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Based on a sample of 4.5 fb~! of e*e™ annihilation data collected in the energy region between
4.6 GeV and 4.7 GeV with the BESIII detector at BEPCII, two singly Cabibbo-suppressed decays
Al = Z°K" and A — ZTKY are studied. The ratio of the branching fraction B(A; — Z°K ™) relative
to B(A — 2%27") is measured to be 0.0361 £ 0.0073(stat.) = 0.0005(syst.), and the ratio of B(A —
TTKY) relative to B(AS — Z*zx~) is measured to be 0.0106 £ 0.0031(stat.) £ 0.0004(syst.). After
taking the world-average branching fractions of the reference decay channels, the branching fractions
B(Af - Z°K*) and B(A[ — ZtKY) are determined to be (4.7 + 0.9(stat.) & 0.1(syst.) + 0.3(ref.)) x
107* and (4.8 4 1.4(stat.) & 0.2(syst.) 4= 0.3(ref.)) x 107#, respectively. The branching fraction of the

A — ZTKY decay is measured for the first time.

DOI: 10.1103/PhysRevD.106.052003

I. INTRODUCTION

The study of charmed baryon decays is valuable for both
understanding charmed-baryon dynamics and probing the
effects of the weak and strong interactions. Since the
ground state of the charmed baryons A} was discovered
[1], many efforts have been made to predict its branching
fractions (BFs) into two-body hadronic final states, A} —
B,M [2-7], where B,, and M denote the octet baryon and
nonet meson states, respectively. However, progress has
been hindered, due to the limited precision of experimental
measurements [8] and difficulties in the theoretical treat-
ment of nonperturbative strong interaction effects. For
example, before studies of singly Cabibbo-suppressed
(SCS) Al decays were performed by the Belle [9] and
BABAR [10] collaborations, only one theoretical calcula-
tion existed for the BFs of these SCS processes [2].
Throughout this paper, the charge-conjugate modes are
implied, unless otherwise stated.

The challenge for theoretical predictions is that the well-
known factorization approach, which has been applied
successfully to heavy-meson decays, has difficulties in
describing charmed-baryon decays [11]. This is because
the nonfactorizable terms are sizable or even dominant
contributions in Al hadronic decays [2], compared with the
charmed-meson case [12,13], e.g., the SCS A} — TOK+
and T K? decays only receive nonfactorizable contribution.
These nonfactorizable terms, arising from W-exchange or
internal W-emission [3], can be constrained by precise
experimental inputs in charmed-meson decays [14].

The BESIII collaboration [15] has reported significant
improvements in the precision of absolute hadronic
BFs of the A, baryon, and the first model-independent

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

measurements near the threshold of AFA; production
[16]. In addition, the BESIII, LHCb and Belle collabo-
rations have carried out complementary analyses of
charmed baryons, such as lifetime measurements [17—
21] and studies of semileptonic decays [22—-26]. Improved
measurements of the BFs of the A, decays can provide
crucial inputs for the theoretical models [3—6], in particu-
lar those of the SCS A. — ZK decays for which there
exists very limited experimental information.

Theoretical predictions for SCS A, decays are listed in
Table I. In Refs. [2,3], factorizable terms are made acces-
sible by inserting vacuum intermediates states [2], which are
then reduced to the products of current matrix elements
defined with decay constants of the emitted meson M and
form factors of the A} — B, transition. Nonfactorizable
terms are tackled in the current algebra framework with the
pole approximation in Refs. [2,3]. Reference [3] uses the
MIT bag model [27] to account for baryon pole transition
matrix elements, while Ref. [2] makes short-distance QCD
corrections to the weak Hamiltonian. In Ref. [4], a dia-
grammatic analysis is performed and B(A[ — Z*KY) is
predicted to be (9.6 &2.4) x 1074, Reference [5] expects
that B(A$ — Z°KT) = B(Af - ZTKY) = (5.4 +£0.7) x
10™* under SU(3), flavor symmetry. In Ref. [6], the
irreducible representation amplitude (IRA) approach is used
to extract amplitudes from experimental data inputs, which
gives quite different predictions for B(Af — XZ°K*) and
B(Af - ZTK?). In particular, Ref. [6] predicts that
B(Af — £TK?) is about one fifth of B(Af — Z°K™),
which is far smaller than other predictions.

Table I shows the current Particle Data Group (PDG)
[28] world average value of B(Af — Z°K*) based on
measurements from the Belle [9] and BABAR [10] col-
laborations, performed more than a decade ago, while no
measurement exits for the Al — ZTK? decay. All theo-
retical predictions for B(A — X°K™*) are consistent with
the experimental value. Those predictions in Refs. [4-6]
are from fits that take an ensemble of measured BFs
as inputs, and are limited by the precision of these
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TABLE 1. Comparison of various theoretical predictions and
the experimental values for B(Al — £K) (in unit of 107#). In
Ref. [2], alternative assignments to QCD corrections give differ-
ent predictions as shown in the parentheses. The theoretical
uncertainties in Ref. [3] are estimated to be 25%, arising from a
slight change of the MIT bag radius.

B(AF = 30K*) B(At — £¥K?)
QCD corrections [2] 2(8) 2(4)

MIT bag model [3] 72+1.8 72+1.8
Diagrammatic analysis [4] 55£1.6 9.6 t24
SU(3) flavor symmetry [5] 54+0.7 54+0.7
IRA method [6] 50£0.6 1.0£04
PDG 2020 [28] 52£038 e

measurements. Thus, new determinations of the BFs of
A, — ZK decays, in particular the mode A — X" K¢, are
important for validating and improving these theoretical-
model calculations. Furthermore, improved measurements
may clarify the tension between the predictions in Ref. [6]
and Refs. [2-5].

In this paper, we present a study of the SCS
decays Af — X°K" and Z'KY based on 4.5 fb~! of
ete™ annihilation data collected at the center-of-mass
energies /s = 4.600, 4.612, 4.628, 4.641, 4.661, 4.682,
4.699 GeV [29,30] with the BESIII detector at BEPCII.
We report the first study of the channel A; — K9 and
provide the BF ratio, B(Af — ZtK2)/B(Af —» Ztzta),
together with an improved measurement of the BF
ratio, B(Af — Z°K*)/B(Af — 0zH).

II. BESIII EXPERIMENT AND MONTE
CARLO SIMULATION

The BESI detector [31] records symmetric e*e™
collisions provided by the BEPCII storage ring [32] in
the center-of-mass energy range from 2.0 to 4.95 GeV, with
a peak luminosity of 1 x 10% cm™2s~! achieved at
\/s = 3.77 GeV. The cylindrical core of the BESIII detec-
tor 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(TIl)
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 identi-
fication modules interleaved with steel. The charged-
particle momentum resolution at 1 GeV/c is 0.5%, and
the ionization energy loss 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 TOF barrel region is 68 ps, while that in the end-cap
region is 110 ps. The endcap TOF system was upgraded
in 2015 using multigap resistive plate chamber technology,

providing a time resolution of 60 ps [33]. More detailed
descriptions can be found in Refs. [31,32].

Simulated data samples are produced with a GEANT4-
based [34] Monte Carlo (MC) package, which includes the
geometric description of the BESIII detector [35,36] and
the detector response. The simulation models the beam-
energy spread and initial-state radiation (ISR) in the eTe™
annihilations with the generator KKkMC [37]. The final-state
radiation from charged final-state particles is incorporated
using PHOTOS [38].

The “inclusive MC sample” includes the production of
A} A7 pairs and open-charmed mesons, ISR production of
vector charmonium(-like) states, and continuum processes
which are incorporated in KkMC [37,39]. Known decay
modes are modeled with EVTGEN [40,41] using the
BFs taken from the PDG [28]. The BF B(Al — £7K?)
is assumed to be the same as B(A[ — Z°K*). The
remaining unknown charmonium decays are modeled
with LUNDCHARM [42,43]. The inclusive MC sample is
used to study background contributions and to optimize
event selections. We denote “Hadron MC” as the inclusive
MC sample with A7AJ pairs removed, which therefore
only includes backgrounds for this study. For the reference
mode A} — Xtz z~, the intermediate states are modeled
according to an internal partial-wave analysis of this
channel. For the reference mode A} — X’z*, the angular
distributions are described with consideration of the trans-
verse polarization and decay asymmetry parameters of the
Al and its daughter baryons [44]. Due to current limited
statistics of data, the decay asymmetry parameters of the
signal SCS decays Al — X°K* and K9 are not well
determined. Thus, we use a uniformly distributed phase-
space model for the simulation of the signal SCS decays.
We then evaluate the systematic uncertainties of the
unknown decay asymmetry parameters in Sec. V. The
ete” — AFA7 “signal MC” samples, in which the A}
decays exclusively into signal (reference) modes while the
A7 decays inclusively, are used to determine the detection
efficiencies.

III. EVENT SELECTION

In this analysis, we reconstruct the two signal modes
through the cascade decays A7 — X0KT, X0 — yA, A —
pr~ and Af - K0 EY — pa 2% > yy, K) - 2ta.
The reference modes A — X%z% and Xtz 7~ are recon-
structed through the same decay chains of the £° and =+
baryons. As the AfA pair is produced without any
accompanying hadrons, it is possible to reconstruct the
A7 and infer the presence of the A through its recoil mass.

Charged tracks are reconstructed in the MDC, and are
required to have a polar angle 8 with respect to the z-axis,
defined as the symmetry axis of the MDC, satisfying
|cosf| < 0.93. Those tracks that are not used in the
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reconstruction of Kg — 'tz and A - pr~ candidates
must have a distance of closest approach to the interaction
point (IP) smaller than 10 cm along the z-axis (V) and
smaller than 1 cm in the perpendicular plane (V). Particle
identification (PID) for charged tracks is implemented [45]
using combined information from the flight time measured
in the TOF and the dE/dx measured in the MDC. Charged
tracks are identified as protons when they satisfy
L(p) > L(K), L(p) > L(x) and L(p) > 0.0001, where
L(h) is the PID probability for each hadron (k) hypothesis
with h = p, n, K. Charged tracks are identified as pions
when they satisfy £(z) > L£(K). In the selection of A} —
YOK* and %27 decays, no PID requirement is imposed for
the bachelor kaons and pions, but the ;(IZ,ID’ K(x) for kaon

(pion) hypothesis is retained for further analysis in the
signal-candidate selection.

Photon candidates from 7z° and X° decays are recon-
structed from the electromagnetic showers detected in the
EMC crystals. The deposited energy is required to be
larger than 25 MeV in the barrel region with |cos 6| <
0.80 and larger than 50 MeV in the end-cap region with
0.86 < |cosd| < 0.92. To further suppress fake photon
candidates due to electronic noise or beam-related back-
ground, the measured EMC time is required to be within
700 ns from the event start time. To reconstruct z°
candidates, the invariant mass of a photon pair is required
to satisfy 0.115 < M,, <0.150 GeV/c%. To further
improve the momentum resolution, the invariant mass
of the photon pair is constrained to the known z° mass
[28] by applying a one-constraint kinematic fit, the y? of
which is required to be less than 200. The momentum of
the 70 after the fit is used in the subsequent analysis.

Neutral kaon candidates are reconstructed through the
decay K9 — n*z~ by combining all pairs of oppositely
charged tracks with both pions passing the PID requirement.
These tracks, and also those used to build A candidates,
must satisfy | cos 8] < 0.93 and |V_| < 20 cm, while no V,
requirement is applied. A vertex fit is applied to pairs of
charged tracks, constraining them to originate from a
common decay vertex, and the 2 of this vertex fit is
required to be less than 100. The invariant mass of the 7zt 7z~
pair needs to satisfy 0.487 < M, < 0.511 GeV/c.
Here, M ,+,- is calculated with the pions constrained to
originate at the decay vertex. To further suppress back-
ground, we require the ratio of the decay length to the
resolution of decay length to be greater than 2. An
analogous normalized decay-length requirement is imposed
on A candidates reconstructed in the final state pz~. Here a
PID requirement is imposed on the proton candidate, but not
on the zn~ candidate. The invariant mass of the pa~
combination must satisfy 1.111 < M- < 1.121 GeV/ 2.

Protons and reconstructed 7z mesons are used to form
* candidates. The invariant mass of the pz° pair is
required to be 1.15 <M, 0 < 1.28 GeV/c?, which is a

loose requirement since this kinematic variable is fitted to
determine the % signal.

When selecting Aj — X"z"z~ decays we veto events
where the invariant mass of the z"z~ pair satisfies
0.48 < M,+,- < 0.52 GeV/c?, in order to avoid cross-
contamination between Aj — ZtKY and Af — Ztata.
Possible backgrounds from A — pz~ in the final states are
also rejected by requiring M(pz~) lies outside the range
(1.11,1.12) GeV/c?. Since the A background is not
significant in A7 — T K2 decays, a A veto is not imposed
for the mode. If there are multiple A} combinations in a
single event, we choose the candidate with the minimum
magnitude of the energy difference, defined as
AE = E\, — Epeam, Where E,_is the energy of the detected
A/ candidate in the rest frame of the initial e*e™ collision
system, and Ej.,, is the beam energy. Furthermore, the
requirement —0.02 < AE < 0.01 GeV is imposed as illus-
trated in Fig. 1, where the cut values are decided from
inspection of the figure-of-merit FOM = \/SLT’ where S (B)
is the number of signal (background) events in the inclusive
MC samples.

The X° candidates are reconstructed from photon can-
didates and A candidates. To suppress backgrounds from
energetic showers, we further require the deposited ener-
gies of the photon candidates to be less than 0.25 GeV in X°
reconstruction. The invariant mass of the y A pair is required
to lie within 1.179 < M,y < 1.203 GeV/c?.

When reconstructing the A — X°K* and X%z signal
decays, we perform a kinematic fit that constrains the
invariant mass of the recoil side of the Al candidate to
the known mass of the A [28]. To improve the resolution of
photon momenta originating from X°, we also constrain the
invariant masses of the pz~ and y pz~ to the known masses
of A and X°, respectively. The fitted momenta from this
three-constraint (3C) kinematic fit are used in the sub-
sequent analysis. The aforementioned AE metric can be
used for selection the only candidate when there are
multiple A/ candidates in the event. But the y2 ., = y3c +

XvE + Xhp , metric gives better signal significance, where

X3c is the 3C fit quality and, y3 is the quality of the vertex
fit of the A reconstruction. The y3y, , is defined as [45]

oo = <t— th)z N <dE/dx - (dE/dx)h>2’ (1)

OTOF OJE/dx

where ¢ and dE/dx are the measured TOF and ionization
energy loss, the index “h” denotes the values expected for
the h =, K hypotheses and opor and o4g/q, are the
resolutions of TOF and dE/dx measurements, respectively.
No explicit PID requirement is imposed on the particle that
accompanies the X°, and the assignment of A} — X0K*
and X%z modes is only based on y2, with the K and =
hypotheses, respectively. To suppress backgrounds, a
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requirement of y2 < 20 is imposed for both modes, which
gives best FOM values.

IV. RELATIVE BRANCHING FRACTION
MEASUREMENTS

To determine the yields for the four signal Al decay
modes, we use the beam-constrained mass Mgc, which is
defined as

Mpc =/ Evean/¢* = |Pa P/ (2)

where p, is the three-momentum of the tagged A;
candidate in the rest frame of the initial e*e™ collision
system. To mitigate systematic uncertainties associate
with the X detection, we measure the relative BFs of
Ryog+ = B(Af = Z0K*)/B(AY » X0n%) and Ry:po=
BAf = K /B(Af —» Ztnta).

To determine Rsog+, the My distributions of the A —
¥OK* and 2" decays, as illustrated in Fig. 2, are fitted
simultaneously for the seven energy points. In the unbinned
extended maximum-likelihood fit, the signal shapes are
derived from MC simulations convolved with Gaussian
functions to account for the potential difference between

data the MC simulations, due to imperfect modeling in MC
simulation and the beam-energy spread. The parameters of
the Gaussian functions in the signal mode are the same as
the reference mode, which are floating in the fit. The
combinatorial background is described by an ARGUS
function [46]

M A2\ 2 M 2.2
FARGUS MBC\/l - (7BC ¢ ) x ¢ T | (3)

E beam

where the parameter a is different in the signal and
reference modes and the cut-off parameter is fixed to the
beam energy E.,n at each energy point. The observed
yield ngog+ of AF — XK decays is related to nyo,:, the
yield of A} — X%z" decays, by

Ex0g+
n20K+ - R20K+ . . n20ﬂ+, (4)

820ﬂ+

where esog+ (€50,+) is the detection efficiency of A} —
YOK* (Af — X07) estimated with the signal MC sam-
ples. The relative BF Ryog+ is obtained directly in the
simultaneous fit as summarized in Table II. The fit results
are shown in Fig. 2.
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FIG. 2. The simultaneous fit results of the My distributions for the A} — XK+ and X%z candidates at different energy points,
where the black points with error bars denote data, the red solid lines denote the fit results, the green dotted lines denote the signal
components and the orange dashed lines denote combinatorial backgrounds.

The decay A — pK%z° includes many resonant
enhancements which may peak in the Mpc spectrum and
potentially bias the measurement of Ry:go. A two-dimen-

sional, i.e., Mgc and M unbinned fit is performed to

TTKY decay from other

pr’s
distinguish the signal A} —
contributions.

In the simultaneous fit to the signal and the reference
modes, we adopt two-dimensional signal shapes from MC

simulations convolved with two uncorrelated Gaussian
functions to determine the yield ny+ K for Af - K
decays, which is related to ny+,+,- by

B inter€3+ K [s]

Ny+gy = Rsigo - CNstatass (5)

Estptn
where ey o (éx+,+,-) is the detection efficiency of AF —

TTKY (X atx7) estimated with signal MC samples, and
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TABLE II. Integrated luminosities taken from Refs. [29,30], yields and detection efficiencies for the signal modes A} — Z°K* and
TTKY, as well as those for the reference modes A — X%z and 7"z~ modes at the seven energy points. The uncertainties are
statistical. Also listed are the results for the relative BFs, where the first uncertainties are statistical, and the second are systematic.

V5 (GeV) Ly (b)) ngoge N0+ 10250+ 10250, Myt gy Nyt pi o 10759 10265+ 1 -

4.600 5669 55+12 178+13 930+0.04 10.79+0.05 63+19 900+35 18.85+0.06 19.92+0.06
4.612 1038 1.1+03 38+6 846+004 10.02+005 1.14+03 157+15 17.83+0.06 19.26 & 0.06
4.628 5215  48+1.0 156+13 831+004 971+004 53+16 778+35 17.37+0.06 18.83+0.06
4.641 5524  54+12 174+14 836+004 976+004 52416 783+36 17.00+£0.06 18.65+0.06
4.661 5296 53+1.1 173+14 820+0.04 9.60+004 52+16 770+£36 16.63+0.06 18.18+0.06
4.682 16693 164 +33 530424 822+0.04 9.56+0.04 159+48 2395+63 16.18+0.06 17.92+0.06
4.699 5365 49+1.1 159+13 8.12+0.04 947+004 46+14 694+34 1573+0.06 17.62+0.06

Rsog+ = 0.0361 £ 0.0073 £ 0.0005

Ry+go = 0.0106 £ 0.0031 £ 0.0004
S

Biner = B(K2 — "z~ is taken from the PDG [28]. Three
types of background components are included: (a) combi-
natorial backgrounds with no peaking structures in both
dimensions, (b) non-X" background (mainly coming from
nonsignal Aj — pK%z° decays), and (c) non-A} back-
ground from inclusive £ production. The combinatorial
background component is described by a product of an
ARGUS function in the Mpc dimension and a linear
function in the M, dimension

fComkag o fARGUS . [CO + C1M177t0]’ (6)

where the parameter a of the frgys function is different
from that in the fit of A7 — X°K* and Xz" decays, and
cp, ¢, are coefficients of the linear function. The approach
for modeling the non-* background is different between
the signal and reference modes. For the reference mode, the
shape of non-X* background is modeled with a product of
the A signal shape in My and a linear function in M pad-
For the signal mode, the shape of the non-X* background
coming from A — pK%x° decays is described by a two-
dimensional shape derived from MC simulation in which
intermediate states of the process A — pK9%x° are con-
sidered. Other non-X* backgrounds from Al — py, pw,
etc., are found to be negligible. The shape of non-A}
backgrounds is described by a product of an ARGUS
function in My and the £ signal shape derived from MC
simulations in M 0. The yields of these background
components are free parameters in the fit. When fitting
A — ZTKY, an extra background component is included
that accounts for non-K% contamination from the A —
Xtatx~ decays, whose shape is fixed according to MC
simulations. The yield 7, of this background is related to
the fitted yield ny+,+,- in the Al — ZtzTxz~ decay as
follows:

£,
o Nytptp= (7)
Estata

Neont =

Here &, is the contamination rate of Al — Ztatz~
decays into the A — ="K sample. The relative BF Ry K

is obtained from the simultaneous fit of Al — ZTKJ
and A} - EZtzTn~ decays, as summarized in Table II.
The Mgc and M 0 projections of the simultaneous two-
dimensional fit of the signal and reference modes are shown
in Figs. 3 and 4.

V. SYSTEMATIC UNCERTAINTIES

In the measurements of Rsox+ and Ry KO> the uncer-
tainties associated with the X and X* reconstruction
cancel in the ratio. In the Rsog+ measurement, the equal
number of charged tracks in the signal and reference
modes means that any uncertainty in the tracking effi-
ciency also cancels. Similarly, in the Ry+ k) measurement,

there in no uncertainty from PID as the same z"z~ PID
requirements are imposed in the K% reconstruction and for
the reference mode Al — Etz"z~. Those uncertainties
that do not cancel are summarized in Table III and
discussed below.

(I) PID. To account for the difference between data and
MC simulation, we study a series of control samples of
ete”>K K ntn K"K K"K, K"K n"n"n°,
atoata . ata xtn 70 events [47] to determine
the K* and n* PID efficiencies. The detection
efficiencies for the four A} decay modes are
recalculated after reweighting the corresponding
MC samples on an event-by-event basis according
to the momentum-dependent efficiency differences
between data and MC simulations. The corrected
efficiencies are then input to the simultaneous
fits and the resultant changes are taken as the
systematic uncertainty. The statistical fluctuations
in the control samples also induce uncertainties in
the reweighting procedure, which are evaluated in
the different momentum regions and propagated to
the final measurement. The average uncertainty is
calculated as
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1 vc
_ 2
Gsyst. - n o7, (8)
MC ;=

where nyc is the size of the MC samples and o; is
the statistical uncertainty of the control samples in
the momentum region where the ith event in the MC

axn
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sample is found. We add these two contributions in
quadrature to arrive at the total uncertainty from
PID, which is 0.9% for Ryog-.

Tracking. Using the same control samples to deter-
mine the z* tracking efficiencies, we reweight the
detection efficiency for A7 — X"z 2~ and evaluate
the systematic uncertainty in the same way as for the
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FIG. 4. The M, projections of the simultaneous two-dimensional fit of the A7 — X*K % and =tz 7~ candidates at different energy
points, where the black points with error bars denote data, the red solid lines denote the fit results, and the other colored curves denote the
different components. In the left panel, the green dotted lines denote A — £ K signal. In the right side, the blue dashed-dotted lines
denote Al — Xzt x~ signal.

PID, which results in a contribution of 1.0% again evaluated in the same way as for the PID,
for Rs+ KO- which gives a contribution of 1.0% for Ry+ K9-

() K2 reconstruction. The K3 reconstruction efficiencies (V) K%(A) veto region. For the A} — Ztz"z~ decay
are studied by using control samples of J/y mode, the K2(A) veto may have a different effi-
— K*(892)*K¥F, K*(892)* - K%z* and J/y — ciency in data and MC simulation. To bound any
HKOKFn* decays. The systematlc uncertainty is such bias, we remove the K2(A) veto and reevaluate
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TABLE III. Summary of systematic uncertainties for relative
BF measurements of the Aj — Z°K" and £"KY decays. The
total systematic uncertainty is the sum in quadrature of the
individual components. “—" indicates cases where there is no

uncertainty.

Source Rsog+ (%) Rk (%)
PID 0.9 —
Tracking — 1.0
KY reconstruction — 1.0
K veto region — 0.4
A veto region — 0.4
x* requirement 0.7 —
AE requirement — 0.5
Signal model 0.5 2.5
Fitting model 0.6 1.6
B(KY - ntn) — 0.1
Total 1.4 34

the relative BFs. The relative difference between the
reevaluated result and the nominal result is taken as
the systematic uncertainty, which is 0.4%(0.4%)
for Ry k.

(V) Joint fit-quality ;(tzoml requirement. Joint fit-quality
X2 . Tequirements are imposed on the Af — XK
and X°z7" decay modes. To evaluate the effect of any
difference between data and MC simulation, we fit to
the y2 ., distribution in data with the shapes derived
from MC simulations convolved with a floating
Gaussian function. The detection efficiency is re-
measured after resampling the corresponding y2
variable in MC samples according to the fitted
Gaussian function, and Rsog+ i updated accordingly.
The Gaussian parameters are randomly varied within
the fitted uncertainties, and the corresponding value
of Ryog+ is recorded. The mean y,> and the standard

deviation o,> of the Ryog- distribution is measured

and ﬂjz —l—of(z /Rsog+ 1is assigned as the corre-

sponding systematic uncertainty, which is 0.7%.
(VI) Energy difference AE requirement. The energy

difference AE requirement is used in the measure-

ment of R+ KO- Following a similar procedure as for

the ? uncertainty, we first obtain the difference of
AE distributions in data and MC simulations, and
then study the distribution of the corresponding
Ry ko values with updated efficiencies, which leads
to the assignment of a systematic uncertainty of
0.5% for Ry ko.

(VII) Signal model. We use the phase-space model for
simulating the Aj — Z°K" and AJ — Z*K? decay
modes to obtain our central values, since the decay-
asymmetry parameters are not known. As a system-

atic check, we test several extreme cases of the
decay-asymmetry parameters and recalculate their
detection efficiencies based on the corresponding
signal MC samples. The resultant changes on the
relative BFs are taken as the systematic uncertain-
ties, which are 0.5% and 2.5% for Ryog+ and Ry« k9>

respectively.

(VIII) Fitting model. The fitting procedure has uncertain-
ties arising from both the signal and background
shapes. For the signal shapes, the convolved Gaus-
sian functions are varied by =+l¢ around their
baseline values. For the A} — Z*K(S) mode, we also
consider the effect of the correlation between the
convolved Gaussian functions in Mpc and M, 0 by
including a correlation coefficient determined from
MC and verify that this leads to a negligible bias. For
the background shapes, the parameter Ey,, in the
ARGUS function of Eq. (3) is randomly varied by
+0.15 MeV and the shape of the A} — pK9z®
background component is replaced by a shape from
an alternative partial wave analysis, in which more
intermediate states are considered than those in the
nominal signal MC simulation. To take into account
these effects, 5000 pseudo datasets are sampled
according to the bootstrap method [48]. For each
pseudo dataset, the fitting models are varied ran-
domly. Pull distributions are inspected from these
pseudo datasets, and the small biases of 0.6% and
1.6% are assigned as the systematic uncertainties for
Rsog+ and Rs+ k9> respectively.

(IX) B(K% — x*z~). The uncertainty on the BF B(K9 —
xtx”) [28] is propagated to give a systematic
uncertainty of 0.1% in Ry+ kY-

VI. SUMMARY

In summary, based on 4.5 fb~! of e*e~ annihilation
data collected in the energy region between 4.6 GeV and
4.7 GeV with the BESIII detector at BEPCII, we report
the measurements of BFs of the two singly Cabibbo-
suppressed decay modes Al — Z°K* and 'K relative
to the reference modes A} — Xz* and =tz 7™, respec-
tively. The BF of A — X°K™ relative to A} — XZ0z" is
measured to be 0.0361 4+ 0.0073(stat.) + 0.0005(syst.),
while the BF of Al — ZTKY relative to Al - Zfztz~
is measured to be 0.0106 £ 0.0031(stat.) 4 0.0004
(syst.). Taking the world-average BFs B(A — Xz") =
(1.29+0.07)% and B(Af »Ztztz") = (450 +
0.25)% from the PDG [28], yields the absolute BF
B(Af - XK ") =(4.7+0.9(stat.) £0.1(syst.) =0.3(ref.))
x107%, and B(A} - Z*K?) = (4.8 = 1.4(stat.) =0.2(syst.)
+0.3(ref.)) x 1074, This is the first measurement of the
A — Z*K? branching fraction. The Aj — Z°K" BF is
measured with a comparable precision to the combined
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result from the Belle [9] and BABAR [10] collaborations.
The ratio B(Al — £°KT)/B(Af — Z*K?) is determined
to be 0.98 + 0.35(stat.) + 0.04(syst.) & 0.08(ref.), which
is consistent with the predictions in Refs. [3,5] under
SU(3)p flavor symmetry and disfavors the prediction in
Ref. [6]. The prediction for B(AS — £TK2) in Ref. [6]
differs from our result by 2.5¢, indicating a reassessment
of the IRA method may be needed. Though our work is
generally consistent with the predictions in Refs. [2-5]
within 1~ 20, these theoretical predictions generally
overestimate the BFs. The systematic uncertainties of
our results are smaller than those of from the Belle and
BABAR collaborations, but our precision is limited by the
relatively low sample size. With the additional data which
are foreseen to be collected near the A A7 threshold in
the coming years [49], we expect our measurements to
improve in precision, and shed more light on the topic of
charmed baryon decays.
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