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ABSTRACT

Thlll report cantalna & brief review of recent results from the ARGUS and
C;yltl.l Ball expezimants at DORIS 1I, concentrating on T{15) and T(2S) spec-
troscopy with a'short foray into «py physics.
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1. Introduction

The DORIS II machine has been operating for phyrics since the end of 1082,
with an average luminosity of over 500 nb—!/day delivered on a routine basis for
the last two years (single days as high es 1600 nb=? have besn schieved). The
dnl.-a. aample discussed helow consists of about 30 pb~! on thes 18, 65 pb~! on

"the 28, and 20 ph~! an the 45 and econtinuum. Flgure 1 shows the T system

radiative transitiona ta be discussed in thiz report. The ~= physics discussion

will concentrate on two photon final states,

2. Radiative Transitions, T — 4X

In the pummer of 1984 the Crystal Ball Callaboration first reported evidencs
for a narrow state at about 1 GeV photon energy, In radiative T(18) decayn

corresponding to & mass of 8,3 GeV!:
B[T(18) — v¢(8.3)] B¢ — hadrons | = (047+0.11£0.26)% , (1)

where the first error is statistical and the second s systamatic, depending heavily
on the model of the decay for the proported ;, This result was obtained from
100k T decays.

In the Fall of 1984 more data was taken both at DORIS and CESR, ard the
1 GeV photon signal did not reproducs in the new Crystal Ball data? with 200k
T decays collected, nor wag the state sean by any of the cther detectors: ARGUS,
CLEO, and CUSB. The values obtained by CUSB® and CLEO? are respectively,

B[Y(18) —+ y¢(8.3)] < 0.1%(00% C.L.), and, < 0.3%(00% 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{25) and the x} states.




There is nothing new to report from the Crystal Ball at this time; bowever,
there are new preliminzry reaunlts to report from the ARGUS detector.

The basic technique used by all experiments was a scarch {or narrow peaks in
the inclusive photon apectrum from the T(15). The detectar's photon energy res-
olution and photon efficiency limits searches of this type along with the statistics
of the experiment:

80% C.L. Limits = 1.36N/ [e x #T(1S) decays) , (3)

wherte 5N is cbtained by fitting the inclusive photon apectrum (after cuts have
been made) to a “signal” plus polynomial background. A usefull approximate

relation yielding 6V is given by,
5N = vN(1 + (Gaussian Resolution)/(Bin Width)) , (4)

where N is the number of counts per bin averaged over the region being ft.
The € in Eq. (3) i the efficiency for detecting the photons after all cuts. In
the case of the Crystal Ball detector vs, ARGUS: For the CB, op ~ 27 MeV
at 1 GeV, using the Na}{Tl); while for ARGUS, og ~ 10MeV at 1GeV, using
converted photons, However, ecg ~ 0.2 (cut and model dependent), while for
ARGUS, cqrgys ~ 0.02 (7 conversion to ¢*e~ in thin radiator). Using Eq. (3),
we see that tha CB and ARGUS ahould 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 Resonancesin T(18) — 4 X

Using lbmtﬂk'r(ls) deayl the ARGUE collaboration has Jooked in the
mummmmmmmmlm»mbmehmmbb
mm'mﬁutmmtnedmumwdmdmﬂu
Mphl%m(ahpwdnt.u.ulhmnﬂdﬂu
dﬁltdwnbu Thecuhnppﬁedmnfoﬂm
. l-OTmtruhdopplmtenlgnpmdnoadntamonnrthmthebelm
i _‘ . mm,uthemmﬂofﬂudﬁ&ehnbummqund.

*"*ﬁ"'f oAh\vx’kttbeﬂtumiul.

" Thengle betwean the pair of tracks must be lems than 18°, and py af the
chl.r.ml tracks with respect to thg ;eccmtructad direction of the convarted
piholon 1a less than 0.02 GeV/e.

%

o The pair mass, m,+,~ <.0.05 GeV/c® is required.
. & The ¢¥¢~ are identilicd vaing DE/DX and/or TOF.
L o A #° wubteaction is made using Eeamucraion — Bekewsrs WHEF® Eysouer 16 0b-
tained from the ARGUS Pb-scintillator shower counters.
Ihmlﬁutﬁumynahmminﬁg. 2(a) aa the dotted lines. The photon
wmm-mmvu 1GeV.
lhehmkthcqmﬁtyofmmudmpmndmtheinnﬁmtm
lpectmmdm:onvmedpholon wasstudied by thea ARGUS geoup. Figure2(b)
ahaiwa the resalt of this atady. & clear x0-signal is observed with a fitted mass
fior the #0 of 134.8% 0.8 Mev/c, in excellent agreement with the table value.
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Figure 2: a} The efficlency for detecting conversion photons, in the ARGUS
detector, with & 70 mass cut (Jotted Jines) and without a 2© mass cut { solid
lines). Curves are shown for the 1983 and 1084 1S data; the 1984 efficiency
is somewhat higher since a thicker radiator was used in that run. bj The =°
mass peak obiained from using multiple converted 7's per event in the ARGUS
detector.
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. | The resul ‘:‘l!lfl"!é'ephﬂtﬂnlpmmm feom converted photons is shown in
" Fig. 3(a), and "njdlcr-h;ul_ upper limits in Fig. 3(b).* The results shown in this
: uportmmllmi}n\‘ . Na significant signal is veen, and the upper limit obtained

it the ¢ mas for the radiative branchisg ratio is 0.25% (90% C.L. ).
The ARGUS collaboration has akwo used the Pb - acintillator shower cous-
" tern o maemsuré the inclusive photon spectram from T(15) decays. Ouly photons
- W.hm%mmﬂmllsaﬂmwm
the' background from radistive Bhabha scattering is negligible in this region.
This requirement has the further advantage of improving the energy resolu-
. tion, whﬁh is batter. for the barrel region than for the endeap shower counters

‘ (0.7 <| con @ | 0.84). The resolution for the barrel counters is,

;'EE = \/(7%)% + (8%)3/E ~ 11% ut 1GsV . (5)

Energy clusters resulting from the overslap 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 apectrum results from photons from 0 decay. In the ARGUS analysis this
backgound ts suppressed by two cuts, which turn out to be muat effective in dil-
fereat energy regions. To reject energy clusiess formed by overlapping photuns
from 2° decay, transverse clusier shape cuts are used. This cut ia most effective
in the high energy part of the photon spectrum (Ey > 0.9 GeV). To suppress
the contribution from low energy »° decays, all photons pairs which form a vy
mass near the x® mass are removed. This cut reduces the background mainly in
the low energy part of the photon spectrom (E, < 1GeV). Figure 4(a) shows

7
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Figure 3: Inclusive photon gpectrum from the T(15) for the ARGUS experi-

ment. Part (a) shows the spectrum observed with the converted photons jor the
1984 data and with a 7% maas cut. Part (b) shows the upper limits obtained
from the converted photon data, but by using both 1983 and 1984 data.
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- CryItli Ball® and CUSB® e:pmmentl These detectora can ba clagsified as
 magaetic (ARGUS, CLEO), and Nal(T) (Crystal Ball,.CUSB). Both magastic
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the measured photon spectrum afier application of the cuta. No significant nar-
row paak Is observed. Figure 4(h) shows the preliminary upper limiis obtained

by the' ARGUS Collaboration frar the spectrum of Fig. 4(a). At the [ mass
. a preliminary Emit of 0.17% (90% C.L.) is obtained- on the radiative branching

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

aftha T(18) (AR.GUS, CLEO Ctystal Ball, CUSB) have now presented at least
: mdmmmuﬁm&mdmmthmwnanmw
‘a parriw line at about 1 GeV.

4. Radiative Decays from the T(2S)

The results discussed in this report were obtained by the ARGUS,® CLEO,”

detuhn are of the general purpese type ploylnga.magnzﬂcﬂeldof about
l‘r-h,lpoﬂthupdpuhdettukmgmdmnmtmmmhﬁonmhgﬂt

‘mmndmmmmwmlympmm
A:homuhﬁmﬂm(m'fahlell A dramatic improvement of the photon en-

qgrﬂuﬁmﬂamwﬁtiﬂeﬁcm,mbcmﬂebyuﬂusah palre

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

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

' to the beam pige.
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Figure 4: Inclusive photon spectrum from the T(15) for the ARGUS exper.
iment. Part (a) shows the spectrum observed with the barrel shower counters
after a shower shape and n #° 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 ralevant to inclusive and exclusive photon
mensutements for x,-state radiation transitions. The op refers to the momentum
resolation for charged tracks obtained using drift chambers only. The o, is the
energy resolulion for electromagnetically showering particles in the shower coun-
tecs. For the detector-specific approaches to inclusive analyses (see text), typical
rcsolntlon {cy)-and eﬁcuncy (e.,] values st 100 MeV are shown.

S " - ARGUS - | CLED |CRYSTAL BALL] CUSB
Magnetic Field |- . 0.8T 1.0T - -
/PG (R)| ~12xp. |~13xp - . -
ox/ElCVI(%) (B +83/EPBL11/BV | | 2BV | 41B3
ogyat DAV 1AMV’ J25MeV] 48 MeV 7.1 MeV
€ at 100 MeV 0.2% 2% 15% 13%

The Nal{Tl} detectors are oétlmlud {or the detection of low enargy photons,
Howevar, 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.

S

Figure 5 shows the energy de?endmm of the photon energy resclution (part (u)),

‘and efficiency (part (b)) in » multibadronic final state environment. The supe-
_ ‘mwmolntwnnfﬂmmﬂcdmtoumthkwmmuap

"+ pavent, This s to be contrasted with the very low and rapidly varying photon

. detection efficiency for the magnatic detectors. The Nal(TI) detectors have a
y relativaly large efficiency which only has & weak dependence on the photon en-
ergy. Therefore, ane might expect complementary resulis from these two classes
of detectors: more accurate branching ratios, and cascade measurements from
the Nal(T1) detectors, and better measorement of the x,-state masses from the

11
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Figure 5: Approximate photon energy resolution functions, part (a}, and ef-
ficienclies, part (b), for photon energies in the range of the y,-state transition
energies for the four detectors discussed in the text. The non-magnetic CUSB
and Cryatal Ball detectors use Nal{Tl} to measurae the photons, while the mag-
netic detectors measure the ete~ pairs from converted photnns.




‘ metic detectors. How well each pole is realized will depend on the separation
) ol' the X,-states achieved, the atatistical signiicance of the observed lines, as well
' as otl:hr details.

A mmmuhmummxuﬂummmm

T(28) — . mmnmmhstndndhhnm.luhubyow
mmmmcwmmmmmwdmy
hﬂummmx{m-mmmmumrus).wm
htmbmuqdbdmyﬂohnmumw As meentioned above,
;ﬂymud(mm.mmmmmmmm
mﬂlﬂmlbmﬂl:x{MwueWbyth CUSB detector,? and
later by CLEO. (Note that CLEO has mmlyud their data and their latest
resulta are pruenud in this report.} Figures 6(a) and 6{c) shows ths results on
the lnclnlln photon apectmm from these two del'.u:ton Both ‘axperiments agree
wall on ﬂ:l puihon ol' the two lowest ener;iu at ahnut 108 and 128 MaV; how-
ever, f.hl third lme is only poorly mensured at best, CUSB unfolded the energy
of the line l'rcm. the:r spectrum at an energy of about 140 MeV. CLEO had an
mbnfwaﬁnentnbontlﬁslhv lmtmthlesthm two atandard deviation
shiﬁmu. Fthe'bmp'mthCLEOantMtl‘l’MchWh
wﬁwldelnwmdhnuhmgnunmhthecﬂsn valaas, consistency with
tludlhhohhmdwulunm Thus more measurements were nseded to sottle
thcqwllonultlnthmlline. .
mmmmmmwmﬂummd
mmmmmmum.mmmmd
the third line$ Imprmve remlh from ARGUS‘ soon follomd which confirmed

'tha Cry:hl Bnll raultn and prcmde l.he but measurement ol' the energy of the

RAST JRWTIN
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Figure 6: The T(25) inclusive photon spectra from the experiments discussed
in the text and in tha order of improving photon resolution. a) Retults from
the CUSB experiment; the background subtracted apectrum is shown below the
full spectrum. b) Results from the Crystal Ball experiment; the background
subttacted spectrum is shown below the full spectrum. ¢) Results from the
CLEOQ experiment using converted photons. The bump at 148 MeV in the 8¢ is
forced to coincide in energy and branching ratio with the correspanding CUSR
mensurement, The fit prefecs & photon energy of about 165 MeV. d) Resuits from
the ARGUS experiment. using converted photons. Note the very good energy
resolution In this energy range of about o ~ 1.1 MeV.
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CTRAL
¥,

Himes. ‘mﬂb)nﬂe(d)amwm ‘The two messurements fram

Domnmmwmcnsﬁwam the two lowsst energy
Mmmmmuuhwmmuabm 163 MeV.
mzmmmemmmmmm:m
a plot of these measurements Is given in Fig- 7. mwnbtdnedln inclusive
mdm!nﬂve(mthcnmm) renctiony by IhnNAI(Tl) detoctors have been
Wmmmm Statistical and systematic errors have also bean
embmdhqnmbaﬂwummpm The Iast yow of Tabla 2

uhmthetwofanmmh n-cmommmmhmm

mmdtmmthnmguuthhﬂmwu:lﬁmdunotmgni&utm their data.
MMGUSBMMMMMMMMWM
wwﬂ bm:bunﬁochmmm [within the erzom) when
mmmmm This is due to the relatively precise measurements
dmug.mqgaq@mmghmqh;mmmemam

| Although al] experiments xgree on the energies of the two lowest transitions,
mmmmmmmm sppesr systematically

: hwm than thoss from the NaI(T1) detectors, though the etrors are large. This

m&dyeto;ayﬁam;hcﬂﬂmnainthnmultz from the iwo types of detec-

'ﬁ;mnWﬂwgumﬂ and rapidly varying photon aficiency is a

choracteristic of the magnetic detector in this photon energy range relative to

- the NaI(TI) detectors.
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TABLE 2. Photon energies and branching ratios measured by the
four experiments discassed in the text. Note that the results on the
photon energies from the Nal{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 stste.

- ‘Experiment - | Photon Energy (MeV) | Branching Ratio (%)

» . 110609 . 98+32

ARGUS 1317111 8.1+ 2.8
1621 % 1.5 8.4 £21

109.0 3 0.7 114 + 21

CLEO 128.6 + 1.0 78419
(165.1 + 2.8) (3.0 + 1.8)

1082 % 1.6 5.8 £ 1.2

CRYSTAL BALL 1314 & 1.5 6.5 % 1.4
| 163.8 £ 3.1 36+12

107.7 £ 1.5 6114

CUSB 12804 1.3 594 1.4
149.4 £ 5.0 35+ 14

11093 + 0.5 7.0 & 0.8

_ Average 130.0 + 0.8 6.8+ 0.8
161.6 & 1.3 40+08
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5. The Cascade Reaction and the Spin of the x,-states

Results on the cascade reaction, T(28) — vx3 — ¥yT(18) — yy ete”
and p¥u—, were firat obtained by the CUSBI? experiment. These results have
been confirmed by the Crystal Ball.l! Figure 8 shows the results from hoth ex-
periments. Only ithe 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(28) — v x;] % BR[x? —+7 T] = (16 + 0.3 + 0.3)% ,
(5
BR[T(28) = 7 x[] x BR[x) —~~ Y] = (21 + 0.3 £ 04)% , )

and
BR[T(28) — v x]] x BR[x] — v T] < 0.2% (90% C.L.) ,

where, or, # and «y indicate the lowest to highest energy first photon transitions.
Combining the above numbers with the Crystal Ball inclusive photon branching

ratios yield,
BR(x® —~T(18)) =(27 £ 6 * 6)% ,
(7
BR(x? —qT(15)} ={32 £ 6 + 1% , )

and

BR(x] — ~T(1S)) < 6% (90% C.L.) .

The angular correlations of the photons emitted in the cascade decay depend
on the spins of the y; states. Though the statistics ara limited, the good separa-
tion of the twostates and the Jow background in the Crystal BDall results aliows a
convincing, though model dependent, determination of the spin of the X, stat's

to be carried out.!1?
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Given the limited statistics, an attempt is made to extract the maximum
information about the x, spins by analysing the full angular carrelation in the
cascade renction. The full angulsr 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(15) rest frame). The angular distributions afso depend on
the x, spin (J), the relative strength of the iransition multipoles, and the e*e™
beam polarization (measured at the T(25), by the Crysta] Ball experiment nsing
the angular disteibution in e¥e™ ~ pru~, tobe P = 75 + 5%).

The analysis was modsl dependent In a few ways, First, in aceardance with
the quarkonium model, only J m 0, 1, 2 for the x{ states were consldered. Second,
relying on nan-relatlvistlc approximations, the transition matrix elements were
assumed ta he electric dipole for both cascade transitions. Crystal Ball results an
the charmanium system,!? Indlcate 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 magnitude!® as compared
to charmonium.

After the transition muitipoles and the beam polarization value are fixed, the
angular disteibution in the cascade transitions depends only on the xf spin. The
thearetical formulaa for these distributions can be faund in Ref. 14,

In the standard bottomonium model, Jo = 2 and Jg = 1 (for x®, x£). One
expects that the rolatively rapid vacying angular distribution for J = 0 as com-
pared to J = 1, 2 will allow exclusion of J = O for these states. The fisst step of
the Crystal Ball analysis Is thus to use the logarithmic likelihood for J == 0,

1 N
33 Wm0 (s
V=)

S ———— S
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as a test function for testing the different spin hypotheses. In Eq. (8) the 0;
denotes the measured values of all six independent angles in the i avent, N is
the namber of events in the data sample and W;([1;) is the theoretical formula
for the angular correlation function for epin 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
reai évenl.s. Tﬁpica]ly ;IOk M.C. eventa were processed for each case of a given

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

likelihood function were estimated. In one case 109 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 wete 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 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 12% for

the x;‘ and 6% for the xf states coming mainly from the finite energy resolution

* of the Nal{T]). 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

" curvesare tﬁ{asaumed Gaussian) distributions for the various labeled M.C. The

T 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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cascade T(25) events from the Crystal Ball. The single experimental value is
compared through the indicated test functions (see text). The x: state results
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Tests for spin 0 of the x;" sample; predicted spin is J=2. b) Tests for spin D of
the xf sample; predicted spin is J=1. c) Likelihood ratio tests for Lthe x: sample;
predicted spin is J=2. d) Likelihcod ratio tests for the xf sample; predicted spin
is J=1. e) Likelihood ratio tests for the combined data of the x5 and xf samples;
predicted spingare J, = 2, J5 = 1.
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a B A declsive test can be made undu- the ummption that only J=1 and 2 are
. the remaining 1’°"“”““" to be sarigand fo x, and xf. In this case the test
. 1 l'unctlun nsed s, o .'“‘". ';:‘ .'
A ﬁ%{‘ftu (Waaah) Wom(0U)
O LA e (10)
Lo e +,,>:; in (Wrail0) /w;..(nf)]}

Flsure 9(«) lhowl the mulu of the cnmpu'lson of the data with this com-
" pound test Ium:tion. 'ﬂu wrong lpln eomhlmtlon i ruled out at C.L. > 98%.
Thu&uwluucxp«kd intlu quakmddofl. = 2 and Jp = 1 are obtained.

MMW%dex’mmem
inclusive radistive transition rites. :Under the assumptions of the applicability
of the sion-felativistic quatk-miodel end dipale domipance for the trauaitions
&m__tl_an;‘(zﬂ)tqthex:m.thﬂtﬁu‘hmth‘afmmmm
‘propietions] to EY (27 -+ 1). K relativistic and miving effacts are neglected, the
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matrix elements for the transitions should be the same for all three x;f states,

T(S — P) =‘%%a’«|&,l’ E,

. (1)
wmi  By= [ad el
[]

Using the rates measured by the Crysial Ball the resulis of Table 3 arve
obtained. Not all cases are shown in the table and those shown are representative.
‘This teat, which has somewhat different operative assumptions than the cascade
angular diatribution test, aleo strongly favors the quarkonium modal predictions

for the x: etate epins, fe, Jo = 2, Jg = 1and Jy = 0O,

TABLE 2, The ratfo of inclusive photon branching ratios of the Crystal Ball

to (2J; + 1) x E2, relativa to the 13F;, ratio. This ratio of ratios Is examined

"
vs, the assumed J order for the ¥2, %, and x7 states, where x© Is associated
with the lowest energy first photon transition, x;’ the higheat. The expected
quarkonium J order of 2, 1, O ylalds ration conaistent with 1 within error; 1 is the
value expected in the non-relativisiic quarkonjum 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, O yielding ratica consistent with 1.

J Order

":g‘%"‘? {ERESRhE) divided by (SHEREIA))
2,1,0 089 +£0.37: 1:0.84 £0.23
1,2,0 246 £0.74:1: 140 £ 0.55
0,1,2 4824 1.21:1: 015+ 006
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6. Meson Formation by Photon-Photon Collisions

The Crystal Bail has Jooked fur mesar formation kn photon-photon collisions?®

whnethemondem'hiowowfqu’s. The events are not tagged; the culs
_ qedhm&eﬂo:dﬁnoﬂhemhmumm:

@ all neutral final state
L Elllll S Eem

lpmﬂem.-blhnminthnmt
mm&mmhmmmﬂx’ a"q, 97,... . Examination

efnoph-' of date has resulted in measurements of the properties of As and
5(990) m"mm“ﬂyl’mmﬂhm

"'The Crystal Ball has allo mvestigated the two-photon final state to determine

. ,tha = coupling of paandmllu mesons. In a run with special trigger conditions,

- e1gy seen In the detector Is very Jow, background from beam-gas reactions fp

impertant and has been measured in ruins with ssparated beams. The 4y masy

- spectram i shown in Fig: 10{a) before beam-ges subtraction. Signals at the
" %% 1, and n' masses are seen (the n and n' are marginal in this data wing the

: lpetnl trim but have been clearly seen when adding in all av=iiable dltn)

g mm)mmmamwmmw.uwm ARt
" yields 124 ;22 1° evests; the resulting mass and sigms of the x° peak are
nu_'j:t 1.0 MeV, and 5.1 + 0.9 MeV respectivaly. Thia yields a total width

= (79 = 14 £ 18) er an}." At the time of this conference,

: mdmwiththzn”mggnmbeinghkm,thmhhmverm}mpehmr-
panthemaqd’tlmmultnflld’ 18. 'J.‘hepurpmnﬂhlsinvuhpﬂnnhlo
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Figure 10: Two-photon final state from photan-photon collisions using the
Crystal Dall detector. ) The 4y mass spectrum from the x® to the '. b} The
ragion of the x° after background subtraction using separated beam data and

showing the fit to the data used to extract the number of x%%s.
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.. results oﬂlmARG'BB.Ornhl Ball, and CUSB axperiments (CLEO results
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. Thamugiumdtrmﬁﬁonntufwthen’ltltshavebeenwellmeumd.
e Tlnspmofthexfrhtsmuupechdlnmkmmnmdds

: ":"0 Mphmhmmtﬁuehbeamduﬂvemoﬁn&mnﬁon
" for mesons with mass leas thay Z GeV.
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