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We report the measurement of the inclusive cross sections for eþe− → nOCH (where nOCH denotes

non-open charm hadrons) with improved precision at center-of-mass (c.m.) energies from 3.645 to

3.871 GeV. We observe three resonances: Rð3760Þ, Rð3780Þ, and Rð3810Þ with significances of 8.1σ,

13.7σ, and 8.8σ, respectively. The Rð3810Þ state is observed for the first time, while the Rð3760Þ and
Rð3780Þ states are observed for the first time in the nOCH cross sections. Two sets of resonance para-

meters describe the energy-dependent line shape of the cross sections well. In set I [set II], the Rð3810Þ
state has mass (3805.7� 1.1� 2.7) ½ð3805.7� 1.1� 2.7Þ� MeV=c2, total width (11.6� 2.9� 1.9)

½ð11.5� 2.8� 1.9Þ� MeV, and an electronic width multiplied by the nOCH decay branching fraction

of (10.9� 3.8� 2.5) ½ð11.0� 3.4� 2.5Þ� eV. In addition, we measure the branching fractions

B½Rð3760Þ → nOCH� ¼ ð25.2� 16.1� 30.4Þ%½ð6.4� 4.8� 7.7Þ%� and B½Rð3780Þ → nOCH� ¼
ð12.3� 6.6� 8.3Þ%½ð10.4� 4.8� 7.0Þ%� for the first time. The Rð3760Þ state can be interpreted as

an open-charm (OC) molecular state, but containing a simple four-quark state component. The Rð3810Þ
state can be interpreted as a hadrocharmonium state.
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Until two decades ago, it was widely believed that

hadron resonances with masses higher than the open-charm

(OC) pair thresholds decay entirely to OC final states via

the strong interaction. However, in July, 2003, BES

reported the observation of seven events of hadron reso-

nance(s) in this mass regime decaying to nOCH [1–4]. This

discovery overturned the understanding of resonance

decays and opened up a new era in hadron spectroscopy.

In this Letter, we denote these resonances as XaboveOC [3],

which encompasses both supposed pure quark-antiquark cc̄
states, i.e., ψð3770Þ, ψð4040Þ, ψð4160Þ, and ψð4415Þ, and
nonpure quark-antiquark cc̄ states (hereafter referred to as

‘non-cc̄’), such as four-quark states, OC-pair molecular

states, hadrocharmonium states, and hybrid charmonium

states [5–8]. Quantum chromodynamics (QCD) expects

that the non-cc̄ states exist in nature, and thus a discovery

of these systems would be an important validation of the

QCD predictions. The first nOCH final-state decay of a

XaboveOC resonance to be observed after the 2002 discov-

eries was J=ψπþπ− [1,2,9], seen by BES-II. This final state

can originate from a cc̄ state, a non-cc̄ state, or a

combination of both [4]. This discovery stimulated strong

interest in using J=ψπþπ− or similar final states as golden

channels to probe other nOC decays from the XaboveOC, and

led to the discovery of several exotic states [10–20].

Subsequent studies of the ψð3770Þ resonance showed

that it has a branching fraction of about 15% into nOCH

final states [21–24]. This fact indicates the contribution

of some undiscovered states [25] with masses around

3.773 GeV=c2, which predominantly decay into nOCH.

In 2008, the BES-II experiment observed for the first time a

double-peaked structure named Rsð3770Þ in eþe− →
hadrons at c.m. energies around 3.76 GeV [26], which is

composed of two states labeled Rð3760Þ and Rð3780Þ.
The existence of the Rð3760Þ state was confirmed in

eþe− → J=ψX by BESIII [4]. It is seen that the study of the

inclusive nOCH decays of XaboveOC both helps the under-

standing of known states, and is a sensitive probe for

undiscovered resonances, particularly non-cc̄ states.

In this Letter, we report a measurement of the cross

sections for eþe− → nOCH at c.m. energies from 3.645 to

3.871 GeV, studies of Rð3760Þ and Rð3780Þ production

and decays, and a search for an additional resonant state in

this energy region. The data samples used in this analysis

were collected at 42 c.m. energies in 2010 and correspond

to a total integrated luminosity of 75.5 pb−1.

The BESIII detector [27] response is studied using

Monte Carlo (MC) samples. The simulations are performed

using a GEANT4-based [28] software package. Simulated

samples for qq̄ vector states (i.e. uū, dd̄, ss̄, and cc̄) and
their decays to hadrons are generated using the MC event

generators KKMC [29], EVTGEN [30], and LUNDCHARM [31].

Background sources are estimated with MC samples
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generated using KKMC, and the MC event generators

BABAYAGA [32] and TWOGAM [33].

We select the inclusive nOCH events from the events

with charged particles or charged and neutral particles. In

order to reject background contributions from eþe− →
ðγÞeþe− and eþe− → ðγÞμþμ−, we require the events to

have more than two charged tracks (NCTrk), and impose the

following selection criteria for each track: (i) the distance

(Rxy) of the point of the closest approach to the beam pipe

must satisfy the condition Rxy ≤ 1.0 cm; (ii) the polar angle

θ must satisfy the condition j cos θj < 0.93; (iii) the

momentum p must be less than Eb þ 0.02Eb

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ E2

b

p

,

where Eb is the beam energy; (iv) the time-of-flight tTOF
must satisfy 2.0 < tTOF < 20.0 ns and jtTOF-tpj < 2.0 ns,

where tp is the expected time-of-flight of protons; (v) the

energy EEMC deposited in the electromagnetic calorimeter

(EMC) must be less than 1 GeV; (vi) the penetration depth

in the muon-chamber system must be less than 30 cm.

For the selection of photons, we require the deposited

energy of a neutral cluster in the EMC to be greater than

25 MeV in the barrel and 50 MeV in the end caps. We do

not apply any requirements on the number of photons in the

event. To suppress electronic noise and showers unrelated

to the event, we impose the condition that the difference

between the EMC time and the event start time be within

[0,700] ns. To reduce the beam-associated events (beam

interactions with gas or material), we demand that at least

one charged track or photon must point into each hemi-

sphere of cos θ < 0 and cos θ > 0. In addition, for each

event, we require the total energy (Etot
EMC) deposited in the

EMC by the charged and neutral particles to be greater

than 0.28Eb.

Some beam-associated background sources still survive

this selection. These background sources are produced at

random z positions [21], while genuine nOCH events are

produced around z ¼ 0, where z is the distance to the

interaction point along the BESIII axis. To distinguish the

nOCH events from the background sources, we calculate

the averaged z (ZAVRG) of the charged tracks in each event.

Figure 1 shows the distribution of the averaged ZAVRG of

the accepted events from the data sample collected at
ffiffiffi

s
p ¼ 3.779 GeV. Using a double-Gaussian function to

describe the signal shape plus a second-order Chebychev

function to parameterize the background shape, we fit the

ZAVRG distribution of event vertices to extract the number

of nOCH candidates, Nfit
had at each energy point.

The background to the Nfit
had distribution comes from

various sources, e.g., (i) eþe− → ðγÞeþe−, (ii) eþe− →
ðγÞμþμ−, (iii) eþe− → γγ, (iv) eþe− → ðγÞτþτ−,
(v) eþe− → ðγÞeþe−lþl− (l ¼ e, μ or τ), (vi) eþe− →
ðγÞeþe−Xhad (where Xhad denotes hadrons), and

(vii) eþe− → ðγÞDD̄. The total amount of background

Nb at each c.m. energy
ffiffiffi

s
p

is determined by Nb ¼
P

i¼7

i¼1
Nb;i with Nb;i ¼ L × σb;i × ηi, where L is the

integrated luminosity of the data sample, σb;i is the cross

section for the ith background source and ηi is the proba-

bility of misidentifying a candidate from the ith background

source as a nOCH event, which is determined by analyzing

the large backgroundMC samples. The cross sections σb for

sources (i), (ii), and (iii) are taken from BABAYAGA. For

source (iv), σb is calculated using the formulae given in

Refs. [34,35]. The cross sections for sources (v) and (vi) are

taken from TWOGAM, while that for source (vii) is taken from

the observed cross sections σo
DD̄

ðsÞ for eþe− → DD̄ deter-

mined using the same data samples. For example, at
ffiffiffi

s
p ¼ 3.7731 GeV, Nfit

had ¼ ð35235� 225Þ, Nb;lþl−;γγ ¼
ð1206� 7Þ, Nb;eþe−lþl−;eþe−Xhad

¼ ð341� 6Þ, and Nb;DD̄ ¼
ð9458� 186Þ, where the uncertainties on the first two

backgrounds arise from the statistical uncertainties on L,

σb;i, and ηi, and that on the third is due to the statistical

uncertainty on σo
DD̄

ðsÞ. To provide the most conservative

signal significance for the resonance searches that are

discussed below, we directly subtract Nb from Nfit
had and

allow the statistical uncertainty of Nb;DD̄ to fully contribute

to the uncertainty in the difference between Nfit
had and Nb.

This procedure yields No
nOCH ¼ ð24230� 292Þ, where the

uncertainty is statistical and includes the contribution from

the background estimates.

We determine the detection efficiency using MC simu-

lated events for the four components of the process

eþe− → nOCH: (i) eþe− → light-hadron (LH) continuum

processes including lower-mass resonances (LMRs) with

masses below 2 GeV (CPLMRs), (ii) J=ψ → hadrons,

(iii) ψð3686Þ → hadrons, and (iv) Rsð3770Þ → nOCH

[26]. We generate simulated samples for these events with

the KKMC package. These events include initial-state

radiation (ISR) and final-state radiation (FSR) processes.

For the subsequent decays of the J=ψ , ψð3686Þ and

Rsð3770Þ, we use EVTGEN to generate the known final

states, given in Ref. [36], and use LUNDCHARM to generate

the remaining unknown final states. The resulting selection
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FIG. 1. ZAVRG distribution of the vertices of the selected events

from the data sample collected at
ffiffiffi

s
p ¼ 3.779 GeV, where the

dots with error bar represent data, the solid line in blue is the best

fit, and the dashed line in red is the fitted background shape.
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efficiency is determined using ϵ ¼
P

4

1
wiϵi, where wi is the

number of nOCH events simulated for the ith component

over the total number of MC simulated nOCH events for all

four components, and ϵi is the corresponding efficiency for

selection of the nOCH events from the ith component.

Figure 2 (top) shows the efficiencies determined at the 42

energy points.

At
ffiffiffi

s
p ¼ 3.7731 GeV, the efficiency is ϵ ¼ 62.11%. The

integrated luminosity corresponding to the data collected at

this energy is L ¼ ð1831.63� 4.49Þ nb−1. Dividing the

number No
nOCH ¼ ð24230� 292Þ by both the integrated

luminosity and the efficiency yields the observed nOCH

cross section σonOCH ¼ ð21.299� 0.262Þ nb, where the

uncertainty arises from the statistical uncertainty on the

No
OCH, the size of the MC samples, and the statistical

uncertainty of the luminosity measurement. Similarly, we

measure σonOCHðsÞ at the remaining 41 energy points.

Table I summarizes the systematic uncertainties assigned

to the σonOCHðsÞmeasurements. To determine the systematic

uncertainties due to the choice of the selection criteria, we

vary each criterion from its baseline value to an alternative

setting, as given in Table I, and assign the resulting change

in σonOCHðsÞ as the systematic uncertainty. Removing the

requirement that tracks must point into different hemi-

spheres in z changes σonOCHðsÞ by 0.80%, which is taken as

the corresponding uncertainty associated with this possible

source of bias. To estimate the uncertainty associated with

the fit to the ZAVRG distribution, we reperform the fit

changing the background shape from a second-order to

third-order, and then from a third-order to fourth-order

Chebychev function. These result in 0.83% change in the

cross sections, which is assigned as the corresponding

systematic uncertainty. The uncertainty on the number of

background sources is dominated by the estimation of the

two-photon contribution, which induces a 0.75% uncer-

tainty of the σonOCHðsÞ.
The choice of the MC generator for eþe− → nOCH

impacts the selection efficiency. We recalculate the effi-

ciency with different MC packages and take the 1.70%

variation observed as the associated uncertainty. There is an

uncertainty on σonOCHðsÞ of 1.00% arising from the corre-

sponding uncertainty on the luminosity. Adding these

contributions in quadrature yields a total systematic uncer-

tainty of 2.89% on σonOCHðsÞ. This total does not include an
energy-dependent uncertainty on σonOCHðsÞ, caused by the

1.43% uncertainty on the σo
DD̄

ðsÞ shape, which is accounted
for when considering the systematic uncertainties on the

fitted parameter values, as discussed below.

To investigate whether the Rð3760Þ and Rð3780Þ states
decay to nOCH and if a new resonance R exists in this

energy region, we perform a least-χ2 fit to the nOCH cross

sections. The dressed nOCH cross section is modeled by

σDnOCHðs0Þ ¼ σDLHðs0Þ þ σDJ=ψ ðs0Þ þ σD
RSup3680

ðs0Þ; ð1Þ

where s0 ¼ sð1 − xÞ, x is the radiative-photon energy

fraction, σDLHðs0Þ, σDJ=ψðs0Þ and σD
RSup3680

ðs0Þ are the cross

sections of eþe− → LH, J=ψ → hadrons, and RSup3680 →

nOCH, respectively. HereRSup3680 indicates the states with

masses above 3.680 GeV=c2. The cross sections for

CPLMRs are taken to be σDLHðs0Þ¼fσB
μþμ−ðs0ÞþσDLMRsðs0Þ,

where σB
μþμ−ðs0Þ is the Born cross section for continuum

eþe− → μþμ− production, f is a free parameter, fσB
μþμ−ðs0Þ

gives the cross section for continuum eþe− → hadrons
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FIG. 2. The efficiency ϵ (top) versus the c.m. energy; the ISR

correction factor ½1þ δðsÞ� (bottom) versus the c.m. energy.

TABLE I. Systematic uncertainties on σonOCHðsÞ.

Source Variation range Uncertainty (%)

Rxy cut [0.9, 1.1] 0.20

cos θ cut [0.875, 0.930] 0.40

p < Eb þ 0.02Eb

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1þ Eb

p
[nominal value, ∞] 0.01

tTOF cut and tTOF-tp ½0;∞� and ½2;∞� 0.09

EEMC cut ½1;∞� 0.39

Penetration depth ½30;∞� 0.04

Etot
EMC cut [0,0.28] 0.34

NCTrk cut [2,3] 1.45

Different hemisphere in z 0.80

Fitting ZAVRG distribution 0.83

Nb 0.75

MC signal model 1.70

Integrated luminosity 1.00

Total 2.89
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production [24], and σDLMRsðs0Þ is the cross section for the

production of LMRs decaying into LH, which is determined

using the zeroth-order cross sections [36] multiplied by

the vacuum-polarization correction factor ð1=j1 − ΠðsÞj2Þ
[37,38] at energies below 2 GeV. The cross sections for

J=ψ andRSup3680 decaying intonOCHare, respectively, taken

as σDJ=ψðs0Þ ¼ jAJ=ψ ðs0Þj2 and σD
RSup3680

ðs0Þ ¼ jAψð3686Þðs0Þþ
P

3

1
Ake

iϕkðs0Þj2, where k ¼ 1, 2, 3 are for theRð3760Þ state,
Rð3780Þ state, andR, respectively, andϕk are relative phases.

In the above formulations, AS are the generic decay

amplitudes for these states, which are parameteri-

zed by ASðs0Þ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

12πΓee
S
Γ
tot
S
BðS→nOCHÞ

p

=½ðs0−M2

S
Þþ

iðΓtot
S
MSÞ�, in which S stands for the J=ψ , ψð3686Þ,

Rð3760Þ and Rð3780Þ states, as well as resonance R;

MS , Γ
tot
S
, and Γ

ee
S

are, respectively, the mass, total, and

electronic widths of the S, and BðS → nOCHÞ is the decay
branching fraction of the S. For theRð3780Þ state, the total
width is set to be energy dependent, as in Ref. [24].

In the fit, the masses, the total widths, the electronic

widths, and the hadronic decay branching fractions of J=ψ
and ψð3686Þ resonances are fixed to those given in

Ref. [36]. The Rð3780Þ mass and total width are fixed to

ð3781.0�1.3�0.5ÞMeV=c2 and ð19.3�3.1�0.1ÞMeV

[26], respectively. The remaining parameters are left as

free parameters in the fit.

The observed cross section is described by σOnOCHðsÞ ¼
R

1−ð4m2
π=sÞ

0
dx σDnOCH½sð1 − xÞ�F ðx; sÞ, where F ðx; sÞ is the

sampling function [24,37], and mπ is the pion mass. The

cross section as a function of energy is determined by a fit

to σonOCHðsÞ at the 42 energy points. Using σDnOCHðsÞ
obtained from the parameter values, we determine the

ISR correction factors ½1þ δðsÞ� ¼ σOnOCHðsÞ=σDnOCHðsÞ at

the 42 energy points, which are shown in Fig. 2 (bottom).

Dividing the observed nOCH cross section σonOCHðsÞ by

½1þ δðsÞ� yields the observed dressed nOCH cross section

σdnOCHðsÞ, where the lower case superscripts are used to

distinguish the measured from the predicted (upper case

superscripts) quantities.

The circles with error bars in Fig. 3 show the σdnOCHðsÞ
measurements, where the uncertainties are statistical. Using

the same fit procedure described above, we fit σdnOCHðsÞ
with the function σDnOCHðsÞ given in Eq. (1), with x fixed to

zero. The fit converges at two sets of acceptable parameter

values. We denote these as Result I and Result II. Table II

summarizes the parameter values, where the first uncer-

tainties are from the fit to the σdnOCHðsÞ, and the second are

systematic. The two sets of results have the fit quality of

χ2=ndof of 22.1=31, and 22.0=31, respectively. As the mass

of the fitted resonance is close to 3810 MeV, we denote it as

Rð3810Þ. The cross section described by Result I is

superimposed on the fit results in Fig. 3. Also shown

are the fit results including one contribution to σD
RSup3680

ðsÞ
included at a time. The measured mass and total width of

the Rð3760Þ state are consistent within 1.8σ and 0.9σ,

respectively, with those measured by the BES-II experi-

ment [26].

To estimate the systematic uncertainties of the fitted

parameter in Table II, we vary the values of the σdnOCHðsÞ,
the values of the σo

DD̄
ðsÞ, and the fixed parameters by �1σ,

refit the σdnOCHðsÞ, and take the difference between the

refitted parameter value and the baseline fit result as the

corresponding systematic uncertainty. The estimation of the

FIG. 3. The dressed cross sections for eþe− → nOCH, showing

also the Result-I fit (line 1) and the contributions to this fit

including separate contributions to σD
RSup3680

ðsÞ (lines 2–6).

TABLE II. Results of the fit to the cross sections for eþe− →
nOCH showing the values of the mass Mk [MeV=c2], total width
Γ
tot
k [MeV], the product of electronic width (Γee

k ) and nOCH

branching fraction (Bk)Γ
ee
k Bk [eV], and relative phaseϕk [degree],

where k represents Rð3760Þ, Rð3780Þ, and Rð3810Þ. Bk is the

branching fractions [%] for Rð3760Þ and Rð3780Þ decays into
nOCH and OC.

Parameters Result I Result II

MRð3760Þ 3739.9� 4.2� 2.6 3739.7� 3.9� 2.6

Γ
tot
Rð3760Þ 23.9� 8.2� 4.8 22.5� 8.3� 4.5

Γ
ee
Rð3760ÞBRð3760Þ 46.8� 29.9� 25.1 11.9� 9.0� 6.4

ϕRð3760Þ 228� 52� 58 113� 51� 29

Γ
ee
Rð3780ÞBRð3780Þ 29.9� 16.1� 3.7 25.3� 11.6� 3.1

ϕRð3780Þ 82� 126� 17 250� 119� 52

MRð3810Þ 3805.7� 1.1� 2.7 3805.7� 1.1� 2.7

Γ
tot
Rð3810Þ 11.6� 2.9� 1.9 11.5� 2.8� 1.9

Γ
ee
Rð3810ÞBRð3810Þ 10.9� 3.8� 2.5 11.0� 3.4� 2.5

ϕRð3810Þ 52� 149� 25 215� 148� 103

f 2.28� 0.01� 0.07 2.28� 0.01� 0.07

B½Rð3760Þ → nOCH� 25.2� 16.1� 30.4 6.4� 4.8� 7.7

B½Rð3780Þ → nOCH� 12.3� 6.6� 8.3 10.4� 4.8� 7.0

B½Rð3760Þ → OC� 74.8� 16.1� 30.4 93.6� 4.8� 7.7

B½Rð3780Þ → OC� 87.7� 6.6� 8.3 89.6� 4.8� 7.0
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systematic uncertainty due to the uncertainty of the c.m.

energies is similar to that described in Ref. [4]. Adding

these uncertainties in quadrature yields the total systematic

uncertainty.

Dividing the measured values for Γ
ee
Rð3760ÞBRð3760Þ

and Γ
ee
Rð3780ÞBRð3780Þ in Table II by Γ

ee
Rð3760Þ ¼ ð186�

201� 8Þ eV [26] and Γ
ee
Rð3780Þ ¼ ð243� 160� 9Þ eV

[26], respectively, yields the nOCH branching fractions

for the decaysRð3760Þ → nOCH and Rð3780Þ → nOCH,

which are shown in Table II. Their corresponding OC

branching fractions are also presented in Table II. These

nOCH branching fractions of Rð3780Þ decays are in good

agreement with B½ψð3770Þ→ non-DD̄� ¼ ð15.1� 5.6�
1.8Þ% [21–24] measured by the BES-II experiment.

By removing the Rð3810Þ from the σD
RSup3680

ðsÞ as

discussed above, the χ2=ndof of the fit changes from

22.1=31 to 116.1=36, indicating that the significance of

the Rð3810Þ signal is 8.8σ. Similarly, the significance of

the Rð3760Þ signal is determined to be 8.1σ by comparing

the difference of χ2=ndof relative to the number degrees of

freedom with and without including the Rð3760Þ compo-

nent in the fit. A similar procedure is applied to determine

the Rð3780Þ significance, which is 13.7σ. These signifi-

cances include the systematic uncertainties.

The charmonium model [39] predicts only the 13D1 state

existing in the c.m. energy range from 3.733 to 3.870 GeV,

which is generally assumed to be the ψð3770Þ, and so the

Rð3760Þ and Rð3810Þ states are presumably two non-cc̄

states. The Rð3760Þ state can be explained as a p-wave

resonance of a four-quark (cc̄qq̄) state [40,41]. It can be

thought of either as an OC molecular state, or as a four-

quark bound state [41]. Reference [42] interprets Rð3760Þ
as a possible molecular OC threshold resonance. The most

salient features of the Rð3760Þ state is that its mass, which

is ð3739.9� 4.2� 2.6Þ MeV=c2 for Result I [ð3739.7�
3.9� 2.6Þ MeV=c2 for Result II], is just at the DþD−

threshold ð3739.3� 0.1Þ MeV=c2, and its branching

fraction is B½Rð3760Þ → OC� ¼ ð74.8� 16.1� 30.4Þ%
[BfRð3760Þ → OCg ¼ ð93.6� 4.8� 7.7Þ%]. These ex-

perimental facts can lead one naturally to interpret the

Rð3760Þ state as an OC pair molecular state, but containing

a simple four-quark state component. As no signal for the

decayRð3810Þ → DD̄ is observed in the cross sections for

eþe− → DD̄ at c.m. energies around 3.810 GeV [43,44],

and the Rð3810Þ mass ð3805.7� 1.1� 2.7Þ MeV=c2 for

Result I [ð3805.7� 1.1� 2.7Þ MeV=c2 for Result II] is

exactly at the hcπ
þπ− threshold ð3804.5� 0.1Þ MeV=c2,

theRð3810Þ state can be interpreted as a hadrocharmonium

resonance [8].

In summary, we have measured the inclusive nOCH

cross sections of eþe− → nOCH with improved precision

at c.m. energies from 3.645 to 3.871 GeV. We observe three

resonances: Rð3760Þ, Rð3780Þ, and Rð3810Þ in the

energy-dependent line shape of the nOCH cross sections

with significances of 8.1σ, 13.7σ, and 8.8σ, respectively.

The Rð3760Þ and Rð3780Þ states are observed for the first

time in the nOCH cross sections, while theRð3810Þ state is
observed for the first time with mass (3805.7� 1.1� 2.7)

½ð3805.7� 1.1� 2.7Þ� MeV=c2, total width (11.6� 2.9�
1.9) ½ð11.5� 2.8� 1.9Þ� MeV, and the product of the

electronic width and the nOCH decay branching fraction

(10.9� 3.8� 2.5) ½ð11.0� 3.4� 2.5Þ� eV for Result I

[Result II]. In addition, for the first time, we measure

B½Rð3760Þ→nOCH�¼ð25.2�16.1�30.4Þ%½ð6.4�4.8�
7.7Þ%� and B½Rð3780Þ→ nOCH� ¼ ð12.3� 6.6� 8.3Þ%
½ð10.4� 4.8� 7.0Þ%�. The Rð3760Þ state can be inter-

preted as an OC pair molecular state, but containing a

simple four-quark state component. TheRð3810Þ state can
be interpreted as a hadrocharmonium state [8].
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