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Based on a sample of (1.0087 4 0.0044) x 10'° J /y events collected at BESIII, the transition form factor
of the n meson is extracted by analyzing J/w — yn',7' = a2~y and n — yI"1~ (I = e, ) events. The
measured slope of the transition form factor is A~ = 1.668 £ 0.093, £ 0.024,, (GeV/c?) for the
di-electron channel and A™% = 1.645 £ 0.343, & 0.017 (GeV/c?)™2 for the di-muon channel. The
branching fractions forn — ye™e™ andn — yu"u~ are measured to be B(n — yete™) = (6.79 = 0.054, =
0.364y5) x 107 and B(y — yu™p~) = (2.97 £ 0.124, + 0.07) x 107*. By combining with the results
based on the J/yr — ynpand 7 — ye* e~ events from the previous BESIII measurement, we determine A~ =
1707 + 0.076 + 0.029,,, (GeV/c2)~2 and B(y — ye*e™) = (6.93 + 0.28,,) x 1073, In addition, we
search for the dark photon (A’) using the combined events. No significant signal is observed, and the upper
limits on B(y — yA’, A’ — eTe™) are set at the 90% confidence level for different A’ mass hypotheses.
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I. INTRODUCTION

Transition form factors (TFFs) provide insight into the
internal structure of hadrons, including how charge and
magnetization are distributed among their constituents.
Understanding TFFs is crucial for comprehending the bind-
ing and confinement of quarks and gluons in hadrons, which
is a fundamental concept in quantum chromodynamics.
Additionally, the TFFs of light mesons have garnered recent
attention due to their contribution in calculating the anoma-
lous magnetic moment of the muon (a,) [1,2].

In this study, the TFF of the # meson is determined
through the n — yItI~ (I = e, i) decays, where the lepton
pair is formed by internal conversion of an intermediate
virtual photon. In the vector meson dominance (VMD)
model, the interactions between a virtual photon and
hadrons are assumed to be dominated by a superposition
of neutral vector meson states. The TFF can be para-
metrized as [3]
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where g¢® represents the squared invariant mass of the
lepton pair, N is a normalization constant ensuring
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F(0) =1, V stands for vector mesons, such as p, @, and
¢, my and I'y are the mass and width of V, and g,y and gy,
correspond to the respective coupling constants. When
there is a single dominant vector meson, the single-pole
approximation is often used,

1

F(q2):m-

(2)

Here, the single parameter A can be experimentally
determined as the slope of the TFF, defined as

- _ A2
slope = 3 s = A" (3)

Before this work, three measurements of the TFF of the 5
meson have been performed by A2 collaboration [4]
through the 7 — ye™e™ channel, NA60 collaboration [5]
through the 7 — yu*u~ channel, and BESIII collaboration
[6] through the 7 — yete™ channel.

In contrast with the previous BESIII work [6], where 7
candidates have been obtained through the J/y — yn decay
(Sample II), we use n mesons produced by the decay
n' — ntx7n [7], where the 5/ comes from the radiative
decay of the J/w, namely J/w—yn' (Sample I). This
analysis is based on a data sample of (1.0087 £ 0.0044) x
1019 J/w events, corresponding to a data sample with
integrated luminosity of 3083 pb~!, collected with the
BESIII detector during 2009-2019 [8]. Due to the better
mass resolution of the 7/, the new approach benefits from
reduced backgrounds from the J/y decays. Besides,
Sample I has access to more signal events due to the higher
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branching fraction (BF), and its reconstruction efficiency is
about two times larger than that of Sample II after taking into
account the tracking efficiency of the two charged pions. In
this work, the TFF of # is measured with Sample I using a
new approach at first, then we remeasure it using the
combined Samples I and II. The BFs of # — yI*[~ are also
measured.

Additionally, new light hidden particles, such as axion-
like particles and the dark photons, which may couple to
light quarks or gluons, could be produced in the Dalitz
decay n — yete™ [9]. We have also searched for dark
photons by using the samples mentioned above.

II. DETECTOR AND DATA SAMPLES

The BESI detector [10] records symmetric ete™
collisions provided by the BEPCII storage ring [11] in
the center-of-mass energy range from 1.84 to 4.95 GeV,
with a peak luminosity of 1.2 x 103* cm™s~! achieved at
/s = 3.773 GeV. BESIII has collected large data samples
in this energy region [12-14]. 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 plastic scintillator time-of-flight system (TOF),
and a CsI(TI) electromagnetic calorimeter (EMC), which
are all enclosed in a superconducting solenoidal magnet
providing a 1.0 T magnetic field. The magnetic field was
0.9 T in 2012. 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 TOF barrel region is
68 ps, while that in the end cap region is 110 ps. The end
cap TOF system was upgraded in 2015 using multigap
resistive plate chamber technology, providing a time
resolution of 60 ps [15], which benefits 87% of the data
used in this analysis.

Simulated data samples produced with the GEANT4-
based [16] Monte Carlo (MC) package, which includes
the geometric description of the BESIII detector and
the detector response [17,18], are used to determine the
detection efficiency and estimate the backgrounds. The
simulation includes the beam energy spread and initial state
radiation in the ete™ annihilations modeled with the
generator KKMC [19]. A sample of 1.0011 x 10'° simulated
inclusive J/y events is used to estimate the background
events. The inclusive MC sample includes both the pro-
duction of the J/w resonance and the continuum processes
incorporated in KKMC. The known decay modes are
modeled with EVTGEN [20] using BFs taken from the
Particle Data Group (PDG) [21], and the remaining
unknown charmonium decays are modeled with

TABLE 1. Generator models used for MC simulations.

Decay mode Generator model

J/w =y Helicity amplitude [25]
W —ntay Dalitz plot analyses [26]
n—yutu Transition form factor [27]
n—yete” Transition form factor [28]
n—yrta Partial wave analysis [29]
N —>rtnete VMD model [30,31]
n—yy Phase space
n—yA Phase space

A - ete” Phase space

LUNDCHARM [22,23]. Final state radiation from charged
final state particles is incorporated using PHOTOS [24].

In addition, exclusive MC samples are generated to
determine the detection efficiency and study the back-
ground distributions. The simulated processes and the
corresponding generator models are listed in Table 1.

I1I. STUDY OF SAMPLE I

In this section, Sample I is selected, and the TFF of the 7
meson and the BFs of the n — yIT[~ (I = e, u) decays are
measured using this sample.

A. Event selection and background analysis

Candidate events for J/y — yi'., —» n"z™n, and n —
yIt1=(l = e, p) are subjected to several selection criteria.
Firstly, at least two photons must be reconstructed using
information from the EMC. To suppress fake photon
candidates, the deposited energy of each EMC shower
must be more than 25 MeV in the barrel region
(Jcos @] < 0.8) and more than 50 MeV in the end cap
region (0.86 < |cos 8| < 0.92), where @ is the polar angle
defined with respect to the z-axis, which is the symmetry
axis of the MDC. The opening angle between the detected
position of the photon candidate and the closest extrapo-
lated charged track must be larger than 10 degrees to
exclude showers originating from charged tracks.
Additionally, the difference between the EMC time of
the photon candidate and the event start time must be within
[0,700] ns to suppress electronic noise and unrelated
photons. Furthermore, candidate events must have two
positively and two negatively charged tracks reconstructed
using information from the MDC. These tracks are required
to be within a polar angle range of |cos 6] < 0.93, and to
pass within 10 cm of the interaction point (IP) along the
z-axis and within 1 cm in the transverse plane.

By utilizing information from the MDC (dE/dx),
TOF, and EMC detectors, particle identification (PID) is
applied to charged tracks, and we acquire the combined
probabilities (Prob) under the hypotheses of the track
being an electron (positron), muon, or pion. For the
n — yu"u~ channel, candidates are required to satisfy
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Prob(z) > Prob(u) and Prob(z) > Prob(e) for pions, and
Prob(u) > Prob(z) and Prob(u) > Prob(e) for muons. For
the 7 — yeTe™ channel, candidates are required to satisfy
Prob(z) > Prob(e) for pions, and Prob(e) > Prob(z) for
electrons (positrons). Events are retained only if they
contain two oppositely charged pions and two oppositely
charged leptons of the same flavor.

A kinematic fit to the final state particle candidates is
performed to adjust the particle momenta or energies within
the measured uncertainties to satisfy the kinematic con-
straints. A six-constraint (6C) kinematic fit imposing
energy-momentum conservation and constraints on the
masses of the 7' and 5 particles, taken from the
PDG [21], is performed. In the fit, the most energetic photon
is considered as the radiative photon of the J/y decay,
denoted as y,. Another photon is supposed as the one from
the n decay, denoted as y,,. If there are multiple y,, candidates,
the one that minimizes the goodness of the fit 2. is retained
for further analyses. Additionally, for the  — yu™ ™ events
we require )(%C < 40, and for the 7 — yeTe™ events we
require 2. <200, by optimizing the figure-of-merit
defined as S/v/S + B, where S is the number of events
from the signal MC sample and B is the number of back-
ground events from the inclusive MC sample.

After all the above criteria have been applied to select the
n — yltl~ (I = e, ) channel, the main source of back-
ground comes from 77 — yy events, with one y converting in
matter to an e*e~ pair. Converted photons can be recon-
structed from the e*e™ pairs using the photon conversion
finder (PCF) package [32]. The reconstructed vertex of the
tracks is near the IP (since the IP is used in the determi-
nation of the track helix parameters), while in the y
conversion case the true conversion vertex (CV) is gen-
erally displaced from the IP. In the PCEF, the CV of the
photon is estimated using the e e~ track projections in the
x-y plane, perpendicular to the beam direction. The mid-
point of the centers of the two track projections is taken as
the CV, as shown in Fig. 1(a). As most photon conversions
occur at the beam pipe and at the inner wall of the MDC,
which have a higher material budget, the distances from the
CV to the IP in the x-y plane, denoted by R,,, are usually
greater than 2 cm. Moreover, the angle between the
momentum vector of the converted photon and the direc-
tion from the IP to the CV, denoted by 6,,, is usually close
to zero. Hence, events with 2 cm < R,, < 8 cm and
cos(6,,) > 0.5 are rejected to suppress the y conversion-
related background. The two-dimensional (2D) distribution
of R,, versus cos @,, of the # — ye™e™ sample is shown in
Fig. 1(b).

After all event selections, the distributions of the yl*/~
invariant masses [M(y["[7)] of the accepted candidate
events in data are shown in Fig. 2.

Potential backgrounds from non-J/y decay processes
are estimated using the 169 pb~! of continuum data taken

RN

Ry, (cm)
‘O_\I\)OO-P(J'I@\IOOOO

FIG. 1. (a) llustration of the CV reconstruction. The points O
and O, are the trajectories of the projections of the et and e~
tracks in the x-y plane, respectively. The CV obtained with the
PCF is supposed to be the true vertex of the tracks. The IP is the
interaction point. The distance from the IP to the CV is R,,. The
arrow P, represents the momentum of the converted photon, and
the angle between the arrow and the IP-CV is 0,,. (b) Distribution
of R, versus cos ,, of the n — ye™ e~ sample. Events in the red
box are considered as the removed y conversion events.

at \/E = 3.08 GeV. As no event passes all the selections,
the non-J/y decay backgrounds are ignored. The back-
grounds from J/y decays are studied with the inclusive
MC sample. The three main backgrounds are studied using
exclusively simulated MC samples. We estimate the back-
ground yields using the known BFs, and the obtained
results are shown in Tables II and III, where the uncer-
tainties include both uncertainty on BFs and the MC
statistical uncertainty.

B. Measurement of form factor

To extract the TFF of the # meson, unbinned maximum
likelihood fits are performed for the selected n — yITI~
samples, with likelihood
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FIG. 2. Distributions of (a) M(yu™p~) and (b) M(yete™).

£=1[PeE.A). (4)

N
i=1

1

Here, N is the number of observed events, &; stands for
the four-momenta of the final particles in the ith event, and
P(&,A) is the probability to observe the ith event
supposing A, calculated as

|A(f§is/\)|2€(f§i)

P A) = [dELAE N)Pe()

(5)

where €(&;) is the reconstruction efficiency of event &; and
|A(&, A)|? is the squared amplitude of the n — ylITI~
decay [33],

m2 — a*)?
=)

A AP = T 0= P o) MR (). (0

where e is the electron charge constant, m,, is the nominal

mass of n, ¢* is M>(I*17), = \/1 —4m3. /¢, m: is the

mass of the lepton, @ is the angle between y and [* in the
rest frame of 7/, M,, is the pseudoscalar mesons mixing

TABLEIL.  The estimated numbers of background events (Ny,)
for different background sources for n — yu*u~.

Background process Nie
Jw -0 > atann—ynta 437422
Jjw = atnata 2%, 2% = yy 3.04+0.3
Total 46.7 £2.5
TABLE III. The estimated numbers of background events

(Nypkg) for different background sources for n — yete™

Background process Npkg
Jw - -zt nn—yy 993.6 + 15.7
J/w >0 > rtnete 0.3+0.2
J/w = yntann—yete 25.0+5.0
Other 10.0 £ 3.2
Total 1028.9 £+ 24.1

parameter [33], and F(q?
in Eq. (2).

The free parameters are estimated by MINUIT [34].
The fit minimizes the negative log-likelihood value, calcu-
lated as

) is the form factor, as defined

—InL = o'[-1n Ly — (= In Lyyg)]- (7)

The Ly, are estimated using the exclusive MC samples
listed in Tables II and III, and the numbers of background
events are fixed. To obtain an unbiased uncertainty esti-
mation, the normalization factor derived from Ref. [35] is
defined as

J
Ndata - Ej kagwj

J 2’
Naa + 2 Niyo@;

/

(8)

where Ny,, and Nﬁkg are the numbers of events in data and
in the jth background process, and w; is the weight factor
of the jth background component.

The fits yield A2(n — yeTe™) = 1.668 +
0.093, (GeV/c*)™2 and A2(n—yutu") = 1.645+
0.3434, (GeV/c?)72. The comparisons of the fit results
and the distributions of data are shown in Fig. 3.

To extract the TFF of 5, we divide the background-
subtracted and efficiency-corrected data to efficiency-
corrected MC with F2(g?) =1, as shown in Fig. 4.

C. Measurements of branching fractions
The BFs of the 7 — yIT[~ decays are calculated as

Ndata - kag
B w—yn' ' —atzn)’

B(n—yl'l") = ©)

NJ/I//
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where Ny, is the number of observed events in the data,
695.0 + 26.4, forn — yutpu~ and 22 803.0 £ 151.0y,, for
n — yete™, Ny, is the total number of background events,
as listed in Tables II and III, € is the efficiency estimated
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FIG. 3. Invariant mass distributions of (a) u*u~ and (b) ete™

pairs. The black dots with error bars are data, the red solid lines
are the total fit results, including both the signal and the
background, and the blue histograms are the background.
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using signal MC samples, and B(J /)y — yi', i = n"7n7n)
is the BF quoted from the PDG. The measured BFs
are B(n — yete™) = (6.79 £0.054,) x 1073 and B(n —
yutu) = (2.97 £ 0.124,) x 107*, where the statistical
uncertainties are from /Ny, and uncertainties from N .

D. Systematic uncertainties

The systematic uncertainties of the measured TFF of 7
are from (1) the photon detection, (2) the tracking and PID
of charged particles, (3) the kinematic fit, (4) the back-
ground suppression criteria, and (5) the number of back-
ground events. The measured BFs suffer the same
systematic uncertainties as mentioned above as well as
the uncertainties in the number of J/y events and the BFs
quoted from the PDG.

The total number of J/y events (1.0087 + 0.0044) x
10'0 refers to Ref. [8], and its relative uncertainty is 0.44%.
The quoted BFs are B(J/w — yn') = (525 +0.07) x
107 and B(y' = ztzn) = (42.5 £0.5)%, and their rel-
ative uncertainties are 1.34% and 1.18%, respectively.
Systematic uncertainties from photon detection, tracking,
and PID of pions and electrons are evaluated using the
control samples ee™ — yuTu~ and J/w — pr and radi-
ative Bhabha events at /s = 3.08 GeV, respectively. For
both data and MC simulation, the 2D efficiencies over the
polar angle and energy (magnitude of momentum) of
photons (charged particles) are given. For the TFF, we
correct the signal MC efficiency by €gau/€mc> Where €gqa
and eyc are the 2D efficiency distributions measured using
control samples, and the resulting change of the TFF is
taken as the corresponding uncertainty. For the BFs, the
systematic uncertainties are weighted according to the
angular and momentum distributions of data and MC
simulation and are taken as the corresponding uncertainties.
For the slow momentum muons we assume the same
uncertainties of the pions.

10F
g
E L
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PR S TS W A S T S
0.3 0.4 0.5

02
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o 01

FIG. 4. The distributions of F?(g?) over (a) M(u*pu~) and (b) M(e*e™). The black dots with error bars are the ratios of the
background-subtracted and efficiency-corrected data to the efficiency-corrected MC simulation using F2(g?) = 1. The red lines are the

F?(q%) functions using the measured A values.
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TABLEIV. Relative systematic uncertainties (in %) for the A=2
measurements.

TABLE VI. Relative systematic uncertainties (in %) for the
combined A~ measurement.

Source n—yutu= n—ye'e Source n—yete”
Photon detection 0.3 0.1 Photon detection 0.1
Tracking 0.4 1.2 Tracking 1.7
PID 0.4 0.3 PID 0.2
Kinematic fit 0.5 0.1 Kinematic fit 0.1
y conversion veto 0.5 Background 0.3
Background 0.6 04 y conversion veto 0.2
Total 1.0 1.5 Total 1.8

TABLE V. Relative systematic uncertainties (in %) for the BF
measurements.

Source n—yutus n—yete”
Photon detection 0.7 0.7
Tracking 1.1 4.7
PID 0.4 1.1
Kinematic fit 0.6 0.1
Background 0.3 0.1
Ny 0.4 04
y conversion veto 0.1
B(J /)y — v1) 1.3 1.3
By —» atzn) 1.2 1.2
Total 24 5.2

The uncertainty associated with the kinematic fit
arises from the inconsistency of the y? distribution between
data and MC simulation. The reconstructed energy and
angle of the photons, the helix parameters of the charged
tracks, and the related errors in MC simulations are
corrected to make their distributions more consistent with
the data [36], thus obtaining better data-MC consistencies
in the y? distributions. The corrected MC simulation is
used for the nominal results. The difference in the effi-
ciencies before and after this correction is taken as the
uncertainty.

The systematic uncertainty due to the photon conversion
veto in the 7 — ye™ e~ sample is estimated by changing the
nominal criterion to 1.5 cm < R,, < 7.5 cm, cos(6,,) <
0.5 and to 2.5 cm < R,, < 8.5 cm, cos(6,,) < 0.7. The
average change in the final results is assigned as the
associated systematic uncertainty. To estimate the uncer-
tainty of the number of background events, we vary each
quoted BF by 1 standard deviation, and the resulting
change is taken as the corresponding uncertainty.

The systematic uncertainties are summarized in
Tables IV and V.

IV. COMBINATION OF SAMPLES I AND II

To improve precision, an unbinned maximum likelihood
fit is performed on the combined sample of Sample I and

Sample II. Candidate events of Sample II are the same as
the previous BESIII work [6]. The likelihood is defined as

N M

£=]]Pe:n)

i=1 j=1

P A), (10)

where N is the number of events in Sample I and M is
the number of events in Sample II. By minimizing
S = —In Ly, — (—1InLy,), the slope of the n TFF is
measured to be A72(n — yete™) = 1.707 £ 0.076, +
0.029 (GeV/c?)™2. The background of the two samples
and the systematic uncertainties are estimated using the
same methods as in Section III B and Ref. [6]. The
systematic uncertainties are summarized in Table VL
The comparison of the fit results is shown in Fig. 5(a)
and the TFF distributions of the combined data are shown
in Fig. 5(b).

The 7 — ye'e™ BFs measured in this and in the previous
work [6] are combined via

816% + 620%
G% + 6% + (Bl - 82)26% ’

Zi(B; - Ziwy;)

B pu—
lejwlj

(11)

where i and j are summed over all decay modes, B; is the
measured value given by the mode j, w;; is the element of
the weight matrix W = V=1,
matrix, calculated as

and V is the covariance error

<a§ +EB

G%Bl Bz )
6]%81 Bz

o + B3 (12)
where o; is the independent absolute uncertainty (includes
the statistical uncertainty and all independent systematic
uncertainties) in the mode 7, and € ¢ is the common relative
systematic uncertainty between the two modes. The sys-
tematic uncertainties of the two modes have been measured
in Section IIID and Ref. [6]. They are summarized in
Table VII. The systematic uncertainty of B is calculated as
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FIG. 5. (a) Invariant mass distribution of e*e™ pairs. The black

dots with error bars are from Samples I and II combined, the red
solid line is the total fit result, including the signal and the
background, and the blue histogram is the background. (b) Dis-
tributions of F? as a function of M(e*e™). The black dots with
error bars are the ratios of the background-subtracted and
efficiency-corrected data to the efficiency-corrected MC simu-
lated using F?(q*) = 1. The red line is the shape of the F?(4?)
function using the A measured value.
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2w 61+02 - B,)? ef

Finally, the combined BF is B(n—yete™) =

(6.93 £ 0.28,,) x 1073.

V. SEARCH FOR THE DARK PHOTON

We search the dark photon A’ through its possible
decay A’ — ete™ by using the combined 7 — yeTe™
sample. The width of A’ is assumed to be zero, and the
mass is scanned from 0.005 to 0.535 GeV/c? with a step
length of 0.01 GeV/c?. When scanning one assumed mass

TABLE VII. Relative systematic uncertainties (in %) for the
combined B(n — yete”). The items marked with “*” are
common uncertainties, and the other items are independent
uncertainties.

Source Sample I Sample II
Statistical 0.04 0.05
Photon detection* 0.7 0.5
Tracking* 4.7 2.2
PID* 1.1 0.9
Kinematic fit 0.1 0.3
Background 0.1 e
y conversion veto 0.1 0.9
Number of peaking backgrounds 0.1
Fit range and background shape 0.6
Signal model 0.1
Ny ™ 0.4 0.4
B(J/y — yn) 1.7
B(J/y — y1) 1.3
By — atzn) 1.2

Total 4.0

value of A’, a series of unbinned extended maximum
likelihood fits on M(e"e™) are performed. In each fit,
the signal is described using the n = yA’,A’ - ete™ MC
shape and the number of signal events is free. The sizes and
shapes of the backgrounds are described using the MC
samples listed in Table III and the normalization of
Sample I is fixed and free for Sample II. The corresponding
likelihood can be obtained by fitting.

Through a series of fits, we obtain the likelihood
distribution over a series of possible numbers of A’ and,
therefore, the likelihood distribution over the possible
BF of n —» yA’, A’ > ete™. As the most probable number
of A’ signal events is around zero, the upper limit of
B(n — yA',A" - ete™) at the 90% confidence level is
measured. We smear the likelihood distribution via

£'(B) = Al L(Br—ro> exp

to take the
N —xtan),

(r=ro)
—T} dr  (14)

systematic uncertainty, B(J/y — 7,
and B(J/w — yn) into consideration.
Here, B stands for B(n —yA,A' > ete™), rg=

B(J/w—yn'.n —xtan), or ro=eo- B(J/w —yn),
€p is the signal efficiency, and J, is the relative uncertainty
of ro. The uncertainty is estimated in the same way as
described in Section III D and Ref. [6]. Then, the upper

limit, Bup, is determined as

Byp +o0
/ £/(B)dB/ / L(B)ydB=09.  (15)
0 0

As the r and r(, of Samples I and II are different, we first
measure the likelihood distributions using the two samples
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0.1

Upper Limit of B(m—yA',A'= €'e)

0‘.2 0.4
Mass of the A' (GeV/c?)

FIG. 6. The upper limits of B(yp — yA’,A’ — eTe™) of dark
photons with different mass hypotheses. Blue diamonds, green
crosses, and red circles are the upper limits measured with
Sample I, Sample II, and the combined sample, respectively.
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FIG. 7. Exclusion limits at the 90% confidence level on the
mixing parameter € as a function of the dark photon mass.

separately. Then, the likelihoods are combined via
Leomp(B) = L1(B) x Ly (B), (16)

where £{(B) is the smeared likelihood for Sample I, and

11(B) is for Sample II. The upper limits measured with
each sample and the combined results are shown in Fig. 6.
As the reconstruction efficiency of Sample II falls to zero in
the region M(eTe™) > 0.43 GeV/c?, only 43 A’ mass
points are scanned for this sample. The comparison
between our results and the other experiments is shown
in Fig. 7.

VI. SUMMARY

We propose a novel approach to measure the TFF of
the # meson using the J/y =y, — ztz"n decay.
Based on 10 billion J/y events collected by the BESIII
detector, the analysis of the  — yITI~ (I = e, u) decays is
performed.

The BFs of 5 —ylTl- are measured to be
B(n — yete™) = (6.79 £ 0.05, & 0.36,) x 107> and
B(n— yptu™) = (2.97 £0.124, £0.07 ) ¥ 1074, which

WZW Lagragian — —
Dispersion relation [— ——
Pade Approximant — +
Chiral Perturbation — _—
NAB0 — —_——
A2
Sample Il (h—ve'e?) —_—
Sample | + 1l |— —h—
Sample | (h—ye'e’) — ——
o - *
ob v 0 v
1.4 1.6 1.8 2
A2/ (GeV/c?)?

FIG. 8. Comparison of the A=% values measured in this work
and in previous works. From bottom to top, the results refer to
this work, to previous works at BESIII [6], A2 [5], and NA60 [5],
and to theoretical calculations [37-41].

are both consistent with the previous measurements
[21,27,28], but with improved precision. By investigating
the eTe™ mass spectrum, the 5 TFF is extracted to be
A% = 1.668 £ 0.093, + 0.024y, (GeV/c?)72, which is
in agreement with the previous BESIII result [6]. It is
slightly less than that from A2 [4], but in agreement within
2 standard deviations. For 7 — yu*u~, it is determined to
be A7 = 1.645 £ 0.343, + 0.017, (GeV/c?)™2, which
is consistent with that from NA60 [5] within 1 standard
deviation. Due to the limited statistics, the statistical
uncertainty is dominant in the # — yu*u~ measurement.
A comparison of the measured values of A2 is shown
in Fig. 8.

By means of a simultaneous analysis of the
J/w —yn'.n = nTx7n, and n — yeTe~ decays and the
J/w — yn and 5 — ye*e™ decays performed in Ref. [6],
the TFF and the BF are determined to be A~2(y —
yete™) = 1.707 £ 0.0764, £ 0.029 (GeV/c?)™>  and
B(n — yete™) = (6.93 +0.28,,,) x 1073, respectively. In
addition, we search for the dark photon, denoted by A’,
using the combined events. As no signal is observed, the
upper limits of B(y — yA’,A’ — e*e™) at the 90% con-
fidence level for A’ with different masses are given, as
shown in Figs. 6 and 7.
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