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The cross sections of ete”™ — 7Z.(3900) — nnJ/¢ and ete” —
7Z:(3900) — mDD* have been measured by the BESIII experiment. We
try to perform a combined fit to the cross sections with one Breit—Wigner

function, the fit results show the structure’s mass and width M = (4232 +
5) MeV/c?, I' = (65 + 21) MeV. The ratio 5 2= a0 ~0s7s) i determined
to be (16 +6). We also try to fit the cross sections with two Breit—Wigner
functions, while we cannot come to any definitive conclusions about the
second structure. More measurements are desired to improve the under-
standing of eTe™ — 7Z.(3900) line shape.
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In recent years, charmonium physics gained renewed strong interest from
both the theoretical and the experimental side, due to the observation of
charmonium-like states, such as X (3872) [1], Y (4260) [2], Y (4360) [3], and
Y (4660) [4]. These states do not fit in the conventional charmonium spec-
troscopy, and could be exotic states that lie outside the quark model
[5-8]. Moreover, in 2013, a charged charmonium-like state, Z.(3900)%, was
observed by the BESIII [9] and Belle collaborations [10] in the 7*.J /4 in-
variant mass distribution of the eTe™ — 77~ J/1 process and confirmed
using CLEO-c’s data [11]. As there are at least four quarks in the structure,
many theoretical interpretations of the nature and the decay dynamics of
the Z.(3900) have been put forward [12, 13].

Shortly afterwards, a similar charged structure, the Z.(3885)%, was ob-
served in the (DD*)* invariant mass distribution of the e*e™ — 7+ (DD*)¥
process [14, 15|, with a spin parity (J©) assignment of 17 favored over the
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17 and 0~ hypotheses. Moreover, its mass and width are consistent with
those of the Z.(3900)*. Recently, the spin and parity of the Z.(3900)*
are determined to be J© = 1% [16]. So now Z.(3900)* and Z.(3885)*
have been taken as one state Z.(3900) in PDG [17]. The neutral structure,
Z.(3900)°, has been also observed in the 7%J/¢ invariant mass distribu-
tion of the ete™ — 79707 /% process [18, 19] and (DD*)? invariant mass
distribution of the ete™ — 79(DD*)? process [20].

Until now, the nature of Z.(3900) is still unclear. Although the fact that
Z:(3900) has charge indicates it is not conventional meson consisting of a
quark—antiquark pair, its exact quark configuration is still unknown. Several
models have been developed to describe its inner structure, including loosely
bound hadronic molecules of two charmed mesons, compact tetraquarks,
and hadro-quarkonium [12, 13]. In this paper, we try to analyze all the
cross sections of ete™ — wZ.(3900) to get the combined results about the
Z:(3900). It may be useful to understand the nature of Z.(3900).

Figure 1 shows the cross sections of ete™ — 79Z,(3900) — 770/,
ete™ — 7 Z.(3900)F — 75 (DD*)T and ete™ — 792.(3900)° — 7 (DD*)°
below 4.3 GeV measured by the BESIII experiment [15, 19, 20|. Here the er-
ror bars represent the total errors. It should be noted that the cross sections
rely on the model for the Z. lineshapes used in the experiment. The cross
sections of ete™ — 7 Z.(3900)F — 77~ J/¢ in Fig. 1 are obtained by the
results of cross sections of ete™ — 7°Z.(3900) — 7970 /¢ [19] and cross
sections of ete™ — w7~ J/1 [21] assuming the isospin conservation. We
can see the line shapes are similar, the cross sections around 4.23 GeV are
larger than those around 4.26 GeV, which indicates that one Breit—Wigner
function with mass around 4.23 GeV can describe the cross sections. As-
suming 7Z.(3900) comes from one resonance, we perform a combined fit to
the cross sections using a least x? method. We fit the cross sections with
one constant width relativistic Breit—Wigner function, that is,

2
PS (v/5)
=B —_— 1
where PS(4/s) is the two-body phase space factor that increases smoothly
from the mass threshold with the /s [17], BW(y/s) = ‘/Hfjﬁgfj\f}?o“w

is the Breit—Wigner function for a vector state, with mass M, total width I,
electron partial width Ip., and the branching fraction to wZ.(3900),
B(7Z.(3900)). From the fit, the I, and B(7Z.(3900)) cannot be obtained
separately, we can only extract the product I..B(7Z.(3900)).
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Fig. 1. (Color online) The results of the combined fit to the cross sections of eTe™ —
7+ Z.(3900)F — 7t~ J/v (a), ete” — 7°Z.(3900)° — 7970J/¢ (b), ete” —
7+ 7.(3900)F — 7F(DD*)T (c), and ete™ — 7°2.(3900)° — 7°(DD*)? (d) using
one Breit—Wigner function. The solid red curves show the best fits.

In the combined fit, we fix the ratio B(HZC(?’Z?%QCJ(FZE%EOZ)C(3900)+) to be 2

assuming the isospin conservation. The x? is minimized to obtain the best
estimation of the resonant parameters, and the uncertainties are obtained
when x? value changes 1 compared to the minimum value. Figure 1 shows
the fit results. The fits indicate the existence of one resonance (called Y)
with mass and width M = (4232 £5) MeV/c? and I' = (65 + 21) MeV.
The goodness of the fit is x?/n.d.f. = 5.3/17, where n.d.f. is the number of
degrees of freedom. The all fitted parameters of the cross sections are listed
in Table 1.

From Table I, the ratio g((gg((gggg)):fﬁ;)) is determined to be (16 =+ 6),

which shows the branching fraction of Z.(3900) decays into open charm final
states is about an order of magnitude larger than that of Z.(3900) decays into
hidden charm final states. It indicates that Z.(3900) has stronger coupling
with open charm channel, which is important to understand the nature of
Z:(3900).
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TABLE I

The fitted parameters from the combined fit to the cross sections of ete™ —
7Z.(3900) — nrJ/1 and ete” — 7Z.(3900) — 7DD* using one Breit-Wigner
function. Here, B(Y — 7Z.(3900) — nwJ/1) means the sum of B(Y —
7t Z.(3900)" — atr=J/), B(Y — 7 Z.(3900)" — 7tx~J/¢) and B(Y —
7°Z.(3900)° — 7%70J/¢), and the same definition is for B(Y — 7Z.(3900) —
7mDD*).

Parameter Solution
M [MeV /c?| 423245
I' [MeV] 65+ 21

T B(Y — 7Z.(3900) — wmJ /) [eV]  1.2+0.3
e B(Y — 7Z:(3900) — 7DD*) [eV]  19.6+4.5

Figure 2 shows the cross sections with some points above 4.3 GeV added
[18]. As shown by the fit results in Ref. [21], we also try to use coherent sum
of two Breit-Wigner functions (called Y; and Y2) to fit the cross sections

assuming the isospin conservation. In the fit, B(Y2 — 72.(3900) — mDD*)
. B(Y1—7Z.(3900)—=7DD*)B(Yo—7Z.(3900) —77.J /1)) .
is fixed to be =+ B(Y1—>7rZC(3900)2—>7r7rJ/1/)) . Figure 2 shows

the fit results. The two structures’ mass and width are M; = (4239 £
10) MeV/c?, I1 = (60 & 21) MeV and My = (4325 + 16) MeV/c?, Iy =
(8 £ 26) MeV. Two solutions are found with the same fit quality, the all
fitted parameters of the cross sections are listed in Table II. The ratio

BZ=Co0 DD s determined to be (16 £ 11) or (16 4 7), which is con-

sistent with the results of using one Breit—Wigner function to fit. Since the
measured cross-section points between 4.3 GeV and 4.4 GeV are very scarce,
we cannot come to some definitive conclusions about Y5. It is clear that the
result on the second peak in Fig. 2 cannot be trusted, since the fit prefers
a narrow structure in a region where no data sit. However, the results of
Y1 are consistent with the above results of fitting with one Breit—Wigner
function.

In summary, we perform a combined fit to the cross sections of ete™ —
7Z.(3900) — wrJ/v and ete” — 7Z.(3900) — wDD* with one Breit—
Wigner function. The fit results show 72.(3900) may be from a structure
with mass and width are M = (4232 £ 5) MeV /c?, I’ = (654 21) MeV. The

g((gz((??ggg)):ff?;)) is determined to be (16 +6). We also try to use two

Breit—Wigner functions to fit the cross sections, the first structure results
are consistent with the results of fitting with one Breit—Wigner function.
Due to the fact that measured cross-section points between 4.3 GeV and
4.4 GeV are very scarce, we cannot come to some definitive conclusions
about the second structure. So the two resonances fit is nonphysical, and

ratio
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Fig. 2. (Color online) The results of the combined fit to the cross sections of eTe™ —
7+ Z.(3900)F — 7t~ J/v (a), ete” — 7°Z.(3900)° — 7970J/¢ (b), ete” —
7+ 7.(3900)F — 7F(DD*)T (c), and ete™ — 7°2.(3900)° — 7°(DD*)? (d) using
two Breit—Wigner functions. The solid red curves show the best fits.

TABLE II

The fitted parameters from the combined fit to the cross sections of ete™ —
7Z:(3900) — 7w J/+ and eTe” — 77.(3900) — wDD* using two Breit-Wigner
functions.

Parameter Solution I ~ Solution IT
M; [MeV/c? 4239 + 10
I [MeV] 60 + 21
My [MeV/c?| 4325+ 16
Iy [MeV] 8 + 26

LB(Yy — 72,(3900) — nrJ/¢) [V] | 1.1£05  1.6+0.5
T B(Yy — 72.(3900) — nDD*) [éV] | 18.04£9.1  26.0+7.0
I..B(Y2 = nZ.(3900) — 7 J/v) [eV] | 2.1£5.3 2.6+6.3
¢ [rad] 01+15 —1.3+1.2
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the one resonance fit should be taken as the result of the paper. At present,
the number of data points in eTe™ — 7Z.(3900) line shape is relatively
small and the errors are large, so more accurate measurements are needed to
provide more constraint on the ete™ — 7Z.(3900) line shape. It will help
to understand where Z.(3900) comes from, and further reveal the nature
of Z.(3900). These measurements can be achieved by BESIII and Bellell

experiments in the future.
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