
First Observation of the B̄0
s → Λ +

c Λ̄−
c Decay and Evidence for the B̄0 → Λ +

c Λ̄−
c Decay

R. Aaij et al.*

(LHCb Collaboration)

(Received 30 November 2025; accepted 14 January 2026; published 13 February 2026)

A search is presented for the two-body charmed baryonic decays, B̄0
ðsÞ → Λþ

c Λ̄−
c , using a data sample

collected by the LHCb experiment during 2011–2012 and 2015–2018, corresponding to an integrated
luminosity of 9 fb−1. The first observation of the B̄0

s → Λþ
c Λ̄−

c decay is reported with 6.2σ significance
along with 4.3σ evidence for the B̄0 → Λþ

c Λ̄−
c decay. The branching fractions are measured to be

BðB̄0→Λþ
c Λ̄−

c Þ¼ð1.01þ0.27
−0.28 �0.08�0.15Þ×10−5 and BðB̄0

s →Λþ
c Λ̄−

c Þ¼ð5.0�1.3�0.5�0.8Þ×10−5,
where the first uncertainty is statistical, the second systematic, and the third due to external inputs.
These results provide novel experimental inputs for the theoretical framework describing two-body
baryonic decays of B mesons via W-emission and W-exchange mechanisms.

DOI: 10.1103/cxn3-8t4g

The study of B-meson decays has long been a fertile
ground for testing the standard model of particle physics
and probing for potential new physics beyond it. Among
the diverse decay channels, baryonic decays of B mesons
provide a unique laboratory for exploring the interplay
between weak interactions and quantum chromodynamics
in the nonperturbative regime [1,2]. These decays are not
only sensitive to the Cabibbo-Kobayashi-Maskawa matrix
elements [3,4], but they also offer insights into the
dynamics of baryon production and final-state interactions,
which are less understood compared to mesonic systems.
In the standard model, two-body baryonic B-meson

decays proceed at tree level through the nonfactorizable
internal W-emission quark diagram and the factorizable
W-exchange and W-annihilation topology. However, the
W-exchange and -annihilation processes can be helicity
suppressed [5,6], and hence, are often neglected in theo-
retical studies [7–13]. Experimental searches for the fac-
torizable topology are currently limited to the B̄0

s → pp̄
decay [14], with an upper limit on the branching fraction B
set at 4.4 × 10−9 at 90% confidence level (CL) [15].
However, other theories suggest that processes with
quark-level b → c transitions, such as B̄0

s → Λþ
c Λ̄−

c ,
B̄0 → Ξþ

c Ξ̄−
c , and B̄0

s → pΛ̄−
c , can circumvent severe hel-

icity suppression, making the factorizable topology non-
negligible [16–18] and potentially leading to sizable direct
CP asymmetries [13].

As illustrated in the Feynman diagrams in Fig. 1, the
two-body charmed decays B̄0 → Λþ

c Λ̄−
c are expected to

proceed mainly through tree-level W-emission amplitudes,
while B̄0

s → Λþ
c Λ̄−

c decays are expected to proceed
via suppressed topologies [19]. As a consequence, the
B̄0 → Λþ

c Λ̄−
c branching fraction is expected to be larger

than that of the corresponding B̄0
s-meson decay. If the

B̄0 → Λþ
c Λ̄−

c decay proceeds similarly to B− → Ξ0
cΛ̄−

c and
B̄0 → Ξþ

c Λ̄−
c decays, which are also believed to be domi-

nated by the nonfactorizable W-emission topology, then its
branching fraction is expected to be jVcd=Vcsj2
ðτB0=τBþÞBðB− → Ξ0

cΛ̄−
c Þ ¼ ð4.7� 1.1Þ × 10−5 in the U-

spin symmetry limit. Here, the CKM matrix elements Vcd

and Vcs, along with the B0 and Bþ meson lifetimes τB0

and τBþ , are taken from Ref. [20]. While the
Belle Collaboration has reported an upper limit on the
B̄0 → Λþ

c Λ̄−
c branching fraction of 6.2 × 10−5 at 90% CL

[21], consistent with this prediction, the LHCb
Collaboration has determined more strict upper limits of
1.6 × 10−5 and 8.0 × 10−5 at 95% CL for the B̄0 → Λþ

c Λ̄−
c

and B̄0
s → Λþ

c Λ̄−
c branching fractions, respectively [22].

These measured upper limits suggest a tension between
theory and experiment, indicating a contribution from
W-exchange or interference effects, which requires more
precision measurements for confirmation.
This Letter presents a search for B̄0

ðsÞ → Λþ
c ðpK−πþÞ

Λ̄−
c ðp̄Kþπ−Þ decays using proton-proton (pp) collision

data collected with the LHCb detector at center-of-mass
energies of 7, 8, and 13 TeV during the LHC Run 1
(2011–2012) and Run 2 (2015–2018) data-taking periods,
corresponding to a total integrated luminosity of 9 fb−1.
The branching fractions of the signal decays are measured
relative to the topologically similar B̄0 → D−

s ðKþK−π−Þ
DþðK−πþπþÞ and B̄0

s → Dþ
s ðK−KþπþÞD−

s ðKþK−π−Þ
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normalization channels using

BðB̄0 → Λþ
c Λ̄−

c Þ ¼ BðB̄0 → D−
s DþÞ · BDþ

s
BDþ

B2
Λþ
c

·
NðB̄0 → Λþ

c Λ̄−
c Þ

NðB̄0 → D−
s DþÞ ·

ϵðB̄0 → D−
s DþÞ

ϵðB̄0 → Λþ
c Λ̄−

c Þ
;

BðB̄0
s → Λþ

c Λ̄−
c Þ ¼ BðB̄0

s → Dþ
s D−

s Þ ·
B2
Dþ

s

B2
Λþ
c

·
NðB̄0

s → Λþ
c Λ̄−

c Þ
NðB̄0

s → Dþ
s D−

s Þ
·
ϵðB̄0

s → Dþ
s D−

s Þ
ϵðB̄0

s → Λþ
c Λ̄−

c Þ
;

where N denotes the measured yield; ϵ represents the
combined efficiency, including the detector acceptance,
trigger, reconstruction, and selection efficiencies; and BDþ

s
,

BDþ , and BΛþ
c
denote the known branching fractions of

Dþ
s → K−Kþπþ, Dþ → K−πþπþ, and Λþ

c → pK−πþ de-
cays, respectively [20].
The LHCb detector is a single-arm forward spectrometer

covering the pseudorapidity range 2 < η < 5, described in
detail in Refs. [23,24]. The online event selection is
performed by a trigger [25,26], which consists of a
hardware stage followed by a two-level software stage
that applies a full event reconstruction. At the hardware
trigger stage, events are required to have a hadron, photon,
or electron with high transverse energy in the calorimeters.
For hadrons, the transverse energy threshold is 3.5 GeV. At
the software trigger stage, there must be a secondary vertex
consistent with a two-, three-, or four-body decay topology,
with significant displacement from any primary pp colli-
sion vertex (PV). At least one charged particle must have a
transverse momentum pT > 1.6 GeV and be inconsistent
with originating from any PV [27].
Simulated samples are used to study the properties of the

signal, normalization, and background channels. Proton-
proton collisions are generated by PYTHIA [28] with a
specific LHCb configuration [29]. Decays of unstable
particles are described by EvtGen [30], in which final-state
radiation is generated using PHOTOS [31]. The interactions
of the generated particles with the detector material, and
their responses, are implemented using the Geant4 toolkit
[32,33], as described in Ref. [34].

In the offline selection, the candidate decays are
reconstructed by first forming Λþ

c (or Dþ
ðsÞ) candidates

from three-track combinations and then combining pairs
of these charmed hadrons into B̄0

ðsÞ mesons. Each final-

state particle must fulfill the momentum requirements
p > 5 GeV, pT > 500 MeV, and must be inconsistent
with originating from any PV using the criterion χ2IP > 4,
where χ2IP is the difference between the vertex-fit χ2 of a
given PV reconstructed with and without the particle in
question. For proton candidates, a more stringent require-
ment p > 10 GeV is imposed. In addition, a loose particle
identification (PID) requirement is applied to all
charged tracks [35,36]. The charmed hadrons are required
to satisfy pT > 1 GeV with a good-quality decay
vertex significantly separated from any PV. To further
suppress singly charmed and charmless background
sources, the measured decay length along the beamline
direction for each charmed hadron candidate must be
greater than half of its resolution. Subsequently, a good
B̄0
ðsÞ decay vertex is required, which must be significantly

displaced from the associated PV, defined as the PV for
which the particle has the smallest χ2IP. The momentum of
the B̄0

ðsÞ candidate is required to be consistent with its

flight direction. To suppress background arising from the
misreconstruction of a single charged-particle trajectory
as two or more distinct tracks, candidate decays are
rejected if the opening angle between the momentum
vectors of any pair of final-state tracks is less than
0.5 mrad.

FIG. 1. Tree-level Feynman diagrams for B̄0
ðsÞ → Λþ

c Λ̄−
c decays. The left diagram shows the contribution from the W-emission

process, while the right one depicts the W-exchange process.
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To suppress cross-feed among Λþ
c , Dþ

s , and Dþ candi-
dates, veto criteria are implemented based on invariant-
mass and PID requirements. For Λþ

c → pK−πþ decays,
candidates are rejected if the pK− invariant mass, after
assigning the kaon mass to the proton candidate, lies within
�10 MeV of the known ϕð1020Þ mass [20]. Additional
PID requirements are applied when the reconstructed
pK−πþ invariant mass lies within �25 MeV of the
known Dþ (Dþ

s ) mass after assigning the pion (kaon)
mass hypothesis to the proton candidate. Similarly, a
tighter PID requirement is applied to the Kþ meson in
Dþ

s → K−Kþπþ decays for events where the invariant mass
of the K− Kþ πþ combination, computed after assigning
the pion (proton) mass to the kaon, falls within �25 MeV
of the Dþ (Λþ

c ) mass. In the case of Dþ → K−πþπþ
decays, after assigning the mass of either of the two pions
to the kaon (proton), candidates with K−πþπþ invariant
mass within �25 MeV of the Dþ

s (Λþ
c ) mass are rejected

unless a tighter PID requirement is fulfilled.
The two most powerful variables for discriminating

between signal and the remaining combinatorial back-
ground are the χ2IP of the B̄0

ðsÞ candidate with respect to
its PV and the quantity

Q
i Pi. The latter is defined as the

product of the neural-network-based PID variables for
correct identification of all six final-state particles [24].
As the PID algorithms are tuned individually for Run 1 and
Run 2 operations, the

Q
i Pi optimization is performed

separately for each data-taking period. The selection
criteria for these two variables are determined using data
from the sideband region, 5150 < mðΛþ

c Λ̄−
c Þ < 5240 MeV

or 5407 < mðΛþ
c Λ̄−

c Þ < 5550 MeV as background proxy,
and simulated B̄0

s → Λþ
c Λ̄−

c samples as signal proxy,
with the goal of maximizing the Punzi figure of merit
ϵ=½ðσ=2Þ þ ffiffiffiffiffiffiffi

NB
p � [37]. Here, ϵ represents the signal

efficiency for a given selection criterion, σ denotes the
target signal significance (set to 5), and NB corresponds to
the background yield in the signal region 5350 <
mðΛþ

c Λ̄−
c Þ < 5380 MeV. The optimized

Q
i Pi and χ2IP

selection criteria, determined separately for Run 1 and
Run 2, are applied to all data and simulation samples.
To ensure a realistic description of the data, the kin-

ematic distributions and the PID variables of charged tracks
in simulated samples are corrected. The kinematic correc-
tion accounts for dependencies on pT, η, event multiplicity,
and χ2IP of the B̄0

ðsÞ candidate. The correction weights are

determined through a data-driven approach employing a
gradient-boosting algorithm [38], where background-
subtracted data samples are obtained using the sPlot
technique [39] applied to normalization decay modes.
The PID variables are calibrated via a kinematic-dependent
transformation, where a kernel density estimation (KDE)
algorithm is used to provide a smooth interpolation of
distributions from dedicated calibration samples [36].
Efficiencies are derived from simulated samples after

applying the corrections outlined above and imposing all

selection criteria. The efficiency ratios between signal and
normalization channels are determined separately for each
data-taking year, and then averaged according to the
integrated luminosity of each sample, giving overall
values ϵðB̄0 → Λþ

c Λ̄−
c Þ=ϵðB̄0 → D−

s DþÞ ¼ 0.67� 0.01
and ϵðB̄0

s → Λþ
c Λ̄−

c Þ=ϵðB̄0
s → Dþ

s D−
s Þ ¼ 0.56� 0.01. The

uncertainties are purely due to the limited size of the
simulation samples.
The B̄0

ðsÞ → Λþ
c Λ̄−

c yields are obtained from a two-stage
fitting procedure. The first stage is an unbinned maximum-
likelihood fit to the two-dimensional ½mðΛþ

c Þ; mðΛ̄−
c Þ� dis-

tribution, aiming to separate genuineΛþ
c Λ̄−

c candidates from
charmless and singly charmed backgrounds. This fit is
performed in 5 MeV bins of mðΛþ

c Λ̄−
c Þ to determine

background-subtracted yields. In this fit, the Λþ
c or Λ̄−

c
signal is described by a modified crystal ball distribution [40]
with tails on both sides of the Gaussian core (double-sided
crystal ball, DSCB), where the tail parameters are fixed to
those found in simulation, and the peak position is allowed to
vary among different mðΛþ

c Λ̄−
c Þ bins to account for possible

correlations between the B̄0
ðsÞ mass and the Λþ

c (Λ̄−
c ) mass. In

the baseline fit, the ratio of widths of the Λþ
c peak between

data and simulation is constrained with Gaussian priors to
the value derived from the normalization channel. The
background in each dimension is described by an exponen-
tial function. The construction of the fit model and the
corresponding results are detailed in the End Matter.
The second stage is a binned maximum-likelihood fit to

the resulting mðΛþ
c Λ̄−

c Þ distribution of the doubly charmed
decays, as shown in Fig. 2, to determine the B̄0 → Λþ

c Λ̄−
c

and B̄0
s → Λþ

c Λ̄−
c signal yields, with potential background

from nonpeaking Λþ
c Λ̄−

c also included. The B̄0
ðsÞ signal
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FIG. 2. Mass distribution of the Λþ
c Λ̄−

c system with singly
charmed and charmless backgrounds subtracted. The fit result
(blue curve) is shown together with the signal components from
B̄0 → Λþ

c Λ̄−
c (filled green) and B̄0

s → Λþ
c Λ̄−

c (filled purple)
decays and the nonresonant background contribution (filled
gray).
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shape is described by a DSCB distribution with the tail
parameters fixed from simulation. Widths of the B̄0 and B̄0

s
peaks are fixed to the values measured for the correspond-
ing normalization channels scaled by the ratio of signal to
normalization widths determined from simulation. The
background shape is assumed to be exponential, with the
slope parameter free to vary in the fit. The B̄0 → Λþ

c Λ̄−
c and

B̄0
s → Λþ

c Λ̄−
c signal yields obtained from the fit to the

samples are 19.0þ5.0
−5.2 and 25.1� 6.7, respectively, where

the uncertainties are statistical only and determined from
pseudoexperiments.
The normalization channel yields are obtained using a

similar two-stage fitting procedure as for the signal chan-
nels, where the B̄0

ðsÞ and Dþ
ðsÞ signal and background

components are modeled using the same line shapes as
the B̄0

ðsÞ → Λþ
c Λ̄−

c decays. The line shape for the misiden-

tified B̄0 → D−
s Dþ decay in the B̄0

s → Dþ
s D−

s dataset is
estimated from simulated samples using the KDE approach
[41]. The fits yield 26171� 164 B̄0 → D−

s Dþ signal
decays and 2926� 65 B̄0

s → Dþ
s D−

s signal decays, with
the fit projections provided in the End Matter.
Several sources of systematic uncertainty from the mass

fit and the efficiency ratio are considered. A summary is
presented in Table I. Alternative mass fits are performed
with different configurations of the fit model, and the
largest change in the branching ratio is assigned as the
corresponding systematic uncertainty. The signal models
are varied to use either fixed or Gaussian-constrained
widths for the B0

ðsÞ peaks and either Gaussian-constrained
or floated widths for the Λþ

c peak. Alternative signal
models for Λþ

c , D
þ
ðsÞ, and B0

ðsÞ peaks are tested either by

varying the DSCB tail parameters or by replacing the
DSCB distribution with a Hypatia [42] distribution. The
exponential background shapes are replaced with

Chebyshev polynomials. The line shape of the misidenti-
fied B̄0 → D−

s Dþ decay in the B̄0
s → Dþ

s D−
s dataset is

replaced by an alternative KDE with a 50% wider sampling
width. The fitting procedure is validated using pseudoex-
periments. A bias at a level of a few percent is observed in
the fitted signal yield, mainly arising from the positivity
constraint on the signal yields in the first-stage fit and
the inherent bias of maximum-likelihood fits with small
yields [43]. The size of this bias is assigned as a systematic
uncertainty.
Systematic uncertainties associated with the efficiencies

estimated from simulation are also evaluated. Limited
knowledge of the detector material budget and particle
interaction cross sections leads to uncertainties on the
tracking efficiencies, which are estimated using the
approaches provided in Ref. [44]. The corrections applied
to the PID variables in the simulation depend on both the
sample size of the calibration datasets and the kernel
densities used in the sampling. To evaluate the systematic
uncertainty, the KDE template is varied by increasing the
kernel width by 50% and by implementing a bootstrapping
technique. The uncertainties arising from the limited size of
the simulated samples are estimated under the assumption
that the efficiencies follow binomial distributions. A
systematic uncertainty associated with the kinematical
correction procedure is evaluated by performing an alter-
native correction that employs a different set of kinematic
variables to train the weighting algorithm. The systematic
uncertainty associated with imperfect simulation of the
hardware trigger is estimated using a data-driven method
[25,26] and found to be negligible. This is expected, given
the similar kinematics and decay topologies between the
signal and normalization decays.
To address uncertainties due to the treatment in simu-

lation of intermediate states in theΛþ
c → pK−πþ decay and

TABLE I. Relative systematic uncertainties on the measured branching fraction ratios. The dashes indicate sources that are not
relevant for that measurement.

Source ½BðB̄0 → Λþ
c Λ̄−

c Þ=BðB̄0 → D−
s DþÞ� (%) ½BðB̄0

s → Λþ
c Λ̄−

c Þ=BðB̄0
s → Dþ

s D−
s Þ� (%)

Λþ
c peak width 2.1 4.3

B̄0
ðsÞ peak width 0.2 0.5

Λþ
c or Dþ

ðsÞ line shape 0.2 0.2

B̄0
ðsÞ signal line shape 3.6 0.5

Background line shape 1.4 7.1
Line shape of misidentified decay not applicable 0.1
Fit bias 5.7 1.2
Tracking efficiency 1.3 1.6
PID correction 0.7 0.9
Simulated sample size 1.7 1.8
Kinematical correction 0.2 0.3
Λþ
c Dalitz plot and polarization correction 3.6 4.3

B̄0
s lifetime correction not applicable 0.6

Total 8.4 9.9
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the Λþ
c -baryon polarization, two weighting procedures are

implemented. The Λþ
c Dalitz plot distributions in simu-

lation are weighted to match those in data. Then, the Λþ
c

polarization is emulated by a weight 1þ αP cos θp, where
θp is the angle between the proton momentum in the Λþ

c

rest frame and the Λþ
c direction in the B̄0

ðsÞ rest frame. The

decay parameter α and polarization P are taken from
Ref. [45]. The systematic uncertainty is evaluated as the
relative difference between results with and without these
weights applied. An additional systematic uncertainty is
assigned to account for the difference between the average
B̄0
s lifetime used in simulation and the physical lifetimes of

the decay modes, which are dominated by the shorter-lived
B̄0
s mass eigenstate for both signal and normalization

modes. The effect is evaluated by reweighting the B̄0
s

lifetime distribution in simulated samples and found to
be small.
After evaluating the systematic uncertainties, the branch-

ing fractions are measured as

BðB̄0 → Λþ
c Λ̄−

c Þ ¼ ð1.01þ0.27
−0.28 � 0.08� 0.15Þ × 10−5;

BðB̄0
s → Λþ

c Λ̄−
c Þ ¼ ð5.0� 1.3� 0.5� 0.8Þ × 10−5;

where the uncertainties, respectively, represent statistical,
systematic, and external contributions from branching
fractions of intermediate charmed decays and normaliza-
tion channels [20].
To evaluate the significance of each signal decay, a test

statistic q ¼ −2 lnðL0=L̂Þ is defined, where L0 represents
the likelihood of the model with the contribution from
either B̄0 → Λþ

c Λ̄−
c or B̄0

s → Λþ
c Λ̄−

c removed, and L̂ cor-
responds to the likelihood when both contributions are
included. Among all the fit variants discussed above, the
model yielding the minimal q value in the data is identified.
Datasets from pseudoexperiments are then generated by
excluding either B̄0 or B̄0

s contributions from this model.
The p values associated with the observed B̄0 and B̄0

s
signals in the data are calculated from the tails of the two
resulting q distributions derived from these datasets and
then converted to significances. The resulting significance,
considering the systematic uncertainty, is 4.3σ for the
B̄0 → Λþ

c Λ̄−
c decay and 6.2σ for the B̄0

s → Λþ
c Λ̄−

c decay.
In summary, we present the first measurements of

B̄0 → Λþ
c Λ̄−

c and B̄0
s → Λþ

c Λ̄−
c branching fractions using

the complete LHCb Run 1 and Run 2 datasets. The first
observation of the B̄0

s → Λþ
c Λ̄−

c decay represents the first
experimental verification of the W-exchange process in
baryonic B-meson decays, a mechanism long considered
helicity suppressed, and therefore, often neglected. The
measured value of BðB̄0 → Λþ

c Λ̄−
c Þ is at the level of

1 × 10−5, indicating a significant discrepancy with the
expected contribution from the W-emission diagram alone,
as presented earlier in this Letter. This deviation provides
further evidence for the presence of SU(3)-breaking effects

and aW-exchange contribution that interferes destructively
with the internal W-emission process, thereby suppressing
the observed branching fraction. Taken together, these
observations suggest that the long-overlooked contribution
from W-annihilation and -exchange mechanisms in charm-
less, singly charmed, and doubly charmed two-body
baryonic B-meson decays needs a thorough reexamination.
Such effects may be important for improving predictions of
CP -violating phenomena in baryonic B decays, which
could potentially be studied using data from LHCb Run 3
and future upgrades [46,47].
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End Matter

Fit to the Λþ
c –Λ̄−

c mass distribution—A two-dimensional fit model is constructed to describe the ½mðΛþ
c Þ; mðΛ̄−

c Þ�
distribution. In each dimension, the peaking component is modeled with a DSCB function S, while the nonresonant
background is described by an exponential function B. The total probability density function is constructed from the
product of all combinations of S and B, as

P½mðΛþ
c Þ; mðΛ̄−

c Þ� ¼ NDC ·
�
S
�
mðΛþ

c Þ
�
S
�
mðΛ̄−

c Þ
��þ NSC ·

�
1

2
S
�
mðΛþ

c

��
B
�
mðΛ̄−
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�þ 1

2
B
�
mðΛþ

c Þ
�
S
�
mðΛ̄−

c

���

þ Nbkg ·
�
B
�
mðΛþ

c Þ
�
B
�
mðΛ̄−

c Þ
��
;

where NDC, NSC, and Nbkg represent the yields of doubly charmed, singly charmed, and charmless background
candidates, respectively. The factor 1=2 arises from the charged-conjugate relationship between the X → Λþ

c p̄Kþπ−

and X̄ → Λ̄−
c pK−πþ systems and has been verified using simulated samples. The fit is performed individually for

each mðΛþ
c Λ̄−

c Þ bin, and the corresponding NDC value and its uncertainty are determined. Figure 3 shows the Λþ
c and

Λ̄−
c mass distributions with the fit results also included, where results from all individual mðΛþ

c Λ̄−
c Þ bins are combined

to improve visibility.

Fit to the normalization decay modes—Figures 4 and 5 show the mðD−
s DþÞ and mðDþ

s D−
s Þ distributions for the

normalization decay modes, respectively, along with the fit projections.

2250 2300

) [MeV]+
c�(m

0

5

10

15

20

25

30

35

40

C
an

d
id

at
es

 /
 (

2
 M

eV
) LHCb

1�9 fb

2250 2300

) [MeV]c
��(m

0

5

10

15

20

25

30

35

40

C
an

d
id

at
es

 /
 (

2
 M

eV
) LHCb

1�9 fb

Data

Total fit
�
c�+

c�
Singly charmed

Charmless

FIG. 3. Distributions of the (left) Λþ
c and (right) Λ̄−

c mass for the signal sample. Also shown is the projection of the two-dimensional fit
(solid blue line) integrated over all mðΛþ

c Λ̄−
c Þ bins, along with the contributions from doubly charmed (dashed red), singly charmed

(filled green), and charmless (filled brown) decays.

5250 5300 5350 5400

) [MeV]+D�sD(m

1�10

1

10

210

310

C
an

d
id

at
es

 /
 (

2
 M

eV
) LHCb

1�3 f b 

Data

Total fit
+D�sD

0
B

+D�sD
0
sB

Background

5250 5300 5350 5400

) [MeV]+D�sD(m

2�10

1�10

1

10

210

310

410

C
an

d
id

at
es

 /
 (

2
 M

eV
) LHCb

1�6 f b

Data

Total fit
+D�sD

0
B

+D�sD
0
sB

Background

FIG. 4. Mass distribution of theD−
s Dþ system, with singly charmed and charmless backgrounds subtracted, shown for (left) Run 1 and

(right) Run 2 data-taking periods. The fit projection (solid blue line) is shown together with the signal components from B̄0 → D−
s Dþ

(filled green) and B0
s → D−

s Dþ (filled purple) decays and the background contribution (filled gray).

PHYSICAL REVIEW LETTERS 136, 061802 (2026)

061802-7



R. Aaij ,38 A. S. W. Abdelmotteleb ,58 C. Abellan Beteta ,52 F. Abudinén ,58 T. Ackernley ,62 A. A. Adefisoye ,70

B. Adeva ,48 M. Adinolfi ,56 P. Adlarson ,86 C. Agapopoulou ,14 C. A. Aidala ,88 Z. Ajaltouni,11 S. Akar ,11

K. Akiba ,38 M. Akthar ,40 P. Albicocco ,28 J. Albrecht ,19,a R. Aleksiejunas ,82 F. Alessio ,50 P. Alvarez Cartelle ,57,48

R. Amalric ,16 S. Amato ,3 J. L. Amey ,56 Y. Amhis ,14 L. An ,6 L. Anderlini ,27 M. Andersson ,52 P. Andreola ,52

M. Andreotti ,26 S. Andres Estrada ,45 A. Anelli ,31,b D. Ao ,7 C. Arata ,12 F. Archilli ,37 Z. Areg ,70 M. Argenton ,26

S. Arguedas Cuendis ,9,50 L. Arnone ,31,b A. Artamonov ,44 M. Artuso ,70 E. Aslanides ,13 R. Ataíde Da Silva ,51

M. Atzeni ,66 B. Audurier ,12 J. A. Authier ,15 D. Bacher ,65 I. Bachiller Perea ,51 S. Bachmann ,22 M. Bachmayer ,51

J. J. Back ,58 P. Baladron Rodriguez ,48 V. Balagura ,15 A. Balboni ,26 W. Baldini ,26 Z. Baldwin ,80 L. Balzani ,19

H. Bao ,7 J. Baptista de Souza Leite ,2 C. Barbero Pretel ,48,12 M. Barbetti ,27 I. R. Barbosa ,71 R. J. Barlow ,64

M. Barnyakov ,25 S. Barsuk ,14 W. Barter ,60 J. Bartz ,70 S. Bashir ,40 B. Batsukh ,5 P. B. Battista ,14

A. Bavarchee ,81 A. Bay ,51 A. Beck ,66 M. Becker ,19 F. Bedeschi ,35 I. B. Bediaga ,2 N. A. Behling ,19 S. Belin ,48

A. Bellavista ,25 K. Belous ,44 I. Belov ,29 I. Belyaev ,36 G. Benane ,13 G. Bencivenni ,28 E. Ben-Haim ,16

A. Berezhnoy ,44 R. Bernet ,52 S. Bernet Andres ,47 A. Bertolin ,33 F. Betti ,60 J. Bex ,57 O. Bezshyyko ,87

S. Bhattacharya ,81 M. S. Bieker ,18 N. V. Biesuz ,26 A. Biolchini ,38 M. Birch ,63 F. C. R. Bishop ,10 A. Bitadze ,64

A. Bizzeti ,27,c T. Blake ,58,d F. Blanc ,51 J. E. Blank ,19 S. Blusk ,70 V. Bocharnikov ,44 J. A. Boelhauve ,19

O. Boente Garcia ,50 T. Boettcher ,69 A. Bohare ,60 A. Boldyrev ,44 C. Bolognani ,84 R. Bolzonella ,26,e

R. B. Bonacci ,1 N. Bondar ,44,50 A. Bordelius ,50 F. Borgato ,33,50 S. Borghi ,64 M. Borsato ,31,b J. T. Borsuk ,85

E. Bottalico ,62 S. A. Bouchiba ,51 M. Bovill ,65 T. J. V. Bowcock ,62 A. Boyer ,50 C. Bozzi ,26 J. D. Brandenburg ,89

A. Brea Rodriguez ,51 N. Breer ,19 J. Brodzicka ,41 J. Brown ,62 D. Brundu ,32 E. Buchanan ,60 M. Burgos Marcos ,84

A. T. Burke ,64 C. Burr ,50 C. Buti ,27 J. S. Butter ,57 J. Buytaert ,50 W. Byczynski ,50 S. Cadeddu ,32 H. Cai ,76

Y. Cai ,5 A. Caillet ,16 R. Calabrese ,26,e S. Calderon Ramirez ,9 L. Calefice ,46 M. Calvi ,31,b M. Calvo Gomez ,47

P. Camargo Magalhaes ,2,f J. I. Cambon Bouzas ,48 P. Campana ,28 A. C. Campos ,3 A. F. Campoverde Quezada ,7

S. Capelli ,31 M. Caporale ,25 L. Capriotti ,26 R. Caravaca-Mora ,9 A. Carbone ,25,g L. Carcedo Salgado ,48

R. Cardinale ,29,h A. Cardini ,32 P. Carniti ,31 L. Carus ,22 A. Casais Vidal ,66 R. Caspary ,22 G. Casse ,62

M. Cattaneo ,50 G. Cavallero ,26 V. Cavallini ,26,e S. Celani ,50 I. Celestino ,35,i S. Cesare ,30,j A. J. Chadwick ,62

I. Chahrour ,88 H. Chang ,4,k M. Charles ,16 Ph. Charpentier ,50 E. Chatzianagnostou ,38 R. Cheaib ,81

M. Chefdeville ,10 C. Chen ,57 J. Chen ,51 S. Chen ,5 Z. Chen ,7 A. Chen Hu ,63 M. Cherif ,12 A. Chernov ,41

S. Chernyshenko ,54 X. Chiotopoulos ,84 V. Chobanova ,45 M. Chrzaszcz ,41 A. Chubykin ,44 V. Chulikov ,28,36,50

P. Ciambrone ,28 X. Cid Vidal ,48 G. Ciezarek ,50 P. Cifra ,38 P. E. L. Clarke ,60 M. Clemencic ,50 H. V. Cliff ,57

J. Closier ,50 C. Cocha Toapaxi ,22 V. Coco ,50 J. Cogan ,13 E. Cogneras ,11 L. Cojocariu ,43 S. Collaviti ,51

5350 5400

) [MeV]�
sD

+
sD(m

0

10

20

30

40

50

60

70

80

C
an

d
id

at
es

 /
 (

2
 M

eV
) LHCb

1�3 fb

Data

Total fit
�
sD

+
sD

0

sB
Background

5350 5400

) [MeV]�
sD

+
sD(m

0

20

40

60

80

100

120

140

160

C
an

d
id

at
es

 /
 (

1
 M

eV
) LHCb

1�6 fb

Data

Total fit
�
sD

+
sD

0

sB
Background

FIG. 5. Mass distribution of theDþ
s D−

s system, with singly charmed and charmless backgrounds subtracted, shown for (left) Run 1 and
(right) Run 2 data-taking periods. The fit projection (solid blue line) is shown together with the B̄0

s → Dþ
s D−

s signal (filled purple) and
the background (filled gray).

PHYSICAL REVIEW LETTERS 136, 061802 (2026)

061802-8

https://orcid.org/0000-0003-0533-1952
https://orcid.org/0000-0001-7905-0542
https://orcid.org/0009-0009-0869-6798
https://orcid.org/0000-0002-6737-3528
https://orcid.org/0000-0002-5951-3498
https://orcid.org/0000-0003-2448-1550
https://orcid.org/0000-0001-9756-3712
https://orcid.org/0000-0002-1326-1264
https://orcid.org/0000-0001-6280-3851
https://orcid.org/0000-0002-2368-0147
https://orcid.org/0000-0001-9540-4988
https://orcid.org/0000-0003-0288-9694
https://orcid.org/0000-0002-6736-471X
https://orcid.org/0009-0003-3172-2997
https://orcid.org/0000-0001-6430-1038
https://orcid.org/0000-0001-8636-1621
https://orcid.org/0000-0002-9093-2252
https://orcid.org/0000-0001-5317-1098
https://orcid.org/0000-0003-1652-2834
https://orcid.org/0000-0003-4595-2729
https://orcid.org/0000-0002-3277-0662
https://orcid.org/0000-0002-2597-3808
https://orcid.org/0000-0003-4282-1512
https://orcid.org/0000-0002-3274-5627
https://orcid.org/0000-0001-6808-2418
https://orcid.org/0000-0003-3594-9163
https://orcid.org/0000-0002-3923-431X
https://orcid.org/0000-0003-2918-1311
https://orcid.org/0009-0004-1572-0964
https://orcid.org/0000-0002-6191-934X
https://orcid.org/0000-0003-1647-4238
https://orcid.org/0009-0002-1990-7289
https://orcid.org/0000-0002-1779-6813
https://orcid.org/0009-0001-8618-2305
https://orcid.org/0009-0006-3169-0077
https://orcid.org/0000-0003-4234-7005
https://orcid.org/0009-0008-2154-8493
https://orcid.org/0000-0002-2785-2233
https://orcid.org/0000-0002-5991-7273
https://orcid.org/0000-0003-3286-683X
https://orcid.org/0009-0005-1667-2666
https://orcid.org/0000-0002-3208-3336
https://orcid.org/0000-0001-9090-4254
https://orcid.org/0009-0000-4716-5097
https://orcid.org/0000-0002-1249-367X
https://orcid.org/0000-0002-3721-4876
https://orcid.org/0000-0002-1186-3894
https://orcid.org/0000-0001-5996-2747
https://orcid.org/0000-0001-7791-4490
https://orcid.org/0000-0003-4240-2094
https://orcid.org/0000-0002-1611-7188
https://orcid.org/0009-0003-8872-976X
https://orcid.org/0000-0001-7658-8777
https://orcid.org/0000-0002-8534-0922
https://orcid.org/0009-0006-5241-1452
https://orcid.org/0009-0002-7027-021X
https://orcid.org/0000-0002-4442-5372
https://orcid.org/0009-0001-1805-6219
https://orcid.org/0000-0002-6704-6914
https://orcid.org/0000-0002-3226-8672
https://orcid.org/0000-0002-8295-8612
https://orcid.org/0009-0000-0102-0482
https://orcid.org/0000-0002-0898-6551
https://orcid.org/0000-0002-9264-4799
https://orcid.org/0000-0002-2646-4124
https://orcid.org/0000-0001-9861-8922
https://orcid.org/0000-0003-1020-2549
https://orcid.org/0009-0005-5095-0439
https://orcid.org/0000-0001-7880-4525
https://orcid.org/0000-0002-4862-9399
https://orcid.org/0000-0003-4872-1213
https://orcid.org/0000-0002-7972-8760
https://orcid.org/0000-0002-8315-2119
https://orcid.org/0000-0001-7806-5283
https://orcid.org/0000-0003-4750-7872
https://orcid.org/0000-0001-7154-1304
https://orcid.org/0009-0009-3723-834X
https://orcid.org/0000-0003-0014-2589
https://orcid.org/0000-0003-1699-9202
https://orcid.org/0000-0002-7458-7030
https://orcid.org/0000-0002-8176-8315
https://orcid.org/0000-0002-5107-0610
https://orcid.org/0000-0002-9510-8414
https://orcid.org/0000-0002-4431-7582
https://orcid.org/0000-0002-4856-8063
https://orcid.org/0000-0002-4515-7541
https://orcid.org/0000-0003-1393-4315
https://orcid.org/0000-0002-2395-235X
https://orcid.org/0000-0002-2856-8074
https://orcid.org/0000-0001-7106-5213
https://orcid.org/0009-0007-8372-6008
https://orcid.org/0000-0001-7113-7862
https://orcid.org/0000-0003-3004-0946
https://orcid.org/0000-0001-6064-9993
https://orcid.org/0000-0001-9157-4461
https://orcid.org/0000-0002-0023-3897
https://orcid.org/0000-0001-7979-1092
https://orcid.org/0000-0001-5729-5530
https://orcid.org/0000-0002-0259-5891
https://orcid.org/0000-0001-5775-3132
https://orcid.org/0000-0002-6546-5605
https://orcid.org/0000-0001-9170-684X
https://orcid.org/0000-0003-1048-7732
https://orcid.org/0000-0002-3543-9959
https://orcid.org/0000-0003-0261-8085
https://orcid.org/0000-0002-2439-9955
https://orcid.org/0000-0003-1077-8046
https://orcid.org/0000-0002-7872-6819
https://orcid.org/0000-0003-3752-6789
https://orcid.org/0000-0002-0055-0577
https://orcid.org/0009-0004-1871-2417
https://orcid.org/0000-0003-2714-9879
https://orcid.org/0009-0002-3529-8524
https://orcid.org/0000-0002-3149-6710
https://orcid.org/0000-0001-5135-1511
https://orcid.org/0000-0001-5760-2924
https://orcid.org/0000-0002-9065-9030
https://orcid.org/0000-0003-2238-8803
https://orcid.org/0000-0002-0044-6470
https://orcid.org/0009-0006-2494-8287
https://orcid.org/0000-0002-3505-6915
https://orcid.org/0000-0002-9909-0186
https://orcid.org/0000-0001-6782-3982
https://orcid.org/0000-0002-6327-5947
https://orcid.org/0000-0001-5650-445X
https://orcid.org/0000-0003-0307-3662
https://orcid.org/0000-0002-8556-0597
https://orcid.org/0000-0001-9846-9672
https://orcid.org/0000-0003-4457-5896
https://orcid.org/0009-0008-3263-1823
https://orcid.org/0009-0001-9716-0793
https://orcid.org/0000-0003-0243-0517
https://orcid.org/0000-0002-5155-1094
https://orcid.org/0009-0009-2488-5548
https://orcid.org/0000-0002-1816-536X
https://orcid.org/0000-0002-7958-6790
https://orcid.org/0009-0008-0187-3395
https://orcid.org/0000-0002-7763-500X
https://orcid.org/0000-0003-0898-3673
https://orcid.org/0009-0004-5445-9404
https://orcid.org/0009-0001-8340-3870
https://orcid.org/0000-0002-1354-5400
https://orcid.org/0000-0001-9993-4388
https://orcid.org/0000-0001-6401-1583
https://orcid.org/0000-0002-8797-1357
https://orcid.org/0000-0001-5588-1448
https://orcid.org/0000-0003-3641-8110
https://orcid.org/0000-0002-2952-3118
https://orcid.org/0000-0001-8233-1951
https://orcid.org/0009-0000-0785-8163
https://orcid.org/0000-0003-1968-1216
https://orcid.org/0000-0002-8444-4498
https://orcid.org/0009-0008-9395-8723
https://orcid.org/0000-0003-4899-0587
https://orcid.org/0000-0001-8010-0447
https://orcid.org/0000-0002-7045-2243
https://orcid.org/0000-0003-3101-3528
https://orcid.org/0000-0002-7835-7638
https://orcid.org/0000-0002-6649-0298
https://orcid.org/0000-0002-7820-2732
https://orcid.org/0009-0009-5251-2474
https://orcid.org/0000-0003-0469-2588
https://orcid.org/0000-0002-1449-1619
https://orcid.org/0000-0002-8516-237X
https://orcid.org/0000-0001-7707-169X
https://orcid.org/0000-0002-8342-7047
https://orcid.org/0000-0001-7601-129X
https://orcid.org/0000-0003-4715-7622
https://orcid.org/0009-0008-0215-0308
https://orcid.org/0000-0003-0886-7111
https://orcid.org/0000-0003-3537-9404
https://orcid.org/0000-0002-1472-0987
https://orcid.org/0009-0002-8662-1918
https://orcid.org/0000-0003-4795-498X
https://orcid.org/0000-0001-9295-8635
https://orcid.org/0009-0009-3781-1820
https://orcid.org/0000-0002-6292-3068
https://orcid.org/0000-0002-6553-6493
https://orcid.org/0000-0002-3400-5489
https://orcid.org/0009-0006-1819-4271
https://orcid.org/0000-0002-8647-1828
https://orcid.org/0000-0002-0215-7269
https://orcid.org/0009-0002-3626-8909
https://orcid.org/0009-0004-4839-7139
https://orcid.org/0000-0003-0232-6808
https://orcid.org/0000-0002-2546-6080
https://orcid.org/0009-0006-5762-6559
https://orcid.org/0000-0002-1353-6002
https://orcid.org/0000-0001-7901-8710
https://orcid.org/0000-0003-1061-9643
https://orcid.org/0000-0002-7767-9117
https://orcid.org/0000-0003-0253-9846
https://orcid.org/0000-0002-0468-541X
https://orcid.org/0000-0003-1002-8368
https://orcid.org/0000-0003-3068-7029
https://orcid.org/0000-0003-3746-0732
https://orcid.org/0000-0003-1710-6824
https://orcid.org/0000-0003-0531-0916
https://orcid.org/0000-0002-0228-9130
https://orcid.org/0000-0001-5812-8611
https://orcid.org/0000-0002-5310-6808
https://orcid.org/0000-0001-7194-7566
https://orcid.org/0000-0002-8933-9427
https://orcid.org/0000-0002-1281-5923
https://orcid.org/0009-0003-7280-8236


P. Collins ,50 T. Colombo ,50 M. Colonna ,19 A. Comerma-Montells ,46 L. Congedo ,24 J. Connaughton ,58

A. Contu ,32 N. Cooke ,61 G. Cordova ,35,i C. Coronel ,67 I. Corredoira ,12 A. Correia ,16 G. Corti ,50

J. Cottee Meldrum ,56 B. Couturier ,50 D. C. Craik ,52 M. Cruz Torres ,2,l M. Cubero Campos ,9 E. Curras Rivera ,51

R. Currie ,60 C. L. Da Silva ,69 S. Dadabaev ,44 L. Dai ,73 X. Dai ,4 E. Dall’Occo ,50 J. Dalseno ,45

C. D’Ambrosio ,63 J. Daniel ,11 G. Darze ,3 A. Davidson ,58 J. E. Davies ,64 O. De Aguiar Francisco ,64

C. De Angelis ,32,m F. De Benedetti ,50 J. de Boer ,38 K. De Bruyn ,83 S. De Capua ,64 M. De Cian ,64,50

U. De Freitas Carneiro Da Graca ,2,n E. De Lucia ,28 J. M. De Miranda ,2 L. De Paula ,3 M. De Serio ,24,o

P. De Simone ,28 F. De Vellis ,19 J. A. de Vries ,84 F. Debernardis ,24 D. Decamp ,10 S. Dekkers ,1 L. Del Buono ,16

B. Delaney ,66 J. Deng ,8 V. Denysenko ,52 O. Deschamps ,11 F. Dettori ,32,m B. Dey ,81 P. Di Nezza ,28

I. Diachkov ,44 S. Didenko ,44 S. Ding ,70 Y. Ding ,51 L. Dittmann ,22 V. Dobishuk ,54 A. D. Docheva ,61

A. Doheny ,58 C. Dong ,4,k A. M. Donohoe ,23 F. Dordei ,32 A. C. dos Reis ,2 A. D. Dowling ,70 L. Dreyfus ,13

W. Duan ,74 P. Duda ,85 L. Dufour ,50 V. Duk ,34 P. Durante ,50 M. M. Duras ,85 J. M. Durham ,69 O. D. Durmus ,81

A. Dziurda ,41 A. Dzyuba ,44 S. Easo ,59 E. Eckstein ,18 U. Egede ,1 A. Egorychev ,44 V. Egorychev ,44

S. Eisenhardt ,60 E. Ejopu ,62 L. Eklund ,86 M. Elashri ,67 D. Elizondo Blanco ,9 J. Ellbracht ,19 S. Ely ,63 A. Ene ,43

J. Eschle ,70 T. Evans ,38 F. Fabiano ,32 S. Faghih ,67 L. N. Falcao ,31,b B. Fang ,7 R. Fantechi ,35 L. Fantini ,34,p

M. Faria ,51 K. Farmer ,60 F. Fassin ,83,38 D. Fazzini ,31,b L. Felkowski ,85 M. Feng ,5,7 A. Fernandez Casani ,49

M. Fernandez Gomez ,48 A. D. Fernez ,68 F. Ferrari ,25,g F. Ferreira Rodrigues ,3 M. Ferrillo ,52 M. Ferro-Luzzi ,50

S. Filippov ,44 R. A. Fini ,24 M. Fiorini ,26,e M. Firlej ,40 K. L. Fischer ,65 D. S. Fitzgerald ,88 C. Fitzpatrick ,64

T. Fiutowski ,40 F. Fleuret ,15 A. Fomin ,53 M. Fontana ,25,50 L. A. Foreman ,64 R. Forty ,50 D. Foulds-Holt ,60

V. Franco Lima ,3 M. Franco Sevilla ,68 M. Frank ,50 E. Franzoso ,26,e G. Frau ,64 C. Frei ,50 D. A. Friday ,64,50

J. Fu ,7 Q. Führing ,19,57,a T. Fulghesu ,13 G. Galati ,24,o M. D. Galati ,38 A. Gallas Torreira ,48 D. Galli ,25,g

S. Gambetta ,60 M. Gandelman ,3 P. Gandini ,30 B. Ganie ,64 H. Gao ,7 R. Gao ,65 T. Q. Gao ,57 Y. Gao ,8 Y. Gao ,6

Y. Gao ,8 L. M. Garcia Martin ,51 P. Garcia Moreno ,46 J. García Pardiñas ,66 P. Gardner ,68 L. Garrido ,46

C. Gaspar ,50 A. Gavrikov ,33 L. L. Gerken ,19 E. Gersabeck ,20 M. Gersabeck ,20 T. Gershon ,58 S. Ghizzo ,29,h

Z. Ghorbanimoghaddam ,56 F. I. Giasemis ,16,q V. Gibson ,57 H. K. Giemza ,42 A. L. Gilman ,67 M. Giovannetti ,28

A. Gioventù ,46 L. Girardey ,64,59 M. A. Giza ,41 F. C. Glaser ,14,22 V. V. Gligorov ,16 C. Göbel ,71

L. Golinka-Bezshyyko ,87 E. Golobardes ,47 D. Golubkov ,44 A. Golutvin ,63,50 S. Gomez Fernandez ,46

W. Gomulka ,40 I. Gonçales Vaz,50 F. Goncalves Abrantes ,65 M. Goncerz ,41 G. Gong ,4,k J. A. Gooding ,19

I. V. Gorelov ,44 C. Gotti ,31 E. Govorkova ,66 J. P. Grabowski ,30 L. A. Granado Cardoso ,50 E. Graugés ,46

E. Graverini ,35,51 L. Grazette ,58 G. Graziani ,27 A. T. Grecu ,43 N. A. Grieser ,67 L. Grillo ,61 S. Gromov ,44

C. Gu ,15 M. Guarise ,26 L. Guerry ,11 A.-K. Guseinov ,51 E. Gushchin ,44 Y. Guz ,6,50 T. Gys ,50 K. Habermann ,18

T. Hadavizadeh ,1 C. Hadjivasiliou ,68 G. Haefeli ,51 C. Haen ,50 S. Haken ,57 G. Hallett ,58 P. M. Hamilton ,68

J. Hammerich ,62 Q. Han ,33 X. Han ,22,50 S. Hansmann-Menzemer ,22 L. Hao ,7 N. Harnew ,65 T. H. Harris ,1

M. Hartmann ,14 S. Hashmi ,40 J. He ,7,r N. Heatley ,14 A. Hedes ,64 F. Hemmer ,50 C. Henderson ,67

R. Henderson ,14 R. D. L. Henderson ,1 A. M. Hennequin ,50 K. Hennessy ,62 L. Henry ,51 J. Herd ,63

P. Herrero Gascon ,22 J. Heuel ,17 A. Heyn ,13 A. Hicheur ,3 G. Hijano Mendizabal ,52 J. Horswill ,64 R. Hou ,8

Y. Hou ,11 D. C. Houston ,61 N. Howarth ,62 W. Hu ,7 X. Hu ,4 W. Hulsbergen ,38 R. J. Hunter ,58 M. Hushchyn ,44

D. Hutchcroft ,62 M. Idzik ,40 D. Ilin ,44 P. Ilten ,67 A. Iniukhin ,44 A. Iohner ,10 A. Ishteev ,44 K. Ivshin ,44

H. Jage ,17 S. J. Jaimes Elles ,78,49,50 S. Jakobsen ,50 T. Jakoubek ,79 E. Jans ,38 B. K. Jashal ,49 A. Jawahery ,68

C. Jayaweera ,55 A. Jelavic ,1 V. Jevtic ,19 Z. Jia ,16 E. Jiang ,68 X. Jiang ,5,7 Y. Jiang ,7 Y. J. Jiang ,6

E. Jimenez Moya ,9 N. Jindal ,89 M. John ,65 A. John Rubesh Rajan ,23 D. Johnson ,55 C. R. Jones ,57 S. Joshi ,42

B. Jost ,50 J. Juan Castella ,57 N. Jurik ,50 I. Juszczak ,41 K. Kalecinska,40 D. Kaminaris ,51 S. Kandybei ,53

M. Kane ,60 Y. Kang ,4,k C. Kar ,11 M. Karacson ,50 A. Kauniskangas ,51 J. W. Kautz ,67 M. K. Kazanecki ,41

F. Keizer ,50 M. Kenzie ,57 T. Ketel ,38 B. Khanji ,70 A. Kharisova ,44 S. Kholodenko ,63,50 G. Khreich ,14 F. Kiraz,14

T. Kirn ,17 V. S. Kirsebom ,31,b S. Klaver ,39 N. Kleijne ,35,i A. Kleimenova ,51 D. K. Klekots ,87 K. Klimaszewski ,42

M. R. Kmiec ,42 T. Knospe ,19 R. Kolb ,22 S. Koliiev ,54 L. Kolk ,19 A. Konoplyannikov ,6 P. Kopciewicz ,50

P. Koppenburg ,38 A. Korchin ,53 I. Kostiuk ,38 O. Kot ,54 S. Kotriakhova ,32 E. Kowalczyk ,68 A. Kozachuk ,44

P. Kravchenko ,44 L. Kravchuk ,44 O. Kravcov ,82 M. Kreps ,58 P. Krokovny ,44 W. Krupa ,70 W. Krzemien ,42

O. Kshyvanskyi ,54 S. Kubis ,85 M. Kucharczyk ,41 V. Kudryavtsev ,44 E. Kulikova ,44 A. Kupsc ,86 V. Kushnir ,53

PHYSICAL REVIEW LETTERS 136, 061802 (2026)

061802-9

https://orcid.org/0000-0003-1437-4022
https://orcid.org/0000-0002-9617-9687
https://orcid.org/0009-0000-1704-4139
https://orcid.org/0000-0002-8980-6048
https://orcid.org/0000-0003-4536-4644
https://orcid.org/0000-0003-2557-4361
https://orcid.org/0000-0002-3545-2969
https://orcid.org/0000-0002-4179-3700
https://orcid.org/0009-0003-8308-4798
https://orcid.org/0009-0006-9231-4024
https://orcid.org/0000-0002-6089-0899
https://orcid.org/0000-0002-6483-8596
https://orcid.org/0000-0003-2857-4471
https://orcid.org/0009-0009-3900-6905
https://orcid.org/0000-0001-6749-1033
https://orcid.org/0000-0002-3684-1560
https://orcid.org/0000-0003-2607-131X
https://orcid.org/0000-0002-5183-4668
https://orcid.org/0000-0002-6555-0340
https://orcid.org/0000-0002-0166-9529
https://orcid.org/0000-0003-4106-8258
https://orcid.org/0000-0002-0093-3244
https://orcid.org/0000-0002-4070-4729
https://orcid.org/0000-0003-3395-7151
https://orcid.org/0000-0001-9313-4021
https://orcid.org/0000-0003-3288-4683
https://orcid.org/0000-0003-4344-9994
https://orcid.org/0000-0002-9022-4264
https://orcid.org/0000-0002-7666-6533
https://orcid.org/0009-0002-0647-2028
https://orcid.org/0000-0002-5382-8683
https://orcid.org/0000-0003-2735-678X
https://orcid.org/0009-0005-5033-5866
https://orcid.org/0000-0002-7960-3116
https://orcid.org/0000-0002-6084-4294
https://orcid.org/0000-0002-0615-4399
https://orcid.org/0000-0002-6285-9596
https://orcid.org/0000-0002-1268-9621
https://orcid.org/0000-0003-0451-4028
https://orcid.org/0000-0003-0793-0844
https://orcid.org/0009-0003-2505-7337
https://orcid.org/0000-0002-4984-7734
https://orcid.org/0000-0003-4915-7933
https://orcid.org/0000-0001-9392-2079
https://orcid.org/0000-0001-7596-5091
https://orcid.org/0000-0003-4712-9816
https://orcid.org/0009-0001-5383-4899
https://orcid.org/0000-0001-9643-6762
https://orcid.org/0000-0001-9598-875X
https://orcid.org/0000-0003-4774-2194
https://orcid.org/0009-0007-6371-8035
https://orcid.org/0000-0002-4395-3616
https://orcid.org/0000-0002-0455-5404
https://orcid.org/0000-0002-7047-6042
https://orcid.org/0000-0003-0256-8663
https://orcid.org/0000-0002-4563-5806
https://orcid.org/0000-0003-4894-6762
https://orcid.org/0000-0001-5222-5293
https://orcid.org/0000-0001-5671-5863
https://orcid.org/0000-0002-5946-581X
https://orcid.org/0009-0008-2518-8392
https://orcid.org/0009-0000-0510-0252
https://orcid.org/0000-0001-9004-3255
https://orcid.org/0000-0002-7680-4043
https://orcid.org/0009-0006-2410-6282
https://orcid.org/0000-0003-3259-6323
https://orcid.org/0000-0002-4438-3950
https://orcid.org/0000-0002-2571-5067
https://orcid.org/0000-0001-7517-8418
https://orcid.org/0009-0007-1406-3343
https://orcid.org/0009-0000-2823-5141
https://orcid.org/0000-0003-1765-9939
https://orcid.org/0000-0003-4043-7963
https://orcid.org/0000-0002-3924-2774
https://orcid.org/0000-0001-6440-0087
https://orcid.org/0000-0002-1204-2270
https://orcid.org/0000-0002-4153-5293
https://orcid.org/0000-0002-5831-3398
https://orcid.org/0000-0002-8161-7832
https://orcid.org/0000-0003-4338-7156
https://orcid.org/0000-0003-3612-3195
https://orcid.org/0000-0002-4027-7333
https://orcid.org/0009-0009-5267-5177
https://orcid.org/0000-0001-5493-0762
https://orcid.org/0000-0001-5555-8982
https://orcid.org/0000-0002-2539-673X
https://orcid.org/0000-0002-4860-6779
https://orcid.org/0000-0003-3711-7547
https://orcid.org/0000-0002-2014-3864
https://orcid.org/0000-0001-9398-953X
https://orcid.org/0009-0007-4950-0822
https://orcid.org/0000-0003-1231-6347
https://orcid.org/0000-0003-1618-3617
https://orcid.org/0000-0001-5513-0927
https://orcid.org/0000-0002-7312-3699
https://orcid.org/0000-0003-3016-1879
https://orcid.org/0000-0001-6915-9923
https://orcid.org/0009-0008-3848-4967
https://orcid.org/0000-0003-3441-583X
https://orcid.org/0000-0003-0030-3813
https://orcid.org/0000-0002-6243-5726
https://orcid.org/0000-0002-2351-3998
https://orcid.org/0000-0002-4675-4209
https://orcid.org/0000-0003-2364-2877
https://orcid.org/0009-0002-9804-5364
https://orcid.org/0000-0002-5938-4286
https://orcid.org/0000-0002-0196-910X
https://orcid.org/0000-0002-6308-5078
https://orcid.org/0000-0003-1394-509X
https://orcid.org/0000-0003-1984-4759
https://orcid.org/0000-0001-9900-6514
https://orcid.org/0000-0002-3721-4585
https://orcid.org/0000-0002-4274-5583
https://orcid.org/0000-0003-1052-2198
https://orcid.org/0009-0008-1868-2165
https://orcid.org/0000-0003-3900-3914
https://orcid.org/0000-0002-3821-3998
https://orcid.org/0000-0001-6559-2084
https://orcid.org/0000-0002-1084-0084
https://orcid.org/0009-0000-8700-9910
https://orcid.org/0000-0001-6862-6876
https://orcid.org/0000-0003-3674-0812
https://orcid.org/0000-0003-2342-8854
https://orcid.org/0000-0002-2430-782X
https://orcid.org/0000-0002-3631-0604
https://orcid.org/0000-0003-4727-831X
https://orcid.org/0000-0002-2741-9966
https://orcid.org/0000-0003-2103-7577
https://orcid.org/0000-0001-9921-687X
https://orcid.org/0000-0002-3761-209X
https://orcid.org/0000-0002-5250-2948
https://orcid.org/0000-0002-4625-559X
https://orcid.org/0000-0003-2130-1593
https://orcid.org/0000-0003-3160-482X
https://orcid.org/0000-0001-5501-5611
https://orcid.org/0000-0001-9400-3322
https://orcid.org/0000-0003-3177-2700
https://orcid.org/0000-0003-3179-2525
https://orcid.org/0000-0001-9391-8619
https://orcid.org/0000-0001-7348-3312
https://orcid.org/0000-0002-8716-4440
https://orcid.org/0000-0002-2745-7954
https://orcid.org/0000-0003-2375-6030
https://orcid.org/0000-0003-2420-0501
https://orcid.org/0000-0001-8192-8377
https://orcid.org/0000-0001-7267-6008
https://orcid.org/0009-0008-7115-3940
https://orcid.org/0000-0002-6025-6193
https://orcid.org/0009-0004-1782-7642
https://orcid.org/0000-0001-7933-0835
https://orcid.org/0000-0003-1484-0943
https://orcid.org/0000-0002-6069-8995
https://orcid.org/0009-0002-5342-4475
https://orcid.org/0000-0003-0714-8991
https://orcid.org/0000-0002-3612-1651
https://orcid.org/0000-0003-2316-8829
https://orcid.org/0000-0002-8090-563X
https://orcid.org/0000-0001-8883-6539
https://orcid.org/0000-0002-8009-1509
https://orcid.org/0000-0002-6741-5409
https://orcid.org/0000-0002-6769-3679
https://orcid.org/0000-0002-2860-6528
https://orcid.org/0000-0002-0075-8669
https://orcid.org/0000-0002-3183-5065
https://orcid.org/0009-0001-5178-9385
https://orcid.org/0000-0002-4410-9505
https://orcid.org/0000-0003-0622-1069
https://orcid.org/0000-0002-6661-1192
https://orcid.org/0000-0003-2597-8796
https://orcid.org/0000-0001-5934-7541
https://orcid.org/0000-0003-2135-9568
https://orcid.org/0000-0001-5399-326X
https://orcid.org/0000-0002-8254-7274
https://orcid.org/0000-0002-0805-1561
https://orcid.org/0000-0001-8416-5416
https://orcid.org/0000-0002-8189-8267
https://orcid.org/0000-0003-0523-495X
https://orcid.org/0000-0002-0613-5374
https://orcid.org/0000-0001-8080-0769
https://orcid.org/0000-0001-6216-1596
https://orcid.org/0000-0003-2500-8247
https://orcid.org/0000-0002-3064-9834
https://orcid.org/0009-0003-2873-425X
https://orcid.org/0000-0002-7318-482X
https://orcid.org/0000-0002-9224-914X
https://orcid.org/0000-0002-7822-3947
https://orcid.org/0000-0003-3353-9750
https://orcid.org/0000-0001-5570-0133
https://orcid.org/0000-0003-2501-9608
https://orcid.org/0000-0003-1920-6618
https://orcid.org/0000-0001-8461-8382
https://orcid.org/0000-0003-2868-2173
https://orcid.org/0000-0001-6571-4096
https://orcid.org/0000-0003-4647-6429
https://orcid.org/0000-0001-7907-4261
https://orcid.org/0000-0001-8212-846X
https://orcid.org/0000-0002-7770-1839
https://orcid.org/0000-0003-0386-4923
https://orcid.org/0000-0001-5360-0091
https://orcid.org/0000-0002-8967-3644
https://orcid.org/0000-0001-5635-6063
https://orcid.org/0000-0001-8829-9681
https://orcid.org/0009-0004-8932-4024
https://orcid.org/0000-0002-5115-0581
https://orcid.org/0000-0001-8857-1665
https://orcid.org/0000-0001-7552-400X
https://orcid.org/0000-0002-6825-6497
https://orcid.org/0009-0002-6342-5965
https://orcid.org/0000-0001-5730-8434
https://orcid.org/0000-0002-2234-0001
https://orcid.org/0000-0002-9257-839X
https://orcid.org/0000-0002-4947-2928
https://orcid.org/0009-0007-9578-2197
https://orcid.org/0009-0005-1427-6520
https://orcid.org/0000-0002-2231-1374
https://orcid.org/0000-0002-5556-1775
https://orcid.org/0000-0002-7958-2917
https://orcid.org/0000-0001-7641-7505
https://orcid.org/0000-0002-3804-8734
https://orcid.org/0000-0001-8162-4277
https://orcid.org/0000-0001-9616-6651
https://orcid.org/0009-0000-1763-6759
https://orcid.org/0009-0005-8756-0960
https://orcid.org/0000-0003-2714-2706
https://orcid.org/0000-0002-1465-0077
https://orcid.org/0000-0003-2204-4779
https://orcid.org/0009-0005-2308-4002
https://orcid.org/0000-0001-8177-0856
https://orcid.org/0000-0002-6986-9404
https://orcid.org/0009-0006-3405-5888
https://orcid.org/0000-0001-6445-4907
https://orcid.org/0009-0008-7974-3785
https://orcid.org/0000-0002-1529-8087
https://orcid.org/0000-0003-3605-832X
https://orcid.org/0000-0001-7828-3694
https://orcid.org/0000-0001-6265-8412
https://orcid.org/0000-0001-9384-6926
https://orcid.org/0009-0009-2864-9569
https://orcid.org/0000-0002-3712-7318
https://orcid.org/0009-0002-1307-1759
https://orcid.org/0000-0002-9199-8616
https://orcid.org/0000-0002-3139-3332
https://orcid.org/0000-0001-6454-278X
https://orcid.org/0009-0003-7753-9565
https://orcid.org/0009-0001-7370-061X
https://orcid.org/0000-0002-2855-0544
https://orcid.org/0000-0002-5924-2683
https://orcid.org/0000-0003-3018-5707
https://orcid.org/0000-0001-7894-8799
https://orcid.org/0000-0002-8894-6292
https://orcid.org/0000-0002-4174-6509
https://orcid.org/0000-0001-6349-0033
https://orcid.org/0000-0001-8771-3115
https://orcid.org/0000-0001-5534-1732
https://orcid.org/0000-0002-1940-6276
https://orcid.org/0009-0003-1506-7427
https://orcid.org/0000-0003-1409-1428
https://orcid.org/0000-0001-8403-0706
https://orcid.org/0000-0002-8096-3792
https://orcid.org/0000-0003-0182-8638
https://orcid.org/0000-0002-6564-040X
https://orcid.org/0000-0001-7038-0369
https://orcid.org/0000-0002-5438-9176
https://orcid.org/0000-0002-0025-4663
https://orcid.org/0000-0003-3719-119X
https://orcid.org/0009-0004-2328-658X
https://orcid.org/0009-0005-0826-999X
https://orcid.org/0000-0001-6427-4746
https://orcid.org/0000-0002-4774-5961
https://orcid.org/0000-0003-1728-8525
https://orcid.org/0000-0001-8120-3296
https://orcid.org/0000-0002-8964-5109
https://orcid.org/0000-0002-0656-8647
https://orcid.org/0000-0001-7712-3197
https://orcid.org/0000-0002-2092-3545
https://orcid.org/0000-0002-8579-844X
https://orcid.org/0000-0002-9850-4965
https://orcid.org/0000-0003-3272-6001
https://orcid.org/0000-0003-1699-8816
https://orcid.org/0000-0002-5821-1674
https://orcid.org/0009-0005-4053-1222
https://orcid.org/0009-0009-5577-1308
https://orcid.org/0000-0002-6066-7232
https://orcid.org/0000-0002-1285-3911
https://orcid.org/0000-0002-8912-4653
https://orcid.org/0000-0003-3598-0427
https://orcid.org/0009-0006-5064-966X
https://orcid.org/0000-0002-6528-8178
https://orcid.org/0000-0002-6407-6974
https://orcid.org/0009-0006-1867-9674
https://orcid.org/0000-0002-4285-8027
https://orcid.org/0000-0001-8482-5576
https://orcid.org/0009-0009-3480-5724
https://orcid.org/0000-0002-1290-6737
https://orcid.org/0000-0001-7910-4109
https://orcid.org/0000-0002-9652-1964
https://orcid.org/0000-0003-3838-281X
https://orcid.org/0000-0002-5291-9583
https://orcid.org/0000-0002-0260-6570
https://orcid.org/0000-0002-6520-8203
https://orcid.org/0000-0002-0253-8619
https://orcid.org/0009-0005-4421-9025
https://orcid.org/0000-0001-7909-1272
https://orcid.org/0000-0003-0828-0943
https://orcid.org/0000-0002-9129-4985
https://orcid.org/0000-0002-4251-2958
https://orcid.org/0000-0003-0741-5922
https://orcid.org/0000-0002-1821-1848
https://orcid.org/0009-0003-8343-3767
https://orcid.org/0009-0005-5214-0202
https://orcid.org/0009-0002-3680-1224
https://orcid.org/0000-0003-2589-5130
https://orcid.org/0009-0005-2645-8364
https://orcid.org/0000-0001-9092-3527
https://orcid.org/0000-0001-8614-7203
https://orcid.org/0000-0001-7947-170X
https://orcid.org/0000-0002-8767-7289
https://orcid.org/0009-0005-5473-6050
https://orcid.org/0000-0002-1495-0053
https://orcid.org/0009-0006-0206-2784
https://orcid.org/0000-0001-6805-0395
https://orcid.org/0000-0002-4036-2060
https://orcid.org/0000-0001-8631-4200
https://orcid.org/0000-0001-7148-3335
https://orcid.org/0000-0002-6133-486X
https://orcid.org/0000-0002-1236-4667
https://orcid.org/0000-0002-7947-465X
https://orcid.org/0000-0002-9546-358X
https://orcid.org/0009-0003-6637-841X
https://orcid.org/0000-0001-8774-8270
https://orcid.org/0000-0003-4688-0050
https://orcid.org/0009-0000-2192-995X
https://orcid.org/0009-0002-8059-5325
https://orcid.org/0000-0003-4937-2270
https://orcid.org/0000-0003-2907-1323


B. Kutsenko ,13 J. Kvapil ,69 I. Kyryllin ,53 D. Lacarrere ,50 P. Laguarta Gonzalez ,46 A. Lai ,32 Y. Lai ,73

A. Lampis ,32 D. Lancierini ,63 C. Landesa Gomez ,48 J. J. Lane ,1 G. Lanfranchi ,28 C. Langenbruch ,22 J. Langer ,19

T. Latham ,58 F. Lazzari ,35,s C. Lazzeroni ,55 R. Le Gac ,13 H. Lee ,62 R. Lefèvre ,11 A. Leflat ,44 S. Legotin ,44
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