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known mesons”’ is
a rather broad

A personal selection of recent and new o

results on heavy-"heavy” mesons 5

- D, B, B, and of course cC and bb




New measurement of D_,(2536) mass

Study D,,(2536)—D""K"
1n continuum e*e—CC
with D*"—D%" and
selecting D ->K-n* or
DO -Krn'rwt

Only charged tracks
good mass resolution

Measure

Am =M(D,;") - m(D™") - M(Ky")
to reduce systematics

Entr. per 0,3 MeV/c?

hep-ex/0607084

m(D,,*) = ( 2534.85 £ 0.02 + 0.40 ) MeV/c?
(D" = (1.03+0.05 £ 0.12 ) MeV

a factor 14 improvement in the splitting compared to previous PDG average:

m(D,,*) — m(D**) = ( 524.85 + 0.02 + 0.04 ) MeV/c?
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Absolute D, (2460) Branching Fractions ?

& 120 WD D, (2460) / %
! = | mD'D] B'D*X
wiapi (= Fully reconstruct one B 5 100 ég"lghﬁk“

Partially reconstruct the 2 eof 9 1 *
other B—D(*) X 5 60!
5 Calculate X invariant m:_
X mass ... and plot _Vgn:
0

B(B°> D**D,,(2460))=(0.88+0.0.2+0.14)% Bt

combine with previous BABAR measurements of fully reconstructed B—D*D_,(2460)

B(D;;(2460)* — D}(2112)17°) = (56+13+9)%
B(D;j(2460)T — Dfy) = (16+4+3)%
B(D:;(2460)" — Dfatr™) = (4a+1)%

Sum of kngrwn modes: (76 £ 20)% BABAR: 210.5M BB
(assuming B(D;” — ¢rt) = 4.62+ 0.36 £ 0.50%) PRL 93,181801(2004)
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D,,*(2860): a new state!

* Looking in the cC continuum: e'e— DK*X and e*e- -»D*K% X
3 3 3
x 107 pomrks < 107 pomrrmoks 107 DrK- mromr)Ko,
D, (2536) s 15 D,,(2536) * D,(2573)() 7 f_}—
! . - 3.0 [* R L 240 fb"
o~ L + L L o t 1
C 10 - 0" ", 0.5 |+
;\ D,,(2573) n ¥, D.,(2573)2 .0 (— *ee 2 — o
O _ = e 10 L 0u2539) || g3 [ N
= - & 27 29 2.7 2.9 ! 2.7 29
O L
S L (@ | | ) | | (c)
9 7 St D “sidebands”
% AL u L
> S e -
(RN e T
oL 1T oLdt v I, | I T
24 26 28 3 24 26 28 3 24 26 28 3
m(D° K*) GeV/c? m(D° K*) GeV/c? m(D* K%) GeV/c*
cC MC based on previous knowledge of c-mesons & their Br .
S EEEEEEEEEEEEEESEEEEEEEESEEEEEEESEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER PhyS- Rev. Lett. 97 (2006) 222001
(O New state at 2860 MeV/c?!
(OBump at 2690 MeV/c2?
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D(2700): another

one!

N 1 1
: - o
Dalitz plot study of |B — D°D°K Seol
o
Dalitz plot DOK* projection = BEAEE
S D200 ' % [DoE700) 2
L | Dy(2700) s 2 Palgl) © 0 hep-ex/0608031
2 7 =60 ++ o) _
S : o J[ J[ 2
P n Q ]
A o R = _
2 DPRTR IS - .
T~ 314 JrJr 1 JrJrJr ! _
15_—L|J(4160) Ty 1P B20f 'I' + 7] D
- - o |t »
L y(3770) ° £ 0 ;
' 10 -1 = 0-%4 26 28 .3 32 34 , , , , , .
M*(D°K") (GeV?/c?) M(D°K") (GeVic?) 24 26 28 3 32 34
Background M(D°K+) (GeV/CZ)
= R D¥,(2700)
2 8o}
iy - Nsig 182 £ 30
© — . — -
§ J=2 +2/ndf=250/5 I(MeV/c?) 115 =+ 20739
5 40f ~
e C5(23S,)? Expected mass 2720 (potential model)
S 20 JP=1- S. Godfrey and N. Isgur, Phys. Rev. D 32, 189 (1985)
i Chiral symmetry 17 - 1- doublet paired with D (2536)?
0 os 0 05 o .1 M. A. Nowak, M. Rho, I. Zahed, Acta Phys.Polon. B 35, 2377 2004)
cosf (D'K")
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¥

more on D_,(2700)

B — DYDYK (22 modes)

Summing all DK modes (8): Summing all D'’K modes (8):

ymf iy T BABAR | %@ L BABAR -
2 ! relimina ; 2 | + relimina i
gaw;g #ﬂﬂ% preliminary = %200;!_/ + tJ}% preliminary E
g 80 . A . ::E l*E: +x :
60-_ + }ﬁ. . ++ﬁﬁ% + —- Non Res.wo— ;}. ++il#+ j
"3 ﬁ*i’ﬂ. +++%%'+++ | - E MC 100 .5.—; ++ﬁw£+ | |
o L | %"*‘% $o F + -
3% _ ‘ i

954 2.6 2.8 3 'n\ﬁ:‘:\ 82 /ﬁa/{v 2.8 3 32 | q;.’a
M(DK) (GeV/c M(D K) (GeV/c?)

Background
BaBar confirms a broad enhancement near 2.7 GeV, but 1s 1t

one resonance or two? Possible low-mass structure in DK.

:> Next step: full Dalitz analysis
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D ; summary

mass GeVY
N
.

N
&

N
o

N
N

— predicted (Godfrey-Isgur model)
* + o0 observed

- ® ® ® ®
B D, ,*(2860)
i o o o o
- D
- D.,(2700) D, _._52
— DK
B @
— D.,(2460
- 11(2460) .
| (<]
i D40*(2317)
N D,
i -
- D,
-
| | | | |
o 1~ o 1* 2 3
JP
< > < > —p
S wave P wave D wave

D,,*(2317)", Apr. 2003: unexpected
observation of a narrow resonance in
BaBar

D,,(2460)", May 2003: CLEO, BaBar
observed a new narrow resonance
most of the D,,(2460)" branching
fractions are known

D,*(2860)", Jul. 2006: new state
discovered by BaBar

X(2690)", Jul. 2006: broad enhancement
seen in BaBar

D,,(2700)", Jul. 2006: new state
discovered by Belle (  X(2690)?)
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Observation of B, and B,

For L=1 expect

Jq JY Bl state decay mode width @

l/Z 01 o BK < Broad

1/2 1 Bs1 B*K T r

3/2 1" B.1 B*K narrow (D-wa PR @
3/2 2+ o BK, B'K Q narrow (D-w a\Q Narrow, good S/B

one state observed by OPAL, DELPHI, DO assignment not clear 1
CDF Run 2 Preliminary 1.0 b

Yo - -
., OF HunzPr?Iiminary 10" s K- " S 40:— —B'K
éfzzz- 31000+ 300 B ) I'e(iOl’lStI'UCt as BSJ —B (prompt aon) % 35; B K+
?1500 B _)J/\V K g 305— - Slgnal
;‘:Zzz N(B,,*)=94.8+23.4 (stat) ———t — Background
1000 2-u trigger g 25F
i § 20
P _ N(B,) =36.4 £9.0 (stat) & -
e M(JE:G?:OW} [st\.sffcz] E
. CDF Run 2 Preliminary 1.0 1b™ ((-)U 10
A | Significance of B, > 56 Siy’
n 800 + O+ sl
o B _)D TE [ P S N T S T N N O SO T BN SO N T
é_suo | (900 0.05 0.10 0.15 0.20
£ 2-vtx trigger CDF Preliminary: M(B'K)-M(B")-M(K) [GeV/c’]
5 m(Bs1) = 582041 + 0.21 (stat) + 0.14 (syst) + 0.6 (PDG) MeV/c?
0 m(BY,) = 5839.64 + 0.39 (stat) + 0.14 (syst) + 0.5 (PDG) MeV/c?

520 525 530 535
M(D ) [GeV/c?]

See Maksimovic talk at DFP06
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e

CDFI| Preliminary 1.1 f'

Reconstruct B,"—J/y "

Entries per 10 MeV/c®
o
.--

10
World largest sample of i
fully reconstructed B, ° ;i
L 1 1 I 1 L 1 ] L 1 1 I 1 L 1 I
I:]5.5 B0 6.4 6.8 72
Mass(JAyn) GeVic®
M(B_")=6276.5+4.0(star)£2.7(syst) MeV/c?
6600 i T T T
- (mw+.m&_)fl
6500 - . hach .
—_ v potential NRQCD
o — CDF
= 6400 .
start to challenge theoretical predictions... < .|
6200 E
6100 : I l l I l l

l l
(221 [231 Q171 [24] [25]1 [26] (&) (M

See Maksimovic talk at DFP06
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v(3770) —hadrons

long standing discrepancy: O v (3770) > O > non-DD 2

G(€+€_ - DD) — 6.39 1+ (). ]()J_Fg(ljg nb PRL 95 (2005) 121801
G(eTe™ — hadrons) = 6.38+0.0810% nb  pri o 006) 052002

CLEO

upper limit on Ac = 10% sum of observed non-DD = 2%
________________________ 75 |- ' HH | ' '
BES: resonance scans M N M 1 Total |

Two different methods and P R T e
two different datasets B al ! ! -
B g {Hﬁ% DD
a) BF(y(3770) = non-DD)=(16.4+£73+42)% 2T LR ]
PRL 97 (2006) 121801 £ 9 [ i i i
v ol i DYD-
PLB 641 (2006) 145 1 lﬁ } m
b) L 0 | IT ] I
BF (w(3770) = non —DD) = (14.5£1.7+£5.8)% 37378 38 388

both compatible with CLEO
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y(3770) radiative transitions

130 T T . . 75 Illllllllllﬁaﬂﬂmm
5 | Two independent analyses: B e * o
I . - |
E » 1. y(3770) — vy, with b E“‘;
® Yy — VI (T 0"

E2 = [
olL 2. y(3770) — yy; with %;;
Y — (2K, 2K2mw, 4=, 6m) % 55
Emi
using y(2S) decays as .
o normalization. :
Combining the two CLEO results e ™
Ey (MeV)
W (3770) — YXcs
J=0 J=1 J=2
B (%) 0.73 + 0.09 0.29 + 0.06 < 0.09
I (keV) 172 + 30 70 + 17 <21
Theory T" predictions
Rosner non-relativistic 523 + 12 73+ 9 24 + 4 . . .. .
Ding-Qin-Chao The observed radiative transition reinforce the
non-relativistic 312 95 3.6 . .
Ciehten Lane o0Viste 199 72 30 interpretation of the y(3770) as the
non-relativistic 2 183 3.2 .
i S - v 1°D, level of charmonium
Barnes-Godfrey-Swanson
non-relativistic 403 125 4.9
relativistic 213 77 3.3
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PRD 75, 032002 (2007)
. pﬁﬁﬂ
A selection of 3-body decays =~ 5 g
based on [3M (25). T« 3 3
7y g 2 s ]
Many first observations. ) )

. F:|1IE'|'.1 |'|1:J;:’h!".".l:‘.-j:I .....‘.” o hlﬂl.;K'K ;'|J:'JI'5-B"|"-:IZ:::I - . :II:EH.'H :‘iJIGE"'J':'t‘.":II - - 1':"||:ﬁr.‘r::GE"."-"l:'!"T
el Y. K+K-n?, and . pﬁ” T ﬂ-_n* fi"'_j'l"‘!. vos
KsK-n" have sufficient i = g 151 o ]
statistics for a substructure 3 ] e %

- I:J .E ? -
analysis. A d @ ia
1 , L1 1 1 1 . ANR & s~ O J;';FF”'I::TEE"""";’T . . ;'.‘L;.'i": :r:JI':G'F"L":;.:' - - :‘?Kf-“:'?lz[ﬁ'@"'::':fl - - :I'-:E{H'F-":Jl'.?fﬁ"'-':;
but they are already analyzing 29M y(2S)
Mode Xco Xc1 Xcz
nm'a = 0021 Bh2 4 03 4 03 ¢+ 03 0051 £+ 011 + 004 £ 003
nKtK = 0.024 0.034 £ 010 £ 003 £ .002 = 0.033
npp 0.038 = .010 + .003 £ .02 <2 0.015 0.019 & .007 = 002 £+ .002
n'mnta— = 0.038 024 £ .03 = .02 £ 02 = 0.053
meKtRK < 0.006 0.200 £ 015 = 018 + 014 0032 £ 007 = .002 £ 002
nl pp 0.059 £ .010 £ 006 4 004 0.014 £ .005 £ 001 £ .001 0.045 £ .007 £ 004 £ .003
KoK+ = 0.010 0.84 = 05 1+ .06 = .05 015+ .02 1+ .01 = .01
AK+ R Ni14 4+ 016+ 000 + 007 0034+ 009 + 0N3 4+ 002 N0RR + 014 + 007 + ONA

¥ includes charge canjugate
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¥.;(1P)—hadrons (exclusive modes)

many new results from BES

Koy = 90, 0K K~
X, =2 ELAAT T KK pp

,K' K" K"K~ PLB642,197(2006)

PRD73,052006(2006)

X = K;) K'm +cc. PRD74,072001(2006)
X = 7]JZ'+7Z'_, a, (890)71', nfz (1 270) PRD74,072001(2006)
Channel 2(HYH~)(x10~7) G H ~(x1075) B x10~5)
BES-1I PDG BES-11 BES-1I PDG
X=1 0.68 £0.13 £ 0.10 | 0.42 £ 0.19 | 0.44 £+ 0.14 £ 0.07 — —
X2 188+ 018028 | 1.8+£05 [ 146021 £022 | 148 £ 026 L0.23 | 24109

Decay modes

Branching ratios

Xeo —
Xel —
Xe2 —
Xeo— AATT 7~
Xei — ATt~
X2 — AATT 7™
X0 — KgKspp

11 11 110
|
1
+ + +

I
I

(5.3 £2.7+0.9) X 107* or <10.3 X 107* (90% C.L.)
<3.4 X 1074 (90% C.L.)

<3.7 X 107* (90% C.L.)

(2.0 = 1.1 = 0.4) X 1073 (2.50) or <4.0 X 1073 (90% C.L.)
<1.5 X 1073 (90% C.L.)

(.8 1.0 £ 0.3) X 1072 (2.5¢) or <3.5 X 1073(90% C.L.)
<8.8 X 107* (90% C.L.)

<4.5 X 107 (90% C.L.)

<7.9 X 107* (90% C.L.)

Mode Br(x10"3) |/ 7\ Br(x10~°)(CLEO-c)
X1 = [KsKtn~ +cc. 41£03+07 [ K% *+tn—: 84+0.5+0.6+0.5
ez — tr—4cc 084+034+02 \KYK+tn—: 1.54+0.24+0.14+0.1

Xel — Uaw

Xel — aa_ﬂ'_ — nprtaT

Xel — fg(lQTU)?}

6.1 0.8 +1.0
20=x05=x£0.5
2.1x=05=%=04

5.2+03+03+03

Claudia Patrignani -- Genova

FPCP 07, May 12th-16th, 2007

Bled (Slovenia)



- I>

VYKl <[>

C =+ resonances: y,(nP), x,(nP), n (nS)
quasi-real photons (|q2|<0.001GeV?, with no-tag condition) — p,balance

et

process X0 — KK Yy — KK %80 x— KK Prelinéierﬁgry
) 397.6 b
T, Br(K LK) (eV) | 7.00+0.65+0.71 0.31 £ 0.05 +0.03 5%
Br(K"K0) / 0.49 +£0.07 £0.08 0.70 £0.21 £0.12
Br(K*K")
Consistent with I-spin ratio R=0.5

4 4.5

W (|cost|<0.6) (GeV)

Previous two-photon measurements from Belle: 300 .
[, <Br(xcJ(1P)) (eV) PLB 615,39 (2005) ¥ TC+TC_
A K'K

N

[5]]

Q
IR

I\ Br({,—>nn)=15.1+2.1£23
L Br(x,—K'K)=143+£1.6£23
FYYBF(Xcz—)TCJrn_) =0.76 £0.14 £ 0.11
FWBr(Xc2—>K+K‘):O.44 +0.76 £ 0.14 :
FWBV(Xcz—YYJ/\II) =114+ 11292  prBsa0,33 2002) 94 26 28 3 32 3

—
15]]
Q

Y
Q
o

Nevent / 20MeV

(2]
[=]
T
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vv— AN, TS0

n—AA
Select AA X, with A—pn; Z0—Ay AA X /
18 _ Y @ , ©)
Eig ' | _I]_c—>2020 £y —Fit . \
812 IIIIIII i 7/7/ UI)S =25 Ezc | |
Z Ce =
210 | n =1 |
2 1 Sr i s
5ot I h | I s AL Em_ﬂ ]
%é"l g ||| | | L hat's i o' bl
(= 26 28 3 32 34 36 38 4 25 ziﬁf‘j-;\;fiai;ll;s5 3(&6;2(:;)1 34 24 2.6 z.swa (Eze\;).q 36 38 4
ED ¥’ invariant mass (GeV/eh) hep-ex/0609048 | "
1. —xx N L, Br(xx)[eV] Br(xx)x10’
AA 101241647 62141.010%  0.89£0.14°507+013
$030 36.1+£9.2%% 9.80+2.50"% 1400367014020

PP (PLB 621,41(2005))

Br(AA)/Br(pp)=0.86%0.26

» somehow larger than
Br(Z°2")/Br(pp) =1.36+0.49 di-quark prediction

7.20+1.53 £0.67
Br(AA)/Br(pp)=0.5
Br(Z°Z")/Br(pp)=~0.3-0.4

15

PRD 38, 3516 (1988)
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W—>DD <[>

OGELLE

Observation of a new charmonium Z(3930)

N(ev) 64+18
M [ MeV/e? | 3929+5+2 | (5.30)
I'[MeV ] 2941042
I, xBr[keV] |0.18£0.05£0.03

PRL 96, 082003 (2006)  _ 15,

fg‘ M(DD): 3.91 - 3.95 GeV/c2

g 14 [ —

L —
12 B

_’/'
Y(2P) candidate J=2 (helicity 2) ef

ati e B N
2L i —
0 : I

Vol o by oo by e by v by g o By by gy o ey oy eaal,

3 0 0.1 02 0.3 04 05 0.6 0.7 0.8 0.9 1
*
Icos 07l
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Y(3S)=Y(1S)nxr

2130403-002

1200090 ""':r(asﬁnn(m)
: 10000} °n*r” Inclusive -
Long standing puzzle: > : ® vt~ Exclusive
& 8000} # + + + . + .
double bump structure of & 6000 # ﬁ' éﬁ &
M(mr) distribution in Y'(3S)—=Y(1S)TT S 4000F # $$$$$$¢$¢$% :
different from all other similar known £ 5gp0f CLE O li :
di-pion transitions until recently g™ pre lmmary
> " E
Over the years many different proposals: 0 2 0. 3 D 4 0 5 0. (?ae\.?) 7 08 09 1.0
b 4

@Large final state interactions [Belanger,DeGrand,Moxhay,PR,D39,257(89);Chakravarty,Kim,Ko,PR,D50,389(94)]

@c-meson in system [Komada,lshida,lshida,PL,B508,31(01);PL,B518,47(01);Uehara Prog.Theor.Phys.109,265(03)]
@Exotic Y'TT resonance [Voloshin,JTEP Lett.,37,69(83); Y [T T TR
Belanger et al ,PR,D39,257(89): Anisovich,Bugg, Sarantsev,Zhou,PR,D51,4619(95); Guo,St > 150 BABAR |
@Ad hoc constant term in amplitude [Moxhay,PR,D39,3497(89)] f 4528

@Coupled channel effects [Lipkin,Thuan,PL,B206,349(88); 100!
Zhou,Kuang,PR,D44,756(91)] e VYT

04 Ge

N
S
Efficiency (%)

1 | Il 1 1 |
I~
)

®33S,-n°D, mixing [Chakravarty,Kim,Ko,PR,D48,1212(93)] 2
@Relativistic corrections [Voloshin,PR,D74,054022(06)] 5 50! 1
- 20
anew puzzle:  Y(4S)—=>Y(2S)nn ol A

- 03 04 05
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Matrix elements 1n Y'(nS)—Y(mS)rw

Matrix element (chiral symmetry for soft pions) as sum of three terms: Fry a5 7 (75)

’ 2 ’ ’ ’
M=A(£-e)(q -2m, ) +B(e - &) EE, +C[(£-q )& 0,)+(£ ) q)]
no cosOy dep. depends on couples pions to I’
polarization (spin-flip in ME)

see extra slides 2
for definitions COS@X and q

M(=nr) distribution calculated in non-relativistic QCD-inspired C=0 [Yan PR,D22,1652 (80)]
calculation of E1*E]1 transition has form similar to the 15t term

. , , Projections
A » B [Voloshin,Zakharov,PRL,45,688(80); Novikov, Shifman, ZP,C8,43(81)] 1

wl T@ES)5T(1S) nn 4
Fit simultaneously the cos@, vs M__ Dalitz plot of m+n— and 7% samples

all three distributions well described by chiral-symmetry

matrix element with constant (complex) factors 35—18S anomaly
explained just by
C notneeded | |C/A| IB/A| o eC”LmEigary large | B/A| and .,
Y(3S)—Y(1S)nn 0.45+0.40 | 2.89+0.25 skl Sl o ey o
/ \ 0 T(38)—1(18) nn £+4-
assume C=0 Re(B/A) Im(B/A) IB/A| Arg(B/A) | |

Y(3S)=Y(1S)tn | -2.52+¢0.04 | 1.19+0.07 |2.79+0.05 155420

Y(2S)>Y(1S)nn | -0.75¢0.15 | 0.00¢0.11 | 0.750.15 18029°

Y(3S)—>Y(2S)rr | -0.39+0.33 | 0.0%1.1 0.4+1.1 ---

[1]
-1 08 -06 04 02 0 02 04 06 08 1
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Conclusions

* * »

many results on ordinary mesons in past years
—> B-factories are indeed t-charm(+bottom) factories

Precision measurement are now tackling long standing puzzles:
y(3770) —DD, Y(3S) —Y(1S) nr, “rho-pi” puzzle...

No time to discuss that
unfortunately...

Many new exclusive modes
measured by BES and CLEO

CLEO analyses published on 3M y(2S), they now have 29M

BES-III will start operation soon

... but new puzzles continue to keep us busy...

19

and later PANDA ...
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Extra slides

20
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D,,: what we expect

"bitz - Light quark
Orbital al]gL]lEjl ‘Bt quat . Width & final state L
momentum | momentum j
[ =2 ..
P + 2
J°=2" P> I small (D-wave)
" e

[ large (S-wave)

I=1
mixing—
[ small (D-wave)
j=1/2
\ JF=0"ry T large (S-wave)
(=0,
Light spin-orbit Tensor force
Heavy spin-orbit
Spin-spin
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Pattern of D, decay modes

Decay Mode Central Value Limit

B[.D:,;(?El?)*‘ — X) *'Hf_D:_;[EIHT;l‘I' D "U) +————— Only mode observed
Dt~ 002+ 002F 008 <014 Forbidden )
D a%° DLOs+ 006+  0.04 < 0.25 Forbidden )
D}y 006+ 004+ 002 <018 Allowed > 0=
Dz(2112 ,1+A 0.004+  0.034+ 007 < 0.16 Allowed
Dfatn 0.0023+ 0.0013+ 0.0002 < 0.0050 Forbidden |

B(D, J(24{~:~i1')+ — X)/B(D.;(2460)7 — D7 ")
DF#° —0.023+ 0032+ 0005 < 0.042 Forbidden
Df~ 0.337+ 0.036 £ 0.038 Seen
D (211 zj+ 7 097+  0.00+  0.05 > 0.75 Seen
,D: ;[931 r] ¥ (.03 + 0.08 + (.05 < ).25 l>_ Assumes |*
D n%x0 0,134+ 013+ 0.06 < 0.68 Allowed [ hrpothesis
Dy 008+ 010+  0.04 < 0.33  Allowed
D:(2112) Ty —0.024+ 008+  0.10 <021 Allowed
Dintnm— 0.077+ 0013+  0.008 Seen Y,
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Update on D_,*(2317) and D_,(2460)

Discovered 4 years ago in e'e” — CC events
Also observed in B decays
D,,*(2317) and D,(2460) very well established and known experimentally
decay modes and branching fractions
v/ Natural JP: 0 for D,,*(2317) and 1* for D,,(2460)
4 Masses and widths

Interpretation of these new states still unclear!
» One possibility: identify these 2 states as the 07 and 17 ¢S states
However strong difficulties within the potential model

» Other possibilities
4 quark states? DK molecule? Dt atom? Chiral symmetry?
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CC spectrum

Mlass
5 ER Y
A3 —
e ST
THy M
4100 — WA
531
g, s3940
3900 — el 'p, = 3820_
B ay W'(3770) *p, ~3800_ 1p, ~3800_ p,-3F10_
1 R ) Y e e RS ST L
70— WHIGEED [ am,
EEC
=5y r 20" P, [3525) .
| i o %1 .
3500 I 7
s E=25
b 2
S | Bde
1300 | &M bV A : '554;&
II II =
3100 [— ; 4
e
.l . -
Wlthi;.
o I 01,2 [+, 2 Ay
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Ig '1-';!'I"-1[:"LI Py 'py - ', Mas
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CC mesons 1n two photon reactions

C =+ resonances: Y.,(nP), x.,(nP), n.(nS)
quasi-real photons (|q2|<0.001GeV?2, with no-tag condition) — p,balance

abar

STm'ﬁaY inB

The cross sections at Belle
e'e—Y(4S)—»BB - 1.1nb 0.1
e'e"—qq (uds) --- 2.1 nb = Vs =10.58GeV
etfe"—CC - 1.2nb 3 Q% ..=1GeV?
e'e T --- 0.9 nb < 0017
Yy — hadrons (W,,>0.8GeV) --- ~1 nb é
(within the acceptance) E
2 0.001 ¢
8 ™~
.. . £
Luminosity Function 3 4.0001
for quasi-real yy collisions o 1 2 3 4
W, gamma gamma c.m. energy (GeV
do,. =o, L (W) dW Jamma 9 9 (G
Calculated with equivalent-photon
approximation
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Production in continuum s2 < 10.58 GeV
- Two photons production
- Double charmonium production

- Initial State radiation

Color suppressed B decays

b c

Q|
!

Double charmonium production

s Jiy, w(29)

NS o
e+

Production in B decay s!? = 5.28 GeV
b ¢ color suppressed transition

charmonium and open-charm

Two photons production

e 7] e
]
], c
Mg N(23)
M@\ C  C=+1
e'l' [\Il e'l'

Initial state radiation

Jhy, w(28)
C=-1
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Matrix element 1n di-pion transitions

Three-body decay Y'—Y7r (or y' —J/y ntnr ) / i
+ \-;B

¢ 2 2 e X
T /“ P q = Mﬂ'ﬂ' T @
- -" — “"Wﬁﬂ
O e @ e /

7 \ Mo G =My, or equivalently cos 0, ™

2_ T

pions in these transitions are soft. Matrix element structure constrained from chiral symmetry (PCAC)
1n non-relativistic limit: [Brown,Cahn PRL, 35, 1 (75)]

M =A(e-£)(q" -2m, )+ B(e'- ) EE, +C[(¢"- q,)(e-9,) + (¢"-q,)(& - q))]

g’ & —Polarization vectors of parent and daughter Y states

5

q,.9, — Four-vectors of pio E,,E, — their energies in parent Y rest frame

q2 =(q,+q, )2 =M ””2 ,C expected approximately constant (real in the chiral limit)
C=0

|A|»|B| S-wave expecte;zl/to dominate E1*El1 QCD multipole expansion

[Voloshin,Zakharov,PRL,45,688(80); [Yan PR,D22,1652 (80)].

Novikov, Shifman, ZP,C8,4381)] | — — 1§00,

Y(2S)—Jy(1S)rm  distribution = NI { e
: L = 7
reproduced assuming B=C=0 = 1 F
Similar nr invariant mass for Y'—=Ynrw = e Lpde
~0.3 O. r(-)r15(n -|93.s _(:)}2{7(30;;5) 3 0.51 0.59
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Dipion transitions in the Y sector

g

Entries/20 Mev /<’
3

8

Entries/0.02 GeV
s = - 0
g £ & g
T T

g

= 150 BABAr |50 =
i i 4528 | &
. : i 160 5
« Something special when An=277? =100/ * =
= i l Jao /3
8 |
— [ AU b :
= S0P g S 4 * + | 120
[ '"E* 3rd peak c) : 7777777 |
1St pe_;.ak - = 3’ 1w [ TAS)—>T(1S)n"n" O L L O
55;25} j ¢ 53:7; o < 1.11 GeV,/c*<AM< 1.135 GeV,/c” 0.3 0.4 0.5
. V<A< s £ .1 M, ... (GeV/cH)
—_— o model w — Yan model g 20 b) 20d K
3 °F B el | e g 17.5 F T(3S) —)r:'(‘l SIw wT
2 B el | e 4S_ 1 S "E- .BB5 GeV,/c*<AM<.905 GeV,/ c?
r = 3 Moxhay model
25-1S 5.
i . %} - Belle
< 1 — 3S-1S
0.2 :].:25 0.3 D,:ﬁﬁ 0:4 U‘.qﬁ {}15 U‘.ﬁﬁ 0.6 00.2 0.3 3:4 O:ﬁ D:B 0:7 015 0:9 1I l:i 75
M=), Gev,c® M(*n™), GeV/c?
5 -
- - (':2 T T T T T i § ]
= BABAR go = 2®
CLEO 25-1S _‘;_-?— & 150 4518 S e T T RO
L —4}— ‘if =~ __60 8 M{m*m™), GeW,/c”
L S 100 SN =T
{.)--{}" 1 % - ;40 E §laum— + CLElo 38'15
. : i E.mm F + ,
be M@ sof Lo gl 4 _j‘mﬁ preliminary
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.~ preliminary ol | 0 wit T, gt
B R T a—T! R T I ' ' ; I + $'$'+ A
0.4 0.6 0.8 1 1; 1000 [- =
Dipion Invariant Mass (GeV) M‘J‘L‘"TL_ (Gev /C ) 2000 |

(1] 1 1 L L L 1 1
ﬁ n — 1 0.3 0.4 035 06 0.7 08 0.9

Dipion Invariant Mass (GeV)
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