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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



Quark Model

QCD allows for hadrons beyond Quark Model 
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Light hadron spectroscopy

dibaryon Pentaquark tetraquark

hybrid                glueball molecule

baryon          meson
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BESIII: 10 billionBESIII: 450 million

Data samples at BESIII



Light meson spectroscopy

Scalar, tensor and pseudoscalar mesons  

Exotics searches

Strange mesons and strangeonia states
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PRD98,072003(2018)

PWA of J/ψ→gKsKs

PRD92,052003 (2015)

PWA of J/y®gπ0π0

PWA of J/y®ghh

• f0(1710) and f0(1500) are 
dominant 

• f2’(1525) also seen

• Broad bu mp above 2 GeV

RRD87, 092009 (2013)



About f0(1500) and f0(1710)

𝑩( ⁄𝑱 𝝍 → 𝜸𝒇𝟎 𝟏𝟕𝟏𝟎 > 𝟏. 𝟗×𝟏𝟎"𝟑
𝑩( ⁄𝑱 𝝍 → 𝜸𝒇𝟎 𝟏𝟓𝟎𝟎 ~𝟑×𝟏𝟎"𝟒

Clearly observed in J/y radiative decays

Production rate of f0(1500) in J/y radiative decays is lower 
than that of f0(1710)

f0(1710) has stronger coupling to gluons than f0(1500) à
which one contains more glueball content?



• 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/ψàγff
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Phys. Rev. D. 93, 112011 (2016)

1.3B 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 

gluon rich environment ppbar
annihilations and J/psi radiative 
decays 

f (1920)2

f (1810)2

f (1980)2

x(2230)

f (2350)2
f (2200)2

f (2050)2

1.8

2.2

100

200

300

M

G

G.I.-States

0 ?++

2.0

10



PWA of J/ψàγKsKsη
X(18??) between 1.8~1.9 GeV

PWA of J/ψàγ𝒑"𝒑
PWA of J/ψàγωφ

J/y®g3(π+π-)

Are they the same state?  It is crucial to understand their connections.

J/ψàωηπ+π-

J/ψàγη'π+π-

225M

225M
225M 225M

225M

1.31B
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Latest result on X(1835)

PRL 117, 042002(2016)

Two BWs

M2=1870.2±2.2 +2.3-0.7 MeV/c2

Γ2 = 13.0±6.1 +2.1-3.8 MeV

Existence of a structure strongly coupling to p`p ?

J/y®ggfJ/y®gh¢ π+π-

PRD97, 051101 (R) (2018)

Sizeable s"s components in 
X(1835): more complicated than 

a pure N#N state



First observation of X(2370) à KKh´

q Simultaneously fit for two different h´ decay modes

q What is X(2370) ?

EPJC80,746(2021)

M=2341.6±6.5 ±5.7 MeV/c2

Γ = 117±10±8 MeV
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Phys. Rev. D 73, 014516  

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 → 𝜙𝑋,𝜔𝑋

Where is the glueball?
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• Clear evidence for a2(1700) in χc1decays

• Upper limits for 𝝅𝟏(𝟏#") in 1.4 - 2.0 GeV/c2

• More works in progress in J/ψ and 𝜒%& decays

Search exotics in 𝜒!" → 𝜂𝜋#𝜋$



Only few of them have been identified !

s`s system – what do we know?

Strangeonia spectrum



e+e-→ K+K-

PRD99,032001(2019)

New strangeonium state?

J/y → f𝜂𝜂´

PRD99,112008(2019)

PRD100,032009(2019)

e+e-→ K+K- K+K-

f 𝟐𝟏𝟕𝟎 𝐚𝐭 𝐁𝐄𝐒𝐈𝐈𝐈

e+e-→ f𝜂

arXiv:2104.05549



e+e-→ f𝜂′

PRD102,012008(2020)

Comparisons 

The nature of f(2170) still not
fully understand !



PWA of J/y à K+K-p0

q The dominant contribution is from K*(892)

q First observation of K*2(1980) and K*4(2045) in J/y decays

q Two broad  1-- structures were observed in K+K- mass spectrum,
Possibly contributed from w(1650) and r(2150)

Phys. Rev. D100,032004(2019)



PWA of y(3686) à KKh

q Observation of both f(1680) and X(1750) implies X(1750) is a new 
structure 

q A broad structure around 2.2 GeV is observed, either f(1680) or 
r(2150)?

Phys. Rev. D101,032008(2020)
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Zs ?
Zc

s
`d
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?
Search for Zs in e+e-→ fp p

PRD99，011101(2018)

No evident structure observed in fp mass spectra   
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1 Baryon spectroscopy
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PRD91 (2015) 092006 

X*s in y(2S)®KLX
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PRL 110 (2013) 022001

106 M y¢ events

Two new baryonic excited states are observed !

Two new N*s in J/y®p`pp0
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Phys. Rev. D 93, 052010 (2016)
Search for exotics in J/y®fp`p

n BESII: p`p mass threshold enhancement

n LHCb: Pc states

No evident enhancement observed

1.3 B J/y events
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PRD99,112010(2019)

Search for exotics in y(2S)®fp`p

n BES: X( p`p )

n LHCb: Pc states

No evident enhancement observed
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Rich physics in light hadrons

Light hadron spectroscopy → Quark model
Light hadron decays → QCD
………

10 billion J/y events available at BESIII ! 
A unique opportunity to map the light hadron spectroscopy

More surprises at BESIII ! 

Summary& Prospects


