PROCEEDINGS

OF SCIENCE

Observation of new charmonium (-like) decays

Tong Liu, for the BESIII Collaboration*
Institute of High Energy Physics, UCAS, Beijing 100049, China
E-mail: 1iutong2016@ihep.ac.cn

In the past few years, a large number of unexpected new states, named as "charmonium-like
states" or "XYZ states", have been found above the open charm threshold. These exotic s-
tates contains a charm anti-charm quark pair, but cannot be simply described as ¢¢ bound s-
tates. In this proceeding, we review recent results of XYZ studies by the BESIII experimen-
t, including the following analyses: X (3872) — @J/y, X(3872) — n°x1, Y(4220) — @xc0,
ete” — wtay(3770) — DD and Z.(3900) — pn..
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1. Intrduction

In the quark model, a meson consists of one quark and one anti-quark, and a baryon is com-
posed of three quarks. However, QCD also allows the existence of other exotic hadron states,
like tetra-quark and penta-quark [1]. The first XYZ states, X (3872), was found in the process
B* — K*X(3872) with X(3872) — n*n~J/y by the Belle Collaboration in 2003 [2]. After that,
a lot more states beyond the theoretical prediction and their properties have been found and studied
in charmonium mass region, showing that they are good candidates of exotic hadrons.

The large data samples collected by the BESIII detector at the Beijing Electron Positron Col-
lider (BEPCII) in the center-of-mass energy region between 3.6 and 4.6 GeV provide a good op-
portunity to study such XY Z state. In this paper, we review recent results of XY Z study in BESIII.

2. X states

Previous study of X (3872) — nt 7~ J/y shows that the 777~ system is dominated by the p
resonance. Considering that no iso-spin partners is found in proton anti-proton collision, the pro-
cess of X(3872) — pJ/y violates iso-spin conservation. Meanwhile, X (3872) — @J/y conserves
iso-spin and is supposed to have large branching ratio. The hadron molecule model predicts that
measuring the decay rate precisely would help to determine the ratio of various components.

Using a 11.6 fb~! data sample collected with BESIII from 4.008 to 4.600 GeV, X (3872) is
observed for the first time in the @J/y system with significance larger than 5o [3]. To completely
describe the @J/y mass spectrum, at least one additional Breit-Wigner resonance X (3930) is need-
ed. Depending on fit models, the resonant parameters of X (3930) are 3932.6 +£8.7 +4.7 MeV /c?
and 59.7+15.54+3.7 MeV (Fig. 1, top left), or 3926.44+2.24+1.2MeV/c?> and 3.8 +£7.5+2.6 MeV
(Fig. 1, top right). The resonant parameters of X (3930) agree with ¥ (3940) and X (3915) observed
by Belle and BarBar. The relative decay ratio (X (3872) — oJ/y)/AB(X(3872) — ntn~J/y)
is measured to be 1.6f8:‘3‘ 4+ 0.2, which agrees with BarBar’s result 0.8 +0.3. The center-of-mass
dependent cross section of e"e™ — ¥X(3872) is described using a single Breit-Wigner resonance
Y (4200) successfully. Using simultaneous fit to the cross section distributions of X (3872) — wJ/y
and t7 = J /v (Fig. 1, bottom), the mass and width of the BW are determined to be 4200.61?39.3
MeV/c? and 115 fgg MeV, respectively, which agree with the resonant parameters of ¥ (4260).

Using 9.0 pb~! data collected with a center-of-mass between 4.15 and 4.30 GeV, BESIII group
search the processes ete™ — }/ﬂoxcj and a new decay channel X (3872) — 7T0Xc1 is observed for
the first time, with the relative decay ratio %(X (3872) — n°x.1)/%(X(3872) — ntn~J/w) =
0.88f833 +0.10 [4]. If assuming X (3872) were x.1(2P), theory calculation in Ref. [5] predicts
(X (3872) — 1t%xc1) as 0.06 keV, thus the total width of X (3872) would be 1.0-2.0 keV, which is
much narrower than other charmonium states.

3. Y states

Y states are produced directly in e*e™ annihilation, so they have quantum number J7¢ =17,
The first ¥ state is ¥ (4260), observed by BarBar in the process ete™ — ysgw™ w7 J /v, then later
Y (4360) was found in 777~ y(3686) spectrum. Unlike the charmonium states, these Y states
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Figure 1: The M,/ distribution and the fit using different fit model (top). The \/s dependent cross section
of eTe™ — yX(3872) — ywJ /v (bottom left) and ete™ — yX(3872) — ya™n~J/y (bottom right).

strongly coupled to hidden-charm final states, so they are good candidates for exotic particles.
Recently, according to a precise cross section measurement for ete™ — 7w~ J/y reported by
BESIII, two structures were observed. Resonant parameters of the first one are measured to be
4.2204+3.1+1.4 MeV/c? and 44.1+4.34+2.0 MeV, respectively, at the same location as ¥ (4260)
but much narrower. The second resonance have mass and width as 4320.0 + 10.4 7.0 MeV /c?
and 101.47253 £ 10.2 MeV, agree with the ¥ (4360) state. BESIII also measured the cross section
of ete~ — " h. and open-charm final state D°D*~ 7", and both studies see two resonances in
the distribution of /s dependent cross section.

Using 7 fb~! data sample with a center-of-mass energy from 4.178 to 4.278 GeV, BESIII has
recently reported a measurement of resonant parameters of ¥ (4220) through ete™ — @y process
[6]. The comparison of the measured resonant parameters of ¥ (4220) in different channels is shown
in Fig. 2 (left). It is hard to draw a conclusion that the structures are from the same resonance; the
precision would need to be improved. Angular distribution measurement shows that the statistical
significance of a combination of S- and D-wave contributions over a pure S-wave contribution is
20.

=
& 180 ~®- Born cross section

[ -eBom cross section

PR

S 1000 ' £ 2000 ¥ Upperimiattno s cL S160F v Upporimitattno soss cL.
2 —4— 1eTh, = $ 140F
2 sof © ] ! E 120F
= + -ty [ . v <4 100
) = £ 7 ' N
 6oF TeTiY(3686) ] = 100~ ' RS 80F M
s -+ —4— 10" R 2 e0F
NJ DD ' E X oo .
> 4or E o s0F < . v
z 4 T M M T o20F | +
5 f Tyl i .
T ok, . , = of 3L MR s o
4200 4220 4240 4260 L 5 -20

M(Y(4220)) (MeV/c?)

. . h .
41 42 43 44
Vs (GeV)

L
4.5

4.6

. \ . . . \ .
43 435 44 445 45 455 46

Vs (GeV)

Figure 2: Left: Resonant parameters measured from different processes. Middle: Cross sections of the
process eTe™ — 't~ y(3770). Right: Cross sections of the process ete™ — D;(2420)°D°.

Considering the observation of Y states in 7t 7~J/y and nt 7~ y(3686) final states, a nat-
ural extension would be 777~ y(3770). As described in Ref. [7], BESIII has studied the pro-
cess ete” — DD using data sample from 4.09 to 4.60 GeV, the 7" 7~ y(3770) signal has
been observed for the first time, no significant signal of 7+ 7~ y(1°D3). The cross section of
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ee” — wtwy(3770) is measured and a structure is seen at 4.4 GeV (Fig. 2, middle). Based on
the current statistics, it’s hard to conclude the structure is from ¥ (4360) or y(4415). In 7% y(3770)
mass spectrum, we see hints of Z, states at 4.04 and 4.13 GeV. Reference [8] suggests that ¥ (4260)
is a relative S-wave system of D;(2420)D + DD;(2420). In the analysis of eTe™ — 777~ DD, a
7.40 D1(2420) signal is observed for the first time in 777D mass spectrum, but no fast rise is
seen above D;(2420)D threshold (Fig. 2 (right)). In DD mass spectrum, we have looked at the
heavy quark-spin-symmetry partner of X (3872), named X»(4013)(JPC = 2+F), whose existence
would be a strong support for X (3872) being a molecule. However, the results are negative.

4. 7 states

Z.(3900)* state was firstly observed by BESIII and then confirmed by Belle in 7J /y spec-
trum through process e"e™ — (ysg)w 7w ~J/y. Since it is charged and decays to ©=J/y, there
are at least four quarks (c¢é + ud or dit) in Z.(3900). Through a partial wave analysis of this
process, the quantum number J¥ of Z.(3900)* was determined to be 17 [9]. BESIII had also
observed a neutral state Z.(3900) in the process 7°7°J/y, suggesting Z.(3900)** as iso-spin
triplet. Considering that Z.(3900) sits slightly above the DD* threshold, BESIII studied the pro-
cess ete™ — H9(DD*)T¥ and a state with similar resonant parameters was observed in (DD*)F*
mass spectrum. In the spectrum of 7%h, through the process of eTe™ — 7~ h,, BESIII observed
another Z, state named Z.(4020), sitting 5 MeV above D*D* threshold. Later this state was found
in %4, and (D*D*)T¥ decay modes.

According to the calculation described in [10], the relative decay ratio of fo) — PN to
nJ /y(mh,) is sensitive to distinguish the tetra-quark model from molecule model of Z.. Recently,
an analysis of eTe™ — 7t~ 790, was performed in BESIIL. The decay Z.(3900) — p1. is seen
with statistical significance 4.30, and there is no significant signal of Z.(4020). We also mea-
sure the relative decay ratio Z(Z-") — p*n.)/B(z:") — n*J/y). Comparison between this
measurement and theoretical calculation is listed in Tab. 1. The measured %7, (390 is closer to
the tetra-quark model, but the molecule model cannot be completely excluded. Reductions in the
uncertainty of the theoretical calculation are needed.

Table 1: Comparison of the measured %, (3900) and %7, (4020) With the theoretical predictions from Ref. [10]

/s /model | 4226 GeV  4.258 GeV  4.358 GeV | Type-I = Type-II Molecule
Rz 000) | 2-2+0.9 <5.6 230750 0277519 0.0467002
Ry, (4020) <1.6 <0.9 <14 6.6 0.01070:50%

5. Summary

Here we review the recent results of XY Z states at BESIII experiment. The strange behavior
of exotic particles have been studied and compared with theoretical prediction. However, there
are still questions that are not clear. BESIII is planning to take data above 4 GeV, 500 pb~! per
point with a 10 MeV interval in the next 5-10 years, while the maximum of /s of BEPCII will be
increased from 4.6 to 4.9 GeV [1]. More exciting results from BESIII collaboration will come up
Soon.
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