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Summary. — The BESIII detector has accumulated 1.31 x 10° J/4 data samples.
Based on this sample, the light hadron spectroscopy was extensively studied and
many important progresses were achieved in these years. In this proceeding, the
recent results on J/v radiative decays are reviewed, which include the spin-parity
determination of the X (1835) in J/¢ — yK2K2n, the observation of the X (1840)
in J/¢ — 43(nt77), the partial wave analysis of J/¢ — ~¢¢ and the model
independent partial wave analysis of J/¢ — 070,

1. — Introduction

Quantum Chromodynamics (QCD) is used to describe the strong interactions of col-
ored quarks and gluons, and it predicts the existence of the unconventional hadrons,
such as glueballs, hybrid states and multiquark states. The search of these new kind of
hadrons is one of the main interests in experimental particle physics.

The BESIIT detector [1] is a magnetic spectrometer located at BEPCII, which is a
double-ring ete™ collider with center-of-mass energies between 2.0 GeV and 4.6 GeV.
The BESIII has accumulated (1310.6 4= 10.5) x 106 .J/+) events [2, 3] since 2009.

2. — Spin parity determination of the X (1835) in J/¢ — yK2K%n

The X (1835) was first observed in J/v) — yrtw~1n’ decays [4], and was subsequently
confirmed by BESIII [5]. The discovery of the X (1835) has stimulated many theoretical
interpretations, such as a pp bound state [6], a glueball [7], or a radial excitation of the
7’ meson [8]. To understand the nature of the X (1835), it is crucial to measure its spin
parity and to search for its new decay modes.

Based on a sample of (1310.6 £ 10.5) x 10° [2, 3], the X (1835) was observed in the
K gK gn mass spectrum in J/¢ — v K gK gn process with a statistical significance greater
than 12.90 [9]. The X (1835) structure can be seen in fig. 1(a). By performing a partial
wave analysis (PWA) to the data, the X (1835) — K3K 27 is found to be dominated by
the fo(980) production, which can be seen in fig. 1(b).
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Fig. 1. — Distributions for the selected events: (a) invariant mass distribution of K%K%7. Dots
with error bars are for data; the solid histogram is the PWA total fit projection; the shaded
histograms is for the non-n backgrounds estimated by the n sideband; the short-dashed, dash-
dotted and long-dashed histograms show the contributions of the X (1835), the X (1560) and the
non-resonant component, respectively. (b) Scatter plot of MKg K9 US- MKg K-

The spin parity of the X(1835) is determined to be 07 7T. The mass
and width of the X(1835) are measured to be 1844 + 9(stat.)™35(syst.) MeV/c?
and 192170 (stat.) 3 (syst.) MeV, respectively. The corresponding product branching
fraction of J/¢p — ~X(1835) and X(1835) — K3KYn is measured to be
(3.3170:3% (stat.) 195 (syst.)) x 107°. The mass and width of the X (1835) are consis-
tent with the values obtained from the decay of J/¢ — yrT 7~ by BESIII [5].

Another 0~ state, the X (1560), is also observed in the data with a statistical sig-
nificance larger than 8.90. The mass and width of the X (1560) are measured to be
1565 + 8(stat.) 05 (syst.) MeV/c? and 45715 (stat.) "2 (syst.) MeV, respectively. The
mass and width of the X (1560) are consistent with those of the 7(1405) and 7(1475)
as given in ref. [10] within 2.00 and 1.40, respectively. Due to the low statistics, it is
difficult to determine if the X (1560) is the same state as the 7(1405)/n(1475) or a new
meson.

3. — Observation of the X (1840) in J/¢ — y3(xt 7 ™)

The X (1835) was determined to be a pseudoscalar particle [5,9], it may have properties
in common with the 7.. Six charged pions is a known decay mode of the 7., therefore,
J /1 radiative decays to 3(7T7~) may be a favorable channel to search for the X states
in the 1.8-1.9 GeV/c? region.

The decay of J/1) — v3(n 7 ~) was studied with a sample of 225.3x10¢ J /4 events [2],
and the X (1840) was observed in the 3(77~) mass spectrum with a statistical signif-
icance of 7.60 [11]. The mass spectrum of 3(7*7~) is shown in fig. 2. The mass and
width of the X (1840) is determined to be 1842.2+4.2(stat.) "7t (syst.) MeV /¢? and 83 +
14(stat.) =11(syst.) MeV, respectively. The product branching fraction is determined to
be B(J/1 — vX(1840)) x B(X (1840) — 3(nt7~)) = (2.44 + 0.36(stat.) 589 (syst.)) x
10~°. The mass of the X (1840) is in agreement with those of the X (1835) [5] and the
X (pp) [12], while its width is significantly different from either of them.
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Fig. 2. — The fit of the mass spectrum of 3(7"7~). The dots with error bars are for data;
the solid line is the fit result. The dashed line represents all the backgrounds, including the
background events from J/¢ — 7%3(n77) (represented by the dash-dotted line, fixed in the
fit) and a third-order polynomial representing other backgrounds.

4. — Partial wave analysis of J/i{ — v¢¢

QCD predicts the existence of glueballs, and the search for glueballs is an impor-
tant field of research in hadron physics. The lowest-lying glueballs are scalar (mass
1.5-1.7 GeV//c?), tensor (mass 2.3-2.4 GeV/c?), and pseudoscalar (mass 2.3-2.6 GeV /c?)
predicted by Lattice QCD [13]. The J/¢ radiative process is gluon rich and is therefore
ideal for the search of glueballs.

In previous experiments, there were several observations in ¢¢ system: the broad 2+
structures around 2.3 GeV/c? in w1~ N reactions [14] and in pp central collisions [15]; a
tensor glueball was assumed to be mixed with conventional tensor resonances [16]; the
1(2225) was discovered in J/1) — ypp [17].

Based on (1310.6 & 10.5) x 105 J /¢ events [2,3] collected with the BESIII detector, a
PWA on J/1) — y¢¢ was performed [18]. Figure 3(a) shows the projection of the PWA
fit results, which is consistent with the model independent PWA fit as shown in fig. 3(b).
Table I shows the components of the PWA fit results. The PWA results show that the ¢¢
system is dominated by 0~ contributions: the existence of the 1(2225) is confirmed and
two additional pseudoscalar states, the 7(2100) and the X(2500), are observed. The new
experimental results are helpful for mapping out pseudoscalar excitations and searching
for a 0~ glueball. The three tensors f2(2100), f2(2300) and f2(2340) observed in 7~ p —
oon [14] are also observed in J/1» — ~v¢¢. Recently, the production rate of the pure
tensor glueball in J/¢ radiative decays has been predicted by Lattice QCD [19], which
is compatible with the large production rate of the f2(2340) in J/¢ — vy¢¢ and J/¢p —

ynm [20].
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Fig. 3. — Superposition of data and the PWA fit projections for: (a) invariant mass distributions
of ¢¢; (b) intensities of individual J© components. The red dots, blue boxes and green triangles
with error bars are the intensities of J©¢ = 077, 07+ and 277, respectively, from the model
independent fit in each bin. The short-dashed, dash-dotted and long-dashed histograms show
the coherent superpositions of the Breit-Wigner resonances with J© € =0F, 0t and 27,
respectively, from the model dependent fit.

5. — Amplitude analysis of 77" system produced in radiative .J/1 decays

The light isoscalar scalar meson spectrum (I¢JF¢ = 070%") remains relatively
poorly understood despite many years of investigation. While knowedege of the low
mass scalar meson spectrum is important for several reasons. In particular, the lightest
glueball state is expected to have scalar quantum numbers [13]. The low mass scalar
meson spectrum is also of interest in probing the fundamental interactions of hadrons in
that it allows for testing of chiral perturbation theory to one loop [21].

Conservation of parity in strong and electromagnetic interactions, along with the
conservation of angular momentum, restricts the quantum numbers of the pseudoscalar-
pseudoscalar pair produced in J/v radiative decays. Thus only amplitudes with even

angular momentum and positive parity and charge conjugation quantum numbers are
accessible (JPC = 0t+ 2FF 4+F ete.).

TABLE 1. — Mass, width, B(J/v¥ — vX — v¢¢) (B.F.) and significance (Sig.) of each component
in the baseline solution. The first errors are statistical and the second ones are systematic.

Resonance M (MeV/c?) I' (MeV/c?) B.F. (x107%) Sig.
1n(2225) 22167313 185%13H43 2.40 £ 0.10+247 28 o
7(2100) 2050739178 25013518, 3.30 4+ 0.097918 22 ¢
X (2500) 24701151 59" 230152155 0.17 +0.02+5:92 8.8
f0(2100) 2101 224 0.43 £ 0.0419:53 24 o
f2(2010 2011 202 0.35 4 0.0570-28 95 0

0.15
£2(2300) 2297 149 0.44 £ 0.0719:92 6.4 0
f2(2340 2339 319 1.91 4+ 0.1419-72 11 o
0.73
0~* PHSP 2.74 4 0.157938 6.8 0
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Fig. 4. — The intensities for the (a) 07, (b) 27+ EL, (c) 2" M2 and (d) 2" E3 amplitudes as a
function of M 0,0 for the nominal results. The solid black markers show the intensity calculated
from one set of solutions, while the open red markers represent its ambiguous partner. Note
that the intensity of the 27 E3 amplitude is redundant for the two ambiguous solutions. Only
statistical errors are presented.

In the mass independent amplitude analysis of 797" system [22], the components
of the mw amplitude independently for many small regions of n7 invariant mass are
measured based on (1.311 £ 0.011) x 10° J/¢ decays [2, 3] collected with the BESIII
detector, and a piecewise complex function from the measurements that describes the
s-dependence of the 77 dynamics is constructed. The intensity for each amplitude as a
function of M o0 is plotted in fig. 4. Each of the phase differences with respect to the
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Fig. 5. — The phase differences relative to the reference amplitude (2** E1) for the (a) 077,
(b) 2t" M2 and (c) 2t E3 amplitudes as a function of M o0 for the nominal results. The
solid black markers show the phase differences calculated from one set of solutions, while the
open red markers represented the ambiguous partner solutions. An arbitrary phase convention
is applied here in which the phase difference between the 07+ and 27 E1 amplitudes is required
to be positive. Only statistical errors are presented.

reference amplitude (27 E1), which is constrained to be real, is plotted in fig. 5. Above
the K K threshold, two distinct sets of solutions are apparent in most bins as expected.

The results of the mass independent analysis exhibit significant structures in the 07"
and 27T, while the 47 contribution is negligible. Finally, the branching fraction of
radiative J/9 decays to 77" is measured to be (1.15 4 0.05) x 10~3, where the error is
systematic only and the statistical error is negligible.

6. — Summary

Based on full or part of the 1.31 x 10° .J /v events collected with the BESIII detector
analyses of J/¢ — vyK2K2%n, J/¢ — v3(xtn7), J/ib — v¢¢ and J/¢p — 77" were
performed, and the results are reviewed in this proceeding. The spin parity of the
X (1835) is determined to be 0~ by performing a PWA of J/¢ — vK2K?2%n; the X (1840)
is observed in J/1) — v3(nT7~) with a statistical significance greater than 7.6 o; the
PWA results of J/¢ — y¢¢ and J/1p — yn'70 are also presented.

REFERENCES

[1] BESIII COLLABORATION (ABLIKIM M. et al.), Nucl. Instrum. Methods Phys. Res., Sect.
A, 614 (2010) 345.
[2] BESIII COLLABORATION (ABLIKIM M. et al.), Chin. Phys. C, 36 (2012) 915.



RECENT RESULTS ON J/y RADIATIVE DECAYS FROM BESIII 7

[3] The total number of .J/1 events taken in 2009 and 2012 is determined to be 1310.6 x 10°
with an uncertainty 0.8% with the same approach as that used in ref. [2].

[4] BES COLLABORATION (ABLIKIM M. et al.), Phys. Rev. Lett., 95 (2005) 262001.

[5] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. Lett., 106 (2011) 072002.

[6] DEDONDER J. P., Losieau B., EL-BENNICH B. and WYCECH S., Phys. Rev. C, 80 (2009)
042507; DING G. J. and YAN M. L., Eur. Phys. J. A, 28 (2006) 351; Liu C., Eur. Phys.
J. C, 53 (2008) 413; WANG Z. G. and WaN S. L., J. Phys. G, 34 (2007) 505.

[7] L1 B. A., Phys. Rev. D, 74 (2006) 034019; KocHELEV K. and MIN D. P., Phys. Lett. B,
633 (2006) 283.

[8] Huanc T. and Zuu S. L., Phys. Rev. D, 73 (2006) 014023; Yu J. S., SuNn Z. F., Liu X.
and ZHAO Q., Phys. Rev. D, 83 (2011) 114007.

[9] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. Lett., 115 (2015) 091803.

[10] ParticLE DATA GROUP (OLIVE K. A. et al.), Chin. Phys. C, 38 (2014) 090001.

[11] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. D, 88 (2013) 091502(R).

[12] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. Lett., 108 (2012) 112003.

[13] UKQCD COLLABORATION (BaLl G. S. et al.), Phys. Lett. B, 309 (1993) 378;
MORNINGSTAR C. J. and PEARDON M., Phys. Rev. D, 60 (1999) 034509; CHEN Y. et al.,
Phys. Rev. D, 73 (2006) 014516.

[14] ETKIN A. et al., Phys. Rev. Lett., 41 (1978) 784; BooTH P. S. L. et al., Nucl. Phys. B,
273 (1986) 677.

[15] BARBERIS D. et al., Phys. Lett. B, 432 (1998) 436; JETSET COLLABORATION
(EvaNGELISTA C. et al.), Phys. Rev. D, 57 (1998) 5370.

[16] LINDENBAUM S. J. and LONGACRE R. S., Phys. Lett. B, 165 (1985) 202; LONGACRE R. S.
and LINDENBAUM S. J., Phys. Rev. D, 70 (2004) 094041.

[17] DM2 COLLABORATION (BISELLO D. et al.), Phys. Lett. B, 179 (1986) 294; Phys. Lett. B,
241 (1990) 617; MARKIII COLLABORATION (BAI Z. et al.), Phys. Rev. Lett., 65 (1990)
1309; BES COLLABORATION (BAI J. Z. et al.), Phys. Lett. B, 662 (2008) 330.

[18] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. D, 93 (2016) 112011.

[19] CHEN Y. et al., Phys. Rev. Lett., 111 (2013) 091601.

[20] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. D, 87 (2013) 092009.

[21] PELAEZ J. R. and YNDURAIN F. J., Phys. Rev. D, 71 (2005) 074016.

[22] BESIII COLLABORATION (ABLIKIM M. et al.), Phys. Rev. D, 92 (2015) 052003.



