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What have been achieved
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Plan for the future

‘discovery of the Y(4008)]
‘discovery of the Y(4660)]

‘confirmation of the Y(2175)]

'search for new decay modes]
'search for new particles]

'search for excited charmonia]



Onia and their properties

Number of
FORCES states below
System Ground triplet state 13S, d1ssroc1at10n
(VI0)? energy
binding | decay Name r Mass (GeV) n’S, |all
(MeV)
POSITRONIUM
EM EM ete” | Ortho- 510713 0.001 | ~0.0 2 8
QUARKONIUM
S uu,dd P 150.00 0.8 | ~1.0 0 0
5 B ss o 4.40 1.0 | ~08 T
T R —
R o cc | Jwy | 0.09 31|02 2 | 8
0] N bb Y 0.05 9.5 | ~0.08 3 | 30
N G
G weak tt (3000.0) (360.) | <0.01 0 0
Quarkonium isthe bound state of quark and
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anti-quark by the gluon.

Charmonium is charm anti-charm bound state!




Why Charmonia are interesting
“Uu dd S -

npQCD pQCD

QZ

1. Potential model
Fairly non-

relatWIStIC Short distance,1g exchange long distance

| ' e Heavy Onia: V(r)= —4/3 a./r + kr
Color factor'*/ I ™ Energy density

Strong coupling  per distance
between q and g between q and

e Hydrogen: Coulomb, V(r)=-c../r

Simplest strongly
interacting

systems ”

e Potential well much deeper! G, ~1GeV/fm
SN 2. NRQCD
Sﬁ:jne”wsi:?ght to ‘ More convenient | MPOrtant in production,
Y to handle than  also calculations for

interaction, QCD
glueballs P-wave decays

3. Lattice QCD
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Knowledge on states 1n 4.0-
4.7 GeV region 1s very
limited. ISR data are free
gift of B-factories!



Lum/10MeV (/pb)

Lum/10MeV (/pb)

Lum per 100/fb data

Effective luminosity

One of the best ways
of studying vectors

below 5 GeV.

Even better than
dedicated runs at
each energy point.



D

sy ¢ ¢ — y(2S) as calibration signal
LELLE
Nobs | Lum (/fb) | Cross section (pb)
15,444 547.8 15.42+0.12+0.89
5000_"'|".""lllll-"lllllllll-llllllll'-—_ . F .
Thy>ee & up - rom crqss s§ct10n, one
4000l 1 gets partial width to e*e-.
O Belle | o T'_=2.54+0.0240.15 keV
= 3000 - ,
= : 1 PDG’08
< 2000 1 —TI.=2.38%0.04keV
1000:— m
{ » Belle agrees with other

368 37 370 experiments well.

7'l mass (GeV/c®)
Belle: C.Z.Yuan & C.P. Shen et al., PRL99, 182004 (2007)

3.66 3.74



Entries/20 MeV/c?

Entries/25 MeV/c?
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simiein Solution Il
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M(r*m Jhy) (GeV/c?)

an

M(r 1 w(2S)) (GeV/c?)

Solution |

Solution I

e e— n'nJ/y and Ty (2S)

Confirmed the Y(4260) and
Y (4360) , discovered two
new structures: the Y (4008)
and Y (4660) !

Citations > 120 1n less than 2
years!

One of the hot topics in
various international
conferences and workshops!

C.Z. Yuan & C.P. Shen et al.
PRL99, 182004 (2007)

X.L.Wang & C.Z. Yuan et al.,
PRL99, 142002 (2007)



Strange version of

C.P.Shen et al.

the Y states? arxiv:0808.0006

c(orn'm) (nb)

et

M=2103+17 _
MeV -

= 212+33 |

Two(+1 for thlrd peak) coherent BW

M( <|> (168@)) 1687 £ 21 MeV

I'(¢ (1680)) = 212 +29 MeV

%
M = 2360 + 46 MeV at 2.5¢
['=124 +105 MeV

........... g ECM(GeV)

EN
M(Y(2175))= 2133 *®  MeV

T (Y(2175))= 169 L MeV

*Agree with Babar’'s and BES’s measurements
*\Width is larger than prev measurements -

Y(2175) = excited ¢ remains a possibility
Y, or excited ss state ?



A BELLE HOME PAGE — Microsoft Internet Explorer
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Belle is an experiment at
the KEK B—factory. Its
poal is to study the origin
of CP vioclation.

Belle
Collaboration

Introduction [ English | Japanese ]

3rd Intermational Workshop on
"B Factories and New Measurements” (BNM 2008)
{ January 24-26, 2008, Atami, Japan )

BES—Belle—ClL FO—BaBar Joint Workshop on Charm Physics
{ November 26-27, 2007, IHEP, Beijing ?

First successful operation of crab cavities
[English] [Japanesel [ GERN courier article ]

Another Breakthrough in “Missing Energy” Decays:
Belle Reports the First Observation of B — D*" 1~ v
A Matyja et al, PRL 99, 181807 (2007 { arXiv:0706.4429 )

Belle Discovers More ~New Particles”

A Yh state ?: Observation of an anomalously large rate for

“Upsilon(53)" — Upsilon{12S) 'z

K. Abe et al, arXiv:0710.2577 { submitted to PRL 2
7(4430): A charged charmonium—like resonant structure

S.K. Choi, 5.L. Olsen et al, arXiv:07038.1790 (submitted to PRL)

Press release { English , Japanese 2
Y{4660): X. L. Wang et al, PRL 99, 142002 (2007} { arXiv:0707.3699 )
Y¥(4008): C.Z. Yuan et al, PRL 99, 182004 (2007) ¢ arXiv:0707.2541 )
X{(ME60): P. Pakhlov et al., arXiv:0708.3812 ( submitted to PRL )
psi{441 5)—)DD2: G_Pakhlova et al, arXiv:0708.3313 { to appear in PREL )

DSJ(2?00): J. Brodzicka et al, arXiv:0707.3491 { submitted to PRL )}

A

& =

 Internet

From Belle
home page:

discovery
of new
particles!



Charmonia? New spectroscopy?

hat are they
(+X(3872), Z(4430),
XYZ(3930), ...)?

25+1
n L

Y (4260) mm—

Charmonium? @

w(4160)

4100 - ; :

Y(4008) U o g Hybrld’7 @
3900 - B w2 2

e Tetraquark?
3700 F i, 2"Sg) == sy T 3 Molecular?
1 Kc2 (13P2) ] .
i e ) | Hadro-charmonium?
3300 - o
3100 4_(1's,) sy Not all of them are
2900 | | | charmonium states!
gt & 1 & %



Entries/0.5 GeV/c?

Analyses 1n progress

With ISR data:
e ¢'e— K'K-y(2S)
e cle— vyly
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[search for new particles]
[new modes of Y decays]
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The missing charmonium states
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L Potential Model
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Still many charmonium
states missing:

Excited P-wave spin-triplet
[only Z(3930) observed]
Excited S-wave spin-singlet
[only 1.(2S) observed]

And even more ...



Y(nS) radiative decays

Calculations by K. T. Chao and

- his collaborators (Peking
Char monium University): hep-ph/0701009.
process T — xe2y | T — X1y | T — X0y | T — ey
BRocp 5.1x107°% 145 x107° [ 40x107° |29x10°
BRocpiopp | 5.6x107° 198 x107° | 32x10°° |49 x10°

BRs at O(10-%) are not small, N(Y)~0O(108)

Calculations of Y(nS)—=>yy.(nP), yn.(nS), and

yX(3872) underway!




Y(nS) data at Belle

On Resonance (fbt) Off Resonance (fb-1)

Y(1S) 5.7 1.7

Y(2S) 6.7 0

Y(3S) 2.9 0
Estimation:

e about 100M Y (1S) events
e about 50M Y(2S) events
e about 10M Y(3S) events




Summary

Belle supplies as a good place for charmonium study, an
excellent extension of the BES charmonium physics

New particles observed in Belle data by Chinese group

More study underway 1n searching for new particles and
new phenomena (ISR and bottomonium decays)

JSPS support 1s important for a closer relationship
between the experiment and physicists

We are involved in SuperBelle project: contribute
hardware and software, and share the data

1 15T !









Y (4260) 1n other experiments

3850608-001
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e e — mwy(2S) via ISR at BaBar

Events / 50MeV/c’

e
=

_I *' I ) : * : | : : d ’ I _"
- H ~300 fb -
D Y single BW: d
- it M = (4324224) MeV -
i _: ' [ = (172+33) MeV -
4 4.5 | SI | 515 ‘

m2@ Iy (GeVic?)

BaBar: B. Aubert et al., PRL98, 212001 (2007)



