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The Landscape «-,.,

All states below DD threshold
observed

1-- states known best, large samples =*%

w(2S): 14M BES,

27M CLEO
Jhy:
* on-resonance — 58M BES,
* from y(2S)—n*nJ/y decay:
BR ~32%, can tag the transition pions
(CLEQ: g,q =75%= 6.5M tagged J/y)

Era of precision studies and
discovery of rare phenomena in

1-- decay
B(w(2S) —>y;60J )~9%, E(y) selects
between J=0,1,2: not far behind

1~ in statistical power

— Performing similar kinds of studies as
for 1— decays

Singlets less well known
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New CLEO charmonium results
discussed In other presentations:

0 w(2S) = y1.(1S): 7 w(2S) > %h,,
h, — (1S):
— Exclusive and inclusive — Exclusive and inclusive
n.(1S) decays n(1S) decays
~ 1,(1S) line shape — M(h;) and hyperfine
~ BR(y(2S) - 7 1(18)) Lo

— Product branching fraction
BR(y(2S) — n°h,) x
BR(h, - yn.(1S) )

» Ryan Mitchell's talk > Kam Seth’s talk (Friday)
(Wednesday)

QWG 10/18/07 H. Mahlke, CLEO
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... i, KK 8 00

.n0n() 1 oa
...baryon/anti-baryon % So
... multibody final states **~ . . . _, -

Detailed comparisons between decay modes allow to assess the
role of the color octet configuration

27/M y(2S) decays = over 2M ., produced for J=0,1,2 each
Can probe exclusive decays down to BR ~104

Exploit kinematic constraints in a fit of measured momenta/
energies to m(y(2S)), don’t need to constrain to m(y,,) in addition



Y— 2 hadrons R

¢ Glue-rich environment — different from 1~ states sl

®  Y|xg) = |cc)” = many theory
predictions « experimental BR results

®  Accurate prediction of 2-hadron decay rates of Analysis relies on
3P, states rely on understanding of the role of identification of all decay

the color octet contribution: products and kinematic fit to
initial w(2S) four-momentum.

s} = o|(cE), ) + ¢ (cE), &) YE1
“Is that all?”

®  Known 2-body modes amount to e
only a few percent of y decays

Next: 14 two-body decay modes of
(13x hadronic + yy)

QWG 10/18/07 H. Mahlke, CLEO S



Yoy — MM, M=r K

(Xcl-’PP is forbidden)
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Belle PLB 651, 15 (2007)

Yoy — MM, M=r K

Branching Fraction Results: CLEO preliminary

BR (10'3) T 770 KK KsKs
PDG 4.9+0.6 3.1+0.6 6.0+0.9 2.8+0.7
X CLEO 27M | 6.37£0.11+0.20+0.32 | 2.94+0.07+0.16+0.15| 6.47+£0.11+0.29+0.32 | 3.49+0.01+0.15+0.17
€0 | (total error) (6%) (8%) (7%) (7%)
PDG 1.8+0.3 1.1+0.3 0.9+0.2 0.7+0.1
X CLEO 27M | 1.59+0.04+0.06+0.10 | 0.68+0.03+0.05+0.04 | 1.13+0.03+0.05+0.07 | 0.53+0.03+0.02+0.03
€2 | (total error) (8%) (10%) (8%) (7%)
PR Errors:
Ratios: (stat.) £ (syst.) £ (BR(y'—vyyca)) CLEO,
_ PRD 70,
112002
0.54+£0.03 | 0.47£0.05 _ . (2004)
K K/K*K- | Belle: Belle: CLEOQO improves upon precision,
>° 049+011 |0.70+0.24 is consistent with Belle and
0.0/ | 046+005|043+013 with isospin counting expectations
—— KsKg : KIK-=1:2,
0.55+0.03 | 0.33+0.03 \nono e 440
KK/ | Belle: Belle:
0.46£0.11 | 0.40+0.12

QWG 10/18/07
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X — nOnY

B(J/y—ofo(1710)) ~ B/ y—dfo(1710)): -

fo(1710) is thought to be largely ss
— naively expect ¢ preferred over »

—— - E—

Suggestive of large OZI violating effects W ey
in J/y decay? ....glueball mixing? - '
F. Close,Q. Zhao, PRD 71, 094022 (2005)

—n(n()

Look for similar effects in yc — n(")n(")

Use the factorization scheme proposed by %
Q. Zhao (PRD 72, 074001 (2005)) Xeo2

nn’ can only go through DOZI, (a) SOz
11— PP is forbidden

Xco,2

(b) DOZI

r = relative strength between singly-OZI and

doubly-OZI| suppressed transition amplitudes

QWG 10/18/07 H. Mahlke, CLEO
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100 X<0 __Kce2 - XCJ —> T](,)T](’)
branching

80 &
- NN 930 +-35 1st obs.

‘z"j fractions

YA

3 i" i | s ! "l M ll"n'--'g

%o — MM and nm’ improved

Events / 0.003

Xz — MM Observed (1st time)

N1 413 +-24

Still no signal for 1’

1.7 4-7.2 3

i v i A CLEO, PRD 70, 112002
m(eta() eta() (GeV)  CLEO Preliminary e o) « st & oo o
Uses similar analysis |BR, 107 Xco X2
tetﬁhnltque ssdfor m 3.1840.13+£0.18+0.16 | 0.51+0.05+0.03+0.03
fnoggswo' ody nn <0.25 (90% CL) <0.05 (90% CL)
nm’ | 2.12+0.13+0.11+0.11 < 0.10 (90%CL)

QWG 10/18/07 H. Mahlke, CLEO 9



v — Nt'M(), comparison with theory

Predicted dependence of BR on r (DOZI/SOZI)
Q. Zhao (PRD 72, 074001) (2005)
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r = DOZI/SOZI

Result: Data suggest small if any contribution for DOZI decays in 0-* channel.
QWG 10/18/07 H. Mahlke, CLEO 10



E Experimental technique similar to that
XCJ 'YV for y.,decays to 2 hadrons

YE1 Fit E1 photon or m(yy) distribution after
v(2S) {$,\ selecting x.,—7vy

AJeu!LuueJ;j O3

¢ Determine QED background shape
G N W from continuum and y(3770) samples
~ \/\/\/ 300

XYy IS pure QED in first oo [, A2 24.5M y(2S)

approximation Ny
140 T XCO

Decay rates = relativistic and 60 s, )
radiative corrections e
(significant in the 20 (background
charmonium system!) 250 subtracted)

335+ 35

I'(x~> yy) measurements range 140 _ 212 + 31
from 2-4keV, with smallest 60 _
error 0.6keV 20...“-..-' PRI ETUN YL L\ TR

0.07 0.17 0.27 0.37
E, [GeV]

QWG 10/18/07 H. Mahlke, CLEO 11



00

X1 — VY NES T

::3!.55- 7 S ;Y,Y
CLEO Preliminary Results 2o
- + +
PDG Errors: (stat.) £ (syst.) £ (PDG Input)
ave \ Parameter This measurement PDG 2007
B,(W(25)->1x0)x B,(x, >y1)x10°5 2.32+40.3340.15
B.(w(25)=>yx.)x By(x, 2vy) x10-° 2.8240.29+0.21
B, (%o —=>vy) x 104 2.52+0.3610.1610.11 2.76+0.33
B.(x, =yy) x 104 3.20+0.3310.24+0.18 2.5840.19
T,y ) keV <Z.65:0.38:0.17:0.25_>| 287039
I(x,~>7Yy) keV 0.620.07+0.05:0.06 \ | 0.53:0.05
R= T(to=7y) / T~y ) 0.235:+0.042+0.005+0.030 \ | 0.184+0.030 ~
X
. . Most precise In the non-
Also limit the forbidden Process. measurement relativistic limit:
B(x,->YY) < 3.6x105, 90% CL. R=4/15=0.27

QWG 10/18/07 H. Mahlke, CLEO 12



Two-photon widths —
comparison with theory

* -- includes relativistic corrections
T -- includes radiative corrections

Author Year g Cixeo — 77) | Tixe — )
Barbieri 1976 0.18 3.50 (0.93
Bhaduri 1951 0.39 1.27 0.26
Godfrey 1985 (.34 1.29 0,46
Barnes 1992* 0.4 1.56 0.56
Bodwin 1995 0.25 6.5304£1.90 0.8240.23
Resag 1995 (0.365 1.62 0.60
Gupta 1996*1 0.316 6.38 0.57
Munz 1996" (0.365 1.39 0.444-0.14
Huang 19967 0.29 | 3.724+1.11 0.4940.15
Schuler 1998 2.50 (0,28
Fajfer - 2000" 4.61 -
Ebert 2003*1 0.26 2.90 0.50

CLEO preliminary

2.65+0.49

(.6240.10

QWG 10/18/07

H. Mahlke, CLEO
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Events / 3MeV/c?

Y., — baryon antibaryon

AA: only direct production;
kin. fit weeds out X% —>Ay

pp and AA have been seen before;
Y« puzzle over relative production rates:

Color Octet Model reproduces
pp rates:

Extend to AA (J=1,2):

| expect AA:pp =1:2,

Pew, see AA»pp ford=0,1,2
BES PRD 67, 112001 (2003)
Z0E0 %cy —> other baryon pairs?

} CLEO studied B=p,A,X,=

4

uE | ~5G

some new discoveries

33 335 34 945 35 55 36 33 335 34
Dibaryon invariant mass (GeV/c?)

QWG 10/18/07 H. Mahlke, CLEO 14
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Y., — baryon antibaryon

BR, 105 (UL at 90% CL):

PDG
CLEO X0 Xcl Lc2

> o 22.542.7 7.2+1.3 6.8+0.7

= PP | 257+1.5+1.541.3 | 9.0£0.8+0.4£0.5 | 7.7+0.8+0.4+0.5

= AK 47+16 26+12 34417

£ 33.843.64£2.3£1.7 |11.6+1.8+0.740.7| 1742.2+1.1+1.1

o 030 - - -

ol 202V 1441456425422 <4 <6

O 3+ - - -

o | 22t [s25857840417 <6 <6

1 —

O —_—_ <103 <34 <37
S 2L | 51.446.043.842.6 | 8.6+2.220.6+0.5 | 14.5+1.9+1.040.9
—0—0 - - -
U |33.447.043.241.7 <5 <9

QWG 10/18/07

(prediction only

Errors: (stat.) + (syst.) £ (BR(y'—y%a))

Y CLEO, PRD 70,
112002 (2004)

New and/or improved
branching fraction
measurements

Lambda production,
as seen by BES,
not found to be
suppressed relative
to protons

Ze=I (AN)/T(pp)

for J=1,2

or ) X

Theory Exp.(BES) CLEO-c
~0.6 4.6+2.3 | =-E S

Xc2
Theory Exp.(BES) CLEO-c
Udn s 513 2.2+04



@ § 3M y(2S)
_ XCJ _) h_l_h_hOTcO Survey of four-body decays

Resonant substructure is
CLEO prellmlnary, SMy(2S) important for 4r and KKnr,

K+K-n: m° ' : (prm or K*Kr or KKp or ...)

250

125

Branching fractions and
contributions from
intermediate resonances
determined

—t —
=] o
L L

v
L] LI}

Isospin relations:
ptnn0 = pOntm- ?
K*Kr modes:

=]

Events /(4 MeV)

Clear signals
seen Expect

+=
(=1

Mode X0 Xel X2 1:2
BF. (%) [BF. (%) | BF. (%)
M(4hadrons) (GeV/c?) K "K"r" [0.56£0.15]0.38+0.11[0.50+0.14
KORERT _ - 0.90+0.25 ]
K**K¥F7°(0.74:£0.18 - 0.5740.13
K**7FK"[0.96+0.25 - 0.90-+0.25

CLEO preliminary

0
3.22 3.42 362

QWG 10/18/07 H. Mahlke, CLEO 16



%o, — h*h-hz® branching fractions

TABLE IV: Branching fractions (B.F.) with statistical and systematic uncertainties are shown.
The symbol “x7 indicates product of B.F.’s. The third error in each case is due to the 1/(25)
— 7Y branching fractions. Upper limits shown are at 90% C.L and include all the systematic
errors. The measurements of the three-hadron final states are inclusive branching fractions, and
do not represent the amplitudes for the three-body non-resonant decays.

, 3M y(2S)

Mode Xe0 Xrel Xc2
B.F.(%) B.F.(%) B.F.(%)
mtr— a0 3.544+0.104£0.4340.18 [ 1.284+0.06=0.15+0.08 [1.87+0.07+0.22-+0.13
-
) ptn—nd 1.4820.13+0.1820.08 |0.7840.09-20.0940.05 [1.1220.084£0.1320.08
= p~mtml 1.5620.13-+0.194+0.08 |0.7840.09-=0.094+0.05 [1.1120.094+0.132=0.08
E KTK—770 0.5940.0520.08+0.03[0.1240.02£0.0240.01 [0.21£0.0340.03=0.01
— pprom? 0.1120.0240.02-+0.01 < 0.05 0.08-0.02+0.01+0.01
9 KtK—nn° 0.3240.0520.05+0.02 [0.1240.03£0.0240.01 [0.13£0.042+0.02=0.01
O K7 F¥K° 2.6440.1520.3120.14[0.9240.0920.1120.06 [ 1.4120.10£0.16=0.10
8 KOO0« K0 o K£xF [0.3720.0920.0440.020.25+0.0620.0320.02 [0.3920.07+0.05+0.03
1 KYOKErFx K0 - K970 0.30£0.07+0.04-+0.02
O K*KFr0%% K+ — 75 K°]0.494£0.10£0.06+£0.03 0.38+0.07+0.0420.03
K**rF K% K** — K*7Y%(0.3240.0720.04£0.02 0.300.0720.0420.02
pEKFKY 1.2840.16220.152+0.07 [0.5440.11£0.0620.03 [0.4240.11£0.0520.03
Sum: 7.2% 2.4% 3.7%

QWG 10/18/07 H. Mahlke, CLEO 17



Ties to lighter systems

n properties

Resonances observed in y,
multibody decays
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0 e e o % 5oz ota 006 0.0 B(J/y—I"T) = 12%,
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300F LA N

1000F

Eventis/bin

" ! | 10F 7 Fully reconstruct five final states:
o 1 s00f 3 yy +3n0 + wtnd+ my + etey
“F EE l 4 385340 226 40 0.9%
%~ e A R i
M, (GeV) Constrain *, & =J/y,

cob E DOARRS RS constrain J/y, n products = y(2S)
ﬁ Excellent data/MC agreement

20F =

O S Measurement of ratios allow
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'm branching fractions

£+

- -y w(2S), w(2S)
B(y(2S)—>nJd/y) = 3.1%,
B(Jly—I*T) = 12%,

Fully reconstruct five final states:
vy + 310 + n*nnl+ oy + etey
38.5 340 226 4.0 0.9%

| Follow PDG procedure: sum of

the above five modes is ~ 100%
— build absolute Br’s from ratios

n*ny and e*ey: 3o deviation

CLEO, PRL 99, 122001 (2007) or
arXiv:0707.1601

20
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16k fully reconstructed events

-4 -2 0

y(2S)->nJd/y

)

n Mass

CLEO: M(n) =547.785 + 0.017 + 0.057 MeV
PRL 99, 122002 (2007) (arXiv:0707.1810)

KLOE: M(n) = 547.873 + 0.007 = 0.031 MeV
arXiv:0707.4616 (LPO7 contribution)
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Interest:

Y., Multibody decays

« Branching fractions

— Likely a lot

» Substructure analysis
— CLEO studied h*h-h0in
3M decays, sufficient events
for simple Dalitz analysis in
nntn, K*Kn0, and KK rt* -
model describes dominant
features, but ignores
interference —
20% systematic uncertainty
— h*h-h%0 also looked promising
» Enlarged data sample will
allow to refine technique and
to study other multibody

modes

QWG 10/18/07
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Z-projection
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Y-projection 3540806-010a
— Signal total
e X: 8,(980)
— Z: 3,(980)
e Y2 ,(1270)

Y:o-pole

m2(rtr) (GeV/c?)?

10 0
m2mm) (GeV/c??

5

10
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Can study

charged and neutral
pion and kaon
combinations

Y., decays to

all combinations from
all three J states
visible,

well separated

QWG 10/18/07
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Events | 25 MeVic? Events | 25 MeVic®

Events | 25 MeVic?

Yo from 27M y(2S) - first look...

200
800
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K*K 't

PR PR T -
1.5 2 2.5 3 3.5
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No K*Kgmnl
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’

'||52I 2|53 35
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Events / 25 MeVic? Events / 25 MeVic?

Events / 25 MeVic?
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H. Mahlke, CLEO

Substructure:
KK and ntrt

Xco

Complementary
and different
structure in six
KKnrr submodes

Looking at
different isospin
configurations
allows to
disentangle

components
24



Summary

Charmonium is a testing ground
for many areas of QCD:

— Spectroscopy of charmonium states
— Decay of charmonium states
— Production of lighter systems

New results cascading down on the community
— need to sort, digest, understand (exp + th!)

At today’'s data sample sizes, sensitive to small
effects = discovery and precision studies

CLEO’s 27M y(2S) dataset will lay the
foundation for future BES studies

QWG 10/18/07 H. Mahlke, CLEO 25
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Meson theta
in lab frame

Meson theta
in chic2 rest

: N @ 1 T

chicJ | fﬂr,same, DTSR B * S

|nf0 rm atlon cosBy)in e rest frame costeh;) in lab frame

pion and 1 e ! ' *._

kaon E { | H | H

samples ER

combined ; : HH}‘ PITTH —
EN Meson phi F
R inlab frame |

&
& in lab frame
M

QWG 10/18/07
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