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Abstract -- 

First results from the Crystal Ball experiment (SP-24) are presented. In 
particular a preliminary analysis of 800K events at the J/$(3095) and 190K 
events at the $'(3684) gives new information on the existence of controversiai 
states of the charmonium system. We find no signal for the X(2820). 

Nous presentons les premiers resultats de l'exp&-ience Crystal Ball (SP-24) 
de SPEAR. En particulier une analyse prgliminaire de 800K &&nements au J/$(3095) 
et de 190K &&ements au $'(3684) fournit des inEormations nouvelles sur 
l'existence d'6tats controversgs du charmonium. Nous ne trouvons aucun signal 
correspondant au X(2820). 

(Invited talk presented at the XIVth Rencontre de Moriond, Les Arcs-Savoie- 
France, March 11-23, 1979.) 

* Work supported by the Department of Energy, contract DE-AC03-76SF00515. 
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. . I. Introduction 
* . 

. The need for a device which optimizes the detection of photons originating 
. 

from electron-positron annihilations was foreseen 21 even before the proliferation 

of y-ray spectroscopies from the J, and $' states, and culminated in the production 

of the "Crystal Ball" detector system. As shown in artist's rendition in Fig. 1, 

this system has as its principle component a thick segmented shell of 16 r.1. of 

NaI(TR) surrounding cylindrical proportional and magnetostrictive wire chambers. 

Endccp detectors of 20 r.1. of NaI(TI1) behind magnetostrictive wire chambers 

supplement the main Ball, which covers 94% of 4~ ster., to ?, 98% of 47~ ster. In 

addition (not shown in Fig. l), muon detectors of interspersed iron and propor- 

tional tubes provide a sample (15% of HIT ster.) of such final states around 

%M = 9o”. 

The Crystal Ball was installed at SPEAR in the fall of 1978, and data taking 

began soon after. In this report I will present preliminary results from data 

obtained at the J/$(3095) and J1'(3684) over the past 6 months. 

II. Apparatus 
t 

a) NaI(TR) 
The thick NaI(TI1) shell has an outer radius of 66.0 cm and an inner cavity 

radius of 25.4 cm. It consists of 672 NaI(TI1) polyscin 31 modules 40.64 cm (16 

radiation lengths) in radial thickness, each of which is optically isolated from 

its neighbors and viewed by a separate. phototube. The design of the Crystal Ball 

is based on the mathematics of an icosahedron, a 20-faced solid figure in which 

each face is an equilateral triangle of the same dimension. The projective 

geometry of R. Buckminster Fuller 41 was used to divide the icosahedron (Fig. 2) 

into 4 minor triangles, and then each of these triangles into 9 triangles. The 

720 resulting triangles are imbedded in the surface of a sphere containing the 

vertices of all the triangles. Finally, 24 triangles are omitted in two dia- 

metrically opposite regions in order to admit the electron-positron beams, which 

are made to collide at the center of the shell, and to allow cable access. In 

order to minimize the number of container walls (NaI(TI1) is hygroscopic and so 

must have a hermetic seal), to enhance the energy resolution and detector uni- 

formity, the Crystal Ball is composed of just two hemispherical sections each 

containing 336 NaI(T2) modules. The crystal modules within each hemisphere are 

separated by 0.4 mm of opaque paper and AR which should not absorb significant 

amounts of energy. The fundamental NaI(TI1) unit for measuring absorbed energy , 

subtends Q 0.14 of 4~ ster. . Each unit has been internally compensated so that . 

energy deposited at various points within it produces an output uniform to ? 4%. 

b) Electronics 

In order to fully exploit the inherent precision of NaI(TI1) in y-energy 

measurements, extreme care must be given to the selection of phototubes and the 
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. design of the signal electronics. At SPEAR .the dynamic-range must extend from 

. the noise at 0.05 MeV to at least 4000 MeV with s 1% nonlinearity‘and costs had 

to be kept to a minimum. A fairly complete description of the system which has 

met these design goals is given in reference 5. 

c) Chambers 

The tracking chambers within the Ball are optimized to serve two separate 

functions: precise location of charged tracks and rapid multiplicity-related 

triggeir information. The spark chambers and proportional chambers in the central 

detector are placed in the region between the beam pipe and the inner dome of the 

Ball. The inner and outermost chambers are 2 gap (4 plane) wire spark chambers 

with magnetostrictive readout. In between these two chambers are a double gap of 

proportional wire chambers with both anode readout and cathode strip readout. 

The innermost chamber subtends 94% of 4n ster. while the outer chamber subtends 

71% of 4lr. The MWPC system subtends 80% of 4n ster. 

The double gap of the proportional chambers, with 144 wires apiece, serves 

as the charged particle triggering element in our triggering scheme (cf. Section 

IV). 
Each of 4 NaI(TR) endcap assemblies of 15 modules each'has 4 gaps of spark 

chambers, with magnetostrictive readout, in front of it. Thus the detector has 

charged particle tracking over its entire solid angle of 98% of 4n ster. 

d) Additional Systems 

The detector has an associated luminosity monitor (see Fig. 1) which is 

expected to yield absolute luminosity measurements accurate to + 2%. Also we 

have installed about @CM = 90' an outer hadron muon selector (OHMS) consisting of 

sandwiched proportional tubes and iron slabs.OHMS subtend 15% of 4n ster. and will 

be used for muon identification and r/e separation. 

III. Calibration and Resolution 

Absolute and intercalibration of the 732 modules of NaI(TI1) has proved to be 

the challenge in achieving the design resolution of the device. The presently 

used calibration procedure has been described elsewhere 61 . In Fig. 3 is shown 

the resolution for electrons,obtained using a 54 modules prototype in an external 

test beam5'. The resolution obtained can be approximated well by, 

. 

Also shown in Fig. 3 are results obtained up to now by the full Crystal Ball at 

SPEAR. We find the present resolution to be about a factor of two higher than 

Eq. 1 would indicate. We believe that this discrepancy is caused by intercali- 

bration errors among crystals and we have been developing a light pulser system 

to help solve the problem. As evidence for this hypothesis is presented a study 
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of Bhabha electrons in the detector at E - 1842 MeV (Em - M 
J, 

,). Improvements in 

resolution can be seen in Fig. 4 to result from two sources. The curve shown by 

(+j results from'our standard 63 calibration procedure, and yields AE/E )- = 

9%. Inclusion of the Bhabha electrons themselves in the intercalibration proce- 

dure yields the curve shown by c]it) and improves the resolution to AE,E )FwHM = 

5.6%. This step bears directly on the intercalibration problem. A final correct- 

ion for nonuniformity across the face of each crystal yields the histogram and 

impruves the resolution slightly to AE/E )- = 4.7%. The resolution expected 

from Fig. 3 and equation 1 is PIE/E )- = 2.4%. 

IV. Trigger Rate and General Event Characteristics 

a) Typical Events 

In Fig. 5 is shown a likely e+e- -t P+P- candidate. The mode of represent- 

ation shows all the crystals in the Ball as small triangles; the endcap quadrants 

are shown without segmentation (each quadrant subtends Q 1% of 4~r ster.). Each 

major triangle (bold outline in Fig. 5) corresponds to a face of the underlying 

icosahedron (c.f. Fig. 2). These major triangles, or groups of 36, are numbered 

1 thru 20. The hatched modules surrounding the endcap region are the so-called 

"Tunnel Modules." These modules have the poorest resolution and the highest rates 

of all the Ball modules proper, and so will be treated specially on occasion. 

This event was taken at EcM = 4550 MeV. Each crystal, i, with an energy deposi- 

tion of Ei > 0.5 MeV would show an integer 1-999 ( > 999 = xxx) representing the 

energy actually deposited in the crystal. This is also true for each endcap 

quadrant. What is clear from Fig. 5, and is typically true for all triggers, is 

the total lack of background (spurious energy deposition) in the Ball. Only two 

crystals show energy deposition in Fig. 5, Crystal 13 has 218 MeV and Crystal 420 

has 200 MeV. These energies are expected for minimum ionizing particles passing 

radially thru the Ball (EMin.ion c 200 MeV). The compact energy deposition 

profile left by muons is used to identify muon candidates for constrained events 

(cf. Section VII). 

A very different type of event is shown in Fig. 6. This event is a Bhabha 

at ECM = 7400 MeV, the highest energy run at SPEAR this year. Again the Ball has 

very little spurious energy deposition, however, the high energy electrons have a 

large lateral spread and many crystals show energy deposition. This lateral 

shower spread characteristic is used for photons in determining the direction of 

the photon much more accurately than a single crystal size would allow. For 

example at E = 1842 MeV we presently achieve u ( lo, Oprojected 2, though a single 
Y 

crystal is 'I, 12' on a side. The .angular resolution worsens as E y lowers; at 

Ey Q 100 MeV, < 2 0 u Oprojected Q is presently obtained. 

In Fig. 7 is shown a typical hadronic four charged prong (+3 neutrals) in 
the central chambers. The view shown is azimuthal i.e., a perpendicular section 



-5- 

thru the chambers and beam pipe. In the upper left of the figure is shown the 

energy deposition associated with each track as determined from our online soft- 

Vare. Note: Figs. 5-7 were all obtained during data taking using online software. 

b) Triggers and Rates . 

Our trigger strategy is one of multilevel triggers, each aimed at various 

elements of the possible physics. Table 1 suunnarizes the various triggers and 

their ra_tes at representative energies. Also in Table 1 is a brief description of 

Table 1 
Crystal Ball Event Triggers and Typical Rates 

Trigger 
Name 

Total 

Energy 

Fast 

Trigger 

Multi- 
plicity 

Quark 

"Or" of 
all 
trigger-h 
above 

Requirements 

Single discriminator on 
analog. sum of Ball 
Crystals excluding tun- 
nel modules. Threshold 
‘L 0.3 E, 

A 1 
I 

'(ETop hemi ' Min ionizing) 
l (E Bat hemi > Min 

ionizing) 

'(ETOTAL > 600-800 
MeV) 

l (+ 8ns timing to Beam) 
(Energy in > 2 major 
triangles) z Min ioni- 
zing). (Hit in MWPC) 

(Two "groups of 9" al 
back-to-back with Eg r 
40 MeV) 

l (ETOTiL > 140 MeV) 

Timing of Crystal 
Energy measuring strobe 
defined by beam 
cross in common 

Acceptance E 
m/4ll CM(GeV) 

0.86 3.095(l)) 
(Tunnel 3.684($') 
modules 3.772($") 
not in- 7.40 
cluded) 7.40 

0.94 

(Full 
Ball) 

0.80 
(defined 
by' MWPC) 

0.94 

(Full 
Ball) 

0.8 
-0.94 

3.095($) 

3.684($') 

3.772($") 

7.40 
3.095($) 
3.684($') 
3.772($") 
7.40 
3.095($) 
3.684($~') 
3.772($") 
7.40 

'BEAM 
(W 

4 
8 

11 
14 
35 

4 

8 

11 

35 
4 
8 

11 
35 

4 
8 

11 
35 

3.095(q) 4 0.4 2.2 
3.684($') 8 1.1 2.1 
3.772($") 11 2.0 2.2 
7.40 35 16.8 3.5 

9X& 
See-l 

Trigger 
Rate(Hz) 

0.4 
1.1 
2.0 
4.0 

16.8 

0.4 
t 

1.1 

2.0 

16.8 
0.4 
1.1 
2.0 

16.8 
0.4 
1.1 
2.0 

16.8 

0.7 
0.9 
0.6 
0.3 
1.1 

1.4 

1.1 

1.2 

2.2 
1.6 
1.5 
1.4 
2.9 
1.1 

-- 
0.8 
1.8 

a] A major triangle, or group of 36, contains 4 groups of 9. The back-to-back 
requirement means one group of 9 is diametrically opposite to the other. 

each trigger. These triggers listed are or'ed for the total trigger of the ex- 

periment. The total trigger rate is typically 2-3 Hz in the or. Given the gene- 
rality and large overlap of the various triggers we expect very small systematic 

biases in the resulting event sample. Indeed, we expect essentially 100% effi- 

ciency for triggering on hadronic events. 

c> QED as a check of the apparatus 

In order to check the geometrical acceptance of the Ball, the luminosity 

monitor, and the inefficiency .of the spark chamber system we have made a prelimi- 
nary estimate of the cross section for the process 
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. 
. . e+e- + y-y . (2) 

.'lXs preliminary-result should not presently be used as an independent check of 

QED* 
In Fig. 8 is shown the absolute differential cross section for the process 

of equation 2. The data is from 324 nb -1 at the $'; note that'no contribution 

from $' + yy is expected. (We presently have on tape a total of % 1100 nb" at 

the +')r The Ball acceptance in this analysis has been conservatively limited to 

1 cos 0 1 < 0.6. The data is shown with error bars, the theoretical QED result 

is the curve. Good agreement is obtained to the estimated systematic error of 

* 9%. 
Implicit in the design of the Ball is a flat azimuthal dependence over 2n in 

4* To test for nonuniformity in 0, QED events of the type of Eq. 2 were plotted 

versus 4. In Fig. 9 the 4 distribution is shown where coplanarity of f 5' is 

required between the two final state photons. The figure has a suppressed zero. 

Some azimuthal nonuniformity may be present at the f 5% level; this uniformity 

is sufficient for our present analysis. Note that some nonuniformity is expected 

at 4 = O",1800, the hemisphere boundaries. 

d) Inclusive 71' and n 

In order to check the angular and energy resolution and calibration in an 

hadronically inclusive environment a search was made for inclusive rots at the $' 

and inclusive n at the J/Q. These energies were chosen since large signals were 

expecfed7'. In Fig. 10a is shown the yy mass distribution at the $'(3684) (in 

the mass range 

(3095) (in the 

of ETOT > 2700 

Using the 

of the x0), and in Fig. 10b the yy mass distribution at the J/$ 

mass range of the n). A total energy cut is made at the J/$(3095) 

MeV, also the r" subtracted spectrum is shown in Fig. lob. 

approximate relation, 

Am 1 - si & 
m 2 

\ 
AO yy bd) , (3) 

One expects the r" width to be dominated by angular resolution and n width to be 

dominated by energy resolution. Reasonable agreement with preliminary Monte Carlo 

calculations is obtained for both observed widths using previously mentioned 

angular and energy resolutions. Note that the known meson masses are closely 

reproduced. 

V. Charmonium, Pre Crystal Ball 

In Fig. 118' is shown the state of experimental knowledge of the charmonium 

system as of 1977, the time of the Lepton-Photon Conference in Hamburg. At that 

time much of the charmonium picture made sense except for the glaring incongruity 

of the X(2820) and X(3455)" . . Since that time and still pre Crystal Ball two 
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experiments have added additional information on this subject; the DESY-Heidel- 

,' ber&lol Doris results and Mark II 111 results at SPEAR. These results as well as 

p'revious results 'obtained from reviews 8,121 are shown in Table 2. The problem of 

the X(3455) looks like it has gone away, that of the X(2820) remains; however, a 

new one, X(3591), has emerged. 

Table 2 
Representative J/q, $' Cascade Results Pre Crystal Ball 8,10,11,121 

State 

3.415 

3.455 

3.503 

3.551 

3.59 

(a) 

? < 0.025 

Yes 0.07 f 0.02 

Yes 0.07 l 0.02 

? WV 

(b) 
Br(JI + YX) 
l Br(X + yJI) 

< 0.0025 

< 0.0012 

0.023 f 0.004 

0.013 f 0.003 

0.0018 f 0.0006 (b) DESY-Heidelberg 

No other states are observed for $'. 

Note: upper limits are 90% C.L. 

Experiments 

(a) M P2 S3 D Mark I 
(b) DESY-Heidilberg 

(a) M P2 S3 D (b) Mark II 9 
(a) M P2 S3 D, (b) DASP, 

Mark I 
Pluto, DESY-Heidelberg 

(a) M P2 S3 D, (b) Mark I 
DASP, Pluto, DESY-Heidelberg 

Only one cascade observed for the J/Q. 

$ -t yX(2820) 
I + YY 

Br 9 + yX = 1.4 f 0.4 1o-4 
I + YY 

For inclusive production of the X(2820): 

Br ($ + yX(2820))) < 0.017, M P2 S3 D. 

The preliminary Crystal Ball results presented here have much to add on the 

above issues. 

Shown in Fig. 12 are recently published results from the M P 2 S3 D 
131 Collaboration . Figure 12a shows their inclusive y spectrum obtained from 

% 100 nb-l at the $, Fig. 12b shows the inclusive y spectrum obtained from 

Q 600 nb -1 at the JI', Fig. 12c shows the spectrum of Fig. 12b minus an empirical 

background shown as the dotted line in Fig. 12b. In Fig. 13 is shown a Crystal 

Ball inclusive spectrum, a preliminary analysis of 324 nb -1 at the JI' ( s 180K $' 

events). The contribution of 'tunnel modules and equatorial modules is treated 
. 
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specially in this inclusive spectrum. Note the suppressed zero. This analysis 

: uses < l/4 of our data on tape and does not use our latest intercalibration proce- 

dures. 

VI. Inclusive y Production from $' (3684) 

64 + Y xl 
Figure 14a displays the preliminary inclusive y spectrum from $I', shown with 

an empirical background fit to the spectrum (solid line). An attempt has been 

made to remove x0 contamination from the inclusive spectrum, but up to now our 

procedures have only been partially successful. 0.64 IT"S per event are removed 

on average in the spectrum of Fig. 14a. In Fig. 14b is shown the y spectrum ob- 

tained after the subtraction of the empirical background fit. Using a relative ' 

normalization procedure one can obtain relative rates of the major transitions. 

At the present time full Monte Carlo simulation are not available which would 

allow the calculation of the efficiency for our inclusive y yield. To obtain an 
absolute normalization we normalize our extracted yield of X(3503), the l* state, 
to the results of M P2 S3 D 131 shown in Table 2. Our relatively normalized 
results along with measurements of the y energies are shown in Table 3> 

Table 3 
Preliminary Crystal Ball 9' inclusive y 

X(3503) Yield Normalized to M P2 S3 D 13'.Result 

Previous . Crystal1 

E a] 

(;eV) 

Ball,E bl 

JPC 
Y I 

State (MeV) WV * YX) 

x(3551) 2* 131 f 4 127 f 2 0.06 -f 0.01 

x(3503) 1* 177 f 4 174 l 3 0.071 (Normalized) 

x(3414) 0* 260 f 3 264 f 4 0.07 * 0.01 

x(3455) ? 222 222 f 15 < 0.006 (90% C.L.) 

a] We take the best previous measure of the X energies to be from reference 

14. Ey for X(3455) was calculated. 

b] An estimated 2% systematic error is not included. 

We find agreement in the ratios with previous experiments 13,151 for the well- 

established X states. Our upper limit on inclusive X(3455) production is con- 

siderably stronger than previous results. 

VII. Cascade Radiative Decays of $'(3684) 

($J' +x Y 
I 'YJ, 

I + a+e-) 

In Fig. 15a is shown the state of knowledge of the cascade radiative decays 
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'in late summer of 1977. The data from three experiments are shown ln the plot, 

DASP, PLUTO and SLAC-LBL. At the time of this conference (Moriond) only the 

SLAC-LBL results 141 have been published. On examining the figure, one notes that 

all states shown have been seen by all experiments listed, Indeed the x(3455) 

appears on as strong a basis (or stronger) than the x(3551). Also, the signal 

from the x(3414) seems clear. The theorists were perplexed with these results, 

but the number of confirming experiments was hard to argue against. 

Fnter DESY-Heidelberg lo', Mark* I$'], and the Crystal Ball and a very differ- 

ent picture emerges. Indeed, we are not likely to see a final answer until all 

Crystal Ball data is analyzed sometime late this summer. In Fig. 15b is shown 

the DESY-Heidelberg results. The x(3455) and x(3415) have almost disappeared, 

and a new state X(3591) is claimed. The DESY-Heidelberg results are also shown 

in Table 2. (The recent Mark II results "I are shown in the table for X(3455).) 

In Fig. 16 is shown a Monte Carlo simulation of what one would expect to ob- 

,serve with the Crystal Ball using presently known estimates of branching ratios 

for the well-established X states, and 180K $' decays. The data are presented on 

a log gi vs. log Elow scale to allow optimum observation of the expected Doppler 

broadening of the second y emitted in the cascade. With our presently obtained 

resolution, the Doppler broadening is barely visible, though 2-D fits of our 

.resolution functions indicate a significant Doppler broadening in the real data 

(and Monte Carlo). The preliminary result of our data analysis of 180K $' decays 

is shown in Fig. 17. The observed numbers of events (indicated on the figures) 

is in-excellent agreement with previously observed branching ratios for the well- 

established X states. In Table 4 preliminary quantitative estimates of branching 

Table 4 

Preliminary Crystal Ball Branching Ratios for the Cascade Decays of J1'(3684) 

Crystal Ball 
ET al 

JPC 
Low 

State (MeV) Br($' + yx)*Br(x + ~$1 

x(3551) 2* 128 f 2 0.013 + 0.003 
x(3503) 1* 173 i 3 0.025 f 0.006 
x(3414) 0* -- 0.0009 + 0.0005 (Poor Signal) 
a] Possible systematic error of & 2% not included. 

ratios are made. The simplicity of this final state has allowed Monte Carlo cal- 
culations of acceptance to be completed. The Monte Carlo calculation assumes the 

usually assumed Jp assignment to the x states (see Table 4). Note that both 
electron and muon decays of the J/$(3095) arc included. As mentioned in Section 
IV(a), the p's are identified by their compact pattern of energy deposition in the 

Ball. Also, no kinematic fitting has been performed on the events as yet. The 
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:yy ere' events are 5-C, while the yy u+u- are 3-C. 

. One expects that improvements in energy resolution, kinematic fitting and 

four times the data will make a significant impact on our results. Thus my 

remarks at this conference are guarded. That the X(3455) is much reduced 

from the earlier Mark I result 141 is clear; however, that a state may or may not 

exist in the 3470 region is not so clear from our present results. Also, the 

case for or against the X(3591) must await more data. We see 3 or 4 events in 

this region in Fig. 17 while we would expect about 16 events using the DESY-Hei- 

delberg branching ratios. Thus Table 4 contains numbers only for the well- 

established states. 

VIII. Inclusive y Production from J/@(3095) 
(JI’ + J/JI +Y) 

In Fig. 18 is presented a preliminary inclusive y spectrum obtained from 87K 

J/$(3095)'decays. We presently have on tape 900K J/$ events. The qualitative 

difference of this spectrum as compared to that in Fig. 13 is clear. 

There is no obvious structure from 50 MeV to 1 GeV. A preliminary analysis 

of 300K J/JI decays (no figure) has yielded the result 161 , 

Br(J/$ + y X) < 0.5% (90 C.L.) 
100 MeV < Ey < 1000 MeV. (4) 

The limit is a factor of 3 stronger than previous limits 131 . If one uses the 

DASP12' result for 

Br(J/JI + y X(2820) = l/4 f 0.4 x 1O-4 
I 

(5) 
+ YY 

our limit implies 

Br(X(2820) + yy) > 2.8% (6) 

This result is a factor of 20 higher than expected in simple charmonium 

models17'. 

IX. J/WOW + YYY 
We have performed a preliminary analysis of our full data sample of (910K * 

91K) J/$' (325 nb-l), looking for events of the type 

J/WOW + YYY . (7) 
A total of 3943 y events passed our cuts; a typical such event is shown in 

Fig. 19. As can be seen from the figure, these events are very clean and easily 
recognized. The cuts included requirements of no charged tracks, only three 

particles with essentially the full CM energy of the J/J, measured, and for all 

three photons, I cos 0 
YY 

1 < 0.90 to avoid overlap problems. The geometrical 
acceptances were obtained by Monte Carlo. Each event was kinematically fit (3C 

fit). The resulting Dalitz plot.is shown in Fig. 20. 

The events in the Dalitz plot come from various processes: a) Y + ny, b) J, + 

n'y, c) J, + yyy (Direct decay)., d) e+e- + yyy (QED), and perhaps, e) J, + X(282O)y. 
In Fig. 21 is shown the low mass projection of.the Dalitz plot of,Fig. 20. 
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The data are displayed VS. M rather than M2 for ease of comparison. A clear n and 

J 

. n' signal is seen. The calculated QED yield ( (d) above) is shown as a dotted 

' iine. After correction for QED, and acceptance we obtain. 161 

Br(J/J, + yn) - (1.02 f 0.17) x 10-3, (8) 

Br(J/JI -c yn’) - (5.9 * 1.5) x loo3 

Br(J/$ + YO’)/ Br(J/J, + yn) - 5.8 & 1.4 (10) 
The ny branching fraction and resulting ratio of yn' to yn are higher than the 

other experiments by about a factor of two. These results as well as those follow- 

ing for the X(2820) have been obtained by direct use of the projections of the 

Dalitz plot, and by a two-dimensional fit of processes a) + e) above to the Dalitz 

plot. Both techniques yield the same results to within 10%. 

In Fig. 22 the high mass projection of the Dalitz plot is shown. Calculated 

absolute values for yn and yn' (processes (a) and (b) above) are shown. The QED, 

n and n' calculations used a Monte Carlo and so the results fluctuate. In this 

preliminary analysis no X(2820) signal is observed. Given the DASP result (cf. 

Table 2), and an X(2820) narrower than our mass resolution of $ 25 MeV,FWHM in 

this mass region, we would expect to observe 53 events in 2 bins centered on 2820. 

We observe 6 events above background yielding 161 

Br(J/$ + y X(2820)) < 0.3 x lo-4(9o% C.L.U.L), (13) 
I 

* YY l 

X. Conclusions 

Though these results are preliminary, their general trend is to give new 

hope for the simpler charmonium models. The apparent absence of X(2820), the 

much smaller branching ratio for X(3455) than previously reported are supportive 

of naive charmonium. However, the pseudo-scalars are a necessary element of the 

model; their existence must be established if the theory is to be believed. 

The search for these states is a major part of the Crystal Ball program and 

we expect some answers soon. 

1) 

2) 
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