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• Introduction

• Selected results on 𝐽/𝜓 radiative decays

1. Spin-parity determination of the X(1835) in 𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆𝜂

2. Observation of the X(1840) in 𝐽/ψ → 𝛾3(𝜋+𝜋−)

3. Partial wave analysis of 𝐽/𝜓 → 𝛾𝜋0𝜋0

4. Partial wave analysis of 𝐽/𝜓 → 𝛾𝜙𝜙

• Summary
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Storage ring

BESIII physics program

 Charmonium(-like) physics

 Light hadron spectroscopy

 Charm physics

 τ physics

BEPCII and BESIII
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Linac

Beam energy: 1-2.3 GeV
Design Luminosity: 1 × 1033𝐜𝐦−2𝐬−1
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The BESIII detector

80ps
110ps

BESIII accumulated 1.3 billion 𝐽/𝜓 events in 2009 and 2012: 
Clean and rich source for light hadrons



𝐽/𝜓 radiative decays 

• 𝐽/𝜓 radiative decays:  “gluon-rich” process

• Clean data sample from 𝑒+𝑒− annihilation

• An ideal environment to study light hadron spectroscopy

• Also search for glueball, hybrid state, multiquark state
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Spin-parity determination of the X(1835)
X(1835) :

• First observed in 𝐽/𝜓 → 𝛾𝜂′𝜋𝜋 at BESII in 2005, and confirmed at BESIII

• Nature unclear: p p bound state, excited 𝜂’, glueball

Partial Wave Analysis of 𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆𝜂 :

• A clean channel (𝐽/𝜓 → 𝐾𝑆𝐾𝑆𝜂 and 𝐽/𝜓 → 𝐾𝑆𝐾𝑆𝜂𝜋
0 are forbidden)

• The X(1835) is observed on 𝑀(𝐾𝑆𝐾𝑆𝜂) in 𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆𝜂

• PWA for 𝑀 𝐾𝑆𝐾𝑆 < 1.1 𝐺𝑒𝑉/𝑐2
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Phys. Rev. Lett. 115, 091803 (2015)1.3 billion 𝐽/𝜓 events

Total Fit



Spin-parity determination of the X(1835)

• Two resonant pseudoscalar (0−+) components:

• 𝑋 1835 → 𝐾𝑆𝐾𝑠𝜂 (> 12.9𝜎) dominated by 
𝑓0(980) production

M = 1844 ± 9−25
+16 MeV/𝑐2, Γ = 192−17

+20
−25

+16
MeV

Consistent with the X(1835) in 𝐽/𝜓 → 𝛾𝜂′π+𝜋−

Mass/spin is consistent with those of the X(𝑝  𝑝)

Width is larger than the width of the X(𝑝  𝑝)

• 𝑋 1560 → 𝑓0 980 𝜂 (> 8.9𝜎)
M = 1565 ± 8−63

+0 MeV/𝑐2

Γ = 45−13
+14

−28

+21
MeV

(Consistent  with 𝜂(1405)/𝜂(1475) within 2𝜎)
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PRL 115, 091803 (2015)
1.3 billion 𝐽/𝜓 events

Observations at

Total Fit



Observation of the X(1840)

• Clear enhancement at 1.84 GeV/𝑐2 on 𝑀(3(𝜋+𝜋−))

in 𝐽/𝜓 → 𝛾3(𝜋+𝜋−)

• M = 1842.2 ± 4.2−2.6
+7.1MeV/𝑐2, Γ = 83 ± 14 ± 11MeV

• Mass is consistent with that of the X(1835), but width is 
much smaller
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PRD 88, 091502  (2013)
𝐽/𝜓 → 𝛾3(𝜋+𝜋−)

PRL 107, 182001  (2011)
𝐽/𝜓 → 𝜔𝜂𝜋+𝜋−

PRL 106, 072002  (2011)
𝐽/𝜓 → 𝛾𝜂′𝜋+𝜋−

PRL 115, 091803 (2015)
𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆𝜂

PRL 108, 112003  (2012)
𝐽/𝜓 → 𝛾𝑝  𝑝

PRD 87, 032008  (2013)
𝐽/𝜓 → 𝛾𝜔𝜙

Phys. ReV. D88, 091502 (2013)
225 million 𝐽/𝜓 events

Significance
> 7.6 𝜎

Observations at



Model independent PWA of 𝐽/𝜓 → 𝛾𝜋0𝜋0

• Clean channel (no background from 𝜌𝜋, only even++ amplitudes)

• 𝜋0𝜋0 system: only significant 0++and 2++ contributions

• Many broad and overlapping resonances (parameterization 
challenging)

• Model independent PWA
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> 440k selected events at
a background level of 1.8%

1.3 billion 𝐽/𝜓 events
Phys. Rev. D 92, 052003 (2015)
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Model independent PWA of 𝐽/𝜓 → 𝛾𝜋0𝜋0
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Extracted Intensity

Nominal solution
Ambiguous solution

Two solutions degenerate

Relative phase1.3 billion 𝐽/𝜓 events Phys. Rev. D 92, 052003 (2015)

Phys. Rev. D92, 052003 (2015):
• A piecewise function of 𝑀(𝜋0𝜋0) to 

describe the dynamics of the 𝜋0𝜋0 system 
• Significant features of the scalar spectrum 

near 1.5, 1.7 and 2.2 GeV/𝑐2

• Ambiguities above the 𝐾 𝐾 threshold
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PWA of 𝐽/𝜓 → 𝛾𝜙𝜙

• Ground-state glueball mass prediction by LQCD

-- 0−+: 2.3 ~ 2.6 GeV/𝑐2,     2++: 2.3~2.4 GeV/𝑐2

• 𝜙𝜙 system observations 

-- 0−+: 𝜂(2225) was observed in 𝐽/𝜓 → 𝛾𝜙𝜙, very little knowledge for 
those above 2 GeV/𝑐2

-- 2++: broad structures around 2.3 GeV/𝑐2 in 𝜋−𝑁 reactions and 𝑝  𝑝
central collisions

• PWA of 𝐽/𝜓 → 𝛾𝜙𝜙 at BESIII (for M 𝜙𝜙 < 2.7 GeV/𝑐2)

111.3 billion 𝐽/𝜓 events; arXiv:1602.01523



PWA of 𝐽/𝜓 → 𝛾𝜙𝜙
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1.3 billion 𝐽/𝜓 events; arXiv:1602.01523

• 0−+ dominant

• Also has scalar and 
tensor components

Comparison:
Lines: model dependent fit 
Markers: model independent fit

0−+

2++

0++



Summary
Recent results on 𝐽/𝜓 radiative decays are presented:

1. Spin-parity of the X(1835) is determined to be  0−+ in 𝐽/𝜓 → 𝛾𝐾𝑆𝐾𝑆𝜂

2.    Observation of the X(1840)  in 𝐽/𝜓 → 𝛾3(𝜋+𝜋−)

3. PWA of 𝐽/𝜓 → 𝛾𝜋0𝜋0 is performed:

0++ dominated, also includes 2++ components

4.    PWA of 𝐽/𝜓 → 𝛾𝜙𝜙 is performed:

0−+ dominated, also includes 0++ and 2++

More results are expected to come soon!
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Thank you!


