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Multi-quark State, Glueball and Hybrid

§ Hadrons consist of 2 or 3 quarks：

Naive Quark Model：

§ New forms of hadrons:
• Multi-quark states：Number of quarks >＝ 4

• Hybrids： qqg，qqqg…

• Glueballs： gg， ggg…

Meson（ q q ）

Baryon（q q q）
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Multi-quark states, glueballs and hybrids 
have been searched for experimentally for 
a very long time, but none is established.

However, the effort has never been 
stopped, especially, during the past couple 
of years,  a lot of surprising experimental 
evidences showed the existence of 
hadrons that cannot (easily) be explained 
in the conventional quark model.      

J/ψ decays provide ideal Lab for 
searchs for new forms of hadrons and 
study of the light hadron spectroscopy. 
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Outline
§ New results on 1-- mesons

§ Results on 0++ mesons

§ New results on baryons

• PWA of J/ψ→ π0 pp

• KΛ mass threshold structure 

NX(1610)

§ Summary
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New results on 1-- mesons

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Observation of Y(2175) in 
J/ψ → ηφf0(980) at BESII
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§ A structure at 2175MeV 
was observed in
e+e-à γ ISR φf0(980), 
e+e-à γISR K+K-f0(980) 
initial state radiation 
processes

MeV201658
MeV15102175

±±=Γ
±±=M

Observation of a new  1-- resonance 
Y(2175) at BaBar

Phys. Rev. D  74 (2006) 091103(R)

Y(2175)

6.2 σ
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J/ψ → ηφf0(980)

η φ

f0(980)
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M(φf0(980)) GeV/c2

efficiency curve

phase space

A peak around 2175 MeV/c2 is observed 
in J/ψ à ηφf0(980)

Backgrounds from 
sideband estimation
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M2(ηf0(980)) vs. M2(ηφ) (Dalitz plot)
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M =2.186±0.010 ±0.006 GeV/c2

Γ=0.065±0.023 ± 0.017 GeV/c2

N events= 52±12

Fit with one resonance
• BG shape is fixed to sideband BG

5.5 σ

M(φf0(980)) GeV/c2

0 0

4

B(J/ψ ηY(2175)B(Y(2175) φf (980))B(f (980) π π )

(3.23 0.75( ) 0.73( )) 10stat syst

+ −

−

→ → → =

± ± ×
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Ø A resonance at 2175 MeV/c2 is observed 
with significance ∼ 5σ in φf0(980) mass 
spectrum. 

BABAR
BES 0.065±0.023±0.0172.186±0.010±0.006

0.058±0.016±0.0202.175±0.010±0.015

Width (GeV/c2)Mass (GeV/c2)

Ø Branching ratio obtained:

0 0

4

B(J/ψ ηY(2175)B(Y(2175) φf (980))B(f (980) π π )

(3.23 0.75( ) 0.73( )) 10stat syst

+ −

−

→ → → =

± ± ×
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What is Y(2175)?

Some theoretical interpretations:

§ A conventional       state? 
§ An       analog of Y(4260) (            )?
§ An               4-quark state? 

More experimental information needed. 

ss

ssss
gssss
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Observation of a broad  1--

resonance in J/ψ → K+K- π0  at BESII

Phys. Rev. Lett.  97 (2006) 142002
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J/ψ→ K+K-π0

π0

background π0 sideband

?

K*(892)

K*(1410)
X(1580)

PID and kinematic fit can significantly reduce
the dominant background from J/ψ → π+ π- π0.
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1-- component

What is this broad structure?

§ JPC should be 1--, 3--, …(Parity conservation)
§ PWA results

• Following components are needed
K*(892), K*(1410), ρ(1700), X

• 1– is much better than 3—

• Pole position of X is

• Big destructive interference among  X, ρ(1700) and PS

47.2
6.3

-0 10)6.05.8(  )KKX ,XπBr(J/ψ −+
−

+ ×±=→→

232 11
67 12

98  49
91  55 MeV/c )409()1576( ++

−−
++
−− − i
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Results on 0++ mesons
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Ø Lattice QCD predicts the 0++ scalar glueball 

mass in the range 1.5 - 1.7 GeV. 

f0(1500) and f0(1710) are good candidates.
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PWA of J/ψ → γπ+π- and γπ0π0 at BESII

Phys. Lett. B 642 (2006) 441
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−+→ πγπψ/J
?)1500(0f ?)1710(0f

00/ πγπψ →J

PWA of J/ψ → γπ+π- and γπ0π0

M(π+π- )

M(π0π0 )

The channels fitted in PWA:
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)1500(0f )2020(0f?)1710(0f

)1270(2f )1810(2f )2150(2f

)2050(4f all 0++ all 2++

PWA components:
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PWA results

§ Lower 0++ : 0++ is strongly preferred over 2++

§ f0(1370) cannot be excluded.

§ Higher 0++: f0(1710) or f0(1790) or both?

MeV ) 21108(    
MeV )1661466(

14
11 ±=Γ

±±=
+
−

M
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−M
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−+→ πγπψ/J

00/ πγπψ →J

Phys. Lett. B 642 (2006) 441
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About f0(1500) and f0(1710)

§ It is first clearly observed in J/ψ radiative decays.
§ Its production rate in J/ψ radiative decays:

)(
101~))1500(())1500(/( 4

00

BESII
fBRfJBR −×→•→ ππγψ

)(
%35~))1500(( 0

PDG
fBR ππ→

4
0 103~))1500(/( −×→ fJBR γψ
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§ The production rate of f0(1500) in J/ψ radiative decays is 
lower than that of f0(1710):

§ It may indicate: f0(1710) has stronger coupling to gluons 
than f0(1500)à which one contains more glueball content?

4
0 103~))1500(/( −×→ fJBR γψ

)(
109))1710(/( 4

0

PDG
fJBR −×>→ γψ
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New results on baryons 
at BESII
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First observation of N(2050)

../ ccnpJ +→ −πψ

N*(1440)?

N*(1520)
N*(1535)

N*(1650)
N*(1675)
N*(1680)

?

u quark model predicts:
N(2050)。

Not observed. 

Phys. Rev. Lett. 97 （2006）062001

N(2050):  1/2+ or 3/2+

+15 2 2
-30M = 2065 3 MeV/c    =175 12 40MeV/c± Γ ± ±

N(1440): 
22 MeV/c 5026179 ,MeV/c 1661358 ±±±±=M

（N(1440) peak never been seen directly before).
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N* in                . at BESII0ppJ/ πψ →

Mγγ

π0

η

)p(M 02 π

M
2 (

pπ
0 )
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0pM
π

0p
M

π
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Resonances used in the PWA
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N* in                .

0ppJ/ πψ →

− data
+ Fit results
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N* in                .

0ppJ/ πψ →

− data
+ Fit results

The comparison between data and PWA fit results.
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N* in                .

0ppJ/ πψ →

− data
+ Fit results

Fit results agree with data reasonably, 
especially in the low mass region.

PDF created with pdfFactory Pro trial version www.pdffactory.com

http://www.pdffactory.com


Ø N(1440), N(1520), N(1535), N(1650), N(1675), 
N(1680), N(1710) are needed.

Ø Nx(2065) exists in this channel (stat. sig. >>5σ)  
The spin-parity favors 3/2+

MeV 258230  MeV, 252040 3
4 ±±=Γ±= +

−M

N* M(MeV/c2) Γ(MeV/c2) JP fraction(%)

1/2+ 9.74~25.93
2.38~10.92
6.83~15.58
6.89~27.94
4.17~30.10
23.0~41.8

3/2-
1/2-
1/2-

N(1710) 1/2+ 0.54~3.86
3/2+

N(1440) 1.33~3.54

N(1535) 0.92~2.10
N(1650) 0.91~3.71

N(1520) 0.34~1.54

N(2065) 0.91~3.11

Br (×10-4)

431455 2
7 ±+

−

131513 3
4 ±+

−

121537 2
6 ±+

−

261650 3
6 ±+

−

291715 2
2 ±+

−

52230 8
8 ±+

−

67316 5
6 ±+

−

37127 7
8 ±+

−

39135 8
8 ±+

−

31145 5
10 ±+

−

252040 3
4 ±+

−

4495 2
1 ±+

−
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KΛ mass threshold enhancement
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)(GeV/c2ΛKM −

PS, eff. corrected

Λ−−− MMM KΛK

Observation of a strong enhancement near the 
threshold of            mass spectrum at BES IIΛ−K

(Arbitrary normalization)

BES II
Λ→ pKJ ψ/

NX*
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§ Best PWA fit: (JP=½- is favored)

§ Fitted  as  N(1535) (becomes worse by about 
5 σ (∆χ2=28 with d.o.f.=2)).

Big Br.

MeV2810
11743 ++

−−=ΓMeVm 135
2371625 ++

−−=
525.430.1

28.825.1 1014.9)()/( −++
−− ×=Λ→×→ KNxBrpNxJBr ψ

422.415.0
70.114.0 1026.4))1535(())1535(/( −++

−− ×=Λ→×→ KNBrpNJBr ψ
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Comparison between data and 
PWA fit projections

MC data
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Comparison between data and 
PWA fit projections

MC data

Fit results agree with data reasonably.
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Nx* is N(1535)?

§ From BESII measurements:

If Nx* is N(1535), its coupling to KΛ is much 
stronger than to pπ.

Then N(1535) would have very large ssbar component        
(a 5-quark system).

410)2~1(~))1535(())1535(/( −×→•→ πψ pNBRpNJBR
4104~))1535(())1535(/( −×Λ→•→ KNBRpNJBR ψ
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Such a strong KΛ threshold 
enhancement  is NOT observed  in                      

process at SAPHIRΛ→ Kpγ

Phase Space shape
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Such a strong KΛ threshold 
enhancement  is NOT observed  in                      

process at SAPHIRΛ→ Kpγ

Phase Space shape
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Such a strong KΛ threshold 
enhancement  is NOT observed  in                      

process at SAPHIRΛ→ Kpγ

Phase Space shape

Λ→ pKJ
BES

ψ/
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Such a strong KΛ threshold 
enhancement  is NOT observed  in                      

process at SAPHIRΛ→ Kpγ

Phase Space shape

Λ→ pKJ
BES

ψ/
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Observation of  Λ→ 0
SnK)'ψ( J/ψ

Λ

KS
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N* Λ*

n An enhancement near ΛΚS threshold is evident
n N* and Λ* found in the ΛΚS and nΚS spectrum 

More statistics and PWA are needed 
for the detail information
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Summary
§ Two new 1-- mesons are observed at BESII

§ Light 0++ mesons are studied in J/ψ radiative decays

§ KΛ threshold enhancement  is observed  in J/ψ → pKΛ, 
N* states are studied in J/ψ→p pbar π0

§ We are expecting more new results on hadron
spectroscopy at BESIII.
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Backup Slides
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M =2.182±0.010 GeV/c2

Γ=0.073±0.024 GeV/c2

N events= 61±14

Fit with one resonance
• BG is represented by a 3rd-order polynomial

4.9 σ

0 0

4

B(J/ψ ηY(2175)B(Y(2175) φf (980))B(f (980) π π )

(3.79 0.87( )) 10stat

+ −

−

→ → → =

± ×
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Fit with two resonances
• BG shape is fixed to sideband BG
• the mass and width of the second peak 
are fixed to those of from BaBar.

5.8 σ

0 0

4

B(J/ψ ηY(2175)B(Y(2175) φf (980))B(f (980) π π )

(2.92 0.87( )) 10stat

+ −

−

→ → → =

± ×

2.5 σ

M =2.186±0.010GeV/c2

Γ= 0.065±0.022GeV/c2

N1 events= 47±14
N2 events= 22±11
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Fit with two resonances
• BG is represented by a 3rd-order polynomial
• the mass and width of the second peak 
are fixed to those of from BaBar.

5.2 σ 1.7 σ

M = 2.186±0.010GeV/c2

Γ = 0.085±0.027GeV/c2

N1= 69±21
N2= 19±11

0 0

4

B(J/ψ ηY(2175)B(Y(2175) φf (980))B(f (980) π π )

(4.29 1.30( )) 10stat

+ −

−

→ → → =

± ×
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Broad X cannot be fit with known mesons 
or their interference

§ It is unlikely to be ρ(1450), because:
• The parameters of the X is incompatible with ρ(1450).

• ρ(1450) has very small fraction to KK. From PDG:

§ It cannot be fit with the interference of ρ(770) , 
ρ(1900) and ρ(2150):
• The log-likelihood value worsens by 85 (∆χ2=170).

.).%95(  106.1))1450(( 3 LCKKBr −−+ ×<→ρ
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How to understand broad X(1580)?

§ Search of a similar structure in J/ψ → KSK π
will help to determine its isospin.

§ X(1580) could have different nature from 
conventional mesons:
• There are already many 1- - mesons nearby.

• Width is much broader than other mesons.

• Broad width is expected for a multiquark state.
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