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The Beijing Electron Positron Collider (BEPC)
A unique e+e- machine operating in 2-5 GeV since 1989

Single bunch, Ecm~2-5 GeV,L ~ 1x1031 /cm2⋅s at 3.68 GeV
5-6 months/year for HEP
140mA @ 2.2 GeV, 3 month/year for synchrotron radiation run
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BESII Detector

VC:     σxy = 100  µm        TOF:   σT = 180 ps µ counter:  σrφ= 3 cm 
MDC: σxy =  220  µm        BSC:   ∆E/√E= 22 %                        σz = 5.5 cm 

σdE/dx= 8.5 % σφ = 7.9 mr B field:     0.4 T
∆p/p=1.7%√(1+p2) σz = 2.3 cm
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Introduction 

Established picture by QCD and Quark model
Strong interaction among quarks mediated by gluon  
Color confinement : hadrons as color singlets 
Hadrons consist of constituent quarks :            or
Most hadrons are consistent with predicted spectroscopy

assignments (PDG)

Light mesons Heavy mesons

qq

qq qqq
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Introduction

Unestablished predictions by QCD & QCD-inspired models
Multi-quark states :            ,   
Self-coupling of gluons  
New forms of  matter :  glueball ( ) and hybrid ( )
Exotic states (molecule of meson-meson, baryon-baryon) 

gg gqq

qqqq qqqqq

glueballs spectrum

Updated LQCD Predictions
Y. Chen et al., Phys. Rev. D 73, 014516(2006)

First excited state (2++)   
2390 ±124 MeV

Lightest state  (0++) 
1711±94 MeV

Lightest hybrid (                  ) :  1.9 GeV+−=1PCJ
C.Michael, hep-ph/0101287 (2001)
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Introduction

Mixing effect between glueball and state 
meson may mix with lightest glueball

Mass of physical state could be altered by mixing
C.Amsler and F.E. Close, Phys. Rev. D53, 295(1996);

F.E. Close and A. Kirk, Eur. Phys. J. C21, 531 (2001).

qq
++0

Search for hybrid meson with exotic 
Exotic                                                (absent in          meson list).     
Predictions on hybrid mass

• Around 1.9 GeV from gluon flux tube model
• Lightest hybrid (        ) is 1.9 GeV by LQCD but 

1.4 GeV by Bag model

PCJ
−−−++−−+= 0  0  ,1  ,2 andJ PC qq

+−1
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Introduction

Good hunting ground for glueball and hybrid
J/ψ decays may provide gluon-enriched sample
Particularly, J/ψ radiative decays

Hybrid

J/ψ

Glueball

J/ψ

as well as for exotics
Molecule of meson-meson and baryon-baryon
including h-h bound state
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Strong enhancement in ppJ γψ →/

Fit to                   without FSIppJ γψ →/

M=1859                MeV/c2

Γ < 30 MeV/c2 (90% CL)

0 0.1 0.2
Fitted background acceptance

χ2/dof=56/56

fitted peak 
position

+3  +5
-10 -25

BES Collab., Phys. Rev. Lett., 91, 022001 (2003)

Fit to           enhancement 
Signal : acceptance-weighted S-wave BW function 
Background : fixed shape from                      phase-space MC ppJ 0/ πψ →

)/( 2)( 2cGeVmppM p−

pp
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Strong enhancement in ppJ γψ →/

)/( 2 2cGeVmM ppp −

Include FSI curve (I=0) from 

A.Sirbirtsev et al. Phys Rev D71: 
054010(2005)

M = 1830.6 ± 6.7 MeV
Γ < 153 MeV (90%C.L.)

S-wave BW fit to        with FSIpp

χ2/dof=60/60
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Strong enhancement in ppJ γψ →/

Fits to P-wave BW and known resonances

S-wave          with even C parity :
pseudoscalar 

Fit with P-wave BW function (        ) 
but without FSI  :  χ2/dof=59/56
Both scalar and pseudoscalar have 
same photon angular distribution 
of                 .

Two known spin-zero resonances can be ruled out.
η(1760) : χ2/dof = 323/58
π(1800) :       χ2/dof  is even worse

pp
+−0

++0

θ2cos1+

|cosθ| distribution for photons
background-subtracted
acceptance-corrected

θ2sin

θ2cos1+

+−= 0PCJ
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Strong enhancement in ppJ γψ →/

X(1860) strongly coupled to pp

BES measured:

From Crystal Ball result, we estimate:

We would have:

51.9
0.8- 10)0.47.0()pp)1860(X(X(1860)) J/( −+ ×±=→⋅→ BrBr γψ

3102))1860(/( −×<→ XJBr γψ

%4))1860(( >→ ppXBr

It indicates that  X(1860) has large coupling to 
Interesting that it is observed in J/ψ radiative decay

pp
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Strong enhancement in ppJ γψ →/

Broad         structure in B decay is attributed to 
quark fragmentation effect.

BaBar

210 fb-1

Belle

BES IIX(1860)

pp

Broad          structure in B decay
while enhancement in J/psi decay 
is much narrower.

pp

pp

Mpp
_    (GeV/c2)

dB
F /

 dM
pp_  × 1

06    (
(G

eV
/c2 )-1 )

0

1

2

3

4

5

6

7

8

2 2.5 3 3.5 4 4.5 5

++ → KppB Belle

structure in B decay

ppJ γψ →/

pp

BES
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Strong enhancement in ppJ γψ →/

No       structure inpp pp )1( γ→Υ S

Search for                  at             by CLEO (PRD73, 032001 (2006))

QCD prediction for light meson production : 

measured upper limit :  
using BES’s                                                       as input. 

)1( SΥppX →

%4)X /(/)X )1(( ≅→→Υ= γψγ JBrSBrr

5107)ppX X, /( −×=→→ γψJBr

No enhancement
near 

thresholdpp

.).%90(   %7.0 LCr <
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Discussion

Broad in B decays at Babar and Belle
can be interpreted by quark fragmentation.

No        structure in                        at CLEO 
PDG gives 
• and

from BES could have similar decay 
mechanism as                      .

pp ppS  )1( γ→Υ

3103.4)' /( −×=→ ηγψJBr 5106.1)' )1(( −×<→Υ ηγSBr

'/ γηψ →J

pp

)1860(/ XJ γψ →

X(1860) is a possible candidate for         bound state
deuteron is a molecule of proton-neutron

can be weakly bound as baryoniumpp

pp
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ηππγψ ′→ −+J
Observation of  New X(1835) in

where  η −+−+−+ →→→→ πγπγρηγγππηππ '    ' and

Baryonium interpretation of         structure requires 
a new resonance around 1.86 GeV, and
observation via other decay mode
containing gluon component or       in final stateη′

pp
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New resonance X(1835)

BESII

Charged track with good helix fit
C.L. for π/K/p hypothesis

TOF and dE/dx combined 
at least three pions identified

4-c kinematic fit     

η mass cut
5-c kinematic fit with η mass constrained 

to improve                  resolution

)()( 22 ππγγγχππππγγγχ KK<
8)(2 <ππππγγγχ

ηππ −+M

ηππη −+→'

)( ηππηηππγψ −+−+ →′′→J

σ
ηππ

1.5             
')1835( −+→X

Analysis of 

Event selection
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New resonance X(1835)

BESII

'η

)( γρηηππγψ →′′→ −+J

Charged track 
π/K/p separation
4-c kinematic fit     

π / η / ω→γπ0  mass cut to suppress  
backgrounds from

mass cut
Combination with minimum of 

is selected

ρη     ' and

 '   -ηππη +→assame

0/ πππππψ −+−+→J
ηππππψ −+−+→/J
ωππππψ −+−+→/J

|| 'ηπγπ
mM −−+

σ
ηππ

0.6             
')1835( −+→X

Analysis of  

Event selection
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New resonance X(1835)

Fitting to               mass spectrumηππ ′−+

7.7σ

BESII

The π+π-η′ mass spectrum for η′
decaying into η′→π+π-η and 
η′→ γρ

54264 ±=obsN
MeVM 7.21.67.1833 ±±=

MeV7.73.207.67 ±±=Γ

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

59.1
8.0 10)4.00.7()()(:.. −+

− ×±=→→ ppXBXJBfc γψ
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New resonance X(1835)

X(1835) and X(1860) could be same state

S-wave BW fit to        mass spectrum is modified to include
effect of FSI (zero Isospin S-wave)
yields M = 1830.6 ± 6.7 MeV/c2,   Γ < 153 MeV/c2 (90% C.L.)

is a favored decay mode for         bound state   
according to “G.J. Ding and M.L. Yan, Phys. Rev. C 72, 015208 (2005)”.

Both favor  0-+,  but needs to be measured as an important 
test. 
Other interpretations of X(1835) are not excluded.

pp

ppηππ ′−+
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γωφψ →/JEnhanced structure in

Observation of ωφ threshold 
enhancement

We studied doubly OZI suppressed  process:

J/ ψ → γ +    ω +   φ

↓ ↓

π+π-π0 K+K-
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Enhanced structure in γωφψ →/J

Selected candidate events at BESII

φ

φ and ω signals

Structure 
in φω system

φω

Events with mK+K-
in φ region at recoil side

Dalitz  Plot

Events with mK+K-
in φ sideband region
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Enhanced structure in γωφψ →/J

Clear         threshold enhancementφω

Acceptance

BESII

2/   cGeVinMφω sidebandsφ 2/   cGeVinM φω

No enhanced structure near          threshold 
from sideband

φω
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Enhanced structure in  γωφψ →/J

Results

If it is 0++, it should be observed in KK mode. Its relation with 
f0(1710),f0(1790)?, or f0(1710) really contains two peaks?

The double OZI decay of J/ψ→γωφ are observed.
Significant ωφ structure (> 10σ) is found near mass threshold.
PWA : Covariant helicity coupling amplitude method

N. Wu and T.N. Ruan, commun. Theor. Phys.(Beijing) 35, 547(2001) and 37, 309(2002)

Best fit with a S-wave BW function gives 
mass                                     , width 105±20±28 MeV/c2

product branching fraction

Fits with S, P, D-waves for  γX and ωφ systems are studied.
The enhancement  X(1810)  favors          and S-wave for ωφ
Its mass and width does not fit to any known scalars in PDG.

219
26 /181812 cMeV±+

−

410)65.027.061.2()()/( −×±±=→→ ωφγψ XBXJB

++0

BES Collab., Phys.Rev.Lett.96:162002,2006. 
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Enhanced structures in
J/ψ hadronic decays
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Broad structure in 0/ πψ −+→ KKJ

New observation of a broad 1-- resonant
structure of           near 1.5 GeV/c2−+KK

Preliminary
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Broad structure in 0/ πψ −+→ KKJ

Dalitz plot in data
Event selection
C.L. for π/K/p hypothesis

TOF and dE/dx combined 
both Kaons identified
mass cut0π

4-c kinematic fit     

best        is chosen if more  
photons

10)(2 <−+ γγχ KK
2χ

0π

η

±)890(*K

)1580(X

±)1410(*K

Preliminary
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Broad structure in 0/ πψ −+→ KKJ

Observed invariant mass of K+K- system
from                  final states     0π−+KK

negligible from   
and

)1580(X

Background from      
sideband (un-

normalized) in data

background

candidate 
events in data

0π−+KK 0π

Background study 
sideband (2%)

dominant (6%) from ρπ
0π 0/ πγγηψ −+→→ KKJ C

−+→ πωπψ/J

Preliminary
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Broad structure in 0/ πψ −+→ KKJ

Partial Wave Analysis of                   events   0π−+KK
Five decay modes are included :

Amplitudes are defined by
Covariant tensor formalism

B.S. Zhou and D.V. Bugg, Eur. Phys. J. A16, 537(2003)

BW with energy-dependent width

J.H. Kuhn, A. Satamaria, Z. Phys. C48, 445 (1990).

fitPWA   :hist 
data : points

0*

0*

 )1410(
 )890(

:  1

π

π
±±

±±

−

→

→

KK
KK

component

. 
);1410( ),890(  

,)(,)(/

;),(  ,))1700(,(/

***

0**
0

spacePhase
KKKwhere

KKKKJ
KKXXJ

=

→→

→→
±±±

−+

πψ

ρπρψ
m

12
2

2
2

2

)
)(

)(()()(

;
)(

1)(

+Γ=Γ

Γ+−
=

l

R

R
RRR

RR

Mp
sp

s
MMs

ssiMs
sBW

−+

−+

−−

→

→

KK
KKX

component

 )1700(
 

:  1

ρ

Preliminary
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Broad structure in 0/ πψ −+→ KKJ

Angular distributions for events with
from PWA fit  

M 2/ 7.1 cGeVKK <−+

Successful fit seen in  
angular distributions: 
(a),(c),(e) are polar angles
in lab. reference frame
(b),(d),(f) are polar angles
in CM frames of 
and              respectively.

fitPWA   :hist      data, : points

0π±K

Lab frame CM frame

−+KK

Preliminary
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Broad structure in 0/ πψ −+→ KKJ

Significance study of  X resonance

36
Known states85

138
28
465

11438 Remove one
of states used 

in best fit

533
Best fit0

commentDifference in
Log-likelihood

States included in PWA fit

PSKKX   )1700()1410(* )890(* ++++ ρ
PSKKX   )1700()1410(* )890(* ++++ ρ
PSKKX   )1700()1410(* )890(* ++++ ρ

Preliminary

PSKKX   )1700()1410(* )890(* ++++ ρ

PSKKX   )1700()1410(* )890(* ++++ ρ

PSKKX   )1700()1410(* )890(* ++++ ρ

+++ )2150()1900()770( ρρρ

+)1450(ρ









++
+
PS
KK
  )1700(

)1410(* )890(*

ρ

can be ruled out also due to its small branching fraction)1450(ρ
.).%95(  106.1))1450(( 3 LCKKBr −−+ ×<→ρ
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Broad structure in 0/ πψ −+→ KKJ

Systematic errors
Preliminary

Uncertainty from 
inclusion of other 
possible states

Dominant uncertainty from inclusion of other possible states 
Here, possible K*(2075) found in                          by BES
Uncertainties in parameters of known resonances, MDC wire 
resolution, PID and total number of J/ψ events are considered.

Λ→ pKJ ψ/
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Broad structure in 0/ πψ −+→ KKJ

Results  

Preliminary

PWA fit with                                                 and 
nonresonant (PS) gives :

(        is ruled out by worse likelihood )
The pole position for X :

big destructive interference among                     and PS
Broad 1-- structure is not compatible with any known mesons

−−=1PCJ

)1410( ),890( (1700), , ** KKX ρ

23211
6712

9849
9155 / )(409 )1576( cMeVi ++

−−
++
−− −

47.2
6.3

0 10)6.05.8()()/( −+
−

−+ ×±=→⋅→ KKXBrXJBr πψ
(1700) , ρX

−−3
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Observations of          and 
threshold enhancement in 

Λp

Λ→ −pKJ ψ/

Λ−K
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Enhanced structures in J Λ→ −pKψ/

Anomalous enhancement near        thresholdΛp

BES II

Λ→ pKJ ψ/

3-body phase space

S-wave BW fit:   M = 2075 ±12 ± 5 MeV
Γ = 90 ± 35 ± 9 MeV

Λp

Λp
)1690(*Λ

)1520(*Λ

510)0.24.19.5()()/( −− ×±±=Λ→→ pXBXKJB ψ
BES Collab., Phys. Rev. Lett. 93, 112002 (2004)
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Enhanced structures in Λ→ −pKJ ψ/

Similar         enhancementsΛp

from                    at BESIIΛ→ pK'ψ
at BelleπΛ→ pB

BES II

Λp

Belle 

4σ away from phase space
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Enhanced structures in J Λ→ −pKψ/

Discussions

It can also be fit with P-wave BW resonance.
PWA with interference between                       show :  

large Br of J/ψ decays to                       are required.
Theoretical calculations for FSI are needed.
Unlikely as conventional K*

No evidence for X(2075) from J/ψ K+K-π0

Search for its Kπ、Kππ decay modes would help to 
understand its nature.

*  * ΛandN
*  * ΛandN
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Enhanced structures in Λ→ −pKJ ψ/

Strong enhancement near           thresholdΛ−K

)(GeV/c 2
ΛKM −

PS, eff. corrected

Λ−−− MMM KΛK

(Arbitrary normalization)

Λ→ pKJ ψ/

BES II
NX*
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Enhanced structures in Λ→ −pKJ ψ/

A strong enhancement is observed near MKΛ mass threshold.
Preliminary PWA with various combinations of possible N* and 
Λ* in the fits. The structure N*

X has :
Mass 1500~1650MeV
Width 70~110MeV

favors

It has large                                                    , 
suggesting NX

* has strong coupling to KΛ.

−

2
1PJ

4** 102)()/( −− ×≈Λ→⋅→ KNBpNJB XXψ

)1610(*
XN
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Threshold enhancement is not universal

No threshold enhancement is seen in many other J/ψ decays.
For example, in following J/ψ radiative or hadronic decays

pmppM 2)( −

)( −pKM

Λ→ −pKJ ψ/

0/ πψ ppJ →

πψ npJ →/

)( πpM

)(KKM

−+→ KKJ γψ/
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Observation of two Scalar Mesons :
σ, κ

Light scalar meson spectrum is important to  
understand PQCD.
σ and κ (or ), together with f0(980) and a0(980), are)800(*

0K
possible cadidates as four-quark states.
Long-standing puzzle on the existence of κ.
Determination of σ, κ provides information to
understand chiral symmetry in QCD. 
Note that σ,  κ are close to their threshold.
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−+→ πωπψ/J −+→ πωπψ/σ meson from J

BES Collab., Phys. Lett. B633, 681 (2006)

BES II observed broad σ resonance in J/ψ → ωπ+π-.

Decay channels included in PWA fit :

BES II

f0(1270)

b1(1235)

σσ

−+ππ
M

),980(          
),1270(          

, /

0

2

f
f

J

ω
ω

σωψ

→
→
→

)2240(         
)1565(  /

2

2

f
fJ

ω
ωψ

→
→

,)1450(        
,)1235( / 1

πρ
πψ

→
→ bJ
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−+→ πωπψ/J −+→ πωπψ/σ meson from J

Background
from sideband

++= 0PCJ

)/(  2cGeVM −+ππ

b1(1235)

++0 ++2σ
)980(0f

)1450(ρ

Hist    : fit
Points : data

)980(0f+σ ++2

b1(1235) Background
from sideband

)/(  2cGeVM −+ππ

(Phys. Lett. B 598, 149 (2004))

Method II Method I

Projection of PWA fit

PWA gives :
spin-parity
Averaged pole : MeVi )42252()39541( ±−±
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Evidence for κ in J/ψ → K*(890)0 K-π+

PWA for  K*(892)0K-π+ in J/ψ→K+ K- π+π- is performed
Averaged mass and width of   κ from two methods

,
corresponding to a pole at 

Method A : covariant helicity
amplitude analysis

K0(1430) K0(1430)

Method B : Covariant field 
Theoretical approach

cMeVM / )23878( 64
55-

+±= cMeV / )52499( 55
87-

+±=Γ

cMeVi / )45309()03841( 48
72-

18
73-

++ ±−±
BES Collab., Phys. Lett. B633, 681 (2006)
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Summary 

Strong enhancement X(1860) in         system is observed
from J/ψ radiative decay.
It could be a baryonium candidate.

New resonance X(1835) via                       mode is also 
observed from J/ψ radiative decay.

X(1835) and X(1860) could be same state
Further test with their         determination is required. 
Other interpretation of X(1835) is not excluded yet.

Enhanced           structure, X(1810), is observed 
from doubly OZI suppressed J/ψ radiative decay
X(1810) favors 0++ and S-wave for            system

pp

'ηππ −+→X

PCJ

ωφ

ωφ
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Summary

A couple of resonant structures are observed from J/ψ
hadronic decays,  including

New broad 1-- structure X(1580) of             system
from 
Structures for           near 2075 MeV/c2 and  for  

near 1610 MeV/c2 from                         .
broad        meson from                             and
clear evidence of         meson from

−+KK
0/ πψ −+→ KKJ

Λ→ −pKJ ψ/Λ−K

Λp

σ −+→ πωπψ/J
−+→ πψ KKJ 0* )890(/κ
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Summary

J/ψ decays is an ideal hunting ground to search  
for exotics. 

To understand those states, more works in both  
experiments and theoretical calculations are 
needed.
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Thanks
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Strong enhancement in ppJ γψ →/

Low-mass        pairs produced vi radiative decays
from 58 million J/ψ events

pp

Observation of a narrow enhancement 
near         threshold in         

cη

pp/J γ→ψpp

2
pp /GeVin   M c

Broad enhancement at 2.2 2GeV/c

Event selection
Charged track with good helix fit
K/p separation : dE/dx
K contamination < 1%/track

4-c kinematic fit
C.L.      > 0.05,  C.L.    > C.L.  

Highest C.L. taken if more than 
one photon in event

ppγ ppγ −+KKγ
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Strong enhancement in ppJ γψ →/

events survived  
from                       selection    

Dominant background from
with                   decay and one missing photon   

pp/J 0π→ψ

No enhancement 
near threshold

data

MC

pp/J 0π→ψ
γγπ →0

pp/J γ→ψ

)/(GeV 2m-M 2
ppp c

Background
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Crystal Ball results on 
inclusive photon spectrum of J/ψ decays

3109.0~)/( −×→ γηψJBR

3103.4~)'/( −×→ γηψJBR

3103~))1440(/(
 50

−×→

≈Γ

γιψJBr
MeV

3102)/(
)18601830(

−×<→

−

XJBr
X

γψ



52

ppbar bound state in NNbar potential

• Paris NNbar potential: ( Paris 93, B. Loiseau et al., hep-ph/0411218, 0501112 )

– For 11S0 , there is a bound state:    
E = - 4.8 - i 26.3 MeV

quite close to the BES observation.
• However, Julich NNbar model:( A. Sibirtsev et al., hep-ph/0411386 )

– For 11S0 :      E = - 104 - i 413 MeV
seems quite far away from BES observation.

They both predict an 11S0 ppbar bound state,  although they are 
quantitatively different.
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Strong enhancement in ppJ γψ →/

Discussion on I=1 S-wave FSI



54

Strong enhancement in ppJ γψ →/

Pure FSI disfavored (III) — I = 1
Pure I=1 S-wave FSI is disfavored by more than 3 σ.

ppp mM 2−

Pure FSI FSI + BW

M = 1773  ± 21 MeV

Γ = 0  ± 191 MeV

3.85ln2 =− L 8.65ln2 =− L
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Strong enhancement in ppJ γψ →/

I=0 dominant in J/ ψ radiative decays

• Most I = 0 states have been observed in J/ ψ radiative decays 
with big production rate ( especially for 0-+ mesons ) such as 
η, η’, η(1440), η(1760), f2(1270), f2(1525), f0(1500), f0(1710).

• The only observed I=1 meson in J/ ψ radiative decays is  π0

with low production rate 4*10– 5, e.g., no evidence for  π(1800)  
in J/ψ γ 3 π process.

• It is unlikely to be from π(1800) .
• I=1 S-wave FSI seems unlikely.
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0/ ππγπψ −+→J

γηψ →/J

0/ ωπψ →J

)('/ γργγηψ →→J

No π(1800) 
BES II Preliminary
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Strong enhancement in ppJ γψ →/

Signature of a pp_bar Bound State
• η’ππ mode is expected to be the a favorable 

decay mode for a ppbar bound state below 
ppbar mass threshold ( G.J. Ding and M.L. Yan, hep-

ph/0502127 ).

– There are gluon contents in proton and anti-proton.

– η’ has strong coupling to gluons.
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NO strong dynamical threshold enhancement in            
cross sections (at LEAR)pp

• With threshold kinematic contributions removed,  there are 
very smooth threshold enhancements in          elastic “matrix 
element” and very small enhancement in annihilation “matrix 
element”:  
much weaker than what BES observed !

pp

pmppM 2)( −

|M|2 |M|2
BES BES

elasticelasticM σ~|| 2 ∝ annlabann PM σ~|| 2 ∝

Both arbitrary normalization Both arbitrary normalization
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Discussion
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New resonance X(1835)

Comparison of two decay modes

Mass and width from
m=1827.4±8.1MeV/c2 , Γ=54.2±34.5MeV/c2 

Mass and width from
m=1836.3±7.9MeV/c2 , Γ=70.3±23.1MeV/c2

)( ηππηηππγψ −+−+ →′′→J

)( γρηηππγψ →′′→ −+J

)( ηππηηππγψ −+−+ →′′→J
410)7.08.1()()( −−+ ×±=′→→ ηππγψ XBXJB

)( γρηηππγψ →′′→ −+J
410)5.03.2()()( −−+ ×±=′→→ ηππγψ XBXJB

The mass, width and branching fractions obtained from 
two different decay modes are consistent with each other.
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New resonance X(1835)

Mass plots with backgrounds

• Background components are different.

η’ sidebands

π0π+π-η’

)( γρηηππγψ →′′→ −+J )( ηππηηππγψ −+−+ →′′→J

Data Data
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New resonance X(1835)

Photon angular distributions in
)( γρηηππγψ →′′→ −+J

• For Data – it is not inconsistent with 0-+ -- statistics is too low.

X(1835) region

X(1835) sideband

Sideband 
Subtracted &
Eff. corrected
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New resonance X(1835)

Mππ distributions
• Data – It peaks at high mass, but not at threshold.

X(1835) region

X(1835) sideband

Sideband 
subtracted

)( γρηηππγψ →′′→ −+J )( ηππηηππγψ −+−+ →′′→J
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γωφψ →/JEnhanced structure in

Single OZI suppressed process

OZI rule : an ω (or Φ) signal determines the                  

(or        )  component at recoil side in
J/ψ hadronic decays.

dduu + ss

ψ/J ψ/J

ω

dduu +

φ

ss
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γωφψ →/JEnhanced structure in
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Enhanced structures in Λ→ −pKJ ψ/

High Purity of Signal after Selection

It can be shown by the clean Λ signal

MC background study:  only 1~2%
Dominantly from 

Data

..ccpK +Σ

Λ from selected
candidate events

Points: Data
Hist :   MC Λ→ −pKJ ψ/
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Enhanced structures in Λ→ −pKJ ψ/

This enhancement is not seen 
in                      process at SAPHIRΛ→ Kpγ

Λ→ pKJ
BES

ψ/
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Enhanced structures in Λ→ −pKJ ψ/

distribution is consistent with S-Wavepθcos

• MC also show non-uniform and asymmetric distribution 
of               .

• The enhancement is consistent with S wave.

)15.2( .. GeVM ccp <+Λpθcos

Err:  Data
His:  MC

pθcos
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ΛK resonance in chiral SU(3) quark model

Using chiral SU(3) quark model
Based on a coupled-channel study 
of ΛK and ΣK states
The phase shift shows the 
existence of  a ΛK resonance 
between ΛK and  ΣK mass 
threshold.

( F. Huang, Z.Y.  Zhang et al.  Hep-ph/0501102 ) 

Ecm – ( MΛ+MK ) (MeV)

The KΛ threshold enhancement N*
X(1610) observed by 

BESII could be a KΛ bound state.
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