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| Introductory Remarks '

If in doubt, tell the truth
Mark Twain

Very recent results were selected,

mostly on production and decays of unstable mesons

Many topics mentioned/covered in talks by W.-S. Hou, E. Klempt, L. Maiani,
R. Mussa, A. Palano and A. Reis

A lot of interesting results on Dy, D** mesons and baryons, but ...
Very rich B and D meson physics discussed at numerous conferences

Thanks are due to many Belle colleagues

S.Eidelman, BINP p.2/39
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Belle Geography
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|KEKB, Belle Detector '

Superconducting
cavities (HER

a- ew,

e

'KEKB B-Factory

ARES copper
cavities (HER)

= — -
ARES copper WS

tunnel

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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|Particle Production at B Factories '

Production from B-decay

(broad D**, D,;, X(3872), Y (3940)) ’ %

Production from continuum

(Dsy, 10(25), X(3940), X(2800))

Two-photon production
(%(25)7 Xc2(2P)>

Initial state radiation
(Y (4260), Y (4360), Y (4660))

S.Eidelman, BINP p.5/39
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|What Do We Know about J/¢ Excitations? l

e Four broad -like structures known since 25 years —

(3770, H(4040), ¥(4160), 1(4415)
Even main properties (M, T', T'ce) from DASP/MARK I data known badly

From Crystal Ball/BES data serious revision needed
K.K. Seth, PRD 72, 017501 (2005)

Difficulties are due to opening thresholds, common decay channels (D<*>D§:)) )

Recently BES made a model-dependent coupled-channel analysis
M. Ablikim et al., arXiv:0705.4500

Exclusive studies and determination of decay mechanisms will be helpful

S.Eidelman, BINP p.6/39
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|6+6_ — DWED*F '

548 fb~1, 3.9 < /s <5 GeV
D**D*~ (a) — rich,

asteatte minimum at 4.25 GeV

) due to D*D*(DD**) or
interference with 1 (nS)
DTD*~ (b) — excess at 1)(4040)

++++++H
b

Hhhy
W

) )
I i Yo T
42 44 A6 48 5
MDD GeV/c?

G. Pakhlova et al., PRL 98, 092001 (2007)

Partial reconstruction: one D(*H, VISR, T

slow
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|6+6_ — DD via ISR '

* 0.5 %JfHH{.{‘h*

i ++++m++++++ Hhibe, ot o

03.8 4 42 44 46 48
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+H T
+ | +++++§++ ‘+ +ﬂ+wmf%‘..* Ay

4 45 5
M(D D), GeV/c?

G. Pakhlova et al., arXiv:0708.0082; 673 fb~!
Peak at 3.9 GeV as in BES, BaBar

Above 4 GeV the shape of o(DD) is similar to o(D*TD*™)
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(4415) — DD3(2460) via ISR — I
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G. Pakhlova et al., arXiv:0708.3313, PRL; 673 fb—!
Clear signals of D°D3(2460)° and D~ D3(2460)" seen
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(4415) — DDz(2460) via ISR — I

40

N/40 M eV/c?

LI 1

4.6 4.8 5
M (DD, GeV/c?

109 £ 25 events (~ 100) M =4411+7 MeV T' =77+ 20 MeV
B(D'D~ 7 ) non—res/ B(DD%(2460) — DD~ ") < 0.22
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|Total Exclusive Cross Section via ISR '

~ VERY PRELIMINARY

| | ‘ | | |
4.6 4.8
Vs, GeV/c?

More exclusive modes needed to saturate R above 4.2 GeV

after subtracting the contribution of light (u, d, s) quarks
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ete” — wtnJ/y via ISR — 1
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C.-Z. Yuan et al., arXiv:0707.2541, PRL; 548 fb™! 3.8 < /s < 5.5 GeV,
Clear peak at 4.25 GeV and cluster of events at 4.05 GeV
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ete” — ™ J/y via ISR — 11
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ete” — nrn~ J/y via ISR — 111
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The structure at 4.25 GeV is consistent with that of BaBar and CLEO
The structure at 4.05 GeV is observed for the first time
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ete” — wtrJ/y via ISR — TV

Parameters

Solution 1 Solution 11

M(R1)
Tot (R1)
B-T..(R1)
M (R2)
Tot (R2)
B-T..(R2)
¢

4008 + 401114

226 + 44 + 87
50+£1.4750 1244247148

4247 £ 12117

108 & 19 + 10
60+1.2737 20642371

12 + 29717, ~111 £ 7428

Coupled-channel and rescattering (D) D®)) effects

may affect the interpretation

S.Eidelman, BINP
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ete” — T (2S) via ISR — 1
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X.-L. Wang et al., PRL 99, 142002 (2007); 673 fb™', 4.0 < /s < 5.5 GeV,
Distinct peaks at 4.36 GeV and 4.66 GeV
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ete” — wtrY(25) via ISR — 11
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M_+ - spectra differ from phase space
At 4.5 GeV < \/g < 4.9 GeV Mﬁ—lrﬁ— ~ Mfo(980)
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ete” — wtr (25) via ISR — 111
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The cross sections are consistent with those of BaBar
The first structure is much narrower than that of BaBar

The second structure is observed for the first time
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ete” — T Y(2S) via ISR — IV

Parameters

Solution 1 Solution 11

M (Y (4360))
ot (Y (4360))
B - Tee(Y (4360))
M (Y (4660))
ot (Y (4660))
B - T..(Y (4660))
¢

4361 =9+9
7415+ 10
1041715 11.8+18+14
4664 = 11 £ 5
A8+ 15+ 3
3.0+:0.9=x0.3 7.61+1.8+0.8
39 £ 30 &= 22 —79 17+ 20

These structures differ from those in J/¢Ymrt 7~
Coupled-channel and rescattering (D) D). D§*>D§*>) effects
may affect the interpretation

S.Eidelman, BINP
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|e+e_ — K™K~ J/v via ISR '
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673 fb~1, 4.1 < /s <6 GeV
C.-Z. Yuan et al., arXiv:0709.2565
A broad structure not described by existing ’’s
Two events near Y (4260), three K2 K2 events from 4.4 to 5.2 GeV
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ete™ — J/YyDWDX ]

N/20 MeV/c?

. I 2.6 :
M, ..o (30 DY) GeVic?

P. Pakhlov et al., arXiv:0708.3812, PRL; 693 fb~*
D*t — D%zt Only one D™ is fully reconstructed

S.Eidelman, BINP p.21/39
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|e+e— — J/p DX DX 11 '
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ete™ — J/YyDWDX —III
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ete™ — J/YDWDX — TV

Ney M, MeV | T, MeV | N,
63731 | 3878 £48 | 3471316 | 3.8
52174 394217 | 37725 1 6.0
5.2757 | 3934F72 | 575 | 2.8

23.874%% | 415675 | 13974 | 5.5

X (3940) confirmed, X (4160) observed for the first time

The inclusive peak in M,..(J/1) may consist of several states

S.Eidelman, BINP p.24/39
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|A ¥’ Structure in B — K7™’ Decays '
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S.-K. Choi et al., arXiv:0708.1790; 605 tb~! (657 - 10° BB)
M = (4433 + 44 2) MeV T = (45718 £30) MeV
B(BY — KT Z%(4430)) - B(Z*(4430) — n5¢’) = (4.1+1.04+1.4)-107°

The 1st charmonium-like meson with non-zero electric charge! Exotic (4q)?

S.Eidelman, BINP p.25/39
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|Leaming Charmonia Better From v Collisions '

o x2(2P) (former Z(3930)) discovered in DD with 395 fb~':
M =3929+5+2 MeV, ' =294+ 10+ 2 MeV
S. Uehara et al., PRL 96, 082003 (2006)

® Xeo) — T, KTK~, KJK3 studied:
'\, - B determined, B improved, QCD tests
nt7~, KTK~ — H. Nakazawa et al., PLB 615, 39 (2005)
K2KY — W.-T. Chen et al., PLB 651, 15 (2007)

o 1. — pp, AA, Y230 studied:
', - B determined, B improved, QCD tests
pp — C.-C. Kuo et al., PLB 621, 41 (2005)
AN, X090 — C.-C. Kuo et al., hep-ex/0609.048

S.Eidelman, BINP p.26/39
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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
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483fh~1

S.Eidelman, BINP

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
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34 35
W(K KT

fwetamvS15P50

Entries 60
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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

Interference effects extremely important
H. Nakazawa, talk at PHOTON 07
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ne and 7.(25) in vy — KeKn — 11
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Tlc

ne(25)
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PDG-07
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2981.4+05+£04
2979.8 = 1.2
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S.Eidelman, BINP
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Number of events

-
o
T

95 tb=1, 0.6 GeV < W < 4.0 GeV

R Nev F’Y’YBa eV
Xco | 35.3 £9.2 84 +2.2+0.8
X2 8.2+6.4 | 0.294+0.23 £0.03

I B(r7%) ~ 0.5, B(rt7~)

-

Number of events

S. Uehara, talk at PHOTON 07
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vy — 2 2n~, T KT K, 2KT2K~
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S. Uehara et al., arXiv:0706.3955, EPJC; 395 fb™"
For the 7.(25) UL’s on I'',, B are 2-5 times smaller compared to the 7.(15)

For the 7.(1S) new values of I'y~ B are a few times smaller than previously

S.Eidelman, BINP p.30/39
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vy — 2o, mtam KTK—, 2K+Y2K— — 11
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Tley XcOs Xe2 — K*OK*(), Ne — f2f2, fgfé Seen
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|Studies of Light Quark States '

e Two sources — vy production and 7 decays

e (Clean conditions — hadrons in the final state only,

for two-body states no final state interaction

e QCD studies from vy — 7tn~, KTK~, K2K2, pp

+W_WO

e Resonance studies in vy - KK, n7n—, n'7", =

e Resonance production in 7= — 7~ 7l K2m v,

S.Eidelman, BINP p.32/39
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|cos8*| < 0.6 [cos8 | < 0.6

— Belle

—— CELLO
—— Markll
- —— Upper Syst. Err.

a(yy - T'T) (nb)

t* | —— Lower Syst. Err. —
I -

S+t

L +
- ++
— +
t+

+t.
R ++ guE

80[
N IR R

0851 1.05 1.1‘”‘1.15
w (GeVic? ) W (GeV/c?)

T. Mori et al., PRD 75, 051101 (2007), JPSJ 76, 074102 (2007); 85.9 fb™*
f0(980): M =985.6712 14 MeV
[oine = 34.27799 758 MeV

95 +147
L., =205"g; 7115 eV

S.Eidelman, BINP p.33/39



HADRON 07 October 10, 2007

vy =TT

- Belle
3 Crystal Ball

80
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o)
c
~
&
2
®
2
£
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|cos 6% < 0.8

2.5
W (GeV)

Prominent structures at 0.98, 1.27, 1.65 and 1.95 GeV
Analysis of angular distributions is in progress
S. Uehara, talk at PHOTON 07
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o Excitations from 7= — 7~ 7u,

Belle
ALEPH
CLEO
G&S Fit

(P70) * Paasoy * Pazoo)

0 0.5 1 1.5 2 2.5 3
(Mm°)2 (GeVvic?)?

M. Fujikawa et al., Nucl. Phys. B (Proc. Suppl.) 169, 36 (2007)
72 tb™!, 5.5-10° events, p, p(1450), p(1700) clearly seen

S.Eidelman, BINP p.35/39
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|Kg7r Mass Spectrum in 7= — Kom v, '

I\IEVENTS

12 14 16
Vs, GeV/c?

D. Epifanov et al., PLB 654, 65 (2007); 351 fb~! or 313 -10° 777~ pairs
The Mgk~ spectrum is well described by

the K™ (892), K*(800) (k) and K (1430) (or K™ (1410)).

S.Eidelman, BINP p.36/39



HADRON 07

K*(892) Mass and Width Measurement

K'~(892) PDGO7 k[¢g92)

Rqs

|-o-'i AL EII!’H

RIS X 0&.’«9‘.;“

AN
0 e

-

b -
890 8925 895 897.5

MeV/c?

885 887.5

MK*_(892)’

M (K*(892)7) = (895.47 + 0.20 + 0.44 + 0.59) MeV
T'(K*(892)7) = (46.2 £ 0.6 £ 1.0 £ 0.7) MeV

S.Eidelman, BINP

October 10, 2007
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Summary of Results at the T (55), talk of W.-S. Hou

1. Y(55) decays from 21.7 fb~*

o B(Y(5S) — Y(1S)mt7w~) = (0.53 +0.03 + 0.05)% (200)
B(Y(5S8) — Y(28)n 7~ ) = (0.78 £ 0.06 £ 0.11)% (140)
B(Y(55) — Y(38)n 7)) = (0.48721% £ 0.07)% (3.20)

o B(T(55) — Y(1S)KTK~) = (0.06179-51 + 0.010)% (4.90)

e Unexpectedly large partial widths

2. BY decays from 23.6 fb™*
o B(BY - XTI v)=(10.24+ 0.8+ 0.9)%
o B(B: — ¢v) = (57115 117) x 1077
First observation of the radiative penguin

o B(BY = ~vv) < 8.7x107% at 90% CL
(Bgele < 0.53 x 10™%)

S.Eidelman, BINP p.38/39
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| Conclusions '

Four well-known excitations of the J/1 are confirmed; first steps to

disentangle decay mechanisms made. Still far from complete picture

New vector states observed (Y (4005), Y (4660)) or confirmed
(Y (4260), Y (4330)). Interpretation is not straightforward

New states with other JF'¢ discovered (X (4160), Z(4430))

Better understanding of the 7.(15), 1.(25), Xeco0, X2 from 7
First promising results on vy — w079
T is ideal to study various non-strange mesons and K™ states

A zoo of particles, C. Linnaeus classification?

Questions/puzzles coming faster than answers!

S.Eidelman, BINP p.39/39
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ete — D°DY D*D~ via ISR
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|e+e_ — KTK~J/y via ISR — 11 l
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A broad structure not described by existing ’’s
Three K2 K2 events observed between 4.4 and 5.2 GeV
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|A ¥’ Structure in B — K7™’ Decays '
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Only K * (890) seen in M (K) if the K* veto is removed
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ne and 7.(25) in vy — KeK7 — Interference

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 + 0.05

4.61 £ 0.02
1.71 =0.04

4.65 = 0.07
1.67 = 0.22
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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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For xc0 and xc2 I'y, - B determined

Corresponding branching fractions of y.o and Y. improved
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® —— Belle (this experiment)
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|A High-Statistics Study of 7= — Kg¢m~ v, '

Analysis of 351 fb~! or 313 -10° 777~ pairs
Normalized to ~ 4 -10°% eT ™ and e~ u™ events

Background and efficiencies from 1.5 - 10° MC 777~

B from (e, Kgm™), (e, Kgnt), (ut, Ksm™), (u=, Kgm™)

Thorough analysis of systematics

53110 lepton tagged events selected
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| Belle Geography '

3.5 4
M (K K1), GeV
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| Belle Geography '

M (K K1), GeV | | M (K K1), GeV
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| Belle Geography '
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