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Onia

RO000W

e Strongly bound qq states

e Non-relativistic QM applicable

(Appelquist, Politzer)
— QCD analog to positronium
— Provide insight into QCD

e Low Q?, non-perturbative

Ground Triplet State Forces
System | (v/c)? 135, Binding Decay
Name | I'(MeV) | m(GeV) | EM | strong | EM | strong | weak
Positronium
ete- ~0.01 5x10-15 v v
Quarkonium
Wdd |~10 | o 150  0.77 v 7
ss ~0.8 o 4.4 1.02 v v
cc ~0.25 1 0.09 3.1 v v v
bb ~0.08| Y 0.05 9.46 v v |V
tt <0.01 3000 v v
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1 425 N\
Onia states e, N
—_ 2o, #'n,
3's, g's, 7 P
g Masses Notation: _ﬂ 2%,
“ Widths n2s+1L _/,/ﬂﬁnd
? Production and j>=f>+§ P T
- 25, 1 L
decay dynamics t Ty, e SPIN-Orbit
bb: 560MeV Y — / splitting:
A 3 3
oG 589MeV |- Yo F127°Po12

ete5x10Mev| Me  Spin-spin interaction:

S->3S,, 15,
i M ‘!aliib hq
Partly discovery, partly

precision measurements Nt M MN

L=0 L=1 L=2
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= m
Producing quarkonia «————— =
[ T (CUSB) 6.0 ﬁ (CLEO)
1
7 E ‘ T T T | T T T T T T T T T ‘ T T T | T T ‘ T T T | T T T T T T E — 20 :} 5-5 II A
- oy K : g°F i n=1 . # T(58)
E . U 3 = [ 5.0\ 1
g (29 4413 E [ M
E * MARK Wir70 Yo 3 E 15 * * — | #:ﬁ #ﬁ
43 e R : 3 [ N=2 ol 169
E ® CRYSTAL BALL i i Py o = o el ok o AR ¢
gl & Dase : g . ?'?*i!'!'!!! il b ol * T 105_ 108 -
E B BE% ﬁ'l ||\|5'I "HII’I”“MLF"“ ‘[ll"'-lunf'”;i;;h"il:f "ilﬁmll!!l l'li = Iw B } 1 |’.l Tﬂ E Jm. (GGVJ
b D TR e b A= n=a
c | 4 1ttt B 1 E ] 1 ! -
= LS — T" | Jrel Bk é -4 f.*d'.’* ",9.'#‘ ""Mm ’h""u.t., .
E 3 [ T(15) T(25) T(3E5) T{45) ]
L1 L1 L1 L1 L 11 L1 L1 L1 ||\: 0 + Al rJIIIIIIIII:'JI||||||||||||||||I|
sl.z 3.|4 34 :'.‘.s :lx 42 44 46 48 8.44 10.00 1033 10.53 10.52
23 (GeV) g.47 10.03 1037 .
Mass (GeVic®)

e ete” colliders, ete—y"—>qqQ:
can only directly produce states coupling to v%,
i.e. N3S; (J/y, Y) with a tiny admixture of n3D,_

® tWO phOton CO"iSiOnS: J=O,2 (n[b,C]’ X[b,C][O,Z])

e hadron colliders can do any energy, but not
as clean

e transition from higher up, e.g. w(2S)—yyco
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Potential Models

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

Short distance,1g exchange long distance
e Heavy Onia: V(r)= —4/3 ar + kr
= T \ Energy density

Color factor . .
Strong coupling per distance

between g and g between g and

e Potential well much deeper! q, ~1GeV/fm

e Cf positronium: measurement of energy levels,
spacing and decay rates can be used to fine-
tune the parameters of QED — here: QCD.
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The role of lattice QCD

e The only complete definition of ® Charmonium and
QCD, both perturbative and bottomon|um Spectra

non-perturbative , o
e Made possible through test LQCD's ability to

effective field theories for calculate strong
heavy quarks (non-relativistic phenomena, relevant to
QCD, HQET)

many aspects of heavy

flavour physics (e.g. BB
% Recent breakthrough in lattice SEULF PIIEIES (&

gauge theory: unquenched mixing)
calculations became affordable e Need experimental

results at the % level

PIC 03 Hanna Mahlke-Krueger



Recent Progress in LQCD

before 2000 now
Parameters: R 3 ! L_ !
Tune L, fo -
Og, mu=mdl mSI E-- 3ME'MN .;._
Mc, and m, E"' 2Mgs-M, é‘"
on - y(1P-1S) 4
m_, My, Mgy, My, — Y(1D-1S) i
and AE, (25-1S) - Y(2P-1S) e
New level of i - | x(35-19) -
precision achieved | * | | YAP-1s) | ':* |
09 1 1.1 09 1 1.1

LQCD/Exp't (n;=0) LQCD/Exp't (n;=3)
HPQCD&MILC, hep-lat/0304004
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Why Investigate
Heavy Quarkonia

Fairly non-
relativistic

¢
o

More convenient
to handle than
glueballs

Simplest strongly
Interacting

systems s

Gain insight to
underlying
interaction, QCD

o
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Modern
Datasets

e Smaller data
samples from
MarkI,II,III, DM2,
CLEOIII (y)

e Cross section falls
as N increases

e Both CLEO and
BES have
additional data
samples for
special purposes

PIC 03

E.(GeV) | Physics | Datataking | #events
completed
3.10 I/ 1990's 8M BES
2001 58M BESII
3.69 v(2S) |1990’s 4M BES
2002 14M BESII
9.46 Y(1S) |1990's 2M Cleoll
2003 20M CleolIII
10.02 Y(2S) |1990’s 0.5M Cleoll
2003 10M CleollIl
10.36 Y(3S) |1990’s 0.5M Cleoll
2003 5M Cleolll
(10.58) | (Y(4S)) | (2002)
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Transition options

Mass (MeV) Transitions: én Tf o Had ronlc:

10800 — iy
+-
. » 10,n,0,

10500 no Ks; splitting
too small

e Electromagnetic

10200

o (photon; AS=0)
7600 » E1: AL=1
e TR » M1: AL=0

| Iy ¥
S
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Hadronic Transitions

/=
No charge involved: /(ggg
e two charged pions . v/«gé Q
X Q
ré@/ “”

or
Q
Q

Ol O

e neutral particles
» 10 70
» Single = transitions
isospin suppressed

» 1, ® are rare

Q
Q

PIC 03 Hanna Mahlke-Krueger 13



Y Dipion
transitions

New Y(3S)—>Y(15)mt data:
T
- * xt i Exclusive |
o BT
34000— i $$$$$¢¢;¢$$¢ i —
P2 e
$§ j +H+#ﬂ+ #++ﬂ 5
0 ++ Wt

of '

PICO3

] ] | ] ] |
02 03 04 05 06 07 08 09

1.0
M, (GeV)

80

L o Crystal Ball
60~

@ Jipmtn

2130303-001
I B L Y L

[ T(E@S)T(1S) ]

| @ Exclusive
- o Inclusive

1 20 ——Yan
40+
I ] 10
o 20 i
> i |
Q‘ L 4
=t : 1
_3 oL LRI I N M
™~ 0.3 0.4 0.5 06 59
ﬁ50_ LI R I B I B 4 T | 1 1 T 1
5 FT(3S)—+T(2S) et FTES) TSt
= .nl®Exclusive ] # Exclusive-
- 40 X
ro Inclusive I © Inclusive |
- Moxhay 13.0F - Moxhay |
30—Yan i —Yan

R
Q
T T T T

—r
Q
LI I

0:

11.5-

ol |

0275 0295 0.315 0.335 025 045 065 085

m(r ) (GeV)

Moxhay, PRD39(1980)3497: generic,

constant, complex amplitude coupling
to BB* states and interfering with the
multipole expansion amplitude

Hanna Mahlke-Krueger

14



mmmmmmm

Y(3S) rare hadronic

£
45
40
35
A
25
2

transitions " >
Y(3S)—>nnn Y(1S) + X e + ++ =
- nton® distribution peaks at o, £, b tadt Ny 2
Xis phOtOﬂ ces 0B ozt on ”,jwmm?f 0 o0& s ﬁ
— Data consistent with e e IR )
Y(3S)>Yxp1s Ap1' = @Y (1S). o e 3 -
Small x,," admix not excluded E ool o
o B(p'~>0Y(15)=(2.3£0.4(stat)% 3 &l -
Substantial! 7 B8
Y(3S)—>yyltt: yy from n0/n? i2 & e Y"—>yxj’ 5
e B(Y"—>n0Y)<0.17x1073 5
e B(Y"->nY)<0.9x103 T BN I R
e B(Y'>n0Y")<1.2x103 First hadronic non-pionic
y'—nl/y ~ 3%, transition in bottomonium!
v Iy ~ 0.1% First non-radiative decay of 7,/

PICO3 Hanna Mahlke-Krueger 15



Entries/2. 5MeV/

y(2S)->vvd/v,

m(J/yy,)/GeV?

I y— £

Entries/SMeVic?
Entries/2. 5MeV/c?

Xc1,2

1 W

V' =% 2Yr  BES

m(yy)/GeV? m(J/yy,)/GeV?

PIC 03 Hanrna maire-nrueyel

—>v/v  prelim,
CERN
Courier
12/2002
16



_ e a”

nlsO (nCI nC’): IHM
what 'n” why +

— H'"I'V'J’Si'] Produced in yy collisions

= F ﬁ. 1. Well established,

* A(N3S,,nlS,) Tc confirmed

300 Y fﬂ}f < Potential Models predict
0 m(ng)=3594..3629MeV

PIC 03 Hanna Mahlke-Krueger 17



3850403-001
80 = -

. L Ed ook om
Recent Experimental A ST S
Information on 1/ Sl
% Belle E
%1: ete 1/ y(X) Xa T]c 5123 I ) e
=% Ne | ’ | ‘WH ° '2'_5"2'_3"'3'&('?3'_}{5')(4s_e'_.0
| gKn) (Ge

CBAL PRL48(1982)70,
BaBar hep-ex/0305083,

recol GeV. Belle PRL89(2002)102001

" —————————————— ’ . and PRL 89(2002)142001
Foo [ Babir- - M(ng)/MeV: (2002)
2 oo ‘-?_wmmfwf+ ]/ U} - Potential models
SO : — CLEO yy—>K.Kn
S A LY Mo st — S

0 T — Belle B->K(K.Kr)
. —— Belle e+e-—J1/y(X)
3100 N BaBar yy—>KKn
s ‘ ‘ ‘ Crystal Ball 1982
e 3575 3600 3625 3650 3675
L) 0 E

Hanna Mahlke-Krueger 18



[Events: per 20 MeV/c?]

e PDG: “"needs confirmation”

e £E/05: 2.56 enhancement
at 3.527GeV PrRD50(1994)4258

8

8

8 8 8

wo B

Composite Positive and

m Negative Beam Data

+’§FJF+LH *ﬁjﬁ#ﬁ?@
H P

W E705 |
_._Zi..-..l PR TR R RN RS N N T ST Y N T T T S Y SN T S S S S ST

2 33 3.4 3.5 36 a7 38 39 4
M(‘m{'} (GerCE:

e E760: bump around

3.526GeV PRL69(1992)2337
e Prediction: prp37(1988)1210

B(y'—hm0)~3.7x103,
B(h.—yn.) =50%

PIC 03

Where is the h._
(11P,) ?

Mass

(MeV]

3700

3500

3300

3100
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Mass (MeV)

Discovery: Y(1D) states

ool g1 3 e Unique (L=2 and stable)

_ e Decays: electromagnetic
(dominant, exception!) or via
gluon annihilation (tiny)

e Look for Y(35)—>4yY(1S)

e Theory check: LCSR,
— LQCD predict masses;

models tuned on L=0,1
— veritea  StAtes

— LQCD gets this new state
‘5 — right!

10200

10000———

9600—

9400
PIC 03 Hanna Mahlke-Krueger 20



CLEO Y(13D,)
measurement n3D; c.0.g. — m, (MeV)

e See state at 10162.2+1.6MeV T —
at 6.8c: J=1,2,3? 3”; m, = 10160 m, = 10440 _
— inconsistent with J=3 L
— Theory: Y(13D,)/ Y(13D,)=6 ok .
— Y(13D,) most likely : | o) ) '
e Consistent with predictions  § T 5
for Y(13D2) to lie 0.5..1MeV Ea-w:— . M
b_elow multlpl_et c.o.g._ s s Theory -
e First new bb state in 19 : oredictions
years! a« ]

1 2
Principal Quantum Number

PIC 03 Hanna Mahlke-Krueger 21



Y singlet states: n,(’),h,

Singlet states (niS,, n!P,)
not yet seen in bb

(n!S, seen in cC)
Hyperfine splitting
(n150<—>n151 Y(ns)l

NP> NPy 5 3=y, 55)
predicted by LQCD and

potential models
n, quasi-stable (bb - gg)
E1l transitions well known

Use hindered M1
transitions (AE larger)

Mass(MeV)

10800

10500

10200

“P(_ 35_)

9900 [

9600

9300

Y(3%)3S)

PIC 03 Hanna Mahlke-Krueger




Ny, Np S€arches
through hindered
M1 transitions

E, peaks in Y(2,3S)—yX:
mass - level splitting,
amplitude > transition BR  Y(

e 1fb! Y(3S), 0.5fb1 Y(1S)
CLEOIII data

e E1 transitions in that
region well known

* No significant signal Y(
found, upper limits
computed as function of
photon energy

/2 % bin

Number of photons

PIC 03 Hanna Mahlke-Krueger

Branching F ( I) of 10™
- 8]

a0 100

500 1000

400000 -

300000 -

L . -.I_-
i AN
F \,

_.'
200000 p~

" CLEO

0r|I||||| ] 1 L1

1“ Np(2S)
/ nu(1S)

II\\,V- ]

Ey (MeV)
Y{38)—=yn,il

800 1000

8)

B e

'_.--"-—- ___,--""
________ CLEO
- odfrey-lsgurds B




Y(35)=yn,(18) — —_— 2130403 002 Y38 | SN A1)
s_ Z- bEt|K 'E |a:i T ,,,,, T ,,,,, 12000E T(SS)*IW l" (18) | 1o|- — T T I‘,‘, ------
am yers83  .er e F R R
e o iﬁi e -
e " i ek oy A< 3x103 for ]
T ol Godirev-lsaures B %4000; i $ $$ ¢$ ') 1 1
E 10 for gzooof W i ] E 450 530Mev S
E = O -
T oo o % 1@S) - a’x0(1S) 7 é
E =880..1000MeV [z ¢+ e L
N 40F L
Ebert Faustov. Gal M__{J_S_ ________________________ ] —_— 30F +++ ++ +++++ | +++ ++++ 1500 L
......................... g .
L Lance Nytalt,Riska'99 A 42c 20¢ ++ ++ ' } 1 480
G e i sk 96 os00l— - 18:— ‘
gm0 e Eymv) %o oty b — 02 03 04 oﬁ oésGe\?)i? 08 09 1.0 5—————————?'
B 270, ¥

n, w0 transitions
< 103

10

38 ﬁvyn (25)

L]

L Fomth tpd hd\

.

[ Zambetakis,Byers83

s
cfe< 3x103 for
2
|+ E,=330...3950MeV
% i Prgllmlnary 80% CL UL CLEOI
R
|
o;: :::: R ——
3 e 30 ET?!S'I%V) 70 %80 00

1Y(1D,) at 6.8
10162.2+1.6MeV

] CLEO

1 3
LA

< 1.4x10-3 for

E,=550..650MeV -

3 L

loal
L

3 L
0.4

4
[ i i rotel
* ++ Ebert,Faustov Galkin02 PR PP T
L Lahce Nfall Sishg a0 Af5....... ._Z;E.‘.”?.‘.Efe.F’f‘.sf!?.”:?r.‘ft?ff?.‘f‘.......:
! [ e e sl PR RV SR O )
** i + 550 876 ao0 €26 650y
i Ey (MeV'
|||\||-+-\-4l__L+.+ﬂJIQ\| L L
08 08 084 08B

Hanna Mahlke- Krueger""* e 24



1 Introduction
2 Spectroscopy

2a Transition options

2b Y pionic transitions
2C Rare transitions
2d Searches

3 Decays
_—— 3a Scans

x 3b Radiative decays
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Q(_2 decays Annihilation into 3g:

into light hadrons 8 m

Radiative decay:

Annlhllatlon into a photon
; é é % ;( }/V\f< q’|+
Dissociation: |

background |
\ar D et q,’
y(3S) 8% gf{y >‘\_Afv<q|+

PIC 03 Hanna Mahlke-Krueger




. P.Wang, CZ.Yuan, XH.Mo, DH.Zhang,
Continuum  hep-ph/0212139, Phys.Lett.B557(2003)192

interference

A problem in ete": efe—y —light hadrons
interferes with ete—QQ—light hadrons
» Resonance + continuum + interference terms

e Recent work suggests substantial corrections to get
from measured to desired quantity, e.g.
B(w(2S)—>on?)=(3.8+1.7£1.1)x10> > -58%!

e Dependence on experimental conditions:

large beam energy spread allows more continuum+interference in;
tight FS invariant mass requirements prevent ISR gqq contamination

e Not the same for every channel

> Off-resonance data is costly but necessary.
PIC 03 Hanna Mahlke-Krueger 27



BES v’
Scan

PLB550(2002)24
Precision
Improvement

BR’s as input to
other experiments

Measure

1_‘totl Ly, I3 [wnnr
Infel’ Fhad’ B{[,

BJ [wyrnn

PIC 03

o(nb)

103 3
102 |
10 |

100
10

10 ¢

L
0.1 |

v(2S)—hadrons

v(2S)ontnl /vy

r

{

1 !
\|f(25)—>u W

3.665

ECm (GeV)

Hanna Mahlke-Krueger
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BES v’ scan and t data

PLB550(2002)24 (BES scan)

T PRD65(2002)052004 (B._.)
B, — cunst = [1— 4r1121 j PRD47(1993)772 (E760 scan)
3 1., M?,
61(2_261) v
F n
tot"
Bee ~ B, = B,,/0.3885: miten
p————o E760
——  BES y'scan (T) ‘ ‘
™  PDG2002 220 320 420
Psi' total decay width
05 075 1 125 15

Psi' leptonic branching fraction

PIC 03 Hanna Mahlke-Krueger 29



Leptonic Y(1,2,3S) Width I',.

e High precision test for LQCD!
e Strategy:

N M2 T i
r(Y —e’e”)= %= [dEnergy ofe"e” — Y — hadrons)
6m rhadrons @
External aren of beam eﬂflfg}’
] input .g underlying R
Hope to improve from 3 | BreiWigner s
2/4/9% to better than 2%.z > e QED corrections
Correct for higher orders ¢
—T % to compare with  § | e —
theory — challenge: |w(0)|%= Mev)
Energy

PICO3 Hanna Mahlke-Krueger 30



(Uncorrected) Hadronic Cross—Section ino nb

840 pb-! 450 ph-! 600 pb-!

I I I I T I
Fitto (1) Linczhape —— Fitto ¥(25) Lineshape —— Fit to¥(35) Lineshape ——
25 - lan 16, Mo? —%— 4~ hlay 2E, 2002 —— —— Moy 7, Mol %
: Jan 30, mox —— Jon 1L, 2002 —— Dee & X0l ——
iy Feb &, 2002 5 Jun 2B, 2002 —8H Dec 13, 0L —E—

Feb 14, Moz H—+— Jul 11,2002 1 Dec M0, ;001 —+—

Feb 20, 2002 = Jol 24, 2002 A Dec 25, 2001 —&—
o Feb 2802 = Ang 72002 = T lan 3, 002 = 7
Bar 1 Joox FIET
Blar 21, 002 EA
Apr 2, w002
15 1 uly .

NGBS T(25)

] | ] | ] ] | | | ] | | | | ] | | | ] ] | ] ] ]
2H0 A0 MED 9500 9520 9540 9550 10000 10020 10040 10080 JLalu]4] 10120 10250 10370 10290 ee(

Center—of—Mass Beam Energy in MeV

J14]

1) Y(2S) -

Note! Theory points have no 1/M, corrections yet.

Stat|St|Ca| M;‘ LQCD pI’EdiCtiOHS (quenic:'led)
precision: i

0.1/0.3/0.5% N

Current Expenmental Uncertaintje

0-131 Predicted Uncertainties
[~ from This Experiment

U-3' Lo o b b b bbbl nloelm
(8] 1o 20 320 30 50 60 7030 100715fisity

Mass of u, d Quarks in MeV
PICO3 Hanna Mahlke-Krueger 31
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X c _)AK, J=O,1,2 ) Signals observed, J(

% Color Singlet Model found to be
insufficient to describe P-wave
quarkonium decays, need Color
Octet Model.

% ngc—mg, Color Octet Model) ~ |
1—PP, experiment)

I
«»» COM:

F(7(c1,2—>/\/_\)/ F(Xc1,z—>l3|5) =1/2.

PICO3

“1 Br's O(10)

30

Entries/20MeV/c?

XcO XCl Xcz
B(y.—AA), 10* |4.7+35% | 2.6+45% | 3.3+50%
B(xg—>AA)/ 22412 |3.742.3 |4.743.0
B(XCJ_)pp)

Hanna Mahlke-Krueger 32



y'—yPP, P=n,Kn

F ‘ ) ]
: - i: 00
l [h AL BES, Phys.Rev.D67:032004,2003
fz(_:}270H f(1710) | £(1270) . r
; 0.0
% il m
| = o} A2 & _XCZ
m(n*n) m(n0rO) y ﬁﬂ ) M/ W
B(W’_>'Y f2(1270)) e b v R S S
=(2.27+0.26+0.39) m(n°n°) m(nn)
-4
x104(21%) BRx10-3 | J=0 3=2
B(y'—v1,(1710)) X—>m0n0 | 2.65:25% | 0.87+64%
<B(f,(1710)—>KK, )
< 10_5 (9OO/OCL) Xc3—>NM 1.94+52% <1.22(90%CL)
Xag—NM | 0.73+60%
Xg—>10n0 | SU(3): 0.95

PICO3 Hanna Mahlke-Krueger 33



Radiative decays t

to glueballs: c - '
G I 4
— KK, ...
J/y—vgg z ’
1z o e |Lowest candidate (0+)
R P around 1700 MeV, lowest
P 58 2+ around 2220MeV
g o % e Perform PWA to learn
T o quantum numbers
| duenene e If glueball, then yy should

+

C. Morningsfar, M. Peardon, NOt show it (antisearch)
hep-lat/9901004

PIC 03 Hanna Mahlke-Krueger 34



The £,(222[3]0) %56y autenaron:

e 1996: BES candidates in

S o prrToTrTorT T ; ntn, KK, KK, pp modes
= W elimina _

%W? fff-;; i 1 e Not confirmed by CBAL,
i 56M J/y . JETSET

- o e BES is reinvestigating with

s s 2 “mcro ey ® Atpresent no signal for a
narrow state

e CLEO, LEP antisearched v

i —c!
Wait for Cleo-c! e CLEO: Y(1S)—f,(2220)

PIC 03 Hanna Mahlke-Krueger 35



<3 o -
.:f"hl‘ _.Il‘:." _
F o
o DL R0 T
J/\II N L W
pe A S T
T ¥ el g :
3.1GeV S s
. T i
R AL T
6 6 6 6 = Y s
" =lou B

“The 14% puzzle”

R
o w(2s) (N O008E
« If mechanismis cc - ggg  3.6Gev i
— decay rate ~ [\¥(0)|? Too0 <

ol B(y(2S) > H) _ ad(w(2S)) Bly(2S) > e'e)
" Bw—H)  al(y) Blw—oee)

~__known

“ B(ggqg)+B(ygg)+B(y*—ee,uu,tt,hadrons)+B(ccX)=1:

Q, = BW(25) > gee) +B(v(2S) > ve8) _ (4 0 5 60,
B(J/w — ggg)+ By > v88)  (Gu, Li, hep-ph/9910406)

~(15+2)%

% Deviations indicate presence of other mechanisms

PIC 03 Hanna Mahlke-Krueger 36



Applicability of the “14% rule”
Should work for Jﬁ% v
other singlet states —%wme ™ —VYywpr
Should work for " Oﬁ w Og/b’;’ ;5__.;_.'.:-__;_?; ¥
radiative decays TSI
Sum or individual _ e —— O
channels? e C% A O‘o’b’b’b‘;_‘._‘j;ﬁ,,

Next: experimental O% - T e
n sy TR
data c ( )W”” e

PIC 03 Hanna Mahlke-Krueger 37




Selected n3S, data on the

VP
AP
VT
dibaryon

3body

multibody
radiative

PDG2002 and

140/0 DUZZIE (there is more)

VP states fail!

YMc

0%

10% .2096

30%

X

40%

PhysRevD67(2003)0520002
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Exclusive hadronic Bottomonium
decays, or the 14% puzzle for Y

e Depending on
model, O(104->) is

expected for Y—pn e W -
o [(X(25))/ Ty(x(1s)) )
=0.5/1.3=38%! 0000
e CLEO is analyzing

20M Y(1S), I0M o5 (HLIREE
x(2), M 1(35), AL .

searching for signals
in PV final states
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CLEO Preliminary Y—h,h,
Branchlng Fractions

Upper Limits at 90% CL in 10~

Mode/Region 2S5 3S
om 0.5 1 2
K"(892) K 1 0.9 2
0 a,(1320) 2 2 3
K'(892) K,"(1430) 2 4 3

o 1,(1270) 0.7 1 0.8
b,(1235)n 0.8 1 2
K,(1400) K 3 4 2
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1 Introduction
2 Spectroscopy

2a Transition options

2b Y pionic transitions
2C Rare transitions
2d Searches

3 Decays

3a Scans

3b Radiative decays
3¢ 14% puzzle

PIC 03

4 What next?
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Upgrades, datasets

in 10° events

e CLEO Y(1,2,3S) data taking over
e CLEO-c start-up right now, Vs= 2

100

3..5GeV, lumi 1x10-32s2cm at O eS| BESIl CLEO-c BESII
3.1GeV

in 10° events

4000+

3500+

e BES/BEPC upgrade, Vs=2..5GeV, **

2500+

lumi 1x1033s2cm1at 1.89GeV, Ll
data taking in 20067? e

o,

BES BESII BESIII
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Puzzles

1 Introduction

he, Dy, Mp
/ Am(y,n.), n=1,2
4 rare m,m transitions

2 Spectroscopy
iEl such as from y,

n. decays

% 14% puzzle in cC
14% puzzle in bb

x £,(2220)

3 Decays

PIC 03

4 What next?
... and there are many more!
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Summary

e Progress! Heavy onia spectroscopy Is an
active field, with many things mapped
out

e Theory coming along

e Close data and theory cooperation in a
new regime of precision is crucial

» More at “"Workshop on Quarkonium”,
September 20-22, 2003, Fermilab
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Mass (MeV)

10600

10400

10200

10000

9900

9500

Search for E1 transitition
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BES PWA
findings In
J [ y—>yKK

Events / 0.025GeV
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Events / 0.025 GeVY
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BES prelim, expect
o33 15 135 2 ©°1 12 1s 17 .z publication soon

M(K'K') (GeV/c?) M(KKs) (GeV/c?)

| m=1518+6MeV

1 m=1703+8_,MeV
| T=84+%7_,,MeV

U 12 14 118 o O )
M(K'K') (GeV/c) M(K(Ky) (GeVic?)
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» Intrinsic Charm
a la Brodsky and

p jw Lepage
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