
(4) e+e− → π+π−J/ψ, π+π−ψ(2S), π+π−hc and the “Y” States
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fixed to their latest measured values [9]. There are four
solutions with equally good fit quality: χ2=ndf ¼ 14.8=19.
The signal significance of the Yð4260Þ is estimated to be
2.4σ by comparing the likelihood difference when the
Yð4260Þ is included in or excluded from the fit. The fit
results are shown in Fig. 10 and Table III. Since this
significance is marginal, the solutions without Yð4260Þ are
taken as the nominal results.
To compare with our previous measurement [7], the fit to

the πþπ−J=ψ mode alone is performed. The differences can
be explained by the strong correlation between the param-
eters (see Table II). For this mode alone, we also compare
the alternative fit including the Yð4260Þ with the nominal

fit and consistent results with a 2.8σ statistical significance
for the Yð4260Þ signal. The results are discussed further in
Appendix A.
The invariant-mass distributions of the two modes are

combined together. The cross section for eþe− →
πþπ−ψð2SÞ in each πþπ−ψð2SÞ mass bin is calculated
according to

σi ¼
nobsi − nbkgi

Li
P

2
j¼1 εijBj

;

where j identifies the decay mode of ψð2SÞ (j ¼ 1 for the
πþπ−J=ψ mode and j ¼ 2 for the μþμ− mode) and i
indicates the mass bin; nobsi , nbkgi , εij, Li, and Bj are the
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FIG. 10 (color online). The four solutions from the fit to the πþπ−ψð2SÞ invariant-mass spectra with the Yð4260Þ included. The curves
show the best fit and the dashed curves show the contributions from the three Breit-Wigner components.

TABLE II. The correlations between the fit parameters shown in Table I (with the units given there). The numbers
in parentheses are for the second solution.

ΓYð4360Þ B · Γeþe−
Yð4360Þ MYð4660Þ ΓYð4660Þ B · Γeþe−

Yð4660Þ ϕ

MYð4360Þ −0.34 (−0.34) 0.04 (0.04) −0.29 (−0.29) 0.05 (0.05) 0.30 (−0.13) −0.37 (0.36)
ΓYð4360Þ 1.00 0.12 (0.12) −0.08 (−0.08) −0.28 (−0.28) −0.45 (−0.11) −0.08 (−0.10)
B · Γeþe−

Yð4360Þ 1.00 −0.37 (−0.22) −0.32 (0.01) −0.28 (0.03) −0.40 (0.06)
MYð4660Þ 1.00 0.21 (0.21) −0.06 (0.54) 0.86 (−0.76)
ΓYð4660Þ 1.00 0.14 (0.74) 0.25 (−0.44)
B · Γeþe−

Yð4660Þ 1.00 −0.17 (−0.72)
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• In π+π−ψ(2S), there are clear indications of  
the Y(4360) and Y(4660).

• Significance of the Y(4260) is < 3σ.
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uncertainties between the two modes, according to Ref-317

s. [32, 33]. The comparison of the combined Born cross318

section of e+e− → π+π−ψ(3686) with those from previ-319

ous experimental results is shown in Fig. 2. The obtained320

results are consistent with former experiments, and have321

much improved precision.322

 (GeV)s
4.0 4.1 4.2 4.3 4.4 4.5 4.6

C
ro

ss
 S

ec
tio

n 
(p

b)

-60
-40
-20

0
20
40
60
80

100
BESIII
Belle
BaBar

FIG. 2. The Born cross section of e+e− → π+π−ψ(3686).
The dots (red) are the results obtained in this analysis, the
triangles (green) and squares (blue) are from BELLE and
Babar’s latest updated results, respectively.

Intermediate states in the decay e+e− →323

π+π−ψ(3686) are investigated in data samples that324

have large integrated luminosity. A requirement 3.68325

< M(π+π−J/ψ)(M recoil(π+π−)) < 3.70 GeV/c2 is326

applied to extract the ψ(3686) signal, and the side-327

band regions, 3.63 < M(π+π−J/ψ)(M recol(π+π−)) <328

3.65 GeV/c2 or 3.73 < M(π+π−J/ψ) < 3.75 GeV/c2,329

are used to explore the potential non-ψ(3686) back-330

grounds, where only the left side sideband region is331

used in mode II since a long tail appears on the right332

side of the ψ(3686) signal due to ISR. The non-ψ(3686)333

backgrounds are found to be small, and don’t produce334

peaks in the various distributions.335

With the above selection criteria, the Dalitz plots of336

M2(π+π−) versus M2(π±ψ(3686)) and the correspond-337

ing 1-dimensional projections are shown in Fig. 3 for da-338

ta samples at
√
s = 4.226, 4.258, 4.358 and 4.416 GeV,339

individually, where the plots include the candidates of340

the two ψ(3686) decay modes. For the data at
√
s =341

4.416 GeV, a prominent narrow structure is observed342

around 4030 MeV/c2 on the M(π±ψ(3686)) spectrum.343

The structure is also evident in the corresponding Dalitz344

plot, but there appear to be complications when com-345

paring the different M(π+π−) ranges. For example, in346

the low M(π+π−) region, there are two separate struc-347

tures, presumably corresponding to a physical structure348

and its kinematic reflection. But in the high M(π+π−)349

region, only one structure is observed. For the data350

at
√
s = 4.358 GeV, there is no obvious structure ob-351

served in the M(π±ψ(3686)) spectrum, but a cluster of352

events appear in the low M(π+π−) region on the cor-353

responding Dalitz plot. It is worth noting that, at this354

c.m. energy, a physical structure with a mass of 4030355

MeV/c2 in the M(π±ψ(3686)) spectrum has a reflec-356

tion at the same mass position. For the data at
√
s =357

4.258 GeV, there are two bumps with masses 3900 and358

4030 MeV/c2 observed in both the Dalitz plot and in the359

M(π±ψ(3686)) spectrum. It is interesting to note that360

for data at
√
s = 4.258 GeV, the bumps with masses361

3900 and 4030 MeV/c2 in the M(π±ψ(3686)) spectrum362

are kinematic reflections of each other. For the data at363 √
s = 4.226 GeV, no structure is observed, as in the data364

at
√
s = 4.258 GeV, but the most interesting feature of365

the data is that the M(π+π−) distribution is complete-366

ly different from that predicted by either intermediate367

states or the Jpipi MC model of e+e− → π+π−ψ(3686).368

To characterize the structure observed on the
M(π±ψ(3686)) spectrum for data at

√
s = 4.416 GeV,

an unbinned maximum likelihood fit is carried out on the
Dalitz plot of M2(π+ψ(3686)) versus M2(π−ψ(3686))
(denoted as x and y in formula 2). In the fit, an interme-
diate state with spin parity 1+ is introduced. The PDF of
the intermediate state is described with an S-wave Breit-
Wigner function without considering interference among
the charged conjugate modes,

p · q
(M2

R − x)2 +M2
R · Γ2

+
p · q

(M2
R − y)2 +M2

R · Γ2
, (2)

where p (q) is the ψ(3686) (intermediate state) momen-369

tum in the π±ψ(3686) (initial e+e−) rest frame, and MR370

and Γ are the mass and width of intermediate state. The371

2-dimensional mass resolution and the detection efficien-372

cy, extracted from MC simulation, are incorporated for373

the PDF of intermediate states in the fit. The PDF of374

the direct process e+e− → π+π−ψ(3686) is from a MC-375

simulated shape with the Jpipi model, and that of non-376

ψ(3686) background is described with the distribution of377

events in the ψ(3686) sideband region. A simultaneous378

fit constraining the mass and width of intermediate state379

is carried out by minimizing the product of the likelihood380

values of the two ψ(3686) decay modes. The fit process381

is validated by the MC samples. The fitted data, mass382

resolution, detection efficiency, as well as the Dalitz plots383

of background are provided in the Supplemental Materi-384

al [27].385

The fit yields a mass of M = 4032.1±2.4 MeV/c2 and386

a width of Γ = 26.1 ± 5.3 MeV for the intermediate s-387

tate with a significance of 9.2σ, evaluated by comparing388

the likelihood values with or without the intermediate389

states included. The fit projections on M2(π±ψ(3686))390

and M2(π+π−) for data at
√
s = 4.416 GeV are shown391

in Fig. 3. It can be seen that the overall fit curve does392

not match the data around the peaking structure on the393

M(π±ψ(3686)) spectrum, and the corresponding confi-394

dence level (C.L.) of the fit is only 8%, estimated by395

toy-MC tests. The alternative fits with different assump-396

tion of intermediate state’s spin-parity, including the in-397

terference among the charge conjugated modes, includ-398

ing the contribution of Zc(3900)± are explored, and the399

fit qualities are not improved significantly. As shown400

in the Dalitz plot, the behavior of the structure is very401

different between the data within the high M(π+π−)402

region and that within the low M(π+π−) region. A403

e+e− → π+π−ψ(2S) at BESIII (direct)
BESIII Preliminary (NEW!)

• BESIII confirms the lineshape for the Y(4360).
• More data will be taken soon to thoroughly  

study the region between 4.2 and 4.3 GeV.
• An analysis of the π±ψ(2S) substructure will 

be released soon.

BESIII Preliminary

M(π+π−ψ(2S))  (GeV/c2)


