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Abstract: We present an updated analysis of the angular distribution for ¥(3686) — pp decay, taking into account

transverse beam polarization, to investigate potential sources of forward-backward asymmetry and azimuthal modu-
lation beyond the simple 1+acos?6 form. We focus on the interference between the (3686) resonance and the

two-photon exchange continuum process, as well as the background from initial-state—final-state radiation interfer-
ence. A maximum-likelihood fit to the cosf distribution of ¥(3686) — pp yields @ =1.00+0.03, consistent with

previous results. The fitted contributions from the two-photon interference are small but non-negligible, while the

ISR-FSR background is negligible. Our model predicts a significant sin(2¢) modulation in the azimuthal angle, in-

dicating the influence of transverse beam polarization. These findings motivate future two-dimensional angular ana-

lyses to fully disentangle the polarization and interference dynamics in charmonium decays to baryon pairs.
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I. INTRODUCTION

Precise measurements of the electromagnetic form
factors of nucleons in the timelike region through pro-
cesses such as e*e” — pp and e*e™ — nii provide crucial
insights into the non-perturbative structure of baryons.
These form factors, encoding the spatial ‘distributions of
electric charge and magnetization, serve as fundamental
probes of Quantum Chromodynamics (QCD) in the con-
finement regime. Data from the BESIII experiment [1—4],
with unprecedented precision, enable stringent tests of
theoretical models and help resolve long-standing
puzzles, such as the relative strength of photon couplings
to protons and neutrons and the oscillatory behavior [5, 6]
observed in the effective form factors. Such studies
bridge the spacelike and timelike domains, offering a
deeper understanding of nucleon dynamics, the role of fi-
nal-state interactions, and the transition between perturb-
ative and non-perturbative QCD.

The differential cross section for the annihilation pro-
cess e*e” — BB, where B denotes a proton (p) or neutron
(n), is expressed as a function of the center-of-mass en-
ergy squared s and the baryon's polar angle 6:
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where  aqrp is the fine-structure  constant,
B=+/1-4m%/s is the baryon velocity, mj is the baryon
mass, and C is the Coulomb enhancement factor for
charged final states (pp) or unity for neutral ones (nn).
The electric and magnetic Sachs form factors, Gg(s) and
Gy (s), characterize the internal spatial distributions of
charge and magnetization. Their ratio |Gg/Gy| and indi-
vidual moduli can be extracted by fitting the measured
cosf distributions. In the timelike region (s> 0), these
form factors are complex, and their behavior near
threshold provides critical information on final-state in-
teractions and non-perturbative QCD dynamics

The angular distributions in J/y — pp and ni decays,
parameterized as 1+acos?6, provide a sensitive probe of
the underlying baryon structure and production dynamics
[7-9]. These decays proceed via three-gluon annihilation,
offering a gluon-rich environment to test perturbative
QCD and the role of gluon spin. The parameter a reflects
the interplay between quark-mass effects, relativistic cor-
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rections, and baryon wave functions, distinguishing
between asymptotic predictions and non-perturbative
models. Measurements of a for both pp and ni final
states can reveal isospin dependencies and SU(3) flavor-
symmetry breaking, while comparisons with (3686) de-
cays test heavy-quark spin symmetry and production
mechanisms. Such studies are crucial for constraining
quark models, understanding baryon formation, and ex-
ploring exotic hadronic configurations.

Existing data, primarily from BES and CLEO experi-
ments, reveal that «,; for ¥(3686) is consistently meas-
ured around 1.03 +0.07 [10], larger than the J/y value of
0.676£0.055 [11], suggesting different dynamical ori-
gins. The first observation of (3686) — nia by BESIII
yields @,; = 0.68£0.16 [10], which is consistent with «,;
in J/¥ decays within one standard deviation, but exhibits
a discrepancy greater than 1o compared to that from
¥(3696) decays. The considerable uncertainties preclude
definitive conclusions, thus motivate further precision
studies to understand flavor-symmetry breaking and the
role of quark-mass effects in charmonium decays into ba-
ryon pairs.

The measured branching ratios for (3686) — pp and
W(3686) — nii are consistent within one standard devi-
ation [10], indicating negligible SU(3) flavor-breaking ef-
fects in the final state. This makes it particularly challen-
ging to understand, within the quark model framework
[7], why the angular distribution’ parameter o for
W(3686) — pp differs so significantly “from that for
W(3686) — nii and also deviates markedly from a in
J/y — pp decays [11]. Current experimental analyses are
limited to one-dimensional (1D) angular distributions and
do not account for potential asymmetry in the data [10].
The accumulation of large ¥(3686) data samples at BE-
SIII call for an updated and more comprehensive meas-
urement to clarify the underlying dynamics and to con-

Fig. 1.

Feynman diagrams of one (a,b) and two (c,d) virtual photon processes e*e™
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strain theoretical models of baryon production in char-
monium decays.

Extending the 1+ acos?@ parameterization of angular
distribution in previous analyses, an improved measure-
ment can be performed by analyzing the two-dimension-
al (2D) angular distribution in polar and azimuthal angles,
incorporating the effects of transverse beam polarization
in e*e” collisions [15]. Several studies have investigated
asymmetry phenomena in the electron-positron annihila-
tion into protons process [16, 17]. To advance our under-
standing, a comprehensive approach incorporating poten-
tial physical asymmetries in the polar angular distribu-
tion is required. Accounting for asymmetries arising from
interference contributions from two-photon processes and
backgrounds from initial-final state radiation interference
is essential for extracting precise angular coefficients and
clarifying the underlying production dynamics.

II. ANALYSIS OF ANGULAR DISTRIBUTION

At the ¥(3686) energy point in electron-positron anni-
hilation experiments such as those conducted at BEPCII,
the final state pp events can be produced through several
processes, as illustrated in Fig. 1: resonant production via
¥(3686), single-photon exchange, and two-photon ex-
change. Among these, the y(3686) resonance dominates
with a cross section of approximately 1700 nb, while the
single-photon process provides a secondary contribution.
The intermediate Z-boson exchange is neglected here due
to its off-shell suppression, which leads to negligible pro-
duction at this energy. Although the two-photon process
appears at the order of (g, and is negligible, its interfer-
ence with the (3686) amplitude could introduce non-
trivial asymmetries in the polar angular distribution. The
asymmetries can be tested experimentally using available
data.

— " /Y (3686) or y*y* — pp
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Table 1. Measurements of branching fractions (8) and angular distribution parameters () for ¥(3686) — pp and y(3686) — nin decays.

The first and second uncertainties are statistical and systematic, respectively.
Source(Year) Process Branching Ratio 8 o parameter Ref.
BES (2004) Iy — pp (2.26£0.01+0.14)x 1073 0.676 +0.036 +0.042 [11]
BES (2012) JIy — pp (2.112+0.004+0.031) x 1073 0.595+0.012+0.015 [12]
BES (2012) JI = ni (2.07£0.01£0.17)x 1073 0.50+0.04+0.21 [12]
BES (2007) w(3686) — pp (3.36+£0.09+0.25)x 10™* 0.85+0.24 +0.04 [13]
CLEO (2005) ¥(3686) — pp (2.87+0.12+0.15) x 10~ a not reported [14]
BESIII (2018) w(3686) — pp (3.05+£0.02+0.12)x 10™* 1.03 +£0.06+0.03 [10]
BESIII (2018) ¥(3686) — nit (3.06+0.06+0.14)x 10~ 0.68+0.12+0.11 [10]

Experimentally, the pp final state is characterized by
two angular observables: the polar angle 6 and the azi-
muthal angle ¢. The contributions from the aforemen-
tioned processes, including their coherent interference,
can be described by a differential angular distribution that
depends on both 6 and ¢. This distribution provides a
sensitive probe to disentangle the resonant, single-photon,
and two-photon components, as well as to test potential
interference effects that may arise from transverse beam
polarization or higher-order QED contributions. Such
analyses enhance the precision of cross-section measure-
ments and enable deeper investigations into the dynam-
ics of baryon pair production near charmonium reson-
ances.

In this section, we formulate the angular distribution
for the resonant and single-photon processes by incorpor-
ating the beam transverse polarization. Subsequently, we
extend the analysis to include the interference with the
two-photon exchange process. Finally, we formulate the
interference terms from initial-state and final-state radi-
ation.

A. Beam Transverse Polarization

At BEPCII, the transverse polarization of electron and
positron beams arises naturally due to the Sokolov—Ter-
nov effect [15] —a self-polarization mechanism where
spin-flip synchrotron radiation during circulation in the
storage ring leads to a gradual buildup of polarization
perpendicular to the beam direction. This process results
in a characteristic polarization Pr that increases with
storage time, reaching significant levels away from de-
polarization resonances. The spin density matrix of
beams can be described by [18]

1+P, Py ) fore.

1

p =5 )
2 ( P, 1-P.
1{ 1+P, P

pt== - T_ fore*,
2\ Py 1-P.

where P, and P, denote the longitudinal polarizations of

the electron and positron, respectively. In the symmetric
BEPCII configuration with transverse polarization only,
P.=P.=0 and P; is non-zero, leading to off-diagonal
elements that modify angular distributions and enable
new observables in baryon decay analyses.

At the BEPCII experiment, the evolution of beam
transverse polarization is intrinsically linked to the stor-
age ring’s geometry and operational conditions. The po-
larization builds up naturally through the Sokolov—Ter-
nov effect, with a characteristic time dependence de-
scribed by P, =|Py| = Py(1—e"/™), where 7, depends on
the ring radius and beam energy. A simplified numerical
estimate indicates that, after about one hour of beam in-
jection at the ¥(3686) energy, the transverse polarization
can reach approximately 28% [18]. This polarization can
be experimentally measured offline using reference pro-
cesses such as e*e” — u*u~ and yy production. The avail-
ability of transverse polarization introduces additional ob-
servables in the angular distribution of pp final states, en-
abling a deeper investigation into the underlying produc-
tion mechanisms —particularly the origin of azimuthal
asymmetries that may arise from interference between
resonant and continuum amplitudes.

B. efem — vy /Y (3686) — pp
For the process e*e™ — pp via the intermediate states
v*/w(3686), its angular distribution can be written as

do
dcost

— + 1
o E Pag P, D). _,0-2,(¢,6,0)

A
i A

xD ;;74,;,/1{ _1,(9,0, O)Tla,ab,/u A TAIZ,A;,,AF,AJ , 2
where A,, A, =+x1/2 and A,, 4, = +1/2 denote the heli-
city values of the electron and positron, respectively.
A.=%1/2 and A, = £1/2 denote the helicities of the pro-
ton and antiproton. D, represents the Wigner-D func-
tion in terms of the proton helicity angles 6 and ¢, and T
denotes the helicity amplitude. The process conserves the
parity, leading to the  symmetry  relation
1

ol .
T aptoca, = Ti,ay0.0,- Considering that the process
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ete” — y* strictly obeys the helicity conservation rule,
this leads to the helicity selection rule for e*/e™, which
can be expressed using the Kronecker delta ¢,,_,,. After
straightforward algebraic simplification, we obtain

do .
———— o | +@cos® 0+ aP?sin’ §cos 24,
dcosfd¢

where a is the angular distribution parameter for proton
within the region « €[-1,1]. Here the normalized rela-
tions, |T11/2’_1/2,1/2,_1/2|2 =(1+a)/2 and |T11/2,—1/2,1/2,1/2|2 =
(1-a)/4, are used.

C. Interference with two-photon process

To account for the potentially asymmetric angular
distribution of the proton, we consider the interference
between processes involving ¥(3686) and two-photon
contributions. The proton distribution from (3686) de-
cay yields a symmetric profile, corresponding to the S-
and D-wave components of the proton, whereas the two-
photon process also comprises contributions from partial
waves with L =1,3. Interference between these terms
therefore leads to an asymmetric distribution. In this ana-
lysis only P-wave contribution is considered.-The amp-
litudes for processes (a) and (c) in Fig. 1 canbe uni-
formly expressed as

1
Fage Qs Ay Aes A) = =D (2 e+ 1)

Jaje

Jaje* Ja
XDy g i, 0,00T37 2 0y ()

where J,,. represents the spin of the intermediate state.
For the ¥(3686) process, we take J, = 1. In the case of the
two-photon process, there are three possible spin config-
urations: J.=0,1,2. The helicity selection rule forbids
simultaneous coupling of one and two photons of J. =0
system to the e*e™ beams, which cancels the interference
contribution. For the J. =1 configuration, C-parity con-
servation results in only one non-zero helicity amplitude,
Tij2-1212-172, yielding a symmetric distribution of order
@{ep» Which can be neglected. Thus, we only consider the
interference term of the case J.=2 with resonance, at
level of a3,z;, order. Then we have the interference contri-
bution Lac < >y, p;a,/l(;pjlb,/[[:Re(ﬂaﬂ;), and

AA % Dy, 0-2,8:0.0D% . 1,(8,6,0)

1 2
XTI, aeta Lo 20 000 )

Using the parity-conserved relations, 72, , , =
T3 .,...,> one has the reduced formula:

dl .
dcosfdg

with

1
A:8\/§V1+acos(%+ﬁ)H2 ,

1_11_1
2°72°27%

o cosf {A -[cos? @+ P? cos(2¢) sin* 6] — B-sin” 0|,

[

)

B=8V3/la—1|[~1+P?cos(2¢)]

xcos(%(a—l)) H3 , (6)

_L 11
272272

where f is the phase angle difference between
Tip 1jpipapand T, p1n i, and a is the angular dis-
tribution parameter of proton. Here, we treat H* as a real
number, based on the consideration that the photon coup-
ling with charged particles via (ie)?, and the fact that both
the photon and proton are zero-width particles leading to
a real amplitude. A numerical investigation in Ref. [19]
showed that the form factor for photon—proton coupling
has a negligible imaginary part, which justifies the use of
a real-amplitude approximation.

If the ¢ is integrated out, one has a reduced distribu-
tion [16, 19]

d[a(‘
dcos®

1
A:Sﬁv1+acos(¥ +,8) Hz%,_l L1
3
B=8V3/|a- 1|cos<§(a—l)> H?

o« Bcost+ (A — B)cos® 6, with

The asymmetry distribution is plotted in Fig. 2 for the
parameter choice @ =1,8=0, and is displayed in arbit-
rary units.

Interference distribution (a =1, =0)

7.54

5.0

254

dI,c/dcosB (arb. units)

—1.00 70‘75 70‘50 70125 O.E)O 0.‘25 0.‘50 0.‘75 1.00
cos6

Fig. 2.  (color online) Asymmetric proton angular distribu-

tion resulting from the interference between resonance and

two-photon processes.
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D. ISR-FSR Interference

The corrections from initial-state radiation (ISR) and
final-state radiation (FSR) have been extensively studied
in quantum electrodynamics. Calculations show that the
photon radiation from charged particles is concentrated
near the direction of the particle's motion, decreases rap-
idly as the angle increases, and the radiation probability is
inversely proportional to the square of the charged
particle's mass. The higher the energy of the radiated
photon, the lower the probability of its emission.

In ISR, the photons produced are mostly soft photons
along the beam direction. In FSR, the photons radiated by
protons and antiprotons are mainly emitted along their re-
spective directions of motion. Their energies are mostly
below the sensitivity threshold of photon detectors, so
they may not be detected. Such undetected final-state ra-
diation processes have the same final observed state as
the signal channel, thereby forming an important type of
background. The tree level of ISR-FSR diagram is shown
in Fig. 3.

Although the probability of FSR from protons (anti-
protons) is much smaller than that of ISR, the interfer-
ence between them can lead to an asymmetry in the angu-
lar distribution. This is because, in ISR, the pp system
has a parity of 1~ and is in a superposition of S-wave and
D-wave states, while in FSR, the pp system is in a P-
wave state. The interference between states of different
parity can produce an asymmetric angular distribution.
This asymmetric profile has been found for the process
[17].

To investigate the contribution of the ISR—FSR inter-
ference to the asymmetry, we compute the interference
term between diagrams (a) and (b) in Fig. 3, which can be
written as Ij; o 2Re(p*p" MiM;3). Here p* and p~ de-
note the spin density matrices of the positron and elec-
tron, respectively, while M; and M, represent the amp-
litudes corresponding to diagrams (a) and (b) in Fig. 3.

For diagram (a) the amplitude reads

1
Ml ~ D/llir_,l_,/lp_/lﬁ(¢7050)Dz;,/1+7,17(¢1’91’0)

®)

XHy a4, Ga,ays

where A,, A_, 4, and 1A; are the helicities of the positron,
electron, proton, and antiproton, respectively. The factor
G,,., 1is the helicity amplitude for the subprocess

Fig. 3.

Tree level of Feynman diagrams for ISR (a), FSR (b) processes e*e™

-5

e" — ye*, described by the helicity angles (¢;,6;). The
quantity Hy i ,,4, denotes the helicity amplitude for the
coupling of the e*e™ pair to the pp system.

For diagram (b) the amplitude is

1
M, ~ DL—A_,A;—AP@’G’ 0)D} 4,-a,(¢2.62,0)
XHp a0, Faga,s

)

where F,,,, 1is the helicity amplitude for the radiation
p — yp with helicity angles (¢,,6,), and Hy, 4 1 1, again
describes the e*e™ — pp vertex.

Taking into account both ISR and the two FSR pos-
sibilities for the cases the photon emitted from either the
proton or the antiproton, the interference contribution to
the cross section can be expressed as

OISRCFSR ¢ 2 RC[P+.0_M1 (M; + M([62,¢2] = [93»453]))] ,
(10)

where the replacement [6,,¢,] — [0, ¢3] indicates that the
FSR photon is emitted from the antiproton, with corres-
ponding helicity angles 6;,¢;. Events in which the ISR or
FSR photon escapes detection (because it is soft or collin-
ear) lead to the same visible final state as the signal chan-
nel e*e” — pp. Such configurations therefore constitute
an irreducible background, which we treat by integrating
over the unobserved photon angles.

If the angles for the ISR(FSR) photons are integrated
out, then one has the angular distribution,

dorisr-Fsr

—— x4 20)— V2si
dcosﬁdqboc (6+6cos( 6) V2sin6

+6P? cos(2¢)sinf( V2sin® (g) +2sin0)
+c0s6(4+3 V2sind) Ja—2(4 V2cosh+ V2cos(26)
+2sin6(12+ V2P? cos(2¢)sin6) ) V1 -a?
+2(24+8cosf+8 V2P cos (g) cos(2¢)sin® (g)

—6V2sin0+ V2sin(26) +5 \/2—2a2), (11)

where P, and o are the beam transverse polarization and
the angular distribution parameter of proton, respectively.

— (3686) — pp.
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ISR-FSR interference distribution (a = 1)

120

100

do B
Fop (arb. units)

40

20

-1.00 -0.75 -0.50 -0.25 0.00

cos6

0.25 0.50 0.75 1.00

Fig. 4. (color online) Asymmetric proton angular distribu-
tion resulting from the interference between ISR and FSR pro-
cesses.

If the ¢ is integrated out, one has

dosr-Fsr

oc4(6+6cos(20)— V25sin@ +4cosé
dcos@

+3 \/Esinecose)a
—2(4 V2cos@+ \/Ecos(ze)+24sin9) Vi—a?
+2(24+800$0—6\/§sin0+ V25in(26)

+5\/§«/1—a2).
(12)

III. UPDATE ANALYSIS OF e*e — pjp

A. Updating the Fit to the Measured Proton cosé Dis-
tribution

The angular distributions for ¥(3686) — pp and nn
were previously measured by the BESIII collaboration
[10], using 1.07 x 10® ¢(3686) events. In that analysis, the
angular distribution was described by 1+acos?6. They
explored the possibility of a forward-backward asym-
metry by introducing an odd cos@ contribution into the
angular distribution, parametrized as 1+ 8cos6+ acos’6.
In their analysis, while the anomalous term was found to
be consistent with zero, pB,;=0.04+0.05 and
Byp =0.01£0.02, its physical origin remained unspe-
cified and the treatment should be understood beyond the
empirical asymmetry. Moreover, they did not account for
the background from ISR-FSR interference. In order to
properly account for the two-photon interference asym-
metry and incorporate the ISR-FSR interference back-
ground, we performed a renewed fit to the angular distri-
bution incorporating the asymmetry sources.

The fitting is carried out using the maximum likeli-
hood (ML) method. The likelihood function £ is defined

as:
n dotot
=T1P (1 =)o, ) 13
2 =17 (31 jogg@menet). 03

wheIrF y; is the observed number of events at 6,
do™®

dcosé
parameters p, and o and o} are the lower and upper un-

certainties of the measurement, respectively. The probab-
ility density function P.is constructed by a Gaussian func-
tion.

The fitting procedure obtains the optimal parameter
estimates by minimizing the negative log-likelihood:

(6;P) is the theoretical prediction evaluated with

tot

- do
—1 = - 1 P il — (0}, N 4_, +) . 14
n L(p) ,-E:I n (y ldcosﬂ(e p).o;,0; (14)

Since only a 1D distribution in cosé is available in the
published analysi‘s[ [10], the theoretical angular distribu-

tion function is defined by integrating out ¢:

dcos0
do' do dT, dorisg—
P = Ne(6 ( + ac ISR FSR> , 15
dcos@ €@ dcosd dcos6 “ dcos@ (13)

here N is a normalization factor, e(6) represents the effi-
ciency correction curve adopted from the experimental
analysis [10], and ¢, is a fit parameter scaling the contri-
bution from initial-final state radiation (ISR-FSR).

The angular parameter a was measured to be
1.03+0.06+0.03 [10] with the 1+acos*6 parameteriza-
tion. We now perform a new ML fit to this reported angu-
lar distribution to test the validity of our proposed formal-

ism. During the ML fit, we treat H3 and H} 1

1 11 1

273272
as real parameters and float A 2%,_%’%,_%, H 3_%,5 1
and f. The results are shown in Fig. 5, and the fitted val-
ues of main parameters are summarized in Table 2.

Our fitted angular parameter for the proton,
a=1.00+£0.03, is consistent with the previously pub-
lished value of @ =1.03+0.06+0.03 within one standard
deviation. With the fitted parameters, we plot the ¢ distri-
bution as shown in Fig. 6. A distinct feature is that the
¥(3686) production distribution deviates from the phase
space distribution, exhibiting a sin(2¢) modulation, while
the phase space is flat. The interference contributions
from the resonance and the two-photon process are relat-
ively small but not trivial. In contrast, the ISR-FSR inter-
ference background is negligible. In order to uncover
transverse polarization and the interference behavior
between the resonance and two-photon processes, a 2D
analysis of the nucleon's polar and azimuthal angles
should be performed. We hope this approach can be real-
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(color online) The plot of cos6, distribution. The contribution of the interference with two-photon exchange process is shown

by a azure line, the contribution of initial state radiation and final state radiation interference is shown by a light blue line. The total
PDF is shown by a red line. (b) shows the detail of distributions of the interference terms.
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(color online) The plot of expected ¢, distribution at ¢ =1.00, P,=0.22, 8=0.50, ¢; =0.003, le/2,-1/2,|/2,-1/2 =0.058, and

Hf/zﬁ 172172172 = 0.0. (b) shows the detail of distributions of the interference terms.

Table 2. Result of parameters of the proton angular distribu-
tion fit.

Parameter Value
a 1.00+0.03
B 0.50£0.18
H12/2,71/2,1/2,71/2 0.058 £0.072
H%/Z,—I/Z,l/z,l/z 0.00+0.01

ized in future data analysis.

B. Sensitivity of P, Measurement

To evaluate the sensitivity of P, measurement, we
generate 0.17 million toy Monte Carlo (MC) events us-
ing the amplitude model for the decay y(3686) — pp, at
each of the P, values: P,=0.1, 0.2, 0.4, 0.6, 0.8. Other
parameters are fixed to «=1.00, 8=0.50, ¢; =0.003,
Hi\y i pajp-1p =0.058, and Hi, 5101/, = 0.0. For estim-
ating the sensitivity versus the number of events, mul-
tiple samples are prepared by sampling randomly from
the the 0.17 million toy MC events. Additionally, about
0.38 million phase space MC events are generated for
calculating the normalization factor in the likelihood

function.
The 2D differential cross section is defined as:

dO'lOl _ do + dIac
dcosbde  dcosbdyp  dcosbdp

dosr-Fsr

, 16
“ dcosfdy (16)

The likelihood function for i-th event is defined as:

.Ei(COSQ[,¢[|a/,P,,ﬂ,C1,H2l _11 _l’Hzl _11 l)
2272272 2720202
do*®/d cos 0;d;
_ do7/dcosbidy; (17
oot

here the normalization factor o' is calculated with the
MC method, namely o = 3.— Soe dc’i‘srgid%_, here Ny is
the number of phase space MC events. Instead, we min-

imize the object function for the Ny events

Nat

—InL = - Z InL', (18)

using the TMinuit package [20]. The statistical signific-
ance to measure the P, signal is estimated by comparing
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(color online) The plot of P, significance as a func-

value.

the differences in the log-likelihood values (A(-InL))
with and without P, parameter. The resulting signific-
ance for P, parameter is estimated by JA(=InL)|, and it
is then plotted as a function of the number of events for
varying P, values.

As shown in Fig. 7, a significance of 50 can be
reached with only about 0.1 million events when P, > 0.2.
Given that BESIII has accumulated 2712.4 million
¥(3686) events, approximately 0.5 million y(3686) — pp
events can be selected. This sample allows us to pre-
cisely measure the transverse beam polarization at BEP-
CII, which is theoretically expected to reach about 0.28
[18] after one hour of beam energy injection.

IV. SUMMARY AND OUTLOOK

We have presented an updated analysis of the angular
distribution in ¥(3686) — pp decay, extending beyond the
traditional 1+ acos®# parameterization by explicitly in-
corporating the effects of transverse beam polarization
and investigating potential physical sources of asym-
metry. The analysis focused on two key contributions: the
interference between the resonant (3686) amplitude and
the two-photon exchange continuum, and the back-

ground from initial-state—final-state radiation (ISR-FSR)
interference. A ML fit to the 1D cos@ distribution was
performed, yielding an angular parameter o = 1.00+0.03,
which is consistent with the previous BESIII measure-
ment. The fit results indicate that while the contributions
from the two-photon interference are small and the asso-
ciated helicity amplitudes carry large uncertainties, they
are non-negligible. We also estimate the statistical signi-
ficance of P, measurement using the generated toy MC
events. A significance of 50 is achievable with about 0.1
million events when P, >0.2. A significant outcome of
incorporating transverse polarization is the prediction of a
distinct sin(2¢) modulation in the azimuthal distribution,
which clearly deviates from a flat phase-space expecta-
tion.

Our work highlights the limitations of 1D angular
analyses and underscores the importance of a full 2D
(cos®,¢) approach to disentangle the complex dynamics
at play. The observed sin(2¢) modulation, directly linked
to transverse beam polarization, serves as a new observ-
able sensitive to the interference between the resonant
and non-resonant amplitudes. Future analyses with high-
er statistics should implement such a 2D angular fit. This
would not only allow for a more precise and simultan-
eous extraction of the polar asymmetry parameter o and
the ¢-modulation coefficients but also enable a direct
constraint on the transverse polarization degree P, from
the baryon decay data itself, providing a valuable cross-
check with other calibration processes like e*e™ — utu~.

Looking forward, with the continued accumulation of
¥(3686) data at BESIII and the potential for dedicated
runs with enhanced beam polarization, future measure-
ments will have the sensitivity to precisely determine the
helicity amplitudes governing the two-photon process,
thereby offering deeper insights into the interplay
between QCD-driven resonance decays and QED con-
tinuum processes in the timelike region. This compre-
hensive angular analysis paves the way for a more com-
plete understanding of charmonium decays into baryon-
antibaryon pairs.
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