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We report the first observation of the decays B* — X.(2455)**El- and B® — £.(2455)°Z2, with
significances of 6.4¢ and 5.30, respectively, including systematic uncertainties. This analysis is based on
data samples containing 771.6 x 10 T (4S) decays collected with the Belle detector at the KEKB collider
and 520.6 x 10% Y(4S) decays collected with the Belle 1T detector at the SuperKEKB collider. The
branching fractions are measured to be B(B* — £.(2455)** &) = (1.69 + 0.31 £ 0.121}%) x 1073 and
B(B® - %.(2455)°E0) = (1.28 £ 0.32 £ 0.10%)3%) x 1073, where the first and second uncertainties are
statistical and systematic, respectively, and the third arises from the uncertainties in the absolute branching

fractions of =7 and 20 decays. This result represents the first observation of B-meson decays into a pair of
charmed baryon-antibaryon states belonging to the same SU(3) flavor sextet.

DOI: 10.1103/jhr2-2f9r

B-meson decays provide a unique laboratory to explore
the interplay between weak and strong interactions in the
nonperturbative regime of quantum chromodynamics.
Two-body baryonic B decays proceed at tree level through
W-exchange, W-annihilation, and internal W-emission
topologies [1,2]. The factorizable W-exchange and
W-annihilation contributions are expected to be helicity
suppressed [3]. However, in contrast to mesonic B decays,
the internal W-emission contribution is not necessarily
color suppressed and can therefore play a dominant role in
baryonic two-body decays [3—5]. The large mass of the B
meson allows for decays into charmed baryon-antibaryon
pairs. Over the past two decades, several such modes have
been observed [6-9]. The branching fractions of B-meson
decays into charmed baryon-antibaryon pairs are signifi-
cantly larger than those of two-body decays containing one
charmed baryon and one charmless baryon, and both
exceed those of fully charmless baryonic decays, reaching
values as large as O(107%) [10].

Recently, the decays BT — X.(2455)**E; and
B® — X,(2455)°Z0 were observed for the first time, by
the Belle and Belle II experiments [11], with branching
fractions measured to be of the order of 10~*. These modes
proceed through internal W-emission topology. The Z.. and
E. baryons share the same valence-quark content but in a
heavy quark and light diquark model differ in the spin
configuration of the light diquark. Consequently, the
decays B' — X.(2455)TTE" and B — X.(2455)°=°
are expected to proceed through the same internal W-
emission topology, as illustrated in Fig. 1. A comparison
between the branching fractions of B — X.(2455)=.. and
B — %,.(2455)Z, could provide insight into the underlying
dynamics of B decays to charmed baryon-antibaryon pairs
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the Creative Commons Attribution 4.0 International license.
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the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

belonging to different SU(3) flavor multiplets. To date,
there have been no observations of B decays into charmed
baryon-antibaryon pairs in which both daughters belong to
a flavor sextet.

In this paper, we report the first measurement of the
decays B' — X.(2455)"TE" and B® — X.(2455)°=0.
Most of the selection criteria follow those in Ref. [11].
In addition there are further requirements related to the
additional photon from the =/ decay. The X.(2455)++0°
baryons are reconstructed via their decays into Afz™,
with the A} reconstructed using the A — pK~zt and
A} — pKY modes. The .~ baryons are reconstructed via
their decays into y=Z¢°, with the 2 reconstructed using the

E- - Efz 7~ and E - pKTz~ modes and the =0
reconstructed using the 20 — ¥z~ and E0 - AK 'z~
modes. Charge-conjugate channels are implicitly included
throughout this paper. This study is based on data samples
containing (771.6 4+ 10.6) x 10° and (520.6 & 7.6) x 10°
Y (4S) events collected with the Belle [12] and Belle IT [13]
detectors, respectively, at the ete™ center-of-mass energy
(1/s) of 10.58 GeV, corresponding to integrated luminos-
ities of 711 [14] and 492 fb~! [15]. The analysis strategy is
to fully reconstruct the signal decay chains and extract the
signal yields from simultaneous fits to the distributions of
the difference between the reconstructed B-meson energy
and the beam energy at the T (4S) rest frame, both in the =,
signal and sideband regions.

b < < c =,
S &
w+ q
B
q
¢ Z.(2455)
q > q
FIG. 1. Diagram illustrating the internal W-emission topology

for the decays B* — X.(2455)"TE" and B® — X,(2455)°=0,
corresponding to ¢ = u and ¢ = d, respectively.
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The Belle detector was a cylindrical large-solid-angle
magnetic spectrometer located at the interaction point (IP)
of the KEKB asymmetric-energy ete™ collider [16]. The
detector consisted of a silicon vertex detector (SVD), a
central drift chamber (CDC), an array of aerogel threshold
Cherenkov counters (ACC), a barrel-like arrangement of
time-of-flight (TOF) scintillation counters, and an electro-
magnetic calorimeter (ECL) composed of CsI(TI) crystals
located inside a superconducting solenoid coil that pro-
vided a 1.5 T axial magnetic field. An iron flux return
located outside the coil was instrumented to detect K9
mesons and to identify muons. A detailed description of the
Belle detector can be found in Ref. [12].

The Belle II detector, located at the SuperKEKB asym-
metric-energy e™ e~ collider [17], is an upgraded version of
the Belle detector. Belle II includes a SVD, consisting of
pixel sensors and double-sided strip detectors, and a CDC.
The CDC is surrounded by two types of Cherenkov light
detector systems: time-of-propagation (TOP) detector for
the barrel region and an aerogel ring-imaging Cherenkov
(ARICH) detector for the forward end-cap region. The
Belle ECL is reused in Belle II along with the solenoid and
the iron flux-return yoke. However, the ECL readout
system has been upgraded. The solenoid flux return is
instrumented with resistive-plate chambers and plastic
scintillator modules to detect muons and K9 mesons. A
detailed description of the Belle II detector can be found
in Ref. [13].

Simulated signal events are used to optimize the selec-
tion criteria, calculate the reconstruction efficiencies,
and determine the fit models. The EVTGEN [18] and
PYTHIA [19,20] software packages are used to generate
ee™ - Y(4S) — BB events with final-state radiation
simulated by the PHOTOS software package [21]. In the
simulation, one B meson is not constrained to decay into a
specific final state, while the other decays into a signal
mode. The simulation includes beam-induced back-
ground data overlay [22]. Inclusive simulated samples of
ete” = qq(q=u,d,s, c)and T(4S) - BB are used to
optimize the selection criteria and identify the background
sources [23], corresponding to 6 times the integrated
luminosity of the Belle data and 4 times that of the
Belle II data. The Kkmc [24] and PYTHIA [19,20] software
packages are used to simulate the ete™ — gg processes.
The detector responses are modeled by the software
packages GEANT3 [25] for Belle and GEANT4 [26] for
Belle II.

We analyze both Belle and Belle II data using the
Belle II analysis software framework [27]. For the Belle
data, the event reconstruction up to the particle level is
performed with the Belle software, and the reconstructed
data are then converted into a Belle II compatible format
[28]. This allows the Belle and Belle II samples to be
analyzed within a unified framework. To avoid exper-
imental bias, the signal region was not examined until the

analysis procedure was finalized. All selection criteria are
determined by iteratively optimizing the Punzi figure of
merit for a target significance of 5 standard deviations in
simulation [29]. We apply identical event-selection cri-
teria in the Belle and Belle II analyses, unless otherwise
stated.

We select tracks, except for those from the decays of K2,
A, and E*, by requiring the impact parameters relative to
the eTe™ IP to be less than 2.0 cm perpendicular to the
z-axis and less than 4.0 cm parallel to it. The z-axis is
defined as the central solenoid axis with the positive
direction in the e~ beam direction, common to both
Belle and Belle II. The identification of charged tracks
uses the likelihood ratio R(h|h') = L(h)/[L(h) + L(K)],
where £(h(")) is the likelihood of the charged track being a
hadron h") = p, K, or z. This likelihood ratio is determined
with a particle identification (PID) algorithm that combines
information from different detector subsystems, including
the specific ionization in the CDC, time-of-flight meas-
urement in the TOF (TOP), and the response of the ACC
(ARICH) in Belle (Belle II) [30,31]. Correction factors
derived from control samples in data are applied to account
for differences between data and simulation in tracking and
PID efficiencies. Tracks with R(p|K) > 0.6 and R(p|z) >
0.6 are identified as proton candidates; charged kaon (pion)
candidates must satisfy R(K|z) > 0.6 (< 0.4). The effi-
ciencies of these requirements range from 80% to 95%,
with corresponding misidentification rates between 3% and
9%. The pion candidates used to reconstruct the K%, A, and
E7* candidates are exempt from PID requirements as their
kinematics provide sufficient discrimination.

The Kg candidates are reconstructed from pairs of
oppositely charged tracks treated as pions. An artificial
neural network [32] and a boosted decision tree (BDT)
classifier [33] are used in Belle and Belle II, respectively, to
select the K9 candidates. The A candidates are recon-
structed from the decay A — pzt and selected using
momentum-dependent  requirements ~on  variables
describing the displaced decay topology in Belle [34]
and using a BDT classifier in Belle II. These discriminators
primarily rely on the kinematic properties of the K% or A
and their decay products. The invariant masses of the K(s)
and A candidates are required to be within 9.0 and
+5.5 MeV/c? of their known masses [10], respectively,
corresponding to approximately 2.5 times the mass reso-
lution (o). The selected A candidate is then combined with
a 7+ candidate to form a £+ candidate. The invariant mass
of E* candidates is required to be within 6.5 MeV/c? of
its known mass [10] (approximately 2.5¢0). A vertex fit is
performed for each K9, A, and E' candidate, and the
candidate mass is constrained to the corresponding known
value [10].

We define a photon candidate as an energy deposit in the
ECL not associated with the extrapolated trajectory of any
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charged track. To suppress backgrounds from neutral
hadrons, we require E(3 x3)/E(5x5) > 0.6, where
E(n x n) denotes the energy deposited in an n x n array
of crystals centered on the highest-energy crystal (for Belle
II, the four corner crystals of the 5 x 5 array are excluded).
The photon energy is required to exceed 50 MeV in the
laboratory frame. At Belle II, BDT classifiers are used to
suppress energy deposits from secondary hadronic inter-
actions unrelated to the relevant collision and overlapping
beam-induced photons [35]. The combined signal efficien-
cies (background rejection rates) of the two BDTs are
approximately 89% (47%) and 89% (44%) for the charged
and neutral channels, respectively.

The invariant masses of the reconstructed A}, Z-, and =0
candidates are required to lie within +15, £18, and
+18 MeV/c? of their known values [10], respectively,
corresponding in each case to approximately 2.56.
Each Al and = 0 candidate is fitted to a common vertex,
and the candidate mass is constrained to the corresponding
known value [10]. The X.(2455)** baryons are recon-
structed via their decays into Afz*, with the signal
region defined as 2.446 < M(AfnF) < 2.464 GeV/c>.
After applying this requirement, more than 95% of the
signal events are retained. The sideband regions of
M(Afn*) are defined as 2.436 < M(Afr*) <2.444
and 2.466 < M(A}z*) < 2.494 GeV/c2. The Z° bary-
ons are reconstructed via their decays into yZ¢, with the
reconstructed masses required to be within 420 MeV/c?

of the known =/ 0 masses [10], corresponding in each case
to approximately 2.5¢. Vertex fits are applied to the
¥, (2455)"0 and = candidates, with their masses
constrained to the known values [10].

The Bt and B° candidates are reconstructed from the
¥.(2455)"TE and %.(2455)°Z° combinations, respec-
tively. This implies four distinct reconstruction modes for
each signal channel. A vertex fit is applied to the B
candidates with a requirement of y?/ndf < 20, where
ndf is the number of degrees of freedom. The beam-
constrained mass M, and the energy difference AE are

defined for B candidates as M, = \/ Eeun — (3: Pi)? and

AE =5, E; — Epean, Where Ep,n = +/s/2 is the beam
energy and (E;, p;) is the four-momentum of the ith
daughter of the B meson, all calculated in the ete™ c.m.
system. Candidates satisfying M. > 5.27 GeV/c?
(approximately 2.5¢) and |AE| < 0.06 GeV (approxi-
mately 120) are retained for further analysis. The scatter
plots of M(Afz*) versus M(yE:°) for reconstructed
Bt — X.(2455)** 2" and B® — X,(2455)°Z2 candidates
in the signal and sideband regions of AE from the
combined Belle and Belle II data samples are shown in
Appendix A, along with their one-dimensional projections
onto M(Afz*) and M(yE;°) in the signal region of AE.
Because the photon from the Z.. decay has very low energy,

many random low-energy photon candidates, such as
residual neutral clusters in the electromagnetic calorimeter
or photons from other particles in the event, can form
incorrect combinations with the =, candidates. This results
in a large number of events with multiple candidates. After
applying all the selection criteria, the fractions of events in
signal simulation with multiple candidates are 60.5%—
63.8% (54.3%-58.9%) for the charged channel and
61.0%—-64.0% (53.8%—-58.4%) for the neutral channel in
Belle (Belle II), depending on the reconstruction mode.
The corresponding average candidate multiplicities are
2.12-2.33 (1.93-2.13) for the charged channel and 2.15—
2.29 (1.93-2.03) for the neutral channel in Belle (Belle II).
For events with multiple candidates, a best-candidate
selection (BCS) is applied, retaining the candidate with
the smallest total y? from the vertex and mass-constrained
fits to the charmed baryons and the B meson. It was
checked that the BCS procedure does not introduce peaking
structures in the AFE distribution or distort its shape, and
yields signal efficiencies of 73.0%—76.2% (72.5%—75.1%)
for the charged channel and 73.5%—74.0% (72.0%—75.0%)
for the neutral channel in Belle (Belle II).

It is estimated from simulation that after the BCS around
50% of the selected signal candidates are incorrectly
reconstructed, and these are referred to as self-cross-feed
(SCF) events. These SCF events mainly originate from the
reconstruction of the 2% — y=: decays, in which the
genuine low-energy photon has been replaced by a random
low-energy photon candidate. The SCF component exhibits
a broad AE distribution that is clearly distinguishable from
the correctly reconstructed signal but overlaps significantly
with the combinatorial background. The SCF events are not
treated as signal when determining the branching fractions.
To have better control of SCF, we define the sideband
regions of M(yZ2:°) as 2.508 < M(yE:") < 2.548 and
2.608 < M(y2:") < 2.658 GeV/c2. The centers of the
sideband regions are about 5¢ away from the center of
the signal region. The sideband regions contain a signifi-
cant SCF contribution, with a shape in the AE distribution
similar to that observed in the signal region. To better
constrain the SCF component in the signal extraction,
we perform a simultaneous fit to the AE distributions in the
signal and sideband regions of M (yZ:). Backgrounds are
studied using inclusive simulated samples [23]
and data from the sidebands of M(A}), M(Afz*),
M(E77), and M, distributions. No peaking background
is observed in the AE distributions of events from these
sidebands.

To extract the signal yield of BY — X.(2455)**E/" or
B — %.(2455)°Z2, we perform simultaneous unbinned
extended maximum-likelihood fits to the AE distributions
of four samples: events from the signal and sideband
regions of M(yE;") in both Belle and Belle II data. The
likelihood functions used to model the AE distributions in
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the signal and sideband regions of M(y= 0) are para-
metrized as
~(Ngig +N e +Npig) N
e g g
L= TH[ng]:mg( )

1

+ Nt F et (AE;) + NowoF ke (AE;)]
and

e (N::Jg NsberNsllJ(g) Nsb

TN® H[Ng})g}-ug( E;)

+ NQbffscf( ) bkgfbkg( )] ’

L0 —

respectively. Here, F(P(AE;) denotes the probability
density function (PDF) evaluated at the measured AE
value of the ith event, and N®® denotes the number of
observed events. The signal PDF, F g, is parametrized by a
double-Gaussian function with the same mean values. All
parameters of the double-Gaussian function are fixed to
the values obtained from simulation. The SCF PDFs, F* Scf ,
are modeled using the nonparametric kernel density esti-

background PDFs, F &2, are described by first-order

polynomials with free parameters. The polynomial param-
eters are allowed to vary independently between the signal

and sideband regions of M(yE:) and between the Belle
and Belle II data samples. The quantities N (50)  prlsh)

sig > “Vscf and

Nékg) represent the signal, SCF, and combinatorial back-
ground yields, respectively. The signal (SCF) yields satisfy
N:'i’g(scf> = Fia(sct)Nsig(sch)» Where foo(scr) is defined as the
ratio of the signal (SCF) yield in the sideband regions to
that in the signal region of M(yE:), as estimated from
simulation. The values of fg, and f; are fixed by
simulation to 0.02 (0.05) and 1.9 (1.8) for the charged
channel and 0.01 (0.04) and 1.8 (1.6) for the neutral
channel in Belle (Belle II), respectively. The event yields
are determined from the fit, with the signal yields in the
Belle and Belle II datasets constrained to follow the
expected ratio for a common branching fraction.

Figure 2 shows the AE distributions of candidates
reconstructed in the signal and sideband regions of
M(yE:") in the combined Belle and Belle II data, with
fit results overlaid. The fitted signal yields for the decays
Bt — %.(2455)" 2" and B® — X.(2455)°E0 are 62.3 +

mation [36] derived from simulation. The combinatorial 11.3 and 30.7 £7.6, respectively, with statistical

[ L£dt = 711fb~" (Belle) + 492fb~" (Belle II)
> C —e— Data > —e— Data
§ 40 :_ — Total Fit § 20 :_ — Total Fit
< L === Signal < === Signal
= g0k SCF - I SCF
8 r Bl Combinatorial 8 151 Bl Combinatorial
8 ,of 8 I
T 20F + T
S r 2
-8 JSANNK Wig\“\ -8 ‘
5 1O g LA
S S EER O ]
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AE[GeV] AE[GeV]
> —o— Data > - —e— Data
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2 g
© T 10F
R/ S
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=

FIG. 2. Distributions of AE for the reconstructed (left) B — £,(2455)7 &/ and (right) B’ — £.(2455)Z candidates in the (top)

signal and (bottom) sideband regions of M (yZ:) in the combined Belle and Belle II data. Points with error bars denote the data. The
blue solid and red dashed curves represent the total fit results and fitted signal components, respectively, while the magenta hatched and
green filled histograms represent the fitted SCF and combinatorial background components.
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TABLE L

Summary of the fitted signal yields, the values of ) (e

B.B2

;"°B;), and the measured branching fractions of B —

¥.(2455)*TE and B® — X,(2455)°20 decays. We list only the statistical uncertainties of the signal yields. For the branching
fractions, the first and second uncertainties are statistical and systematic, respectively, while the third originates from the absolute

branching fractions of the 2. decays [10].

N >i(ePB)(107°) >i(eP2B;)(107°) B(107)
Bt 62.3+11.3 243 3.32 1.69 £0.31 £0.127) %
B 307 +7.6 1.53 2.49 1.28 +£0.32 £ 0.1010%

significances of 8.60 and 6.9¢. The statistical significances
are calculated using —21In(Ly/L ), accounting for the
difference in the number of degrees of freedom (Andf = 3),
where L, and L, are the likelihood values obtained from
fits without and with the signal and SCF components,
respectively.

To evaluate the signal significances including systematic
uncertainties, we repeat the significance calculation using
the same alternative fits as those used to evaluate the
systematic uncertainties associated with the fit models, with
the relevant variations considered in combination. The most
conservative values, corresponding to the smallest signifi-
cances obtained among all tested cases, are 6.4c
for the BY — X.(2455)* "=/~ channel and 5.3¢ for the
B® - X,(2455)°Z7 channel. These values are taken as the
final signal significances after incorporating systematic
effects.

The branching fractions of BT — X.(2455)**E/" and
BY — %.(2455)°Z decays are calculated using

N

B= e :
2f+—/00[N1;(4s)Zi(€?Bi) =+ Nl*%z(m)zl'(g?zlgiﬂ
Here, N, represents the number of fited B* —

>.(2455)"+E- or B® — X.(2455)°Z0 signal events in

the combined Belle and Belle II datasets; N%’gé) denotes

the total number of Y(4S) events in the Belle or Belle II
datasets; f,_joo refers to the fraction of charged
(f - = 0.511370073) or neutral (foy = 0.4861 7000
BB pairs [37]; the term 3, (e2"®%B;) represents the sum

of the reconstruction efficiencies e? B2 (for Belle or Belle II)

times the corresponding secondary branching fractions B;
B.B2

over all the reconstruction modes. The values of &~ and

s?'BzBi for the individual reconstruction modes are listed in
Appendix B. The values of the aforementioned quantities,
as obtained from the fit, and the calculated branching
fractions are summarized in Table I.

The following sources of systematic uncertainties are the
most important ones and have been considered in this work:
the detection-efficiency (DE) uncertainties (opg), the stat-
istical uncertainty on the efficiency determined from
simulation (o), the uncertainties of the branching frac-
tions of intermediate states (o), the uncertainty of the total

number of Y (4S) events (ONy)s the uncertainty on the
fraction of charged or neutral BB events (of, /00), the
uncertainty associated with the BCS strategy (opcg), and
uncertainties related to the fit models (o). We explain the
sources of systematics in the following and summarize their
values in Table II, where the total uncertainty (o) 1S
calculated by adding the individual contributions in
quadrature.

The DE uncertainties include contributions from
tracking efficiency, PID efficiency, and the reconstruction
of photon, K%, and A candidates, which are estimated using
data control samples. The tracking efficiency uncertainty
depends on the particle charge, momentum, and polar
angle, and ranges from 0.32% to 1.22% (0.38% to 1.43%)
per track in Belle (Belle II). These uncertainties
are determined from control samples of D*t —
D°(— K3zta™ )" for Belle and B® — D**(— Dz ")z~
and e"e™ — 777~ for Belle II. The slightly larger tracking
uncertainties in Belle II result from the limited statistics of
the control samples. The PID efficiency uncertainties are
estimated to be 1.0% (0.8%) for pions, 1.3% (1.1%) for
kaons, and 2.2% (0.7%) for protons in Belle
(Belle II) [30,31]. The photon reconstruction uncertainty
is 2.0% (1.6%) in Belle (Belle II), as determined
from control samples of radiative Bhabha (radiative
muon-pair) events. The Kg reconstruction uncertainty is
1.6% and 2.1% in Belle and Belle II, respectively, evaluated
using control samples of D** — D°(— K$z%)z* and
D*t - D= KSztn~)n". The A reconstruction uncer-
tainty is 2.2% and 1.3% in Belle and Belle II, respectively,
evaluated using control samples of A — pzt and
A7 = A(— pa*)a~. The individual uncertainties for the
different reconstruction modes in Belle and Belle II are
weighted by N]%(Aé) x (¢BB2B,) and then combined.
Assuming these uncertainties are independent and adding

TABLE II. Summary of fract_ional systematic uncertainties_(%)
on the B(B*™ — X,(2455)**=) and B(B® — X(2455)0=09).
The sources of all uncertainties are described in the text.

ODE  Oeff OB, ONyyy
BT 27 10 32 1.0 2.1 2.5 43 170

B 24 10 32 1.0 1.7 36 49 176

Of, 0 OBCS Ofit  Ototal
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them in quadrature, the DE uncertainties are evaluated to be
2.7% and 2.4% for the charged and neutral channels,
respectively.

The statistical uncertainty on the simulation-based effi-
ciency is at most 1.0%. The uncertainties on the branching
fractions of Al — pK~z", A} — pKY?, Kg > atn,
20 5 AK*t7~, EY - Axt,
and A — prt, and on the ratio R = B(E; — pK*n™)/
B(E; — Efz~n~), are taken from Ref. [10]. The corre-
sponding systematic uncertainties are evaluated by varying
each quantity by +10 and taking the resulting deviation of
the measured branching fraction from its nominal value as
the corresponding uncertainty. For the two A" decay modes
and the two Z0 decay modes, the correlations between the
corresponding branching fractions are taken into account
using the correlation coefficients provided in Ref. [10].
Correlation coefficients of 32% and 74% are used for the
A} and E? decay modes, respectively. For the Z7 decay
modes, the uncertainties on R and B(E; — E*z~z") are
propagated independently. Given the large systematic
uncertainties arising from the branching fractions of =
and EY decays, which may be reduced by future measure-
ments, their contributions are quoted separately as a third
uncertainty. The resulting relative systematic uncertainties
due to the uncertainties on the branching fractions of =,

Z0, and the other intermediate states are "53¢, T29% and

= _t -~ =0 _ -
g >E'ra, Bl -2,

3.2%, respectively. The uncertainties of N ]%(?é) are 1.4% for
Belle and 1.5% for Belle II and are combined into a total
uncertainty weighted by N 3'(%) X Zi(e?'BzB ;). The uncer-
tainties of f, _ and f are 2.1% and 1.7%, respectively. To
evaluate the uncertainty associated with the BCS strategy,
we adopt an alternative BCS procedure in which the
candidate with the minimum |M(yZE:°) —m(E0)| is
retained instead of the nominal criterion, where m(Z/°)
denotes the known mass of the = baryon [10]. The
resulting change in the measured branching fraction is
taken as the corresponding systematic uncertainty. This
uncertainty is estimated to be 2.5% and 3.6% for the
charged and neutral channels, respectively.

The systematic uncertainties associated with the fit
models arise from the signal PDF, the background PDFs,
the choice of M(y2;) sideband regions, the modeling of
the SCF components, the parameters f, and f, and the
possible peaking background from nonresonant Al z*
combinations in the X.(2455) " signal region. The signal
PDF is replaced by a triple-Gaussian function, and the
resulting systematic uncertainty is negligible. To evaluate
the systematic uncertainty associated with the background
PDFs, pseudoexperiments are generated using a second-
order polynomial or an exponential function, with param-
eters taken from the corresponding alternative fits to data,
while keeping the signal component unchanged. Each
pseudoexperiment is fitted with the nominal background

model, and the largest difference between the mean fitted
signal yield and the corresponding input yield is taken as
systematic uncertainty. To assess the uncertainty associated
with the choice of M(y2:°) sideband regions, the lower
and upper sideband regions are shifted simultaneously
toward lower and higher mass, respectively, by 1, 2, 3,
4, and 5 MeV, with their widths kept unchanged. For the
largest variation, the mass range between the lowest and
highest sideband boundaries corresponds to about 156 of
the M(yE:"°) resolution. The largest deviation of the fitted
signal yield from the nominal result is assigned as the
systematic uncertainty. The SCF-related uncertainty is
evaluated by interchanging the SCF PDFs derived from
the M(yE;) signal and sideband regions, with the result-
ing change in the fitted signal yield taken as the systematic
uncertainty. To estimate the systematic uncertainty asso-
ciated with f,, we treat f, as a free parameter and repeat
the fit. The deviation from the nominal result is taken as the
systematic uncertainty. The uncertainty related to f is
covered by the variations of the sideband regions and the
interchange of the SCF PDFs, which probe the uncertainty
in the SCF modeling. The possible peaking background
from nonresonant A} z* combinations to the AE distribu-
tion is studied using events in the M(ASz*) sideband
regions, and a simultaneous fit to the AE distributions in
the M (y2:) signal region, the M (yZ ) sideband regions,
and the M (A z*) sideband regions for Belle and Belle 1T
datasets is performed. The resulting change in the fitted
signal yield is smaller than 0.5% for both the charged and
neutral channels and is therefore neglected. The systematic
uncertainties associated with the background PDFs, the
choice of M (yEz ) sideband regions, the SCF components,
and the value of f, are estimated to be 2.6% (3.1%), 2.4%
(1.6%), 1.5% (2.8%), and 2.0% (2.0%) for the charged
channel (neutral), respectively. All of these contributions
are summed in quadrature to obtain the total systematic
uncertainty related to the fit models.

In summary, we report the first observation of the decays
Bt — X.(2455)**E and B - X.(2455)°Z0, using data
samples corresponding to 771.6 x 10° and 520.6 x 10°
Y(4S) events collected by the Belle and Belle II experi-
ments, respectively. This represents the first observation of
B-meson decays into a pair of charmed baryon-
antibaryon states that belong to the same SU(3) flavor
sextet. The branching fractions are measured to be B(B* —
T,.(2455)TEC) = (1.69 £ 0.31 £ 0.127} %) x 107 and
B(B® — £,(2455)02) = (1.28 0.3240.107529) x 1073,
where the uncertainties are statistical, systematic, and from
the absolute branching fractions of =, and ZY decays,
respectively. The measured branching fractions are 2-3
times larger than those of BT — X.(2455)**E; and
B® - £,(2455)°Z2 [11], despite the smaller available
phase space for these decays. This observation may
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indicate nontrivial dynamical effects in baryonic B decays
that enhance or suppress specific decay modes.
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APPENDIX A: M(A}z*) VERSUS M(yE; ")
DISTRIBUTIONS

Figure 3 shows the scatter plots of M(Afz™) versus
M(yE7°) for reconstructed Bt — X.(2455)"tE and
BY — £.(2455)°ZP candidates in the signal and sideband
regions of AE from the combined Belle and Belle II data
samples, before application of the BCS. The signal region
of AE is defined as |AE| < 0.012 GeV (approximately
2.50), while the sideband regions are defined as
0.030 < |AE| < 0.054 GeV, with a total width twice that
of the signal region. The corresponding one-dimensional
projections onto M(Afz*) and M(yE:°) for candidates
in the signal region of AE are shown in Fig. 4. Clear
signals corresponding to X.(2455)* "0 and =0 are
observed.

[ Ldt = 711fb~" (Belle) + 492fb~" (Belle II)
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FIG. 3. Scatter plots of M(Afz*) versus M(y2;°) for reconstructed B* — X.(2455)T+E/ (left) and B® — X,(2455)°2 (right)
candidates in the signal (top) and sideband (bottom) regions of AE from the combined Belle and Belle II data samples, before

application of the BCS. The red boxes indicate the signal regions for the X,(2455)**0 and Z~° candidates.
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FIG. 4. One-dimensional projections onto (top) M(A; z*) and (bottom) M (yE:°) for reconstructed B+ — £(2455)"+E/~ (left) and
BY — %.(2455)°Z (right) candidates in the signal region of AE from combined Belle and Belle II data samples, before application of

the BCS. Points with error bars represent the data. The magenta arrows indicate the signal regions defined for the £,(2455)**+° and g0
candidates, while the green arrows indicate the corresponding sideband regions.

APPENDIX B: RECONSTRUCTION EFFICIENCIES FOR THE INDIVIDUAL
RECONSTRUCTION MODES

Tables III and IV list the reconstruction efficiencies and the products of the reconstruction efficiencies and the
corresponding branching fractions of all intermediate states for the individual reconstruction modes of the
BT — X.(2455)**E and B® — X.(2455)°Z7 decays, respectively.

TABLE III.  Reconstruction efficiencies (¢;) and the products of the reconstruction efficiencies and the branching
fractions of all intermediate states (¢;3;) for the individual reconstruction modes of the B™ — X.(2455)"" (-
AFnt)E (- yED) decay. The branching fractions of all intermediate states are taken from Ref. [10]. The branching

fraction B(E; — pK*z~) is inferred from the ratio B(E; — pK*z~)/B(E; — E*z~z~) and the absolute

branching fraction B(E; — E*z~77).

Belle Belle II
Reconstruction mode g (%) g;B; (107%) £ (%) g;B; (107)
Al - pK~n™, E; NG 0.70 0.83 1.04 1.23
Al = pK~ ", E; - pK'a~ 3.06 1.19 3.98 1.54
A = pKY, Br - Bt am 0.82 0.17 1.17 0.25
Af = pKO, B7 — pK*a 3.43 0.24 4.40 0.30
S, e, 243 % 1075 3.32% 107

052016-10



OBSERVATION OF THE DECAYS Bt — X.(2455)* 5" ... PHYS. REV. D 114, 052016 (2026)

TABLE IV. Reconstruction efficiencies (e;) and the products of the reconstruction efficiencies and the
branching fractions of all intermediate states (g;8;) for the individual reconstruction modes of the B® —
2.(2455)% (= Af27)E0(— yZE?) decay. The branching fractions of all intermediate states are taken from Ref. [10].

Belle Belle 1T
Reconstruction mode & (%) g;B; (107°) & (%) g;B; (107°)
Af = pK—at, B0 - Etg 1.04 0.61 1.46 0.85
Al = pK~nt, Y - AK* 7~ 1.13 0.67 2.05 1.22
A = pKO, B0 — Etgm 1.18 0.12 1.67 0.17
A — pK§, B0 > AK*n™ 1.28 0.13 2.33 0.25
> e 1.53 x 1073 2.49 x 1073
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