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1. Introduction 

The DORIS II machine has been operating for physics since the end of 1082, 

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 SO pb~* ort the IS, 65 pb~* on 

the 2S, and 20 ph"1 an the 45 and continuum. Figure 1 shows the T system __ 

radiative transitions to be discussed in this report, The ft physics discussion \ ~ " J 

will concentrate an two photon final states. 

Q 
2. Radiative Transitions, T —* *tX 

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(IS) decays 

corresponding to a mass of 8.3 GeV1: 

B [T(1S) -* 7f(8.3)j B [f -» hadrons | « (0.47 ± 0.11 ± 0.26)96 , (1) 

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

on the model of the decay for the proported f, This result was obtained from 

100k 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 data3 with 200k 

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

CLEO, and CUSB. The values obtained by CITSB3 and CLEO* are respectively, 

B [T(1S] ~» 7f(8.3)] < 0.196(9058 CL.), and, < 0.39G(009g C.L.) . (2) 
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Figure 1: The radiative transitions discussed In this report are shown as dashed 
lines from the T(1S), T(2S) and the xf states. 
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There in nothing new to report from the Crystal Ball at this time; however, 

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

The basic technique uaed by all experimente waa a search for narrow peaks in 

the inclusive photon spectrum from the T(1S). 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 * 1.3&N/ [c x #T(1S) decays ] , (3) 

where SN a obtained by fitting the inclusive photon apectram {after cuts have 

been made) to a "signal" plus polynomial background. A usefull approximate 

relation yielding 6N is given by, 

SN as V7?(l + (Gaussian Reaolution)/(Din Width)) , (4) 

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

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

the case of the Crystal Ball detector tw, ARGUS: For the CO, <*B ~ 27 MeV 

at 1 GeV, using the NalfTl); while for ARGUS, oB ~ lOMeV at iGeV, using 

converted photons. However, tee ~ °-2 ( c a l a n *l model dependent), while for 

ARGUS, CAUCUS ** 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 
far Narrow Resonances in T(1S) —• 7 X 

Using about 200k T(1S) decays, the ARGUS collaboration baa looked in the 

inclusive photon snectramm two ways obtaining limits on the branching ratio to 

•tea.';The fin* measurement need converted pinions produced in the 

1 pcpa,' a thin converts fa few percent of an t±)t or the inner wad of the 

drift chamber. Tie cut* applied were as follows: 

• Two tracks of opposite stgn^prodnced at a common vertex in the beam 

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

• A low x'lbr the fit u required. 

• Theangle between the pair of tracks must be leas than 18", and pj. of the 

charî td tracks with respect to the reconstructed direction of the converted 

jihotea la Ian than 0.02 GeV/c 

• The pair mass, m«+«- <Q.05 GeV/c3 is requited. 

• The e+«~ are {dentmed lattuj/DS/DX and/or TOP. 

• A «° subtraction ia made using Etanaanm. ~ £ikmtri where Ettumtf is ob­

tained from the ARGUS Pb-sdntillator shower counters. 

The resulting effidency is shown in 1%. 2(a) aa the dotted Unes. The photon 

resolution obtained w-10 MeV at 1 GeV. 

To cheek the quality of the reconstruction procedure, the invariant maw 
' , . l". 

epectruraef two converted photon was studied by the ARGUS group. Figure 2(b) 
t . %",• • • • • . 

shows the reanlt'of this study, A clear x*Mgfwl is observed with a fitted mass 
far the «° of 184.8 ± 0.6 Mer/e 1, in excellent agreement with the table value. 
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Figure 2f m) Th« efficiency for detecting conversion photons, in the ARGUS 
detector, with a ir° man cut (dotted lines} And without a »° man cat ( solid 
lines). Curves an shown for the 1983 and 1984 IS data; the 1984 efHciency 
is somewhat higher since a thicker radiator was used in that run. b) The JT° 
mass peak obtained from using multiple converted 7*5 per event in the ARGUS 
detector. 
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The multios indutive photon spectrum hem converted photons is shown In 
. • \ \ • : • • 

Fig. 3(a), and the derived upper limits in Fig. 3(h)-8 The results shown in this 

report am pxeumm\ry. No significant signal is seen, and tho upper limit obtained 

at the ftnassJbrUw radiative b r s n ^ ^ 

The ARGUS coltaboratioa has also used the Pb - scintillator shower coon-

ten to measure the indtadve photon spectrum from T(1S) decays. Only photons 

detected in the *baireP shower counters (| ee* t | £ 0.7} were used because 

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

This requirement has the farther advantage of improving the energy resolu­

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

(0.7 £ | cos S |< 0,94). The resolution for the barrel counters is, 

2E = /̂(7S6)» + (8S6)*/£~1196 it lGeV . (5) 

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

neighboring shower counters are identified by the analysts program and removed 

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

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

bftckgound hi 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 »° decay, transverse duster shape cuts ate used. This cut is most effective 

In the high energy part of the photon spectrum { £ , > 0.9 GeV). To suppress 

the contribution from low energy *° decays, all photons pairs which form a 77 

mam near the JT° mass are removed. This cut reduces the background mainly in 

the low energy part of the photon spectrum ( £ , < IGcV). Figure 4(a) shows 
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Figure 3: Inclusive photon spectrum from the T(1S) for the ARGUS experi­
ment. Part {a) show* the spectrum observed with the converted photons for the 
1084 data and with a ff° mass cut. Part (b) shows the upper limits obtained 
from the converted photon data, but by using both 1983 and 1D84 data. 
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the meaauied photon spectrum after application of the cute. No significant nar­

row peak it observed, figure 4(h) shows the preliminary upper limits obtained 

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

a preliminary limit of 0.1796 (90% C.L.) is obtained-on the radiative branching 

satin, •; 

Li sommary, all caroeriments with results on the inclusive photon spectrum 

of the T(1S) (ARGUS, CLEO, Crystal Ball, CUSB) have now presented at least 

." prefimmary upper Bants, and none reproduce the 1984 Crystal Ball evidence for 

- a narrow line at about lGeV. 

4. Radiative Decays tram the T(2S) 

The results discussed in this report were obtained by the ARGUS,* CLEO,7 

Crystal BallB and CUSB9 experiments. These detectors can be classified as 

magnetic (ARGUS, CLEO), and Nal(Tl) (Crystal Ball, CUSB). Both magnetic 

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

iTesta, good charged particle tracking and momentum resolution using drift 

chambers, and fair xesofut»oa fair eJectninsaaeticaUy showering particles using 

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

ergy lesolction, at a severe cost In efficiency, can be made by using « +«~ pairs 

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

pins the inner wall of the drift chamber, or b> a separate converter placed close 

to the beam pipe. 
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Figure 4: Inclusive photon spectrum from the T(lS) Tor the ARGUS expcr> 
iment. Part (a) shows the spectrum observed with the barrel shower counters 
after a shower shape and a w° mass cut. Part (b) shows 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 
measuremente for x^-state ndblioa taansttknuu Tlieo, retemt*U»inonieBtuni 
resolution for H M ^ fnHw oMamgd wring drift fh""*~"">fr The <r, is the 
energy resohUkiP for •Wtw^mg—tfr^lly . t t « M T h . B parBflmt in ttw Aawi f M M . 
tees. Forth* d«tectoiHtpecific apiMoachesto InctaalveaiMrjrMfl (see text), typical 
resolution (<j,).and efficiency (e,) values at 100 MeV a n shown. 

• ' . ' • ' 
ARGUS CLEO CRYSTAL BALt CUSB 

Magnetic Field 

•>M<5eV/e){W) 

«B/S(GeV)(») 

0.8T 

r L 2 x p 
LOT 

~ L 2 X p 

UfgH* 2.7/B*/* Af&f* 
««^ at 200 MeV 
c, at 100 MeV 

, U M t V 
0.2» 

3.5 MeV 
296 

4.8 MeV 
15% 

7.1 MeV 

13% 

The Nal(Tl) detectors an optimised for the detection of low energy photons. 

However, with presently operatise detectors, the beat photon resolution is ob­

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

of too X|-*tate transitions. 

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

and efficiency {part (b)} hi s, muHihadronk final state environment. The supe­

rior energy rootatioa of the magnetic detectors over this energy range M ap-
: parent. This » to be contrasted win the very low and rapidly varying photon 

detection efficiency for the magnetic detectors. The Nsd(Tl) detectors have a 

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

ergy. Thereft^ one might wmtct complement^ resulte from th^ 

of detectors; more accurate luanchmg ratios, and cascade measurements from 

the NaI(Tl) detectors, and better measurement of the x^-state masses from the 

l i 
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Figure 5: Approximate photon energy resolution functions, part (&)» and ef­
ficiencies, part (b), for photon energies in the range of the x t-sUte transition 
energies for the four detectors discussed in the text. The non-magnetic CUSB 
and Crystal Ball detectors use NaI(Tl) to 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 1B realized will depend on the separation 

of the xt-st&tas achieved, the statistical significance of the objerved lines, as well 

as outer details. 
• ; r " 

• • / ' " 

•• JUI four experiments Iisveobtabiedre^te on the ra&etfoetreasiticTO 
T(2S) -» i x j - The transitions can be studied in two ways, cither by observing 

the fachaive photon apw-trnm. or by anaryilng the nitty exchtttv* cascade decay. 

In AM latter case, the jtf state is required to decay radtaUveJyto the T(lS), which 

in tarob required to decaying A* mentioned, above, 

only Uw NaI(Tt) detectors a n able to study the exclusive caecade reaction. 

The first results on the x( states were reported by the CUSB detector,* and 

later by CLEO.7 {Note that CLEO has reanalyzed their data and their latent 

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

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

well oa the position of the two lowest energies at about 10S and 12S MeY; 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 140 M*V. CLEO had an 

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

stgnmcance. If the "bump" in the CI^O spectrum si about 149 MeV is forced to 

coincide En energy, and branching ratio with fhe CUSB vahus, consistency with 

the data bobtamedwrllun error. Thus more raeaaurements were needed to settle 

the question of the third fine. 

The Crystal Ball bad the necessary energy restuutlona^ oy thoenBunerof 

1984 .bad accumulated, enough statistics to make a significant measurement of 

the third. One.* Impressive results from ARGUS6 soon followed which confirmed 

the Crystal Ball results, and provide the best measurement of the energy of the 

tf 
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Figure 6i The T(2S) inclusive photon spectra from the experiments ^ " • • • f j 
in the text and In the order of improving photon resolution, a) Remits from 
the CtlSB experiment; the background subtracted spectrum is shown below the 
full spectrum, b) Remits bom the Crystal Ball experiment; the background 
subtracted spectrum h shown below the full spectrum, c) Results firom (he 
CLEO experiment using converted photons. The hump 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 UE ~ 11 MeV. 
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Bnea. Figoita^JundfiCdJihowtfaaeepectia- The two meawieuieufa from 

DOBIBII eonfina the original CESR measurements on the two lowest energy 

Bawl The highest energy *hW lia» la finrJyestaMlflli*d at about L63 MeV. 

IMto* COOBCIB theiesalteoB thajili«>tcMieB«gle«andlKemdhlngiati«,whlIa 

a-ptotof tfceaemtassrenientafegiven>nF]e>7. Theenergies obtained in inclusive 

tad exclusive {KM the neat section) reaction* by the NaJ(Tl) detectors have been 

avexaged tiling wdghtedmcana. Statistical and systematic errata have also beta 

combined la quadrature to allow an easier comparison. The hat TOW of labia 2 

them the average of alt measttrexeests. The CLEO yame on tfce third line am 

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

jUUiongb. the CTJSB Inchest energy line disagrees with the other esperirnentB, the 

average eawgy •*•" Wanddngjoiip dtainp very littte (within the errors) when 

tneCUBBvafaiaaRexcfaded. This fa d«« to the n l a t r ^ precise measurements 

of ARGUS, and the gimilarity In all branching ratios for the third line. 

Although ell exr^imieatBigne on tlie energies of tlw 

the bmncKms; ratio resorts rVom the magnetic detectors appear systematically 

higher than those from the NaJ(Tl) detectors, though the errors are large. This 

may bedue to a ayatematk difference la the results from the two types of detec­

tors, lor an described above, % small and rapidly varying photon efficiency Is a 

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

the Nal(TI) detectors. 

is 
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TABLE 3. Photon energies and branching ratios measured by the 
four experimenta discussed in the text. Note that the results on the 
photon energies from the Nal(Tl) 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 Photon Energy (MeV) Branching Ratio [%) 

ARGUS 

110.6 ± 0.9 

131.7 ± 1.1 

162.1 ± 1.5 

0.8 ± 3.2 

9.1 ± 2.8 

6.4 ± 2.1 

CLEO 

109.0 ± 0.7 

128.6 ± 1.0 

(165.1 ± 2.8) 

11.4 ± 2.1 

7.8 ± 1.9 

(3.0 ± 1.8) 

CRYSTAL BALL 
108.2 ± 1.6 
131.4 ± 1.5 
163.8 ± 3 . 1 

5.8 ± 1.2 
6.5 ± 1.4 
3.6 ± 1.2 

CUSB 

107.7 ± 1.5 

128.0 ±13 

149.4 ±5 .0 

6.1 ± 1.4 

5.0 ± 1.4 

3.5 ± 1.4 

Average 
109.3 ± 0.5 
130.0 ± 0.6 
161.6 ± 1.3 

7.0 ± 0.8 
6.8 ± 0.8 
4.0 ± 0.8 
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5. The Cascade Reaction and the Spin of the Xj-states 

Results on the cascade reaction, T(2S) -» -yxjf ~* TTrT(lS) -+ 77 e+e~ 

and ti+p~t were first obtained by the CUSB1D experiment. These results have 

been confirmed by the Crystal Ball. 1 1 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, 

BR[T{2S) -* 7 X?] x BR[X? -* T T] = (1-6 ± 0-3 ± 0.3)% , 
(6) 

Bfl[T(2S) -+ •* xf] x BR[x{ — 7 T] = (2.1 ± 0.3 ± 0.4)% , 

and 

AR[T(2S) - * i x f ] x BR[XJ - » 7 Tj < 0.256 (90% C.L. ) , 

where, a, /} 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? - 7^(15)) = (27 ± 6 ± 6)% , 

(7) 
BR{xl - 7T(1S)) = (32 ± 6 ± 7)% , 

and 

BR{x1 — 7T(IS)) < 6% (90% C.L. ) . 

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

on the spins of the x{ 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 xt

 s t a l ' 5 

to be carried out. 1 2 
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Figure 8: The T(3S) occlusive cascade ipectn from the a) CUSB experiment, 
and b) Crystal Ball experiment. The lower of the two photon energies is plotted 
» , number of events per 5 MeV. 
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Given the limited statistic*, an attempt b nude to attract the maximum 

information about the X| aphis by anarjrslnB; the full angular correlation in the 

cascade reaction. The fait angular distribution la described by *bt independent 

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

back to back in the T(1S) rest frame). The angular distributions abo depend on 

the xb «p"m (J), the relative strength of the transition multipolar and the t*e~ 

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

the angular distribution tit c+e" -» **"*>"% to be J» = 75 :fe 556). 

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

the quarkonlum model, only J • 0,1, 2 for the x / states were considered. Second, 

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

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

the charmonium system,'3 Indicate dipole dominance within large errors. The 

bottomonium system, being less relativittie than eharmonium, is expected to 

have the higher multipolar suppressed by an order or magnitude1* as compared 

to charmDnium. 

After the transition multlpoJes and the beam polarisation 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 ttaf. 14. 

In the standard bottomonium model, J„ = 2 and Jfi = 1 (for x" x?)- One 

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

pared to J = I, 2 will allow exclusion of J=<Ofor these states. The first step of 

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

i * £ £ inW t̂ft) . (8) 

SO 



as a test function for testing the different spin hypotheses. In Eq. (8) the ftt-

denotes the measured values of all six independent angles in the i"1 event, N is 

the number of events In the data sample and Wj(fl;) is the theoretical formula 

for the angular correlation function for spin X 

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 a for the assumed Gaussian 

likelihood function were estimated. In one case 10 a 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 a level (limited by statistics). 

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

the 10° 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 1296 for 

the x? a n d 6% for the x f states coming mainly from the finite energy resolution 
D D 

of the NaI(Tl). 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 x£ d a t a 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 x{ states using the ni / + /~ 
cascade T[2S) events from the Crystal Ball. The single experimental value is 
compared through the indicated test functions (Bee text). The x* state results 
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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 Q and xP samples; 
predicted spins are Ja = 2, Jp = 1. 
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One may eppry other test functions to distinguish between 3 = 1 and 3. A 
standard test function1' ie than by,'. 

ill-'WVMtOdl . (9) 

•'•• Figures 9(b) and 9(c)-show the result for this test function on the x£ and x£ 
data samples. - The data favor the spin* expected la the quark model; however, 
this teat does not strictly rule out the reverie spin usignmenta, 

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

the remaining pbulbllltlsi to.be assigned to x" *nd xf- ta this cue the test 

function used Is, 

* '' ' • • 

* , do) 

Figure 9(e) shorn the results of the comparison of the data with thia com­

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

Thae the values expected In the quark model of J a w 2 and Jp = 1 are obtained. 

Additional information concerning the spine of the xf states comes from the 
incluefoe radiative tcaaaUlon. takes. Under the Mflumptione of the applicability 
of the noo-relativiBtic quark model and dlpole dominance for the transitions 
from the T(2S) to (he xf «*«*«•, the relatin 1sti«iigtli^ of these tranaitMns aie 
praportIonBJto^(3/ + 1). V xeUthrtstk and rnfcring effects are neglected, the 

to 

http://to.be


matrix elements for the transitions should be the same for all three x{ states, 

00 

wd % m Jir r* [ * (r) * / (r)J , 
(n) 

Iking the rates measured by the Crystal Bait the results of Table 3 are 

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

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

angular distribution test, also strongly favors the quarhonlum modal predictions 

for the x( state spins, i.e., J» • 2, Jp = 1 and Jf «= 0, 

TABLE is. The ratio of inclusive photon branching ratios of the Crystal Ball 
to (2J/ + 1) x J2*, relative to the l 3 Pi, ratio. This ratio of ratios Is examined 
vs, the assumed J order for the xf i X? t »nd xl states, where x£ Is associated 
with, the lowest energy first photon transition, xj 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-relatlvlstic 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 
x'.xf.x? 

2 ,1 ,0 0.894:0.27: 1 : 0.84 ±0.33 

1,2,0 

0 ,1 ,2 

2.46 ± 0.74 : 1 : 1-40 ± G£S 

4.92 ± 1.21: 1 : 0.1S dfc OM 
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6. Meson Formation by Photon-Photon Collisions 

The Crystal Ball haslooked for meson formation In photon-photon collisions1* 

wliere the meson decays foto two or four 7*s. The events axe not tagged; the rata 

tnedtoestabtishtheTrorigmoftheeventsaKaefoIloiira: 

* all neatral final state 

. • approximate p± - balance in the event. 

\\\ tniepoeaiMennalBtalaalbTfiHirpliotonaarej0^ «°B , n g t ~ . EsMmnatiop 

\'•'"'•. of 110 p b - 1 of data has resulted iniueaaureinenia of the properties of A* and 

: «tOT)lc*U8J^ 1 T which k ^ 

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

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

_. 6*8 p b _ l we» taken to investigate tba reaction 77 - * * " - * 77. As the en-

• etgr seen hi the detector is -very low, background from beam-gas reactions ia 

important sad baa been jneanuedin ram witfi separated beame. The 77 mass 

; spectram is shown in Pig.' 10(a) before beam-gas subtraction. Signals at the 

*°, ij, and tf masses an seen (the n and n' are marginal In this data using the 

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

Figure 10(b) ahowa the mgico of .tlie *? peak after besm-f^ subtraction. A JH 

yields 12ft ± ; 22 • • events; the resulting mass a ^ aignw of the *° peak are 

') ^ 1344'. ± LO MeV, and 5.1 db 0.9 MeV respectively. This yields a total width 

I.- ,' : T+ = [7& ± 1A ± 1&) mr (preliminary}.18 At the tune of this conference, 

more data with the IT0 trigger are being taken, there is however no hope to sur-

•y.;. '. pam the accwacycf the result of Ref. 18. Thepnrposeof this investigation Is to 
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Figure 10; Two-photon final state from photon-photon colunona using the 
Crystal Ball detector, a) The Tl mass spectrum from the ** to the rf. b) The 
nglon of the *° after background subtraction using separated beam data and 
•howlng the fit to the data used to extract the number of ira,a. 
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l\** *JVf!_!̂ £̂ _»-

«~ atorage rfeiga m genoal and the 

analytia of alkphoton final atataain the Crystal Btdltaxperlment in particular, 

7. Conclusions 

. • Tk» exhtence of ik« {(8.8) * vesy unfifceljr given the recent; 

results of theARGUS, Crystal Bail, and CUSB experiments (CLEO results 

i .an less restrictive]). 

• The energies and transition rates for the xt itates have been well measured. 

There ate three states.' , 

• The sphiB of the xf' states a n as expected, in ojiarkoninm models. 

• • Two-photon mteractlons continue to be a productive somce of information 

for mesons with' man l*n than 2 G«V. 
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