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I. Domı́nguez Jiménez,96 T. V. Dong,18 K. Dort,50 D. Dossett,119 S. Dubey,113 S. Duell,109
27

G. Dujany,107 S. Eidelman,4, 57, 74 M. Eliachevitch,109 D. Epifanov,4, 74 J. E. Fast,78
28

T. Ferber,12 D. Ferlewicz,119 G. Finocchiaro,39 S. Fiore,44 P. Fischer,114 A. Fodor,64
29

F. Forti,100, 43 A. Frey,19 M. Friedl,34 B. G. Fulsom,78 M. Gabriel,62 N. Gabyshev,4, 74
30

E. Ganiev,104, 47 M. Garcia-Hernandez,6 R. Garg,79 A. Garmash,4, 74 V. Gaur,130
31

A. Gaz,66, 67 U. Gebauer,19 M. Gelb,51 A. Gellrich,12 J. Gemmler,51 T. Geßler,50
32

D. Getzkow,50 R. Giordano,97, 40 A. Giri,30 A. Glazov,12 B. Gobbo,47 R. Godang,124
33

P. Goldenzweig,51 B. Golob,115, 87 P. Gomis,38 P. Grace,108 W. Gradl,49 E. Graziani,45
34

D. Greenwald,90 Y. Guan,111 C. Hadjivasiliou,78 S. Halder,89 K. Hara,24, 21 T. Hara,24, 21
35

O. Hartbrich,113 T. Hauth,51 K. Hayasaka,73 H. Hayashii,69 C. Hearty,110, 36 M. Heck,51
36

M. T. Hedges,113 I. Heredia de la Cruz,6, 11 M. Hernández Villanueva,120 A. Hershenhorn,110
37

T. Higuchi,128 E. C. Hill,110 H. Hirata,66 M. Hoek,49 M. Hohmann,119 S. Hollitt,108
38

T. Hotta,77 C.-L. Hsu,126 Y. Hu,35 K. Huang,70 T. Iijima,66, 67 K. Inami,66 G. Inguglia,34
39

J. Irakkathil Jabbar,51 A. Ishikawa,24, 21 R. Itoh,24, 21 M. Iwasaki,76 Y. Iwasaki,24
40

S. Iwata,95 P. Jackson,108 W. W. Jacobs,32 I. Jaegle,112 D. E. Jaffe,3 E.-J. Jang,22
41

1



M. Jeandron,120 H. B. Jeon,56 S. Jia,18 Y. Jin,47 C. Joo,128 K. K. Joo,10 I. Kadenko,88
42

J. Kahn,51 H. Kakuno,95 A. B. Kaliyar,89 J. Kandra,7 K. H. Kang,56 P. Kapusta,72
43

R. Karl,12 G. Karyan,133 Y. Kato,66, 67 H. Kawai,9 T. Kawasaki,52 T. Keck,51
44

C. Ketter,113 H. Kichimi,24 C. Kiesling,62 B. H. Kim,83 C.-H. Kim,23 D. Y. Kim,86
45

H. J. Kim,56 J. B. Kim,54 K.-H. Kim,134 K. Kim,54 S.-H. Kim,83 Y.-K. Kim,134
46

Y. Kim,54 T. D. Kimmel,130 H. Kindo,24, 21 K. Kinoshita,111 B. Kirby,3 C. Kleinwort,12
47
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17Department of Physics, Fu Jen Catholic University, Taipei 24205, Taiwan122

18Key Laboratory of Nuclear Physics and Ion-beam Application (MOE) and123

3



Institute of Modern Physics, Fudan University, Shanghai 200443, China124

19II. Physikalisches Institut, Georg-August-Universität125

Göttingen, 37073 Göttingen, Germany126

20Gifu University, Gifu 501-1193, Japan127

21The Graduate University for Advanced Studies (SOKENDAI), Hayama 240-0193, Japan128

22Gyeongsang National University, Jinju 52828, South Korea129

23Department of Physics and Institute of Natural130

Sciences, Hanyang University, Seoul 04763, South Korea131

24High Energy Accelerator Research Organization (KEK), Tsukuba 305-0801, Japan132

25J-PARC Branch, KEK Theory Center, High Energy Accelerator133

Research Organization (KEK), Tsukuba 305-0801, Japan134

26Higher School of Economics (HSE), Moscow 101000, Russian Federation135

27Indian Institute of Science Education and Research Mohali, SAS Nagar, 140306, India136

28Indian Institute of Technology Bhubaneswar, Satya Nagar 751007, India137

29Indian Institute of Technology Guwahati, Assam 781039, India138

30Indian Institute of Technology Hyderabad, Telangana 502285, India139

31Indian Institute of Technology Madras, Chennai 600036, India140

32Indiana University, Bloomington, Indiana 47408, U.S.A.141

33Institute for High Energy Physics, Protvino 142281, Russian Federation142

34Institute of High Energy Physics, Vienna 1050, Austria143

35Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China144

36Institute of Particle Physics (Canada), Victoria, British Columbia V8W 2Y2, Canada145

37Institute of Physics, Vietnam Academy of146

Science and Technology (VAST), Hanoi, Vietnam147

38Instituto de Fisica Corpuscular, Paterna 46980, Spain148

39INFN Laboratori Nazionali di Frascati, I-00044 Frascati, Italy149

40INFN Sezione di Napoli, I-80126 Napoli, Italy150

41INFN Sezione di Padova, I-35131 Padova, Italy151

42INFN Sezione di Perugia, I-06123 Perugia, Italy152

43INFN Sezione di Pisa, I-56127 Pisa, Italy153

44INFN Sezione di Roma, I-00185 Roma, Italy154

45INFN Sezione di Roma Tre, I-00146 Roma, Italy155

46INFN Sezione di Torino, I-10125 Torino, Italy156

47INFN Sezione di Trieste, I-34127 Trieste, Italy157

48Advanced Science Research Center, Japan Atomic Energy Agency, Naka 319-1195, Japan158

4



49Johannes Gutenberg-Universität Mainz, Institut159

für Kernphysik, D-55099 Mainz, Germany160

50Justus-Liebig-Universität Gießen, 35392 Gießen, Germany161

51Institut für Experimentelle Teilchenphysik, Karlsruher162

Institut für Technologie, 76131 Karlsruhe, Germany163

52Kitasato University, Sagamihara 252-0373, Japan164

53Korea Institute of Science and Technology Information, Daejeon 34141, South Korea165

54Korea University, Seoul 02841, South Korea166

55Kyoto Sangyo University, Kyoto 603-8555, Japan167

56Kyungpook National University, Daegu 41566, South Korea168

57P.N. Lebedev Physical Institute of the Russian Academy169

of Sciences, Moscow 119991, Russian Federation170

58Liaoning Normal University, Dalian 116029, China171

59Ludwig Maximilians University, 80539 Munich, Germany172

60Luther College, Decorah, Iowa 52101, U.S.A.173

61Malaviya National Institute of Technology Jaipur, Jaipur 302017, India174

62Max-Planck-Institut für Physik, 80805 München, Germany175

63Semiconductor Laboratory of the Max Planck Society, 81739 München, Germany176
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Abstract250

We present a first measurement of the B0 → D∗+`−νl branching fraction using fully re-251

constructed B meson decays employing the Full Event Interpretation algorithm. Collision252

events corresponding to an integrated luminosity of 34.6 fb−1 are analyzed, which were recorded253

by the Belle II detector operated at the SuperKEKB accelerator complex. We measure254

B(B0 → D∗+`−νl) =
(
4.51± 0.41stat ± 0.27syst ± 0.45πs

)
%, with the first and second error denot-255

ing the statistical and systematic uncertainty, respectively, and the third dominant uncertainty is256

from the slow pion reconstruction efficiency.257
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1. INTRODUCTION258

Precision measurements of semileptonic B0 → D∗+`−νl decays are crucial for future259

measurements of the absolute value of the Cabibbo-Kobayashi-Maskawa matrix element Vcb.260

A very clean measurement approach for this final state is to fully reconstruct one of the two261

B mesons produced in the e+e− → Υ (4S)→ BB process, using hadronic modes. The flavor262

and momentum of the signal B meson can thus be determined. In this conference note, we263

present a first study of B0 → D∗+`−νl decays with fully reconstructed B meson events using264

the Full Event Interpretation (FEI) algorithm of Ref. [1]. The FEI reconstructs over 100 B265

meson decay channels and over 10,000 decay cascades.266

2. THE BELLE II DETECTOR AND DATA SAMPLE267

The Belle II detector [2, 3] operates at the SuperKEKB asymmetric-energy electron-268

positron collider [4], located at the KEK laboratory in Tsukuba, Japan. The detector269

consists of several nested detector subsystems arranged around the beam pipe in a cylin-270

drical geometry. The innermost subsystem is the vertex detector, which includes two layers271

of silicon pixel detectors and four outer layers of silicon strip detectors. Currently, the272

second pixel layer is installed in only a small part of the solid angle, while the remaining273

vertex detector layers are fully installed. Most of the tracking volume consists of a helium274

and ethane-based small-cell drift chamber (CDC). Outside the drift chamber, a Cherenkov-275

light imaging and time-of-propagation detector provides charged-particle identification in276

the barrel region. In the forward endcap, this function is provided by a proximity-focusing,277

ring-imaging Cherenkov detector with an aerogel radiator. Further out is an electromag-278

netic calorimeter, consisting of a barrel and two endcap sections made of CsI(Tl) crystals. A279

uniform 1.5 T magnetic field is provided by a superconducting solenoid situated outside the280

calorimeter. Multiple layers of scintillators and resistive plate chambers, located between281

the magnetic flux-return iron plates, constitute the KL and muon identification system.282

The data used in this analysis were collected in 2019 and 2020 at a center-of-mass (CM)283

energy of 10.58 GeV, corresponding to the mass of the Υ (4S) resonance. The energies of284

the electron and positron beams are 7 GeV and 4 GeV, respectively, resulting in a boost of285

βγ = 0.28 of the CM frame relative to the laboratory frame. The number of B meson pairs286

in the analyzed collision events has been counted using event-shape variables and has been287

determined to be NBB̄ = (37.7± 0.6)× 106.288

Simulated Monte Carlo (MC) samples are used to develop the signal selection, determine289

reconstruction efficiencies and understand potential background distributions. These sam-290

ples are generated using EvtGen and consist of generic BB events where e+e− → Υ (4S)→291

BB̄ and e+e− → qq̄ (q = u, d, s, c). The latter is simulated with KKMC [5] and PYTHIA [6].292

The corresponding luminosity of the generic and continuum samples is 100 fb−1. A signal293

MC sample, where B exclusively decays to Xc`ν`, is also generated and used in this anal-294

ysis. All recorded collisions and simulated events are analyzed in the basf2 [7] framework.295

Data-driven corrections for the lepton identification are applied to the MC events, derived296

from J/ψ and other control samples.297
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3. FULL EVENT INTERPRETATION AND EVENT SELECTION298

We first reconstruct collision events using the FEI algorithm. The algorithm reconstructs299

one of the B mesons produced in the collision event using hadronic decay channels. We label300

such B mesons in the following as Btag. Instead of attempting to reconstruct as many B301

meson decay cascades as possible, the algorithm employs a hierarchical reconstruction ansatz302

in six stages: in the first stage, tracks, displaced vertices and neutral clusters are identified303

and required to pass some basic quality criteria. In the second stage, boosted decision trees304

(BDTs) are trained to identify charged tracks and neutral energy depositions as detector305

stable particles (e+, µ+, K+, KL, p, π
+, γ). In the third and fourth stage, these candidate306

particles are combined into composite parents (J/Ψ, D0, D+, Ds, Λc, Λ,Σ
+), and for each307

target final state, a BDT is trained to identify probable candidates. At the fifth stage,308

candidates for excited mesons (D∗ 0, D∗+, D∗
s) are formed and separate BDTs are trained309

to identify viable combinations. The input variables of each stage aggregate the output310

classifiers from all previous reconstruction stages. The final stage combines the information311

from all previous stages to form Btag candidates. The viability of such combinations is again312

assessed by a BDT that is trained to distinguish correctly reconstructed candidates from313

wrong combinations and whose output classifier score we denote as signal probability. We314

apply a calibration factor for the hadronic tagging efficiency on MC derived using inclusive315

B → X`ν̄`. A full description of this procedure can be found in Ref. [8].316

Only events with at least three charged tracks and three neutral clusters are passed into317

the FEI algorithm. The distance of closest approach between each track and the interaction318

point must be less than 2 cm and 0.5 cm along and longitudinal to the beam axis, respec-319

tively, with a minimum transverse momentum of 100 MeV/c. Clusters must have an energy320

of at least 100 MeV and the associated polar angle is required to lie within the angular321

acceptance of the CDC, 17◦ < θ < 150◦, with θ denoting the polar angle in the laboratory322

frame. In addition, to exclude low multiplicity events such as e+e− → e+e− from the FEI323

reconstruction, the following selection is applied: 2 < EECL < 7 GeV and Evis > 4 GeV.324

The former is the total energy deposited in the electromagnetic calorimeter and the latter325

is determined using the energy of all the tracks and clusters in the event. Collision events326

where e+e− → qq̄ (q = u, d, s, c) are also suppressed by demanding R2 < 0.3, where R2 is327

the ratio of the second and zeroth Fox-Wolfram moments [9], calculated using all the tracks328

and photon candidates in the event.329

The purity of the Btag candidate is improved by selecting only candidates with an output330

signal probability greater than 0.001. The beam-constrained mass Mbc of a Btag candidate331

is defined as332

Mbc =
√
E2
CM − |~pBtag

|2 (1)

where ECM is half the total collision energy, employed here to avoid resolution uncertainties333

related to the measurement of the B energy, and ~pBtag
is the momentum of the Btag candidate334

in the CM frame. Btag candidates are required to have mbc greater than 5.27 GeV/c2 and335

∆E ∈ [−0.15, 0.1] GeV, where ∆E = EBtag
− ECMs, with EBtag

denoting the CM frame336

energy of the Btag candidate.337

All tracks and neutral clusters used in the Btag reconstruction are masked in the event.338

All remaining tracks and clusters are then used to define the signal side. The decay cascade339

B0 → D∗+`ν` with D∗+ → D0π+ and D0 → K−π+ (and charge conjugate) is reconstructed340
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to form a Bsig candidate. All tracks must fulfill the same quality criteria as described341

above and, except for the slow pion πs daughter produced in the D∗+ decay, must have at342

least one hit in the CDC. Oppositely charged tracks are combined to form D0 candidates.343

Each D0 meson candidate is required to have an invariant mass conforming to mKπ ∈344

[1.858, 1.878] GeV/c2 and a CM momentum of less than 3 GeV/c. The D0 meson candidates345

are then combined with a third track to form the D∗+ candidate. The mass difference,346

defined as ∆m = mD
∗ − mD, must lie within [0.143, 0.148] GeV/c2. In addition, charged347

leptons must pass lepton particle identification (PID) criteria in the form of a likelihood,348

which is determined using information from the different detector subsystems and ranges349

from zero to unity. Each lepton candidate must have a PID likelihood ratio greater than350

0.9 to be selected as either an electron or muon candidate. In addition, we require that351

lepton candidates have a CM momentum greater than 1 GeV/c. The lepton candidate is352

then combined with an oppositely charged D∗ candidate and constrained with a vertex fit,353

requiring both daughters to originate from a common point. Υ (4S) candidates are formed by354

combining the resulting D∗` candidate with a Btag. Events with additional tracks, after the355

Υ (4S) reconstruction, are excluded. At this point, there are on average 1.4 Υ (4S) candidates356

per event. We select the candidate with the highest FEI signal probability of the daughter357

Btag. If an event still has more than one candidate per event (which occurs for about 1.8%358

of all remaining events), we select the candidate with its D∗ candidate mass closest to the359

world average D∗ mass. To reduce possible backgrounds from fully hadronic decays, we also360

impose that the missing energy, Emiss = 2 × ECM − EBtag
− ED∗ − E`, exceeds 300 MeV.361

Here ED∗ and E` denote the energy of the reconstructed D∗ and lepton candidates, and is362

calculated using the reconstructed momenta.363

4. SIGNAL EXTRACTION AND BRANCHING FRACTION364

The signal is extracted using a binned maximum likelihood fit of m2
miss, defined as

m2
miss =

(
p
e
+
e
− − pBtag

− pD∗ − p`
)2

, (2)

and evaluated in the CM frame with p
e
+
e
− and pBtag

= (ECM , ~pBtag
) denoting the four-365

momenta of the colliding electron-positron pair and the reconstructed Btag candidate. Fur-366

ther, p` and pD∗ denote the four-momenta of the reconstructed lepton and D∗+ candidate.367

Correctly reconstructed B0 → D∗+`−νl events should peak close to m2
miss ≈ m2

ν ∼ 0, whereas368

contributions from most background processes will have on average larger values. The m2
miss369

distribution of the reconstructed candidate events is shown in Figure 1. For the fit we merge370

the small background contributions from continuum processes and other B meson decays.371

The fit finds Ns = 133 ± 12 signal and 11 ± 5 background events and the fit result is
shown in Figure 2. The fitted yields can be converted into a branching fraction using

B(B0 → D∗+`−νl) =
Ns × ε−1

tag+sel

4×NBB × (1 + f+0)−1 . (3)

Here εtag+sel = (0.40± 0.05) × 10−4 denotes the selection and tagging efficiencies including
sub decay branching fractions. The quoted error includes uncertainties from the tagging
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FIG. 1. The reconstructed pre-fit m2
miss distribution is shown and compared to the MC expectation.

The resolution of the peak is dominated by the resolution of the Btag reconstruction. Correctly

reconstructed Bsig candidates are expected to peak at m2
miss ≈ m

2
ν ∼ 0.

calibration, the limited size of the MC sample, the lepton identification, the slow pion
reconstruction, tracking efficiency, and from the assumed charm branching fractions. Using
the preliminary B counting result of NBB̄ = (37.7± 0.6)×106 and f+0 = 1.058±0.024 from
Ref. [10] we obtain

B(B0 → D∗+`−νl) =
(
4.51± 0.41stat ± 0.27syst ± 0.45πs

)
% . (4)

The largest uncertainty stems from the slow pion efficiency and a detailed breakdown is given372

in Table I. The measured value is lower, but in good agreement with the world average of373

Ref. [10] of B(B0 → D∗+`−νl) = (5.05± 0.14) %.374

5. EECL OF THE SELECTED B0 → D∗+`−νl EVENTS375

The full reconstruction of Btag and Bsig allows one to analyze unassigned energy deposi-376

tions in the calorimeter. Their energy can be summed, after some minimal energy cuts and377

11



0

20

40

60

80

Ev
en

ts
 / 

(0
.2

 G
eV

2 /c
4 )

PreliminaryBelle II dt = 34.6 fb 1

B D *

Background
MC Uncertainty
Data

1.0 0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0
m2

miss [GeV2/c4]

2.5

0.0

2.5

Da
ta

Fi
t

Da
ta

FIG. 2. The post-fit m2
miss distribution is shown.

Source Relative uncertainty (%)

Tracking of πs 10%

MC modeling 5%

FEI Calibration 3%

Tracking of K, π, ` 3%

N
B

0 2%

f+0 1%

Charm branching fractions 1%

Lepton ID 1%

Total 12%

TABLE I. Summary of the relative systematic uncertainties for the branching fraction measure-

ment.

12



0

5

10

15

20

25

Ca
nd

id
at

es
 / 

(0
.1

 G
eV

)
No beam background suppression

Belle II dt = 34.6 fb 1

B D *

Background
Continuum
MC stat. unc.
Data

0.0 0.5 1.0 1.5 2.0 2.5
EECL [GeV]

2.5

0.0

2.5

Da
ta

M
C

Da
ta

Preliminary

0

5

10

15

20

25

30

35

40

Ca
nd

id
at

es
 / 

(0
.1

 G
eV

)

Beam background BDT applied

Belle II dt = 34.6 fb 1

B D *

Background
Continuum
MC stat. unc.
Data

0.0 0.5 1.0 1.5 2.0 2.5
EECL [GeV]

2.5

0.0

2.5

Da
ta

M
C

Da
ta

Preliminary

FIG. 3. Two versions of EECL are shown: (left) is the version applying detector region dependent

energy selection criteria, (right) shows the impact of using a BDT to identify neutral energy

depositions from beam background processes. It is based on shower shape variables and the detector

region of the reconstructed neutral cluster.

are denoted as EECL. For correctly reconstructed Bsig candidates, no unassigned neutral378

energy clusters are expected in the rest of the event (ROE) after the Υ (4S) reconstruction379

and thus ideally EECL ∼ 0. Figure 3 left shows EECL, where only neutral cluster with en-380

ergy greater than 60, 30, and 90 MeV in the forward, barrel and end-cap regions of the381

calorimeter, respectively, are considered. The resulting distribution for signal events has a382

tail towards larger values due to unassigned KL and beam background photons.383

To suppress contributions from beam background photons, a boosted decision tree (BDT)384

(using the implementation of Ref. [11]) is trained using 6 variables related to the shape of385

the electromagnetic shower in the ECL These include the ratio of the energy of the central386

crystal in a cluster to the summed energy of the 9x9 surrounding crystals, the lateral energy387

distribution of a given cluster, the second moment of the cluster’s energy distribution, the388

polar and azimuthal angle of each cluster in the ECL, and the output of a multivariate389

trained on eleven Zernike moments of the cluster shower [12]. The classifier is trained using390

recorded events in a control sample, where e+e− → µ+µ− with the requirement that the391

two muons are back to back. The clusters in the control sample result mainly from beam392

background photons and thus are ideal for training the classifier.393

The classifier is then applied to the clusters of the EECL distribution from B0 → D∗+`−νl394

signal events to evaluate their likeness to beam background photons. A loose cut is applied395

to exclude clusters that are most likely from beam backgrounds and the resulting EECL is396

shown in Figure 3. Both EECL distributions, before and after applying BDT selection, show397

good agreement within the available event counts. EECL is a key experimental observable to398

measure semileptonic or leptonic B meson decays involving τ leptons and this displays the .399
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6. RESULTS AND CONCLUSION400

We present a first measurement of the B0 → D∗+`−νl branching fraction using the Full
Event Interpretation algorithm and 34.6 fb−1 of Belle II data. We determine

B(B0 → D∗+`−νl) =
(
4.51± 0.41stat ± 0.27syst ± 0.45πs

)
% , (5)

which is lower than, but in agreement with, the current world average. The largest systematic401

uncertainty stems from the slow pion efficiency, which will be improved in the future with402

more precise auxiliary measurements. For future studies of B → τ ν̄τ and B → D(∗) τ ν̄τ403

from Belle II, we have also looked at EECL, defined as the sum of unassigned neutral energy404

in the calorimeter. The results of these studies are an important stepping stone for future405

measurements involving these challenging signatures.406
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grants); L’Institut National de Physique Nucléaire et de Physique des Particules (IN2P3) du426

CNRS (France); BMBF, DFG, HGF, MPG, AvH Foundation, and Deutsche Forschungsge-427

meinschaft (DFG) under Germany’s Excellence Strategy – EXC2121 “Quantum Universe”’428

– 390833306 (Germany); Department of Atomic Energy and Department of Science and429

Technology (India); Israel Science Foundation grant No. 2476/17 and United States-Israel430

Binational Science Foundation grant No. 2016113; Istituto Nazionale di Fisica Nucleare431

and the research grants BELLE2; Japan Society for the Promotion of Science, Grant-in-Aid432

for Scientific Research grant Nos. 16H03968, 16H03993, 16H06492, 16K05323, 17H01133,433

17H05405, 18K03621, 18H03710, 18H05226, 19H00682, 26220706, and 26400255, the Na-434

tional Institute of Informatics, and Science Information NETwork 5 (SINET5), and the Min-435

istry of Education, Culture, Sports, Science, and Technology (MEXT) of Japan; National436

Research Foundation (NRF) of Korea Grant Nos. 2016R1D1A1B01010135, 2016R1D1A1B-437

14



02012900, 2018R1A2B3003643, 2018R1A6A1A06024970, 2018R1D1A1B07047294, 2019K1-438

A3A7A09033840, and 2019R1I1A3A01058933, Radiation Science Research Institute, For-439

eign Large-size Research Facility Application Supporting project, the Global Science Ex-440

perimental Data Hub Center of the Korea Institute of Science and Technology Informa-441

tion and KREONET/GLORIAD; Universiti Malaya RU grant, Akademi Sains Malaysia442

and Ministry of Education Malaysia; Frontiers of Science Program contracts FOINS-296,443

CB-221329, CB-236394, CB-254409, and CB-180023, and SEP-CINVESTAV research grant444

237 (Mexico); the Polish Ministry of Science and Higher Education and the National Sci-445

ence Center; the Ministry of Science and Higher Education of the Russian Federation,446

Agreement 14.W03.31.0026; University of Tabuk research grants S-1440-0321, S-0256-1438,447

and S-0280-1439 (Saudi Arabia); Slovenian Research Agency and research grant Nos. J1-448

9124 and P1-0135; Agencia Estatal de Investigacion, Spain grant Nos. FPA2014-55613-449

P and FPA2017-84445-P, and CIDEGENT/2018/020 of Generalitat Valenciana; Ministry450

of Science and Technology and research grant Nos. MOST106-2112-M-002-005-MY3 and451

MOST107-2119-M-002-035-MY3, and the Ministry of Education (Taiwan); Thailand Cen-452

ter of Excellence in Physics; TUBITAK ULAKBIM (Turkey); Ministry of Education and453

Science of Ukraine; the US National Science Foundation and research grant Nos. PHY-454

1807007 and PHY-1913789, and the US Department of Energy and research grant Nos. DE-455

AC06-76RLO1830, DE-SC0007983, DE-SC0009824, DE-SC0009973, DE-SC0010073, DE-456

SC0010118, DE-SC0010504, DE-SC0011784, DE-SC0012704; and the National Foundation457

for Science and Technology Development (NAFOSTED) of Vietnam under contract No458

103.99-2018.45.459

[1] T. Keck et al., Comput. Softw. Big Sci. 3, 6 (2019), arXiv:1807.08680 [hep-ex].460

[2] T. Abe et al. (Belle II Collaboration), (2010), arXiv:1011.0352 [physics.ins-det].461

[3] E. Kou et al., PTEP 2019, 123C01 (2019).462

[4] K. Akai, K. Furukawa, and H. Koiso (SuperKEKB Collaboration), Nucl. Instrum. Meth.463

A907, 188 (2018).464

[5] B. Ward et al., Nucl. Phys. B Proc. Suppl. 116, 73 (2003), arXiv:hep-ph/0211132.465

[6] T. Sjostrand, S. Mrenna, and P. Z. Skands, Comput. Phys. Commun. 178, 852 (2008),466

arXiv:0710.3820 [hep-ph].467

[7] T. Kuhr, C. Pulvermacher, M. Ritter, T. Hauth, and N. Braun (Belle-II Framework Software468

Group), Comput. Softw. Big Sci. 3, 1 (2019), arXiv:1809.04299 [physics.comp-ph].469

[8] W. Sutcliffe et al. (Belle II Collaboration), “Performance studies and calibration of the Belle470

II Hadronic tag-side reconstruction ,” (2020).471

[9] G. C. Fox and S. Wolfram, Phys. Rev. Lett. 41, 1581 (1978).472

[10] P. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 083C01 (2020).473

[11] T. Keck et al., Comput. Softw. Big Sci. 1, 2 (2017).474

[12] F. Zernike, Physica 1, 689 (1934).475

15

http://dx.doi.org/10.1007/s41781-019-0021-8
http://arxiv.org/abs/1807.08680
http://arxiv.org/abs/1011.0352
http://dx.doi.org/10.1093/ptep/ptz106
http://dx.doi.org/ 10.1016/j.nima.2018.08.017
http://dx.doi.org/ 10.1016/j.nima.2018.08.017
http://dx.doi.org/ 10.1016/j.nima.2018.08.017
http://dx.doi.org/10.1016/S0920-5632(03)80147-0
http://arxiv.org/abs/hep-ph/0211132
http://dx.doi.org/10.1016/j.cpc.2008.01.036
http://arxiv.org/abs/0710.3820
http://dx.doi.org/10.1007/s41781-018-0017-9
http://arxiv.org/abs/1809.04299
http://dx.doi.org/10.1103/PhysRevLett.41.1581
http://dx.doi.org/10.1007/s41781-017-0002-8

	  [0.5cm] Measurement of the semileptonic B 0 to D*+ -  l branching fraction with fully reconstructed B meson decays and 34.6 fb-1 of Belle II data
	Abstract
	Introduction
	The Belle II detector and data sample
	Full Event Interpretation and Event selection
	Signal Extraction and branching fraction
	EECL of the selected B 0 to D*+ -  l events
	Results and Conclusion
	ACKNOWLEDGEMENTS
	References


