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1. Introduction 

The DORIS II machine has been operating for physics since the end of 1982, 

with an average luminosity of over 500 nb-l/day delivered on a routine basis for 

the last two years (single days as high as 1600 nb-’ have been achieved). The 

data sample discussed below consists of about 30 pb-’ on the lS, 65 pb-l on 

the 2S, and 20 pb-’ on the 4s and continuum. Figure 1 shows the T system 

radiative transitions to be discussed in this report. The 77 physics discussion 

will concentrate on two photon final states. 

2. Radiative Transitions, T -+ yX 

In the summer of 1984 the Crystal Ball Collaboration first reported evidence 

for a narrow state at about 1 GeV photon energy, in radiative T(lS) decays 

corresponding to a mass of 8.3 GeV’: 

B [T(ls) + 75@.3)] B [S + hadrons ] = (0.47 f 0.11 f 0.26)% , (1) 

where the first error is statistical and the second is systematic, depending heavily 

on the model of the decay for the proported <. This result was obtained from 

1OOk T decays. 

In the Fall of 1984 more data was taken both at DORIS and CESR, and the 

1 GeV photon signal did not reproduce in the new Crystal Ball data2 with 200k 

T decays collected, nor was the state seen by any of the other detectors: ARGUS, 

CLEO, and CUSB. The values obtained by CUSB3 and CLE04 are respectively, 

B [T(lS) --+ 7<(8.3)] 5 0.1%(90% C.L.), and, < 0.3%(90% C.L. ) . (2) 
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Figure 1: The radiative transitions discussed in this report are shown as dashed 
lines from the Y (lS), Y (2s) and the xl states. 
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There is nothing new to report from the Crystal Ball at this time; however, 

there are new preliminary results to report from the ARGUS detector. 

The basic technique used by all experiments was a search for narrow peaks in 

the inclusive photon spectrum from the T( IS). The detector’s photon energy res- 

olution and photon efficiency limits searches of this type along with the statistics 

- of the experiment: 

90% C.L. Limits = 1.3SN/ [E x #T(lS) decays ] , (3) 

where 6N is obtained by fitting the inclusive photon spectrum (after cuts have 

been made) to a “signal” plus polynomial background. A useful1 approximate 

relation yielding 6N is given by, 

6N=fi(l+ (G aussian Resolution)/(Bin Width)) , (4 

where N is the number of counts per bin averaged over the region being fit. 

The c in Eq. (3) is the efficiency for detecting the photons after all cuts. In 

the case of the Crystal Ball detector us, ARGUS: For the CB, UE - 27 MeV 

at 1 GeV, using the NaI(T1); while for ARGUS, oE - 1OMeV at lGeV, using 

converted photons. However, cc~ - 0.2 (cut and model dependent), while for 

ARGUS, EARGUS - 0.02 (7 conversion to e+e- in thin radiator). Using Eq. (3), 

we see that the CB and ARGUS should be roughly comparable in sensitivity for 

observing a narrow state at about 1 GeV photon energy give the same number 

of upsilon decays. 
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3. ARGUS Preliminary Results on the Search 

for Narrow Resonances in T’( IS) -+ 7 X 

Using about 200k T(lS) decays, the ARGUS collaboration has looked in the 

inclusive photon spectrum in two ways obtaining limits on the branching ratio to 

narrow states.5 The first measurement used converted photons produced in the 

beam pipe, a thin converter (a few percent of an r.l.), or the inner wall of the 

drift chamber. The cuts applied were as follows: 

l Two tracks of opposite sign produced at a common vertex in the beam 

pipe, converter, or the inner wall of the drift chamber are required. 

l A low x2 for the fit is required. 

l The angle between the pair of tracks must be less than 18’, and pl of the 

charged tracks with respect to the reconstructed direction of the converted 

photon is less than 0.02 GeV/c. 

l The pair mass, me+e- 5 0.05 GeV/c2 is required. 

l The e+e- are identified using DE/DX and/or TOF. 

l A r” subtraction is made using Econversion - Eshower, where Eshourer is ob- 

tained from the ARGUS Pb-scintillator shower counters. 

The resulting efficiency is shown in Fig. 2(a) as the dotted lines. The photon 

energy resolution obtained is 10 MeV at 1 GeV. 

To check the quality of the reconstruction procedure, the invariant mass 

spectrum of two converted photon was studied by the ARGUS group. Figure 2(b) 

shows the result of this study. A clear TO-signal is observed with a fitted mass 

for the r” of 134.8 f 0.6 Mev/c’, in excellent agreement with the table value. 
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Figure 2: a) The efficiency for detecting conversion photons, in the ARGUS 
detector, with a 7r” mass cut (dotted lines) and without a r” mass cut ( solid 
lines). Curves are shown for the 1983 and 1984 1s data; the 1984 efficiency 
is somewhat higher since a thicker radiator was used in that run. b) The 7~’ 
mass peak obtained from using multiple converted 7’s per event in the ARGUS 
detector. 
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The resulting inclusive photon spectrum from converted photons is shown in 

Fig. 3(a), and the derived upper limits in Fig. 3(b).5 The results shown in this 

report are preliminary. No significant signal is seen, and the upper limit obtained 

at the < mass for the radiative branching ratio is 0.25% (90% C.L. ). 

The ARGUS collaboration has also used the Pb - scintillator shower coun- 

ters to measure the inclusive photon spectrum from T(lS) decays. Only photons 

detected in the “barrel” shower counters (I cos tJ I< 0.7) were used because 

the background from radiative Bhabha scattering is negligible in this region. 

This requirement has the further advantage of improving the energy resolu- 

tion, which is better for the barrel region than for the endcap shower counters 

(0.7 51 cos B 15 0.94). Th e resolution for the barrel counters is, 

$ = 4-wll%atlGeV . (5) 

Energy clusters resulting from the overlap of charged and neutral particles in 

neighboring shower counters are identified by the analysis program and removed 

from further consideration. The main background to the prompt inclusive pho- 

ton spectrum results from photons from ~~ decay. In the ARGUS analysis this 

backgound is suppressed by two cuts, which turn out to be most effective in dif- 

ferent energy regions. To reject energy clusters formed by overlapping photons 

from r” decay, transverse cluster shape cuts are used. This cut is most effective 

in the high energy part of the photon spectrum (Er > 0.9 GeV). To suppress 

the contribution from low energy r” decays, all photons pairs which form a 77 

mass near the r” mass are removed. This cut reduces the background mainly in 

the low energy part of the photon spectrum (Er 5 1GeV). Figure 4(a) shows 
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Figure 3: Inclusive photon spectrum from the T(lS) for the ARGUS experi- 
ment. Part (a) shows the spectrum observed with the converted photons for the 
1984 data and with a r” mass cut. Part (b) h s ows the upper limits obtained 
from the converted photon data, but by using both 1983 and 1984 data. 
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the measured photon spectrum after application of the cuts. No significant nar- 

row peak is observed. Figure 4(b) h s ows the preliminary upper limits obtained 

by the ARGUS Collaboration from the spectrum of Fig. 4(a). At the c mass 

a preliminary limit of 0.17% (90% C.L.) is obtained on the radiative branching 

ratio. 

In summary, all experiments with results on the inclusive photon spectrum 

of the T(lS) (ARGUS, CLEO, Crystal Ball, CUSB) have now presented at least 

preliminary upper limits, and none reproduce the 1984 Crystal Ball evidence for 

a narrow line at about 1 GeV. 

4. Radiative Decays from the ‘T(2S) 

The results discussed in this report were obtained by the ARGUS,6 CLE0,7 

Crystal Ba11,8 and CUSBg experiments. These detectors can be classified as 

magnetic (ARGUS, CLEO), and NaI(T1) (Crystal Ball, CUSB). Both magnetic 

detectors are of the general purpose type employing a magnetic field of about 

ITesla, good charged particle tracking and momentum resolution using drift 

chambers, and fair resolution for electromagnetically showering particles using 

shower calorimeters (see Table 1). A dramatic improvement of the photon en- 

ergy resolution, at a severe cost in efficiency, can be made by using e+e- pairs 

from converted photons. The conversion may take place either in the beam pipe 

plus the inner wall of the drift chamber, or in a separate converter placed close 

to the beam pipe. 
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Figure 4: Inclusive photon spectrum from the T(lS) for the ARGUS exper- 
iment. Part (a) shows the spectrum observed with the barrel shower counters 
after a shower shape and a TO maSs cut. Part (b) s h ows the upper limits obtained 
from the barrel shower counter data in part (a). 
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TABLE 1. Detector parameters relevant to inclusive and exclusive photon 
measurements for x*-state radiation transitions. The aP refers to the momentum 
resolution for charged tracks obtained using drift chambers only. The CJ~ is the 
energy resolution for electromagnetically showering particles in the shower coun- 
ters. For the detector-specific approaches to inclusive analyses (see text), typical 
resolution (or) and efficiency (q) values at 100 MeV are shown. 

I I- ARGUS / CLEO 1 CRYSTAL BALL1 CUSB 

Magnetic Field 0.8T l.OT 

dPww (%6) - 1.2 x p - 1.2 x p 

aE/E(GeV)(%) (72 + 82/E)1/2 17/E1i2 

OE7 at 100 MeV 1.1 MeV 

ey at 100 MeV 0.2% 

2.5 MeV 

2% 

4.8 MeV 

15% 

7.1 MeV 

13% 

The NaI(T1) detectors are optimized for the detection of low energy photons. 

However, with presently operating detectors, the best photon resolution is ob- 

tained by the magnetic detectors, via photon conversion, in the low energy range 

of the x*-state transitions. 

Figure 5 shows the energy dependence of the photon energy resolution (part (a)), 

and efficiency (part (b)) in a multihadronic final state environment. The supe- 

rior energy resolution of the magnetic detectors over this energy range is ap- 

parent. This is to be contrasted with the very low and rapidly varying photon 

detection efficiency for the magnetic detectors. The NaI(T1) detectors have a 

relatively large efficiency which only has a weak dependence on the photon en- 

ergy. Therefore, one might expect complementary results from these two classes 

of detectors: more accurate branching ratios, and cascade measurements from 

the NaI(T1) detectors, and better measurement of the xb-state masses from the 
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Figure 5: Approximate photon energy resolution functions, part (a), and ef- 
ficiencies, part (b), for photon energies in the range of the xb-state transition 
energies for the four detectors discussed in the text. The non-magnetic CUSB 

_ and Crystal Ball detectors use NaI(T1) t o measure the photons, while the mag- 
netic detectors measure the e+e- pairs from converted photons. 
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magnetic detectors. How well each pole is realized will depend on the separation 

of the xb-states achieved, the statistical significance of the observed lines, as well 

as other details. 

All four experiments have obtained results on the radiative transitions 

w3) + 7Xb J. The transitions can be studied in two ways, either by observing 

the inclusive photon spectrum, or by analyzing the fully exclusive cascade decay. 

In the latter case, the xbJ state is required to decay radiatively to the T(lS), which 

in turn is required to decay into two muons or two electrons. As mentioned above, 

only the NaI(T1) detectors are able to study the exclusive cascade reaction. 

The first results on the xi states were reported by the CUSB detector,g and 

later by CLE0.7 (Note that CLEO has reanalyzed their data and their latest 

results are presented in this report.) Figures 6(a) and 6(c) shows the results on 

the inclusive photon spectrum from these two detectors. Both experiments agree 

well on the position of the two lowest energies at about 108 and 128 MeV; how- 

ever, the third line is only poorly measured at best. CUSB unfolded the energy 

of the line from their spectrum at an energy of about 149 MeV. CLEO had an 

indication for a line at about 165 MeV, but with less than two standard deviation 

significance. If the “bump” in the CLEO spectrum at about 149 MeV is forced to 

coincide in energy and branching ratio with the CUSB values, consistency with 

the data is obtained within error. Thus more measurements were needed to settle 

the question of the third line. 

The Crystal Ball had the necessary energy resolution and by the summer of 

1984 had accumulated enough statistics to make a significant measurement of 

the third line.8 Impressive results from ARGUS6 soon followed which confirmed 

the Crystal Ball results, and provide the best measurement of the energy of the 
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Figure 6: The T(2S) inclusive photon spectra from the experiments discussed 
in the text and in the order of improving photon resolution. a) Results from 
the CUSB experiment; the background subtracted spectrum is shown below the 
full spectrum. b) Results from the Crystal Ball experiment; the background 
subtracted spectrum is shown below the full spectrum. c) Results from the 
CLEO experiment using converted photons. The bump at 149 MeV in the fit is 
forced to coincide in energy and branching ratio with the corresponding CUSB 
measurement. The fit prefers a photon energy of about 165 MeV. d) Results from 
the ARGUS experiment using converted photons. Note the very good energy 
resolution in this energy range of about 0~ - 1.1 MeV. 
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lines. Figures 6(b) and 6(d) show these spectra. The two measurements from 

DORIS II confirm the original CESR measurements on the two lowest energy 

lines. The highest energy third line is firmly established at about 162 MeV. 

Table 2 collects the results on the photon energies and branching ratios, while 

a plot of these measurements is given in Fig. 7. The energies obtained in inclusive 

and exclusive (see the-next section) reactions by the NaI(T1) detectors have been 

averaged using weighted means. Statistical and systematic errors have also been 

combined in quadrature to allow an easier comparison. The last row of Table 2 

shows the average of all measurements. The CLEO value on the third line are 

omitted from the averages as this line was claimed as not significant in their data. 

Although the CUSB highest energy line disagrees with the other experiments, the 

average energy and branching ratio change very little (within the errors) when 

the CUSB values are excluded. This is due to the relatively precise measurements 

of ARGUS, and the similarity in all branching ratios for the third line. 

Although all experiments agree on the energies of the two lowest transitions, 

the branching ratio results from the magnetic detectors appear systematically 

higher than those from the NaI(T1) detectors, though the errors are large. This 

may be due to a systematic difference in the results from the two types of detec- 

tors, for as described above, a small and rapidly varying photon efficiency is a 

characteristic of the magnetic detectors in this photon energy range relative to 

the NaI(T1) detectors. 
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Figure 7: The measurements of T(2S) + 7 xi : Er and branching ratios 
from the four experiments are shown and discussed in the text. Plotted is the 
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TABLE 2. Photon energies and branching ratios measured by the 
four experiments discussed in the text. Note that the results on the 
photon energies from the NaI(T1) detectors are an average of their 
inclusive and exclusive results. Weighted means are used to calculate 
the overall world averages. The measurements by CLEO on the high- 
est energy line are not included in the average, as their data do not 
unambiguously imply this state. 

Experiment I Photon Energy (MeV) Branching Ratio (%) 

110.6 f 0.9 

ARGUS 131.7 f 1.1 

162.1 f 1.5 

109.0 f 0.7 

CLEO 128.6 f 1.0 

(165.1 f 2.8) 

108.2 f 1.6 

CRYSTAL BALL 131.4 f 1.5 

163.8 f 3.1 

107.7 f 1.5 

CUSB 128.0 f 1.3 

149.4 f 5.0 

109.3 f 0.5 

Average 130.0 f 0.6 

161.6 f 1.3 

9.8 f 3.2 

9.1 f 2.8 

6.4 f 2.1 

11.4 f 2.1 

7.8 f 1.9 

(3.0 f 1.8) 

5.8 f 1.2 

6.5 f 1.4 

3.6 f 1.2 

6.1 f 1.4 

5.9 f 1.4 

3.5 f 1.4 

7.0 f 0.8 

6.8 f 0.8 

4.0 f 0.8 

17 



5. The Cascade Reaction and the Spin of the xb-states 

Results on the cascade reaction, Y(2S) + 7~; + 77Y(lS) + 77 e+e- 

and p+p-, were first obtained by the CUSBlO experiment. These results have 

been confirmed by the Crystal Ball. l1 Figure 8 shows the results from both ex- 

periments. Only the two lowest lying photon transitions are seen in this reaction. 

Only upper- limits are available for the third line. The value obtained from the 

Crystal Ball experiment for the cascade branching ratios are, 

qq2s) +7 x;] x qx; + 7 Y] = (1.6 f 0.3 f 0.3)% , 

BR[T(2S) -7 xf] x BR[Xf + 7 r] = (2.1 f 0.3 f 0.4)% , 
(6) 

and 

BR[T(2S)+ 7 $1 x BR[$ -7 r] < 0.2% (90% C.L.) , 

where, a, p and 7 indicate the lowest to highest energy first photon transitions. 

Combining the above numbers with the Crystal Ball inclusive photon branching 

ratios yield, 

BR(x; -+7T(lS)) = (27 f 6 f 6)% , 

BR(xf +7T(lS)) = (32 f 6 f 7)% , 
(7) 

and 

BR(x; + 7T(lS)) 5 6% (90% C.L. ) . 

The angular correlations of the photons emitted in the cascade decay depend 

on the spins of the xbJ states. Though the statistics are limited, the good separa- 

tion of the two states and the low background in the Crystal Ball results allows a 

convincing, though model dependent, determination of the spin of the xb states 

to be carried out.12 
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Figure 8: The T(2S) exclusive cascade spectra from the a) CUSB experiment, 
and b) Crystal Ball experiment. The lower of the two photon energies is plotted 
us, number of events per 5 MeV. 
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Given the limited statistics, an attempt is made to extract the maximum 

information about the xb spins by analysing the full angular correlation in the 

cascade reaction. The full angular distribution is described by six independent 

angles (the directions of the two photons and the directions of the two leptons - 

back to back in the T(lS) rest frame). The angular distributions also depend on 

the xb spin (J), the reIative strength of the transition multipoles, and the e+e- 

beam polarization (measured at the T(2S), by the Crystal Ball experiment using 

the angular distribution in e+e- + p+p-, to be P = 75 f 5%). 

The analysis was model dependent in a few ways. First, in accordance with 

the quarkonium model, only J = 0, 1,2 for the xi states were considered. Second, 

relying on non-relativistic approximations, the transition matrix elements were 

assumed to be electric dipole for both cascade transitions. Crystal Ball results on 

the charmonium system,13 indicate dipole dominance within large errors. The 

bottomonium system, being less relativistic than charmonium, is expected to 

have the higher multipoles suppressed by an order of magnitude14 as compared 

to charmonium. 

After the transition multipoles and the beam polarization value are fixed, the 

angular distribution in the cascade transitions depends only on the x{ spin. The 

theoretical formulae for these distributions can be found in Ref. 14. 

In the standard bottomonium model, Ja = 2 and Jp = 1 (for $, xf). One 

expects that the relatively rapid varying angular distribution for J = 0 as com- 

pared to J = 1, 2 will allow exclusion of J = 0 for these states. The first step of 

the Crystal Ball analysis is thus to use the logarithmic likelihood for J = 0, 

1 N 
iv c h-8 WT=O (%) , 

i=l 
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as a test function for testing the different spin hypotheses. In Eq. (8) the ni 

denotes the measured values of all six independent angles in the ith event, N is 

the number of events in the data sample and WJ(C&) is the theoretical formula 

for the angular correlation function for spin J. 

To obtain the theoretical distributions, Monte Carlo (M.C.) events were gen- 

erated according to each spin hypothesis. The generated events were passed 

through a simulation of the detector, and the same cuts were then applied as to 

real events. Typically 70k M.C. events were processed for each case of a given 

test function and spin assumption, and a mean and u for the assumed Gaussian 

likelihood function were estimated. In one case lo6 events were generated and 

the surviving M.C. events were grouped into a large number of experiments with 

the same statistics as found in the true data sample. The likelihood functions 

obtained in these cases were Gaussian to the few o level (limited by statistics). 

Due to the limits of computer time the full detector simulation was not used for 

the lo6 event test case. 

The experimental data sample was obtained by essentially splitting the two 

observed peaks down the middle. There is a small background of about 12% for 

the x: and 6% for the $ states coming mainly from the finite energy resolution 

of the NaI(T1). The data are evaluated for the same test function as the M.C. 

events yielding one value per test function. Figures 9(a) and 9(b) show the result 

for the test function for spin 0 on the x: and xf data samples respectively. The 

curves are the (assumed Gaussian) distributions for the various labeled M.C. The 

J values evaluated are under the J = 0 test function. Spin 0 is excluded for the 

two states with C.L.> 99.5%. 
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Figure 9: Likelihood tests for the spin of the xbJ states using the 7-y Z+Z- 
cascade T (2s) events from the Crystal Ball. The single experimental value is 
compared through the indicated test functions (see text). The x: state results 

from the lower energy first photon, the xf state the higher energy photon. a) 
Tests for spin 0 of the x: sample; predicted spin is J=2. b) Tests for spin 0 of 

the xf sample; predicted spin is J=l. c) Likelihood ratio tests for the xr sample; 

predicted spin is J=2. d) Likelihood ratio tests for the xf sample; predicted spin 

is J=l. e) Likelihood ratio tests for the combined data of the x: and X! samples; 
predicted spins are Ja = 2, .Jp = 1. 
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One may apply other test functions to distinguish between J = 1 and 2. A 

standard test functionr5 is given by, 

+ 5 zn[WJ=2(n;)/wJ=l(ni)] . (9) 
i=l 

Figures 9(b) and 9( c s ) h ow the result for this test function on the x: and xf 

data samples. The data favor the spins expected in the quark model; however, 

this test does not strictly rule out the reverse spin assignments. 

A decisive test can be made under the assumption that only J=l and 2 are 

the remaining possibilities to be assigned to xr and $. In this case the test 

function used is, 

1 N, 

E NC2 + NP i=l 
In [wJ=2(%) /wJ=l (f-h)] 

+&n [wJ=l(%) /wJ=,(ni)]} - 

(10) 

i=l 

Figure 9(e) shows the results of the comparison of the data with this com- 

pound test function. The wrong spin combination is ruled out at C.L. > 98%. 

Thus the values expected in the quark model of Ja = 2 and Jp = 1 are obtained. 

Additional information concerning the spins of the x: states comes from the 

inclusive radiative transition rates. Under the assumptions of the applicability 

of the non-relativistic quark model and dipole dominance for the transitions 

from the T(2S) to the xl states, the relative “strengths” of these transitions are 

proportional to E: (2J + 1). If relativistic and mixing effects are neglected, the 
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matrix elements for the transitions should be the same for all three xi states, 

4 PJf + 1) 2 Iys -e) = - g (2 J. + 1) Q a 1 Eif I2 E; ’ a 

and 

cm 

Eif = 
/ 

dr r3 pi (4 tif (r,] * 
0 

(11) 

Using the rates measured by the Crystal Ball the results of Table 3 are 

obtained. Not all cases are shown in the table and those shown are representative. 

This test, which has somewhat different operative assumptions than the cascade 

angular distribution test, also strongly favors the quarkonium model predictions 

for the xi state spins, i.e., J, = 2, Jp = 1 and J, = 0. 

TABLE 3. The ratio of inclusive photon branching ratios of the Crystal Ball 
to (2Jf + 1) x Et, relative to the 13Pr, ratio. This ratio of ratios is examined 
us, the assumed J order for the xi, xf, and xi states, where xr is associated 
with the lowest energy first photon transition, xz the highest. The expected 
quarkonium J order of 2, 1, 0 yields ratios consistent with 1 within error; 1 is the 
value expected in the non-relativistic quarkonium model. Other J orders yield 
ratios not consistent with 1. The values shown in the table are representative of 
all J orders, with only J order 2, 1, 0 yielding ratios consistent with 1. 

J Order 
xa,xP X7 b b’ b 

BR(2’S1+13P~) 
{ ( 2Jf+l)xE; } divided by {BR(2~~$‘3P1’} 

f 

I 2, 1, 0 1 0.89 f 0.27 : 1 : 0.84 III 0.33 

1, 2, 0 2.46 f 0.74 : 1 : 1.40 f 0.55 

0, 1, 2 4.92 f 1.21 : 1 : 0.15 f 0.06 
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6. Meson Formation by Photon-Photon Collisions 

The Crystal Ball has looked for meson formation in photon-photon collisions16 

where the meson decays into two or four 7’s. The events are not tagged; the cuts 

used to establish the 77 origin of the events are as follows: 

0 all neutral final state 

l approximate pl - balance in the event. 

The possible final states for four photons are 7r”ro, ?r”q, vq,... . Examination 

of 110 pb-l of data has resulted in measurements of the properties of A2 and 

6 (980) formation, l’ which have recently been published. 

The Crystal Ball has also investigated the two-photon final state to determine 

the 77 coupling of pseudoscalar mesons. In a run with special trigger conditions, 

6.8 pb-’ were taken to investigate the reaction 77 + r” + 77. As the en- 

ergy seen in the detector is very low, background from beam-gas reactions is 

important and has been measured in runs with separated beams. The 77 mass 

spectrum is shown in Fig. 10(a) before beam-gas subtraction. Signals at the 

To, rl, and q’ masses are seen (the q and 7’ are marginal in this data using the 

special trigger, but have been clearly seen when adding in all available data). 

Figure lo(b) h s ows the region of the r” peak after beam-gas subtraction. A fit 

yields 124 f 22 ?y” events; the resulting mass and sigma of the r” peak are 

134.6 f 1.0 MeV, and 5.1 f 0.9 MeV respectively. This yields a total width 

r 7ro = (7.9 f 1.4 f 1.6) ev (preliminary). l6 At the time of this conference, 

more data with the 7~~ trigger are being taken, there is however no hope to sur- 

pass the accuracy of the result of Ref. 18. The purpose of this investigation is to 
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Figure 10: Two-photon final state from photon-photon collisions using the 
Crystal Ball detector. a) The 77 mass spectrum from the 7r” to the q’. b) The 
region of the 7r” after background subtraction using separated beam data and 
showing the fit to the data used to extract the number of K”S. 
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cross-check the method of 77 scattering for e + - storage rings in general and the e 

analysis of all-photon final states in the Crystal Ball experiment in particular. 

7. Conclusions 

l The existence of the ~(8.3) is very unlikely given the recent preliminary 

results of the ARGUS, Crystal Ball, and CUSB experiments (CLEO results 

are less restrictive). 

l The energies and transition rates for the xi states have been well measured. 

There are three states. 

l The spins of the xi states are as expected in quarkonium models. 

l Two-photon interactions continue to be a productive source of information 

for mesons with mass less than 2 GeV. 
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