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Using a data sample corresponding to an integrated luminosity of 2.93 fb~! collected at a center-of-mass
energy of 3.773 GeV with the BESIII detector at the BEPCII collider, we search for a scalar partner of the
X(3872), denoted as X(3700), via w(3770) — yn’ and yx*tn~J/y processes. No significant signals are
observed and the upper limits of the product branching fractions B(w(3770) — yX(3700)) - B(X(3700) —
nn') and B(w(3770) — yX(3700)) - B(X(3700) — 7"z~ J/w) are determined at the 90% confidence level,

for the narrow X(3700) with a mass ranging from 3710 to 3740 MeV/c?,

1.9(x1073) and 0.9 to 3.4(x107), respectively.

DOI: 10.1103/PhysRevD.108.052012

I. INTRODUCTION

Since 2003, a number of resonances that decay to final
states with a pair of c¢c quarks have been discovered [1-4].
Whereas some of these states have properties well expected
for conventional c¢ mesons [5], and others have properties
that do not match those of any c¢ mesons and can be
described by configurations beyond quark model, such as
multi-quark or hadronic-molecule [6-11]. Among these
states, the X(3872) [19(JF€) = 07 (17F)], discovered at
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which are from 0.9 to

the Belle experiment in 2003 [12], attracted lots of attention
due to the fact that it is very close to the D**D° threshold
(Q = mx(3872) — Mp0 — Mpo = (—004 + 009) MCV/CQ)
and very narrow (I' = (1.19 = 0.21) MeV) [13]. As a good
candidate for the D**D° molecule, the X (3872) stimulated
many studies of similar states at other meson pair thresh-
olds, such as X,(4013) (expected to be an S-wave D*D*
bound state) [14].

In the hadronic-molecular picture, the X(3872) can have
some degenerated spin partners with quantum num-
bers 07", 17, and 2™ in the heavy quark limit [15-17].
As a good candidate for the 0™ state, the X(3700)
[19(JP€) = 0*(0*T)], a DD molecule, is predicted with
a mass around 3720 MeV/c? via heavy quark-spin-
symmetry arguments [16,17]. The discovery of such a
0" charmoniumlike state would provide a strong support
for the interpretation of the X(3872) as a hadronic-
molecule dominant state. In addition, the X(3700) is
predicted by lattice quantum chromodynamics in the study
of the coupled-channel DD — DD, scattering [18], and it
is found as a shallow DD bound state just below the DD
threshold. In chiral unitary theory, the X(3700) has already
appeared as a pole in the T-matrix in the study of dynamical
generation of resonances, and its structure is mainly a DD
quasibound state [19].

Experimentally, some hints of the existence of X(3700)
have been reported. A bump in the DD spectrum close
to the DD threshold observed by the Belle Collaboration in
the ete™ — J/wDD reaction was better interpreted in
terms of the bound state below threshold, with My (3709 =
3723 MeV/c? [20] and M x(3700) = 3706 MeV/ ¢? [21] than
with a resonance X(3880) as suggested in Ref. [22].
Besides, a hint of enhancement just above the DD thresh-
old was both seen by the BABAR and Belle Collaborations
in the reaction yy — DD [23,24]. By fitting to the DD
invariant mass distributions measured by the Belle and
BABAR Collaborations, taking into account the S-wave DD
final state interaction, the existence of X(3700) has been
further investigated in Ref. [25].
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Although the X(3700) has been predicted by many
different models, it has not been confirmed by any experi-
ments yet. Furthermore, as a DD bound state, the X (3700)
cannot be generated by the one-pion exchange interaction
between the D mesons due to the P parity conservation in
the strong interaction. Various strategies for the experi-
mental search for the X(3700) in exclusive decays have
been proposed, e.g., w(3770) — yn' [26], w(3770) -
yD°D® [27] and B°H) — DODOKO(+) [28]. The dominant
decay of the X(3700) is to ny/, with the partial decay
width FU/(3770)—’YX(3700)»X(3700>—>7M/ =0.293 keV aCCOfding
to the prediction based on the chiral unitary theory [26].
Since the total width I'y3779) = (27.2 £ 1.0) MeV [13],
we get B(y(3770) — yX(3700)) - B(X(3700) — ny') =
I y/(3770)—>yx(3700),X(3700)—»qn’/ L'y (3770) = 1.08 x 107°. There-
fore, the process w(3770) — yny' is studied to test the
theoretical prediction. We also search for the X(3700) via
X(3700) - "7~ J/y, since the X(3700) decay might
have a large isospin violation similar to X(3872) —
ata~J/y [29]. Tt will help to test the heavy quark-spin-
symmetry and deepen our understanding of the nature of
both the X(3872) and X(3700).

In this article, we report the studies of the two processes
w(3770) = yny' and yz 7~ J /w, withn - yy, ' —» ya'tn~
and J/y — £7¢7 (¢ = e, u), using the data sample corre-
sponding to an integrated luminosity of 2.93 fb~! collected
with the BESIII detector in the years 2010 and 2011, at
center-of-mass (c.m.) energy /s = 3.773 GeV [30,31].

II. BESIII DETECTOR AND MONTE
CARLO SIMULATION

The BESII detector [32] records symmetric ete™
collisions provided by the BEPCII storage ring [33] in
the c.m. energy range from 2.0 to 4.95 GeV, with a peak
luminosity of 1 x 103 cm™2s~! achieved at /s =3.77 GeV.
The cylindrical core of BESIII detector 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 [34]. The solenoid is supported by an
octagonal flux-return yoke with resistive plate counter
muon identifier modules interleaved with steel. The accep-
tance of charged particles and photons is 93% over 4z solid
angle. 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 barral (end cap) region. The time resolution
of the TOF barrel part is 68 ps, while that of the end cap part
is 110 ps.

The optimization of event selection criteria and effi-
ciency determination are based on Monte Carlo (MC)
simulations. The GEANT4-based [35] simulation software,

BESIII Object Oriented Simulation Tool (BOOST) [36],
includes the geometric description of the BESIII detectors.
The simulation models the beam energy spread and initial
state radiation (ISR) in the e"e~ annihilations with the
generator KKMC [37,38]. Samples of MC simulated events
for the signal decay y(3770) — yX(3700) are generated
with the P2GCO0 model in EVTGEN [39,40]. The subsequent
decays X(3700) — nn' and p°J /y are generated uniformly
in phase space. p° — 7+ 7~ is generated with VSS model in
EVTGEN [39,40]. Final state radiation from charged final
state particles is incorporated using PHOTOS package [41].
The mass of the X(3700) is assumed to be 3710, 3715,
3720, 3725, 3730, 3733, 3735, and 3740 MeV/c? and the
width is set to 1.0 MeV [19] in the simulation.

To estimate the possible background, we use the inclu-
sive MC sample generated at /s = 3.773 GeV. The
inclusive MC sample includes the production of DD pairs
(including quantum coherence for the neutral D channels),
the non-DD decays of the y(3770), the ISR production of
the J/y and w(2S) states, and the continuum processes
incorporated in KKMC [37]. The statistics of DD pairs is
10.8 times that of data, the statistics of non-DD, ISR J ya'%
and ISR y(2S) are 10.2 times that of data, and the statistics
of continuous process is 7.4 times that of data. The known
decay modes are generated with EVTGEN with branching
fractions being set to the world average values [13] and
the remaining events are generated with LUNDCHARM
[42,43] while other hadronic events are generated with
PYTHIA [44].

III. EVENT SELECTION

Charged tracks detected in the MDC are required to be
within a polar angle (6) range of | cos 8| < 0.93, where @ is
defined with respect to the z-axis, which is the symmetric
axis of the MDC. For charged tracks, the distance of closest
approach to the interaction point must be less than 10 cm
along the z-axis, |Vz|, and less than 1 cm in the transverse
plane, |V,,|.

Photon candidates are identified using showers in the
EMC. The deposited energy of each shower must be more
than 25 MeV in the barrel region (| cos 8] < 0.80) and more
than 50 MeV in the end cap region (0.86 < |cos 6| < 0.92).
To significantly reduce showers that originate from charged
tracks, the angle subtended by the EMC shower and the
position of the closest charged track at the EMC must be
larger than 10° as measured from the interaction point. To
suppress electronic noise and showers unrelated to the
event, the difference between the EMC time and the event
start time is required to be within [0, 700] ns.

For the y(3770) — ynif', n — yy and ' — yax ™z~ chan-
nel, we choose 1’ — yztz~ with the largest branching
fraction (taking into account the branching fraction of the
intermediate resonance decays). Event candidates are
required to have exactly two charged tracks with zero
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net-charge and at least four photons. The two charged
tracks are assumed as pions without using particle iden-
tification information. A vertex fit is performed on the two
charged tracks to make sure that they originate from the
same vertex. In order to select # candidate, we do pairwise
combinations for all the photons, and require the sum of the
two photon energies to be larger than 1.65 GeV and their
invariant mass satisfies 0.51 < M(yy) < 0.57 GeV/c?. To
improve momentum and energy resolutions and suppress
background, a five-constraint (5C) kinematic fit, which
constrains the sum of four momentum of the final-state
particles to the initial momentum of the colliding beams
and the invariant mass of the » candidate to the  world
average mass [13], is performed to an event with the
hypothesis y(3770) — yynatn~, and 2. < 18 is required.
If there are more than one combination due to multiple 7
candidates or photons, the combination with the minimum
X3c is retained.

The yz'n~ combination with the minimum
|M(yz*a~) — m,| is chosen as the 7' candidate and events
with |[M(yz*z~) —m,| < 0.009 GeV/c?* are selected for
further analysis. The z*z~ invariant mass is required to be
in the p° mass region, 0.6 < M(z"7~) < 0.8 GeV/c>. The
asymmetric mass window for p° is chosen following
Ref. [45]. To suppress background containing a 7°, events
with |M(yy) —mp| < 0.015 GeV/c? are rejected, where
M(yy) is the invariant mass of any photon pairs passed the
kinematic fit and m o is the nominal mass of the z° from the
PDG [13].

For the w(3770) — yatz~J/y, J/w — T~ (ete” or
w ) channel, events with four good charged tracks with
zero net-charge and at least one photon candidate are
selected. Since the z* in the final state and #* from J/y
decay are kinematically well separated, charged tracks with
momenta larger than 1.2 GeV /¢ in the laboratory frame are
assumed to be Z* and those with momenta less than
0.5 GeV/c are assumed to be z*. The energy deposition
of charged track in the EMC is used to separate e and .
For u candidate, the deposited energy in the EMC is
required to be less than 0.5 GeV, while it is required to
be larger than 1.1 GeV for e. To improve the momentum
and energy resolutions and reduce background, a 4C
kinematic fit, which constrains the sum of four momentum
of the final-state particles to the initial momentum of the
colliding beams, is applied to an event with the hypothesis
w(3770) » yata=£¢~, and y3- < 36 (34) is required for
eTe™ (uTp™) mode. If there is more than one photon, the
combination with the least x5 is chosen. The J/y signal
mass window of 3.087 < M(£+¢7) < 3.120 GeV/c?, and
the sidebands of 3.05 < M(£¢7) <3.07 GeV/c? and
3.13 < M(¢+¢7) < 3.15 GeV/c?, are further required.

In order to suppress the background contributions
from low momentum electrons misidentified as pions,
pion candidates are identified using the dE/dx information

recorded in the MDC. A discriminator y, = (yy, —
Hexp)/Om is defined by combining the measured dE/dx
value (u,,), the measurement uncertainty (o) and the
expected value under a pion hypothesis (ucp). The con-
ditions y,+ < 3.0 and y,- < 3.0 are applied to provide
an optimal balance between efficiency loss and back-
ground rejection power. To further reject radiative
Bhabha (yete™) background associated with photon con-
version, the cosine of the opening angle of the ztz~
candidates in the laboratory frame is required to be less than
0.95 in J/yw — eTe™ mode. This requirement removes
almost all the photon conversion background events with
an efficiency loss less than 1%. The remaining background
events mainly come from ete™ — yryw(2S) [with
yw(2S) - ntx~J/w], which has the same final state as
the signal mode. To suppress such background, |cos 8, | is
required to be less than 0.75, where 6, is the polar angle of
the radiative photon in the laboratory frame.

IV. SIGNAL EXTRACTION

For the y(3770) — yn' mode, Fig. 1(a) shows the
two-dimensional distribution of M(yz"z~) versus M ()
from the data sample after imposing all the requirements
mentioned above, and Fig. 1(b) shows the nn’ invariant
mass distributions from the data, inclusive MC and signal
MC samples after further tagging an #' candidate by the
criterion, |[M(yx"n~) —m,| < 0.009 GeV/c?. Only one
candidate event survives the selection between 3.70 and
3.75 GeV/c?, and no significant X(3700) signals are
observed in this channel.

A detailed study of the inclusive MC sample indicates that
there are only a few events survived and distributed randomly
in this mass region. We used a “cut and count” method to
extract the number of signal events for different X(3700)
masses. The signal events are selected with both M (11') and
M (yzx*x~) within mass windows of twice the mass reso-
lutions (2¢) around their mean values. Here the mean values
stand for the nominal masses of X(3700) and #'. The mass
resolutions are determined from the simulation.

For the w(3770) — yztz~J/yw mode, the plots in Fig. 2
show the " z~J/y invariant mass distributions from the
data and inclusive MC sample after imposing all the
requirements mentioned above. Here M(z"z~J/w) =
M(zta= ¢t ¢~) =M(£*¢7) + my), is used to reduce the
resolution effect of the lepton pairs [46], and m,,,, is the
nominal mass of the J/yw meson [13]. No significant
X(3700) signals are observed in this channel either. The
surviving events are dominated by backgrounds from
ete” — yisry (2S) (with y(2S) —» 7tz J /).

To extract the signal yields, we perform a simultaneous
unbinned maximum likelihood fit on the M(z"z~J/y)
distributions for both J/y — ete™ and J/yw — utu~
modes. In the simultaneous fit, the signal is described
by the line shape of the X(3700) from MC simulation, and
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the background is described by a linear function. The fit
results are shown in Fig. 2. Since the mass of X(3700) is
not determined yet, various fits are performed under
different X(3700) mass assumptions, and no obvious the
X(3700) — ntz~J/y signals are observed from the vari-
ous fits.

Since there are no significant X(3700) signals, we set
the upper limit of the product branching fractions for
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Hlinclusive MC =3715 MeV/c2 m3725 MeV/c2=3733 MeV/c2=3740 MeV/c2
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w(3770) — yX(3700), X(3700) — nn/, and X(3700) —
atx~J/y. For X(3700) — ny' and X(3700) — ="z~ J /y,
we have not observed obvious X(3700) signals from the
w(3770) resonance data and continuum data, so it is
difficult to consider the contribution from the continuous
process and the interference between the y(3770) and the
continuum amplitudes. We assume that all the contribution
is from y(3770) decay and the interference between the

I+ data =3710 MeV/c? =3720 MeV/c? - 3730 MeV/c? =3735 MeV/c?
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FIG. 2. The simultaneous unbinned maximum likelihood fit on the M (z "z~ J /) distributions for e*e™ mode (left) and y*u~ mode
(right). Black dots with error bars represent the data sample, and other colored shaded histograms represent the inclusive MC sample.
The solid lines with different color represent the total fit results for different masses of the X(3700). The number of events in the
inclusive MC sample is normalized according to the integrated luminosity of the data sample.
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w(3770) and the continuum amplitudes [47] is ignored.
The upper limit of the branching fraction of w(3770) —
yni' including all possible intermediate states is given at
the 90% C.L.

The corresponding upper limits of the product branching
fractions B(w(3770) — yX(3700)) - B(X(3700) — n1') and
B(y(3770) — yX(3700)) - B(X(3700) — ztn~J/y) are
calculated using

B(y(3770) = yX(3700)) - B(X(3700) = i (x+ 2~ J /yr))
up
- N (1
LoW (771 )

where N;};,(ﬂﬂ_ sy 18 the upper limit of the signal yield
at the 90% C.L., £ is the integrated luminosity of the
used data sample, ¢ = (7.15+£0.27 £0.27) nb, is the
observed cross section of ete™ — y(3770) at 3.773 GeV
[48,49], W;m’ :806(71_)77/)8(7]/ _)7”+”_)’ Wﬂ'*ﬂ’l/y/ =
eS’B(J/w = ¢¢7). Bn—vyy), By —»yzta"), and
B(J/y — ¢£7¢7) are taken from the PDG [13]. ¢, and
egf are the detection efficiencies based on MC simula-
tion for X(3700) — ny’ and X(3700) — z*z~J/y modes,
respectively.

V. SYSTEMATIC UNCERTAINTY

The systematic uncertainties are classified into two
categories: the multiplicative ones and the additive ones.
The multiplicative systematic uncertainties are listed in
Table II and discussed in detail below.

The sources of multiplicative systematic uncertainties
include the luminosity measurements, the cross section of
ete” - w(3770), the data-MC differences of tracking
efficiency and photon reconstruction efficiency, the branch-
ing fractions taken from the PDG [13], the kinematic fit, the
mass windows for 77/, 5/, and J/y candidates, the require-
ment of cos @, and other selection criteria.

The integrated luminosity of the used data sample is
measured using large angle Bhabha scattering events, with
an uncertainty of 0.5% [30,31]. The observed cross section
for ete” — y(3770) is obtained by weighting the two
independent measurements of this cross section [48,49],
with an uncertainty of 5.3%. The difference in the tracking
efficiencies between data and MC simulation is estimated
to be 1% per track [50,51]. The uncertainty due to the
photon reconstruction efficiency is studied in Refs. [52,53]
and it is determined to be 1% per photon. The uncertainties
from the branching fractions of # — yy, n’ - yxtz~ and
J/w — ¢€T¢~ are taken from the PDG [13].

For the uncertainty caused by the kinematic fit to the
charged decay modes, we correct the track helix parameters
in the MC simulation so that the MC simulation can better
describe the momentum spectra of the data [54]. In this
analysis, we use the efficiency after the helix correction for
the nominal results. The difference in the MC efficiencies

before and after performing the correction is taken as the
systematic uncertainty.

The efficiencies of many selection criteria used in this
analysis are estimated with control samples and compared
with corresponding MC simulations. The efficiency obtained
from MC simulation is corrected according to the data-MC
difference in efficiencies obtained with the control samples.
The correction factor f* is defined as

fv = glf/lC/g(lljata’ (2)
with

=N Mgata(MC) ’ (3)

Egata(MC) Sata(MC) /
where the subscript “MC” represents MC simulation and

the subscript “data” represents the data sample, N gm(MC) is

the number of events in the signal region of a selection

criterion v, and M is the number of events in the full
ata(MC)

range of v.

The uncertainty of sgata(MC) is

o Eaavc) (1 = Edaamc)) (4)
€ data(MC) M gata(MC)

since the data and MC simulation are independent, so the
uncertainty of [V is

62, o o2
f _ gdala + SMC (5)
v 27

v2 v 2
f €data EMc

For f" & 6., we define Af” = |f” — 1|, where Af" and
o are the deviation of f* from 1 and the uncertainty of f*,

respectively. If |%| < 1.0, no correction will be applied
(fgor =1 and |Afv| + |O-f"
uncertainty o,; while if |ﬁ7f:| > 1.0, the MC efficiency ¢

will be taken as the systematic

will be corrected as &/f", and o, will be taken as the
systematic uncertainty. The systematic uncertainties due to
the ' and n;’ mass windows are estimated by the control
sample of y(2S) — yy.o (With y.qg = n1'). The systematic
uncertainties due to the J/y mass window and the cos®,
requirement are estimated by the control sample of ete™ —
yisry (28) (with w(2S) = z*72~J /). The f and o, for
the systematic uncertainties due to the 7/, ', J/y mass
windows, and the cos 6, requirement are shown in Table I,
where f{, and o, are the final correction factor and
systematic uncertainty, respectively.

The efficiencies for other selection criteria, including the
opening angle requirement, the event start time determi-
nation and the y .+, y,- requirements, are higher than 99%,
and their total systematic uncertainties are safely assigned
to be 1.0% [46,55].
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TABLE L. The f* & o4, f& and o for the i, niy’, J/y mass
windows, and the cos 8, requirement. f* + o is the efficiency
correction factor. According to the definition in Sec. V, f¢,, is the
final efficiency correction factor and o, is the systematic
uncertainty of fZ,,.

Sources frxop Sl oy
7' mass window 1.0539 £0.0224 1.0539 0.0224
ny’ mass window 1.0076 £0.0199 1.0000 0.0275
J/w mass window ete” 1.0039 £ 0.0025 1.0039 0.0025
wrp~ 1.0056 +0.0021 1.0056 0.0021
cos 6, requirement e*e” 1.0051 ££0.0083 1.0000 0.0134
wrp~  1.0007 +0.0069 1.0000 0.0076

Table II summarizes all the multiplicative systematic
uncertainties of the two processes. The overall multiplica-
tive systematic uncertainties are obtained by adding all
systematic uncertainties in quadrature assuming they are
independent.

The additive systematic uncertainties contain those
from the parametrization of the signal and background
shapes in fitting M(z*z~J/y) distributions in the decay
channel y(3770) — yx 7~ J/y. The uncertainty due to the
signal shape is derived from the difference in the mass
resolutions between data and MC simulation. To estimate
this uncertainty, an alternative fit is performed where the
w(2S) signal from ete™ — yryp(2S) (with w(2S) —
atn~J/y) is modeled with the MC shape of the
w(2S) convolved with a Gaussian resolution function.
The parameters (mean m and standard deviation o)
of the Gaussian function are determined to be
m = (—=0.23 +0.03)MeV/c?, 6 = (0.79 £ 0.05) MeV/c?
for J/w —ete and m=(-0.134+0.02) MeV/c?,

TABLE II. The multiplicative systematic uncertainties (in units
of %) in the branching fraction measurements for y(3770) —
yX(3700) — yny' and w(3770) — yX(3700) — yztn~J/w.

yataJy

Sources yn ee U
Integrated luminosity 0.5 0.5 0.5
Total cross section of y(3770) 5.3 5.3 5.3
Tracking efficiency 2.0 4.0 4.0
Photon reconstruction 4.0 1.0 1.0
Kinematic fit 29 2.9 1.9
Branching fraction of J/y e 0.6 0.6
Branching fraction of 7 0.5 e e
Branching fraction of #’ 1.4 e e
J/w mass window e 0.3 0.2
7' mass window 2.2 e
nn’ mass window 2.8

cos 0, requirement e 1.3 0.8
Other requirements e 1.0 1.0
Total 8.5 7.5 7.1

o= (0.80 £ 0.04) MeV/c* for J/y — putu~. We con-
volve the MC-determined X(3700) shape with the
Gaussian smearing functions whose parameters are deter-
mined above, and refit the data. The uncertainty associated
with the background shape is estimated by changing from a
first order Chebyshev function to a second order one. Then
the most conservative upper limit from these alternative fits
is chosen as the upper limit with the additive systematic
uncertainties.

VI. UPPER LIMIT OF BRANCHING FRACTION

Based on the Bayesian method [56], the upper limit of
the product branching fraction for w(3770) — yX(3700),
X(3700) — nn’ at the 90% C.L. is calculated with the
systematic uncertainty taken into account through the
distribution of M(nn') as shown in Fig. 1(b). To obtain
the upper limit of the product branching fraction, the
likelihood function is constructed to calculate the signal
yield at the 90% C.L. assuming that the numbers of
observed events in signal region (N,,,) and events in
sideband region (N,) obey a Poisson distribution
[Pois(Ny, ;1 + b), and Pois(N,;b)], and the efficiency
(¢) obeys a Gaussian distribution [Gaus(e; &, 52'7/)]. The u
is the expected signal yield in the signal region, b is
the expected background yield in the sideband region, & is
the corrected efficiency, 8" is the absolute multiplicative
systematic uncertainty for y(3770) — yni, S = e x 6;"];,
where 5'57;7; is the relative total multiplicative systematic
uncertainty for y(3770) — yny'.

Since there is almost no event left in the sideband region,
we fix N, and b to O in the likelihood function to get a

more conservative upper limit. The likelihood function is
defined as

(e—¢g )2

L(u) /IL’<€ >\/—l g
H) = —H re e £,
0 €0 275
Nx
L () =5 emn, (6)
F= N0

The signal yield (N;Z ;) at the 90% C.L. is determined as

/0 " L () = 09 A " L(u)du, (7)

and the upper limit of the product branching fraction
B(w(3770) — yX(3700)) - B(X(3700) — nn') is calcu-
lated using Eq. (1). The obtained results are shown in
Table III.

The simultaneous unbinned maximum likelihood fit is
performed on the M(ztz~J/y) distributions of J/y —
ete” and J/w — utu~ modes for w(3770) — yantx=J /y,
and the likelihood distribution is obtained by varying
the signal yield in the fit. The normalized likelihood
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TABLE III. The upper limit of the product branching fraction B(y(3770) — yX(3700)) - B(X(3700) — n5') and B(y(3770) —»
yX(3700)) - B(X(3700) — n*2~J/y) at the 90% C.L.
M(X(3700)) (MeV/c?) 3710 3715 3720 3725 3730 3733 3735 3740
w(3770) — ynif/ & (%) 10.56 10.50 10.14 9.77 9.31 8.99 8.70 8.15
B (x107%) 8.9 9.0 9.3 9.7 10 18 18 19
w(3770) - yxta~J /gy £q¢ (%) 15.68 15.59 15.88 15.50 15.38 15.32 14.83 13.76
e (%) 24.10 23.97 24.02 23.93 23.67 23.54 23.16 21.80
B (x1073) 22 1.2 1.8 3.0 0.86 1.0 1.3 34

distribution is smeared with a Gaussian function, whose
mean is set as egf , and the standard deviation is 5’?”7 I —
£ X 5;’;”7/ ¥ where 67 © ¥ and 5@2”7/ ¥ are the absolute
multiplicative systematic uncertainty and the relative total
multiplicative systematic uncertainty for w(3770) —
yrntn~J/y, respectively. The likelihood function is defined
as Eq. (6) and the signal yield (N;Eﬂ_ ; /W) at the 90% C.L. is
determined using Eq. (7). The upper limit of the product
branching fraction B(y(3770) — yX(3700)) - B(X(3700) —
nt = J /y)is calculated using Eq. (1) and the obtained results
are shown in Table III.

In addition, we also search for y(3770) — yny'. The
unbinned maximum likelihood fit is performed on the
M (yz*z~) distribution, which is shown in Fig. 3. Since
no obvious 7’ signals are observed, the likelihood distri-
bution is obtained by varying the signal yield in the fit. The
normalized likelihood distribution is smeared with a
Gaussian function, and the likelihood function is defined
as Eq. (6). The systematic uncertainty is the same as that
of X(3700) — n, except for excluding the systematic
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FIG. 3. The unbinned maximum likelihood fit on the
M(yn*z~) distribution. Black dots with error bars represent data
sample, red dashed line represent signal MC sample, background
contributions are described by the green dashed line and blue
solid line represents the total fit.

uncertainty due to the 71’ mass window. The signal yield
(N;l;’”,) at the 90% C.L. is determined using Eq. (7). The

upper limit of the branching fraction for w(3770) — ynr is
calculated as

up
B(w(3770) — ynn') < : o ,
Loel™ B(n — yy)B(y' — yn'n7)

(8)

where 86'7”/ is the efficiency obtained by MC simulation,
which is 13.02%. The upper limit of B(y(3770) — yny') is

determined to be 4.8 x 107> at the 90% C.L.

VII. SUMMARY AND DISCUSSIONS

Using 2.93 fb~! of data taken at /s = 3.773 GeV
accumulated in the BESIII experiment, we search for a
scalar partner of the X(3872), denoted as X(3700), via
w(3770) = yniy' and w(3770) —» yntz~J/y for the first
time. Since no signal events are observed, the upper limits
of the product branching fraction for these two decay
channels are determined at the 90% C.L. and listed in
Table III. We also give the upper limit of the branching
fraction for w(3770) — yny' including all possible inter-
mediate states for the first time, which is 4.8 x 107.

According to the theoretical prediction in Ref. [26]
that we have discussed in the introduction, the product
of the branching fraction B(y(3770) — yX(3700))-
B(X(3700) — nn’) = 1.08 x 107, The upper limits for
this variable that we obtain are from 0.9 to 1.9(x1072),
for the X(3700) mass ranging from 3710 to 3740 MeV/c?.
The results are lower than the theoretical expectations for
most of the possible X(3700) masses, which disfavor the
theoretical prediction that 7’ is the dominant channel for
the X(3700) decay.

X(3700) —» ztz~J/y has also been searched for, but no
significant X(3700) signals are found. The upper limits
of the product branching fraction are calculated to be from
0.9 to 3.4(x1073) at the 90% C.L., for the X(3700) mass
ranging from 3710 to 3740 MeV/c?. As the spin partner of
the X(3872), the X(3700) — z*z~J/w might have large
isospin violation similar to the X(3872) — "z~ J /y [29].
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This result can provide a constraint for the theoretical
calculation of X(3700).
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