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Focus on following results:

The observation of X(1835) at BES

The ωφ threshold enhancement in J/ψ → γωφ

Study of J/ψ → γωω

Scalars: σ, κ, f0(980), f0(1370), f0(1500), f0(1710),
f0(1790) …



Introduction



BESII Detector World J/ψ Sample (×106)
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VC:     σxy = 100  µm        TOF:   σT = 180 ps
MDC: σxy =  220  µm        BSC:   ∆E/√E= 21 %

σdE/dx= 8.5 %                      σφ = 7.9 mr
∆p/p=1.78√(1+p2)              σz = 2.3 cm

µ counter:  σrφ= 3 cm        B field:     0.4 T
σz = 5.5 cm



Observation of an anomalous enhancement near the 
threshold of        mass spectrum at BES II

M=1859 MeV/c2

Γ < 30 MeV/c2 (90% CL)
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pp bound state (baryonium)?

+ n + −

deuteron:

loosely bound 
3-q 3-q color 
singlets with 
Md = 2mp- ε

baryonium:

loosely bound 
3-q 3-q color 
singlets with    
Mb = 2mp-δ ?

attractive nuclear force attractive force?

There is lots & lots of literature about this possibility
E. Fermi, C.N. Yang, Phys. Rev. 76, 1739 (1949)
…
I.S. Sharpiro, Phys. Rept. 35, 129 (1978)
C.B. Dover, M. Goldhaber, PRD 15, 1997 (1977)
…
A. Datta, P.J. O’Donnell, PLB 567, 273 (2003)]
M.L. Yan et al., hep-ph/0405087

Observations of this structure in other
decay modes are desirable. 



Observation of X(1835) in ηππγψ ′→ −+J
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Statistical Significance 7.7 σ

ηππγψ ′→ −+J
Combine two channels

X(1835)

7.7σ

2

2

MeV/c7.73.207.67
MeV/c 7.21.67.1833

54264

±±=Γ

±±=

±=

M

Nobs

410)4.04.02.2()()( −−+ ×±±=′→→ ηππγψ XBXJB
Phys. Rev. Lett., 95 (2005) 262001



X(1835) could be the same structure as X(1860) 
indicated by pp mass threshold enhancement

X(1835) mass is consistent with the mass of the         
S-wave resonance X(1860) indicated by the pp mass 
threshold enhancement.

Its width is 1.9σ higher than the upper limit of the 
width obtained from pp mass threshold enhancement.

On the other hand, if the FSI effect is included in 
the fit of the pp mass spectrum, the width of the 
resonance near pp mass threshold will become larger.



Fit to J/ψ γpp including FSI

In good agreement with X(1835)

Include FSI curve from 
A.Sirbirtsev et al.(hep-ph/ 
0411386) in the fit (I=0)

M = 1830.6 ± 6.7 MeV

Γ = 0 ± 93 MeV

BES II Preliminary



Observation of ωφ threshold
enhancement in J/ψ → γωφ

) ,( 0 −+−+ →→ KKφπππω
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A clear threshold enhancement is observed
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Side-bands do not have 
mass threshold enhancement!



BES II Preliminary

Partial Wave Analysis is performed.

0++ is favored over 0-+ and 2++
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Submitted to Phys. Rev. Lett., hep-ex/0602031



The DOZI decay of J/ψ→γωφ is observed and 
measured with 58M J/ψ data.

An enhancement in ωφ is found near the threshold.

PWA shows: the structure favors 0++

.

Is it the same 0++ observed in KK mass, or a glueball, 
or a hybrid? 
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Further look in ωω, K*K*, φφ …. are desirable !
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BES II Preliminary
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η(1760) f0(1710)
f0(1790)
f0(1810)

PWA Fit results 

M(ωω)

Total

f2(1910) f2(160) BG

BES II Preliminary

Using observed 
mass and width 
for f0(1810)
in J/ψ γ ωφ

f0(1710)

f2(1910)   
5.8 σ

f2(1640)   
5.5 σ BG  

η(1760)   
> 10 σ

f0
6.5 σ

dominated by η(1760)
a 0++ is needed (6.5 σ)

Will be submitted to PRD.



light scalars:
σ, κ, f0(980), f0(1370), f0(1500), 
f0(1710), f0(1790)



Why light scalar mesons are interesting?

There have been hot debates on the existence 
of σ and κ .

Lattice QCD predicts the 0++ scalar glueball
mass ~ 1.6 GeV. f0(1500) and f0(1710) are good 
candidates.



study σ in

study κ in 

study f0(980), f0(1370), f0(1500), f0(1710) and
f0(1790) in

−+→ πωπψ/J

πππψ KKKKJ  and  / *→

{ } { }  ,       / KKJ ππφωγψ +→ ，，

0++



The σ pole in                         at BESII−+→ πωπψ/J
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f0(980)
Important parameters from 
PWA fit:

Large coupling with KK

−+→ πφπψ/J

−+→ KKJ φψ/
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f0(1370)
There has been debate 
whether f0(1370) exists or 
not.

f0(1370) clearly seen in 
J/ψ → φππ, but not seen in     
J/ψ → ωππ.

−+→ πφπψ/J

−+→ πωπψ/J

PWA 0++ components
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Clear f0(1710) peak in   
J/ψ → ωKK.

No f0(1710) observed in 
J/ψ → ωππ !

f0(1710)
−+→ KKJ ωψ/

−+→ πωπψ/J
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f0(1710)−+→ KKJ γψ/

00/ ss KKJ γψ →

)1710(0f

)1710(0f

PWA analysis shows 
one scalar in 1.7 GeV region
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A clear peak around  1790 MeV
is observed in J/ψ → φππ.

No evident peak in J/ψ → φKK. 
If f0(1790) were the same as 
f0(1710), we would have:

Inconsistent with what we 
observed in J/ψ → ωππ , ωKK

New f0(1790)??

−+→ πφπψ/J
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−+→ KKJ φψ/
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f0(1790) is a new scalar ??



f0(1500) and f0(1710) / f0(1790)?

PWA results:

Two scalars in J/ψ γππ:

One is around 1470 MeV, 
may be f0(1500)?

The other is around 1765 
MeV, is it f0(1790) or 
f0(1710) or a mixture of 
f0(1710) and f0(1790)?

−+→ πγπψ/J
?)1500(0f ?)1710(0f

00/ πγπψ →J

BES II P
reliminary



BES II Preliminary

J/ψ γπ+π−

J/ψ γπ0π0



Summary
• the observation of X(1835) at BES

• the observation of ωφ threshold enhancement f0(1810)
in J/ψ → γωφ

• η(1760) dominant in J/ψ → γωω, existence of f0

• σ and κ, f0(980), f0(1370), f0(1500), f0(1710), … are 
studied
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