
Shuangshi Fang

Institute of High Energy Physics

August 28, 2019, GSI, Darmstadt

Light Meson Spectroscopy at BESIII



OUTLINE

n Why light hadron physics

n Current status and forefront issues

n Meson spectroscopy

n Exotics

n Light meson decays

n Upgrades on BEPCII

n Summary



Why light hadron physics ?

ü QCD degrees of freedom at low energy
ü Understanding of the quark and gluon confinement
ü Particles beyond the QM



BEPC II/BESIII: t –charm factory
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Beam energy: 
1-2 GeV

Luminosity: 
1×1033  cm-2s-1

Optimum energy:
1.89 GeV

Energy spread:
5.16 ×10-4

No. of bunches:
93

Bunch length:
1.5 cm

Total current:
0.91 A

SR mode:
0.25A @ 2.5 GeV

BESIII detector
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World largest data sample directly collected in 
the t-charm region
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QCD allows for hadrons beyond Quark Model 
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Pentaquark         

tetraquark      

Hybrid

glueball

Light meson spectroscopy



Scalar and Tensor mesons



n Why light scalar mesons are interesting? 
l There have been hot debates on the existence of   σ and κ
l σ,  κ and f0(980)  are also possible mutiquark states. 

They are all near threshold.
l Lattice QCD predicts the 0++ scalar glueball mass ~ 1.6 GeV. 

f0(1500) and f0(1710) are good candidates.

Light scalar meson



Unusual properties of  f0(1370), f0(1710) and f0(1790)

n f0(1710):

l dominantly decays to KK (not to pp)  à
l I mainly produced together with w (not f) à
l What is it ?

n f0(1370) and f0(1790)

l dominantly decays to pp (not to KK) à
l mainly produced together with f (not w) à
l What are they ?

à Scalar Puzzle
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PWA of J/y→ghh
• f0(1710) and f0(2100) are  
dominant scalars

• f0(1500) exists (8.2σ)

• f2’(1525) is the dominant 
tensor

• f2(1810) and f2(2340) exist  
(6.4 and 7.6s)

• No evidence for fJ(2220)

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



PWA of J/y→gKsKs
• f0(1710) and f0(2200) are  dominant 
scalars

• low production for f0(1500)

• f2’(1525) and f2(2340) are the 
dominant tensors



PWA of J/y→gπ0π0

Phys. Rev. D 92, 052003（2015）

Model independent

0++: σ, f0(1370), f0(1500) ,
f0(1710) and f0(2020)

2++:  dominated by f2(1270) 

13

1.3B J/y



• Dominant contribution from pseudoscalars
• η(2225) is confirmed; 
• η(2100) and X(2500) are observed

• The three tensors f2(2010), f2(2300) and f2(2340) stated in p-p reactions 
are also observed

PWA of J/y→gff
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Phys. Rev. D. 93, 112011 (2016)

1.3B J/y



15

PWA of J/ψàγωf

Confirmed the enhancement observed at BESII
M= 1795±7+13

-5±19(model) MeV/c2, 
Γ =95±10+21

-34±75(model) MeV
Spin-parity is determined to be 0+

the same as f0(1710)/f0(1790), or a new state ?

PRD 87, 032008(2013)

225M J/y
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2+: complicated situation around 2 GeV

• f0（1710）/f0(1790）, one or two
• Large production rate of f0(2100) in 
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n Clarify 𝑓"(1710) /𝑓"(1790)
/𝑓"(1810)
l Pure glueball “cannot”

decay to 𝜔𝜙
n Establish 𝒇𝟎(𝟐𝟏𝟎𝟎)

l First excitation of scalar
glueball?

n Search for 𝑓"(1710) and
𝑓"(2100) in 𝐽/𝜓 → 𝛾𝜂7𝜂(7)

l Complete information on
flavor

l Pure glueball “cannot”
decay to 𝜂𝜂′

n Couple channel analysis

About 𝑓"(1710): “Still controversial”?
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Phys.Rev. D92 (2015) no.9, 094006
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Phys. Rev. D 73, 014516  

Low lying glueballs have ordinary quantum 
numberàmixing with q`q mesons

At BESIII
• f0(1710) and f0(2100) are observed

in 𝐽/𝜓 → 𝛾 𝜂𝜂, 𝛾𝜋"𝜋"

• f2(2340) is observed in 𝐽/𝜓 → 𝛾𝜂𝜂/𝜙𝜙
/𝜋"𝜋"

• X(2120) and X(2370) in of 𝐽/𝜓 →
𝛾𝜋;𝜋<𝜂’

• Systematic studies needed
• 𝐽/𝜓 → 𝛾𝜂𝜂′
• 𝐽/𝜓 → 𝛾𝜂′𝜂′
• 𝐽/𝜓 → 𝛾𝐾>𝐾>
• 𝐽/𝜓 → 𝜙𝑋,𝜔𝑋

Where is the glueball?



Exotic mesons



20

n Spin-parity of X(p`p ):

PWA of J/ψàγp`p

>6.8σ better	than other Jpc assignments

• PWA of J/ψàγp`p was first performed

• The fit with a BW and S-wave FSI(I=0) 
factor can well describe p`p mass 
threshold structure.
• It is much better than that without FSI 
effect, and Δ2lnL=51 (7.1σ)

PRL 108,112003(2012)

JPC=0-+

PRD 87, 112004(2013) 

No similar structure was observed in
J/ψàwp`p, J/ψàfp`p



Confirmation of X(1835) and two new structures

Resonance M( MeV/c2) G( MeV/c2) Stat.Sig.
X(1835) 1836.5±3.0+5.6

-2.1 190.1±9.0+38
-36 >20σ

X(2120) 2122.4±6.7+4.7
-2.7 83±16+31

-11 7.2σ

X(2370) 2376.3±8.7+3.2
-4.3 83±17+44

-6 6.4σ
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X(1835) consistent with 0-

BESIII fit results:

PRL 106, 072002(2011)

f1(1510)

two news!

J/y®gh¢p+p-
h¢®hp+p-
h¢®gp+p-

üNature of X(2120)/X(2370): pseudoscalar glueball ? h/h¢ excited 
states? 



Observation of X(1 840) in J/y®g3(p+p-)

M=1 842. 2±4. 2 +7. 1 - 2. 6 MeV/c2

Γ = 83±1 4±1 1 MeV
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Mass is consistent with that of  X(1835), but the width is 
much smaller  than Γx(1 835) =190.1±9.0+38

-36 MeV

A new decay modes of X(1835)? 

PRD 88, 091502 (2013)



Are they the same particle?  It is crucial to identify these  
observations.

Comparisons of the observations at BES

X(18??) near the threshold  position of proton-antiproton
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★ X(1840): JP unknown,J/y→g3(p+p-) PRD88,091502

○ X(1870): JP unknown, J/y→wp+p-h PRL107, 182001

▲ X(1835): JP =0-, J/y→gp+p-h’ PRL106, 072002

■ X(p`p): JP=0-, J/y→gp`p PRL108,112003

┼ X(1810): JP=0+, J/y→gwf PRD 87, 032008
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Latest result on X(1835) from J/y®gh¢p+p-

PRL 117, 042002(2016)

Faltte formula Two BWs

M1=1825.3±2.4 +17.2-2.4 MeV/c2

Γ1 = 245.2±13.1 +4.6-9.6 MeV

M2=1870.2±2.2 +2.3-0.7 MeV/c2

Γ2 = 13.0±6.1 +2.1-3.8 MeV

M=1638.2±121.9 +127.8-254.3 MeV/c2

g20 = 93.7±35.4 +47.6-43.9 GeV/c2

g2p`p /g20 = 2.31±0.37 +0.83-0.60

existence of a structure strongly coupling to p`p !

1.3B J/y
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• Clear evidence for a2(1700) in χc1decays.
• First measurement of  𝒈𝜼7𝝅7 ≠ 0 

using 𝒂𝟎 𝟗𝟖𝟎 → 𝜼𝝅 line shape.
• Upper limits for 𝝅𝟏(𝟏<;) in 1.4 - 2.0 GeV/c2

Search exotics in 𝜒NO → 𝜂𝜋;𝜋<



Only 7 of them have been identified !

S`S System – what do we know?

Like charmonia, a similar pattern for the strangeonia is expected
Much less well understood, most of them have not been observed yet
Strangeonia serve as a bridge between short and large distance behavior of

QCD confinement potential

Strangeonia spectrum

Also listed in JLAB physics program



Y(2175)/f(2170)

• hybrids or strangeonium ?

PRD 91, 052017



J/y → f𝜂𝜂´ PRD99,112008(2019)

JP=1+

JP=1-



e+e-→ K+K-

PRD99,032001(2019)



e+e-→ K+K-K+K-

Too narrow for f(2170) ? 

New strangeonium state?

LLbar mass threshold enhancement?

arXiv:1907.06015

%20http:/arxiv.org/abs/1907.06015


J/y→ K+K-p0

Clear structures were observed
Further study needed for  the 

structures observed in 
K+K- mass spectrum

Mkp>1.05 GeV
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Zs ?
Zc
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Search for Zs in e+e-→ fp p
PRD99，011101
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Upgrades on BEPCII/BESIII
Beam energy

Ebeam = 2.3à2.35 GeV in 2019
Ebeam = 2.35à2.45 GeV in 2020-21

Top-up injection 
Data taking efficiency increases by 20-30%

Inner tracker àCGEM inner tracker
Construction by Italian group 
Will be shipped to IHEP this summer, installation in 
summer 2020

Super conducting magnet 
New valve box of SC magnet 
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Summary

l BESIII plays an important role in light hadron physics

l Rich physics in light hadrons
search for exotics → QCD
study of strangeonia → Quark model

……

l Couple channel analysis may help map the spectroscopy

l 10 billion J/y events available !

l More surprises @ BESIII



Thank you !


