s in the event. To ensure
that this lepton does not stem from the same B

0

s meson
as the reconstructed D

+

s meson, D+

s `
+ pairs are selected

only where D

+

s and `

+ have the same electric charge.
The quantity obtained in the measurement is the ratio

R =
ND+

s `+

ND+
s

with ` = e, µ, (2)

where ND+
s
and ND+

s `+ are the e�ciency corrected num-
bers of events with a D

+

s and a D

+

s `
+ pair, respectively.

The branching fraction B(B0

s ! X

�
`

+

⌫`) is extracted
by comparing the ratio R to the known production and
branching fractions.

EVENT SELECTION

Ds selection

Charged particle tracks are required to originate from
a region close to the interaction point by applying the fol-
lowing selections on the impact parameters in the r � �

and z directions: dr < 0.5 cm and |dz| < 2 cm. In ad-
dition we demand at least one associated hit in the SVD
detector. For pion and kaon candidates, the Cherenkov
light yield from the ACC, the time of flight information
from the TOF, and the dE/dx from the CDC are required
to be consistent with the appropriate mass hypothesis.

Candidate D

+

s mesons are reconstructed in the clean-
est decay mode D

+

s ! �⇡

+ where the � resonance is
reconstructed in �! K

+

K

� decays. The reconstructed
� and D

+

s masses are required to lie within ±8MeV

and ±65MeV of the nominal � and D

+

s masses [13].
The helicity angle ✓

h

, defined as the angle between the
reconstructed D

+

s momentum and the K

� momentum
in the � rest frame, serves as an additional selection
criterion to discard misreconstructed D

+

s by requiring
| cos(✓

h

)| > 0.5. Non-resonant D

+

s ! KK⇡ decays
(such as S-wave decays) passing the selection criteria are
considered as signal. Correctly reconstructed D

+

s from
e

+

e

� ! cc̄ continuum background typically have high
momenta and are suppressed by a requirement on the
normalised D

+

s momentum

x(D+

s ) =
p

⇤(D+

s )

p

⇤
max

(D+

s )
=

p

⇤(D+

s )q
s/4�m(D+

s )2
< 0.5 , (3)

where p⇤ denotes momentum in the centre-of-mass frame
of the e

+

e

� beams.

Lepton selection

The Ds candidates are combined with same sign
charged leptons (electrons or muons). Electrons candi-
dates are identified using the ratio of the energy detected
in the ECL to the track momentum, the ECL shower
shape, position matching between track and ECL clus-
ters, the energy loss in the CDC, and the response of the
ACC counters. Muons are identified based on their pen-
etration range and transverse scattering in the KLM de-
tector. The angular acceptance region is 18� < ✓ < 150�

and 25� < ✓ < 145� for electrons and muons, respec-
tively. Leptons are reconstructed with a minimum lep-
ton momentum in the lab frame p(`+) of 0.6 GeV. Lep-
ton candidates are rejected if they are likely to have
originated from J/ decays, using the mass criterion
|m(`+h�)�m(J/ )| < 5MeV, where h

� is any charged
track. Electrons consistent with originating from Dalitz
⇡

0 decays and from radiated photons are removed by re-
quiring |m(`+h�

�)�m(⇡0)| < 32MeV and |m(`+`�)| <
100MeV, respectively. The lepton identification e�cien-
cies are corrected by the ratio between experimental data
and MC in �� ! `

+

`

� and J/ ! `

+

`

� events.

FIT RESULTS

The number of D+

s mesons in data is determined from
fits to the KK⇡ mass distribution. The signal shape
used in the fit is modelled as two Gaussians functions
with a common mean; the combinatorial background is
modelled by a linear function (see Figure 1). The fit
parameters are the normalisations of signal (N

sig

) and
background (N

bkg

), the slope of the linear function and
the parameters of the two Gaussian functions: the com-
mon mean, the width of one Gaussian, the ratio of the
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FIG. 2: Momentum spectra obtained fromKK⇡ mass fits: (a) In bins of x(D+

s ); (b)+(c) In bins of p(e+) and p(µ+), respectively,
where continuum backgrounds have been subtracted using o↵-resonance data. The MC uncertainty (yellow) comprises statistical
and systematic uncertainties.

low 0.1%. Another 0.35% uncertainty is added for the
reconstruction e�cieny of the lepton track. The sta-
tistical uncertainty of the e�ciencies ✏D+

s e+(KK⇡) and
✏D+

s µ+(KK⇡) is 0.8%.

Uncertainties in the modelling of the KK⇡ mass shape
cancel in the ratio R. The shape parameters fixed in the
ND+

s `+ fits are varied by one standard deviation and the
variation of the result is taken as uncertainty. It results
in an uncertainty of 2.0% (2.2%) for electrons (muons).

The scale factor S

cont

for the o↵-resonance data and
the correction of the o↵-resonance lepton momentum
spectrum add uncertainties of 0.4% and 1%, respectively.
The knowledge of the composition of secondary lepton
and misidentified lepton candidate backgrounds is lim-
ited by the precision of the measurements of B0

s branch-
ing fractions, which is of the order of 30%. Hence, the
amount of secondary leptons from Du,d,s, from ⌧ and
from other decays, as well as the amount of misidenti-
fied leptons is scaled by ±30% and the variation of R is
taken as systematic uncertainty, giving 1.0% (1.5%) for
electrons (muons).

For the signal model, since most of the exclusive modes
have not been measured, the shape uncertainty is esti-
mated as the full di↵erence between the result obtained
with HQET and with ISGW2 where applicable. For elec-
trons the obtained uncertainty is 0.7% and for muons
0.6%. The background from Bu,d decays contributes
approximately 17% to the measured semileptonic yield.
Since the semileptonic width of Bu,d decays has been
studied in more detail, the shape uncertainties are found
to be negligible compared to B

0

s decays. The uncertainty
due to the composition of the B

0

s semileptonic width is
evaluated by conservatively varying the contributions by
±30%, which results in an uncertainty on R of 1.0% and
1.1% for electrons and muons, respectively. This varia-
tion corresponds to signal lepton acceptance variation of

only 0.3%
The total systematic uncertainty of R is calculated by

summing the above uncertainties in quadrature. It is
found to be 3.0% (2.7%) for electrons and 3.5% (2.8%)
for muons, where the values in parentheses are the fully
correlated error, between both modes. Taking these cor-
relations into account, the total systematic uncertainty
on the combined value of R is 3.0%.

EXTRACTION OF THE BRANCHING
FRACTION

The extraction of the B

0

s ! X

�
`

+

⌫` branching frac-
tion is based on a prediction of the measured ratio R and
includes the estimation of the background from Bu,d de-
cays. This approach is is based on the calculation of the
number of same sign lepton pairs `+`+ in ⌥(5S) decays
discussed in Ref. [15]. The total number of produced
b-quark pairs cancels in Eq. 2 and the absolute numbers
N⇣ (where ⇣ = D

+

s , D

+

s `
+) can be replaced by fractions

F⇣ of events. These fractions F⇣ can be split into the

contribution from B

0

s decays F⇣(B
(⇤)
s B̄

(⇤)
s ) and the back-

ground from Bu,d decays F⇣(B
(⇤)
u,dB̄

(⇤)
u,d(⇡)):

R =
FD+

s `+(B
(⇤)
s B̄

(⇤)
s ) + FD+

s `+(B
(⇤)
u,dB̄

(⇤)
ud (⇡))

FD+
s
(B(⇤)

s B̄

(⇤)
s ) + FD+

s
(B(⇤)

u,dB̄
(⇤)
ud (⇡))

. (4)

Pairs of bb̄ quarks produced near the ⌥(5S) resonance
hadronise in fud = (75.9+2.7

�4.0)% of the cases into Bu,d

mesons, a smaller fraction of fs = (19.9+�3.0)% into B

0

s

mesons and in the remaining cases no open b is produced
[13]. In the latter case, D+

s mesons are not produced in
subsequent decays and hence there is no contribution to
the ratio R.
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5Ch. Oswald  – Semileptonic B/Bs decays at Belle – ICHEP2012

Extraction of leptons from B decays

Two component fraction fit: 
prompt leptons and secondary+fake leptons

counted in fits to         

Continuum bkg. subtracted 
with off resonance data

Rel. Systematic Uncertainty e- µ-

Lepton ID, fake rate 0.7 1.4

Ds efficiency 0.8 0.8

KKπ fit 2.0 2.2

Secondary leptons 1.0 1.5

Continuum 1.11.1

Semileptonic Width Composition 1.21.2

χ2/ndf
=6.4/7

χ2/ndf
=6.7/7

Two component 
fraction fit:
prompt leptons 
and secondary 
and fake leptons

N(Ds-e-)=4260±190 N(Ds-e-)=4760±230
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5

The production of Bu,d mesons near the ⌥(5S) centre-
of-mass energy is categorised in three classes [14]: two-

body decays B(⇤)
u,dB̄

(⇤)
ud , three-body decays with additional

pion B

(⇤)
u,dB̄

(⇤)
ud ⇡ and the initial state radiation (ISR) pro-

cess e

+

e

� ! �

ISR

⌥(4S) ! �

ISR

Bu,dB̄ud. The frac-
tions of the di↵erent two-body decay types are given
by the parameters FB ¯B , FB⇤

¯B and FB⇤
¯B⇤ , their sum is

denoted with F

2

. The fraction of three-body decays is
(1� F

2

) · F 0
3

= (1� F

2

) · (F 0
B ¯B⇡

+ F

0
B⇤

¯B⇡
+ F

0
B⇤

¯B⇤⇡
) and

the rest (1�F

2

)·(1�F

0
3

) is attributed to the ISR process.
In this analysis, it is assumed that B

+ and
B
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�(B+

B

�)/�(B0

B̄

0) = 1.0 with a 20% uncertainty. From
isospin arguments, one can deduce that 1/6 of three-body
decays is B

+

B

�
⇡

0, another 1/6 is B

0

B̄

0

⇡

0, and 2/3 is
B

+

B̄

0

⇡

� or B�
B

0

⇡

+.
Special attention has to be drawn to the C eigenstate

in which a pair of neutral mesons containing a b-quark is
produced because the mixing probability �

(C) of the B

meson is di↵erent:

�

(+)

q =
x

2

q(3 + x

2

q)

2(1 + x

2

q)
2

, �

(�)

q =
x

2

q

2(1 + x

2

q)
. (5)

In contrast to B

0 mesons, where xd = 0.770± 0.008 [13],
xs = 26.49± 0.29 [13] is so large for B0

s mesons that the
di↵erence between even and odd C eigentstates can be
neglected. For B0 produced together with a charged B
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meson, the mixing probability is the same as for C = �1.
With this information the fractions F can be calculated:
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TABLE II: Production of Bu,d mesons at the ⌥(5S) centre-of-
mass energy. The specified modes contribute with a fraction
F to the total amount of Bu,d mesons. For the modes with
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0(⇤) mesons, the C eigenstate is given.
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TABLE III: Parameters used for the extraction of the branch-
ing fraction B. The relative systematic uncertainty |�B/B| is
given for the combined measurement. Parameter values are
take from Ref. [13] unless otherwise stated.

parameters are obtained by varying each of them in turn
by its uncertainty.
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cision. Using the well measured lifetimes of the B
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With this information the fractions F can be calculated:

FD+
s
(B(⇤)

s B̄

(⇤)
s ) = 2 · fs · B(B0

s ! D

±
s X), (6)

FD+
s
(B(⇤)

u,dB̄
(⇤)
ud (⇡)) = 2 · fud · [ 1/2 · B(B0 ! D

±
s X)

+1/2 · B(B+ ! D

±
s X) ] , (7)

FD+
s `+(B

0(⇤)
s B̄

0(⇤)
s ) = 2 · fs · B(B0

s ! X

�
`

+

⌫`) ·
[ �s · B(B0

s ! D

+

s X)

+(1� �s) · B(B0

s ! D

�
s X) ] ,(8)

The factor of 2 takes into account that the recon-
structed D

+

s meson can stem from any of the two pro-
duced mesons containing a b-quark. The calculation of

FD+
s `+(B

(⇤)
u,dB̄

(⇤)
ud (⇡)) requires the distinction of di↵erent

Bu,d production modes, summarised in Table II. As an
example, the calculation of the mode B

0⇤
B

0

⇡ is shown:

FD+
s `+(B

0⇤
B̄

0

⇡) = 2 · fud ·
1

6
· (1� F

2

) · F 0
B⇤

¯B⇡·

B(B0 ! X`

+

⌫`) · [ �(+)

d · B(B0 ! D

+

s )+

(1� �

(+)

d ) · B(B0 ! D

�
s ) ] .

(9)

The parameters used to calculate the fractions F
are summarised in Table III. Equation 4 is solved for
B(B0

s ! X

�
`

+

⌫`) which is the only unknown quantity.
The uncertainties on B(B0

s ! X

�
`

+

⌫`) from the external

Mode Production Fraction Eigenstate C
B

0

B̄

0 1/2 · FB ¯B �
B

0⇤
B̄

0 1/2 · FB⇤
¯B +

B

0⇤
B̄

0⇤ 1/2 · FB⇤
¯B⇤ �

B

+⇤
B

�⇤ 1/2 · F
2

B

0

B̄

0

⇡

0 1/6 · (1� F

2

) · F 0
B ¯B⇡ �

B

0⇤
B̄

0

⇡

0 1/6 · (1� F

2

) · F 0
B⇤

¯B⇡ +
B

0⇤
B̄

0⇤
⇡

0 1/6 · (1� F

2

) · F 0
B⇤

¯B⇤⇡ �
B

+

B

�
⇡

0 1/6 · (1� F

2

) · F 0
3

B

0

B

�
⇡

+ 2/3 · (1� F

2

) · F 0
3

�
B

0

B̄

0

�

ISR

1/2 · (1� F

2

) · (1� F

0
3

) �
B

+

B

�
�

ISR

1/2 · (1� F

2

) · (1� F

0
3

)

TABLE II: Production of Bu,d mesons at the ⌥(5S) centre-of-
mass energy. The specified modes contribute with a fraction
F to the total amount of Bu,d mesons. For the modes with
B

0(⇤) mesons, the C eigenstate is given.

Parameter Value
���B

B

�� [%]
fs/fu,d (26.2± 5.1)% 3.2
B(Bs ! D

±
s X) (93± 25)% 4.4

B(B+ ! D

+

s X) (7.9± 1.4)% 2.4
B(B0 ! D

+

s X) (10.3± 2.1)% 1.5
B(B0 ! D

�
s X) (1.50± 0.84)% 1.2

B(B+ ! D

�
s X) (1.1± 0.4)% 1.0

B(Bs ! D

+

s X) (9.5± 5.2)% [16] < 0.1
B(B0 ! X`

+

⌫`) (10.33± 0.28)% 0.4
B(B+ ! X`

+

⌫`) (10.99± 0.28)% 0.2
�(B+

B

�)/�(B0

B̄

0) (1.0± 0.2)[17] 0.3
FB⇤

¯B⇤ (38.1± 3.4)% 0.1
FB⇤

¯B (13.7± 1.6)% 0.1
FB ¯B (5.5± 1.6) 0.1
F

0
B⇤

¯B⇤⇡ (5.9± 7.8)% [14] 0.2
F

0
B⇤

¯B⇡ (41.6± 12.1)% [14] 0.4
F

0
B ¯B⇡ (0.2± 6.8)% [14] 0.1

xd (0.771± 0.008) 0.1
xs (26.49± 0.29) < 0.1

TABLE III: Parameters used for the extraction of the branch-
ing fraction B. The relative systematic uncertainty |�B/B| is
given for the combined measurement. Parameter values are
take from Ref. [13] unless otherwise stated.

parameters are obtained by varying each of them in turn
by its uncertainty.

SUMMARY

The branching fraction of the inclusive semileptonic
decay B

0

s ! X

�
`

+

⌫` has been measured to be (10.04 ±
0.57

stat

± 0.37
syst

± 0.61
ext

)% for electrons and (11.32±
0.68

stat

±0.46
syst

±0.74
ext

)% for muons. The combination
of both results gives (10.61±0.46

stat

±0.37
syst

±0.67
ext

)%.
This result is consistent with the measurement in Ref.
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FIG. 2: Momentum spectra obtained fromKK⇡ mass fits: (a) In bins of x(D+

s ); (b)+(c) In bins of p(e+) and p(µ+), respectively,
where continuum backgrounds have been subtracted using o↵-resonance data. The MC uncertainty (yellow) comprises statistical
and systematic uncertainties.

low 0.1%. Another 0.35% uncertainty is added for the
reconstruction e�cieny of the lepton track. The sta-
tistical uncertainty of the e�ciencies ✏D+

s e+(KK⇡) and
✏D+

s µ+(KK⇡) is 0.8%.

Uncertainties in the modelling of the KK⇡ mass shape
cancel in the ratio R. The shape parameters fixed in the
ND+

s `+ fits are varied by one standard deviation and the
variation of the result is taken as uncertainty. It results
in an uncertainty of 2.0% (2.2%) for electrons (muons).

The scale factor S

cont

for the o↵-resonance data and
the correction of the o↵-resonance lepton momentum
spectrum add uncertainties of 0.4% and 1%, respectively.
The knowledge of the composition of secondary lepton
and misidentified lepton candidate backgrounds is lim-
ited by the precision of the measurements of B0

s branch-
ing fractions, which is of the order of 30%. Hence, the
amount of secondary leptons from Du,d,s, from ⌧ and
from other decays, as well as the amount of misidenti-
fied leptons is scaled by ±30% and the variation of R is
taken as systematic uncertainty, giving 1.0% (1.5%) for
electrons (muons).

For the signal model, since most of the exclusive modes
have not been measured, the shape uncertainty is esti-
mated as the full di↵erence between the result obtained
with HQET and with ISGW2 where applicable. For elec-
trons the obtained uncertainty is 0.7% and for muons
0.6%. The background from Bu,d decays contributes
approximately 17% to the measured semileptonic yield.
Since the semileptonic width of Bu,d decays has been
studied in more detail, the shape uncertainties are found
to be negligible compared to B

0

s decays. The uncertainty
due to the composition of the B

0

s semileptonic width is
evaluated by conservatively varying the contributions by
±30%, which results in an uncertainty on R of 1.0% and
1.1% for electrons and muons, respectively. This varia-
tion corresponds to signal lepton acceptance variation of

only 0.3%
The total systematic uncertainty of R is calculated by

summing the above uncertainties in quadrature. It is
found to be 3.0% (2.7%) for electrons and 3.5% (2.8%)
for muons, where the values in parentheses are the fully
correlated error, between both modes. Taking these cor-
relations into account, the total systematic uncertainty
on the combined value of R is 3.0%.

EXTRACTION OF THE BRANCHING
FRACTION

The extraction of the B
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tion is based on a prediction of the measured ratio R and
includes the estimation of the background from Bu,d de-
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Pairs of bb̄ quarks produced near the ⌥(5S) resonance
hadronise in fud = (75.9+2.7
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mesons, a smaller fraction of fs = (19.9+�3.0)% into B
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mesons and in the remaining cases no open b is produced
[13]. In the latter case, D+

s mesons are not produced in
subsequent decays and hence there is no contribution to
the ratio R.
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In contrast to B

0 mesons, where xd = 0.770± 0.008 [13],
xs = 26.49± 0.29 [13] is so large for B0

s mesons that the
di↵erence between even and odd C eigentstates can be
neglected. For B0 produced together with a charged B
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meson, the mixing probability is the same as for C = �1.
With this information the fractions F can be calculated:
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The factor of 2 takes into account that the recon-
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The parameters used to calculate the fractions F
are summarised in Table III. Equation 4 is solved for
B(B0

s ! X
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⌫`) which is the only unknown quantity.
The uncertainties on B(B0
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⌫`) from the external

Mode Production Fraction Eigenstate C
B

0

B̄

0 1/2 · FB ¯B �
B

0⇤
B̄

0 1/2 · FB⇤
¯B +

B

0⇤
B̄

0⇤ 1/2 · FB⇤
¯B⇤ �

B

+⇤
B

�⇤ 1/2 · F
2

B

0

B̄

0

⇡

0 1/6 · (1� F

2

) · F 0
B ¯B⇡ �

B

0⇤
B̄

0

⇡

0 1/6 · (1� F

2

) · F 0
B⇤

¯B⇡ +
B

0⇤
B̄

0⇤
⇡

0 1/6 · (1� F

2

) · F 0
B⇤

¯B⇤⇡ �
B

+

B

�
⇡

0 1/6 · (1� F

2

) · F 0
3

B

0

B

�
⇡

+ 2/3 · (1� F

2

) · F 0
3

�
B

0

B̄

0

�

ISR

1/2 · (1� F

2

) · (1� F

0
3

) �
B

+

B

�
�

ISR

1/2 · (1� F

2

) · (1� F

0
3

)

TABLE II: Production of Bu,d mesons at the ⌥(5S) centre-of-
mass energy. The specified modes contribute with a fraction
F to the total amount of Bu,d mesons. For the modes with
B

0(⇤) mesons, the C eigenstate is given.
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fs/fu,d (26.2± 5.1)% 3.2
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s X) (93± 25)% 4.4
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TABLE III: Parameters used for the extraction of the branch-
ing fraction B. The relative systematic uncertainty |�B/B| is
given for the combined measurement. Parameter values are
take from Ref. [13] unless otherwise stated.

parameters are obtained by varying each of them in turn
by its uncertainty.

SUMMARY

The branching fraction of the inclusive semileptonic
decay B

0

s ! X

�
`

+

⌫` has been measured to be (10.04 ±
0.57

stat

± 0.37
syst

± 0.61
ext

)% for electrons and (11.32±
0.68

stat

±0.46
syst

±0.74
ext

)% for muons. The combination
of both results gives (10.61±0.46

stat

±0.37
syst

±0.67
ext

)%.
This result is consistent with the measurement in Ref.
[5] and improves both the statistical and systematic pre-
cision. Using the well measured lifetimes of the B

0

s

and B

0 mesons, and B(B0 ! X

�
`

+

⌫`) [13], the inclu-
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In contrast to B
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TABLE II: Production of Bu,d mesons at the ⌥(5S) centre-of-
mass energy. The specified modes contribute with a fraction
F to the total amount of Bu,d mesons. For the modes with
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0(⇤) mesons, the C eigenstate is given.
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parameters are obtained by varying each of them in turn
by its uncertainty.

SUMMARY

The branching fraction of the inclusive semileptonic
decay B
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⌫` has been measured to be (10.04 ±
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± 0.37
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)% for electrons and (11.32±
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This result is consistent with the measurement in Ref.
[5] and improves both the statistical and systematic pre-
cision. Using the well measured lifetimes of the B
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Systematics: Bs→DsX

12

•Bs→DsX error dominates measurements, 
but PDG has 3 main issues:

•Ds BF’s outdated: Most use 
BF(Ds−→φπ−)=3.5±0.9, but 
BF(Ds

−→φπ−)=(4.66±0.25)% in PDG.

•S-wave contributions treated 
inconsistently (different helicity 
requirements)

•Multiplicities and BFs combined 
despite differences in definition, i.e. 
upper vertex part. Large for Bs! 

•Inconsistent fs.

• BF(Bs
0 → Ds

±X) 

•PDG 2012:        = (93 ± 25)%

•Theory               = (91 ± 11)%

•fs: Issue for most Bs measurements at 5S, 
correlated to Bs→DsX! 

4

xi( |p|
Ebeam

) ON Υ(4S) ON Υ(5S) Continuum N i
Υ(4S) N i

Υ(5S) εi(%) Bi
4S(%) Bi

5S(%)
0.00-0.05 44.4 ± 15.7 1.0 ± 3.2 0.0 ± 0.0 44.4 ± 15.7 1.0 ± 3.1 28.9 0.11 ± 0.04 0.1 ± 0.4
0.05-0.10 317.6 ± 39.6 13.3 ± 8.1 20.7 ± 12.0 261.4 ± 51.2 9.7 ± 8.3 23.9 0.8 ± 0.2 1.4 ± 1.2
0.10-0.15 583.6 ± 53.9 30.4 ± 10.4 21.6 ± 15.3 524.9 ± 68.1 26.7 ± 10.7 24.7 1.5 ± 0.2 3.8 ± 1.5
0.15-0.20 845.5 ± 59.0 54.4 ± 13.0 41.7 ± 18.5 732.3 ± 77.5 47.2 ± 13.3 25.4 2.1 ± 0.2 6.5 ± 1.8
0.20-0.25 1206.4 ± 60.6 57.6 ± 12.7 40.2 ± 18.3 1097.4 ± 78.2 50.7 ± 13.0 27.7 2.8 ± 0.2 6.4 ± 1.7
0.25-0.30 2028.6 ± 63.8 104.1 ± 14.0 70.3 ± 18.0 1838.0 ± 80.3 92.0 ± 14.3 28.6 4.6 ± 0.2 11.3 ± 1.8
0.30-0.35 2233.7 ± 60.7 86.7 ± 12.1 57.0 ± 16.2 2079.2 ± 74.9 76.9 ± 12.4 29.4 5.0 ± 0.2 9.2 ± 1.5
0.35-0.40 660.8 ± 37.9 53.8 ± 9.4 75.0 ± 14.5 457.4 ± 54.6 41.0 ± 9.7 30.4 1.1 ± 0.1 4.7 ± 1.1
0.40-0.45 233.5 ± 25.9 22.6 ± 6.7 73.4 ± 12.9 34.3 ± 43.3 10.1 ± 7.0 31.4 0.1 ± 0.1 1.1 ± 0.8
0.45-0.50 245.8 ± 22.2 14.8 ± 5.6 86.0 ± 12.1 12.6 ± 39.5 0.1 ± 6.0 32.4 0.03 ± 0.09 0.0 ± 0.6

TABLE I: The x dependent Ds yields from the Υ(nS) data, the continuum below the Υ(4S), the Υ(nS) continuum subtracted
data, N i

Υ(nS), the efficiency εi, and the partial branching ratios Bi
nS=Υ(nS) → DsX, for ns equal to 4S and 5S. The errors

are statistical only.

which is in a good agreement with previous measure-
ments [6], while at the Υ(5S)

B(Υ(5S) → DsX)·B(Ds → φπ) = (19.8±1.9±3.8)·10−3 .
(4)

Many systematic errors cancel in the ratio of decay rates.
Thus

B(Υ(5S) → DsX)

B(Υ(4S) → DsX)
= 2.4 ± 0.3+0.6

−0.3 , (5)

directly demonstrates, at 5.6 standard deviation signifi-
cance, a much larger yield of Ds at the Υ(5S) than at
the Υ(4S).

We use B(Ds → φπ+) = (4.4 ± 0.5)%, which is the
weighted average of the (3.6 ± 0.9)% PDG value [6] and
the recent measured value of (4.8 ± 0.6)% [10], although
the latter value is at the 90% c.l. upper limit found
previously [11]. We find

B(Υ(4S) → DsX) = (18.1 ± 0.5 ± 2.8)%, (6)

and consequently:

B(B → DsX) = (9.0 ± 0.3 ± 1.4)% . (7)

In addition, we find

B(Υ(5S) → DsX) = (44.7 ± 4.2 ± 9.9)% . (8)

From these results, we estimate the size of B(∗)
s B

(∗)
s

component at the Υ(5S) in a model dependent manner.
Here we start with the knowledge that an equal admix-
ture of Bo and B+ mesons decay into the sum of Do

and D+ mesons roughly 100% of the time [6]. Thus we
expect Bs mesons to decay into Ds mesons also about
100% of the time. In what follows we estimate our own
theoretical corrections to this number.

We know that the branching fraction B(B → DsX) =
(9.0±0.3±1.4)% comes either from the W− → cs process,
shown in Fig. 3(a), or from the b → c piece if it manages
to create an ss pair through fragmentation, see Fig. 3(b).
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FIG. 3: Dominant decay diagrams for a B meson into Ds

mesons (q is either a u or d quark).

FIG. 4: Dominant decay diagrams for a Bs meson into Ds

mesons.

Similarly, the production of Ds mesons from Bs decay
arises from two dominant processes. Fig. 4(a) shows the
simple spectator process that is expected to produce Ds

mesons nearly all the time; here the primary b → c tran-
sition has the charm quark pairing with the spectator
anti-strange quark. Fig. 4(b) shows the subset of pro-
cess (a) where W− → cs and these two quarks form a
color singlet pair. The chances of this occurring should
be similar to the chance of getting an upper-vertex Ds in
B decay (Fig. 3(a)), i. e. a Ds along with a D.

We can use data to help estimate the size of these
processes. First let us consider the diagram shown in
Fig. 4(a). The nearly 100% probability that this pro-
cess will produce Ds mesons is reduced if the cs pair
fragments into a kaon plus a D instead of a Ds by pro-
ducing an additional uu or dd pair. We don’t actually
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which is in a good agreement with previous measure-
ments [6], while at the Υ(5S)

B(Υ(5S) → DsX)·B(Ds → φπ) = (19.8±1.9±3.8)·10−3 .
(4)

Many systematic errors cancel in the ratio of decay rates.
Thus

B(Υ(5S) → DsX)

B(Υ(4S) → DsX)
= 2.4 ± 0.3+0.6

−0.3 , (5)

directly demonstrates, at 5.6 standard deviation signifi-
cance, a much larger yield of Ds at the Υ(5S) than at
the Υ(4S).

We use B(Ds → φπ+) = (4.4 ± 0.5)%, which is the
weighted average of the (3.6 ± 0.9)% PDG value [6] and
the recent measured value of (4.8 ± 0.6)% [10], although
the latter value is at the 90% c.l. upper limit found
previously [11]. We find

B(Υ(4S) → DsX) = (18.1 ± 0.5 ± 2.8)%, (6)

and consequently:

B(B → DsX) = (9.0 ± 0.3 ± 1.4)% . (7)

In addition, we find

B(Υ(5S) → DsX) = (44.7 ± 4.2 ± 9.9)% . (8)

From these results, we estimate the size of B(∗)
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component at the Υ(5S) in a model dependent manner.
Here we start with the knowledge that an equal admix-
ture of Bo and B+ mesons decay into the sum of Do

and D+ mesons roughly 100% of the time [6]. Thus we
expect Bs mesons to decay into Ds mesons also about
100% of the time. In what follows we estimate our own
theoretical corrections to this number.

We know that the branching fraction B(B → DsX) =
(9.0±0.3±1.4)% comes either from the W− → cs process,
shown in Fig. 3(a), or from the b → c piece if it manages
to create an ss pair through fragmentation, see Fig. 3(b).

1630904-089

FIG. 3: Dominant decay diagrams for a B meson into Ds

mesons (q is either a u or d quark).

FIG. 4: Dominant decay diagrams for a Bs meson into Ds

mesons.

Similarly, the production of Ds mesons from Bs decay
arises from two dominant processes. Fig. 4(a) shows the
simple spectator process that is expected to produce Ds

mesons nearly all the time; here the primary b → c tran-
sition has the charm quark pairing with the spectator
anti-strange quark. Fig. 4(b) shows the subset of pro-
cess (a) where W− → cs and these two quarks form a
color singlet pair. The chances of this occurring should
be similar to the chance of getting an upper-vertex Ds in
B decay (Fig. 3(a)), i. e. a Ds along with a D.

We can use data to help estimate the size of these
processes. First let us consider the diagram shown in
Fig. 4(a). The nearly 100% probability that this pro-
cess will produce Ds mesons is reduced if the cs pair
fragments into a kaon plus a D instead of a Ds by pro-
ducing an additional uu or dd pair. We don’t actually
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Inclusive Summary

•Belle: Model independent

•~10% limit on SU3 symmetry 
breaking

•Systematics limited! 

•Due to tagging techniques.

•Bs full reconstruction (particularly 
>1 ab-1) will help, but there is still 
some kinematic smearing

•Can still improve fs & DsX with 
current 5S data. (not yet measured for 
121 fb-1)

13

) [%]ν X l → 0
sBR(B

4 6 8 10 12

da
ta
/m
c

 0.74± 0.46 ± 0.68 ±11.32 
: Prelim. 2012µBelle 

 0.61± 0.37 ± 0.57 ±10.04 
Belle e: Prelim. 2012

 0.67± 0.37 ± 0.46 ±10.61 
+e: Prelim. 2012µBelle 

-2.0 -1.9
+2.5 +1.19.5 

Babar: PRDRC(2012)

 0.84±10.50 
Private Average

 0.09± 0.28 ±10.26 
)0(Bτ)/0

s
(Bτ ×) 0c.f. BF(B

 0.09± 0.26 ±10.11 
)+(Bτ)/0

s
(Bτ ×) +c.f. BF(B

Gronau, Rosner 



Semileptonic Bs decays, CKM 2012 Phillip URQUIJO

Exclusives

•Semileptonic decays to heavier 
excited charm states, more of 
the available phase space near 
zero recoil, increasing 
importance of corrections in 
HQET.

•Theory expects large SU(3) 
symmetry breaking, but 
inconsistent predictions. 

•Exclusive measurements:

•K l ν...eventually

•Isolating charm states, 
Ds**, DsJ.

•Calibration for QCD 
factorisation predictions 

14

•Predictions:
BF(Bs) (%) Dsµν Ds

*µν
Zhang, Wang, 1003.5576 2.9±0.4 7.1±0.9
Chen, Fu, Kim, Wang J. Phys G 
39 045002, (2012) 1.4 – 1.7 5.1 – 5.8

SU(3) Symmetry, B(B0)×τBs/τB0 

[HFAG 2012 values]
2.12±0.12 4.92±0.11

Moriond QCD 2007                              Grenier Philippe 4

Charm strange mesons: DSJ states (cs bound states)

Prior to B-factories:

Ds(1968)+  Ds
*(2112)+  Ds1(2536)+ Ds2(2573)+

BABAR/CLEO reported 2 new states:

(e+e- �c�)

DsJ
*(2317)+ (�Ds

+�0): m= (2319.6±0.2±1.4) MeV/c2

DsJ
*(2460)+ (�Ds

*+�0): m= (2460.2±0.2±0.8) MeV/c2

confirmed by BELLE (also in B decay)

…masses below expectations…

� missing levels 0+ 1+ ?

� c� states ?

� exotic states (molecular/tetaquark)?

Intensive studies at the B-factories, search for:

� neutral partner

� doubly charged (�Ds
+�+)

� decay modes: Ds
+�0 �0, Ds

+��

No prior 
measurements

Ds1
’,Ds2

*→D(*) K, 
                Ds

(*)+ n π 

Dsj
(*) → Ds

(*)+ n π0/γ
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Exclusives @ D0: Bs→Ds1
-µ+νX

•D* associated with µ, and add KS
0 to isolate

•Ds1(2536)→D*- KS
0

•Normalise to 

•BF(b→D*-µνX)=(2.75 ± 0.19) %, assume 
BF(Ds1)~25% (assumed)

•First observation

15

)2 (GeV/c0
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procedure similar to that given in Ref. [14]. The ef-
ficiency εi for each channel was found and a weighted
sum was calculated, giving an estimated total efficiency
for reconstruction of ε(b̄ → D∗µ) = (5.88 ± 0.80)%,
where the uncertainty is dominated by the MC statistics
used to find εi, and uncertainties on external inputs [5]
used to estimate Fi. Applying the same cuts for recon-
structing the D∗µ for the signal channel, the efficiency
ε(B0

s → Ds1µ → D∗µ) = (3.20 ± 0.02)%, results in a
ratio of efficiencies of Rgen

D∗ = 0.547± 0.075.
The signal MC sample was used to determine the ef-

ficiency to reconstruct D−
s1(2536) → D∗−K0

S given a re-
constructed D∗µ as a starting point. This efficiency is
hence effectively that of reconstructing a K0

S → π+π−

and forming a vertex with the D∗µ, and includes the
branching ratio Br(K0

S → π+π−) [5] for ease of use in
calculating the branching ratio product. The reconstruc-
tion efficiency was found to be εK0

S
= (10.3±0.4)% where

the uncertainty is due to MC statistics.
The process cc̄ → D∗−µ+νµX can contribute to ND∗µ

since a D∗ meson can come from the hadronization of the
c̄ quark, and the muon can come from the semileptonic
decay of the hadron containing the c quark. To determine
the number of events in our signal reconstructed from a
prompt D∗, a comparison was made of the decay length
significance distribution observed in the data with the
same distribution predicted by MC for b → D∗µX and
any excess at shorter significances was interpreted as cc̄
contribution. For the decay length significance cut used
in the analysis, Lxy/σ(Lxy) > 1, the fraction of ND∗µ

from cc̄ production was estimated to be (3.9 ± 2.5)%. A
check using a prompt cc̄ MC sample results in a consistent
estimate. The value of ND∗µ was corrected downward
accordingly.

The contribution from cc̄ production to NDs1
where

one charm quark hadronizes directly to a Ds1(2536) and
the other decays directly to a muon was estimated to
be negligible using relative production ratios and spin-
counting arguments [15].

Systematic uncertainties for the branching ratio prod-
uct are summarized in Table I and discussed below.
The uncertainty in the normalizing branching ratio [5]
Br(b̄ → D∗µX) was taken as a systematic uncertainty.
For determining ND∗µ, the signal and background model
parameters were varied in a correlated fashion and a
systematic uncertainty was assigned. The estimated cc̄
production contribution was varied by the indicated un-
certainty. In the determination of NDs1

, the functional
forms of the signal and background models were varied in
a number of ways to determine the sensitivity of the can-
didate yield. In addition, the scaling of the widths was
varied by ±10% to check the sensitivity to uncertainty in
mass resolution.

By comparing the pT (µ) distribution for the signal us-
ing the default ISGW2 decay model [16] to the HQET
semileptonic decay model [9], a weighting factor was

found and applied to the fully simulated signal MC
events, and the efficiency determined again. The dif-
ference observed was assigned as a contribution to the
systematic uncertainty of εK0

S
and Rgen

D∗ .
When estimating εK0

S
, the uncertainty due to model-

ing of the b hadron pT spectrum was derived by using
an alternate weighting technique. The cuts on the pT

and decay length of the K0
S were varied and a system-

atic uncertainty on the efficiency due to this source was
also assigned. Discrepancies in track reconstruction ef-
ficiencies between data and MC in low-pT tracks were
accounted for by assigning a systematic uncertainty to
each of the pion tracks in the K0

S reconstruction [17, 18].
The uncertainty in Rgen

D∗ is due to a combination of
MC statistics and uncertainties in PDG branching ratio
values and production fractions, f(b̄ → bhadron). The
uncorrelated systematic uncertainty is given in Table I.

The estimated systematic uncertainties were added in
quadrature to obtain a total estimated systematic un-
certainty on the branching ratio product of 16.8%. The
branching ratio product was determined to be:

f(b̄ → B0
s ) · Br(B0

s → D−
s1µ

+νµX) · Br(D−
s1 → D∗−K0

S) =

= [2.66 ± 0.52 (stat) ± 0.45 (syst)] × 10−4.

TABLE I: Estimated systematic uncertainties.

Source Systematic uncertainty
Br(b̄ → D∗µX) 6.9%
ND∗µ 2.9%
NDs1

5.5%
εK0

S
11.0%

Rgen
D∗ 8.6%

Total 16.8%

To assess the systematic uncertainty on the mass mea-
surement, the same variations of the Ds1(2536) mass sig-
nal model, as well as background functional form, were
applied as described above. The mass values used for
the mass constraints on the decay products were varied
within their PDG uncertainties and were also set to the
D0 central fit values. Ensemble tests indicated that the
statistical error is correct. From the observed variations,
a total systematic mass uncertainty of 0.5 MeV/c2 was
taken, for a mass measurement of:

m(Ds1) = 2535.7± 0.6 (stat) ± 0.5 (syst)MeV/c2.

This measured mass value is in good agreement with the
PDG average value of 2535.34± 0.31 MeV/c2 [5].

To allow comparison of this measurement to theoreti-
cal predictions, the semileptonic branching ratio alone as
shown in Table II is extracted by taking the hadroniza-
tion fraction into B0

s as f(b̄ → B0
s) = 0.103 ± 0.014 [5]

and also assuming that Br(Ds1(2536) → D∗K0
S) =

[1] [2]

DØ

LHCb

My average

0 5 10 15

, [%]

•More details on Ds2* in C. Bozzi’s talk

Predictions: [1] ISGW2, Phys. Rev. D 52, 2783 (1995)

[2] ISGW + Non-relativ. HQET, J. Phys. G 29, 2059 (2003)
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http://pdglive.lbl.gov/popupblockdata.brl?nodein=S051R17&inscript=Y&exp=Y&fsizein=1&dclumpin0=L
http://pdglive.lbl.gov/popupblockdata.brl?nodein=S051R17&inscript=Y&exp=Y&fsizein=1&dclumpin0=L
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Bs
0 → Ds

*± l v @ 121 fb-1, “Publicity”

•Untagged approach to be exploited at Belle: Xmiss, cosθBY

•Suppression of Bud cross feed for Ds(*) final states, with some peaking 
contamination from ~ 6・10-4

BF(B→Ds(*)±Klv)
 × 4 (fud/fs)

•Resolution: Kinematic smearing due to Y(5S) decay modes, and γ in
Ds

*→Dsγ (unfortunately), but w resolution acceptable
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Definition of the variables
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Belle MC

•Bs
0 → Ds

*± l v, Ds
* → Ds γ, Ds→Φ(KK)π (plep>0.5 GeV)

Phillip Urquijo, ATPP 2012

Semileptonic Observables

30

Variables

p m

El

v
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−W

B ρ
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ππρ

2q

_
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q2= qmax
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c
l ν

_
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Recoil
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q

ν
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q2= qmin
2

l

c

• Four-momentum of charged lepton

. Experimentally: Momentum and PID

• Four-momentum of hadronic system

. ⇢ is not a narrow resonance

• Mass
2

of (virtual) W boson

. q2

= (p` + p
¯⌫)

2

• Boost of D⇤
in B restframe

. w ⌘ vB · vD⇤
= ED⇤/mD⇤

=

m2

B+m2

X�q2

2mBmD⇤

. For B0 ! D⇤�`+⌫: 1.0 < w < 1.503

• Formfactors

. Parametrization of hadronic effects

(decoupled from leptonic current)

. Simplifications essential

• Lepton mass

• Symmetries (heavy quarks)

3

Variables

p m

El

v
l −

−W

B ρ
π

π

ππρ

2q

_
q

q2= qmax
2

c
l ν

_

Zero
Recoil

_
q

ν
_

q2= qmin
2

l

c

• Four-momentum of charged lepton

. Experimentally: Momentum and PID

• Four-momentum of hadronic system

. ⇢ is not a narrow resonance

• Mass
2

of (virtual) W boson

. q2

= (p` + p
¯⌫)

2

• Boost of D⇤
in B restframe

. w ⌘ vB · vD⇤
= ED⇤/mD⇤

=

m2

B+m2

X�q2

2mBmD⇤

. For B0 ! D⇤�`+⌫: 1.0 < w < 1.503

• Formfactors

. Parametrization of hadronic effects

(decoupled from leptonic current)

. Simplifications essential

• Lepton mass

• Symmetries (heavy quarks)

3

gen-wrecw
-0.1 0 0.1

0
0.02
0.04
0.06
0.08

0.1
0.12
0.14
0.16
0.18
0.2 -358.12)10±*)=(-10.70

s
(Dµ

-24.14)10±*)=(5.20
s

(Dσ
-350.92)10±)=(0.15

s
(Dµ

-23.38)10±)=(4.79
s

(Dσ Belle MC

Max. efficiency 

point shown. In 

progress.



Semileptonic Bs decays, CKM 2012 Phillip URQUIJO

Yield projections

17

Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)Yields (tagging x efficiency x BF)
Tag Method Tag Eff. NBs/NB 121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)121 fb-1(5 ab-1)

Xlν Δstat Δsys DslνDslν Ds*lνDs*lν KlνKlν
Untagged 2 fs/fd,u≃0.25 2.7M - - 72007200 1090010900 25002500

Φ 0.12 4.4⋅fs/fd,u 160k - - 450450 650650 150150

Ds:Φπ,KSK,K*K 0.04 10⋅fs/fd,u 27k 3% 7% 140 (6,000) 200 (8,500) 47 (2,000)

SL tag (Ds l) 0.01 ⨠10 6800 3% ~5% 40 (1,500) 50 (2,200) 12 (500)

Bs Full Recon. 0.004 ⨠10 5400 2% ~4% 15 (620) 20 (880) 5 (200)

•(My) Rough estimates for Signal: Bs →Ds(Φπ)lν , Ds(Φπ)*lν, Klν. 

•Ds tagging could be extended , e.g. (Φπ,KSK,K*K) (~x3 eff. w/r/t Belle 
result)
•But, To be uncorrelated we must ignore opposite sign Ds-l+ pairs for inclusive analysis

•Bs Full Recon & SL efficiencies: take Eff(B0) as a guide

•Too early to quote precise, expected precision on exclusive modes, 

(My) Expected error @ 5 ab-1~ 10%

Assume 
BF(Klν)~1.5x10-4
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Other Bs semileptonic measurements: L>1 ab-1

•Time integrated ASL
CP

•SuperB (design report):
Δasl

s, = (0.1)% (ultimate 
75 ab-1)

• c.f. LHCb, 1fb-1 
asl

s= (-0.24±0.54±0.33)%

•Other than |Vub| with Klν: 
(expect smaller Lattice errors than 
πlν), What else can we uniquely 
learn from the Bs system with 
semileptonic, charged weak 
current Bs decays?

•K* l ν: polarisation?

•Tauonic modes?

18

2.3 Bs Physics at the Υ (5S) 71
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Figure 2-17. Trend of the error on ∆Γs, ASL and ACH as a function of the
integrated luminosity. The error bars show the rms of the error distribution in the
toy Monte Carlo experiments. The dashed line in the last two plots represents the
systematic error on the current measurements at the Υ (4S) resonance, shown for
comparison.

SuperB Conceptual Design Report

70 The Physics

Different experimental methods have been proposed to extract the lifetime difference
∆Γs [310]. For instance, ∆Γs can be obtained from the angular distribution of
untagged Bs → J/ψφ decays. This angular analysis allows separation of the CP odd
and CP even components of the final state, which have a distinct time evolution,
given by different combinations of the two exponential factors e−ΓL,H t. This allows
the extraction of the two parameters ΓL,H or, equivalently, Γs and ∆Γs. The weak
phase of the mixing amplitude, βs, also appears in this parametrization, and a
constraint on this phase can be extracted along with the other two parameters
(see Eq. 2.34 below). Measurements of ∆Γs have been performed by CDF [311] and
DØ [312]; DØ also obtains a constraint on βs. We have performed a simulation based
on toy Monte Carlo experiments to evaluate the sensitivity of this measurement at
SuperB. An example of the evolution of the precision on ∆Γs as a function of the
integrated luminosity is shown in Fig. 2-17. We see that with a few ab−1 of data ac-
cumulated at the Υ (5S) it will be possible to improve upon the current experimental
precision. Clearly, LHCb also has the potential to improve this measurement.

We have also studied the performance of two different experimental techniques that
can be used to to extract the semileptonic asymmetry As

SL, defined as (see also
Section 2.1.4):

As
SL =

B(Bs → Bs → D(∗)−
s l+νl ) − B(Bs → Bs → D(∗)+

s l−νl)

B(Bs → Bs → D(∗)−
s l+νl) + B(Bs → Bs → D(∗)+

s l−νl)

=
1 − |q/p|4

1 + |q/p|4
. (2.32)

The first technique consists of exclusively reconstructing one of the two B mesons
into a self-tagging hadronic final state (such as Bs → D(∗)

s π) and looking for the
signature of a semileptonic decay (high momentum lepton) in the rest of the event.
The second approach is more inclusive, using all events with two high momentum
leptons. In this case, contributions from Bs and Bd decays cannot be separated,
and a combined asymmetry, ACH is measured. Results from this type of analysis
are available from DØ [313]. Fig. 2-17 shows the statistical errors we expect on
As

SL and ACH. Notice that, in both cases, the error becomes systematics dominated
after a relatively small period of data taking. Nonetheless, a clear improvement on
the current experimental situation is possible. Since measurements in a hadronic
environment generally suffer from larger systematic effects; SuperB appears better-
suited to obtain precise measurements of the semileptonic asymmetries.

It is interesting to mention that in the Littlest Higgs Model with T-parity introduced
in Section 2.2.1 one finds large and correlated corrections to the CP asymmetries
SJ/ψφ and As

SL (and, to a lesser extent, also to Ad
SL), as shown in Fig. 2-18). Note

that all these CP asymmetries, in contrast to many other flavour observables, are
not sensitive to the UV completion of the model and, thus allow for more reliable
theoretical predictions.

SuperB Conceptual Design Report
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Summary

•Most precise model independent absolute Bs branching fraction 
measurements. Systematics limited but can be reduced with Bs tagging.

•BF(Bs→X l v)=( 10.5 ± 0.8 )%

•Consistent with SU3 and u-spin symmetry

•Important calibration for Bs, as fs<<1

•Semileptonic Bs physics a√s=Y(5S) may be quite promising: plans to 
measure more exclusive modes, and use these for fs.

•Bs full reconstruction will allow access to rare, BF O(1%) modes even 
with 121 fb-1

.

•Belle II plans to pursue rare and charmless modes.

19
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Systematics Babar Analysis

21

TABLE I. Relative multiplicative and additive systematic un-
certainties for the measurement of B(Bs → !νX).

Multiplicative Systematics Relative
Uncertainty (%)

B(Bs → D(∗)
s X) +8.72/−13.58

B(Bs → ccφ) (Unmeasured) ±3.20

B(Bs → DDsX) (Unmeasured) +1.12/−1.16

Other Branching Fractions +0.52/−0.54

Event and Lepton Selection +1.99/−2.85

Fixed Fit Parameters +0.49/−0.15

Background Parameterization ±0.93

PID and Lepton Fake Rate ±3.21

P (Bu,dBu,d → φ) +1.47/−1.69

Simulation Branching Fractions ±2.59

ISR and 2γ Background +1.57/−7.14

Correction to Event Subtraction +1.88/−4.59

Technique bias +0.39/−10.00

Total Multiplicative (+10.87/−19.92)%

Additive Systematics Uncertainty (×10−3)

Other Branching Fractions +0.56/−0.64

P (Bu,dBu,d → φ!ν) +4.30/−3.90

Total Additive (+4.34/−3.95)× 10−3

Total Systematic (+11.20/−19.34)×10−3

• Possible bias in the χ2 minimization technique at
low statistics. Firstly, evaluating the behavior of
this method for extracting B(Bs → "νX) for many
pseudo-data samples derived from the simulated
dataset gives evidence for a small bias at low statis-
tics. Secondly, it was found that the analysis per-
formed in high statistics simulation tends to overes-
timate B(Bs → "νX) by an amount corresponding
to half the statistical error reported.

To determine whether the uncertainties from these
sources scale with the result or not, each was evaluated in
a simulation sample with a higher semileptonic branching
fraction and compared with the result in the normal sim-
ulation sample. It was found that the uncertainty from
the determination of P (BB → φ"X) in Υ(4S) data does
not scale with the branching fraction, nor does the uncer-
tainty contributed by several of the input branching frac-
tions. These are thus separated in Table I. The remain-
ing uncertainties are found to scale with B(Bs → "νX)
and thus to be multiplicative.
Our final result for the inclusive semileptonic branch-

ing fraction is 9.5+2.5+1.1
−2.0−1.9%, which is the average of the

branching fractions to e and µ.

In conclusion, we performed a simultaneous measure-
ment of the Bs semileptonic branching fraction and its
production rates in the CM energy region from 10.56GeV
to 11.20GeV. The semileptonic branching fraction is con-
sistent with theoretical calculations in Refs. [9] and [10].
Our measurement of the Bs production rates are con-
sistent with the predictions of coupled channel models
[11], in which Bs production peaks near the Υ(5S) and
is vanishingly small elsewhere.
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