PROCEEDINGS

OF SCIENCE

Light Hadron Spectroscopy at BESIII

Jingging Zhang
Ruhr-Universitat Bochum, Germany
E-mail: j zhang@pl. r uhr - uni - bochum de

The BESIII experiment has collected the world’s largest gias of J/¢ and ¢/(3686) decay
events since 2009, which are ideal to study light hadrontspsmopy. Recent BESIII results in
this field are presented, including the line shape ot835), observation oéte™ — nY (2175
at center-of-mass energies above 3.7 GeV, partial wavgsisaif /(¢ (3686)) — " n’ and
the study ofl /@ — yn i°.

XVII International Conference on Hadron Spectroscopy atndc®ure - Hadron2017
25-29 September, 2017

University of Salamanca, Salamanca, Spain

*Speaker.
TOn behalf of BESIII Collaboration

(© Copyright owned by the author(s) under the terms of the @e&ommons
Attribution-NonCommercial-NoDerivatives 4.0 Interratal License (CC BY-NC-ND 4.0). https://pos.sissa.it/



Light Hadron Spectroscopy at BESIII Jingging Zhang

1. Introduction

Quantum Chromo-Dynamics (QCD) is one of the fundamentairtee in modern high energy
physics. Light hadron spectroscopy plays a crucial rolexangning and understanding QCD
theory in the non-perturbative energy region. The BESitédir [1] located at BEPCII in Beijing
has collected B1x 10° J/y events [2] and 48 x 10° (3686 events [3, 4] since 2009. The
decays ofl/ and/(3686) provide good chances to study light hadron spectroscopy.

2. Recent Resultsfrom BESII |

2.1 Line Shapeof the X(1835 in J/y — yn'm"

The X (1835 was first observed by the BESII experiment in tffer” 77— invariant mass spec-
trum in J/Y — yn'mt - decays [7]. It was later confirmed by the BESIII in studies lué t
same process [8] and the spin-parity was determined t#’se 0~ in the partial wave analysis
of 3/ — ynKZKZ[9].

The line shape of th¥ (1835 — n/m"  was studied with a data sample 002x 10° J/ ¢
events accumulated by the BESIII experimentin 2012 [5],amdbrupt in the line-shape was found
near thepp mass threshold [10]. Two models were used to describe thertdid line shape near
the threshold. In the first model, a Flatte formula [11] iscuf® the X (1835 line shape. The fit
result is shown in Fig. 1 and it is found thé{1835) strongly couples t@p with significance larger
than 7. The second model consists of the coherent sum of two Brigjix¥y nearpp threshold: a
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Figure 2: Fit results of using a coherent sum of two

Figure1: Fit results of using Flatté formula. Breit-Wigner amplitudes.

narrow resonance (denoted 2§(1870") and theX(1835. The fit result for the second model is
shown in Fig. 2. The significance of thg1870) is found to be larger thand. With current data,
both models fit the data well with fit qualities, and both sigjghe existence of a state, either a
broad state with strong couplings jpp, or a narrow state just belopp mass threshold.
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2.2 Observation of e'e” — nY (2175 at center-of-mass energies above 3.7 GeV

TheY (2175 was observed in the initial-state-radiation (ISR) pro&®s — yisr¢o(980) [12,
13] and inJ/y hadronic decays [14, 15]. Since the procdsg/ — nY (2175 has been ob-
served [14, 15], it is natural to expect the productionndf(2175 in (3686 decays as well
as in directe™ e~ annihilation in the non-resonant energy region.

In Ref. [16],ete” — nY (2175 was studied with data samples at t1é3686) peak and at
higher energies up to 4.6 GeV accumulated at BESIII [3, 4,Té]e invariant mass distributions
of ¢fy(980) for the seven data samples wiifs > 3.7 GeV are shown in Fig. 3, individually. A
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Figure 3: Invariant mass distributions @ifo(980) and the projections of the simultaneous fit (solid curve)
at the different c.m. energies, as well as the sum of themdivotight, marked as “Sum").

simultaneous fit is applied to all the data samples wiBt> 3.7 GeV to extract the yields of signal
events. Fit projections are shown in Fig. 3. The joint stiati$ significance of th&/' (2175 signal
is estimated to be larger thand0The signal yields, significance and Born cross sectionistel
in Table 1.

V3(GeV) L (pb ) Nobs o® (pb) Significance
3.686 666 19+9.0 1.72+0.82+ 1.00 150
3.773 2917 4A4+9.1 0.93£0.184+0.15 620
4.008 482 B+26 0.40+0.27+0.34 100
4.226 1092 13+41 0.53+0.17+0.05 380
4.258 826 16+3.7 0.65+0.21+0.08 420
4.358 540 A+27 0.53+0.224+ 0.07 290
4.416 1029 18+41 0.46+0.17+0.21 320
4.600 567 2r+19 0.20+0.144+0.02 150

Table 1: Summary of the data samples and the cross section measuseafeie  — nY (2175 —
nefo(980) — nemtm .

The same analysis is also performed to the dat@dsat 3.686 GeV. No significan¥ (2175 is
observed and the upper limit is set to 4 /(3686 — nY(2175) - A(Y (2175 — ¢fy(980) —
@t ) < 2.2 x 1078 at the 90% confidence level (C.L.) using a Bayesian approasiearch for
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e"e” — n'Y(2179 is also performed to the data witjfs > 3.7 GeV. No significanl (2175 or
any other structure is observed. The upper limit of {175 signal events is set to be 27.6 at
90% C.L. and the upper limit on the ratio of the cross seoﬂ@n% is determined to be 0.43
at the 90% C.L. by assuming this ratio is the same at diffezant energy points.

2.3 Partial Wave Analysisof J/y(((3686) — " n’

Using the samples of.21x 10° J/¢ events and 48 x 10° (3686 events accumulated with
the BESIII detector, a partial wave analysis (PWA) of theaded/ (¢ (3686) — m m n’ is
performed [17], the measured branching fractions for eaoponents are summarized in Table 2.

Channel

B PDG

J/Y — pn’'
J/Y— wn’

7.9040.19+0.49) x 105
2.0840.30+0.14) x 1074

(105+1.8) x10°
(1.82£0.21) x 10~

I/W — T N 3.29+0.20+0.26) x 10°°
J/w— 1.36+0.02+0.08) x 104

Solution |

(1.02+0.114+0.24) x 10°°
(5.13+1.234+0.64) x 10°°
Solution Il

(5.69+1.2842.36) x 10°°
(5.134+1.1440.62) x 1076
(151£0.14+0.23) x 10 °

(
(
I/ = p(1450n',p(1450 — " (3.28-0.55+0.44) x 10-°
(
(

Inc)

(3686 — pn’ (19775 x 1075

(3686 — " 1T Nyg

(3686 — pn’ (19717)x 10°°
W(3686) — T T M)y

(3686 — 1T ]

)

Inc)

Table 2: The the measured branching fractions.

In the decayl/ — m" mn’, the basic fit solution is found to contain four componenésna-
ly the p, w, p(1450 intermediate states as well as the non-resonant (NR) bation. In the decay
(3686 — rtmn’, the basic solution includes@component interfering with NR component
due to the low statistics, and two solutions with the sameufility are found, corresponding to the
case of destructive and constructive interference betweetwo components with a relative phase
angle(1203+16.6)° and(45.6+17.5)°, respectively. The fit results fdr/ ¢ andy (3686 decays
are shown in Fig. 4 and 5, respectively.

With the measured branching fractions, the ratio of the divang fractions betweeg(3686)
andJ/y decays topn’ is calculated and listed in Table 3. These do not obviousiyate the
“12%" rule within one standard deviation.

2.4 Observation of J/¢ — yn P

Using a sample 0f2237+1.4) x 10° J/y events collected by the BESIII detector [2], the
decayd/y — ynn® was studied [18]. The branching fraction is measured tegbd/ ¢ — yn ) =
(2.14+0.18(stat) + 0.25(syst)) x 10~°. To investigate the intermediate resonant prodegs —
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Figure4: Comparisons of the distributions
of M+ between data and PWA fit pro-
jections for the decay/y — mrmn’'.

Figure 5: Comparisons of the
distributions ofM+ . between
data and PWA fit projections for
the decayy(3686) — mrmn’
with (a) destructive and (b) con-
structive interferences.

Solution | Solution Il

P(Y(3686—1" 1T ') \R)
BT~ o 1564+39+23 156+3.6+23

#(P(3686—pn’)
TP 129+14431 72+164+30

B (P (3686 —11" 11 1')(1ng)
TS 11.14+1.04+1.8

Table 3: The ratios of branching fractions betwe@(3686) andJ/ (s decay tgon’, NR and inclusive decays
(%). The first uncertainties are statistical and the secgstématic.

yap(980)(ax(1320) — yn P, a fit to thenm® mass spectrum is performed, which is shown in
Fig. 6. In this fit, the signal shape fa§(980) is a Flatté formula and fa,(1320) is a Breit-Wigner
function. The statistical significance is only50 for ap(980) and 290 for ay(1320. Therefore,
upper limits on the branching fractions are set toB@)/( — yag(980) — ynmP) < 25x 1076
andZ(J/P — yap(1320 — yn ) < 6.6 x 1076 at the 95% C.L..
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