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|KEKB, Belle Detector '
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3.5GeVeT X 80GeV e~ Lmax = 1.71 X 10%*cm ™ 2%s™
Continuous injection = 1.2 fb~ ' /day [ Ldt = 715 fb—1!
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|Charmonium Production in v Collisions '

v is a good laboratory to study hadrons under clean conditions
No (single, double)-tag = 0(1,2) scattered e® detected
For no-tag the allowed quantum numbers are J¥¢ =0~+, 0t 27T 27+ .

Two-photon width I'y~ — important parameter predicted by theory

S.Eidelman, BINP p.4/32
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|H0W are vy Events Selected '

No-tag, i.e. only products of the v~ collision detected
Total momentum and energy restricted

Good transverse momentum balance: |%p;| restricted
Particle identification criteria applied

Background subtracted

From the number of events § obtained

Nevm%%
f Ldt dL.~/dW.. €

GR—X)=I,,B(R— X) x

S.Eidelman, BINP p.5/32
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|Background Determination in v+ Analysis '
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(X2 — J/py =1 |
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K. Abe et al., PLB 540, 33 (2002)  32.6 fb~!
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lXcZ_)J/@DV_H '

CLEO (yy-lly)

L3 (yy~-lly)

OPAL (yy-lly)

E760 (pp~77)

E835 (pp-77)

CLEO (yy-4m)

Belle (yy-lly)

2
F’}Iy (XcZ) (keV)

Big spread of ' (xc2), possible conflict of eTe™ vs. pp — v
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|X02 — J/w’}/—lll '

C. Patrignani, PRD 64, 034017 (2001):
Determinations of I'.., suffer from strong correlations and different assumptions
for the intermediate B’s of the J/v, (2S) and x.s

Since 2002 correlations between different PDG quantities removed

Mode PDG-2001 | PDG-2007
B(J/vy),% | 1354+1.1 | 20.341.0
B(yv),10™%* | 1.42 £0.24 | 2.58 £0.19

S.Eidelman, BINP p.9/32
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I B(J/1Yy) for the x.

Directly measured parameters should be quoted by authors!

Group Lyy(Xe2)B(xe2 — J/97), eV
TPC-2v - 1993 470 4+ 240 £+ 120
CLEO - 1994 150 £ 42 4+ 36
OPAL - 1998 242 £ 65 £ 51
L3 - 1999 139 £ 55 =21
Belle - 2002 114+ 1149
CLEO - 2006 111+124+9
PDG-2007 (av.) 117 £ 10
PDG-2007 (fit) 108 =8

No conflict observed by comparing I'-~ (xc2)B(Xc2 — J/17)

S.Eidelman, BINP p.10/32
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Observation of x.o(2P)

395 fb—!

ﬂ

il u

64 + 18 ev. (5.30)
M = 3929+ 5 £ 2 MeV

i

* (c) combined F p— 29 :l: 10 :l: 2 Mev

I'.B(DD) = 0.18 £ 0.05 & 0.03 keV
B(DTD™)/B(D°D") = 0.74 4+ 0.43 £ 0.16

Angular analysis = spin=2

S.Eidelman, BINP

4 4.3

4.1 2
M(DD) (GeV/c?)

S. Uehara et al., PRL 96, 082003 (2006)
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VY = Xeo2) — T, KTK™
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H. Nakazawa et al., PLB 615, 39 (2005)  87.7 fb~1

S.Eidelman, BINP p.12/32



QWG 07 October 19, 2007

VY = Xeoe) = KK
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W.-T. Chen et al., PLB 651, 15 (2007) 397.6 fb~!
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VY — Xeoz) = T, KTK™ ,KOK S

Gg=1,,B,eV

X cO X2
Tt 151 +£2.1+2.3 0.76 =20.14 = 0.11

KTK~ | 143+1.6+23 | 0.44+0.11 +0.07
K9KY | 7.00£0.65+0.71 | 0.31 + 0.05 & 0.03

REBl/BQ

Modes R(Xc0) R(xc2)
KgKg/W_"W_ 0.46 £ 0.08 £0.07 | 0.40 £0.10 £ 0.06
KOKY/K+K~ | 0.49 +0.07+0.08 | 0.70 £ 0.21 £ 0.12

S.Eidelman, BINP p.14/32
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C.-C. Kuo et al., PLB 621, 41 (2005) 89 fb~1
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C.-C. Kuo et al., hep-ex/0609048 464 fb~1
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(7Y — 1 — pp, AA, X050 |

Mode

Ney (0) g, eV

pp

157 £33 (5.3) | 7.20 + 1.5310:97

AA

101.2 4+ 16.5 (6.6) | 6.21 £ 1.0170-29

50330

36.1+£9.3 (3.9) | 9.80 £ 2.5079-%8

First evidence for n, — »?3°

October 19, 2007
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ne and 1.(2S5) in vy — KoK — 1

fwetamvS30P100

Entries 200
Mean 2.865
RMS 0.2408
X2 / ndf 256 /193
Prob 0.001618
Ndw 1592 + 38.4
M 2.984 +0.001
r 0.03723 £ 0.00142
o 5.115e+09 + 3072468480
c -0.8141+ 0.0965
c 11.05+0.26

4.608 + 0.016

fwetamvS30P100

2.6

et | T
3 31

2.7 28 29

33 34 35
W(K KT

fwetamvS15P50

TTT HH“THITH

Entries 60
3.611

0.07897

53.72/53

0.4467

85.05 + 18.96

3.635 +0.003

0.02308 + 0.00671
6.018e+08 + 493285792
0.536 + 0.159

12.9+0.6

4.651+0.071

Entries 200
Mean 2.865
RMS 0.2407
X2/ ndf 256.5/193
Prob 0.001511
Ndw 191.4+58
2.983 £0.001

0.03706 + 0.00142

9.943e+08 + 963516544

-0.6529 £ 0.1521

10.59 +0.42

1.715 £ 0.037

34 35
W(K KT

fwetamvS15P50

Entries 60
3.611

0.07938

55.5/53

0.3807

4.076 £ 0.973

3.635 + 0.004

0.02437 +0.00710
1.744e+08 + 117254928
0.6387 +0.1425

12.85 +0.57

1.686 + 0.240

483fb~!'  Interference effects extremely important
H. Nakazawa, talk at PHOTON 07
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ne and 7.(25) in vy — KeKn — 11

Group

Tlc

ne(25)

Belle
PDG-07
CLEO
BaBar

2981.4+05+£04
2979.8 = 1.2

2081.8 1.3 £1.5

29825+ 1.1 +£0.9

3633.7 2319
3637.0 4.0
3642.9+3.1 1.5
3630.8 3.4 1.0

Group

Tlc

776(25)

Belle
PDG-07
CLEO
BaBar

36.6 1.5 2.0
250.0 34
24.8+3.4+3.5
34.3+23+£0.9

19.1 4+ 6.9 % 6.0
14.0 4+ 7.0
6.3+ 12.44 4.0 (< 31)
17.0 4+ 8.3 + 2.5

Group

Tlc

ne(25)

Belle

142 4+ 14

11.24+£24£2.7

p.19/32
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Two-photon Width for the 7. and 7.(25)

October 19, 2007

Assuming that B(n. — KOK*nT) = B(n.(28) — KSK*nT)

Group

Lyry(1e), keV

[y (1:(25)), keV

Belle

7.48 £0.20 £ 0.73

0.09 £ 0.13 = 0.14

PDG-07

6.710'%

CLEO

7.7+£04+£0.5+L22

1.4+ 0.6

S.Eidelman, BINP
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ne and 7.(25) in vy — KeK7 — Interference

S.Eidelman, BINP

Tlc

ne(25)

2981.4 + 0.5
2983.6 = 0.7
2983.5 £ 0.7

3633.7 = 2.3
3634.8 = 3.2
3634.8 &= 3.2

36.6 = 1.5
37.2+14
37.1x14

19.1 6.9
23.0 £6.7
23.0x7.1

7.48 =0.20
16.5 =04
1.99 = 0.06

0.59 = 0.13
2.16 = 0.49
0.22 4+ 0.05

4.61 £ 0.02
1.71 =0.04

4.65 = 0.07
1.67 = 0.22

p.21/32
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vy — 2 2n~, i KTK—, 2KT2K— — 1
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S. Uehara et al., arXiv:0706.3955, EPJC; 395 fb™!
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vy — 2 2n~, T KT K, 2KT2K— — 11
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The new I'. (7.)B values are a few times smaller than previously

S.Eidelman, BINP p.23/32



QWG 07 October 19, 2007

vy — 2o~ mtaKTK—, 2K+2K— — I
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For the 7.(25) UL’s on I'',, B are 2-5 times smaller compared to the 7.(15)
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vy — 2 2n~, ntn  KTK—, 2KT2K— — IV
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Nes X0, Xe2 — p°pY not observed
Ney Xe2 — K*YK*Y) n. — fafa, faf) seen
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vy — 2r 2, vt KT K~ 2KT2K— -V

Mode ]gcelle7 eV ' gfdir’ eV
I L 40.7+3.74+53 | 180+ 70+20 | 83+ 24
KtK ntn~ | 25.7+3.24+4.9 210 + 70 102 + 30

KK KTK™ | 56+1.1+1.6 280 + 70 11+5

Significantly smaller G(7.) than before!
Upper limits for G(1.(25)) 2-5 smaller than G(7.)

S.Eidelman, BINP p.26/32
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|Two—body Decays of the 7. '

Mode

Tc
gBelle7 ev

ggicﬂ ev

e eV

indir?

pp

< 39

130 &= 43

f2f2

69 £ 17112

74 £+ 36

K*K*

324 +£4.24+5.8

66 + 22

faf3

49 +9+ 13

o

6.8+1.2+1.3

19+5

More precise and smaller two-body B’s

pp not seen, first evidence for fs f7

S.Eidelman, BINP

October 19, 2007
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VY = Xeoz) — 2020, ntnT KTK~, 2KT2K~

Xco Mode UBelle, €V Gair, €V Gindir, €V
ntr Tt | 447436449 | 7T5+13+8 | 69413
KTK nrn~ | 3884+3.7+4.7 — 53 + 12
KK KtTK~ | 794+13+1.1 7.8+ 1.6

Xe2 Mode UBelle, €V Gair, €V Gindir, €V
VST L 501 +£0.444+0.55 | 6.4+1.8+0.8 | 7.24+1.2
KK ntn™ | 44240.42+0.53 —~ 5.8+ 2.1
KTK KTK~ | 1.10+£0.21+0.15 1.03+0.18

Knowledge of the B’s improved

S.Eidelman, BINP p.28/32
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|More on Y. Decays '

Mode Goiles €V Gty eV
KK—7nT +cec. | 16.7+6.1+3.0 —

pp < 12
K*K* < 18
0lo) 2.3+09+04

pp, K*K* not seen, ¢p¢ confirmed

S.Eidelman, BINP p.29/32
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|More on Y. Decays '

Upatter €V Gitr €V
3.2+1.94+0.5 —
< 7.8 —

241+0540.8 2.2+0.5

0.58 = 0.18 = 0.16 1.0£0.3

pp not seen, K*K*, ¢¢ confirmed

S.Eidelman, BINP p.30/32
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95 tb=1, 0.6 GeV < W < 4.0 GeV
R New .. B, eV
35.3£9.2 8.4+ 22+0.8

8.2+6.4 | 0.2940.23+0.03
(< 0.75 at 90% CL)

Number of events

-
o
T

-

Number of events

I B(r71%) ~ 0.5, B(rt7™)

S. Uehara, talk at PHOTON 07
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| Conclusions '

A x2(2P) candidate observed

New decay modes are observed or first evidence shown (1, — X°X°, fof5)
n.(2P) decays to KOK*nT only?

Better understanding of the 7.(15), 1.(25), Xco0, X2 from 7
Interference effects seriously affect I'.,

First promising results on vy — 797"

v~y is a very convenient laboratory to study various charmonia

S.Eidelman, BINP p.32/32
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More on the x.2(2P)

(0 4]
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|Mass and Width of 7., x. and Y. from vy — Four Tracks '

Belle (4T)

PDG-07

M(T’C)a Mev

['(n.), MeV

2986.1 1.0 £2.5
28.1 £3.24 2.2

2979.8 = 1.2
26.5 = 3.5

M(Xco), MeV
F(Xco), MeV

34142+ 0.5 £ 2.3
106 £1.9£2.6

3414.75 = 0.35
104 +=0.7

M(Xcg), MeV
F(Xcg), MeV

3555.3 £ 0.6 = 2.2

3556.20 = 0.09
2.05=0.12

S.Eidelman, BINP

p.35/32



