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BESIII detector
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Introduction
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Ø Conventional hadrons consist of 2 or 3 quarks:

Naive Quark Model: 

Ø QCD predicts the new forms of hadrons:
ü Multi-quark states: Number of quarks ≥ 4

ü Hybrids: 𝒒𝒒"g, 𝒒𝒒𝒒g …

ü Glueballs: gg, ggg …

• 0%	% ground state: 1.5~1.7 GeV/c2

• 2%	% ground state: 2.3~2.4 GeV/c2

• 0(	% ground state: 2.3~2.6 GeV/c2

g

gg

g

None of the new forms of hadrons is settled!

meson baryon

World largest J/y (1.0×1010), y(3686) (4.5×108) … produced directly from e+e- collision!

Phys. Rev. D 73, 014516 (2006)



𝑝𝑝̅ threshold enhancement X(𝑝𝑝̅)/X(1835)
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𝒑𝒑" threshold enhancement X(𝒑𝒑")
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Phys. Rev. Lett. 108, 112003 (2012) 

PWA of J/yàg𝒑𝒑"

No significant narrow threshold enhancement observed here:

J/yàw𝒑𝒑" J/yàf𝒑𝒑" Y(3686)àf𝒑𝒑"

Phys. Rev. D 87, 112014 (2013) Phys. Rev. D 93, 052010 (2016) arXiv:1902.09756

Seems	not	from	pure	FSI	effect

Ø First observed in J/yàg𝑝𝑝̅ at BESII. Then confirmed by BESIII and CLEO.

Ø PWA of J/yàg𝑝𝑝̅:  JPC = 0(	%

ü A signal model of BW and S-wave FSI factor can well describe 𝑝𝑝̅ mass 

threshold structure, the fit quality is much better than that without FSI effect.



X(1835)
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ØFirst observed in J/yàgp+p-h’	by BESII and	

then confirmed by BESIII using the same decay 

channel with more J/y data.

Ø PWA of  J/yàgKS
0KS

0h:

ü JPC = 0(	%.

üM = 1844 ± 9 𝑠𝑡𝑎𝑡. 	(56
	%78(𝑠𝑦𝑠𝑡. ) MeV/c2 

üΓ = 192	(7>		%5? 𝑠𝑡𝑎𝑡. 	(@A
	%85(𝑠𝑦𝑠𝑡. )MeV

üConsistent with X(1835) in J/yàgp+p-h’.

BESIII: Phys. Rev. Lett. 115, 091803 (2015)



Anomalous line shape of p+p-h’	near	𝒑𝒑" mass threshold 
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Phys. Rev. Lett. 117, 042002 (2016) 

Model I: 
Flatte line shape 
with strong 
coupling to 𝑝𝑝̅
and one 
additional 
narrow BW at ~ 
1920 MeV/c2

Model II: 
Two coherent  BW, 
X(1835) and one 
additional, narrow BW 
at ~ 1870 MeV/c2

Ø Both	models	well	describes	data	with	almost	equally	good	fit	quality.
Ø Suggest	the	existence	of	a	state,	either	a	broad	one	with	strong	couplings	to	𝑝𝑝̅,	

or	a	narrow	state	just	below	the	𝑝𝑝̅mass	threshold.
Ø Support	the	existence	of	a	𝑝𝑝̅molecule-like	state	or	bound	state.

What causes this distorted line shape?

ü The opening of X(1835)à𝑝𝑝̅ ?

ü Interference between two resonances?



Observation of h(1475) and X(1835) in J/yàggf
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üFirst observation of h(1475)/X(1835)àgf.
üAngular distribution favor JPC = 0(	%.
üSizeable 𝑠𝑠̅ components in X(1835): 

f1(1285)
<5 s

h(1475) 13.5 s

constructive

X(1835) 6.3 s
destructive

Phys. Rev. D 97, 051101(R) (2018)



Search for X(1835) in J/yàwp+p-h’
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üNo obvious signal of X(1835) is found. 

üUpper limit on the branching fraction at 

90% C. L.,  

B(J/yàwX(1835)àwp+p-h’)	< 6.2×10-5.

Phys. Rev. D 99, 071101(R) (2019)



Study of glueball and hybrid candidates
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PWA of J/yàghh/gKS
0KS

0
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Phys. Rev. D 87, 092009 (2013)

Phys. Rev. D 98, 072003 (2018)

PWA of J/yàghh

PWA of J/yàgKS
0KS

0



PWA of J/yàgff

FAIRNESS	2019,	Arenzano,	Italy	 14

Ø Besides h(2225), the structures in the pseudoscalar sector above

2 GeV/c2 are poorly understand. 

Ø Provide an opportunity to study 0(% and 2%% states above 2 GeV/c2.

Ø Dominant contribution from 0(% states

ü h(2225) is confirmed

ü h(2100) and X(1500) are observed

Ø 2%% contibutions

ü f2(2010), f2(2300), f2(2340) are observed. 

ü Large production rate of f2(2340)

Ø Model dependent PWA results are well consistent with the results 

from MIPWA.  

Phys. Rev. D 93, 112011 (2016)



Scalar glueball candidate (0++) 
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Decay rate of pure glueball
from LQCD:

Phys. Rev. Lett. 110, 021601 (2013) 

Experimental results from J/y radiative decays to scalars:
ØB(J/yà gf0(1710) à g𝐾𝐾")=(8.5(?.D%7.5)×10(@

ØB(J/yà gf0(1710) à gpp)=(4.0±1.0)×10(@

ØB(J/yà gf0(1710) à gww)=(3.1±1.0)×10(@

ØB(J/yà gf0(1710) à ghh)=(2.35(?.77(?.>@%?.7A%7.5@)×10(@

B(J/yà gf0(1710)) > 1.9×10(A

f0(1710) : The candidate of the scalar glueball ? 



Tensor glueball candidate (2++) 
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LQCD: Phys. Rev. Lett. 111, 091601 (2013) 

Experimental results from J/y radiative decays to scalars:

ØB(J/yà gf2(2340) à ghh)=(𝟓. 𝟔𝟎(𝟎.𝟔𝟓	(𝟐.𝟎𝟕%𝟎.𝟔𝟐	%𝟐.𝟑𝟕)×𝟏𝟎(𝟓

ØB(J/yà gf2(2340) à gff)=(𝟏. 𝟗𝟏 ± 𝟎. 𝟏𝟒(𝟎.𝟕𝟑%𝟎.𝟕𝟐)×𝟏𝟎(𝟒

ØB(J/yà gf2(2340) à gKS
0KS

0)=(𝟓. 𝟓𝟒(𝟎.𝟒𝟎	(𝟏.𝟒𝟗%𝟎.𝟑𝟒	%𝟑.𝟐𝟖)×𝟏𝟎(𝟓

f2(2340) : The candidate of the tensor glueball ? 



a0(980)-f0(980) mixing
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Ø Mixing intensity provides important information in understanding the nature of a0(980) and f0(980).

Ø Narrow peak (8 MeV) at around 980 MeV can be expected in hp0 (J/yàff0(980)àfa0(980)àfhp0 ) 

or p+p-(cc1àa0(980)p0àf0(980)p0àp+p-p0 ) invariant mass spectra.

a0(980)-f0(980) mixing
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n Using 1.3 billion J/y events, 

f0(980)àa0(980) is observed 

in the isospin violating 

J/yàff0(980)àfa0(980)à

fhp0 (7.4	s)

Phys. Rev. Lett. 121, 022001 (2018)

Observation of a0(980)-f0(980) mixing

hàgg hàp+p-p0

destructive (upper) and constructive (lower) 

hàgg hàp+p-p0
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Phys. Rev. Lett. 121, 022001 (2018)

n Using 450 million y(3686) events, 

a0(980)àf0(980) is observed in the isospin violating      

cc1àa0(980)p0àf0(980)p0àp+p-p0  (5.5 s)

Observation of a0(980)-f0(980) mixing
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ü The statistical significance of the mixing signal scanned in the 2D space of 𝑔QR→TUTV and 𝑔WR→TUTV

ü The region with higher significance indicate the larger probability

ü The markers indicate predictions from various theoretical models (without uncertainties of model)

Observation of a0(980)-f0(980) mixing



Summary
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Ø A set of interesting and important results from the light hadron spectroscopy achieved:

ü Both X(1835) and 𝑝𝑝̅ are confirmed by BESIII. 

• JPC (X(1835)/X(𝑝𝑝̅))= 0(	%;

• Anomalous line shape of p+p-h’	near	𝑝𝑝̅ mass threshold is observed.

ü 0%% and 2%% structures are studied from J/y radiative decays: 

• Strong production of f0(1710) in J/yàghh/gKS
0KS

0 ,  

production rate of f0(1710) is about 1 order of magnitude larger than that of f0(1500).

• Strong production of f2(2340) in J/yàghh/gKS
0KS

0/gff; 

could be a candidate for the lowest lying tensor glueball?

ü First observation of a0(980)-f0(980) mixing. 

Ø With 10 billion J/y events, more and more interesting results

are expected in the near future. 

Thanks!
谢谢！


