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Introduction

•Many puzzles surround B→D**, from understanding HQET to 
controlling background in Vqb and NP searches. 

•SuperKEKB: 40X Luminosity of KEKB and Belle II detector upgrade 
will shed more light on these mechanisms

•Semileptonic, Hadronic, Y(5S)→Bs

•Focus on where High Luminosity e+e- outperforms LHC high rate.

•Excellent neutral mode sensitivity.

•Low backgrounds, low trigger bias, B-tagging(coherent), many 
control samples. 

•Good kinematic resolution, 

•Dalitz plots analyses straightforward. 

•Absolute branching fractions can be measured. 

•Missing momentum analyses are straightforward.
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B(s)→D(s)
** @ Belle II

•Checklist:

•Neutral modes.

•Higher multiplicity modes.

•Differentials in q2, helicity.

•D(*,**) τ ν modes.

•Search for radial excitation 
modes.

•Large Υ(5S) sample 
(possible).

•Better understanding of 
D**→f decay modes.
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FIG. 1. Strong decays of the D0 and D0⇤ into the 1S and 1P states involving, one or two pion emissions (left), and all decays
including the near o↵-shell transitions with a ⇢ and ⌘ (right). The style and opacity of the lines connecting the states indicate
the orbital angular momentum of the partial wave. The grey bands correspond to the measured widths of the 2S and 1P states.

nonresonant contribution [8] no longer needs to be large.
This would be a problem, because in the soft pion limit
a first principles calculation is possible [9], giving a too
small rate at this region of phase space. A large nonres-
onant rate at high D(⇤)⇡ invariant mass would disagree
with the inclusive lepton spectrum measurements and the
measured semi-exclusive B ! D(⇤)⇡`⌫̄ rate.

2) The D0(⇤) states decay to one of the D(⇤) states
either with one pion emission in a p-wave, or with two
pion emission in an s-wave. However, they can decay
with one pion emission in an s-wave to members of the
s⇡l
l = 1

2

+

states, and could thus enhance the observed

decay rate to the s⇡l
l = 1

2

+

states, and thus give rise to
the “1/2 vs. 3/2 puzzle”. The allowed strong decays are
illustrated in Figure 1 (including those only allowed by
the substantial widths of these particles). It is plausible
that the decay modes of the D0(⇤) to the 1S and 1P charm
meson states may be comparable.

3) With the relatively low mass of the D0(⇤) states, the
inclusive lepton spectrum can stay quite hard, in agree-
ment with the observations.

4) The B(B ! D(⇤)⇡`⌫̄) measurement quoted is not in
conflict with our hypothesis, since the decay of the D0(⇤)

would yield two or more pions most of the time.

III. THE B ! D0(⇤)`⌫̄ DECAY RATE

Since the quantum numbers of the D0(⇤) are the same
as those of the D(⇤), the theoretical expressions for the
decay rates in terms of the form factors, and the defi-
nitions of the form factors themselves, are identical to
the well known formulae for B ! D(⇤)`⌫̄ [10]. As for

B ! D(⇤)`⌫̄, in the mc,b � ⇤
QCD

limit, the six form
factors are determined by a single universal Isgur-Wise
function [11], which we denote by ⇠

2

(w). Here w = v · v0
is the recoil parameter, v is the velocity of the B meson,
and v0 is that of the D0(⇤). We define

d�D0⇤

dw
=

G2

F |Vcb|2 m5

B

48⇡3

r3(1 � r)2
p
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⇥
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�⇥
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⇤
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d�D0
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=
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F |Vcb|2 m5

B

48⇡3

r3(1 + r)2 (w2 � 1)3/2
⇥
G(w)

⇤
2

,

where, in each equation, r = mD0(⇤)/mB , and in the
mc,b � ⇤

QCD

limit F (w) = G(w) = ⇠
2

(w).
Heavy quark symmetry implies ⇠

2

(1) = 0, so the rate
near zero recoil comes entirely from ⇤

QCD

/mc,b correc-
tions. Away from w = 1, ⇠

2

(w) is no longer power
suppressed; however, since the kinematic range is only
1 < w < 1.3, the role of ⇤

QCD

/mc,b corrections, which
are no longer universal, can be very large [12]. Before
turning to model calculations, note that there is a qual-
itative argument that near w = 1 the slope of ⇠

2

(w),
and probably those of F (w) and G(w) as well, should be
positive. In B ! D0(⇤) transition, in the quark model,
the main e↵ect of the wave function of the brown muck
changing from the 1S to the 2S state is to increase the
expectation value of the distance from the heavy quark
of a spherically symmetric wave function. Thus the over-
lap of the initial and final state wave functions should
increase as w increases above 1.

It is not easy to calculate these B ! D0(⇤)`⌫̄ form fac-
tors. Below, we use estimates from a quark model pre-
diction [13], hoped to be trustable near w = 1, and from

Tuesday, 27 November 12



B→D** at Belle II Phillip URQUIJO

e- 2.6 A

e+ 3.6 A

To obtain x40 higher luminosity

Colliding 
bunches

Damping ring

Low emittance gun

Positron source

New beam pipe
& bellows

Belle II

New IR

TiN-coated beam pipe 
with antechambers

Redesign the lattices of HER & LER 
to squeeze the emittance 

Add / modify RF systems 
for higher beam current

New positron target / 
capture section

New superconducting /
permanent final focusing 
quads near the IP

Low emittance electrons 
to inject

Low emittance positrons 
to inject

Replace short  dipoles 
with longer ones (LER)

KEKB to SuperKEKB
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Luminosity Prospects SuperKEKB

5

Milestone of Belle II/SuperKEKB

9 months/year
20 days/month

Shutdown
for upgrade
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 L=8·1035 s-1cm-2Commissioning starts 
in 2015.

We will reach 50 ab-1

 in 2022

The schedule is likely to shift by a few months because of a new 
construction/commissioning strategy for the final quads.  
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Belle II Detector Upgrade

•Challenges:

•Higher background (×10-20) from 
Touschek, higher event rate (×10)

•radiation damage and occupancy

•fake hits and pile-up noise in the EM

•Targeted improvements:

•Increased hermeticity (ν recon.)

•Increased KS efficiency

•Improved IP and secondary vertex 
resolution

•Improved π/K separation

•improved π0 efficiency

•add PID in endcaps

•preserve µID at high rates

6

• Belle	  event	  with	  increased	  
background	  overlaid.

Tuesday, 27 November 12
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The Detector: (Belle→Belle II)

7

•hermeticity: detectors closer to beam-pipe

•There should be improvements in all experimental systematic errors. 

Detector	  Choices
SVD:	  4	  DSSD	  lyrs	  g	  2	  DEPFET	  +	  4	  DSSD	  lyrs
CDC:	  small	  cell,	  long	  lever	  arm
ACC+TOF	  g	  TOP+A-‐RICH
ECL:	  waveform	  sampling	  (+pure	  CsI	  end-‐caps)
KLM:	  RPC	  g	  Scintillator	  +MPPC(end-‐caps)

Tuesday, 27 November 12
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Slow pion tracking

•Belle used combined SVD(Si)+CDC(Wire) 
for track finding, low efficiency at low pT.

•Belle II will have standalone silicon track 
finding (4+2 layers). Slow π tracking  
enhanced considerably.

•Fast “cellular automaton” method.

8
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Figure 10: Efficiency (left) and asymmetry (right) versus recovered in data and MC.
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IP and Vertexing improvements

9

π+ π− Ks track

 IP profile

B vertex

γ

γ

γ

B decay point reconstruction 
with KS trajectory

Larger radial 
coverage of SVD

σ
[µ

m
]

Less Coulomb
scatterings

Pixel detector close
to the beam pipe

σ
[µ

m
] Belle

Belle II’

Belle II

1.0 2.00 1.0 2.00
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20µm

pβsin(θ)3/2 [GeV/c] pβsin(θ)5/2 [GeV/c]

•New Vertexing layout: PIXEL+STRIPS resolution: 20µm to 10µm (large p).

•Also significant improvements to tracking/vertexing software. (May be used  
in some updated Belle I measurements in the near future!)

•Better B-tagging 
and charm 
vertex isolation.

Tuesday, 27 November 12



A. J. Schwartz   CHARM 2012, Hawaii: Belle II Charm Prospects     9 

Belle II_
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�0  from D0� K- K+, etc. 

B→D** at Belle II Phillip URQUIJO

Particle Identification

•Barrel: Time of propagation:
• Cherenkov ring imaging with precise time measurement.
• Internal reflection of Cerenkov ring images from quartz (like 

BaBar DIRC)

10

•Endcap: Aerogel ring 
imaging Cherenkov.

novel “focusing” two 
layer radiator 
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Calorimeter

•ECL Improved to handle higher rates.

•Barrel electronics with waveform sampling.

•CsI coverage extended to endcap (Pure CsI): hermeticity.

•Resolution similar to Belle I (which is very good)

11
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The Analysis Tool of Belle II’s future: B tagging 
• Use a “Tagged B” to define 4-momenta of “Signal B”:
– Tagged B Hadronic decays : Signal B momenta well-defined.

• The number of reconstructed Btag decay modes can be >1000 (Babar 
ultimately used ~1900).

• Look for excess neutral energy (“Eextra/ECL”) and excess tracks not assigned 
to tagged or signal B.

12

3

and Quinn, 1998) however significant new physics sen-
sitivity is possible (Grossman, Ligeti, and Nardi, 1997).
The large masses provides the potential for substantial140

enhancements due to large Higgs couplings in two-Higgs-
doublet models (Babu and Kolda, 2000; Logan and Nier-
ste, 2000). However, due to the missing neutrinos (between
two and four depending on the ⌧ decay modes) arising
from the ⌧ decays, the ⌧+

⌧

� final state is considerably145

more di�cult experimentally than the e

+

e

� and µ

+

µ

�

modes. This mode is not accessible at hadron colliders,
and only one search has been performed at B factories
to date. BABAR published a search for this mode (Aubert,
2006a) based on a data sample of (232±3)⇥106

BB events150

(210 fb�1) and using the method of exclusive hadronic tag
reconstruction of the accompanying B meson as described
in chapter 7. Evidence for a B

0 ! ⌧

+

⌧

� decay is sought
by considering all charged tracks and clusters which are
not associated with the reconstructed tag B candidate, as155

illustrated in figure 17.11.2. Only events with “one-prong”
decays of both taus are considered, hence signal events
are required to contain exactly two charged tracks, each
of which are identified as an electron, muon or pion. Each
of the two ⌧ leptons can potentially decay to ⌧ ! e⌫⌫̄,160

⌧ ! µ⌫⌫̄, ⌧ ! ⇡⌫ or ⌧ ! ⇢⌫, hence signal topologies
are defined corresponding to each combination of ⌧+

⌧

�

decay modes. Charged pion tracks are considered to be ⇢
candidates if a ⇡0 candidate, reconstructed from a pair of
photon clusters, can be combined with the ⇡ track to give165

0.6 < m⇡⇡0
< 1.0 GeV/c

2. Events with any additional
⇡

0 candidates are rejected, and the sum of any remain-
ing calorimeter energy (E

extra

) is required to be less than
110 MeV (summing all clusters with energy exceeding 30
MeV).170

Fig. 17.11.2. Illustration of a B0 ! ⌧+⌧� event in which
the associated B0 is reconstructed as a hadronic Btag. The
tau decay modes are depicted as ⌧� ! e�⌫⌫̄ and ⌧+ ! ⇡+⌫̄.
Since the B0 4-vector is determined by the tag reconstruction,
the signal B0 4-vector can be obtained using the known CM
energy, and the event missing energy can be fully attributed
to the neutrinos.

Backgrounds from B decays to open charm, which sub-
sequently decay to final states containing a strange quark,
are suppressed by vetoing events in which any signal can-
didate track is identified as a K

+, or if the combination

of the two tracks is consistent with K

0

S ! ⇡

+

⇡

� (note175

that this type of background is large due to the Cabibbo
favored b ! c ! s transitions). Similarly, events pos-
sessing a calorimeter cluster which is identified as a K

0

L
candidate, based on cluster energy and event shape infor-
mation, are rejected.180

Additional background suppression is obtained by ex-
ploiting correlations between the momenta and angular
distributions of the ⌧ decay daughters in the signal B rest
frame. The signal B rest frame is estimated from the 4-
vector of the reconstructed tag B. A set of neural nets,185

one for each of the ⌧+

⌧

� decay topologies, are trained to
discriminate signal from background based on four inputs:
the B rest frame momenta of the positively and negatively
charged ⌧ daughters, |p

+

| and |p�| respectively, the angle
cos ✓ ⌘ p

+

· p�/|p
+

||p�|, and E

extra

.190

Substantial backgrounds remain following this selec-
tion, primarily arising from b! c! s processes with sig-
nificant missing energy and no identified kaon. Typically
these are B decays with an undetected KL, with one or
more particles passing outside of the detector acceptance195

and/or semileptonic B or charm decays. A total of 281±48
background events are expected and 263 ± 19 events are
observed in data, distributed across all modes. A 90% C.L.
branching fraction limit of B(B0 ! ⌧

+

⌧

�) < 4.1 ⇥ 10�3

is obtained. Because of the limited sensitivity imposed by200

the high backgrounds, this analysis has not been repeated,
either by BABAR with a larger data sample or by Belle.

17.11.1.3 B

0 ! `

+

`

�
� (` = e, µ)

The B

0 ! `

+

`

�
� (` = e or µ) decays can occur by emit-

ting a photon from any of the initial or final-state fermions205

of B

0 ! `

+

`

�. But the dominant contribution comes from
the process where a photon is emitted from one of the
initial-state quarks, thus making it free from the helicity
suppression associated with B

0 ! `

+

`

�. In the SM, the
expected branching fractions for B

0 ! `

+

`

�
� are about210

10�10 (Aliev, Ozpineci, and Savci, 1997; Eilam, Halperin,
and Mendel, 1995). Therefore, observation of such signals
with current sensitivities of BABAR and Belle would pro-
vide clear evidence for new physics.

BABAR has searched for these decays using an event215

sample of 320⇥ 106

BB pairs. The signal MC events are
simulated using the leading-order calculation of the Wil-
son coe�cients C

7

, C

9

, and C

10

(Dincer and Sehgal, 2001)
(see also section 17.9 for a description of electroweak pen-
guin Wilson coe�cients) . The signal candidates are se-220

lected by combining a pair of oppositely-charged leptons
and a photon and requiring �0.5  �E  0.5 GeV and
5.0  m

ES

 5.3 GeV/c

2. The signals are counted in the
region (signal box), �0.146(�0.112)  �E  0.082 GeV
and 5.270  m

ES

 5.289 GeV/c

2 for the e

+

e

�
� (µ+

µ

�
�)225

mode. The dominant backgrounds include: (1) un-modelled
higher-order QED and two-photon processes for the e

+

e

�
�

mode, (2) B decays where ⇡0 produces the photon or J/ 

(or  (2S)) produces one or both of the leptons, and (3)
continuum processes. The backgrounds of type (1) are sup-230

pressed by requiring tightened fiducial conditions for the
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Uncertainties with 1st Gen. B factories

13

In all cases, non-saturation of D** decay modes.

B0→D0π+π− 
(Belle) 2006 
357 fb-1

B0→D+π+π− 
(Babar) 
2009 383 
fb-1

B→D** l ν 
(Belle) 
2008 
657fb-1

PID 0.05 0.015 0.01
Backgrounds 0.05 0.015 0.1-0.25

Signal PDFs 0.01

Tracking/Photon 0.05 0.025 0.02

BF(Charm) 0.024 0.023 0.01

Modelling 0.07

Normalisation 0.016 0.10

Total Systematic 0.09 0.04 0.16-0.28

Stat ~0.05-0.2 ~0.05 0.2

1. Measurements of specific D** 
modes in hadronic B decays 
already done reasonably well.

2. So far no attempts at neutral 
modes in hadronic B decays, or 
any absolute D** measurements.

3. Most current semileptonic decay 
uncertainties will scale down with 
Luminosity.

Very rough summary of selected measurements
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B→D**l ν: outlook

•Reconstruction, analysis software for Belle II still in preparation.

•Outlook based on 

•Existing Belle (or Babar) measurements: extrapolated based on (privately) 
estimated performance improvements and integrated luminosity (Only 
measured D**→D(*)π modes extrapolated.)

•Unmeasured: order of magnitude estimates (efficiencies difficult to 
estimate).

•Belle I: PRD.77.091503

•Near future: Belle I: update: Btag efficiency improved, results pending. 

•Extrapolation of existing measurements:

•Belle II: guesstimated 1.5x stat. power from efficiency and background 
rejection improved over Belle I (ultimately mode dependent).

•BaBar: Simple luminosity scaling, for reference (PRL.101.261802)

14
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B→D**l ν: outlook
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B→D**l ν: Neutral modes outlook

16

•e.g. D**→Dη
•Relatively slow η (low efficiency, large 

photon background), not on threshold .

•Other: D**→Dρ(ππ,ππ0), D**→D(ππ,ππ0)

Selection Variables to suppress background II.

C. Beleño B ! ”

(0)
‘⌫ at Belle DPG Göttingen 2012 6/27
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BF(D**→ηD) 
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Btag eff.

700 fb-1

50 ab-1

1.00% 1.00% 0.004%
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15 5 32

1046 353 2294

Eff.(η)~4 x less
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B→ D** l ν Decay Differentials
•Still have limited experimental information on the decay differentials.

17

76 CHAPTER 4. SIMULATION OF B � XQ⇥� DECAYS
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B→D’ l ν: Radially excited modes outlook

18

•D1’(*)→D(*)ππ or
         →Dbroad

**π

• 2π+ emission not examined/seen in SL decays (Belle I still to prepare 
a final result).

•Expect LHCb could (clearly) confirm&characterise 2π± modes in SL 
decays, but the full width must be studied at Belle II.

Phillip Urquijo    SL Task-force October 2010

Observation of D1(2420) → Dπ+π−

9
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Points with error bars represent the experimental data, solid
line - D∗0π, dashed - Dρ, chain - Df0 models with the ex-
pected background added. The hatched histogram corre-
sponds to expected background (from ∆E sidebands).

Belle: Phys.Rev.Lett.94:221805,2005

•c.f. Belle D1→Dππ (150 fb-1) (confirmed by LHCb: PRD 84.092001)
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B→D**τ ν ?

•To reach high precision (at Belle II) in 
B→D(*)τ ν, D** modes may need to be considered.

•Theory expectation?

•(Clearly) No measurements exist:

•BF(D**τν)/BF(D**lν)~0.3 x phase space, 
BF(τ→lνν)~0.35

•Eff~0.3 (low momentum)

•Below assume ~1% statistical power of B→D**l 
ν (background conditions difficult to estimate)

19

•Only constraints from 
inclusive & D(*) τ ν

•b→Xc τ ν: measured at LEP

•BF=2.43±0.23

•Background: B→Xc l ν, 
B→Xc D(→ l ν X)
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Hadronic B decay modes: Outlook

•Belle II strengths are neutral 
mode measurements. 

•Bkg suppression improved due 
to dedicated low pt track 
finding&hermeticity.

•γ resolution similar to Belle I.

•Neutral modes will have high 
background (but new high purity 
methods could be employed)

20

D** mode D0η D+η D0π D+π

BF(B→D**) approx.

BF(D0→Kπ)
+BF(D+→Kππ)

BF(η→γγ,πππ0)

Efficiency(estimate)

700 fb-1 Untagged

50 ab-1 Untagged

Btag eff.

700 fb-1 B-tag

50 ab-1 B-tag

0.02% 0.02% 0.02% 0.02%

12% 9% 12% 9%

62% 62% - -

6% 4% 30% 21%

1250 656 10080 5292

89280 46872 720000 378000

0.5% 0.5% 0.5% 0.5%

6 3 50 26

446 234 3600 1890

No data available to 
estimate uncertainty

{

5

events), that agrees well with the value of B(B− →
D∗+π−π−) = (1.25 ± 0.07)× 10−4 measured earlier [7].

In summary, we report the first observation of
D1(2420) → Dπ+π− decays (with the dominant D1 →
D∗π contribution excluded). The measured branch-
ing ratios with the corresponding statistical significances
and systematic uncertainties are presented in Table I.
We find the upper limit for the possible D∗

2 contri-
bution to these results: B(B → D∗

2π
−) × B(D∗

2 →
Dπ+π−) < 0.55B(B → D1π−) × B(D1 → Dπ+π−).
No statistically significant signal has been observed for
the D∗∗ → D∗π+π− decays. The corresponding 90%
CL upper limits are listed in Table I. Analysis of the
D1 → Dπ+π− dynamics shows that the decay model
D1 → D∗

0π gives the best description of the data. The
R = B(B− → D∗0

2 π−)/B(B− → D0
1π

−) value calculated
assuming D1 → D∗

0π dominates is 0.54 ± 0.18; this is
∼ 2σ lower than the previously published one.
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FIG. 1: ∆E (left) and MDππ (right) distributions for the
D0

1 → D0π−π+ (first row), D+
1 → D+π−π+ (second row),

D0
1 → D∗0π−π+ (third row) D+

1 → D∗+π−π+ (fourth row).
Open histograms represent the data from the signal area,
hatched histograms show the MDππ (where applicable) and
∆E sidebands, respectively, the curves are the fit results - for
the signal area and sidebands.

the D1 → Dππ decay: F νη(B0, π+
B)Fµν(D̄∗

0 , π−

D−

1

)·

P (D−

1 )ηP (D−

1 )µ, F φη(B0, π+
B)Fµφ(f0, D−)·

P (D−

1 )ηP (D−

1 )µ, F νη(B0, π+
B)Fνµ(ρ0, π+

ρ − π−

ρ )·
P (D−

1 )ηP (D−

1 )µ, where the following notation is used:
F µν(A,B) = P µ

AP ν
B − P ν

AP µ
B, P (B − C) = P (B) − P (C)

and P stands for a 4-momentum.
[15] In case of the Df0 model the key cos Θ(π−

BD) distribution
is practically independent of the f0 mass and width.

Just for 
reference

{

Belle: Phys.Rev.Lett.94:221805,2005
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Y(5S)→Bs→Ds
** 

21

Modes Width
Dominant 
Xc mode

Ds - KKπ

Ds
* - Ds γ

Ds0
*(2317) - Ds π0

Ds1(2460) - Ds
* π0

Ds1
’(2536) 1 MeV D* K

Ds2
*(2573) 17 MeV D0 K

The ⌥ (5S) data sample

FWF grant number P22742-N16 3 Felicitas.Thorne@oeaw.ac.at

•Most have ≥ 2 neutrals (π0&ν), best at e+e-! 

•σbb
(√s=10.87GeV)/σbb

(√s=10.58GeV)~0.3

•fs~0.199±0.030 ~14M Bs
0 in 121 fb-1

•Excited production: kinematic smearing

•BF(Y(5S)→ Bs
*Bs

*)~90%

•Bs
*→Bsγ, m(Bs

*)-m(Bs)≃49 MeV
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Bs
0 → Ds

*± l v @ 121 fb-1, MC

•Untagged approach shown: Xmiss

•Bud cross feed from~6・10-4
BF(B→Ds(*)±Klv)×4(fud/fs) (precision measurement at Belle II)

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

22
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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
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)
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=
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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
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s
(Dµ
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Max. efficiency 

point shown. Work 

in progress.
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Yield projections

23

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)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)121 fb-1(5 ab-1)121 fb-1(5 ab-1)

Xlν Δstat Δsys DslνDslν Ds*lνDs*lν Ds0*lνDs0*lν Ds2*lνDs2*lν

Untagged 2 fs/fd,u≃0.25 2.7M - - 72007200 1090010900 800800 13001300

Lepton tag 0.1 fs/fd,u≃0.25 135k - - 370 (15,000) 534 (22,000) 40 (1,600) (70) (2,800)

Ds:Φπ,KSK,K*K 0.04 10⋅fs/fd,u 27k 3% 7% 140 (6,000) 200 (8,500) 16 (650) (26) (1,000)

Bs Full Recon. 0.004 ⨠10 5400 2% ~4% 15 (620) 20 (880) 2 (70) (3) (110)

•(My) Rough estimates for Signal: Bs →Ds(Φπ)lνX  

•Ds tagging could be extended , e.g. (Φπ,KSK,K*K) (~x3 eff. w/r/t Belle result)

•Lepton tag is a clean high statistics approach

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

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

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

•B-factories have proven to provide useful input to B→D** physics, 
but there are persistent puzzles needing (much) more e+e- data.

•Major upgrade at KEK during 2010-15 to increase L x 40. 

•Belle II is essentially a new project: many components and most 
electronics will be replaced.

•Slow pion tracking, and PID will be enhanced greatly.

•Neutral decay modes and broad resonances (crucial to understand 
full decay width) will be studied precisely, best done at e+e-.

•Have not yet finished analysing Belle I data! Expect new results in 
semileptonic and hadronic modes.

24
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Bs→ Ds
**lν Shapes

26
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FIG. 1. Form factors and differential decay widths for the B+
→ D̄∗0

0 l+νl decay as a function of q2. Very similar results are
obtained for the B0

→ D∗−

0 l+νl decay. (a): Form factors predicted by CQM. (b): Differential decay width predicted by CQM.
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FIG. 2. Form factors and differential decay widths for the B+
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obtained for the B0
→ D
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−

1 l+νl decay. (a): Form factors predicted by CQM. (b): Differential decay width predicted by CQM.

The first step of this decay involves a semileptonic pro-
cess which can be calculated using Eq. (30). In Table VII
we show the different helicity contributions to the total
width. The main contribution is ΓL in both neutral and
charged D∗

2 channels, providing almost 2/3 of the total
width. The following one is ΓU , the rest of the contri-
butions being negligible. Again our ratio ΓL/Γ = 0.67
is in agreement with the values 0.63 − 0.64 obtained in
Ref. [21] using HQET.

Figure 4 shows the q2 dependence in the form factors
and in the differential decay width, panels (a) and (b)
respectively, for the B+ → D̄∗0

2 l+νl decay. Very similar
results (not shown) are obtained for the B0 → D∗−

2 l+νl

B+
→ D∗0

2 l+νl B0
→ D∗−

2 l+νl

ΓU 0.44 0.44
Γ̃U 2.56× 10−8 2.56× 10−8

ΓL 0.90 0.91
Γ̃L 5.27× 10−7 5.29× 10−7

Γ̃S 1.54× 10−6 1.55× 10−6

Γ 1.34 1.35

TABLE VII. Helicity contributions and total decay widths, in
units of 10−15 GeV, for the D∗

2 meson.
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FIG. 2. Form factors and differential decay widths for the B+
→ D̄

′0
1 l+νl decay as a function of q2. Very similar results are

obtained for the B0
→ D

′
−

1 l+νl decay. (a): Form factors predicted by CQM. (b): Differential decay width predicted by CQM.

The first step of this decay involves a semileptonic pro-
cess which can be calculated using Eq. (30). In Table VII
we show the different helicity contributions to the total
width. The main contribution is ΓL in both neutral and
charged D∗

2 channels, providing almost 2/3 of the total
width. The following one is ΓU , the rest of the contri-
butions being negligible. Again our ratio ΓL/Γ = 0.67
is in agreement with the values 0.63 − 0.64 obtained in
Ref. [21] using HQET.

Figure 4 shows the q2 dependence in the form factors
and in the differential decay width, panels (a) and (b)
respectively, for the B+ → D̄∗0

2 l+νl decay. Very similar
results (not shown) are obtained for the B0 → D∗−

2 l+νl

B+
→ D∗0

2 l+νl B0
→ D∗−

2 l+νl

ΓU 0.44 0.44
Γ̃U 2.56× 10−8 2.56× 10−8

ΓL 0.90 0.91
Γ̃L 5.27× 10−7 5.29× 10−7

Γ̃S 1.54× 10−6 1.55× 10−6

Γ 1.34 1.35

TABLE VII. Helicity contributions and total decay widths, in
units of 10−15 GeV, for the D∗

2 meson.
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Figure 4.5: Comparison between q2 distributions for ISGW2 (solid black line) and
LLSW models B1 (solid blue line) and B2 (dashed blue line), for �KE = �0.45, ⇥̂1 =
�1.20 in method 1. The weights, LLSW/ISGW2, are overlaid for model B1 (solid red
line) and B2 (dashed red line).
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Figure 4.5: Comparison between q2 distributions for ISGW2 (solid black line) and
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•Recent calculations 
in:

•Semileptonic B 
and Bs decays into 
orbitally excited 
charmed mesons, J. 
Segovia,et 
al.,Physical Review 
D 84, 094029 
(2011), arXiv:
1107.4248 

•A lot like ISGW2 
(black)

B→ D**lν Bs→Ds
**lν
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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.

 5

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

Tuesday, 27 November 12
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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)

28

) [%]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 
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Broad physics program
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_

Broad Physics Program: 

Charm mixing and CPV 

B Physics @ Y(4S) 

Bs Physics @ Y(5S) 

+ � decays, rare D decays, DsJ , X, Y, Z studies, etc. 
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