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Using ð10.087� 0.044Þ × 109 J=ψ events collected with the BESIII detector at the eþe− BEPCII
collider, we present the first amplitude analysis of J=ψ → γpp̄ with the pp̄ invariant mass in the ηc mass
region ½2.70; 3.05� GeV=c2. The product branching fraction BðJ=ψ → γηcÞ × Bðηc → pp̄Þ is determined
to be ð2.11� 0.02stat � 0.07systÞ × 10−5 with precision improved by 1 order of magnitude. Combining with
the product branching fractions Bðηc → pp̄Þ × Bðηc → γγÞ and BðJ=ψ → γηcÞ × Bðηc → γγÞ, the branch-
ing fractions of BðJ=ψ → γηcÞ and Bðηc → γγÞ are calculated to be ð2.29� 0.01stat � 0.04syst �
0.18opbfÞ% and ð2.28� 0.01stat � 0.04syst � 0.18opbfÞ × 10−4, respectively, which are consistent with
the latest lattice quantum chromodynamics calculations. Here, opbf is the uncertainty from the other
product branching fractions used in the calculation.
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The transition between heavy quarkonium systems
presents an ideal laboratory to investigate the theory of
the strong interaction, quantum chromodynamics (QCD),
in both the perturbative and nonperturbative regions. The
magnetic dipole (M1) transition between the two lowest-
lying charmonium states, J=ψ → γηc, is of great interest.
The predicted transition width in the nonrelativistic limit
[1] is found to be significantly larger than the experimental
results [2] by a factor of between 2 and 3. Several
theoretical studies have attempted to resolve this long-
standing puzzle, including dispersion sum rules [3], QCD
sum rules [4], relativistic quark models [5], nonrelativistic
potential models [6,7], effective field theories [1,8,9], light-
cone sum rules [10], and lattice QCD (LQCD) [11–18].
However, a significant discrepancy remains between exper-
imental measurements and theoretical predictions. In par-
ticular, LQCD calculations are systematically larger than
the Particle Data Group (PDG) average [2] by approx-
imately a factor of 2.
Experimental measurements of BðJ=ψ → γηcÞ were

early reported by CLEO-c [19], KEDR [20,21], and
Crystal Ball [22] via inclusive hadronic decays of ηc.
Although these works successfully revealed the asymmetric
line shape of ηc and the necessity of damping factors, the
potential interference between the ηc and nonresonant (NR)
amplitudes was either ignored or insufficiently considered.
This neglect could potentially result in a bias of up to

dozens of percent. Later, BESIII presented some
measurements of the product branching fraction (BF)
BðJ=ψ → γηcÞ × Bðηc → fÞ in various exclusive final
states f [23–25], but still with the interference being
ignored. However, as demonstrated in Ref. [26], even if
taking into account this interference in one-dimensional fit
to the ηc mass spectrum, a considerable uncertainty up to
dozens of percent is inevitable due to the unknown NR
contributions other than JPC ¼ 0−þ. Besides, two solutions
with different interference patterns are found to be indis-
tinguishable in Ref. [26], which lead to further ambiguities.
Therefore, an amplitude analysis, such as that performed in
Refs. [27,28], is highly desired to incorporate all available
information into the fit and provide a more reliable
description of the interference, hence benefits precise
determinations of the BF and resonance parameters.
The BESIII collaboration recently reported a BF meas-

urement of ηc → γγ in J=ψ → γηc [25]. The product
BðJ=ψ → γηcÞ × Bðηc → γγÞ is in good agreement with
the latest LQCD calculations [17,29], while the BF of
ηc → γγ, determined using the BF of J=ψ → γηc from the
PDG [2], significantly differs from these LQCD calcula-
tions and the PDG global fit value [2] by more than 3σ.
Therefore, independent and precise measurements of the
BF of J=ψ → γηc are crucial for clarifying these discrep-
ancies and testing the theoretical models.
Additionally, the hyperfine mass splitting between the

J=ψð13S1Þ and ηcð11S0Þ cc̄ systems is of importance for our
understanding of interquark potential for charmonium
system.Various lattice-QCDcalculations [30–33] have been
reported, most of which are in good agreement with each
other within small theoretical uncertainties. Hence, precise
determination of ηc resonance parameters in experiments is
highly desired for the validation of relevant calculations.
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In this Letter, by analyzing ð10.087� 0.044Þ × 109 J=ψ
events [34] collected with the BESIII detector at the
symmetric eþe− collider BEPCII, we present the first
amplitude analysis of J=ψ → γpp̄ with the pp̄ invariant
massMpp̄ in the ηc mass region ½2.70; 3.05� GeV=c2, based
on which precise measurements on ηc contributions and
resonance parameters are performed.
Details about the design and performance of the BESIII

detector are provided in Refs. [35–38]. The inclusive
Monte Carlo (MC) sample, which includes both the
production of the J=ψ resonance and the continuum
processes incorporated in the KKMC [39] generator, are
employed to study potential background contributions. All
particle decays are modeled with the EVTGEN tool [40]
using BFs either taken from the PDG [2], when available,
or otherwise estimated with the LUNDCHARM model [41].
Final state radiation (FSR) from charged final state particles
is incorporated using PHOTOS [42]. The simulations of
exclusive MC samples are described below.
Candidates for J=ψ → γpp̄ must have two charged

tracks with zero net charge. Charged tracks detected in
the main drift chamber (MDC) are required to be within a
polar angle (θ) range of j cos θj < 0.93, where θ is defined
with respect to the z axis, which is the symmetry axis of the
MDC. Their distance of closest approach to the interaction
point must be less than 10 cm along the z axis, and less than
1 cm in the transverse plane. Particle identification (PID) is
performed using the specific ionization energy loss and
time of flight information, and the resultant likelihood for
protons is required to be greater than those for pions and
kaons. Photon candidates are chosen from isolated clusters
in the electromagnetic calorimeter (EMC). Their energies
are required to be greater than 25 MeV in the barrel
(j cos θj < 0.8) region and 50 MeV in the end-cap
(0.86 < j cos θj < 0.92) region. Reconstructed clusters
due to electronic noise or beam backgrounds are sup-
pressed by requiring the EMC timing to be within [0,
700] ns after the event start time. To suppress background
photons produced by hadronic interactions in the EMC, and
secondary photons from bremsstrahlung radiation, clusters
within cone angles of 20° and 30° around the extrapolated
positions in the EMC of protons and antiprotons, respec-
tively, are rejected [43]. At least one photon candidate is
required for further analysis.
A four constraint (4C) kinematic fit, requiring energy

and momentum conservation between the initial
and final states, is imposed under the hypothesis of
eþe− → J=ψ → γpp̄. If there is more than one combina-
tion due to multiple photon candidates, the combination
with the minimum χ24C is selected. The χ24C is required to be
less than 23 based on the optimization of the figure of merit
defined as ðS= ffiffiffiffiffiffiffiffiffiffiffiffi

Sþ B
p Þ [44], where S in the numerator is

the signal yield from MC simulation and Sþ B in the
denominator is the number of events from the data sample.

Only candidates within the ηc mass region are kept for the
amplitude analysis.
After applying all selection criteria mentioned above,

479 652 candidate events for J=ψ → γpp̄ survive in the
data sample. The J=ψ inclusive MC simulation contains
two dominant background components: J=ψ → pp̄γF and
J=ψ → pp̄π0, where γF is an FSR photon. The process
J=ψ → pp̄γF is well simulated in the inclusive MC sample
with PHOTOS [42], which contributes to the background at a
level of 22.8% of the total events. The consistency between
data and MC simulation is checked with the control sample
J=ψ → pp̄, where the energy spectra of FSR photons show
good agreement. Another exclusive MC sample is simu-
lated for the J=ψ → pp̄π0 decay based on a preliminary
amplitude analysis result, and the corresponding back-
ground level is estimated to be 4.2%. The contribution from
other J=ψ background processes is predicted to be less than
0.2% and modeled with inclusive MC simulation in the
amplitude fit. The non-J=ψ background is studied with the
data sample taken at

ffiffiffi
s

p ¼ 3.080 GeV, corresponding to
an integrated luminosity of ð167.4� 0.1Þ pb−1 [34]. Its
fraction, after taking into account the difference in lumi-
nosities [34], is estimated to be less than 0.7% and ignored
in further analysis.
Figure 1 shows the distributions of the pp̄, pγ, and p̄γ

invariant masses, as well as those of cos θγ, cos θp
and ϕp. Here, θγ is the polar angle of the photon in
the J=ψ rest frame with the z axis defined as the
direction of the eþ beam and ðθp;ϕpÞ are the polar and
azimuthal angles, respectively, in the pp̄ helicity frame.
No significant structures in the Mpp̄ or Mpγ two-
body invariant mass spectra are seen, other than the ηc
meson. As a check, potential contributions from
N�ð1440=1520=1535=1650Þ → γp are estimated with

NJ=ψ ×B½J=ψ→N�p̄;N�→pπ0þc:c:�× BðN�→pγÞ
BðN�→pπ0Þ×ε;

ð1Þ

where B½J=ψ → N�p̄; N� → pπ0 þ c:c:� is taken from
Ref. [45]; BðN� → pγ=π0Þ is from the PDG [2]; and ε
is the detection efficiency of J=ψ → N�p̄ðN� → pγÞ þ
c:c: determined using MC simulation. The sum of back-
ground fractions of N� baryons is less than 1.4%, and the
N� background is ignored in the amplitude analysis.
The covariant tensor amplitude constructed in Ref. [46]

is applied in the amplitude analysis, which is expressed as

AðsÞ ¼ ψμðp;mJ=ψ Þe�νðq;mγÞ
× ψλsðpp; Sp;pp̄; Sp̄Þ

X
i

ΛiU
μνλs
i : ð2Þ

Here, ψμðp;mJ=ψÞ is the polarization four vector of the J=ψ
with a spin projection mJ=ψ and four momentum p;
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eνðq;mγÞ is the polarization four vector of the photon
with spin projections mγ and four momentum q;
ψλsðpp; Sp;pp̄; Sp̄Þ is the spin wave function of the proton
and antiproton system with polarizations Sp;p̄ and momenta
pp;p̄, where the index s is the total spin of the pp̄ system;

Uμνλs
i is the ith partial wave amplitude with a coupling

strength determined by a complex parameter Λi. The form
of the ψ four vector is detailed in Ref. [46].
Summing over the polarizations, the squared amplitude

is given as

jMj2¼1

2

X
Sp;Sp̄¼�1

2

X
mJ¼�1

X
mγ¼�1

jAðsÞj2

¼−
1

2

X
i;j

ΛiΛ�
j

X2
μ¼1

Uμνλs
i gð⊥⊥Þ

νν0 U�μν0λ0s
j

X
Sp;Sp̄

ψ�
λs
ψλ0s ; ð3Þ

with −gð⊥⊥Þ
μν ¼ P

mγ
e�μðq;mγÞeνðq;mγÞ [46]. For

J=ψ → γ“0−þ” → γpp̄, Uμνλs
i ¼ ϵμνρσpμqσB1ðQbÞR,

where ϵμνρσ is the Levi-Civita tensor, B1ðQbÞ is the
Blatt-Weisskopf barrier factor [47] with angular momen-
tum L ¼ 1, and Qb is the momentum of X in J=ψ → γX
with X ¼ ηc or nonresonant, R describes the line shape, and
i and j are iterated over all possible processes. Explicit

expressions ofUμνλs for other spin-parity cases are available
in Ref. [46].
The line shape R of ηc is described by a relativistic

Breit-Wigner function ½1=ðM2
ηc −M2

pp̄ − iMηcΓηcÞ�, where
the mass Mηc and width Γηc of ηc vary freely in
the fit. Additionally, the Blatt-Weisskopf barrier factor
in J=ψ → γηc is replaced by the square root of the damping
factor fd [19,20], which is widely used to suppress the
divergent long tail of ηc. Two well-known damping
factors e−E

2
γ=8β2 of CLEO-c [19] with β floating and

E2
γ0=ðEγ0Eγ þ ðEγ − Eγ0Þ2Þ of KEDR [20] are considered

in this Letter. Here, Eγ ¼ ½ðM2
J=ψ −M2

pp̄Þ=2MJ=ψ � is the
energy of the radiative photon and Eγ0 is the photon energy
under the assumption Mpp̄ ¼ Mηc . To account for detector
resolution effects, the product Ri × R�

j in jMj2 is con-
volved with a Gaussian function GðδM; σMÞ. The
mass shift δM ¼ ð1.01� 0.07Þ MeV=c2 and resolution
σM ¼ ð3.93� 0.05Þ MeV=c2 are determined by studying
the control sample ψð3686Þ → γχc1; χc1 → pp̄.
For the nonresonant contributions, R is modeled by a
constant.
The complex coupling constants Λi and the

resonance parameters of ηc are determined with a maxi-
mum likelihood fit. The log-likelihood function is con-
structed as

(b) (c)(a)

(d) (e) (f)

FIG. 1. Projections of the amplitude analysis result on (a) Mpp̄, (b) Mpγ , (c)Mp̄γ , and (d) cos θp, (e) cos θγ , and (f) ϕp. The dots with
error bars are data, the blue solid curves are the total fit results, the dashed curves are various contributions, and the blue hatched
histograms are the simulated backgrounds. The bottom subfigures show the residuals ðNdt − NfitÞ=

ffiffiffiffiffiffiffi
Ndt

p
, where Ndt and Nfit are the

number of events of data, and the fit results, respectively. Here, the dips in (f) ϕp are caused by the efficiency loss due to the requirement
on polar angle of charged tracks j cos θj < 0.93.
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lnL ¼ lnLdt − lnLbg; ð4Þ

where lnLdtðbgÞ sums over all the data or simulated back-
ground events NdtðbgÞ and is defined as

lnLdtðbgÞ ¼
XNdtðbgÞ

k¼1

ln

� jMðpkÞj2R
ϵðpÞjMðpÞj2Φ3ðpÞdp

�
; ð5Þ

where p is the momentum of the final state particles andΦ3

is the phase space factor. Integral of
R
ϵðpÞjMðpÞj

½442Φ3ðpÞdp is calculated numerically using MC events as

Z
ϵðpÞjMðpÞj2Φ3ðpÞdp ∝

XNMC

kMC¼1

jMðpkMCÞj2: ð6Þ

Here, NMC ¼ 2.3 × 106 is the number of phase space
events that survive the data selection. The fit fractions
with detection efficiency are estimated with

fi¼
Z

ϵðpÞjMðpÞij2Φ3ðpÞdp=
Z

ϵðpÞjMðpÞj2Φ3ðpÞdp;

ð7Þ

where Mi is the amplitude of contribution i alone.
First the CLEO-c and KEDR damping factors are tested

with ηc and all the potential NR contributions included. Since
the KEDR damping factor results in a better log-likelihood
value with a statistical significance

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2 × Δ lnL

p ¼ 4.7σ, as
well as improved fit quality ðΔχ2=nbin ¼ 10.4=100Þ in the
Mpp̄ projection compared to the CLEO-c form, the KEDR
formisused in this analysis.Anadditional test is performedby
excluding the damping factor, which yields a much worse fit
qualitywithΔχ2=nbin ¼ 49.1=100 in theMpp̄ projection.All
13 potential NR contributions, each of which corresponds to
different angular momentum and spin coupling in the tran-
sitions, are excluded from the solution one at a time, and the
corresponding statistical significances are calculated based on
the change of log-likelihood function Δ lnL and the number
of free parameters ΔNpar ¼ 2. Five components with stat-
istical significancegreater than3σ, including threewaveswith
JP ¼ 0−, 1þ, and 2þ, as well as twowaves with JP ¼ 2−, are
kept in the final solution. By performing a scan on the phase
angleϕ between ηc and 0−þ NR, two local minima are found.
The best one exhibits a superior log-likelihood value with a
statistical significanceof7.7σ, henceweonlyconsider it in the
further analysis.
Figure 1 shows the projections of the nominal

amplitude analysis result. The mass and width of ηc are
determined to be Mηc ¼ ð2984.55� 0.09statÞ MeV=c2

and Γηc ¼ ð29.74� 0.17statÞ MeV. The fit fraction
of ηc is determined to be fηc ¼ ð30.94� 0.24Þ%
and the product BF, BðJ=ψ → γηcÞ × Bðηc → pp̄Þ ¼
f½ðNdt − NbgÞ × fηc �=ðεηc × NJ=ψÞg, is calculated to be

ð2.11� 0.02statÞ × 10−5. Here, Ndt − Nbg is the net number
of signal events, NJ=ψ ¼ ð10.087� 0.044Þ × 109 is the
number of J=ψ events [34], and εηc ¼ 50.55% is the signal
efficiency determined with MC simulation based on the
amplitude analysis result.
As a comparison, we have also tried to extract the ηc

signal yield via one-dimensional fit to the Mpp̄ spectrum
following previous publications. Without the interference
between ηc and NR contributions [19–22], the fit model can
not provide an acceptable description of the data sample,
and the fitted ηc signal yield deviates from our nominal
result by more than 30%. With the interference considered
following Ref. [26], two indistinguishable solutions with
distinct interference patterns and ηc signal yields are
observed as expected. Additionally, the fraction of NR
components other than 0−þ are found to be about 15% in
the amplitude analysis, which can not be determined
in the one-dimensional fit and thereby causes large uncer-
tainties [26]. In contrast, the amplitude analysis success-
fully overcome these two issues.
The systematic uncertainties on the product

BðJ=ψ → γηcÞ × Bðηc → pp̄Þ and the resonance parame-
ters of ηc are summarized in Table I. The uncertainty on the
total number of J=ψ events is 0.5% [34]. The systematic
uncertainties due to the tracking and PID of pðp̄Þ are
studied using the control sample J=ψ → pp̄πþπ−, and are
determined to be 0.2% and 0.3%, respectively. The sys-
tematic uncertainty for photon reconstruction is assigned to
be 1.0% [48]. The systematic uncertainty associated with
the 4C kinematic fit is estimated by performing corrections
on the charged track helix parameters in the MC simulation.
The difference between the detection efficiencies obtained
with and without the helix parameter correction [49] is
taken as the systematic uncertainty.

TABLE I. Relative systematic uncertainties of the product BF
BðJ=ψ → γηcÞ × Bðηc → pp̄Þ, and absolute systematic uncer-
tainties of mass and width of ηc. The symbol “⋆” indicates
negligible, and “� � �” indicates not applicable.

Source B (%) Mηc (MeV=c2) Γηc (MeV)

NJ=ψ 0.5 � � � � � �
Tracking 0.2 � � � � � �
PID 0.3 � � � � � �
Photon 1.0 � � � � � �
4C kinematic fit 0.5 � � � � � �
NR line shape 0.4 0.38 0.14
Insig. NR waves 1.8 ⋆ 0.13
Background 0.8 ⋆ 0.06
Mass calibration ⋆ 0.37 0.24
Fit bias 2.0 0.55 0.10

Total 3.1 0.77 0.33
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The systematic uncertainty due to the NR line shape is
estimated by modeling the NRð0−þÞ component with an
alternative line shape, the magnitude and phase of which
are allowed to vary linearly as a function of Mpp̄. The
systematic uncertainty from NR waves considered insig-
nificant is estimated by including all 13 potential waves.
The systematic uncertainty in the background estimation is
studied by varying the contribution from J=ψ → pp̄π0

within the uncertainty of the quoted BF, and by including
the simulated N� → pγ contribution as background. The
systematic uncertainty due to the mass calibration param-
eters, mass shift δM, and resolution σM, is estimated by
varying them within their statistical uncertainties and by
using the control sample ψð3686Þ → γχc2; χc2 → pp̄ as an
alternative. For all four sources listed above in this para-
graph, the amplitude fit is reperformed, and the largest
difference for each source is assigned as its systematic
uncertainty. The systematic uncertainty caused by a pos-
sible fit bias is studied by performing input and output
checks with toy MC samples. The difference between the
input and the averaged output values, predominantly
attributed to detector effects and the statistical fluctuations
of the phase space MC sample used in amplitude fit, is
conservatively assigned as this uncertainty.
In summary, the first amplitude analysis of J=ψ → γpp̄

with Mpp̄ in the ηc mass region ½2.70; 3.05� GeV=c2 is
performed. Compared to the one-dimensional fits
to the ηc spectrum [19–22,26], our amplitude analysis
approach provides more reliable estimations of the
different nonresonant components, and their interfer-
ence with ηc, hence, avoids several 10%–level biases
and uncertainties. The mass and width of ηc are mea-
sured to be ð2984.55� 0.09stat � 0.77systÞMeV=c2 and
ð29.74� 0.17stat � 0.33systÞ MeV, respectively, which are
in good agreement with the PDG world averages [2]. The
product BF BðJ=ψ → γηcÞ × Bðηc → pp̄Þ is determined to

be ð2.11� 0.02stat � 0.07systÞ × 10−5, whose precision is
improved by one order of magnitude compared to the
previous measurements [2].
Given most measurements used in the PDG global

fits ignored interference effects [2], the PDG fitted
Bðηc → pp̄Þ is not quoted for the extraction of
BðJ=ψ → γηcÞ. Instead, two unique processes J=ψ →
γηc; ηc → γγ and γγ ↔ pp̄ around ηc peak, which benefit
from limited interference effects [25,50], are quoted.
Combining this result with the products Bðηc → pp̄Þ ×
Bðηc → γγÞ ¼ ð2.1� 0.3Þ × 10−7 averaged based on
Refs. [50–52] and the recently reported BðJ=ψ → γηcÞ ×
Bðηc → γγÞ ¼ ð5.23� 0.40Þ × 10−6 [25], we obtain

BðJ=ψ→ γηcÞ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½BðJ=ψ→ γηcÞ×Bðηc→pp̄Þ�× ½BðJ=ψ→ γηcÞ×Bðηc→ γγÞ�

½Bðηc→pp̄Þ×Bðηc→ γγÞ�

s
¼ð2.29�0.01�0.04�0.18Þ%;

Bðηc→ γγÞ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½Bðηc→pp̄Þ×Bðηc→ γγÞ�× ½BðJ=ψ→ γηcÞ×Bðηc→ γγÞ�

½BðJ=ψ→ γηcÞ×Bðηc→pp̄Þ�

s
¼ð2.28�0.01�0.04�0.18Þ×10−4;

Bðηc→pp̄Þ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
½Bðηc→pp̄Þ×Bðηc→ γγÞ�× ½BðJ=ψ→ γηcÞ×Bðηc→pp̄Þ�

½BðJ=ψ→ γηcÞ×Bðηc→ γγÞ�

s
¼ð0.92�0.01�0.02�0.07Þ×10−3; ð8Þ

where the uncertainties are statistical, systematic, and those
from the other product BFs used in the calculation. Some
systematic uncertainties are correlated between this Letter
and Ref. [25], which are dominated by the photon detection
and the form of the damping factor. Figures 2 and 3 show
comparisons of BðJ=ψ → γηcÞ and Bðηc → γγÞ determined

in this Letter, with various theoretical calculations and other
measurements. Our results deviate from the PDG global fit
value [2] by 3σ, but are in good agreement with the latest
LQCD calculations [17,18,29]. This helps resolve a long-
standing puzzle. Furthermore, the obtained BF Bðηc →
pp̄Þ deviates from the PDG global fit values by 3σ.

FIG. 2. Comparison of BðJ=ψ → γηcÞ derived in this Letter
with theoretical calculations [1,3–18], other experimental mea-
surements [19–22], and the PDG global fit [2]. The green band
corresponds to the �1σ region of BðJ=ψ → γηcÞ in this Letter,
and the uncertainties are statistical, systemtic, and those from the
other product BFs used in the calculation.
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Additionally, using MJ=ψ ¼ 3096.9 MeV=c2 [2], the mass
splitting between the J=ψ and ηc cc̄ systems is determined
to be ð112.35� 0.77Þ MeV=c2, which is consistent with
the results calculated in Refs. [30–33].
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