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The SU(3)-flavor violating decay J/y — Z(1530)"2" + c.c. is studied using (1310.6 & 7.0) x 10°
J/y events collected with the BESIII detector at BEPCII, and the branching fraction is measured to be
B(J/w — B(1530)"E" +c.c.) = (3.17 £ 0.02, £ 0.08y5) x 107*. This result is consistent with pre-
vious measurements with an order of magnitude improved precision. The angular parameter for this decay
is measured for the first time and is found to be a = —0.21 + 0.04, & 0.064. In addition, we report
evidence for the radiative decay E(1530)~ — yE~ with a significance of 3.9¢, including the systematic

uncertainties. The 90% confidence level upper limit on the branching fraction is determined to be
B(E(1530) - yE~) <3.7%.
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I. INTRODUCTION

The E and E(1530) hyperons are regarded as SU(3) octet
(orbital angular momentum within quarks L =0 and
spin-parity J¥ = 1) and decuplet (L =0 and J¥ =3%)
baryons, respectively [1-3]. In this context, the process
J/w — E(1530)"E" [4] should be suppressed by the SU
(3)-flavor symmetry [1,2,5]. Nevertheless, a sizable branch-
ing fraction of (5.94 1.5) x 107* [6,7] for the decay
J/w — 2(1530)"E" was measured based on (8.6 + 1.3) x
10° J/w events by the DM2 Collaboration in 1982
and (0.70 £0.12) x 107 for the decay /(3686) —
E(1530)"E" based on (448.1 £ 2.9) x 10° y(3686) events
by the BESIII Collaboration in 2019 [8]. For comparison,
the SU(3)-flavor violating decay J/w — A'tp has a
branching fraction of less than 1 x 107™* [7] at 90%
confidence level (C.L.), while the SU(3)-allowed decays
J/w — pp and J/yw — N(1535)"p [1] have branching
fractions of (1 —2) x 107 [9]. Therefore, the branching
fraction for J/y — E(1530)"E" [7] is anomalously large
when compared to that of J/y — E"E", which is mea-
sured to be (0.98 +0.08) x 1073 [9]. An explanation for

1

this anomaly is that a substantial J* = 5 component may

hide underneath the J” =3 peak while the branching
fraction for J/y — Z(1530)"=" was obtained assuming a
pure 3% contribution around 1530 MeV/c? [1]. An iso-

doublet E* state with J* = 1~ around 1520 MeV/c? [10],
called 2(1520), is predicted in the diquark cluster picture,
which is an SU(3) pentaquark octet with a [ds][su|u
component. Due to the small number of event in the
analysis of J/y — E(1530)"E" reported by DM2 [7], it
is difficult to give a solid conclusion on whether a %‘ partial
wave contributes to the E(1530) mass region.

BESIII collected (1310.6 4-7.0) x 10° J/y events
[11,12] in 2009 and 2012, a 2 orders of magnitude larger
statistics than available to the DM2 experiment. A precision
measurement with the BESIII experiment was therefore
performed.

In 1981, Brodsky and Lepage [13] were the first to
note the significance of angular distributions as a test of
quantum chromodynamics. According to Ref. [13], the
angular distribution of the J/y decay to a baryon-

antibaryon (BB) pair is defined by

dN
dcosf

where 0 is the polar angle between the baryon direction
and the positron beam direction in the J/y rest frame, and a
is a constant that parametrizes the angular distribution.
The value of a has been predicted in many theoretical
approaches for the SU(3)-allowed charmonium decays,
such as electromagnetic contributions [14], quark mass
effects [15,16], rescattering effects [17], etc. Considering
electromagnetic contributions while ignoring quark mass

o 1 + acos?0, (1)

effects in the SU(3)-allowed J/w — BB decays, the
parameter a is expressed [14] as

2 2
B mJ/W—4MB

a m%/x// + 4M%3 ’

where m,,, is the nominal J /ys mass [9] and M refers to a
baryon mass. Yet Carimalo [15] deemed that quark mass
effects are more sensitive than electromagnetic contribu-
tions to the «a value. He provided the formula [15],

(14 u)? — u(1 + 6u)?

T U0+ u(l+6u)?

with u = M3/mj, (m,, denotes a charmonium resonance
mass), which fits the experimental data better than when
only considering electromagnetic effects. It is easy to see
that 0 < @ < 1 in the above-mentioned parametrizations.
However, BESIII previously measured a negative a values
for J/y — 220 and £(1385)Z(1385) [18,19]. Chen and
Ping [17] investigated the rescattering effects of BB in
heavy quarkonium decays. As a result, the resulting angular
distribution parameter a can be negative. However, there
are no theoretical predictions or experimental data available
on the angular distributions for SU(3)-flavor violating J /y
decays. Measurements of angular distributions of such
decays have the potential to bring more insight into the
SU(3)-flavor violating mechanism.

In addition, the electromagnetic transition of decuplet to
octet hyperons is a very sensitive probe of their structures
[3,20-22]. The partial width of the radiative transition
E(1530)" — yE~ is estimated to be 3.1 keV when con-
sidering meson cloud effects with a relativistic quark
model [3] in which the valence quark contributions for a
baryon are supplemented by the pion or kaon cloud, and
about 3 keV when considering octet-decuplet mixing with a
nonrelativistic potential model [20]. Taking into account
the total decay width of Z(1530)~ of 9.9 MeV [9], the
branching fraction of E(1530)~ — yE~ is inferred to be
about 3.0 x 10~*. Experimentally, only an upper limit for
B(E(1530)” - yE™) < 4% is reported at the 90% C.L.
in 1975 [23].

In this analysis, based on (1310.6 +7.0) x 10° J/y
events [12] collected with the BEijing Spectrometer III
(BESIII) at the Beijing Electron-Positron Collider
(BEPCII), we measure the branching fraction of J/y —
E(1530)~E" with an improved precision and determine the
angular distribution parameter for the first time. In addition,
we also report evidence for the E(1530)” — yE~ decay
with a 3.9¢ significance based on the J/y — E(1530)"E*
process, and the corresponding 90% C.L. upper limit on
the branching fraction is given.
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I1. BESIIT DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector operating at the BEPCII collider is
described in detail in Ref. [24]. The detector is cylin-
drically symmetric and covers 93% of 4z solid angle. It
consists of the following four subdetectors: a 43-layer
main drift chamber (MDC), which is used to determine
momenta of charged tracks with a resolution of 0.5%
at 1 GeV/c in an axial magnetic field of 1 T with the
2009 data set and 0.9 T with the 2012 data set; a plastic
scintillator time-of-flight system (TOF), with a time
resolution of 80 ps (110 ps) in the barrel (end caps); an
electromagnetic calorimeter (EMC) consisting of 6240
CsI(TI) crystals, with relative photon energy resolution
of 2.5% (5%) at 1 GeV in the barrel (end caps); and a
muon counter consisting of 9 (8) layers of resistive
plate chambers in the barrel (end caps), with a position
resolution of 2 cm.

The response of the BESIII detector is modeled with
Monte Carlo (MC) simulations using the software frame-
work BOOST [25] based on GEANT4 [26,27], which includes
the geometry and material description of the BESIII
detectors, the detector response and digitization models,
as well as a database that keeps track of the running
conditions and the detector performance. MC samples are
used to optimize the selection criteria, evaluate the signal
efficiency, and estimate backgrounds. Two signal MC
samples of 0.3 million events each have been generated
with the 12BB3 model [28] for the J/y — E(1530)" =+
reaction. The first MC sample contains inclusive Z(1530)~
decays and the second sample consists of exclusive
E(1530)" - yE~ decay using the angular distribution
constant a [see Eq. (1) of Ref. [28] ] as measured in this
analysis. Only the baryon decays 2+ — Az" and A — pz*t
in the signal channels are simulated. An inclusive MC
sample of 1.225 x 10° J/y events is used for the back-
ground studies. Here, the J/y resonance is produced by
means of the KKMC event generator [29], in which the
initial state radiation is included. The decays are simulated
by EVTGEN [30] with the known branching fractions
taken from the Particle Data Group (PDG) [9], while the
remaining unmeasured decay modes are generated with
LUNDCHARM [31].

III. DATA ANALYSIS
A. J/y — E(1530)E* with 2(1530)~ — anything
For the inclusive analysis of the Z(1530)~ decay, a single
tagged (ST) E baryon candidate is reconstructed via
A(— pr*)a", while the E(1530)~ candidate is treated
as a missing particle. The presence of a £(1530)~ candidate
is inferred using the mass recoiling against the Az* system,
Mol = \/(E = Ej,-)? — (P.+ )2, where E is the center-
of-mass (c.m.) energy and (Ejx,-,Pj,+) is the four

1

momenta of the Az" system in the e*e™ rest frame. For
signal candidate events, the distribution of M’ will form
a peak around the nominal mass of the charged E(1530)~
resonance [9].

Charged tracks must be properly reconstructed in the
MDC with |cosf| < 0.93, where 6 is the polar angle
between the charged track and the positron beam direction.
The combined information from the TOF and ionization
loss (dE/dx) in the MDC is used to calculate particle
identification confidence levels for each hadron (i) hypoth-
esis (i = p, n, K). A charged track is identified as the ith
particle type with the highest confidence level. Events with
at least one antiproton (proton) and two positively (neg-
atively) charged pions are selected for tagging the Z+ (27)
decay mode.

The A candidates are reconstructed with a vertex fit to
all the identified pz™ combinations. A secondary vertex fit
[32] is then employed to the A candidates, and events are
kept if the decay length, i.e., the distance from the
production vertex to the decay vertex, is greater than zero.
If there remains more than one pz™ combination in the
event, the one closest to the nominal A mass [9] is retained.
A A signal is required to have a pz ™ invariant mass within
5 MeV/c? from the nominal A mass [9]. The £ candi-
dates are reconstructed via a secondary vertex fit by
considering all combinations of the extra charged pions
and the selected A candidate, requiring that the decay
length of the reconstructed Z* candidates are greater than
zero. If several combinations remain, the one with the
minimum M3+ — mz:+ |, where M5+ is the invariant mass
of the Az* system and mz: is the nominal mass of the £+
baryon [9], is selected. Additionally, the requirement
M5+ —mz+| <8 MeV/c? is applied to further suppress
the backgrounds.

After applying the above selection criteria, a scatter plot
of Mz versus M3T . is shown in Fig. 1 (left), where M5!,
is the Az invariant mass in the ST mode, and significantly
clustered events of the SU(3)-flavor violating J/y —
E(1530)"E" decay are observed in the data. Figure 1
(middle) illustrates the distribution of M3'.. In both
figures, the red solid and green long-dashed lines indicate
the =+ signal and sideband regions, respectively. The
E(1530)" signal in the M%" spectrum has a Breit-
Winger shape, as shown in Fig. 1 (right).

The continuum data collected at the c.m. energy of
3.08 GeV, with an integrated luminosity of 30 pb~!
[11,12], are used to investigate the contribution from
the quantum electrodynamics (QED) process ete™ —
E(1530)~E*. By imposing the same event selection criteria
as the J/y data, no events survived, meaning that the QED
background is negligible. The contamination from the
non-=* backgrounds is estimated with the = mass side-
band events, where the sideband regions are selected as
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FIG. 1. Left: scatter plot of M3 versus M5!, from the data, where M3"
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At is the Az invariant mass in the ST mode. Middle: the

M f-\fﬁ distribution in the data. The red solid and green long-dashed lines indicate the Z* signal and sideband regions, respectively. Right:
fit to the experimental Mi-ffﬁ“ distribution. The red solid line is the fit result, the pink dotted line denotes the signal component, the blue
long-dashed line represents the fitted background component, and the green-shaded histogram represents the normalized Z* mass

sideband events from the data.

M/SJ[+ € [1.2817,1.2977] U [1.3457,1.3617] GeV/c?, as
indicated by the green long-dashed lines in Fig. 1 (middle).
No peaking background is found in the E(1530)~ signal
region from the =+ mass sideband events, as indicated by the
green-shaded histogram in Fig. 1 (right). The remaining
backgrounds, investigated by the inclusive MC sample, form

a smooth distribution in the M%< spectrum in the region of
1.535 GeV/ ¢?, where the main contributions are from
J/y = E 5% and J/y — EOZ+ 7~ events.

The signal yields of the J/y — E(1530)"E" decay are
extracted from an unbinned maximum likelihood fit to the
M= spectrum. The Z(1530) signal is described by the
simulated MC shape convolved with a Gaussian function,
which accounts for the mass resolution difference between
the data and MC simulation. The mean of the Gaussian
function is fixed to zero while the standard deviation is a
free parameter. The background contribution is described
by a second-order Chebychev polynomial function. The fit
of the M9 spectrum in data is shown in Fig. 1 (right), and
the fitted signal yields are listed in Table L
=+

=)
(=1

B. J/y — E(1530)"E* with 2(1530)" — y&~
The event selection criteria for the radiative decay
E(1530)" are based on the E' tagging mode.

—_——

- yE

TABLE I. Numerical results on the branching fraction meas-
urement for J/y — E(1530)"=". The uncertainties are statistical
only.

NgF 70186 + 544

Ny 1310.6 x 10°

B(E - Az*) 99.89%

B(A = pa™) 63.90%

€Sr (e5r) 24.03% (25.57%)
() 1.079 £ 0.011 (1.053 + 0.011)

Branching fraction (x107%) 3.17 £ 0.02

Besides the tagged Z* candidates described in Sec. Il A,
an extra &~ baryon and a photon are selected to reconstruct
the E(1530)" candidate. Since all decay particles from
E(1530)~ and ET are reconstructed from the J/y —
E(1530)"E" process, it is referred to as the double tag
(DT) mode. The event selection of Z~ candidates is similar
to those of tagged =+ candidates in Sec. III A, except for the
charge-conjugated final states. The Z~ candidate with the
minimum |MRT. — mz=-| is the only one retained, and then is
requirement |MXT. —mz-| <8 MeV/c? applied. The =~
mass window is shown by the red solid lines in Fig. 2
(left and middle), where MRT is the invariant mass of the
Az~ system in the DT mode, and mz- is the nominal mass of
the =~ baryon [9].

Photons are reconstructed by clustering the EMC crys-
tals’ signals, and the energy deposited in the nearby TOF
counter is included to improve the reconstruction efficiency
and energy resolution [24]. A photon candidate is defined
as a shower with an energy deposit of at least 25 MeV in
the barrel region (|cosf < 0.8|) or of at least 50 MeV in the
end cap region (|0.86 < cosf| < 0.92). Showers in the
angular range between the barrel and the end caps are
poorly reconstructed and therefore excluded. An additional
requirement on the EMC timing of a photon candidate,
0 <t <700 ns, is employed to suppress electronic noise
and energy deposits unrelated to the collision event, where
time is measured relative to the event start time. All
photons, which satisfy the above selection criteria are kept
for further analysis.

A four-constraint (4C) kinematic fit is performed for
events with y, Z~, and Z* candidates by imposing overall
energy-momentum conservation. For each event, the com-
bination with the lowest y7. is selected. To suppress
background events different from the final states of the
signal channel, we require y5- < 5, which is determined by
maximizing the figure-of-merit FOM = S/+/S + B. Here,
S is the expected number of signal events from the signal
MC simulation and B is the number of background events

—
—
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T_is the Az invariant mass spectrum in the DT mode. Middle:

the M %L distribution from the data. The red solid and green long-dashed lines indicate the £+ signal and sideband regions, respectively.
Right: the fit to the experimental M z- distribution. The red solid line is the fit result, the pink dotted line denotes the signal component,
the cyan dash-dotted line describes the few peaking background events from the process J/y — E(1530)"E" with Z(1530)~ decaying

=0

to the 2= z° and E07~

systems, the green long-dash-dotted line denotes the background events from J/yr — yn, — yE~ET, and the blue

long-dashed line denotes the contribution from the remaining background events.

from the inclusive MC sample in which the main back-
ground processes (see below in the section) are known and
normalized using PDG branching fraction values [9]. Three
iterations between the S value and the y3. requirement are
employed until the procedure is converged.

The yE™ invariant mass spectrum of the events that
remain after imposing the selection criteria above are
shown in Fig. 2 (right). A weak enhancement of events
in the region of the radiative Z(1530)~ decay can be seen.

The background sources are divided into two categories,
one with and one without the =~ resonance. The non-=~
backgrounds are investigated by the E~ mass sideband
events, where the sideband regions are defined as in the ST
mode (see Sec. IIT A). It is found that very few events from
the sidebands survived in the M,z- region around
1.535 GeV/c?. According to the inclusive MC informa-
tion, the main background is the decay J/y — yn, —
yZ~E%, which distributes smoothly in the signal region of
the E(1530) baryon. Only a few peaking background
events contributing to the Z(1530) mass region are found
from the process J/y — E(1530)"E" with Z(1530)~
decaying to the Z=7° and E°(— Az®)z~ systems with a
soft photon being undetected. Other background events,
forming a flat distribution in the y=~ mass spectrum, arise
from the decays J/y — yE"E" and J/y — E"E*.

The signal yields for the decay J/y — E(1530) " —
yZ~E* are extracted by an unbinned maximum likelihood
fit to the M,z- spectrum. The shape of the invariant mass
distribution of the Z(1530)~ baryon is modeled based on
the prediction of the simulation. The few peaking back-
ground events from the process J/y — E(1530)"=", with
E(1530)~ decaying to the 2 2° and Z°(— Az%)z~ sys-
tems, are normalized with their branching fractions, where
B(J/y — E(1530)"E") is obtained from this work and the
branching fractions of two E(1530)~ decays are from the
PDG [9]. The smooth and dominating background from

J/w = yn. = yE 2" events is described by the MC-
determined shape, where the corresponding number [9]
of the background events is normalized to the data. The
remaining background shape is parametrized by an expo-
nential function plus a first-order polynomial to describe
the inclined flat slope in the M z- distribution from the two
main backgrounds, J/y — yE"E" and J/y — E"E". The
parameters of the exponential function and the first-order
polynomial are fitted. The fit, shown in Fig. 2 (right), yields
33.2 £ 9.6 signal events with a significance of 3.9¢ which
is the most conservative one among various fit scenarios
(i.e., different fit range, signal shape, background shape,
and background size). The significance is calculated from

the test-statistic \/—21n(Ly/ L) assuming Wilk’s theo-

rem [33], where L., and L are the likelihoods of the fits
with and without the E(1530)~ signal included, respec-
tively. The upper limit on the signal yield is determined by
convolving the likelihood distribution with a Gaussian
function with a standard deviation of 6 = x x A, where

TABLE II. Systematic uncertainties on the branching fraction
measurements. Here, E*~ denotes the E(1530)~ resonance.

Source J/w —» ZEHN (%) BT - yE(%)
Photon e 1.0
E* efficiency correction 0.7 0.7
A/A mass window 0.2 0.2
E*/E~ mass window 1.4 1.4
A/A decay length 0.1 0.1
EF/E" decay length 1.0 1.0
Kinematic fit e 24
Angular distribution 0.5 3.6
Fit procedure 1.2 e
Intermediate decays 0.8 0.8
Ny 0.5 e
In total 2.5 4.9
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x is the number of fitted signal events, and A refers to the
total systematic uncertainty (4.9%, see Table II). It is found
to be NSk = 46 at the 90% C.L.

IV. MEASUREMENTS OF BRANCHING
FRACTIONS AND ANGULAR DISTRIBUTION

A. Measurements of B(J/y — E(1530)"E*)
and B(E(1530)- — yE")

The branching fraction for J/y — E(1530)"E" is cal-
culated using
L omw
NJ/WB(E+)B(A>€ST

B(J Jy — E(1530)"E") (2)

where N‘S’%S is the number of events for ST, which is
extracted from the fit to M’ j{’;‘lﬂ spectrum; N, is the total

number of J/y events [12]; B(E") and B(A) are the
|

BYL(E(1530) — yE7)

branching fractions [9] of E% — Az" and A — prt,
respectively; ey, expressed as (fTe§ + f€5p)/2, is
the average detection efficiency in the ST mode for both
the charge-conjugate processes, where 5y (€5;) denotes the
MC-simulated efficiency for only tagging Z+(E~) decay
mode, and f*(f~) is the correction factor for the Z* (E7)
reconstruction efficiency estimated by using a control
sample of J/y — Z~E* with all polarization parameters
considered. Here, f*(f7) is the ratio of the E* (E7)
reconstruction efficiency in the data [€§;a (egta)] to that
in the MC sample [e5e (50)], e, fT =65,/ cuc
(f~ = €52/ €5c)- As a result, the branching fraction of
B(J/y — E(1530)"E") is determined to be (3.17 &
0.02) x 10~* where the uncertainty is statistical only,
and other numerical values are listed in Table 1.

The upper limit at the 90% C.L. on the branching
fraction for the radiative decay Z(1530)~ — yE~ is calcu-
lated using

UL UL
Nprt Nprést

where NJ% is the upper limit on the number of fitted
E(1530)" — yE~ signal events at the 90% C.L.; B(E") and
B(A) are the branching fractions [9] of &~ — Az~ and
A — pr~, respectively; epr, expressed as f~fTeM<, is the
detection efficiency in the DT mode, where eM¢ denotes the
MC-simulated efficiency using the 12BB3 model [28].
Taking the systematic uncertainty (see Sec. VA) into
consideration, the upper limit at the 90% C.L. on the
branching fraction of Z(1530)~ — yE~ is calculated to be
3.7%.

B. Measurement of the angular distribution
in J/y — 2(1530)"E+

We obtain the number of recorded J/y — Z(1530)"E*
events in each cosf bin by fitting the Az invariant mass
distribution as described in Sec. IVA. By dividing by the
detection efficiency in each cosé interval, we obtain the
efficiency-corrected cosf distribution shown in Fig. 3.
A least square fit of Eq. (1) to the obtained cosé distribution
in the range of [—1.0, 1.0] gives a = —0.20 £ 0.04, where
the uncertainty is statistical only.

V. SYSTEMATIC UNCERTAINTIES

A. Branching fractions
The systematic uncertainties in the branching fraction
measurements arise from many sources. They depend on
the E* efficiency correction, mass windows for A and E*,
decay lengths for A and ZT, background shape, the amount

= = (3)

N,y BUfw — E(1530) 20 BEDBR)BE)B(Neor | BE)BANFepr’

|
of background, the branching fractions of the intermediate
decays, and the total number of J/y events. It is note-
worthy that the uncertainties due to the tracking and
particle identification efficiencies for the charged 7 track
from the Z* decay and the A reconstruction efficiency are
included in the charged Z* reconstruction uncertainty. For
the radiative E(1530)~ decay they depend, in addition, on

the photon reconstruction efficiency.
(1) Photon reconstruction efficiency: The uncertainty on
the photon detection efficiency is 1.0% per photon,

15000
=
$ 10000
2 i
[ o
>
3 i
5000 —
I E N EE I R
07 035 0 05 1
cos0
FIG. 3. The cos@ distribution for J/y — Z(1530)"E*. The

dots with error bars denote the efficiency-corrected data, and the

red curve is the fit result.
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obtained by studying J/y — p°z° p° — zta,
7° — yy events [34].

E* efficiency correction: As mentioned above, the
correction factor f*(f~) on the EF (E7) recon-
struction efficiency, defined as €5,,, /exic (€5,1./€nc)»
is obtained by using a control sample of J/y —
E*E" decays via single and double tag methods (the
values are listed in Table I). The uncertainty on
ST(f7), obtained by adding the relative uncertain-
ties for €5, and €5 (€5, and €5c) in quadrature
assuming the sources are independent, is found to
be 1.0% for each mode. Therefore, the systematic
uncertainty for Z* efficiency correction is taken as
0.7% by averaging both charge-conjugate modes.
Mass window (decay length) of A (Z%): The
uncertainty attributed to the A (E*) mass window
(decay length) requirement is estimated using
|€data — EMC|/ €daras WheTe €4y is the efficiency of
applying the A (Z*) mass window (decay length)
requirement by extracting A (£¥) signal in the pz™
(Az™") invariant mass spectrum of the data, and ey is
the corresponding efficiency from the MC simulation.
The difference between the data and the MC simu-
lation is considered as the systematic uncertainty and
is found to be 0.2% (0.1%) due to the A mass window
(decay length) requirement, and 1.4% (1.0%) for the
E* mass window (decay length) requirement.
Kinematic fit for the radiative Z(1530)~ decay mode:
Correcting the tracking helix parameters [35] reduces
the difference between MC simulation and data. The
uncertainty of 2.4% due to the kinematic fit is
estimated by the observed differences between an
analysis that accounts for such correction and an
analysis that does not. The correction factors obtained
by control sample J/y — pprta~ and gives 2.4%
as the estimated systematic uncertainty.

Angular distribution: The systematic uncertainty of
angular distribution is estimated to take the larger
difference of the detection efficiency by varying the
measured a values by =16 in the MC simulation. And
it is determined to be 0.5% and 3.6% for the inclusive
and radiative E(1530)~ decay modes, respectively.
Fit procedure: For the inclusive E(1530)” decay
mode, uncertainties due to the fitting range of M't0!

are estimated by changing the fitting range from
1.47-1.62 GeV/c? to 1.475-1.615 GeV/c? and
1.465-1.625 GeV/c?, respectively. The largest dif-
ference with respect to the nominal value is 0.7%,
and this is taken as the uncertainty associated
with the fitting range. The uncertainty due to the
background shape is estimated by changing the
second-order polynomial function to a first-order
polynomial. The relative difference on the signal
yield of 1.0% is taken as the uncertainty due to the

®)

)]

background shape. In the fit of M%<, the signal

shape is parametrized by the simulated MC shape
convolved with a Gaussian function with the mean
of zero. To estimate the uncertainty caused by a
possible shift of the signal peak, an alternative model
with the free mean of the Gaussian is used to
estimate the uncertainty due to the signal shape.
The difference between the two fits of 0.02% is
negligible. Assuming that the sources above are
independent and adding them in quadrature, the total
systematic uncertainty associated with the fit pro-
cedure is obtained to be 1.2%. As for the radiative
E(1530)" decay mode, the uncertainty associated
with the fit procedure is negligible since the nominal
upper limit on B(E(1530) — yE~) is the most
conservative one among multiple fit scenarios.
Intermediate decays: The uncertainties due to the
branching fractions of intermediate decays E~ —
Az~ and A — pz~ are 0.04% and 0.8% [9], re-
spectively. Therefore, this uncertainty associated
with the branching fractions of intermediate decays
is taken to be 0.8%.

Number of J/y events: The total number of J/y
events is obtained by studying the inclusive hadronic
J/y decays which has a systematic uncertainty of
0.5% [12].

Table II lists all systematic uncertainties on branching
fraction measurements for the J/y — Z(1530)"=" decay
in the ST mode and the radiative £(1530) decay mode,
respectively. The total systematic uncertainty is individu-
ally calculated as the quadratic sum of all individual terms
for each mode.

B. Angular distribution

The systematic uncertainties in the measurement of the
value arise from M:{;ﬂ” fitting range, background shape,
cos@ fitting range, cosf binning, and efficiency correction.
It should be noted that the absolute value of the difference
between the remeasured « values in the alternative cases
mentioned above and the nominal value is taken as the
uncertainty given in this analysis.

6]

2

012004-9

The M9" fitting range: The uncertainty due to the
fitting range of Mﬁ-\ef[ﬁﬂ is estimated by changing the
fitting range from 1.47-1.62 GeV/c? to 1.475-
1.615 GeV/c? and 1.465-1.625 GeV/c?, respec-
tively. The largest difference for ag(js3p)- of 0.02
is taken as the uncertainty due to the fitting range.
The background shape: The uncertainty due to the
background shape in the angular distribution is
estimated by changing the second-order polynomial
function applied for fitting Mj{;ﬁ“ to a first-order
polynomial function. The difference becomes 0.04
for az(1530)-, and this is taken as the uncertainty due

to the background shape.
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TABLE III. Absolute systematic uncertainties on the a value.
Source X=(1530)"
M7l fitting range 0.02
Background shape 0.04
cos 0 fitting range 0.01
cos 0 binning 0.01
Efficiency correction 0.03
Total uncertainty 0.06

(3) The cos@ fitting range: The uncertainty due to the
cosd fitting range is estimated by varying the cos 6
fitting range to [-0.9, 0.9]. The difference on
angular distribution is 0.01, and this is taken as
the uncertainty due to the cos@ fitting range.

(4) The cos@ binning: The uncertainty due to the
binning of cos@ is estimated by changing the
nominal choice of 20 bins to 10 bins. The difference
for a value between the two cases of 0.01 is taken as
the systematic uncertainty due to the binning.

(5) Efficiency correction: The « value is obtained by
fitting the efficiency-corrected cos € distribution. To
estimate the systematic uncertainty due to the MC
generator to the fitted « value, the ratio of detection
efficiencies between the data and MC simulation is
obtained based on the process J/yr — Z(1530)"E*
with the inclusive decay of E(1530)~. The cos®
distribution is refitted using corrected one by the
above ratio of detection efficiencies. The resulting
absolute difference of 0.03 in «a is taken as the
systematic uncertainty due to the imperfection of
MC simulation.

The absolute systematic uncertainties from the different
sources for the o parameter of the angular distribution are
given in Table III, and the total systematic uncertainty is
obtained by adding the values in quadrature, assuming that
the sources of uncertainty are independent.

VI. SUMMARY AND DISCUSSION

The SU(3)-flavor violating decay J/y — Z(1530)"E*
is measured using (1310.6 +7.0) x 10% J/y events col-
lected with the BESIII detector in 2009 and 2012. The
signal is clearly observed (> 100), and the branching
fraction is measured to be B(J/y = E(1530)"E" +-c.c.) =

(3.1740.0240.08) x 10~*. The result is consistent with
the DM2 measurement [7] within 2 standard deviations
(see Table IV), but with an order of magnitude improved
precision. The a value of the angular distribution for
J/w — E(1530)"E" decay is measured for the first time
and is found to be az(53) = —0.21 £ 0.04 + 0.06.

In addition, we present the first evidence for the
E(1530)” — yE~ radiative decay with a significance of
3.96. The upper limit at the 90% C.L. on the branching
fraction of E(1530)" — yE~ is measured to be 3.7%,
which is consistent with the previous measurement [23].
The result is compatible with the theoretical prediction of
3.0 x 10™* [3,20]. Our result provides complementary
experimental information for isolating both the octet-
decuplet mixing mechanism [20] and meson cloud effects
[3] in the baryon structure.
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