
This is the accepted manuscript made available via CHORUS. The article has been
published as:

Search for CP Violation and Measurement of the Branching
Fraction in the Decay D^{0}→K_{S}^{0}K_{S}^{0}

N. Dash et al. (Belle Collaboration)
Phys. Rev. Lett. 119, 171801 — Published 23 October 2017

DOI: 10.1103/PhysRevLett.119.171801

http://dx.doi.org/10.1103/PhysRevLett.119.171801


Belle Preprint 2017-03
KEK Preprint 2016-64

1

Search for CP violation and measurement of the branching fraction in the decay2

D
0
→ K

0

S
K

0

S
3

N. Dash,19 S. Bahinipati,19 V. Bhardwaj,18 K. Trabelsi,15, 12 I. Adachi,15, 12 H. Aihara,76 S. Al Said,69, 344

D. M. Asner,59 V. Aulchenko,4, 57 T. Aushev,47 R. Ayad,69 V. Babu,70 I. Badhrees,69, 33 A. M. Bakich,685

V. Bansal,59 E. Barberio,45 B. Bhuyan,20 J. Biswal,29 A. Bobrov,4, 57 A. Bondar,4, 57 G. Bonvicini,81 A. Bozek,546
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We report a study of the decay D0
→ K0

SK
0
S using 921 fb−1 of data collected at or near the Υ(4S)

and Υ(5S) resonances with the Belle detector at the KEKB asymmetric-energy e+e− collider. The
measured time-integrated CP asymmetry is ACP (D

0
→ K0

SK
0
S) = (−0.02±1.53±0.02±0.17)% and

the branching fraction is B(D0
→ K0

SK
0
S) = (1.321 ± 0.023 ± 0.036 ± 0.044) × 10−4, where the first

uncertainty is statistical, the second is systematic, and the third is due to the normalization mode
(D0

→ K0
Sπ

0). These results are significantly more precise than previous measurements available
for this mode. The ACP measurement is consistent with the Standard Model expectation.

PACS numbers: 11.30.Er, 13.20.Fc, 13.25.Ft116

Charge-parity violation (CPV) in charm meson de-117

cays has not yet been observed and is predicted to be118

small [O(10−3] in the Standard Model (SM) [1]. Hence,119

an observation of larger CPV in charm decays could be120

interpreted as a sign of new physics (NP) [1]. Singly121

Cabibbo-suppressed (SCS) decays [2] are of special in-122

terest as possible interference with NP amplitudes could123

lead to large nonzero CPV. The D0
→ K0

S
K0

S
decay is124

the most promising channel amongst the SCS decays, as125

the CP asymmetry may be enhanced to an observable126

level within the SM, thanks to the interference of the127

transitions cū → s̄s and cū → d̄d, both of which involve128

the tree-level exchange of a W boson [3].129

Assuming the total decay width to be the same for par-130

ticles and antiparticles, the time-integrated CP asymme-131

try is defined as:132

ACP =
Γ(D0 → K0

S
K0

S
)− Γ(D̄0 → K0

S
K0

S
)

Γ(D0 → K0
S
K0

S
) + Γ(D̄0 → K0

S
K0

S
)
, (1)

where Γ represents the partial decay width. This133

asymmetry has three contributions:134

135

ACP = Ad

CP +Am

CP +Ai

CP , (2)

where Ad

CP
is due to direct CPV (which is decay-mode136

dependent), Am

CP
to CPV in D0–D̄0 mixing, and Ai

CP
to137

CPV in the interference between decays with and without138

mixing. The last two terms are independent of the decay139

final states and are related to the lifetime (τ) asymme-140

try [4],141

AΓ =
τ(D0)− τ(D̄0)

τ(D0) + τ(D̄0)
= −(Am

CP +Ai

CP ) . (3)

The world average for AΓ, (−0.032±0.026)%, is consis-142

tent with zero [5]. In the SM, indirect CPV (Am

CP
+Ai

CP
)143

is expected to be very small, of the order of 10−3 [1].144

Direct CPV in SCS decays is further parametrically sup-145

pressed [O(10−4)], since it arises from the interference146

of the tree and penguin amplitudes [6]. However, these147

decays, unlike Cabibbo favored or doubly Cabibbo sup-148

pressed ones, are sensitive to new SM contributions from149

strong penguin operators, especially from chromomag-150

netic dipole operators [1]. A recent SM-based calcula-151

tion obtains a 95% confidence-level upper limit of 1.1%152

for direct CP violation in this decay [3].153

The search for time-integrated CP asymmetry in154

D0 → K0
S
K0

S
was first performed by CLEO [7] using155

a data sample of 13.7 fb−1 of e+e− collisions at the156

Υ(4S) resonance with a measured CP asymmetry of157

(−23 ± 19)%. LHCb subsequently measured the same158

quantity as (−2.9 ± 5.2 ± 2.2)% [8]. Both results are159

consistent with no CPV, in agreement with the SM ex-160

pectation. Recently, BESIII reported a D0 → K0
S
K0

S
161

branching fraction of (1.67 ± 0.11 ± 0.11)× 10−4 [9] by162

analyzing data corresponding to an integrated luminosity163

of 2.93 fb−1 taken at the ψ(3770) resonance. Belle can164

significantly improve these measurements using the high-165

statistics data samples at or near the Υ(4S) and Υ(5S)166

resonances.167

In this Letter, we measure the branching fraction and168

the time-integrated CP asymmetry (ACP ) of the neu-169

tral charmed meson decay D0 → K0
S
K0

S
. The analysis170

is based on a data sample that corresponds to an inte-171

grated luminosity of 921 fb−1 collected with the Belle172

detector [10] at the KEKB asymmetric-energy e+e− col-173

lider [11] operating at or slightly below the Υ(4S) res-174

onance and at the Υ(5S) resonance with integrated lu-175

minosities of 710.5 fb−1, 89.2 fb−1, and 121.4 fb−1, re-176

spectively. The Belle detector is a large-solid-angle spec-177

trometer, which includes a silicon vertex detector (SVD),178

a 50-layer central drift chamber (CDC), an array of179

aerogel threshold Cherenkov counters (ACC), time-of-180

flight scintillation counters (TOF), and an electromag-181

netic calorimeter (ECL) comprised of CsI(Tl) crystals182

located inside a superconducting solenoid coil that pro-183

vides a 1.5 T magnetic field. An iron flux return located184

outside the coil is instrumented to detect K0
L
mesons and185

identify muons.186

For this analysis, the D0 meson is required to origi-187

nate from the decay D∗+ → D0π+
s , where π

+
s is a slow188

pion, in order to identify the D0 flavor and suppress the189

combinatorial background.190

The measured raw asymmetry is191

Araw =
N(D0)−N(D̄0)

N(D0) +N(D̄0)
= ACP +AFB+A±

ǫ +AK

ǫ , (4)

where all terms are small (< 1%): AFB is the forward-192
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backward production asymmetry of D0 mesons, A±
ǫ is193

the asymmetry due to different detection efficiencies for194

positively and negatively charged pions, and AK
ǫ is the195

asymmetry originating from the distinct strong interac-196

tion of K0 and K̄0 mesons with nucleons in the detec-197

tor material. AFB and A±
ǫ can be eliminated through a198

relative measurement of ACP with respect to the well-199

measured mode D0 → K0
S
π0. The value of AK

ǫ is esti-200

mated to be −0.11% due to a non-vanishing asymmetry201

originating from the different nuclear interaction of K0
202

and K̄0 mesons with the detector material, estimated in203

Ref. [12]. The CP asymmetry of the signal mode is then204

expressed as205

ACP (D
0
→ K0

SK
0
S) = Araw(D

0
→ K0

SK
0
S)−

Araw(D
0
→ K0

Sπ
0) +

ACP (D
0
→ K0

Sπ
0) +AK

ǫ , (5)

where ACP (D
0 → K0

S
π0) = (−0.20 ± 0.17)% [13] is the206

world-averageCP asymmetry of the normalization mode.207

The D∗+ mesons originate mostly from the e+e− → cc̄208

process via hadronization, where the inclusive yield has209

a large uncertainty of 12.5% [13]. To avoid this uncer-210

tainty, we measure the D0 → K0
S
K0

S
branching fraction211

with respect to that of the D0 → K0
S
π0 mode using the212

following relation:213

B(D0 → K0
S
K0

S
)

B(D0 → K0
S
π0)

=
(N/ǫ)D0→K0

S
K0

S

(N/ǫ)D0→K0

S
π0

. (6)

Here, B is the branching fraction, N is the extracted214

signal yield and ǫ is the reconstruction efficiency. The215

world average value of B(D0
→ K0

S
π0) = (1.20± 0.04)%216

is used [13]. In this ratio, the systematic uncertainties217

common to the signal and normalization channels cancel.218

The analysis procedure is developed using Monte Carlo219

(MC) simulation based on events generated using Evt-220

Gen [14], which includes final-state radiation effects via221

PHOTOS [15]; the detector response is simulated by222

GEANT3 [16]. The selection criteria are optimized223

using a figure of merit defined as Nsig/
√

Nsig +Nbkg,224

where Nsig (Nbkg) is the number of signal (background)225

events in the signal region defined as 0.144 GeV/c2226

< ∆M < 0.147 GeV/c2 and 1.847 GeV/c2 < M(D0) <227

1.882 GeV/c2, where ∆M = M(D∗) −M(D0) and M228

is the reconstructed invariant mass of the correspond-229

ing meson candidate. We use a signal MC sample230

with about four hundred times more events than ex-231

pected in data, and estimate Nsig assuming B(D0 →232

K0
S
K0

S
) = 1.8× 10−4 [13]. The MC sample used to esti-233

mate the background comprises BB̄ and qq̄ events, where234

q = u, d, s, c and corresponds to an integrated luminosity235

of six times that of data. The background contribution236

is scaled by the ratio of the number of events in data237

and MC in the ∆M sideband defined as 0.148 GeV/c2238

< ∆M < 0.160 GeV/c2.239

We require a slow pion (πs) candidate to originate from240

near the interaction point (IP) by restricting its impact241

parameters along and perpendicular to the z axis to be242

less than 3 cm and 1 cm, respectively. The z axis is243

defined as the direction opposite the e+ beam. We re-244

quire that the ratio of the particle identification (PID)245

likelihoods, Lπ/(Lπ + LK), be greater than 0.4. Here,246

Lπ (LK) is the likelihood of a track being a pion (kaon)247

and is calculated using specific ionization from the CDC,248

time-of-flight information from the TOF and the number249

of photoelectrons in the ACC. With the above PID re-250

quirement, the pion identification efficiency is above 95%251

with a kaon misidentification probability below 5%.252

The K0
S
candidates are reconstructed from pairs of op-253

positely charged tracks, both treated as pions, and are254

identified with a neural network (NN) [17]. The NN uses255

the following seven variables: the K0
S
momentum in the256

laboratory frame, the distance along the z axis between257

the two track helices at their closest approach, the flight258

length in the x-y plane, the angle between the K0
S
mo-259

mentum and the vector joining the IP to the K0
S
decay260

vertex, the angle between the pion momentum and the261

laboratory-frame direction in the K0
S
rest frame, the dis-262

tances of closest approach in the x-y plane between the263

IP and the two pion helices, and the total number of264

hits (in the CDC and SVD) for each pion track. We265

also require that the reconstructed invariant mass be266

within ±15 MeV/c2 (about four times the resolution)267

of the nominal K0
S

mass [13]. The K0
S

reconstruction268

efficiency is 81.9%. We reconstruct neutral pion candi-269

dates from pairs of electromagnetic showers in the ECL270

that are not matched to any charged track. Showers271

in the barrel (end-cap) region of the ECL must exceed272

60 (100) MeV to be considered as a π0 daughter candi-273

date [18]. The invariant mass of the π0 candidate must274

lie within ±25 MeV/c2 (about four times the resolution)275

of the known π0 mass [13]. The π0 momentum is required276

to be greater than 640 MeV/c.277

To reconstruct D0 candidates, we combine two recon-278

structed K0
S
candidates for the signal mode (one K0

S
and279

one π0 for the normalization mode) and retain those280

having an invariant mass in the range 1.847 GeV/c2281

< M(D0) < 1.882 GeV/c2 (1.758 GeV/c2 < M(D0) <282

1.930 GeV/c2), within ±3σ of the nominal D0 mass [13].283

Finally, πs candidates are combined with the D0 candi-284

dates to form D∗ candidates, with the requirement that285

∆M lies in the range [0.140, 0.160] GeV/c2. The slow286

pion is constrained to originate from the IP in order287

to improve the ∆M resolution. We require D∗+ can-288

didates to have a momentum greater than 2.2 GeV/c in289

the center-of-mass frame. This requirement significantly290

reduces background from random D0π+
s combinations.291

After all selection criteria, the fraction of signal events292

with multiple D∗ candidates is 8.6%. If this is due to293

multiple D0 candidates, we retain the one having the294

smallest
∑

χ2
K0

S

, where χ2
K0

S

is the test - statistic of the295
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K0
S
vertex-constraint fit. In case several D∗ candidates296

remain, the one having the charged pion with the small-297

est transverse impact parameter is retained. This choice298

correctly identifies the true D∗ → D0[K0
S
K0

S
]πs decay299

with an efficiency of 98%. The best-candidate selection300

efficiency is the same for D∗+ and D∗− candidates. For301

the normalization mode, the fraction of signal events with302

multiple D∗ candidates is 27.3%. If this is due to multi-303

ple D0 candidates, we retain the one having the smallest304

value for the sum of χ2
K0

S

and χ2
π0 , where χ2

π0 is the test305

- statistic of the π0 mass-constraint fit. This procedure306

for D0 → K0
S
π0 selects the correct candidate with an307

efficiency of 89%.308

We describe the ∆M distributions for D0
→ K0

S
K0

S
309

and D0 → K0
S
π0 using the sum of two symmetric and310

one asymmetric Gaussian functions with a common most311

probable value. All the mode-dependent shape parame-312

ters are fixed from MC, except for the mean and a com-313

mon calibration factor for the symmetric Gaussians that314

accounts for a data-MC difference in the ∆M resolution.315

Backgrounds caused by processes with the same final316

state as the reconstructed modes, mainlyD0 → K0
S
π+π−

317

for the signal mode andD0 → π+π−π0 for the normaliza-318

tion mode, peak in the ∆M distribution. These peaking319

backgrounds are estimated directly from data using the320

K0
S
mass sidebands, defined as 0.470 GeV/c2 < Mππ <321

0.478 GeV/c2 and 0.516 GeV/c2 < Mππ < 0.526 GeV/c2.322

The peaking background has the same ∆M shape as323

the signal and its yield is fixed, based on the estimation324

described above, to 267 events for D → K0
S
π+π− and325

1923 events for D0 → π+π−π0. The combinatorial back-326

ground shapes are modeled with an empirical threshold327

function, f(x) = (x −mπ)
a exp[−b(x−mπ)], where mπ328

is the nominal charged pion mass and a and b are shape329

parameters.330

An extended unbinned maximum likelihood fit to the331

two combined-charge D∗ ∆M distributions yield 5399±332

87 D0 → K0
S
K0

S
events and 537360 ± 833 D0 → K0

S
π0

333

events. A simultaneous fit of the ∆M distributions for334

D∗+ and D∗− (see Fig. 1) is used to calculate the raw335

asymmetry in D0 → K0
S
K0

S
. A similar procedure is fol-336

lowed for the D0 → K0
S
π0 sample. The signal and back-337

ground shape parameters are common for both the par-338

ticle and antiparticle. Both asymmetries in signal and339

background are allowed to vary in the fit. The value340

of Araw for the peaking background in D0 → K0
S
π0 is341

fixed to zero, whereas its value in D0 → K0
S
K0

S
is fixed342

to the value obtained in data for the D0 → K0
S
π0 sig-343

nal. Here we assume that the peaking background in344

D0 → K0
S
π0 has zero net-ACP . The fitted values of Araw345

for the D0 → K0
S
K0

S
and D0 → K0

S
π0 decay modes are346

(+0.45± 1.53)% and (+0.16± 0.14)%, respectively. The347

resulting time-integrated CP -violating asymmetry in the348

D0 → K0
S
K0

S
decay is ACP = (−0.02± 1.53)%.349

For the branching fraction measurement, we use only350
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FIG. 1: (color online) Distributions of the mass difference
∆M for selected D∗+ (left) and D∗− (right) candidates,
reconstructed as D0[K0

Sπ
0]πs(top) and D0[K0

SK
0
S ]πs (bot-

tom) decays. The points with error bars show the data
and the curves show the result of the fits with the following
components: signal (long-dashed red), peaking background
(dotted cyan), combinatorial background (dashed blue), and
their sum (plain blue). The normalized residuals (pulls) and
χ2/DoF, where DoF is the number of degrees of freedom, are
also shown for each plot.

the D∗+ candidates that have a momentum greater than351

2.5 GeV/c in the centre-of-mass frame. This suppresses352

the component arising from bb̄ events, and hence simpli-353

fies the efficiency estimation and controls the systematic354

uncertainty, which is the dominant uncertainty in this355

measurement. The ∆M fit yields 4755±79D0 → K0
S
K0

S
356

decays and 475439 ± 767 D0 → K0
S
π0 decays. The357

selection efficiencies are (9.74 ± 0.02)% and (11.11 ±358

0.02)%, respectively. Using Eq. (6), we then obtain359

B(D0 → K0
S
K0

S
)/B(D0 → K0

S
π0) = (1.101 ± 0.023)%.360

All quoted uncertainties are statistical.361

Table I lists various sources of systematic uncertain-362

ties in ACP and B of D0 → K0
S
K0

S
. As the branching363

fraction measurement is a relative measurement, most of364

the systematic uncertainties common between the signal365

and normalization channel cancel. The uncertainties on366

the PDF parametrization are estimated by varying each367

fixed shape parameter by its uncertainty and repeating368

the fit. We independently vary the calibration factor for369

each Gaussian to account for different data-MC differ-370
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ence in the broad and narrow parts of the signal PDF.371

The systematic uncertainty is taken as the quadratic sum372

of the changes in the fitted results.373

The peaking background is estimated from the K0
S

374

mass sidebands, and we fix the yield in the final fit using375

the scale factor between the signal region and sideband in376

MC, after removing the signal contamination. We repeat377

the fit procedure by varying the fixed yield by its statisti-378

cal error and we take the difference between the resulting379

signal yield and the nominal value as the systematic un-380

certainty due to the fixed peaking background. We refit381

by varying the fixed Araw by its statistical error and take382

the difference of the refitted and nominal results as the383

systematic uncertainty. The uncertainty due to fixing384

Araw for the peaking component in both D0 → K0
S
K0

S
385

and D0 → K0
S
π0 is negligible. The dominant systematic386

uncertainty on ACP is from the uncertainty on the ACP387

measurement of the normalization channel, D0 → K0
S
π0.388

The systematic uncertainties on the reconstruction ef-389

ficiency that do not cancel in the ratio to the normal-390

ization mode are those related to the reconstruction of391

the K0
S

and the π0. For both MC and data, the K0
S

392

reconstruction efficiencies are estimated by calculating393

the ratio R of the D0
→ K0

S
π0 signal yield extracted394

with and without the nominal K0
S
requirements. Then,395

the double ratio Rdata/RMC= (98.57 ± 0.40)% quanti-396

fies the possible difference between data and simulations.397

We correct for the efficiency and assign a systematic un-398

certainty of 1.40%. The tracking efficiency per track of399

0.35% is obtained from a large sample of D∗± → D0π±,400

where the D0 decays to K0
S
π+π− [19]. It is added lin-401

early for the two daughters of the K0
S
and combined with402

the above uncertainty, yielding 1.57% for the systematic403

uncertainty due to K0
S

reconstruction. There is a sys-404

tematic uncertainty on the π0 reconstruction efficiency.405

We obtain the corresponding data-MC correction factor,406

(95.14 ± 2.16)%, from a sample of τ− → π−π0ντ de-407

cay [19]. We apply this correction and assign 2.16% as a408

systematic uncertainty. Lastly, we take the uncertainty409

on the world-average branching fraction of the normaliza-410

tion mode D0 → K0
S
π0. These individual contributions411

are added in quadrature to obtain the total systematic412

uncertainty.413

Using a data sample that corresponds to an integrated414

luminosity of 921 fb−1, we have measured the time-415

integrated CP -violating asymmetry in the D0 → K0
S
K0

S
416

decay to be417

ACP = (−0.02± 1.53± 0.02± 0.17)%,

where the first uncertainty is statistical, the second is418

systematic, and the third is due to the uncertainty on419

ACP of D0 → K0
S
π0. From our measurement of the420

branching fraction ratio,421

TABLE I: Contributions to the systematic uncertainties of the
measurements of the CP asymmetry ACP (absolute errors)
and branching fraction B (relative errors) for theD0

→ K0
SK

0
S

mode.

Source ACP (%) B (%)

D0
→ K0

SK
0
S PDF parametrization ±0.01 ±0.28

D0
→ K0

Sπ
0 PDF parametrization ±0.00 ±0.23

D0
→ K0

SK
0
S peaking background ±0.01 ±0.59

D0
→ K0

Sπ
0 peaking background ±0.00 ±0.03

K0/K̄0 material effects ±0.01 -

K0
S reconstruction efficiency - ±1.57

π0 reconstruction efficiency - ±2.16

Quadratic sum of above ±0.02 ±2.76

External input (D0
→ K0

Sπ
0 mode) ±0.17 ±3.33

B(D0
→ K0

S
K0

S
)

B(D0 → K0
S
π0)

= (1.101± 0.023± 0.030)%,

we obtain the D0 → K0
S
K0

S
branching fraction as422

B(D0
→ K0

SK
0
S) = (1.321±0.023±0.036±0.044)×10−4.

where the first uncertainty is statistical, the second is423

systematic, and the third is due to the uncertainty on B424

of D0 → K0
S
π0.425

The ACP result is consistent with the SM expectation426

and improves the uncertainty with respect to the recent427

measurement of this quantity by LHCb [8] by about428

a factor of four. Furthermore, the precision is already429

comparable to the theory prediction [3]. While the B430

result is consistent with the world average [13], it is 2.3σ431

away from a recent BESIII measurement [9]. Both the432

ACP and B measurements are the most precise ones433

available for the D0 → K0
S
K0

S
mode.434

435

We thank the KEKB group for the excellent opera-436

tion of the accelerator; the KEK cryogenics group for437

the efficient operation of the solenoid; and the KEK438

computer group, the National Institute of Informatics,439

and the PNNL/EMSL computing group for valuable440

computing and SINET5 network support. We ac-441

knowledge support from the Ministry of Education,442

Culture, Sports, Science, and Technology (MEXT)443

of Japan, the Japan Society for the Promotion of444

Science (JSPS), and the Tau-Lepton Physics Research445

Center of Nagoya University; the Australian Research446

Council; Austrian Science Fund under Grant No. P447

26794-N20; the National Natural Science Foundation448

of China under Contracts No. 10575109, No. 10775142,449

No. 10875115, No. 11175187, No. 11475187, No. 11521505450

and No. 11575017; the Chinese Academy of Science451

Center for Excellence in Particle Physics; the Min-452

istry of Education, Youth and Sports of the Czech453



7

Republic under Contract No. LTT17020; the Carl454

Zeiss Foundation, the Deutsche Forschungsgemein-455

schaft, the Excellence Cluster Universe, and the456

VolkswagenStiftung; the Department of Science and457

Technology of India; the Istituto Nazionale di Fisica458

Nucleare of Italy; the WCU program of the Min-459

istry of Education, National Research Foundation460

(NRF) of Korea Grants No. 2011-0029457, No. 2012-461

0008143, No. 2014-R1A2A2A01005286, No. 2014-462

R1A2A2A01002734, No. 2015-R1A2A2A01003280,463

No. 2015-H1A2A1033649, No. 2016-R1D1A1B01010135,464

No. 2016-K1A3A7A09005603, No. 2016-465

K1A3A7A09005604, No. 2016-R1D1A1B02012900,466

No. 2016-K1A3A7A09005606, No. NRF-2013-467

K1A3A7A06056592; the Brain Korea 21-Plus program,468

Radiation Science Research Institute, Foreign Large-size469

Research Facility Application Supporting project and470

the Global Science Experimental Data Hub Center of the471

Korea Institute of Science and Technology Information;472

the Polish Ministry of Science and Higher Education and473

the National Science Center; the Ministry of Education474

and Science of the Russian Federation and the Russian475

Foundation for Basic Research; the Slovenian Research476

Agency; Ikerbasque, Basque Foundation for Science477

and the Euskal Herriko Unibertsitatea (UPV/EHU)478

under program UFI 11/55 (Spain); the Swiss National479

Science Foundation; the Ministry of Education and the480

Ministry of Science and Technology of Taiwan; and the481

U.S. Department of Energy and the National Science482

Foundation.483

[1] Y. Grossman, A.L. Kagan, and Y. Nir, Phys. Rev. D 75484

(2007) 036008, arXiv:hep-ph/0609178.485

[2] G. Hiller et al., Phys. Rev. D 87 (2013) 014024,486

arXiv:1211.3734.487

[3] U. Nierste and A. Schacht, Phys. Rev. D 92 (2015)488

054036, arXiv:1508.00074.489

[4] M. Staric et al. (Belle Collaboration), Phys. Lett. B 753490

(2016), 412418, arXiv:1509.08266.491

[5] Y. Amhis et al., “Averages of b-hadron, c-492

hadron, and tau-lepton properties as of summer493

2016”, arXiv:1612.07233 and online update at494

http://www.slac.stanford.edu/xorg/hflav.495

[6] J. Brod, A.L. Kagan, and J. Zupan, Phys. Rev. D 86496

(2012) 014023, arXiv:hep-ph/1111.5000.497

[7] G. Bonvicini et al. (CLEO Collaboration), Phys. Rev. D498

63 (2001) 071101(R), arXiv:hep-ex/0012054.499

[8] R. Aaij et al. (LHCb Collaboration), JHEP 10 (2015)500

055, arXiv:1508.06087.501

[9] M. Ablikim et al. (BESIII Collaboration), Phys. Lett. B502

765 (2017) 231, arXiv:1611.04260.503

[10] A. Abashian et al. (Belle Collaboration), Nucl. Instrum.504

and Methods in Phys. Res., Sect. A 479 (2002) 117;505

also see the detector section in J. Brodzicka et al., Prog.506

Theor. Exp. Phys. 2012 (2012) 04D001.507

[11] S. Kurokawa and E. Kikutani et al., Nucl. Instrum. and508

Methods in Phys. Res., Sect. A 499 (2003) 1, and other509

papers in this volume; T. Abe et al., Prog. Theor. Exp.510

Phys. (2013) 03A001 and following articles up to 03A011.511

[12] B.R. Ko, E. Won, B. Golob, and P. Pakhlov, Phys. Rev.512

D 84 (2011) 111501.513

[13] C. Patrignani et al. (Particle Data Group), Chin. Phys.514

C 40 (2016) 100001.515

[14] D.J. Lange, Nucl. Instrum. and Methods in Phys. Res.,516

Sect. A 462 (2001) 152.517

[15] E. Barberio, B. van Eijk, and Z. Wa̧s, Comput. Phys.518

Commun. 66 (1991) 115.519

[16] R. Brun, F. Bruyant, M. Maire, A.C. McPherson and520

P. Zanarini, GEANT 3: user’s guide Geant 3.10, Geant521

3.11; rev. version (CERN, Geneva, 1987).522

[17] M. Feindt and U. Kerzel, Nucl. Instrum. and Methods in523

Phys. Res., Sect. A 559 (2006) 190.524

[18] H. Ikeda et al., Nucl. Instrum. and Methods in Phys.525

Res., Sect. A 441 (2000) 401.526

[19] S. Ryu et al. (Belle Collaboration), Phys. Rev. D 89527

(2014) 072009, arXiv:hep-ex/1402.5213.528


