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CLEO-c: More Than
One Billion J= Decays

Existing samples:

BES: 51 Million

Mark III: 6 Million

Mark II: < 1 Million

Prime focus: J= ! 
 X Branching Ratio � 10� 3

)� 106 decays for each X
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Why Focus on Radiative Decay?

Glueballs: States with gluonic degrees of freedom

c

c

g

Two Gluons GÞ

F. E. Close, G. R. Farrar and Z. P. Li,
“Determining the gluonic content of isoscalar mesons,”
Phys. Rev. D 55, 5749 (1997)

3



Early Experimental Evidence:
Mark II at SPEAR

Scharre (1980)
J= ! 
 K SK � � �

(w/ K SK � � 1:05GeV)

Called E=�(1440)

Franklin (1982)
J= ! 
 K + K �

Called � (1700)
4



Better Statistics:
Mark III at SPEAR

J= ! 
 K �K

Is � (1710)Spin 0 or 2? New narrow state � (2230)?
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Jumping to the Present Day

Conventional mesons identi�ed.

Lattice QCD predicts the glueball spectrum.

The E=�(1440)is complicated: Combination of the

J PC = 1++ f 1(1420)and two isoscalar 0� + states.

Trying to identify the lightest glueball. (Lattice: J PC = 0++ )

One candidate is the old � (1700)) f 0(1710).

Another scalar is the new f 0(1500).

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

6



Conventional Meson Excitations

L S J P C Isospin 1 Isospin 0 (Mixing!)

0 0 0� + � (135) � (547), � 0(958)

0 1 1�� � (770) ! (782), � (1020)

1 0 1+ � b1(1235) h1(1170), h1(1380)

1 1 0++ a0(1450) f 0(1370), f 0(1500), f 0(1710)

1++ a1(1260) f 1(1285), f 1(1420)

2++ a2(1320) f 2(1270), f 0
2(1525)

2 0 2� + : : : � � �

2 1 � � � : : : � � �

Only u, d, and s quarks ) Expect two I = 0 states.
Also have radial excitations (� E � 500M eV)
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Discovery of the f 0(1500)
�pp ! � 0� 0� 0

Crystal Barrel

pp ! p(K + K � )p
pt cut ) Glueball �lter

M (K + K � ) (GeV)

CERN 
 Spectrometer
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Partial Wave Analysis of the � (1710)
Mark III: J= ! 
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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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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.
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Meson Decays and Mixing

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

Example for J PC = 2++ mesons:

State � � K �K Assignment

f 2(1270) 85% 5% Mostly u�u + d �d � n�n

f 0
2(1525) 0:8% 89% Mostly s�s

We expect glueballs to be “Flavor Blind”:
� � : K K : � � : � � 0= 3 : 4 : 1 : 0

) Study decays of f 0(1370), f 0(1500), and f 0(1710)
to learn which is “mostly” a glueball.
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Mixing the Scalar Mesons

F.E. Close and A. Kirk, Eur. Phys. J. C21(2001)531

jf 0(1370)i = +0:70jn�ni + 0:15js�si � 0:69jGi

jf 0(1500)i = � 0:70jn�ni + 0:33js�si � 0:65jGi

jf 0(1710)i = +0:15jn�ni + 0:91js�si + 0:39jGi

Surprising? The f 0(1710)is mostly s�s, and the f 0(1370)and
f 0(1500)are a nearly orthogonal mixture of n�n and glueball.

Note: Flavor blind glue coupling implies “singlet-octet-singlet”
quark mixing.
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Progress(?) on the � (2230)
J= ! 
 X
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FIG. 1. Invariant massspectraof (a) p 1 p 2 , (b) K 1 K 2 , (c)
K 0

SK 0
S, and(d) pp .

statistical signi�cances of the j signal in the p 1 p 2 ,
K 1 K 2 , K 0

SK 0
S, and pp modesare, respectively,4.6s ,

4.1s , 4.0s , and 3.8s [23]. The statisticalsigni�cance
of a signal is determinedby the differencebetweenthe
logarithmof the likelihood value for the �t with the sig-
nal andthat for the �t without thesignal[1].

The parametersof the j (2230) (massMj , width Gj ,
and branching ratio B) measuredin each channel are
listed in Table I. The systematicerrors of mass and
width are due to the uncertainty of the background
shapeandeventselectioncriteria. The systematicerrors
of branching ratios [24] are due to the uncertaintyof
detectionef�ciency, theuncertaintyof backgroundshape,

TABLE I. Mass,width, andbranchingratiosof j (2230). The
�rst error is statisticalandthe secondis systematic.

Decay Mj Gj BsJyc ! gj dBsj ! Xd
mode (MeV) (MeV) s102 5d

p 1 p 2 22356 4 6 6 191 13
2 11 6 12 5.61 1.8

2 1.6 6 2.0
K 1 K 2 22301 6

2 7 6 16 201 20
2 15 6 17 3.31 1.6

2 1.3 6 1.2
K 0

SK 0
S 22321 8

2 7 6 15 201 25
2 16 6 14 2.71 1.1

2 0.9 6 0.8
pp 22356 4 6 5 151 12

2 9 6 9 1.51 0.6
2 0.5 6 0.5

FIG. 2. Fitted invariant mass spectra of (a) p 1 p 2 , (b)
K 1 K 2 , (c) K 0

SK 0
S, and(d) pp .

the systematicerror of the numberof producedJyc , and
eventselectioncriteria.

Themeasuredparametersin KK channelsarein agree-
ment with the MARK III's results [1]. The measured
branching ratio for the p 1 p 2 decay mode is larger
than the MARK III's upper limit BsJyc ! gj dBsj !
p 1 p 2 d, 2 3 102 5 (95% C.L.) while the branchingra-
tio for the pp decaymodeis within the MARK III's up-
per limit BsJyc ! gj dBsj ! ppd, 2 3 102 5 (95%
C.L.) [1].

In conclusion,our resultsshowthat j (2230)doesexist
and two new nonstrangedecay modesof j ! p 1 p 2

and pp are observed. Thesenew discoveriesgive very
importantevidencefor the identi�cation of j s2230d.

Comparedwith other mesons,j s2230d hasmany dis-
tinctive properties[17]. (1) Flavor-symmetricdecaysto
pp and KK [24]; with the phasespacesremoved,the
decay probability of j ! p 1 p 2 is of the sameorder
as that of j ! K 1 K 2 . (2) Narrow width; the width of
j (2230)is only about20 MeV. (3) Largeproductionrate
in radiative Jyc decays;from the mean values of the
branchingratios of the BES's resultsand the PS185ex-
perimentalupperlimit [6,25] Bsj ! ppdBsj ! KKd,
1.5 3 102 4 (99.9%C.L.) which assumesGj . 10 MeV,
one can roughly estimatethat BsJyc ! gj d is of the
order3 3 102 3 or evenlarger[26]. This meansthat the
productionrate of j in Jyc radiativedecaycould be as
large as or larger than those of some conventionalqq

3504

Now called f J (2220)

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

Near predicted 2++ glueball mass.

NOT observed (JETSET,CBAR) in
�pp ! f K �K ; � � ; : : :g.
NOT seen in BESII (58M J= )

Needs con�r mation!
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The �(1440)Complex

Expect s�s partner of 1++ f 1(1285)and radial excitation of 0� + � 0(958)

Find 1++ state and two 0� + states

J= ! 
 f a0(980)� � � ; �K K ?g

! 
 K SK � � �
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Glueballs: Open Questions

� What is the rate for J= ! 
 f 0(1500)?

– Need many events for robust PWA (Note f 0
2(1525))

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

� Establish �a vor content of the scalar mesons

– Measure J= ! 
 f 0 ! 
 
 V Frank's Talk!

� Thorough dissection of E=� region

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

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

Example: f J (2220)

Less than 15% of
expected sample!

K + K �
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Expected Performance of CLEO-c

Another Example:
Inclusive photons

Less than 6% of
expected sample!
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Conclusions

Many interesting puzzles in meson
spectroscopy for masses between
1.3 and 2.3 GeV/c2.

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!
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