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Peak luminosity recorded at KEKB:  
L=2.1 x 1034/cm2/sec with crab cavities

TOF counter

(Target Luminosity    1034)

The  Belle  Experiment

2



Outline

• Absolute branching fraction measurement for

B à XccK+

• Observation of cc0’ in e+e- à J/y DD

• Search for Υ(1S,2S)→Z+ Z(′)−and e+ e−→ Z+ Z(′)−

at √s = 10.52, 10.58, and 10.867 GeV

• ggà hc(1S,2S): First observation of hc(2S)àh‘pp
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Belle PRL 91, 262001 (2003)

y’àp+p-J/y

X(3872)àp+p-J/y

M(p+p-J/y)

X(3872)

Absolute BF measurement for
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Not 
dependendent on 

decay modes

Absolute BF measurement for

Y. Kato, et al.PRD97, 012005 (2018)

k

Missing mass :
technique

Decaying 
hadronically

K 
only 5

https://link.aps.org/doi/10.1103/PhysRevD.97.012005


Mmiss(K+)(GeV/c2) Mmiss(K+)(GeV/c2) Mmiss(K+)(GeV/c2)Mmiss(K+)(GeV/c2)

Absolute BF measurement for
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His

Summary of BF measurements for 

(b)

(c)

(d)

(e)

(b)

(c)

(d)

(e)

- Improved BF measurements for                       .

- Results for                                     are consistent with world average.

- No significant signals for                                            and set ULs with 90% CL.
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Improved M & G  measurements 
of the X(3872)?

§ Mass  : Is MX(3872) > (mD0 +mD*0)  or < (mD0 +mD*0) ?
-need more precise MX and  mD0 measurements

§ Width :  Is GX(3872) ≈ Gcc1 or << Gcc1? (Gcc1 = 0.84+0.04 MeV)

BelleII statistical error:    0.27  à ~0.04
systematic error:   0.19 à ~0.10

0.33 à ~0.11
More work

 

Belle (187 events) :  MX (3872) = 3871.85 ± 0.27 ± 0.19 MeV

Mass:
50 times of data

BelleII will probably reduce MX(3872) error to the mD0+m D*0 (3871.693�0.090 MeV) error 
Level. But, by the time BelleII runs, LHCb will probably have done much better. 
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Width:

 

Belle :  X(3872) width limit (187 events) :  GX (3872) < 1.2 MeV
            ¢ y  width measurement (4.4K events) :  290 ±  90 keV  (agrees with PDG)

BelleII will be able to:  make a >3s measurement of GX(3872) if it is > 300keV
or set an upper-limit at this level if it is <300keV 

No experiment will be able to do better than this until PANDA runs.

Gtot<1.2 MeV

Gy’ ≈ 280 � 90 keV PDG: Gy’= 299 � 8 keV
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Observation of cc0(23P0) in e+e- à J/y DD

__

S. Uehara:PRL 96, 082003 (2006)

The cc0’ and cc2’  are expected to decay 
into DD in S-wave with a large width

M=3927.2 ± 2.6MeV
G= 24 ± 6MeV

2++

10

_

http://link.aps.org/abstract/PRL/v96/e082003


cc0
‘ candidate

K. Chilikin et al.: PRD95, 112003 (2017) 

in e+e- à J/y DD
M =

G =

__

The measured mass & 
width are close to the 
potential model 
expectation of cc0‘.

JPC= 0++ is favored 
over 2++ at the level of 
2.5 s.

Consistent with cc0‘ 
hypotheses

0++
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http://link.aps.org/doi/10.1103/PhysRevD.95.112003


X(3915) (ßY(3940)) (ex - cc0’ candidate )

Belle
2005

M(wJ/y)

M=3943 � 17 MeV
G= 87 � 34 MeV

B+àK+ wJ/y
S.-K. Choi et al. (Belle) PRL 94, 182002 

gg à wJ/y
M=3919� 3 MeV
G= 13 � 7 MeV

BaBar
2012

J.P. Lees et al. (BaBar) PRD 86, 072002 

S. Uehara et al. (Belle) PRL 104, 092001 

Belle
2010

M=3915 � 5 MeV
G= 34 � 13 MeV

B+àK+ wJ/y

B0àK0 wJ/y

BaBar
2008

M(wJ/y)

B. Aubert et al. (BaBar) PRL101, 182001 
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v cc0’  is not OZI suppressed mode, but X(3915) is: 

v Measured width: 20 MeV is too small, expect > 100 MeV (190MeV) above S-wave threshold

v cc0’ à DD should be dominant, but not seen in gg either : G(J/y w) > 0.6 G(DD)

v No other 0++ charmonia nearby for the X(3915). 

v Expect exotics :  QCD diquark-diantiquark?

J/y

w

c
c c

c

q
q

“OZI” suppression mode

X(3915)?

Dominant decay mode

Then, what is the X(3915)?

[Olsen PRD91, 057501(2015)]

c
c

D

D

c
q

q
c

q (=u or d)

No “OZI” suppression

X(3915)?

Not seen in B decay

[Zhou, et al. PRL115, 022001(2015)]
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M2(p+y’)

6.1s

5.2s

Belle : 660M BB

M
2 (
p+
y
’)

M (p+y’)

Search for Υ(1S,2S)→Z+Z(′)− and e+e−→ Z+Z(′)−

 

M = 4433 ± 4 ± 2 MeV
G = 45-13-13

+18+30  MeV

2008 1-dim fit

 

M = 4485-22-11
+22+28  MeV

G = 200-46-35
+41+26  MeV

2013 4-dim fit

in

Z(4430) in B à y(2S)p-K+

2014 LHCb

! = 4475 ± 7'()*+)!,-
. = 172 ± 13'23*(4!,-

14

at √s = 10.52, 10.58, and 10.867 GeV



The Zc states from BESIII (from ICHEP2018)
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u c
dc

_
_

_

u c

uc

_
_

_
p

D0

D*0_

loosely bound
meson-antimeson
“molecule”

c _c
q

q_

Hadro-charmonium

tightly bound
diquark-diantiquark

What’s  their  nature?

The Zc states 
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Only one Zc is fully reconstructed, the other is missing mass: :

The nature of Z states are not identified.
The electromagnetic FF are dependent on the model by  S. J. Brodsky, et al.

!"#$"#%& ~ 1() for tetraquark model

for two tightly bound diquarks!"#$"#%& ~ 1(

Search for Υ(1S,2S)→Z+ Z(′)−and e+ e−→ Z+ Z(′)−

at √s = 10.52, 10.58, and 10.867 GeV
S.Jia et al. PRD97, 112004 (2018) 
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http://link.aps.org/doi/10.1103/PhysRevD.95.112003


Υ(1S,2S)→Z+Z(′)−
UL (x10-6)

No clear signals are observed and 90% CL upper limits are set
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e+e−→ Z+Z(′)− UL (x10-6)

No clear signals are observed and 90% CL upper limits are set
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hc(1S,2S) à h’pp production in gg collisions 

hc’àKsK+p-

hc,hc’à h’ p+p-

à hp+p- or gr

g

g

Motivations:

• Playing an important role in QCD test

• Precise measurement of Gggàhc(1S, 2S) 

could give sensitive tests for QCD models

• Poor measurement for hcàh’pp, other 

than hcà KsKp

• Can be a discovery mode like as X(1835) 

seen in two photon process by Belle 
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hc(1S,2S)àh’(àhpp)pp hc(1S,2S)àh’(àrg)pp

ggà hc(1S,2S) at Belle

Clear hc(1S) signal for both h‘ decay modes
Huge background by the low energy photons for h‘àrg mode

Xu et al. arXiv: 1805.03044 (2018) 
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http://link.aps.org/doi/10.1103/PhysRevD.95.112003


Simultaneous Fit to hc(1S) and hc(2S) 

hc(1S)àh’(àrg)pp

hc(2S)àh’(àhpp)pp hc(2S)àh’(àrg)pp

hc(1S)àh’(àhpp)pp

First observation of hc(2S)à h’pp

with a significance of 5.5 s
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Mpp distribution in hc(1S)à h’(àhpp) pp 

hc(1S)à h’f0(2080) observation 
is evident

Mpp distribution within signal region
2.9<M(hc(1S))<3.06GeV

Mpp within sideband region of
2.6-2.81GeV or 3.15-3.36GeV

Ns (signal yields fitted in each bin) distribution
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• Recent studies on charmonium(like) states were reported 

• The absolute branching fractions of B+ à XccK+ have been measured, but statistics is 
not enough to measure BFs for Bà{y(3770),X(3872),X(3915)}K, etc, and set ULs.

• A new cc0’ (canididate) in DD was found with the mass of
and width                          . Then, the X(3915) is Not cc0(2P). What is it?

• Double Zc
+Zc

- production in Y(1S and 2S) decays and in e+e- annihilation at the √s
= 10.52, 10.58, and 10.867 GeV have been studied.  No significant signals are observed 
in any of studied modes and 90% CL Uls are set.

• First observation of hc(2S)à h’pp with a significance of 5.5s  in hc(1S,2S) production         
in two photon collision.

• More exciting results are going to come out from BelleII.

Summary

_
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Thank You 
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Width :

Gtot =0.1 MeV

Gtot=0.6 MeV

Gtot=1.2 MeV

173 events
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