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Outline


 

Confirmation of pp mass threshold Confirmation of pp mass threshold 
enhancement at BESIIIenhancement at BESIII


 

Confirmation of X(1835) at BESIIIConfirmation of X(1835) at BESIII


 
Observation of hc


 

SummarySummary

-
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• Light hadron spectroscopy
– Full spectra: normal & exotic hadrons  QCD
– How quarks form a hadron?                 Non-pQCD

• Charm physics
– CKM matrix elements  SM & beyond
– DD mixing & CPV      SM & beyond

• Charmonium physics
– Spectroscopy & transition                            pQCD & non-pQCD
– New states above open charm thresholds   exotic hadrons ?
– pQCD: rhopi puzzle                                      a probe to non-pQCD or ?

• Tau physics & QCD
– Precision measurement of the tau mass & R value

• Search for rare & forbidden decays

IJMP A V24 No 1 (2009) supp

What can we do @BESIII 
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Gluon rich


 

Kinematics favorable  


 

Clean environment, no combinatoric background 


 

Important JPC filter, and isospin filter 



 

High statistics: high luminosity machine
 Small systematic error: high quality detector.

a good platform to study precision charm physics &  
search for new physics.

Why can we do @BESIII 
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Confirmation of pp mass threshold enhancement Confirmation of pp mass threshold enhancement 
at BESIIIat BESIII

-
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M=1859              MeV/c2


 

< 30 MeV/c2 (90% CL)

+3    +5
10  25

Observation of pp  threshold enhancement 
in                           @ BESII

theoretical speculation:
 pp  bound state (baryonium)

 FSI effects

 ……

/J pp 

-

-



2010-5-31 Fang Liu(IHEP) 7

Non-observation of X(1860) 
at pp mass threshold@ BESII

PRL 99 (2007) 011802

EPJ C53 (2008) 15

M(pp)-2mp (GeV/c2)

M(pp) (GeV/c2)

PRD 73 (2006) 032001

No significant signal of
X(1860) found 

(only 2
 

statistic significance)
-

-

-
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pp  mass threshold enhancement 
in                                           @BESIIIJ / ,J / pp       

Event selection

-

J/
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pp  mass spectrum and Dalitz plot

The mass threshold enhancement is evident 
in  pp  mass spectrum

BESIII

BESIII

-

-
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Background study

• J/
 

sideband estimation



 
~2%

• Inclusive MC sample



• Main background

from

No mass threshold enhancement 
observed from background
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l:

J / ,J / pp       
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Published in 
Chinese Physics 
C 34(2010)421

M=1865 
 

5 MeV/c2


 

< 33 MeV/c2 (90% CL)

confirmation of pp mass threshold 
enhancement

Confirmed at BESIII, the mass and width are 
consistent with those from BESII.

J / , J / pp        

3-body PSacceptance

M=1859              MeV/c2


 

< 30 MeV/c2 (90% CL)

+3    +5
10  25

/J pp 

BESIII BESII

-
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pp mass threshold enhancement 
in  J/pp @BESIII

The mass threshold enhancement is evident 
in pp  mass spectrum 

-
-

-

-

/J pp 
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/J pp 
(2S)→ J/

M=1861.6 
 

0.8 MeV/c2


 

< 8 MeV/c2 (90% CL)

BESIII preliminary

M=1859              MeV/c2


 

< 30 MeV/c2 (90% CL)

+3    +5
10  25

/J pp 
BESII

Consistent results at BESIII

Fitting pp mass threshold enhancement-
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Non-observation of mass enhancement 
in (2S)pp @BESIII

Confirmation of non-
observation of 

enhancement in
(2S) channel!

pure FSI effect 
unlikely

-
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Confirmation of X(1835) at BESIIIConfirmation of X(1835) at BESIII
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Observation of X(1835) @BESII

      J
PRL 95,262001(2005)

It’s necessary to confirm X(1835) at BESIII 
with high statistic J/

 
data sample

X(1835)
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X(1835) in J/+- () 
at BESIII

Event selection
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X(1835) in J/+- () 
@BESIII

M(+- )



M(+- )

|M(+- )-m

 

|<0.2GeV



|M(+- )-m

 

|<0.018GeV
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Significant peak at M~1835MeV
Statistical significance of X(1835) is about 18σ@BESIII

6 σ @BESII

BESIII preliminaryBESIII preliminary

Observation X(1835) 
in the mass spectrum of +- ()
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X(1835) in J/+- (+-) 
@BESIII

Event selection

M(
 

)

M(+- )
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Significant peak at M~1835MeV
Statistic significance of X(1835) is about 9σ@BESIII

5.1σ@BESII

BESIII preliminary

BESIII preliminary

2010-6-122

Observation of X(1835) in the mass sepctrum of 
+- (+-)
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Background study for J/+- 

(
 

& +- )

No peak at M~1835MeV

J/0+-
()

() (+-)

(+-)



 
sideband



2010-5-31 Fang Liu(IHEP) 24


 

X(1835) is confirmed in BESIII and 
the significance increases as statistics 
increases

The possibility that there are two new 
resonances is under further study.

???

Combined mass spectrum 
of the two decay modes

BESIII preliminary

BESII

Statistic significance ~21@BESIII

Statistic significance 7.7 @BESII
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Observation of hc
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hc (1P1 ) in charmonium family

-

 

Although the charmonium family 
has been studies for many years, 
knowledge is limited on the cc P wave 
spin-singlet state hc (1P1 ).


 

In 2008, hc was observed by   
CLEOc



 

In the charmonium decays, hc can only be 
observed in the process of  (2S)0hc



 

The main decay mode of hc is   
the E1 transition hc c .



-
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hc @CLEOc

In previous experiments, the 
absolute branching ratios of 
→0hc and hc→ c have not 
been measured 
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Select inclusive π0 (→0hc )


 

Select E1-photon 
 

to tag hc→
 

c


 

Background veto

hc in E1-tagged (2S)0hc , hc c 
@BESIII

Event selection
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Significance=18.6
N(hc )=3679319
M(hc )=3525.400.13MeV
(hc )=0.730.45MeV
2/d.o.f=33.5/36

E1-tagged →0hc , hc →c

•

0 recoil mass
For the 

first time

Br(→0hc )×Br(hc→c )=
(4.58±0.40±0.50) ×10-4

A fit of double-Gaussian
 

BW 
signal + E1-photon sideband 
background yield
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Select inclusive π0 (→0hc )



 
Untagged E1-photon



 
A fit of D-Gaussian

 
BW signal + 4th Poly. BG yeild.

mass and width is fixed as tagged measurement

Combined with tagged results, 
we measured for the first time :
• Br( →0 hc )  =(8.4±1.3±1.0) ×10-4

• Br( hc→  c ) =(54.3±6.7±5.2)% 

BES Collaboration, 
PRL 104, 132002
(2010)

hc in inclusive →0hc 
(untagged E1- photon)
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Summary for hc analysis
BESIII CLEOc theoretical prediction 

Br(’→0hc )
×Br(hc →c ) 
[10-4]

4.58±0.40±0.50 4.19±0.32±0.45 -

M [MeV/c2] 3525.400.130.18 3525.800.190.12 -


 
[MeV] 0.73±0.45±0.28

<1.44 @ 90%CL
- 1.1 (NRQCD) Kuang

0.51 (PQCD) Kuang
Mhf (1P) 
[MeV/c2]

0.10±0.13±0.18 0.08±0.18±0.12

Br(’→0hc) 
[10-4]

8.4±1.3±1.0 - 4 - 13

Br(hc →c ) 54.36.75.2 - 41 (NRQCD) Kuang
88 (PQCD) Kuang
38 Godfrey, Rosner

CLEO-c Collaboration, Phys.Rev.Lett.101:182003,2008
BES Collaboration, PRL 104, 132002 (2010)
Theoretical predictions: PRD65, 094024 (2002) & PRD 66, 014012 (2002).
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Summary


 
pp mass threshold enhancement has been confirmed in 
+-J/(J/pp ) and J/pp and no significance 
mass enhancement is observed in pp at BESIII



 
X(1835) is confirmed in the two decay modes (

 
and 

+-) for J/+-



 
From inclusive and E1-tagged analysis, we observed hc and 
measured



 
More Exciting results are expected in the coming years. 

-
- -

-
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Back up
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Back up
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speculation for X(18**)
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hc : spin-spin interaction
The cc singlet state hc was predicted
by theory long time ago.
In 2008, hc was observed by CLEO_c
in charmonium decays
hc can only be observed in the process
of  y(2S)p0hc
the main decay mode of hc:  

the E1 transition hchc.

 Test of QCD and potential model 
spin-spin-interaction tells us:
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hc in ClEOc and E853



2010-5-31 Fang Liu(IHEP) 38

Event selection for the inclusive π0 and E1- 
tagged analysis
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Event selection for the inclusive π0 and E1- 
tagged analysis
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Event selection for the inclusive π0 and E1- 
tagged analysis
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Systematic error for hc analysis

source
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Hyperfine 
mass 
spiltting
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