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1* fatroductim 

QCD inspired modeb predict gtan bound states (gtuebalb) in the energy region between 
0.5 and 3 GeV.4 Radiative decays of the J/tp have always been argued to be an ideal place to 
search for such gtaebalb.*! This is because the reaction Jff - » t + X proceeds as depicted in 
fig. 1 where the decay to the hadronic final state X is mediated by two gluons. Such states 
are expected to be produced with a branching fraction of order a/a,,*' 

£ ^ - £ [••• (?)] - «•-»»* IjjfclZS-g I '+»lvJI «• <•-"*» • (i) 

The MARK m detector at SPEAR has collected and analyzed 2.7 X 10*7/0 decays. 
The analysis effort has concentrated mainly on radiative decays. New results on the decay 
JH' -* "iKR, with evidence for a new narrow state around 2.2 GeV, have been presented 
recently.6) This report wilt present further analysis of this decay mode. 

The radiative decay of the J/j> int" two vector particles has so far only been analyzed 
by MARK 11*1 m the reaction J/i> -*• irpV*- Here analyses on J/i> -* *&$, fpp and fuu 
will be presented which provide the first determination of the » c spin-parity (in i$#) and the 
observation of structures around 1.7 GeV (in fpp, fwu). 

Fig. 1. Diagrammatic repiesentation of 
the radiative Jftk decay to gluonium in 
lowest order QCD. 

2. The Detector 

The MARK III detector is a 4*--msgn«tic detector dedicated far J/fji and charm physics 
at the « + e~ storage ring SPEAR. The detector is described in detail elsewhere.7) The most 
important features, necessary for reconstruction and analysis of exclusive final states, are 
listed below: 

i. charged particle acceptance over 84% of 4T, 

a. acceptance for photons over 04% of 4x, 

ill. good momentum resolution for charged particles <rffp = 1.5% • v/l + p 2 , p in GeV/c, 

iv. good spatial resolution and sufficient energy resolution for photons 
(©> = 7 mr, 9% = 10 mr,irB/E = 11%/JE, E in GeV), 
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v. very good low energy photon efficiency (~ 100% for £7 > 100 MeV), 

vi. good particle identification by TOP {vmF = ISO pa over 81% of 4x) and dE/dx. 

The momentum and energy resolutions are improved substantially by kinematic fitting. 
This technique is used for all the topics presented in this report and has been successfully 
applied to final states with up to five photons and four charged tracks. 

The decay J/4> -* *tKR has beta analyzed by requiring good 4-0 fits and TOP identifi­
cation of the kaons. The K+K~ mass distribution in shown in fig. 2(a). Three prominent 
peaks due to the /'(ISIS), the 0(1700) and the {(2200) are evident. The / ' and 9 appear well 
separated in this analysis and one finds 

m y / = (1525 ±10) MeV, Tfi = (85 ± 25) MeV, 
(2) 

mt = (1720 ±10) MeV, T» = (130 ± 25) MeV, 

when fitting with two incoherent Breit-Wigner curves. The branching fractions were deter­
mined to be 

B[J/i> - if) Bif' - » K * K ~ ) = (3.0 ± 0.7 ± 0.8) X MT 4 , 
(3) 

flt//tf —10) B& — KtK~) = (4.5 ± 0.6 ± 0.0) X i0~*. 

Figure 2(b) shows the KK mass plot for selected Jji> —• iKfKf events. Hie number of 
observed events agrees with the expectation from iK*K~. Although the statistics in this 
decay mode is very marginal, fig. 2(b) supports the observation of the peaks in fig. 2(a). 

The Dalitz plot for J/*!> - » i K + K ~ is shown in fig. 3. Apart from the three diagonal 
bands due to / ' , 9, and (, there are also visible background bands from the direct decay 
J/4> — K*K. 

A spin-parity analysis has been performed for the / ' using a maximum likelihood method. 
The quantum numbers of the K*K~ system are restricted to the sequence 0 + + , 2 + + , ... 
because production in radiative J/ij> decays implies C = +1, and for t̂ ro spinless bosons 
C = P = (-l)* 1. For the / ' , which has a fairly low mass, only the 0 + + and ! i + + hypotheses 
were allowed in the fit. The spin 2 angular distribution is parametrized by allowing the 
helicity amplitude ratios, z = A\/AQ and y = AZ/AQ, to be complex as has been suggested 
by Ki.erner.'l 

We find that spin 2 + + is preferred over 0 + + with significance > 10 3. The phases of 
x and y are found to be consistent with zero and z, y are measured to be * = 0.7 ± 0.1, 

S 



y = 0.02 ± 0.2 in quite remarkable agreement with the values obtained9! for the /(1270) 
(x == 0.77 ± 0,0$, y » 0.01 ± 0.06). The fit finds a second minimum around z — -0.7, y ~ 0 
reflecting a sign ambiguity in x. 
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Pig. S. Mass/Km (GeV) distribution for 2 -
/ T r / i *J+U- J / / n r// F l & 8- Dal"** plot of massfK.+ . (GeV2) 
(a) //V -* iK*K~, and for (b) / /V -» ° r J*+7) ) 
iKIKl. The curves represent fits to two ™»«* ttas8yr-7) ( G e V S ) * « ' / * -» 
incoherent Breft-Wiguer curves plus a fK+K~. The schematic drawing displays 
quadratic background. the bands of the /'(1515), 9 and £ decays. 

This result is interesting in two respects: 

L The assumption in previous Jp determinations of / , / ' , that * and y are real, seems 
to be justified, 

2. The measurement of z, y for /(1270) and /'(ISIS) can be compared to a conjecture 
made by P. Closed predicting that 2++ 99 states should have* — v ^ / 3 , y ~ 0 . This 
is in remarkable agreement with the data. A detailed calculation by Koeroer et s i 1 0 ' 
predicts that for the /'(1515): fx = 1.3s, «f, as 2.4°, * as 0.0, y = 0.72. 

For the 0(1700) the spin-parity analysis is still in progress because the distinction between 
the 0++ and 2** hypotheses is more ambiguous than tor the / ' . 

Figure 4 shows the evidence for the new state £ around 2.2 GeV in the K+K~ mass 
distribution. We observe 88 events above a background of approximately 28 events in the 
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total data sample of 2.7 XVr $ decays. A fit to the (2.0 - 2.5 GeV] mass region with a 
polynomial background assuming no signal yields a significance of 4.60- for this resonance. 

Fig. 4. Masspf+K-) (GeV) distribution 
from J/1> -» fK+K- above 2 GeV. The 
curve represents a fit to a Breit-Wigner con­
voluted with a Gaussian plus a quadratic 
background. 

Because the measured width is consistent with the experimental mass resolution, a Breit-
Wigner curve folded with a Gaussian has been fitted to the signal yielding 

m € = (2218 £ 3 ± 10) MeV , 

Tj < 40 MeV (95%C.L.) . ( 4 * 

The branching ratio has been determined using J = 2, * = 1, y a= 1 to be 

B( J / 0 -» T O B(e - K+K-) = (5.8 ± 1.8„« ± 1.5.,.) X 1 0 - 5 . (5) 

The systematic eirror includes the change in the efficiency when using different assumptions 
for J, x and y. 

One difficulty we have had in ibis analysis is that the number of observed events recorded 
in the 1082 running period is somewhat less than the expected number based on the data 
sample recorded later. 

The total sample of 2.7 X Mr* «> decays was collected in about six weeks of running in 1982 
( ~ 0.9 X Mr* $ decays) and about five weeks of running in 1983 ( ~ 1.8 X10° i> decays). The 
two different sets of data are shown individually in figs. 5{a),(b) with (he relative proportions 
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of 0 . 8 : 1 4 . The overplotted curve in fig. 5(a) is the expectation from the 1083 date (fig. 
5(b)) sealed to the 1082 data. 

- 1982 Dota (o) • 

2.0 2.2 2.4 

Fig. 5. Msss^+jf-j (GeV) distributions 
for the two data samples taken (a) in 1983 
( ~ 0.0 X 10* 0 decays) and (b) in 1083 
{~ 1.8 X 10* i> decays). The curve in (a) 
is what one would expect scaling the signal 
from the 1983 data as fitted in (b) to the 
1982 data. 

We believe that we can rule out any systematic difference between the two sets of data. 
On a statistical basis we expect, assuming a mass and width as determined from the 1083 
sample, eleven events in the 1082 data and we observe four. This corresponds to about S.S 
standard deviations in the difference. The statistical significance of the 1083 data alone b ha. 

In the K\K% decay mode (fig. 2(b)) 6 events are observed above a background of 4 
events. This supports die finding in the K+K~ mode although with very poor statistics. 
The branching ratio in the K?K* mode agrees with eq. (5). 

The observation of a narrow resonance above 2 GeV has given rise to many theoretical 
speculations about its origin.1 1'1 2! Apart from the measurement of the width, eq. (4), the spin 
determination is very important to supply more information about this object. 

The iKK final state is completely described by the particle momenta and three angles, 
eos Aj of the f in the lab frame and cos VK aad <p*K of the kaons in the KK center of mass 
frame, Ay and jpjf are affected by large acceptance corrections, whereas Ufa h not because 
it is the only true center of mass angle for this decay. The eos fy distribution is shown in 
fig. 0(a). The distribution is essentially fiat with some population of events at the ends. This 
would offer hope for a spin determination. 
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Fig. 6. Distributions of cos fljj. for (a) S/ty -* 
lK+K~ events at the mass of *he {(2200) 

. and (b) for background event? from Jf1> -* 

However, as can be seen from fig. 3, the Jfip —» K*K background events populate the 
boundary of the Dalitz plot and hence correspond to | cos 0£| ~ 0.8-1.0. Thb is demonstrated 
in fig. 6(b) where the same angle is plotted for selected K"*K~x° events. 

Therefore we must conclude that with present statistics the spins Jp = 0 + + , 2 + + , 4 + + 

are indistinguishable at the 2ff level due to a) a small signal, b) a poor signal-to-noise ratio, 
and c) the presence of the K*K background. 

Among the many theoretical speculations about the (, a Higgs particle assignment11! 
seems to be the most exciting. To examine this question we have searched for the ( in 
the decay Jf$ -*• ipn, and alsu in J/4> —• T * + * ~ , / / * -» tK'K, J}i> —• iK*R*, 
J/j> -» ifijij, and J/i/i -* ipp, which may be relevant to other modeb, too. We find no 
evidence for structure around 2.2 GeV and place the following upper limits: 

B ( J / ^ 7?(2.2)) • B(C(2.2)-p+/i-) < 7.3 X lO - 8 

B(//tf-7£(2.2)) • B{Z(2.S)-* *+*-) < 3 X 1 0 - 6 

B(Jf1>—£{2.2)) • 5(^(2 .2)- / f t f ) < 2.5 X 10~4 

B ( J / 0 - 7 « 2 . 2 » • fl(«(2.2)-*•**) < 3XVT* 

S(-W-<tf(2.2)) • B(«2.2)-im) < 7 X 1 0 - 6 

B(J/i>-+ 7«2.2)) • B(({2.9)-+fip) < 0 X 1 0 - 8 

00% CX. 

On the basis of our data a standard Higgs assignment seems to be rather unlikely because (a) 
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tbemass b much kwer than theIiBde-Wdnbergboand^wbiobdqnandsniif > 7GeVin 
order that the Standard Model is stable against radiative corrections, (b) the measured rate 
to KR ((11.6 ±3.8 ±3.0) X 10**E) for the product branchitg ratio is larger than expected 
for J/i> — iff* using the Wifcrek mechanism14) 

B&->?+?-) 

and (c) the relative rate for B(H* -» fiji)/£(r7s - • »>) expected to be 4-16 % ,' 2' depending 
on the assumed a-quark man, is measured to be 

A more extensive discussion on whether the €(2200) conld be a Iliraji boson including models 
with more than O H Higps doublet is presented is rc'l 15. 

* . / / * —TVfeetor Vector 

4.1 J/*-"Pic, fc-»*>**! 

In the decay //«> - • iK*K"K*K~ dear evidence for ^-production fa observed (fig. 7). 
The W mass is plotted in fig. 3 showing IS ? c events above a bactground of 1-2 events. The 
mass is 2978±8 MeV and the observed width ia consistent with the mtM resolution of SO MeV. 
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Fig- 1. Scatterplot of ^K+K-^l) (GeV) 
versus nT(ff+j?-)(2) (GeV) providing evidi 
for ^ production in J/1i-+f4K. 

Fig. S. Mass^ (GeV) distribution from 
//«> -»<#£. The detection effiftiency de­
creases from ~ 6% at 3 GeV to aero at 
2 GeV, 
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The branching ratio is 

Bfoe-»**) = (8-0 ± 2.0 i & S l - X N ) - 8 , (6) 

using B(i> -»w<j »(1 .27 ± 0.38) X 10~ 2 as measured by Crystal Ball.17* 

It has been pointed oat by Chang and Nelson18! and Tnremanwl that the 44 decay of 
the ijc provides a maximal parity signature for the » e exploiting the information buried in 
the orientation of the two 4 decay planes. This is analogous to Yang's pacify test 2 0! for the 
a*. That is, the 4 decay planes are preferentially orthogonal for odd parity and parallel tor 
even parity. The distribution of the angle between these planes {%) takes rite fonn l sI 

jg = l+*«»(2x) . (7) 

•where fi is a constant which depends only on spin and parity and is independent of the 
polarization of the 40 system. 

Figure 9 shows the x distribution for the n e events. The expectations for several spin-
parity assignments are overplofted. Quantitatively we show in Table I that 0~ is the preferred 
assignment for the tie spin-parity. 

Table I 
Likelihood ratios of 0" with respect to JF for the o e . The fits exploit the x 
angle irjormation only. The numbers in parentheses are based on fits to x, 
cos 0jf ~ and cos f nv distributions. 

J** ^ s*t Aftcory 
Likelihood 

Ratio 
<r 1 1 - I . I 
0+ 0 0 +.687 1.8 XI© 8 

0+ 2 2 +.333 1.8 XI© 5 

i" 1 1 0. 2200 
i+ 2 2 0. 2200 
2" 1 1 - .4 55 (4400) 
2~ 3 1 - .6 12 (120) 
2+ 0 2 +.07 5100 

0 
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Fig. • . Distribution of x, the angle be­
tween the £ decay planes bom lit -* 4$ 
events. The curves represent the expects* 
tions from 0" (thick solid), 0+ (solid), 1* 
(short dashed), 2 + (dashed dotted) and 2~ 
(long dashed). 

4.2 J/i>-*fpp 

The Mark ll 8) has measured the decay J/1> -+ 7ir +jr~x +x~, They observe resonance 
structure around 1.65 GeV with a large papa component (B(iji -* tfi0p°) »- (1.25 ±0,35 ± 
0,40) X 10~ 3 for mm < 2 GeV ). If this was mainly due to the decay 9 -* fp* then the 
total branching fraction for J/*l> —• i9 would be very big and a glueball assignment for the 
6 would be very tempting. 

ID 77 reactions a large cross section has been measured21!'22! between 1.4 and 1.8 GeV in 
77 -»ff . The cross section in 77 -*p+pr is much smaller,23! by at least a factor five, in this 
mass range. Aa angular correlation analysis in 77 -* p V rales out l«rge contributions from 
a 0~ or 9T spin-parity assignment. Instead the data are consistent with sizeable contributions 
from 0+ for m*, < 1.7 GeV and 2+ for «n 4 i r > 1.7 GeV, but they are also consistent with 
isotropic production and decay of the p's. 

In this context the MARK III has analyzed Jff -» 74* in the two modes / / ^ -» 
Tff+ir-jr+ir- sad Jfip -» T X + X - * " * 0 . The analysis is still preliminary. Events have been 
selected requiring four charged tracks and one photon, and two charged tracks and five pho­
tons, respectively. They have then been kinematicaBy fitted to the corresponding J/# -* i4ir 
hypothesis. 

Figures 10(a),(b) show the 4x mass distributions for both A&^y modes. In both cases 
structure is observed, above a large backgrcead from Jfi> -» 5ar events, between 1.S and 
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1.0 GeV. Cuts on the x* of the kinematic fits, cc &e number of good photons, and on 

where 6 is the angle between the radiative photon aad tjie measured momentum sector of the 
four pion system, reduce this bac&grtund to below 10% for the J/i> -* I*+X~*+T~ final 
state. 

In fig. 11(a) the scaiterplot of the two oppositely charged mr n a » rambinationj is shown 
with two retries per event. Figure 11(b) shows the corresponding correlation for equally 
charged mr pr;rs. A sizeable pp component is evident from these plots. The black dot in 
the lower left corner of fig. 11(a) corresponds to K°K, events which were removed from the 
sample afterwards. 

1.2 1.6 2.0 2.4 2.6 
m f l l r (GeVl 

Fig. 10. MSSS/4T) (G«V) distributions f?om 
(a) Jfi> -* -pr +*-jr +jr- and (b) Jf* — 
•pr** - * 0 **. Kinematieal cuts to suppress 
background have not yet been Applied. 

0-4 0.8 1.2 2.0 

2.0 

1.6 

• t 1.2 
i 

E 
0.8 

0.4 -

— 7 T T T 
<b)V- ---V' 

-~.-*\> c-i;:.s.^..* 
. , / ' • - • W S * - ' / . ' ! * . * • • .v-*irv.,w,j>'.'.*,.Vi', 

0.4 0.8 1.2 1.6 2J0 

Fig. 11. Scatterplotof(a)m ( ) ! + ] r-i(l)(GeV) 
versus m(ff+,_j(2) (GeV) with two entries 
per event and (b) «>(„+,+i (CeV) versus 
rnjj,-,-! (GeV) providing evidence totp"p" 
production in J/V» —» THT+X— X*X~. 
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In order to separate the contributions from pp, pmt and ix ,-• maximum likelihood fits 
have been applied that include possible resonance productic^ in pp with several spin-parity 
assignments. 

The four pion final state is defined by ;;-ren angles and two masses: the angle ft, of the 
photon in the lab frame, the p prodpsoon angles 9f, <pp defined in the X hefiefty frame, the 
angles of the p decays ft,,, <?*..**), <Pwt m the p helicity frames, and the two STJT masses. For 
the radiative decay J/f - » i X the matrix dement r r oj,, where m is the J/i> polarization 
and X the helicitylrf the radiative photon, is given by 

„ . m+Xcoa&r _ . sin ft, _ m-Xcosft, „ . . 
T^A^AO j — ? L F 9 - At—J2FX +A* J^ ^ ' ( 8 ) 

Ao,i,2 are the production and F\ the decay amplitudes for the process. For X decaying into 
two p'a which in turn decay into 4 pions, the decay amplitudes include the p Breit-Wigner 
amplitudes as 

X 
B H W ' C x W , (9) *-*£ 

where BW(k) stands for the product of the two p Breit-Wigner amplitudes of mr combination 
*. <?*(*) is given by 

<?X(*)= £ %^(PJ.) ^ j o K ) ^ - / ^ ) • < 1 0 > 

with 0 = (ft, p). Bij are the relative helicity amplitudes for the decay which can be calculated 
for a given Jp. The D1* represent the standard rotation matrices. 

Using this formalism the data have been fitted by considering 10 different channels: 
isotropic pp, pmt, 4T; pp with JF — u"*, 0~, 1+, 1~, 2 + , 2~, and a background channel 
due to Air production. The following assumptions have been made when performing the fit: 

i . The production amplitudes Aj had to be relatively real, i.e. x,y had to be real. 

2. Only the lowest possible angular momentum was considered for a given Jp. 

3. No interference was allowed between the amplitudes of different channels. 

For the 4r mass range from 1.5 to 1.9 GeV, fig. 12(a) shows the distribution of X, the angle 
between the p decay planes, defined in exactly the Bame way as for tie -» ety but now with 
two entries per event. The shape of this distribution is not flat and very much reminiscent 
of that in fig. 9, indicating a large contribution from even spin and odd parity. Figure 12(b) 
shows a flat distribution of the same angle for 2.8 <, m*, < 2.95 GeV. 
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Fig. 12. The X-angle distribution from 
/ty -*• >pr+*~*+*~ for to 1.8GeV< m 4 ) t 

< 1.0 GeV and (b) 18 < m 4 , < 2.0 GeV. 
A fit to (a) with a + ts in 2 x yields a = 
62.7±3.S ( 6 «•» 80.2 ± 6 and x 2 = 13.7 
with 16 d.o.f. . 

The results of the 10-channel fit confirmJhia observation as demonstrated in figs. 13(a)* 
(j). The fitted contributions of each channel are plotted as a function of m<*. Apart from a 
large non-resonant 4? contribution, the shape of which agrees with f*ir and %•* phase space 
expectations, we find also a large 0~ contribution which amounts to about 50% of the data 
between 1.5 and 1.9 GeV. This observation is insensitive to the number of channels allowed 
in the fit. We also find that the contribution from 2 + is less than about 20% in the 6 mass 
region and not significant in the mass region between 2 and 2.4 GeV. Thus, there is no 
evidence here for the three 2 + + states found by the BNL/CCNY collaboration in the process 
x~p —»^n 2 4L 

The 0~ projection (fig. 13 (e)) of the fit results is again shown in fig. 14(a) with a different 
binning. Figure 14(b) shows the same distribution for the corresponding analysis in the decay 
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The following preliminary branching ratioa are obtained 

B{i>-*vr+*"*+x~) m (8±2) XlO"* for WeV < m„ < ZQ%V, 

B($ -» i X ( U - 1.0, 0-J) • B{X - >V) =» (7,7 ± 3JD) X W - 4 . 
<») 
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i — ' r 
or Projection 

Fig. 14. Mass,, (GeV) distribution weighted 
with 0~ channel weight. (pp-tT projec­
tion) for (a) J lip -f ipp* and (b) J It — 
Tp"V~ (pteGminaiy). 

«-84 H V W «3«V) „ , M 1 , 

Fig. IS. Mass ,* , . , . (GeV) distribution 
(a) for eight combinations per event from 
'A* 7* Tr*+a--jr+irirV and (b) for the 
recoiling ar+jr~»° combination after requir­
ing 0.768 GeV £ mj^f „_,.> £ 0.813 GeV 
for one combination in (a). 

4.3 / / ^ -» TIWW 

The decay / /«* -» *+«<-*+aT***0 baa been analyzed applying4(7 and 8C? fits, exploiting 
the two «• mass constraints, to events with row charged tracks and 5 photons. Figure 15(a) 
shows the invariant T + J T - * 0 mass distributions. Clear w and ij signals are evident mainly 
coming from //V» -»w^+jr-a; 0^ and J/tj) -* wg. After requiring 0.753 GeV £ »!»+„-,. < 
0.813 GeV for one »+ir~r e combination t ie mass of the recoiling 3 pion system is plotted 
in fig. 15(b). Clear evidence for uu production is presented in figs. UHa),(b), where tour of 
the ?r+jr~*° mass combinations are histogrammed against the four recoiling combinations (4 
entries per Proit). Figure 10 (a) includes the full 8* mass range, whereas the events in fig. 
16 (b) are restricted to 1.0 GeV£ ran, £ »•« GeV. Because the processes / / t f - mi and 
/A> -* *°«w are forbidden by C-invariance, the presence of the two «'s in the event is direct 
evidence for the radiative decay Jfi> -»y ju . 
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Fig. 18. Three dimensional histogram of m„+,-„«(!) versus tnt+n-t,(2) in {GeV) 
from / / ^ -* ir + «*~g*K , + i0r 0 (four entries per event) for (a) all 6r-masses and 
(b) 1 * GeV< war £ M CteV. 

After selecting two w's (0.763 GeV< »•*+„-„» < 0.813 GeV), m ^ is plotted in fig. 17 
before (a) and after (b) background subtraction. The amount of background (shaded area) 
has been determined from the w-sidebands. Tne shape of the m,*, mas distribution is similar 
to the 0~-projeetkm for J/1> — "m (% M). ft is different, however, from J fir -*• *jww 
phase space (dashed line). Structure is again observed between 1.6 and 1.9 GeV cutting off 
sharply at the uu threshold. 

Here again the x angle is & useful tool to obtain spin-parity information. The x angle ean 
be calculated similarly to / / ^ -»IPP and J/$ — iH but using the normal to the r+ir -** 
plane in the respective c rest frames. In flg. 18 the x angle is plotted for (a) J/if> — <jww with 
1.6 < t n w < 1.0 GeV with the background subtracted, for (b) the u sidebands, and for (c) 
2 . 4 < t n u u < S.8 GeV. The shape of fig. l^a) fe inconsistent with odd spin or even parity, 
but consistent with 0~ or 8", This suggests that the structures observed in Jti> -»ipp and 
J/& -* >«<? have the same rrigiB. A fit ivitb a + 6sin3 % Y^Ms « = 4.7 sfc 0.3, * = 13,« ±0.5 
{it., S&% sin 8*) with xi = 2.1, 4 d.o.f.; a fit with a constant yields x 4 = 10.3 with G d.o.f. 
We obtain the following preliminary branching fractions: 
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Fig. 17. Mass i f (GeV) distributions from 
J/tj> -» 7wu (a) before and (b) after back­
ground subtraction as determined from the 
u sidebands. The dashed tine represents a 
J ftp -* tuu phase space calculation. 
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Fig. 18. The x-angle distribution from 
//V> -* Tfuw (a) for 1.6 GeV < fliuxj < 
1.9 GeV, background subtracted, (b) for 
events from the or sidebands, and (c) for 
3.4 GeV< muu, < 2.8 GeV. The curves 
represent fits with (a) a + 6sin2x> <* = 
4.7±0.3, 6 = 13.0±0.5, x 2 = 2.1,4 d.o.f. 
and (b), (c) constants, (preliminary) 

£(V>-»7<«i>)r=(8.8±1.8±2.4)Xl0~ 4

 tol jGeV<mtw<3GeV 

B(1> -* rM — (7.5 ± 5.0 ± 2.0) X 10"6 for 2.0 GeV < atuu < 2.4 GeV 

B{$ — fX{lA - Lfl GeV, 0 - )) • B(JT(1.6 -1.0 GeV, 0 - ) — ww) 

= (6.7±1,7±2.4)X»~ 4 

(12) 
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The t?iird branching fraction agrees with the corresponding branching ratio for J / 0 —» 
1P°p", eq. (11), as expected by SU(3) symmetry. 

6. CONCLUSIONS 

In summary we have studied the radiative decays J / 0 —» fKR and J / 0 -» 7 vector 
vector (TT^, ipp, Tuw). 

In J / 0 — 7KR the /(1515), the 0(1700) auid the ((2200) are observed. The spin-parity 
of the / ' is 2 + + with a = 0.7 ± 0.1, y = 0.02 dt 0.2 and 0 r PS 0 , « 0. The mass and width 
of the 0 are me = (1720 ± 10) MeV and Tt - (130 ± 25) MeV. 

The £(2200) is observed with 4.&r significance, m f = (2218±3±10) MeV, T( < 40 MeV 
(95% C.L.), and fl(J/0 -»Trf)B(£ - K*K~) = (5.8±1.8 r t l I ( ±1.5„,) X10" 6 . The present 
statistics do not allow us to distinguish J*0 = 0 + + , 2 + + and 4 + + at the 2a level. 

Upper limits for other possible decay modes of the ( are 

B(J/<f>-+rt(2.1t)) 

£ ( ' / * - 1 « ( 1 2 ) ) 

B(J/1>-*rf(2.2)) 

B(J/il>^ 7f(2.2)) 

B ( « « ) - C V ) < 7.3X10-° 

B ( £ ( 2 . 2 ) - T + T - ) < 3 X H T 5 

B(€(2.2) — A-A") < 2.5 X 10-* 

B ( t f 2 . 2 ) - * • # ' ) < 3 X 1 0 - « 

fl(e(2.2)^TO) < 7 X 1 0 - S 

B(e(2.2)-*pp) < 6 X 1 0 " 6 

90% C.L. 

A Higgs interpretation of this resonance seems unlikely. 

In J / 0 -* i<j>$ the i?c is observed with B(ite — 4>4>) = (0.8 ± 0.20 ± 0.25)% . The qe 

spin-parity has been measured for the first time as Jp = 0~. 

The decay J / 0 —» 74ir is ooserved in two modes. En a still preliminary analysis we 
measure B(0 —* iir+ir~it+x~) = (8± 2) X 1 0 - 3 . A large pp component is found around 1.5 
to 1.9 GeV which has been analyzed in terms of a spin-parity analysis with different channels 
and has been found to be mainly due to JF = even -, most likely 0". 

The decay J / 0 —»tuui is observed in j/ip -* 7ff+ir-ir°fl-+Jt-jr0. The ww mass distribu­
tion and the shape of the \ angle distribution suggest that the structure observed around 1.6 
to 1.9 GeV in J / 0 —» ifww is of the same origin as the one in J / 0 —» fpp. 
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