PHYSICAL REVIEW D 114, 052010 (2026)
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The branching fraction of the electromagnetic Dalitz decay D" — ete™ D] is measured with an
e"e™ collision data sample collected by the BESIII experiment at center-of-mass energies between 4.128
and 4.226 GeV, corresponding to a total integrated luminosity of 7.33 fb~!. The measurement yields the
branching fraction B(D;" — e"e D) = (7.28 £ 0.61, + 0.31 ) x 1073, The result is consistent
with the previous one, with a 2.5-fold improvement in precision. This provides an important input for
constraining the parameters of theoretical models and for determining the absolute branching fractions of
Dt = 729DF and Dt — yD7, measured with a relative method that assumes D:* decays only via
channels DIt — ete~D{, Dt = 2°Df and Dt — yD;.
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I. INTRODUCTION

The measurement of electromagnetic (EM) Dalitz decays
offers excellent opportunities to explore the structure of
charmed mesons and to test the chiral perturbation theory in
the flavor sector [1]. The conventional decays of a vector
resonance (V) into a pseudoscalar meson (P) and a lepton
pair, V — y*P — [IP, provide a stringent test for theoreti-
cal models of the hadron structure and the interaction
mechanism between photons and hadrons [2]. To describe
the interaction between photons and mesons, the vector-
meson dominance (VMD) model is used and is para-
metrized with the parameter A = my,, where my is the
mass of the dominant vector-meson mediator. This approxi-
mation is successful when predicting the EM Dalitz decays
of vector mesons, including charmonia and bottomia [1].

Experimentally, the EM Dalitz decays of light vector
mesons, such as @ — ete 7% [3], ¢ — ete 7’ [4] and
¢ — eTen [5], have been studied widely. Some charmo-
nium EM Dalitz decays have also been reported, such as
J/w — eten’ [6], J/w — eten [6] and y(3686) —
eTe i [7]. Previously, the EM Dalitz decays of charmed
mesons Dt — ete~D} [8] and D0 — ete~D [9] have
been studied by the CLEO-c and BESIII experiments,
respectively.

According to the VMD model, the differential decay
width of the D" — ete™ D process is given by [1]

“Full author list given at the end of the article.

Published by the American Physical Society under the terms of
the Creative Commons Attribution 4.0 International license.
Further distribution of this work must maintain attribution to
the author(s) and the published article’s title, journal citation,
and DOI. Funded by SCOAP’.

2470-0010,/2026/114(5)/052010(13)

052010-1

Laf?(¢?) Amg
ar =< -
3 (4n)'q? 7
4m? 4m?
x Kl + ”;) + 1—";@)cos29*} dgPdQdQ,
q q

(1)

where a ~ 1/137 is the fine structure constant, ¢ is the four-
momentum of the dilepton pair, m, is the electron mass,
0% and Q* are the polar angle and the solid angle of the
positive lepton in the rest frame of the virtual photon,
respectively, and Q is the solid angle of the D meson in
the D*" rest frame. The term Pp, is the momentum of the
D/ in the D} rest frame, and is given by

i(m%;, m%)x, q°)

: (2)

Pp, = 2mp,
where the term A(a, b, c) = a*> + b* + ¢* — 2ab — 2bc —
2ac represents the Kallen function. The form factor f(g?)
at the simple pole approximation is given by

f(q*) = 10

=g /my

(3)

where f(0) is the form factor of the Di™ — yD; decay.
Similarly, the D" — yD/} decay width is given by

_1(0) <m - m)

| p——
P 2a U 2mpy

(4)

where mp: and mp:+ are the masses of D and D;¥,
respectively. The relative branching fraction of Dit —
ete™D}f to DIt = yDy is 6.46 x 1073, derived by
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integrating the differential relative decay width over the phase
space [1], where my is set at the ¢ resonance mass and all
masses are quoted from the Particle Data Group (PDG) [10]
while it is 6.24 x 103 with lattice calculation [11].

The branching fraction of the decay Dt — eTe™Df isa
key input for constraining the parameters of theoretical
models, and for determining the absolute branching frac-
tions of the D™ — z°D} and Di* — yD} decays when a
relative normalization approach is adopted which assumes
the sum of branching fraction of D" — eTe™D, Dit —
2°D¥ and Dt — yD7 is 100% [12]. Therefore, improving
the precision of this measurement is highly motivated. The
BESIII experiment has collected a large electron-positron
collision data sample with center-of-mass (CM) energies
(1/s) ranging between 4.128 and 4.226 GeV, corresponding
to a total integrated luminosity of 7.33 fb~! [13—15]. The
process ete™ — DiD, is abundantly produced near the
DD, production threshold [13—15], providing an excellent
opportunity to measure the branching fraction of DT —
ete D] using a tagging technique [16,17]. Throughout
this manuscript, DD denotes DT D7 and D!~ D} .

I1. BESIIT DETECTOR AND MONTE CARLO
SIMULATION

The BESIII detector [18] records data from the sym-
metric e e~ collisions provided by the BEPCII storage ring
[19] in the CM energy ranging from 1.84 GeV to 4.95 GeV,
with a peak luminosity of 1.1 x 103 cm=2s~! achieved at
3.773 GeV. BESIII has collected a large data sample in this
energy region [20-22]. The cylindrical core of the BESIII
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(TIl)
electromagnetic calorimeter (EMC). All these detectors
are enclosed in a superconducting solenoidal magnet pro-
viding a 1.0 T magnetic field. The solenoid is supported by
an octagonal flux-return yoke with resistive plate counter

TABLE 1. Summary of integrated luminosities (L;,) and
requirements on M. for different CM energies. The first and
second uncertainties are statistical and systematic, respectively.
The definition of Mrggt is in Eq. (6). The integrated luminosities
for data sample at /s = 4.128 GeV and 4.157 GeV are estimated
by using the online monitoring information.

Vs (GeV) Lin (pb™") [13-15] My (GeV/c?) [26]
4.128 398.44+3.2 [2.060, 2.150]
4.157 411.7£3.3 [2.054, 2.170]
4.178 3189.0 0.2 £31.9 [2.050, 2.180]
4.189 570.0 £ 0.1 2.2 [2.048, 2.190]
4.199 526.0 £ 0.1 £2.1 [2.046, 2.200]
4.209 572.1+0.1 £1.8 [2.044, 2.210]
4.219 5692 +0.1+1.8 [2.042, 2.220]
4.226 11009 0.1 £7.0 [2.040, 2.220]

(RPC) of muon-identification (MUC) modules interleaved
with steel. The main function of the MUC is to separate
muons from charged pions and other hadrons based on their
hit patterns in the flux return yoke. The MDC provides the
charged-particle momentum with a resolution of 0.5% at
1 GeV/c, and the specific ionization energy loss (dE/dx)
resolution of 6% for electrons from Bhabha scattering. The
EMC measures photons with an energy 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. That in the end
cap region was 110 ps before the end cap TOF system was
upgraded in 2015 using multigap resistive plate chamber
technology, providing a time resolution of 60 ps, which
benefits 84% of the data used in this analysis [23-25]. Data
samples used in this work are summarized in Table I,
including those with CM energies ranging between 4.128
and 4.226 GeV, corresponding to a total integrated lumi-
nosity of 7.33 fb~!.

The MC simulated samples produced with a GEANT4-
based [27] package, which includes the geometric descrip-
tion of the BESIII detector and the detector response, are
used to model the signal, determine signal detection effi-
ciency and to estimate backgrounds. The MC samples are
produced with known decay rates [10] and correct angular
distributions by two event generators, EVTGEN [28,29] for
both charm (D:*, DF, D**%) and D°*)) and charmonium
decays and KKMC [30,31] for continuum processes. The
samples consist of ete™ — DD, D*D, D*D*, DD, DD,
DiD}, xDD*, zDD, qq(q = u,d, s), yJ /y, yw(3686) and
7777, Charmonium decays that are not accounted for by
exclusive measurements are simulated by LUNDCHARM
[32,33]. All MC simulations include the effects of initial-
state radiation (ISR), final-state radiation (FSR) and beam
energy spread in e' e~ annihilation, where ISR is simulated
with ConExc [34] for e*e™ — c¢¢ events within the frame-
work of EVTGEN, and with KKMC for noncharm con-
tinuum processes. FSR for charged final state particles is
incorporated using the PHOTOS package [35]. The beam
energy spread in the ete™ annihilation is modeled with
KKMC. Signal MC samples used to estimate the signal
efficiency for different tag modes are generated individually,
and the decay D:* — eTe~D¥ follows the differential
decay width given in Eq. (1).

III. DETERMINATION OF THE TAG
AND SIGNAL YIELDS

The ete™ — DiD, events are reconstructed by tagging
the DY signal (denoted as D;) with the decay modes
(denoted as f) that have large branching fractions, and the
corresponding yields are

S(f*) = 2Np;p B(f)e(f*), (5)

where Np.p is the total number of e*e™ — Di*Dy or
Di~ D} events in the data sample, the factor 2 accounts the
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TABLE 1. Summary of the DY tagging modes and their
branching fractions from the PDG [10], where the quoted
uncertainties include the contributions from both primary and
secondary branching fractions.

Mode f* Effective branching fraction (%)
K9K* 1.04 £0.01
KtK-n* 5.45 £ 0.08
KSK*2° 1.01 £0.02
K*K ntn° 546 +0.15
KOKFntn* 1.09 +0.02
antat 1.09 £ 0.01
™ 0.66 + 0.01
at 7y 3.54 £+ 0.07
L 0.66 + 0.02
nin;p(, 1.16 £0.03
K*ntn~ 0.62 +0.01

charge conjugated modes of eTe™ — DiD,, B(f) and
e(f*) are the branching fraction and reconstruction effi-
ciency of the tag mode Df — f*, respectively. The eleven
DY tag modes employed in this analysis are summarized in
Table II, where the intermediate states are reconstructed with
the following decays: K(S) satr, i sy —-yy -
ata nand yp° (p° — nt ). The reconstructed D mesons
may originate either from D7 decays (i.e. daughter DY) or be
directly produced in the e*e™ collision in association with a
D7 (i.e. bachelor D). These two contributions cannot be
distinguished at the present stage.

Charged tracks in the MDC are required to satisfy
|cos | < 0.93, where € is the polar angle defined with
respect to the z-axis, which is the symmetry axis of the
MDC. For charged tracks not originated from Kg decay, the
distance of closest approach to the interaction point (IP)
must be less than 10 cm along the z-axis (|V]) and less than
1 cm in the transverse plane (V,,). Particle identification
(PID) for charged tracks is performed by combining
information from the dE/dx in the MDC and the flight
time in the TOF to form likelihoods £(h) (h = K, ) for
each hadron & hypothesis. Charged kaons and pions are
identified by comparing the obtained likelihood values and
requiring £(K) > L(z) and L(x) > L(K), respectively.

Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be greater
than 25 MeV in the barrel region (|cos 6| < 0.80) or 50 MeV
in the end cap region (0.86 < |cos | < 0.92). To exclude
showers originating from charged tracks, the opening angle
between the EMC shower and the closest charged track at
the EMC must be greater than 10° as measured from the IP.
To suppress electronic noise and showers unrelated to the
event, the difference between the EMC time and the event
start time must be within [0, 700] ns.

The K9 candidates are reconstructed with two oppositely
charged tracks satisfying |V_| < 20 cm; the two charged

tracks are assigned as z" 7z~ without imposing further PID
criteria. They are constrained to originate from a common
vertex and are required to have an invariant mass within
[0.487,0.511] GeV/c?. The decay length of the K% can-
didate is required to be greater than twice the vertex
resolution away from the IP.

The 7° and  candidates are reconstructed using photon
pairs with yy invariant masses within [0.115, 0.150] and
[0.490,0.580] GeV/c?, respectively. In order to improve
the momentum resolution, a kinematic fit is carried out on
the yy candidates, where the invariant mass of the photon
pair is constrained to the known z° or # mass [10]. The
kinematic variables from the fits are used in the sub-
sequent analysis. The p° candidates are reconstructed from
the decay mode p° — 7"z, requiring the invariant mass
of the ztz~ pair to be within [0.570,0.970] GeV/c?. The
i’ candidates are reconstructed from the decay modes
W — ntnn and i — yp°, with the invariant mass of the
ntz™n and yx"x~ combinations being in the ranges of
[0.943, 0.973] and [0.946,0.970] GeV/c?, respectively.

The single tag (ST) samples are selected by reconstruct-
ing a D¥ candidate with the selected z*, K*, 7%, K9, n
and ' candidates and requiring the invariant mass lies
within a broad window of [1.85,2.06] GeV/c?. To sup-
press the backgrounds from wrong combinations of 7+
and 7° from the decays of D:*, D* and D** to D¥, D°
and D*, respectively, the momenta of z* and z° in the ST
DY candidates are required to be larger than 100 MeV/c.
For the DY — K*2t7~ and DY — 277z~ 2" modes, can-
didates are rejected if any Tz~ combination (two
combinations in the latter mode) has an invariant mass
within [0.468,0.528] GeV/c?, to suppress the back-
grounds associated to the K9 decays.

The recoil mass M’ g:i against the tagged D, is defined as

w5 =\ (v3-

where f)tag is the three-momentum of the Dy candidate in
the ete” CM frame, and my: is the D nominal mass
quoted from the PDG [10]. If multiple combinations are
present for a specific mode, only the candidate with the
closest Mr;g‘t to the D™ nominal mass [10] is retained for

2

. (6)

> 2 S
|ptag|2 + szj) - |ptag

the subsequent analysis. A relaxed requirement on M ¢

retains ee” — D*D, events in which the tag is from the
D, or D%, while suppressing combinatorial and e"e™ —
D} D; backgrounds. The windows are summarized in
Table I for each CM energy point.

The ST yields S(f*) are extracted by fitting the distribu-

tion of the ST D mass, defined as Mp: = 1/ Epg — | Pl *.

The distributions are shown in Figs. 1 and 2 at /s =
4.178 GeV as an example, where E,, is the energy of the
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FIG. 1. The M distributions of different tag modes for the data sample at /s = 4.178 GeV. The black dots with error bars are data.
The red solid curves represent the fit results and the blue (pink) dashed curves describe the background (signal) shapes. The ST mass
windows are between the green dashed arrows.
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The red solid curves represent the fit results and the blue (pink) dashed curves describe the background (signal) shapes. The ST mass
windows are between the green dashed arrows.

ST D¥ candidate obtained by summing the energies of the
daughter particles in the e*e™ CM frame. Detailed studies
based on the inclusive MC sample indicate that there is no
peaking background except same final states from ete™ —
Dy Dy in the M- distribution for most tag modes. The
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peaking contribution from ete~ — D{ Dy is about 0.9% and
has been subtracted according to MC estimation. Therefore,
unbinned maximum likelihood fits to the M+ distributions
are performed for candidates with invariant masses between
1.90 GeV/c? and 2.03 GeV/c?, separately for each tag
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TABLE III.

Summary of the ST mass windows (in GeV/c?), the corresponding tag yields [S(f*)] and tag

efficiencies [e(f*)] for the different D tag modes of the data sample with /s = 4.178 GeV. The uncertainties are

statistical only.

Mode Mass window S(fH) S(f7) e(ft) (%) e(f7) (%)

KYK* (1.948, 1.991) 15221 £ 186 15637 £ 192 47.79 £0.22 47.26 £0.22
KK n* (1.950, 1.986) 68315 £436 69052 + 442 40.71 £0.10 41.04 £0.10
KYK=7° (1.946, 1.987) 4881 £ 278 4790 £ 264 14.71 £0.29 14.51 £0.29
K*K-n*n° (1.947, 1.982) 18558 £ 557 20011 £ 596 11.04 £0.12 10.79 £0.12
KOKFntn* (1.953, 1.983) 7110 £ 160 7158 £163 19.91 £0.18 20.48 £0.18
ratat (1.952, 1.984) 18142 £ 678 18569 £ 629 54.34 +0.56 55.26 £ 0.56
aty (1.930, 2.000) 8922 + 313 9263 £318 45.64 £0.58 45.17 £0.58
' (1.920, 2.000) 20919 £ 1093 21213 1039 18.35 £ 0.38 18.90 4 0.40
ﬂin;+”,” (1.938, 1.997) 4939 £+ 127 4753 £119 2470+ 0.24 24.88 £0.24
ﬂir]fm@ (1.938, 2.006) 10998 £ 427 11141 £ 413 29.32+£0.38 29.65 +0.38
K*ntn~ (1.953, 1.983) 8332 + 467 8124 + 537 46.65 +0.87 46.09 +0.88

modes and for data samples collected at different CM
energies. In the fit, the signal is described by the MC
simulated shape convolved with a Gaussian function,
which accounts for the resolution difference between data
and MC simulation, and the combinatorial background is
modeled with a second order Chebychev polynomial
function, which has been verified by analyzing the inclu-
sive MC sample. In the fit of the D — K{K* channel, the
shape of the peaking background from D* — ngzi is
modeled by the shape from the inclusive MC sample, and
the corresponding size is left floating in the fit. To improve
the signal-to-background ratio, reduced Dy mass windows
are applied for each individual decay mode.

Table III summarizes the reduced D¥ mass windows, as
well as the obtained ST yields [S(f*)] and ST efficiencies
le(f*)], for each ST mode at /s = 4.178 GeV as an
example, where the detection efficiencies are obtained with
the inclusive MC sample. The potential difference from
detection between e(f*) and e(f~) is very small. The
values obtained for the other CM energies are presented in
the Supplemental Material [36]. The sum of the ST yields
across all eight data samples is (378.8 &2.3) x 103 for
ST D and (383.7+2.3) x 10° for ST Dj, where the
uncertainties are statistical only.

Based on the selected e e™ — D*D, samples, the events
of interest eTe™ — DiD, — eTe~ D] Dy are selected by
additionally reconstructing an e e~ pair (hereafter denoted
as g). Using the information from the reconstructed D
meson and the et e~ pair, the tagged D candidate can be
identified as either the daughter or the bachelor meson. The
corresponding yields are

N(g. f=9/%¢) = Np:p B(g)B(f)e(g. f=4/7),  (7)

where B(g) is the branching fraction of D" — ete™ DY,
e(g, fHdau/bac) is the corresponding detection efficiency,

the superscripts “dau” and “bac” indicate whether the ST
D corresponds to the daughter or the bachelor particle,
respectively.

The e™e™ pair is selected by reconstructing an additional
electron and positron pair within the remaining charged
tracks. Only the charged tracks with momentum less than
200 MeV/c are used, due to the small phase space of
the DT — eTe~ D] decay. To suppress the backgrounds
due to the misidentification of 7 /K* as e*, the PID with
the dE/dx information from the MDC is performed to form
likelihoods L£(h) for the hypothesis of K, 7z and e,
individually, and the electron is identified by requiring
L(e*) >0, L(e*)> L(K*) and L(e*) > L(x*). To
eliminate the background from D:* — yD¥, where the
y converts into an e* e~ pair by interacting with the beam
pipe, placed at a radius of 3 cm, or the MDC inner wall,
with radius of 6 cm, the y conversion program [9] is carried
out, where the variable R,,, which represents the distance
between the interaction point and the photon-conversion
vertex in the x—y plane, is calculated and the selection
R, <2.0 cm is applied to suppress the corresponding
background.

After applying all above selection criteria, the recoil
mass of the tagged D and the ee™ pair is calculated,
defined as

M, e = /(5= Eprp:)? = [Pees P (8)

where Ee*e’DSi =4/ |ﬁtag|2 —+ méj + Ee*e" Ee*e' is the
energy of the e*e™ pair in the CM frame, and p,:,p+ =
Pug + Pete- i the corresponding three-momentum. If

multiple combinations (tagged Df and multiple ete”
pairs) survive the selections for a specific tag mode, the
one with the closest M;efe_ pe o the DY nominal mass [10]

is retained for further study. To suppress the combinatorial
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TABLE IV. Summary of the five groups of tag modes and the corresponding signal-to-background ratios based on

the inclusive MC sample.

Group Tag mode (S/B)

Group 1 K*K-7* (1.15)

Group 2 K9K*(1.82), ﬂiq;+”,n (0.99)

Group 3 KYKFn*a*(0.77), 255 (0.64)

Group 4 KK*2°(0.42), K*K-n%7°(0.48)

Group 5 a7t (0.25), 7t 7%(0.20), nin;ﬂo (0.27), K*ztz(0.18)
backgrounds, M™% _ . is kept within (1.93,2.03) GeV/ ¢?.  individually. Combining the charged conjugated modes and

To extract the signal yields, we introduce two variables
referring to the invariant mass of D;* including a resolution
correction, M+, and Migg which M+, is the invari-
ant mass of the e e~ pair and tagged D, while Mg is the
recoil mass of the tagged DY, defined as

Me*e’tag = Me*e‘DfF - MD?‘ +mp;, (9)
rec __ pqltec Irec
Mtag =M DE M ete D¥ + Mp;s

(10)

/rec /rec
where M+ ,-ps, Mp:, M fhse and M vie-pr AT€

Me*e’D? = \/(Etag + Ee*e_)z - |I_7)e+efD$|2’

— 2 512
MD% Y, Etag - |ptag| ’
Mree

DE \/(\/E - Etag)2 - |ﬁtag|2’

(11)

(12)

(13)

MIZ(iCE—DAi = \/(\/E - Etag - Ee*e’)z - |l_5e+e'Dxi |27 (14)

Due to limited statistics in some tag modes, the eleven
tag modes are grouped into five categories based on similar
signal-to-background (S/B) ratios where S and B denote
the numbers of signal and background events from MC
simulated samples, as summarized in Table IV. The dis-
tributions of M+, and Mz for the five groups of tag
modes are shown in Fig. 3, where the charge conjugated
modes and the data samples collected at different CM
energies are summed. The clear D}* signals observed in the
M+ o-sg distribution indicate that the tagged D7 is the D}*
daughter, while those observed in the My distribution
signal that the tagged DY is the bachelor.

Based on Eqgs. (5) and (7), the branching fraction of
Dt — ete D] is extracted as

2N(g, fj;dau/bac)
(fF) x e(g, fo>) fe(f*)

where the branching fraction B(g) can be extracted by
the different tag modes and charged conjugated modes,

Blo) = (15)

some of the tag modes, the branching fraction can be
extracted as

2 Zf N(g, fdau/bac)

B(g) = (16)
+ _ dau/bac ’
D pSUT)+S(U7) X e (9. f)
with
60 |- Group 1 $data [ Group 1 $ data
N — fit result —fit result
+ --signal --signal
40 N --bkg
20F
:. A P S NP P A S-S TR |
30 GI'Ollp 2 + data r GI‘Ollp 2 + data
r — fit result —fit result
r --signal o --signal
20 :_ --bkg --bkg
10F {' Jr
T o o R
C Group 3 data. I Group 3 data
% r p — fit result P —fit result
r --signal [ --signal
E 20 E --bkg --bkg
< 10F
Z } Ak
S ol =l L TR L‘}l e’ .‘~|_*H+. L L
;_E 60~ Group 4 4 data [ Group 4 $ data
F — fit result — fit result
40 L --signal --signal
r --bkg --bkg
N . —
‘...L_./.\rihl.fl. ..JL.—’.I\.\LJ.+.|.
Group 5 $ data Group 5 $ data
150 F — fitresult F — fit result
--signal --signal
100 F --bkg L --bkg
+ Yt
50
- - "
TR RS S BT R PRI IS T S RN
2.1 2.12 2.14 2.1 2.12 2.14
Mo s (GeV/c?) M (GeVic?)
FIG. 3. The M+, and My, distributions of the signal

candidates by combining all eight data samples with different
CM energies. The black dots with error bars are data. The red
solid curves represent the fit results and the blue (pink) dashed
curves describe the background (signal) shapes.
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TABLE V. Summary of the signal efficiencies e(g, f=9/%) (%) for individual ST modes at /s = 4.178 GeV.

The uncertainties are statistical only.

Mode 6(9, f+,dau) €(g, f+,bac) S(g, f—,dau) €(g, f—,bac)
K(S)Ki 4.57 £0.08 4.77 £0.08 4.58 £0.10 4.90 £0.08
K*tK-n* 3.88 £0.03 4.17+£0.03 3.90 +0.03 4.15£0.03
KYK*7° 1.46 £ 0.04 1.86 +0.05 1.47 £0.04 1.77 £ 0.05
K*K 7tz 0.93 +£0.02 1.26 = 0.02 0.96 £+ 0.02 1.25 £0.02
K(;K:Fﬂiﬂ'i 1.67 £ 0.04 1.95 £0.05 1.71 £0.05 1.91 £0.05
T nt 5.414+0.08 5.88 £0.09 5.29 £0.08 5.94 £0.09
aty 4.95+0.10 522 40.11 4.88 £0.10 5.19£0.11
2% 2.174+0.03 2.59 £0.03 2.17 £0.03 2.48 £0.03
ﬂiﬂ;+”,,7 2.19 +£0.05 2.35 £0.06 2.16 £0.05 2.41 £0.06
ﬂii’];p(, 3.12+£0.08 3.23 +0.08 3.14 £ 0.08 3.20 £0.08
K*ntn~ 4.56 +0.10 5.07 £0.11 4.67+0.11 494 £0.11

dau/bac e(g, frdu/bacy 4 g(g, fdau/bac)
€eff ( ’f) - €(f+)+€(f_) .

To extract the branching fraction of Di* — eTe™DF
directly, a simultaneous unbinned maximum likelihood fit
is performed on the distributions of M+ ,-, and Mg for
the five groups of tag modes and the eight data samples
with different CM energies (40 subdata samples in total).

In the fit, the signal shapes are described by those from
MC simulation convolved with a Gaussian function to
account for the difference in resolution between data and
MC simulation, where the parameters of this Gaussian
function are shared in all subdata samples. The back-
grounds from continuum hadron production in the e*e”
annihilation and those from open charm processes are
described with a second order Chebychev polynomial
function, whose parameters are also shared among the
subdata samples with different CM energies, but are treated
separately among the five tag mode groups. The residual
peaking contribution from D** — yD? is about 1.2% and
can be neglected without introducing a significant bias
based on inclusive MC estimation. The signal yield in each
subdata sample is constrained by the common branching
fraction of Di* — e*e~D, as defined in Eq. (16), which
is shared among all subdata samples, while the background
yields are treated as free and independent parameters for
each subdata sample. Additionally, detailed studies based
on the signal MC samples indicate a plateau in the M+ -5,
and Mg distributions due to wrong combinations. The
effects are also considered in the simultaneous fit, where
the shapes are derived from the signal MC sample, and their
relative normalizations are constrained to the same ratios
with respect to the signal as obtained from the signal MC.

In the simultaneous unbinned maximum likelihood fit,
the yields of each tag mode [S(f*)] as well as their detection
efficiencies e(f*), and the signal detection efficiencies
e(g, fHdau/bac) obtained from the signal MC samples are
summarized in Tables IIl and V for the data sample at

(17)

/s = 4.178 GeV, respectively. The potential difference
from detection between e(g, f924/%2¢) and ¢(g, f—dau/bac)
is also very small. For the other data samples with different
CM energies, they are presented in the Supplemental
Material [36]. The fit curves for the five groups of tag
modes summing over the data samples at different CM
energies are shown in Fig. 3, where good fit quality is
obtained. The fit results in the branching fraction
B(Dit — eteDY) = (7.28 £0.61) x 1073; the total sig-
nal yield from the fit is 573 + 48 with Eq. (16), where the
uncertainties are statistical only.

IV. SYSTEMATIC UNCERTAINTIES STUDIES

All sources of systematic uncertainty in the branching
fraction measurement are discussed below, and summa-
rized in Table VI

From Egs. (16) and (17), it can be seen that the
systematic uncertainties in the branching fraction meas-
urement arise from contributions associated with the tagged
and signal yields, as well as from the ratio of detection
efficiencies between the signal and tagged samples.

The uncertainty associated with the single tag yields is
0.4%, which includes the statistical uncertainty and a
systematic component estimated by performing the fits
without convolving the Gaussian function on the signal
shape, and changing the background shape from a second
order Chebychev polynomial to a third order; the resultant
differences with respect to the nominal values are taken as
the uncertainties. Similarly, the uncertainty associated with
the signal yields is estimated by changing the left and right
boundaries of the fit range by 2 MeV/c?, as well as the
shapes of the signal and the background; this contribution
amounts to 2.5%, assuming these sources of uncertainties
uncorrelated and taking the quadratic sum as the total
uncertainty.

The systematic uncertainties from detection efficiencies
are canceled for the single tag efficiencies, according to
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TABLE VI. Summary of the systematic uncertainties for the
branching fraction measurement.

Source Systematic uncertainty (%)
ST 04
Tracking of e™e™ pair 1.7
PID of ete™ pair 1.4
y conversion rejection 2.8
Signal shape 1.9
Background shape 1.2
Fitting region 1.1
Total 43

Egs. (16) and (17). The uncertainties associated with the
e e pair include the contributions from the e™e™ tracking,
PID and photon conversion rejection. The uncertainty from
tracking (PID) is determined by studying a control sample
J/w = nta~ 7’ 2° - etey, and the signal detection effi-
ciencies are reweighted according to the two-dimensional
kinematic distribution of transverse momentum (momen-
tum) and cos 6. The overall correction factor is estimated to
be (123.3 £2.1)% ((90.6 £ 1.2)%). The residual uncer-
tainties from statistical uncertainties of correction factors
are assigned as the ee™ pair tracking (PID) systematic
uncertainties after correcting the signal efficiencies. The
uncertainty from the photon conversion rejection is deter-
mined by the same control sample; the signal efficiency is
corrected by the ratio (105.4 + 2.9)%, which is the vetoing
photon conversion efficiency between data and MC sim-
ulation, and the residual uncertainty that is also from
statistical uncertainties from correction factor is assigned
as the photon conversion rejection systematic uncertainty.
The uncertainties associated with the ete™ tracking, PID
and photon conversion rejection are assigned to be 1.7%,
1.4% and 2.8%, respectively. All other uncertainties are
negligible. Assuming that all the sources of uncertainties
are uncorrelated, the quadratic sum of the individual values,
4.3%, is taken as the total uncertainty.

V. SUMMARY

In summary, the branching fraction of the EM Dalitz
decay Dt — eTe~ D} is measured by using an electron-
positron collision data sample corresponding to a total
integrated luminosity of 7.33 fb~!, collected at CM energies
between 4.128 GeV and 4.226 GeV with the BESIII detector.
The measured branching fraction B(D;" — eTe™D{) =
(7.28 £0.614, £ 0.31,) x 107 is consistent with the

previous CLEO-c result of (6.77]3 £0.9) x 1073, and
the precision is improved by a factor of 2.5. Taking the
branching fraction of D" — yD{ from the PDG, B(D;* —
YD) =0.936 +0.004 [10], the ratio of the branching

fractions between DiT — eTe™Dy and DIt — yDy is
calculated to be (7.78 +0.73) x 1073, which is consistent
with the theoretical prediction of 6.46 x 1073 [1] and
6.24 x 1073 [11] within 1.8¢ and 2.10, respectively.
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