
Amplitude analysis of singly Cabibbo-suppressed decay Λ +
c → pK +K −

M. Ablikim et al.
*

(BESIII Collaboration)

(Received 9 March 2026; accepted 22 June 2026; published 17 August 2026)

Using a sample of eþe− annihilation data corresponding to an integrated luminosity of 4.4 fb−1 collected
with the BESIII detector at the BEPCII collider and produced at center-of-mass energies from 4600 to
4698 MeV, an amplitude analysis is performed of the singly Cabibbo-suppressed decay Λþ

c → pKþK−.
The branching fractions of Λþ

c → pϕð1020Þ, pf0ð980Þ, Λð1405ÞKþ, and Λð1670ÞKþ are measured,
where the latter two modes are decays that are observed for the first time. At the same time, with the
detection efficiency based on the results of the amplitude analysis, the branching fraction of Λþ

c → pKþK−

is updated to be ð9.94� 0.65stat � 0.50systÞ × 10−4, which is consistent with the current world average
value within one standard deviation. The result supersedes the previous BESIII measurement with precision
improved by approximately a factor of 1.5.
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I. INTRODUCTION

Charmed baryons were first observed in the 1970s, with
the lightest one, Λþ

c , sparking extensive research into the
properties and structure of the charmed baryon family [1].
Distinct from the subsequently discovered Ξþ;0

c and Ω0
c

baryons, Λþ
c provides a comparatively simple system for

exploring the dynamics of charmed baryons [2]. It also
offers crucial insights into the structure and decay mech-
anisms of doubly charmed baryons such as Ξcc andΩcc [3].
Quantum chromodynamics (QCD) [4,5], the fundamen-

tal theory describing the strong interaction among quarks
and gluons, plays a central role in predicting the decay of
quarks bound within charmed baryons. Among the various
decay categories, singly Cabibbo-suppressed (SCS) decays
are of particular interest because of their sensitivity to
charge–parity (CP) violation. These decays can carry a
significant weak phase, thereby providing enhanced sensi-
tivity to possible CP-violating effects beyond the Standard
Model [6,7]. The SCS decay Λþ

c → pKþK− is regarded as
a golden channel for investigating CP violation in charmed
baryon decays, owing to its relatively large branching
fraction and favorable detection efficiency. A comprehen-
sive study of the intermediate resonant contributions in this
decay is vital for improving our understanding of the
underlying decay dynamics and for refining searches for
CP violation. Moreover, the use of high-precision signal

models allows for a more accurate description of signal
behavior in experimental data, which is essential for
reliably identifying and quantifying possible CP-violating
effects in baryonic systems.
Situated at the interface between perturbative and non-

perturbative QCD regimes, the charm quark’s role in this
decay has attracted considerable theoretical attention,
particularly in the Λþ

c → pϕð1020Þ channel, which pro-
vides the leading narrow-vector contribution to
Λþ
c → pKþK−. The corresponding Feynman diagrams

for Λþ
c → pKþK− and Λþ

c → pϕð1020Þ are shown in
Fig. 1. The Λþ

c → pϕð1020Þ process is comparatively
simple, proceeding primarily through the factorizable
diagram [Fig. 1(c)] [8]. However, theoretical predictions

FIG. 1. Feynman diagrams of Λþ
c → pKþK− via internal

W-emission (a), Λþ
c → pKþK− via W-exchange (b), and Λþ

c →
pϕð1020Þ via internal W-emission (c).
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for this channel differ significantly among models [9–14],
as summarized—together with available experimental mea-
surements—in Table I.
Beyond absolute branching-fraction estimates for the

pϕð1020Þ mode, the substructure of Λþ
c → pKþK− has

also attracted theoretical interest. In particular, a chiral-
unitary study suggested that [20], in addition to the narrow
ϕð1020Þ peak, the KþK− spectrum may contain a near-
threshold scalar enhancement associated mainly with
f0ð980Þ. Similar to the LHCb amplitude analysis of the
Λþ
c → pK−πþ decay [21], we employ analogous amplitude

analysis techniques to determine more precisely the relative
contributions of different components in theΛþ

c → pKþK−

system. This approach also enables a quantitative treatment
of possible nonresonant amplitudes and interference
effects, thereby providing useful insights into the under-
lying dynamical mechanisms of the decay. The amplitude
analysis provides a powerful tool for disentangling the
contributing intermediate states and their interferences,
offering more profound insight into the decay dynamics
of charmed baryons. In particular, it allows the identifica-
tion of structures in the pK− invariant mass spectrum,
thereby refining the modeling of signal components and
reducing systematic uncertainties in the branching fraction
measurement.
Using 4.4 fb−1 of eþe− annihilation data collected at the

center-of-mass (CM) energies 4600, 4628, 4641, 4661,
4682, and 4698 MeV with the BESIII detector at the
BEPCII collider [22], we perform the first amplitude
analysis of the decay Λþ

c → pKþK− and determine its
branching fraction with improved precision.

II. BESIII DETECTOR AND MONTE
CARLO SIMULATION

The BESIII detector [23] records symmetric eþe−
collisions provided by the BEPCII storage ring [24] in

the CM energy ranging from 1.84 to 4.95 GeV, with a
peak luminosity of 1.1 × 1033 cm−2 s−1 achieved atffiffiffi
s

p ¼ 3.773 GeV. BESIII has collected large data samples
in this energy region [25]. The cylindrical core of the
BESIII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber
(MDC), a plastic scintillator time-of-flight system (TOF),
and a CsI(Tl) electromagnetic calorimeter (EMC), which
are all enclosed in a superconducting solenoidal magnet
providing a 1.0 T magnetic field. The solenoid is supported
by an octagonal flux-return yoke with resistive plate
counter muon identification modules interleaved with steel.
The charged-particle momentum resolution at 1 GeV=c is
0.5%, and the specific ionization energy loss in the MDC
(dE=dx) resolution is 6% for electrons from Bhabha
scattering. The EMC measures photon energies with a
resolution of 2.5% (5%) at 1 GeV in the barrel (end cap)
region. The time resolution in the plastic scintillator TOF
barrel region is 68 ps, while that in the end cap region is
110 ps. The end cap TOF system was upgraded in 2015
using multigap resistive plate chamber technology, provid-
ing a time resolution of 60 ps [26].
Monte Carlo (MC) simulated data samples produced

with a GEANT4-based [27] software package, which
includes the geometric description of the BESIII detector
and the detector response, which are used to determine
detection efficiencies and to estimate backgrounds. The
simulation models the beam energy spread and initial state
radiation in the eþe− annihilations with the generator
KKMC [28]. The inclusive MC sample includes the pro-
duction of open charm processes, the initial state radiation
production of vector charmonium(-like) states, and the
continuum processes incorporated in KKMC [28]. All
particle decays are modeled with EvtGen [29] using branch-
ing fractions either taken from the Particle Data Group
(PDG) [19], where available, or otherwise estimated with

TABLE I. Predictions for and measurements of branching fractions for Λþ
c → pKþK− and Λþ

c → pϕð1020Þ. The
asterisk (*) indicates a range of predicted values that depend on the renormalization scheme used in the
corresponding theoretical model.

Prediction or measurement Λþ
c → pKþK− (%) Λþ

c → pϕð1020Þ (%)

Körner(1992), CCQM [9] � � � 0.003
Źencaykowski(1994), Pole [10] � � � 0.10
Źencaykowski(1994), Pole [11] � � � 0.14
Alakabha Datta(1995), CA [12] � � � 0.063
Cheng, Tseng(1993), Pole [13] � � � 0.073
Ivanov(1998), CCQM [14] � � � 0.138–0.657*
CLEO(1996) [15] 0.244� 0.056� 0.044 0.150� 0.038� 0.019
Belle(2002) [16] 0.088� 0.013� 0.013 0.094� 0.013� 0.013
BESIII(2016) [17] 0.107� 0.016� 0.007 0.106� 0.019� 0.010
LHCb(2018) [18] 0.106� 0.002� 0.005 � � �
PDG(2024) [19] 0.106� 0.006 0.106� 0.014
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LUNDCHARM [30]. Final state radiation from charged final
state particles is incorporated using the PHOTOS package
[31]. The signal MC samples for amplitude analysis and
branching fraction measurement are generated using differ-
ent models. For the amplitude analysis, a phase space
(PHSP) MC sample is used in the MC integration. While
for the branching fraction measurement, the signal MC
sample is generated based on the result of amplitude
analysis for a more accurate efficiency.

III. EVENT SELECTION

Charged tracks detected in the MDC are required to
satisfy jcos θj < 0.93, where θ is the polar angle with
respect to the z-axis, defined as the symmetry axis of the
MDC. Each track must have a distance of closest approach
to the interaction point of less than 10 cm along the beam
direction (Vz) and less than 1 cm in the transverse plane
(Vr). Particle identification (PID) for charged tracks
combines measurements of the ionization energy loss
(dE=dx) in the MDC and the flight time measured by
the TOF system. For each charged particle hypothesis
h ¼ ðp;K; πÞ, a corresponding likelihood LðhÞ is calcu-
lated. A track is identified as a proton if LðpÞ > LðKÞ and
LðpÞ > LðπÞ. Similarly, charged kaons and pions are
identified according to the larger likelihood between
the kaon and pion hypotheses, i.e., LðKÞ > LðπÞ or
LðπÞ > LðKÞ, respectively.
An additional requirement of Vr < 0.2 cm is imposed on

proton candidates to suppress background protons origi-
nating from beam-related interactions or secondary proc-
esses. Such backgrounds may arise from interactions of the
electron/positron beams or final-state particles with the
inner wall of the MDC or residual gas inside the beam pipe,
as discussed in Ref. [17].
With the preliminarily selected proton and kaon candi-

dates, Λþ
c signal candidates are reconstructed from all

possible combinations of pKþK−. Two kinematic variables
related to energy and momentum conservation are used to
identify Λþ

c candidates. The first variable is the energy
difference, defined as ΔE ¼ E − Ebeam, where E is the total
reconstructed energy of the Λþ

c candidate in the eþe− CM
system and Ebeam is the calibrated beam energy. The Λþ

c
signal is expected to peak near zero in the ΔE distribution.
The second variable is the beam-energy-constrained mass,
MBC ≡ ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

E2
beam=c

4 − jp⃗j2=c2
p

, where p⃗ is the reconstructed
total momentum of the Λþ

c candidate in the CM frame.
To obtain a clean sample of Λþ

c candidates, loose prese-
lection requirements are applied: jΔEj < 0.1 GeV and
MBC > 2.25 GeV=c2. If multiple candidates satisfy these
conditions within a single event, the candidate with the
smallest jΔEj is retained. Owing to the fact that all final-
state particles are charged tracks and to the low-background
eþe− collision environment at BESIII, the multiple-
candidate fractions are below 1% at all energy points.

Moreover, good agreement is observed between data
and MC; therefore, no systematic uncertainty associated
with multiple candidates is assigned. The selection of the
optimal ΔE window is further refined by maximizing the
figure of merit (FOM), defined as FOM ¼ Sffiffiffiffiffiffiffi

SþB
p × S

SþB

[32,33], where S and B denote the numbers of signal
and background events, respectively, estimated from
inclusive background MC samples. For the amplitude
analysis, a stringent requirement of jΔEj < 0.005 GeV is
imposed, while for the branching fraction measurement, a
looser selection of jΔEj < 0.02 GeV is applied. To evalu-
ate the residual combinatorial background that survives
the selection criteria, an unbinned maximum-likelihood fit
to the MBC distribution is performed separately for each
energy point. In the fit, the signal is modeled using an
MC-simulated shape convolved with a Gaussian function
to account for small discrepancies between data and
simulation due to imperfect detector modeling and
beam-energy spread. The parameters of the Gaussian
function are floated in the fit, with the fitted mean and
width both reaching the level of 0.1 MeV=c2, indicating
that the MC simulation provides a good description of the
data. The background is described by an ARGUS function
[34], defined as

fðMBC; E0; c; pÞ ¼ MBC

�
1 −

�
MBC

E0

�
2
�

p
× ec·

�
1−MBC

E0

�
2

;

where E0 is the endpoint ofMBC fixed to the beam energy,
p is the power parameter (fixed to 0.5 by default), and c is
a free scale factor. The total probability density function
(PDF) is expressed as the sum of the signal and the
background components.
Based on the fits to theMBC distributions of data at each

individual energy point, the background-shape parameters
obtained from the corresponding fit are fixed in the
subsequent analyses that employ the sPlot technique [35].
This method assigns event-by-event statistical weights,
known as sWeights, which are derived as a function of a
discriminating variable (MBC). These weights are con-
structed such that the signal distribution is statistically
normalized, while being orthogonal to the background
distribution. Consequently, after applying the sWeights,
background contributions are effectively removed from the
signal distribution. The resulting weighted sample is used
for the amplitude analysis to ensure a high-purity signal
dataset. By combining data from all energy points, a total of
353� 22 signal events is obtained.

IV. AMPLITUDE ANALYSIS

Once all selection criteria have been applied, the remain-
ing signal events are used for the amplitude analysis.
This analysis is performed using the helicity amplitude
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formalism [36,37], implemented within the open-source
framework TF-PWA [38].
For a generic two-body decay process of the form

1 → 2þ 3, the helicity amplitude can be expressed as

A1→2þ3
λ1;λ2;λ3

¼ H1→2þ3
λ2;λ3

DJ1
λ1;λ2−λ3ðϕ; θ; 0Þ;

where J and λ denote the spin and helicity of the respective
particles. The amplitude H1→2þ3

λ2;λ3
is parametrized using the

LS coupling formalism [39], which includes the Blatt–
Weisskopf barrier factor [40]. In this framework, the LS
coupling strengths serve as the direct fit parameters of the
analysis.
As an illustrative example, consider the decay chain

eþe− → Λþ
c Λ̄−

c , followed by Λþ
c → Λ�Kþ. The corre-

sponding helicity angles and cascade decay topology
are depicted in Fig. 2. In the Wigner D-function
DJ1�

λ1;λ2−λ3ðϕ; θ; 0Þ, the variables ϕ and θ denote the helicity
angles defined as shown in Fig. 2.
The amplitudes are constructed from eþe− to the final

two-body decays. The parameters describing the amplitude
from Λþ

c decays to the final two-body state are shared for
all energy points.
The full amplitude for each component is the product of

every two body decay amplitude and the corresponding
dynamic part. For example, in the Λþ

c → pKþK− decay,
the amplitude of the pK−ðΛ�Þ resonance is defined as

AΛ�
λγ� ;λp

¼
X
λΛ̄−c

Aγ�→Λþ
c Λ̄−

c
λγ� ;λΛþc

;λΛ̄−c
AΛþ

c →Λ�Kþ
λΛþc

;λΛ� ;0
RΛ� ðMpK−ÞAΛ�→pK−

λΛ� ;λp;0
:

To enhance the precision of the Λþ
c decay amplitude

measurement, the decay parameters of eþe− → Λþ
c Λ̄−

c are
fixed according to the BESIII measurement [41]. For the
Λþ
c decay, the three-body decay is described by several

quasi-two-body sequential two-step decays. The amplitude

for a full decay chain contains a propagator R [42], using
different models for different resonances. For the Λð1670Þ
and ϕð1020Þ resonances, their line shapes are described
with the relativistic Breit-Wigner formula [42]

RðmÞ ¼ 1

m2
0 −m2 − im0ΓðmÞ ;

where ΓðmÞ is the mass-dependent width. The nominal
mass and width of Λð1670Þ are taken from the PDG [19]
while they are free parameters for ϕð1020Þ. For Λð1405Þ
and f0ð980Þ, their line shapes are described with a two-
coupled-channels Flatté model [43]

RðmÞ ¼ 1

m2
0 −m2 − iðg1ρ1 þ g2ρ2Þ

;

with phase-space factors ρk and coupling strengths gk. For
f0ð980Þ, channels 1 and 2 denote the coupled channels ππ
and KK [44], while they denote pK and Σπ for
Λð1405Þ [45].
Finally, the total amplitude is derived by summing the

amplitudes of all possible resonances as

Atotal
λγ� ;λp

¼ Aϕ
λγ� ;λp

þ Af0ð980Þ
λγ� ;λp

þ
X
λ0p

�X
AΛ�
λγ� ;λ0p

�
D1=2

λ0p;λp
ðαp; βp; γpÞ;

where the extraD-function is added to align the spins of the
final-state protons from different decay chains.
The construction of the signal PDF and the derivation of

the fit fraction (FF), interference, and the corresponding
statistical uncertainties follow the methodologies employed
in the previous BESIII measurement [42]. Taking Λð1670Þ
as an example, the FF is defined to be

FF ¼ BðΛþ
c → Λð1670ÞKþ;Λð1670Þ → pK−Þ

BðΛþ
c → pKþK−Þ :

The negative log likelihood (NLL) is calculated as the
sum over all signal candidates, weighted by the sWeight
factor wi [35],

− lnL ¼ −a
X
i∈ data

wi lnPðpiÞ;

with the normalization factor a ¼
P

i∈ data
wiP

i∈ data
w2
i

[46].

To establish the baseline solution for the amplitude
analysis, a statistical significance test is performed for
each possible intermediate component. Distinct structures
corresponding to ϕð1020Þ, Λð1405Þ, and Λð1670Þ are
clearly observed in the KþK− and pK− invariant mass
spectra; hence, these components are incorporated into
the baseline model. The statistical significance of each

FIG. 2. Definition of the helicity frame for
eþe− → Λþ

c Λ̄−
c ;Λþ

c → Λ�Kþ.
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component is evaluated by comparing the change in the
NLL between fits with and without the component, while
accounting for the associated change in the number of
degrees of freedom. As a result, the baseline solution
includes the ϕð1020Þ, f0ð980Þ, Λð1405Þ, and Λð1670Þ
resonant components, with no evidence for a significant
nonresonant contribution. For the ϕð1020Þ resonance, its
intrinsic width is comparable to the detector resolution;
therefore, resolution effects must be taken into account.
These effects are incorporated into the PDF by convolving
the line shape with a detector resolution function. The
resolution parameters are obtained by fitting the KþK−

invariant mass spectrum with a Breit–Wigner line shape
convolved with a double-Gaussian resolution model. To
accurately describe the resolution effects in the Λþ

c →
pKþK− decay, the relationship between the true and
reconstructed momenta is integrated into the model. The
resulting PDF is expressed as a weighted sum of amplitude
squares, modulated by detector effects, providing a precise
description of the decay dynamics and an effective treat-
ment of the experimental resolution.
The projections of the fit results on the invariant mass

spectra are shown in Fig. 3, and the obtained FFs together
with their statistical significances are summarized in
Table II. To validate the stability and reliability of the fit
procedure, an input–output (IO) test is performed using
500 pseudoexperiments (“toy” samples), each containing
the same number of events as the data. Each toy sample
includes both signal and background contributions: the
signal is generated using the central values from the

nominal fit, while the background is modeled using
inclusive and hadronic MC samples. The effects of the
detector efficiency are appropriately incorporated into each
simulated sample. The fitted FFs and their statistical
uncertainties from the nominal fit are then corrected based
on the pull distributions obtained from the IO test.

V. BRANCHING FRACTION MEASUREMENT

Benefiting from the amplitude analysis technique, the
MC simulation can be further improved, thereby enabling a
more precise measurement of the branching fraction of
Λþ
c → pKþK−. As mentioned earlier, a relaxed require-

ment of jΔEj < 0.02 GeV is applied in this part of the
study. In the nominal fit, a simultaneous fit to the MBC
distributions at six center-of-mass energies is carried out,
with a common branching fraction shared among all energy
points. The fit to the MBC distribution of the accepted
candidates for Λþ

c → pKþK− combined over all energy
points is shown in Fig. 4. The signal component is

FIG. 3. Projections of the amplitude fit results on theMKþK− ,MpK− , andMpKþ spectra. The points with error bars are weighted data at
all energy points. Different colored curves represent different components, as shown in the legend.

TABLE II. The FFs and statistical significances (S) for differ-
ent components in the baseline solution. The total FF is 130%.
The first uncertainty is statistical, and the second is systematic.

Process FF (%) S

pϕð1020Þ 57� 5� 2 16.6σ
pf0ð980Þ 40� 16� 15 3.6σ
Λð1405ÞKþ 21� 9� 6 4.6σ
Λð1670ÞKþ 12� 10� 8 5.0σ

FIG. 4. Fit results to the MBC distributions of the accepted
candidates for Λþ

c → pKþK−, obtained by summing the indi-
vidual fit plots from all energy points. The black dots with error
bars represent the summed data, and the green-shaded region
indicates the summed combinatorial background. The require-
ment jΔEj < 0.02 GeV is applied in this figure.
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described by the signal MC shape derived from the
amplitude analysis, convolved with a Gaussian resolution
function whose parameters are left free in the fit. At each
energy point, 100,000 signal MC events are generated to
model the signal shape. The Gaussian parameters are
constrained to be the same across all energy points to
ensure a consistent description of the resolution. The
background is modeled with an ARGUS function [34],
where the endpoint parameter is fixed to the beam energy
Ebeam corresponding to each energy point. The detection
efficiency is determined from signal MC samples. For each
energy point, a dedicated sample of 1,000,000 simulated
events is generated, in which one of the Λþ

c ðΛ̄−
c Þ baryons

decays into the signal mode and the other into all possible
final states. The detection efficiency is obtained by count-
ing the number of reconstructed signal events that satisfy
all selection criteria within the signal region. The efficien-
cies determined for the six energy points are summarized
in Table III.
The branching fraction is determined by

B ¼ Ni
sig

2 · ½NðΛþ
c Λ̄−

c Þi · εi�
; ði ¼ 1; 6Þ;

where NðΛþ
c Λ̄−

c Þi is number of the Λþ
c Λ̄−

c pairs at the i-th
energy point, taken from Ref. [47]. The branching fraction
for Λþ

c → pKþK− is a fit parameter. Finally, the fit
returns a signal yield of 526� 34 events, and the

branching fraction of Λþ
c → pKþK− is measured to

be ð9.94� 0.65Þ × 10−4.

VI. SYSTEMATIC UNCERTAINTIES

In the amplitude analysis, systematic uncertainties arise
from several sources, including resonance parameters, the
radius parameter, background size, background shape,
resonant components, polarization parameters, and the
discrepancy between data and MC simulations.
The systematic uncertainties associated with the reso-

nance parameters originate from the fixed values used to
describe each resonance. To estimate these uncertainties,
Gaussian sampling is performed using the central values
and standard deviations of the fixed parameters. For each
sampled set, the amplitude fit is repeated, and the resulting
distribution of each FF is fitted with a Gaussian function;
the corresponding standard deviation is taken as the
systematic uncertainty. Systematic uncertainties related to
the Blatt–Weisskopf barrier radius parameter are evaluated
by varying pr ¼ 1=d within the range 0.17–0.37 GeV=c,
as recommended in Ref. [48]. The uncertainty due to
the background yield is estimated by varying the back-
ground normalization by �1σ in the sPlot procedure
and repeating the sWeight extraction for the amplitude
analysis. For the background shape, the systematic effect is
assessed by replacing the nominal ARGUS function with
the background shape derived from MC simulation in the
sPlot procedure, followed by a re-extraction of the
sWeights and repetition of the amplitude fit. The possible
influence of additional resonant components is investi-
gated by including an extra, statistically insignificant
resonance—Λð1520Þ—in the fit. The resulting variation
in the fit results is assigned as a systematic uncertainty. To
account for the uncertainty associated with the polariza-
tion parameter, 500 pseudoexperiments are generated by
Gaussian sampling of the fixed polarization values. The
amplitude fit is repeated for each sample, and the standard
deviation of the 500 results is taken as the corresponding
systematic uncertainty. Finally, the systematic uncertainty
arising from differences between data and MC simulation
is evaluated using correction factors that quantify

TABLE III. Detection efficiencies for each decay mode at six
energy points. The uncertainties on the efficiencies are due to the
finite size of the simulated samples.

ffiffiffi
s

p
(MeV) εi ð%Þ Ni

sig

4600 39.55� 0.05 76.9� 5.0
4628 36.62� 0.05 65.2� 4.3
4641 36.11� 0.05 68.9� 4.5
4661 35.10� 0.05 65.9� 4.3
4682 34.08� 0.05 193.0� 12.6
4698 33.33� 0.05 55.7� 3.6

TABLE IV. The systematic uncertainties of the amplitude analysis.

Source FFϕð1020Þ ð%Þ FFf0ð980Þ ð%Þ FFΛð1405Þ ð%Þ FFΛð1670Þ ð%Þ
Resonance parameter 0.8 34.8 23.0 39.8
Radius parameter 2.1 1.8 4.3 2.4
Background size 0.5 10.2 4.7 6.8
Background shape 0.7 1.7 7.5 13.3
Resonant component 1.0 16.4 19.2 13.3
Polarization parameter 0.3 3.2 2.6 7.0
Data/MC difference 0.6 1.2 1.9 0.6

Total 2.7 40.0 31.7 45.1
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efficiency discrepancies. These factors are defined as
ω ¼ εdata=εMC, where εdata and εMC are the detection
efficiencies obtained from control samples in data and
MC simulation, respectively. The correction factors are
applied to reweight the PHSP MC samples, and the full fit
procedure is repeated to estimate the resulting systematic
variation. The resulting systematic uncertainties of the
amplitude analysis are listed in Table IV.
The systematic uncertainties in the branching fraction

measurement arise from the following sources: tracking
efficiency, particle identification (PID), the total number of
produced Λþ

c Λ̄−
c pairs (NΛþ

c Λ̄−
c
), the MBC fit, the ΔE

selection requirement, and the MC signal model. The
uncertainties associated with the tracking and PID effi-
ciencies of charged particles are estimated to be 1% per
track. These values are determined using control samples
from the processes eþe− → πþπþπ−π− and eþe− →
KþK−πþπ− collected at CM energies above

ffiffiffi
s

p ¼
4.0 GeV [49]. The uncertainty associated with the MBC
fit is evaluated to be 1.3% by varying both the signal and
background descriptions, where the signal shape is modi-
fied by convolving the signal MC shape with a double-
Gaussian function and the background-shape parameters
are fixed to those determined from background MC
samples. The uncertainty due to the ΔE selection require-
ment is estimated by varying the resolution of the ΔE
distribution, resulting in an uncertainty of 0.2%. For the
MC signal model, the signal shape is derived from
simulated samples generated using the amplitude model
obtained in the nominal fit. To assess the model-related
uncertainty, the amplitude parameters are randomly varied
according to their nominal values and uncertainties in 100
iterations. For each iteration, the full fit procedure is
repeated to re-evaluate the efficiency and branching frac-
tion. The resulting branching fraction distribution is fitted

with a Gaussian function, and the ratio of its standard
deviation to the nominal branching fraction value (1.6%) is
assigned as the systematic uncertainty. Finally, the uncer-
tainty in the total number of Λþ

c Λ̄−
c pairs, NΛþ

c Λ̄−
c
, is taken to

be 1.7%, as quoted from Ref. [47]. The resulting systematic
uncertainties in the branching fraction measurement are
listed in Table V.

VII. SUMMARY

To summarize, based on eþe− collision data correspond-
ing to an integrated luminosity of 4.4 fb−1 collected with
the BESIII detector at CM energies between 4600 and
4698 MeV, an amplitude analysis of the charmed baryon
decay Λþ

c → pKþK− has been performed. Using the
amplitude model derived from this analysis, the relative
branching fractions of the resonant components are mea-
sured for the first time.
The amplitude solution shows that Λþ

c → pKþK− is not
exhausted by a single pϕð1020Þ contribution. Instead,
the baseline model contains pϕð1020Þ, pf0ð980Þ,
Λð1405ÞKþ, and Λð1670ÞKþ components, with no evi-
dence for a significant nonresonant contribution. Although
the pϕð1020Þ component provides the largest contribution,
the pf0ð980Þ component is also significant. Compared
with the Cabibbo-favored mode Λþ

c → pK−πþ, the
absence of visible resonant structures in the pKþ system
and the more limited phase space available in the pK−

system lead to a simpler amplitude model and a clearer
substructure pattern in the present singly Cabibbo-
suppressed decay Λþ

c → pKþK−.
Based on the amplitude-analysis results and the meas-

urement of BðΛþ
c → pKþK−Þ ¼ ð1.08� 0.05Þ × 10−3

reported by the PDG [19], the absolute branching fractions
of the individual resonant components are obtained, as
summarized in Eq. (1). The quoted uncertainties are, in
order, statistical, systematic, and from the PDG reference
value. Since the PDG provides averages with higher
precision than our own result, it is adopted to reduce the
overall uncertainty. Furthermore, by incorporating the
branching fraction of ϕð1020Þ → KþK−, the branching
fraction of Λþ

c → pϕð1020Þ is determined to be
ð1.24� 0.11� 0.04� 0.06Þ × 10−3, representing the most
precise determination to date. This value agrees well with
theoretical predictions from the pole model [10,11] and the
covariant confined quark model (CCQM) [14], and is
consistent with previous experimental results and the
PDG average.

BðΛþ
c → Λð1405ÞKþ;Λð1405Þ → pK−Þ ¼ ð0.23� 0.10� 0.06� 0.01Þ × 10−3;

BðΛþ
c → Λð1670ÞKþ;Λð1670Þ → pK−Þ ¼ ð0.13� 0.11� 0.09� 0.01Þ × 10−3;

BðΛþ
c → pf0ð980Þ; f0ð980Þ → KþK−Þ ¼ ð0.43� 0.17� 0.16� 0.02Þ × 10−3;

BðΛþ
c → pϕð1020Þ;ϕð1020Þ → KþK−Þ ¼ ð0.62� 0.05� 0.02� 0.03Þ × 10−3: ð1Þ

TABLE V. The relative systematic uncertainties in the branch-
ing fraction measurement.

Source Λþ
c → pKþK− ð%Þ

Tracking 3.0
PID 3.0
ΔE requirement 0.2
MBC fit 1.3
MC model 1.6
NΛþ

c Λ̄−
c

1.7

Total 5.0
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Benefiting from the amplitude analysis technique and
the further increase in data statistics, the overall branching
fraction of Λþ

c → pKþK− is determined to be
ð9.94� 0.65� 0.50Þ × 10−4. This result supersedes the
previous BESIII measurement [17] with precision
improved by approximately a factor of 1.5. Our measure-
ment is consistent with other experimental results, but
deviates from the CLEO measurement, ð2.44� 0.56�
0.44Þ × 10−3 [15], by about 2.0σ. Due to the limited
statistical precision of the current data sample, both the
branching-fraction measurements and the amplitude-model
results remain statistically dominated and no decay-
parameter measurements are reported in this work.
Nevertheless, the obtained amplitude solution still provides
a useful description of the Λþ

c → pKþK− decay dynamics
and can serve as an important reference for future studies of
local or global CP asymmetries in charmed-baryon decays.
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