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CLEO-c: More Than
One Billion J= Decays

Existing samples:

BES: 51 Million
Mark IlI; 6 Million

Mark Il: < 1 Million

Prime focus: J= | X Branching Ratio
) 1P decays for each X



Why Focus on Radiative Decay?

Glueballs: States with gluonic degrees of freedom
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F. E. Close, G. R. Farrar and Z. P. L,
“Determining the gluonic content of isoscalar mesons,”
Phys. Rev. D 55, 5749 (1997)
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Early Experimental Evidence:
Mark Il at SPEAR

J= 1 KsK
> J= | K*'K
w/ KgK 1:05GeV) 10 —
’ o l |
(b) —~ om
\FL\ % 8 - y KKy
20 . -1 &
0 6 _
L R
a4r / T
10 ] E >/’ . L
W2+ i H _
L 2N le
0 %L afl e e AR H 0 lf‘q’" , H
1.0 1.5 2.0 2.5 1.0 1.5 2.0 2.5
MKsKiwi (Gev/c?) 9-82 M+~ (GeV/c?) 4345029

Called E= (1440) Called (1700)



Better Statistics:
Mark Il at SPEAR
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Is (1710)Spin 0 or 2?

KK

New narrow state (2230)?



Jumping to the Present Day

Conventional mesons identi ed.

Lattice QCD predicts the glueball spectrum.

The E= (1440)is complicated: Combination of the
JPC = 1" f,(1420)and two isoscalar O * states.

Trying to identify the lightest glueball. (Lattice: JF¢ = 0**)
One candidate is the old (1700)) f(1710)
Another scalar is the new f 5(1500)

New data are available, and better analysis techniques have
been developed. Puzzles remain.
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Conventional Meson Excitations

L S JPC | Isospinil Isospin 0 (Mixing!)
O 0 0° (135) (547), Y958)
0O 1 1 (770) 1 (782), (1020)
1 0 17 0,(1235) h,(1170) h;(1380)
1 1 0™ | ag(1450)| fo(1370) fo(1500) fo(1710)
1" | @;(1260) f1(1285) f1(1420)
2 | ax(1320) f»(1270) f (1525)
0 2°
1

Only U, d, and S quarks ) Expecttwo | = O states.
Also have radial excitations ( E ~ 500M eV)
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Discovery of the f o(1500)
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Partial Wave Analysis of the (1710)

Mark IIl: J= | M M
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Agrees with preliminary analysis from BES (hep-ex/0209031)
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Glueballs on the Lattice
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Morningstar and Peardon
(1999)

Other calculations agree,
but all are In

*Quenched Approximation”
(no quark loops)

Mass scale from lattice
constants determined by
phenomenology of
masses, f , splittings,
and other data.



Meson Decays and Mixing

Mesons with the same quantum numbers can mix.
“Ideal mixing” Is “pure” with respect to quarks.

Example for J°¢ = 2** mesons:

State KK Assignment

f-(1270)| 85%| 5%| Mostyuu+ dd nn
f (1525)| 0:8% | 89% Mostly SS

We expect glueballs to be “Flavor Blind™:
KK : = 9=3:4:1:0

) Study decays of f o(1370) f ¢(1500) and f o(1710)

to learn which is “mostly” a glueball.
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Mixing the Scalar Mesons

10(1370) = +0:7Qnni + 0:19ssi  0:69Gi
110(1500) =  0O:7Qnni + 0:33ssI  0:65Gi
10(1710) = +0:19nni + 0:9]ssi + 0:39Gi

Surprising? The f 5(1710)is mostly SS, and the f o(1370)and
f o(1500)are a nearly orthogonal mixture of NN and glueball.

Note: Flavor blind glue coupling implies “singlet-octet-singlet”
guark mixing.
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Progress(?) on the (2230)

X Now called f ;(2220)

BES(1996) observes narrow peak
in several nal states (8M J= )

Near predicted 2*" glueball mass.

NOT observed (JETSET,CBAR) In
pp! TKK; ;:::0.
NOT seen in BESII (58M J= )

Needs con r mation!
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The (1440)Complex

Expect SS partner of 17" f 1(1285)and radial excitation of 0 ¥ Y958)

Find 17" stateandtwo O * states
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Glueballs: Open Questions

What is the rate for J= | fo(1500)
— Need many events for robust PWA (Note f (1525)

— See Bugg, et al. (BES) Phys. Lett. B 472 (2000) 207

Establish a vor content of the scalar mesons

— MeasureJ= | fg! V Frank's Talk!

Thorough dissection of E = region

— The “second” ? Could the (quenched) lattice be wrong?

Is the f ;(2220)real? Spin? Decays?
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Expected Performance of CLEO-c
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Expected Performance of CLEO-c

45000 27500~ ' I B
40000 25000 1’«.‘“ . |
ssooof. 22500 7 Tf ;2220)
30000 2000%'4 65 66 67 6.8
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Conclusions

Many Interesting puzzles in meson
spectroscopy for masses between

1.3 and 2.3 GeV/CZ.

Probably a glueball lurks there.
Maybe more than one.

One billion J= events and the

CLEO detector will make de nitiv e
answers possible

Thank you!



