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Observation of n, — ppn via y(3686) — yppn
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The decay . — ppn is observed for the first time with a significance of exceeding 10c. It is found by
analyzing (2712.4 4 14.3) x 10° y(3686) events accumulated at the BESIII detector. The measured
branching fraction of 7. — ppn via w(3686) — yppy is significantly influenced by the interference
between the resonant 7, decay and the nonresonant process y(3686) — yppn and is measured in both
constructive- and destructive-interference scenarios. The joint branching fraction of w(3686) — y#., 1. —
ppn is measured to be (3.240.140.8) x 107 or (8.740.34+1.7) x 107 for constructive- or
destructive-interference solutions, respectively, where the first uncertainties are statistical and the second
systematic. The branching fraction of . — ppn is determined to be B(n, — ppn) = (0.90 + 0.04 +
0.21 4 0.13) x 107 or (2.42 4 0.07 £ 0.48 + 0.34) x 10~ for the two solutions, respectively, where the
third uncertainties are due to the uncertainty in the branching fraction of w(3686) — y7..
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I. INTRODUCTION

Charmonium states below the open-charm production
threshold have been extensively studied. Spin singlets [1],
such as the P-wave state &, the S-wave ground state 7,
and its first radial excitation #.(2S), remain less well
understood, particularly with regard to their decay proper-
ties. Up to now, the known decay modes of 7, account for
only about 70% of its total branching fraction (BF), and
many decay modes remain unknown. In the known decay
modes of 7., the BF for 7. decays into final states involving
baryons, such as pp, ppz’, AA, A(1520)A +c.c., ZTE~,
E 2+, K*pA +c.c., and 7tz pp, is at the level of 2%,
according to the Particle Data Group (PDG) [2]. For 7,
decays into baryon—antibaryon pairs accompanied by a
pseudoscalar meson (BBM), only two channels have been
reported: . — ppr° observed by BESIII [3], and 5, —
KTAp + c.c. observed by Belle [4]. Searching for new
BBM decay modes of the 7, is essential to complete the
experimental inventory of the 7, decays and to investigate
the dynamics of baryon—antibaryon pair production.

The limited knowledge of 7. decays stems from the
inability to produce the 7. meson directly in e*e™ colli-
sions. Therefore, most measurements of 7, decays rely on
the magnetic dipole (M 1) transitions from J/y or hindered
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M1 transitions from y(3686), in addition to the electric
dipole (E1) transition h, — yn. via w(3686) — 7°h. [3]
and ete™ —» a7z~ h, [5] as well as the hindered electro-
magnetic Dalitz (EMD) decay y(3686) — ete™n. [6].
Although the interference between the #,. and non-7,
amplitudes in hindered M1 transitions distorts the #,. line
shape more significantly than it does in the E1 or hindered
EMD channels [7], these M1 transitions nevertheless
provide an important channel for searching for new 7,
decays. This is due to their higher #,. production yields and
lower background levels. The latter benefit results from the
radiative photon’s relatively high energy, which effectively
suppresses combinatorial backgrounds.

Recently, BESIII observed a significant signal of the
process h, — ppn with a significance of 5.1¢ [8], and the
BF of h, — ppn is reported to be (7.4 £2.2) x 107 in
PDG [2]. Based on perturbative quantum chromodynamics
(pQCD) and nonrelativistic quantum chromodynamics
(NRQCD), the ratio of the total hadronic decay widths
between h, and 7., T} /Ipdene s predicted to be
0.010 £ 0.001 by pQCD or 0.083 £ 0.018 by NRQCD [9].
Applying these predictions on the corresponding exclusive
decay modes, the BF for the process . — ppn is expected
to be (1.89 £ 0.59) x 10~ by pQCD or (2.28 & 0.84) x
10~* by NRQCD. The world’s largest y(3686) data sample
of BESIII [10,11] makes this first measurement of 7, —
ppn accessible.

We report the first observation of the decay 1, — ppn
via the M1 transition w(3686) — yn.. The result is based
on a sample of (2712.4 4 14.3) x 10° y(3686) events
[10,11] collected with the BESIII detector. The analysis
includes a treatment of the interference between 7. and
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non-7,. signal components. The BF of . — ppn is pre-
sented and compared with the theoretical calculations.

II. DETECTOR AND DATA SAMPLES

The BESII detector [12] records symmetric ete”
collisions provided by the BEPCII storage ring [13] in
the center-of-mass energy range from 1.84 to 4.95 GeV,
with a peak luminosity of 1.1 x 103 cm™s~! achieved at
/s = 3.773 GeV. BESIII has collected large data samples
in this energy region [14-16]. The cylindrical core of the
BESII detector covers 93% of the full solid angle and
consists of a helium-based multilayer drift chamber
(MDC), a time-of-flight (TOF) system, 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 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 was
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, which benefits 83% of the
data used in this analysis [17-19].

Monte Carlo (MC) simulated samples produced with a
Geantd4-based [20] software package, which includes the
geometric description [21] of the BESIII detector and its
response, are used to determine detection efficiencies and
to estimate backgrounds. The simulation models the beam
energy spread and initial state radiation (ISR) in the e e
annihilations with the generator Kkmc [22,23]. The inclu-
sive MC sample includes the production of the y(3686)
resonance, the ISR production of the J/w, and the
continuum processes incorporated in KKMC [22,23].
Particle decays are modeled with EvtGen [24,25] using
BFs cither taken from the PDG [2] when available, or
otherwise estimated with LUNDCHARM [26,27]. Final state
radiation from charged final state particles is incorporated
using the PHOTOS package [28].

To study the detection efficiencies, signal MC sample of
w(3686) — yn. — yppn with n — yy is generated, with an
angular distribution of (14 cos?8,) for w(3686) — y..,
where 6, is the angle between the photon and the positron
beam direction in the center-of-mass system.

To accurately simulate the dynamics of the possible
intermediate states for . — ppn, additional MC samples
are also generated.

III. EVENT SELECTION

Charged tracks detected in the MDC are required to be
within a polar angle (6) range of |cosf| < 0.93, where 6 is
measured from the z-axis, which is the symmetry axis of
the MDC. The distance of the closest approach to the
interaction point (IP) must be less than 10 cm along the z-
axis, and less than 1 cm in the transverse plane. A candidate
event must have two good charged tracks with opposite
charges. Particle identification (PID) for charged tracks
combines measurements of the energy deposited in the
MDC (dE/dx) and the flight time in the TOF to form
likelihoods L(h)(h = p, K, x) for each hadron & hypoth-
esis. Tracks are identified as protons when the proton
hypothesis has the greatest likelihood (L(p) > L(K),
L(p) > L(z) and L(p) > 0.001). Finally, the events con-
taining one proton and one anti-proton are retained.

Photon candidates are identified using isolated showers
in the EMC. The deposited energy of each shower must be
greater than 25 MeV in the barrel region (|cosd| < 0.80)
and more than 50 MeV in the end cap regions
(0.86 < |cosf| < 0.92). To suppress electronic noise and
showers from beam background, the difference between the
EMC time and the event start time is required to be within
[0,700] ns. To suppress fake photons, the angle between
the photon and the extrapolated impact point in the EMC of
the nearest proton (antiproton) track must be larger than 10
(20) degrees. The number of photon candidates must be at
least 3 per event.

In order to suppress the remaining backgrounds and to
improve the mass resolution, a four-momentum conserva-
tion constraint (4C) kinematic fit under the hypothesis of
yw(3686) — 3ypp is performed. Furthermore, the require-
ment y3- < 65 is imposed, determined through an opti-
mization of the figure-of-merit (FOM), defined as
FOM = \/Si—B [29]. Here, S denotes the number of signal

MC events and is normalized to the data sample, based on
the preliminary result of the constructive-interference
solution. The B denotes the number of events from the
inclusive MC sample excluding the signal channel, and has
been normalized to the size of the data. Moreover, to
suppress backgrounds with two or four photons, additional
4C kinematic fits are performed for both signal and
background channels by looping over all photon combi-
nations according to different hypotheses of photon num-
bers. The one with the least y? is kept for each channel. We
then require y%-(3ypp) to be less than both y3-(2ypp)
and i (47pp).

After the 4C kinematic fit, the 3y pp hypothesis candi-
date is selected. For each selected candidate, the photons
are labeled according to their energy in the laboratory
frame, with y; having the highest energy, y, the next
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highest, and y; the lowest. Based on the invariant mass
distributions of these photon pairs from the signal MC
sample (shown in Fig. 1), we apply the following sequential
conditions in the # meson reconstruction: (1) If the invariant
mass M(y,y3) falls within the #» mass window
(0.4,0.7) GeV/c?, the photon pair (y,,73) is assigned to
the 5 decay. (2) Otherwise, if M (y,y3) falls within the same
n mass window (0.4,0.7) GeV/c?, the photon pair (7;,73)
is selected for the 5 reconstruction. (3) If neither condition
is satisfied, the event is rejected.

To suppress 7° — yy events, the invariant mass of any
two-photon pair must fall outside the z° mass windows.
The left and right boundaries of the mass windows are
optimized simultaneously using the same method as that
employed for yj., i.e., by optimizing a FOM. The opti-
mized windows for the three yy combinations are very
similar and are all around the nominal z° mass, approx-
imately corresponding to M(yy) & (0.12,0.15) GeV/c?.

To suppress the background of y(3686) — nJ/y events,
the recoiling mass of y,y3, RM(y,y3), must fall outside the
J/w mass window. Here the boundaries of the mass window
are optimized by using the same method as for vetoing 7,
and they are determined to be RM(y,y3) € (3.072,
3.125) GeV/c?.

After applying all the selection criteria, the invariant
mass distribution of this photon pair is shown in Fig. 2.
To avoid bias, the signal region for the # meson is chosen
to be approximately 2.56, corresponding to (0.520,
0.570) GeV/c?, while the side band regions are determined
to be within (0.475, 0.500) or (0.600,0.625) GeV/c>.

The remaining potential backgrounds are investigated
with the inclusive y(3686) MC samples, using the event-
type analysis tool TOPOANA [30]. The results show that
there is no peaking background contribution in the M (p pn)
spectrum. The remaining background events are dominated
by w(3686) = yxes(J = 1.2), xey = vJ/w, J/w = ppn,
and w(3686) — 7%J /y, J/y — ppn.

Backgrounds from the continuum process ete™ — y* —
ppn are investigated using the data samples collected at a
center-of-mass energy of 3.65 GeV with an integrated

luminosity of 454 pb~! [31]. After applying all the selec-
tion criteria and requiring candidates to fall in the # and 7,
signal regions, two events are observed in the 3.65 GeV
continuum data sample. Taking into account the normali-
zation of the integrated luminosity and the center-of-mass
energy dependence of the cross section, this corresponds to
only about eighteen events in the y(3686) data sample.
Therefore, the noninterference backgrounds are modeled
using the inclusive MC simulation without introducing a
specific continuum background component.

IV. SIGNAL YIELD AND BRANCHING FRACTION

The #, signal yield is obtained by performing an
unbinned maximum likelihood fit to the M(ppn) distribu-
tion. Interference between the 7. and the nonresonant
process is considered. Interference between the J/y and
the nonresonant background is not considered, because the
symmetric line shape of the J/y resonance indicates that
any interfering amplitude between the resonant signal and
the nonresonant background is negligible. The total event-
density function used in the fit is expressed as

Neawd (m)le /7 £4(E,)BW, (m) + 11, ® G}

+Nbg2fbg2 +NJ/1//{|BW2(m)|2 ® G}’ (1)

where the component probability density functions (PDFs)
are normalized to unity over the fit range. Here, m denotes
M(ppn); e(m) is the efficiency function parameterized as a
second-order Chebychev function determined by the MC

m2 _mz . ..
29 ___ s the energy of the M1 transition
2my(2s)

photon; E] is the radiative photon factor representing the
hindered M1 fa(E,) =

ﬁé—&))z is the damping function used by the KEDR
14 14

experiment [32] to damp the divergent tail raised by E,
l‘}’l2 = 2
w(

G . ..
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Invariant mass distributions of (a) y1y,, (b) y173, and (c) y,y3 from the signal MC sample (before # reconstruction). The blue
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FIG. 2. Invariant mass distribution of the photon pair that is
reconstructed as an z meson after applying all the selection
criteria. The black dots with error bars represent the data. The
green and pink histograms represent the signal MC sample and
the inclusive MC sample, respectively. The inclusive MC sample
is normalized to the area of the data sample, and the signal MC
sample is normalized to the bin with the highest number of data
events. The red arrows indicate the signal range
(0.520,0.570) GeV/c?, and the blue arrows indicate the side-
band regions (0.475, 0.500) or (0.600,0.625) GeV/c>.

function, where m and I" are free parameters for . when
j =1, and m and I" are fixed to the world averaged values
[2] for J/w when j = 2. The nonresonant process interfer-
ing with 77, denoted by f, , is described by a second-order
polynomial function with floating parameters. The inter-
ference phase angle ¢ is a free parameter in the fit. The
Gaussian function G, with floating parameters, accounts for
the detector resolution. The PDF for noninterference back-
grounds, denoted by f,,, is modeled using the shape of the
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FIG. 3.

inclusive MC sample where backgrounds with a y p py final
state or those containing J/w — ppn decays have been
removed. The yield of this component, N, , is normalized
to the integrated luminosity of the data sample and is
subsequently fixed in the fit procedure. The coefficient N,
denotes the fitted yield of the complete coherent compo-
nent, which comprises the pure 7. contribution, the
nonresonant contribution, and their interference, while
Ny, denotes the fitted yield of the J/y component.
Thus, N, and Ny, are free parameters in the fit, while
Ny, 1s fixed.

According to the calculation in Ref. [33], there should be
two solutions for the fit to the M (p pn) distribution with the
PDF in Eq. (1). The interference phase angle is scanned to
check for multiple solutions, where all the parameters are
free except the interference phase angle. In the scan, the
interference phase is changed from O to 2z rad in steps of
0.04 rad. Two minimal values are found at ¢p = 2.40 rad
(constructive) and ¢ = 4.32 rad (destructive). These two
values are used only as initial values for the nominal fits.
The fitted phase angles, ¢ = 2.39 £ 0.15 rad (constructive)
and ¢ = 4.34 + 0.09 rad (destructive), are consistent with
the minima found in the scan, indicating that the scan
correctly identified the two interference solutions. The fit
results are shown in Fig. 3. The goodness of fit is
y*/ndf = 45/69, and is exactly the same for both sol-
utions. The statistical significance of . — ppn is deter-
mined to be larger than 10c.

Potential intermediate states are investigated in the pp,
pn, and pn invariant mass spectra as shown in Fig. 4. The
possible excited baryon N(1535) (N(1535)) can be seen in
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2001 — Total fit (b)
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The M(ppn) spectrum in data and the related fit results of (a) constructive interference and (b) destructive interference. The

goodness of the fit is y?/ndf = 45/69 in both cases. Black dots with error bars show data. The solid blue curve represents the total fit.
The dashed red curve indicates the total shape of . — ppn. The dash-dotted orange curve shows the signal shape of J/y — ppn, the
dotted light-blue curve represents the noninterference background from inclusive MC sample where backgrounds with a y p pz final state
or those containing J/w — ppn decays have been removed, the dotted green curve is the signal shape of 7. — pp#, the dotted purple
curve shows the interference, and the dotted gray curve shows the nonresonant process.
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FIG. 4. Two-body invariant mass distributions of the selected . — p pn candidates: (a) M (pn), (b) M(pn), and (c) M(pp). The black
dots with error bars denote data, the blue histograms denote the mixing MC simulation plus the background contribution, the pink
histograms denote the background contribution described by the data in the 7, side band regions, and the green histograms denote the

nominal mixing MC simulation.

the mass distribution of pn (pn), but no significant pp
threshold enhancement is observed. To accurately sim-
ulate the dynamics of the possible intermediate state for
n. — ppn decay, two methods are adopted to generate
MC samples. The first one is a mixing of a N(1535)
baryon and phase space (PHSP), where the mass and
width of the N(1535) baryon are fixed to the world
averaged values [2] and the ratio between the two is
determined by fitting the M(p/pn) distributions. The
second one is a mixing of a N(X) resonance and PHSP,
where the mass and width of the N(X) resonance are
determined to be 1.554 GeV/c? and 0.043 GeV by
fitting to the M(p/pn) distributions in data. The fit
incorporates three components: the shape from the PHSP
MC sample in the 7. signal region, a Breit—Wigner
function representing the N(X) resonance, and the shape
from the data sample in the 7. sideband region. The
fractions of the three components are also determined by
fitting the M(p/pn) distributions. Comparison between
the MC simulations and data indicates that the data can
be described better using the second mixing MC method,
as shown in Fig. 4. Therefore, the second mixing MC
sample is used to estimate the nominal detector effi-
ciency, and the efficiency difference between the two
mixing MC samples is taken as the uncertainty of the
physics model.
The BF for 5. — ppn is calculated by

Nobs
B pn) = , 2
(n. = ppn) NS oo % B % By x ¢ (2)

where N°% is the number of signal events obtained by

fitting, N;‘,’E%%) is the total number of y(3686) events, 3,

and B, are the BFs of y(3686) — yn. and n — yy taken
from PDG [2], respectively, and € is the detection efficiency
after correcting the track helix parameters in the MC
simulation as described in Sec. V.

Table I lists the number of #, signal events, BFs, and
other relevant values.

TABLEI. The obtained mass, width, phase angle, signal yields,
extracted nonresonant contribution, and BF of the decay 7. —
ppn for the two interference solutions. Here, N,, denotes the
integrated nonresonant contribution within the coherent compo-
nent. The uncertainties are statistical only.

Solution Constructive Destructive
M(n.) MeV/c? 2980.2 2.0 2080.2 + 2.1
I'(n.) [MeV] 325435 32.54+3.8
¢ [rad] 2.39 +£0.15 4.34 +£0.09
Nobs 757 + 31 2033 £ 61
Ny, 848 + 33 845 + 34
B(x1073) 0.90 + 0.04 2.42 +0.07

V. SYSTEMATIC UNCERTAINTY

The systematic uncertainties in the BF measurements
originate from several sources, as summarized in Table II.
They are introduced below.

(1) Tracking: The uncertainty of the p/p tracking is
estimated by the control sample J/y — ppr'n~,
and is assigned as 1.0% per p/p track [34].

(2) PID: The uncertainty of the PID of p/p hadrons is
studied using the control sample e*e™ — ppa®, and
is estimated to be 1.0% per p/p track [3].

(3) Photon reconstruction: The uncertainty of the pho-
ton selection is studied by using the control samples
J/w = ntn 7" and eTe™ — yy [35], and is deter-
mined to be 1.0% per photon.

(4) Kinematic fit: The systematic uncertainty of the 4C
kinematic fit is estimated to be 0.3% by comparing
the efficiencies with and without applying the helix
correction [36], where the correction factors for
protons are obtained by studying the control sample
w(3686) — ppr°.

(5) n reconstruction: The systematic uncertainty asso-
ciated with # meson reconstruction is dominated by
the contribution from photon reconstruction, which
has been addressed previously. The remaining un-
certainty originates primarily from the difference in
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TABLE II. Relative systematic uncertainties in the measure-
ments of the BFs, where “- - -” indicates a negligible contribution.
Here, “Sys. uncer.” denotes ‘“systematic uncertainty,” while
“Con.” and “Des.” denote the constructive- and destructive-
interference solutions, respectively. “total of prod.” is the total
systematic  uncertainty  for the product BF  of
Bly(3686) — yn | x Bln. — ppnl, while “total of n.” corre-
sponds solely to the uncertainty in Bly. — ppn).

Sys. uncer. (%)

Source Con. Des.
Tracking 2.0 2.0
PID 2.0 2.0
Photon reconstruction 3.0 3.0
Kinematic fit 0.3 0.3
n reconstruction e e
7" = yy veto by M(y,7,) 0.1 0.1
7" = yy veto by M(y,73) 0.1 0.1
1% = yy veto by M(r2y3) 01 01
w(3686) — nJ/y veto by RM(y,73) 0.5 0.5
Physics model 1.1 1.1
Fit method Damping function 0.8 0.8
Fit range 1.3 1.2
Efficiency curve e s
Shape of interference backgrounds 1.6 1.7
Fraction of interfering component 18.4 16.8
Number of noninterference backgrounds 8.9 8.9

Shape of noninterference backgrounds 10.8 3.0

B(n - 7ry) 0.5 0.5
Number of y(3686) events 0.5 0.5
Total of prod. 23.6 19.9
B(y(3686) — yn..) 13.9 13.9
Total of 7, 27.4 24.2

mass resolution between the data and the MC
simulation due to the applied mass window selec-
tion. A comparison of the M(yy) resolutions in data
and MC simulation shows that this source of
uncertainty is negligible.

(6) Background vetoes: To suppress backgrounds
involving 7z° or J/y mesons, mass windows are
applied in the selection of data. A difference
between the resolution in data and MC simulation
can lead to a systematic uncertainty. The data—MC
resolution difference is determined from the # signal
peak by fitting the data distribution with the signal
MC simulation shape convolved with an additional
Gaussian function. The width of the Gaussian is
taken as the extra smearing needed to account for the
resolution difference. For each veto, the correspond-
ing distribution in signal MC simulation is then
smeared using this Gaussian resolution difference.
The selection efficiency is determined with and
without the smearing, and the difference is used
to assign the associated systematic uncertainty.
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Physics model: The difference in efficiency between
the two signal MC samples, which are generated
under the two physics models described in Sec. 1V,
amounts to 1.1%. This value is assigned as the
corresponding systematic uncertainty.

Fit method

(a) Damping function: The systematic uncertainty
caused by the damping function is estimated by
changing the damping function developed by
KEDR [32] with the ope developed by CLEO
[371 (fu(E,) = exp(— SE—/;Z)) in the fit, where the
is a free parameter. The resulting difference on
the BF, 0.8%, is taken as the systematic un-
certainty.

(b) Fit range: In order to estimate the uncertainty
from the fit range, we perform a Barlow test [38]
of the significant deviation ({) between the
nominal fit and the systematic test. We
vary the fit range of M(ppn) from (2.780,
3.200) to (2.804,3.200) GeV/c* with a step
of 2 MeV/c?. The relative systematic uncertain-
ties are 1.3% for the constructive-interference
solution and 1.2% for the destructive-interfer-
ence solution, respectively.

(c) Efficiency curve: The systematic uncertainty due
to the efficiency curve is estimated by changing
the line shape of a second-order Chebyshev
function to the line shape of a third-order
Chebyshev function in fitting the efficiency
curve. The resulting difference in the BF is
negligible.

(d) Shape of interference backgrounds: The system-
atic uncertainty associated with the modeling of
the interference background shape is evaluated
using toy MC samples. These samples contain a
virtual pseudoscalar particle, implemented with a
BW function characterized by a mass of
2.4 GeV/ ¢ and a width of 150 MeV, and set
to interfere coherently with the 7. signal. The
shape of this component in the #,. mass region is
then described with a polynomial function, as in
the nominal fit. The difference between the true
and fitted signal yields for the #, is taken as the
corresponding systematic uncertainty, resulting in
values of 1.6% for the constructive-interference
solution and 1.7% for the destructive-interference
solution. This study also indicates that, in the
vicinity of the #,. signal region, a polynomial
function serves as a suitable approximation for
describing a broad resonance located at a
lower mass.

(e) Fraction of interference component: In the
nominal fit, we assume that all processes yield-
ing the final state y p pn interfere fully with the 7,
signal, and that possible ppn systems having
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quantum numbers other than 0~ would not
interfere. To test this assumption, we introduce
an additional noninterference component that
also produces the same final state, thereby
changing the scenario from full to partial inter-
ference. The shape of this added term is modeled
by a second-order polynomial, with its ampli-
tude floated and its shape parameters shared with
those of the interference background compo-
nent. The associated systematic uncertainty is
taken as the difference between the results
obtained with and without this extra term,
yielding values of 18.4% for the constructive-
interference solution and 16.8% for the destruc-
tive-interference solution.

(f) Number of noninterference backgrounds: The
systematic uncertainty associated with the nor-
malization of the noninterference background
component, N,,,, is evaluated by varying its
normalization factor to a value derived from
the yields observed in the # side band region.
The resulting uncertainty is 8.9%, which applies
equally to both the constructive- and destructive-
interference solutions.

(g) Shape of noninterference backgrounds: The
inclusive MC simulation may not fully replicate
the background present in the actual data. The
systematic uncertainty associated with the mod-
eling of the noninterference background shape is
estimated conservatively by replacing the line
shape of f,, with a second-order polynomial in
the fit. The resulting uncertainties are 10.8% for
the constructive-interference solution and 3.0%
for the destructive-interference solution.

(9) Quoted BFs: According to PDG [2], the uncertain-
ties from BFs of /(3686) — yn. and n — yy decays
are 13.9% and 0.5%, respectively.

(10) Number of w(3686) events: The total number of
w(3686) events in data is determined to be
(2712.4 £ 14.3) x 10° [11] from the data samples
collected in 2009, 2012, and 2021. Therefore, this
uncertainty is set to be 0.5%.

The systematic uncertainties are summarized in Table II,

where the total uncertainties are obtained by adding all of them
in quadrature, assuming all contributions are independent.

VI. SUMMARY

Based on a sample of (2712.4 + 14.3) x 10 y(3686)
events collected by BESIII in 2009, 2012, and 2021, the
n. — ppn decay is observed for the first time, via
the M1 transition w(3686) — yn.. The joint BF of the
w(3686) — yn., n. — ppn decay chain is measured to be
(3.2+£0.14+0.8) x 107 for the constructive-interference

solution and (8.7 0.3 £ 1.7) x 107° for the destructive-
interference solution, where the first uncertainties are
statistical and the second systematic. The BF of . —
ppn is determined to be B(n. — ppn) = (0.90 £ 0.04 +
0.21 +0.13) x 1073 for the constructive-interference sol-
ution and (2.4240.07 £0.48 +0.34) x 107 for the
destructive-interference  solution, where the third
uncertainties are due to the uncertainty in the BF of the
w(3686) — yn, decay.

Compared to theoretical predictions for B(n, — ppn)
discussed in the introduction, the measured results obtained
in this work for both the constructive- and destructive-
interference solutions are significantly higher than the
NRQCD prediction by about one order of magnitude,
while they are more consistent with the pQCD prediction
within uncertainties.
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