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The MARK III Collaboration has collected a data sample of S.8 x 10° pro­
duced Jy^'s. Results from the previous measurements in radiative decays are 
updated and compared with the hadronic decays. In particular, data, which 
are relevant to understand the nature of the 9(1720), 41440) and/or E(1420), are 
presented. A preliminary analysis of a systematic study of direct Jji/> decays into 
the vec to r ( J p c =l—) and the tensor { J P C = 2 + + ) mesons are presented. Some 
vector-scalar decays are discussed. Among the baryonic modes, observation of 
several SU(3) violating decays is reported. 
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In t roduct ion 

The decays of J / $ have proven to be 4 rich laboratory for finding new and 
exciting states e,g, t(L440), 0(1720), £ (2230) in the last decade. A popular search­
ing place for glue balls has been the radiative decays. On the other hand, pure 
hadronic decays of J/-0 into mesons and baryons have been used as a factory to 
study light quark spectroscopy in a very clean environment with a well denned 
initial state {JFC = 1 ). Decays with a <$> or an w help one understand the 
quark content of the meson recoiling against them. Most of the recent results 
presented here are on hadronic decays. 

Figure 1 shows the principal decay mechanisms of the 3/iff in order of relative 
strength. Further similar or higher order diagrams exist, but are not shown. As 
an interesting consequence of quark correlations arising from la and lb, we have 
analyzed processes of the type 

J / d > — ( i - ) + ( 2 + + ) , 

as well as 

J / < & - * ( l - ) + (0++), 

to complement our previous study"1 of 
• W ^ ( i - ) + (o-+). 

Particularly for the scalar nonet, questions of glueball candidates or four quark 
bound states have become intriguing. These are described in the first section. 

Of special interest for quark correlation studies axe the mesons recoiling 
against the $ and the u . According to the quark line diagrams in Figs. la,b 4> 
being pure sS and w being pure uu and di, project out, respectively, the strange 
and the non-strange quar.V content in the recoil system. However, the observed 
final states arising from the two gluon system in the radiative decays (Fig. lc) 
are flavor independent. Hence, to understand the nature of the E(1420)/*(1440) 
and D(1285) we compared the final states KKir and rj7r+7T~ in radiative decays 
with these same states in hadronic decays recoiling against the 0 and the u. The 
second section deals with this. Thereafter, the current status of the £l2M)) and 
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some other radiative decays a n discussed briefly. Then, the barytnic decays are 
discussed to the last section. 

Quark Correlation Studies of the Tensor and the Scalar Nonet 

*+ir recoil from u and d 

Tin final state J/if> —> *+ jr-sr+sr -*0 was studied where the a was selected 
la the ir+tr~*° decay mode. Figure 2a shows the 5C fit n*ir~n° mass spectrum 
with four combinations per event. A clear a peak over the combinatorial back­
ground Is evident. Figure 3a shows the final JT+IT~ spectrum recoiling against the 
u. The prominent peak at ~1280 MeV/c 1 Is easily identified with the f(1270)T 

the I«0 member of the 2 + + nonet, containing mostly non-strange quarks. The 
peak corresponds to a branching ratio of J/i/t into uf(l27o) 

B(J/iji —* w/(1270)) X JB(/(1270) —• sr+ir-) = (27.7 ± 1.4 ± 7.0) x 10"1. 

The broad enhanoamant at —500 MeV/c 1 has been seen in previous experiments, 
but Is not yet understood. The structure near 1000 MeV/c* also needs further 
Investigation. Ths Inclusive branching ratio of J /$ — , u7r+ir~ Is shown in 
Tabic 1. 

The final stats K*K" it**' was analyzed to study the TT+JT~ system recoiling 
against a <t>. Figure 2b shows the K+K~ spectrum in the <j> region. The cS 
signal li almost background free. Figure 3b shows the recoiling ir+ir" mass 
spectrum . A clear peak at -980 MeV/c 1 corresponding to the S' is seen. The 
spin-parity of the S' Is known to bit 0 + + . However, whether it is a simple qq 
resonance, two states close to each other1" (a pole in 5T7T and another in KK), or 
a four quark state,"1 hta been debated. In the a? scheme it is usually taken as 
primarily an s i bound state, but being below the KK threshold, decays primarily 
to ff Jr. However, once the Invariant mass is above the KK threshold, it decays 
mostly to KR and hence the sharp fall-off on the high mass side of the S* in the 
«r spectrum. Fitting the 8' spectrum to the standard coupled channel FlatU 
parametrlsatton,w the branching ratio of J/V> into ^S* was measured as 
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Br[Jf# — . «V6") x Br{S' —» v+w-) = (2.3±( 

The structures in the mass region of 1300 to 1550 MeV/c* havefiBajlffiilntriil 
to be the F(127o) and the c(1300), and the structure at ~170Q MeV/c* to be the 
0(1720). The measurement of the inclusive branching ratio of 3/i> —»^tr+ir - Is 
included in Table 1. 

K+K~ recoil from ta and ^ 

The K+K~ recoil spectra against the u and the <t> are presented in Fig. 4. 
The recoil spectrum from the w was studied both In K*K~ and K,K, modes. 
No striking signal corresponding to any of the standard gJ resonances is apparent 
in the JCJf ~ spectrum. However, a clear peak is seen (Fig, 4a) at 1731±10±10 
MeV/c z with a width of 110iJ|±15 MeV/c 1, which are consistent with the pa­
rameters of the 9(1720). The branching ratio of J/tf Into this decay mode was 

Br(J/^ —v w X ( m i ) ) x Br(X(1731) —* KR) - (4.81} \ ± 1,0) X 10"*. 

Ignoring any possible interference, an upper limit on u/'(152S) production was 
calculated uX 90% C.L. as 

Br(JI<l> —» w/'(1825)) X £r(/'(1525) —» KR) < 1,2 X 10"«. 

The K,K, mass spectrum, with much less statistics, reproduced the major fea­
tures of the charged mode. The inclusive branching ratio of J/il> Into uKR Is 
included in Table 1. 

The K+K~ mass spectrum recoiling against the $ shows a dear enhancement 
at the /'(1525) mass. This is the 1=0, primarily s i member of the 2 + + nonet, 
However, a high mass shoulder to the /'(1525) Is evident. Parametrising the 
structure with an /'(1525) plus another non-interfering Breit-Wigner resonance, 
the fit assigns a mass and a width of 1669±15 MeV/c9 and 833:41 MeV/c' to 
the high mass shoulder. A fit with the /'(1525) and an Interfering Brelt-Wlgnor 
amplitude yields a mass of 17084:64 MeV/c> and a width of 100±40 MeV/c 9 for 
the higher state. The parameters for this higher mass state a n consistent with 
those of the 9(1720). The branching ratio for /'(1S2S) was measured as 
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Br(J/0 —»<f/'(1525)) x £r(/'(1525) —• JfJ?) = (6.4 ± 0.6 ± 1.6) x 10"' 

in the ewe of the non-interfering fit. The uVerfering fit yielded essentially the 
same result for the /'(1525). 

Comparison with the radiative decay modea 'YJT'̂ T" and fyK*K~ 

The radiative decays of the J/ifr have been very rich in new physics. The 7, <j> 
and u all have the Bame i F a quantum numbers. White the u and the i project out 
the non-stTinge and the strange quark content, respectively, in the recoiling qlj 
system (Figs. la,b), the two-glnonsystem that decays into the observed final state 
in radiativs decays (Fig. lc) is flavor independent. Consequently, the radiative 
decays should be independent of the quark flavor. Figures 3a,b and c present the 
* + x ~ spectra recoiling from the u, 4> and 1 respectively. Figure 3a has a clear 
f(1270) and Fig. 3b has a clear S' peak corresponding to the flavor correlation 
is Fig. la. Figure 3c shows a large f(1270) peak, a shoulder, possibly from the 
/'(1525), and a 0(1720) peak. The lower peak at -800 MeV/c J originater from 
p°*° feed through, where a photon from the jr° is undetected. 

Among the K+K~ recoil spectra against the w, ̂  and 1 in Fig. 4, the radiative 
decay shows clear /'(1525) and 6(1720) production, whereas copious /'(1525) 
production is visible in the recoil spectrum against the <j>- An interesting point to 
note is th&t while the continuum process of fair production proceeds through a 
double OZI suppressed diagram e.g., Fig. Id, that of uKK can proceed through 
either a double OZI suppressed diagram or a single OZI suppressed diagram 
(for example, a sequential decay mechanism1'1 ). The subject of the 0(1720) 
production in association with the 4> and u and in radiative decays is discussed 
at the end of this section. 

Recoils from if* (892) and p 

To check the quark correlations further, recoils against the isoctoublet, if' (892), 
and the isovector p were analyzed. In the case of the K' (892), the final state 

B 

considered was K*« K~ir+. Figure 5a shows the plot of K+TT~ V«, ff-7r+. 
A band due to if(8S2) ((ff*(8fl2)°) production is apparent in if -jr+ (J f + * _ ) . 
Figure 5b shows the K~sr+ spectrum recoiling from the K* (892)°. A large peak 
at —1430 MeV/c2 corresponding to the production of K*(1432), the isodoublet 
partner of the 2 + + nonet is seen. The production branching ratio for this mode 
was measured as 

Br(J/j, —. Jf(892)°fc"(1430)") + a = (56 ± 4 ± 8.4) X 10"«. 

A small but clear peak is evident in Fig. 5b due to K'(892)° production, which 
is forbidden by invariance of the strong interaction under SU(3), and therefore 
points to the breaking of SU(3) or the presence of a substantial electromagnetic 
amplitude in J/t/r decays (Fig. lb). 

The recoil spectrum against the p was studied in the njr+sr~sr° final state, 
where the p°(pT) decayed intojr4sr~(w°7iT) and the resonances were searched for 
in the r/3T° (rj**) decay mode. Figure 6a shows the recoil nir spectrum from all 
three charged states of the p. Two peaks corresponding to 6(980) and >l2(1320) 
production are Been above the background at —980 and at 1320 MeV/c5 respec­
tively. Figure 6b shows the same spectrum corresponding to the sidebands of 
the p. The correlation of the A? (1320) production in association with the p Is 
clear, however, the interpretation of {(980) production with the p is still being 
pursued. The branching ratio of pAg(1320) production was calculated to be 

Br{J/jji —> pA3(1320)) = (118 ± 8 ± 29) X 10" 4. 

Conclusion of Vector-tensor and Vector-scalar Decays 

Table 1 summarizes the measured decay modes of J/^i into the vector-tensor 
and vector-scalar channels. The flavor correlations assumed by the dominance of 
diagrams la and lb are clearly seen, however the differences in measured branch­
ing ratios for associated production of u and i> seem to point to the presence of a 
large amount of SU(3) violation. This effect was seen and measured"1 along with 
the strong and the electromagnetic amplitudes in an earlier systematic study of 
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J/V* decay mto the vectoi^pseadoscalar nonets. This led to a measurement of the 
quark content of then and then', t the case tf the scalar meMns, a systematic 
study has begun, and promttes to be iateresting. 

The status of the 1(1720) 

T i e f(1720) was Hist eeeuM in radiative decays, lending to an argument 
for ite "ghMbaU" lnterpc«tation, lMl sinea production of pure gjnonk matter is 
supposedly suppressed la direct nadronie decays.''' ff the enhancements at —1230 
MeV/»* i s the neons against t i t w (Fig. 4a} and the £ (Fig. 4b) are indeed from 
the 6(1720), then it It produced in purely hadronic decays. This would mean 

, that the 0(1120) 1» not a pure glueball but contains quarks as well. 

Study of 'D, E / i ' in KRT and »JW Final States 

KR* recoil from 1. u and & 

Figure Ta ihowi the K£Ka»^ spectrum from radiative 3/^> decays. The 
analysis hit bean described elsewhere.1" The lota signal ts clearly seen. This has 
beenoneoftheprlnu "gluebiir candidates,'"',| and was first observed1"' inJ/V 
decays by the MARK D collaboration. A coupled channel analysis'"1 suggested 
that the J/lfl decays radlatlvely Into the i(X440), a pseudoscalar, with one of the 
largest radiative branching ratios, The t(1440) then deciys into Kit*, IP, PP, 
and ww, In the Kit* channel, the t(1440) shows up at a mass of 1460 MeV/e ! 

and a width or ~60 MaV/c9 as seen In Fig, 7a. The KKT recoil spectrum against 
an v was observed la the K±KST;* sad K*K~x° channels. Both channels look 
very similar. Fig^e 7b ihowathe combined spectrum. Fitting the spectrum with 
aBrtlt-Wigneraadab»eiground,ooeobta!n»anMioof U*4±6iJSM*V/ t' and 
awidthof40ijJ±10MeV/c*. T i e angular distribution of the w in this man 
region in the hettctVy frame suggests Don-aero spin lor the Jf#sr system. 

The system recoiling against the el was oliearvedln «*#$•*= and in jftJEi-T 

decay modes. Figure 7e presents the JS^Jfr** spectrum. There is no apparent 
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resonant structure at the E(1420)/t(1440) macs. An upper limit, fixing the man 
at 1420 MeV/e* and width at S2 MeV/c 1, has been measured to be 

Br(J/* —f «\'E(14»n x Brfl(MM)' — . «?*»;«**) < 1.1 x Mr*. 

na***-- recoil from T. w and $ 

Figures 8a,b and c display the »»•*— spectra from J/4 decays recoiling 
against a •», w and $, respectively. Two decay modes of the n, namely, sr+ir-jr* 
and -77 wen observed and areshown combined together in Fig. 8a. In addition, at 
least one nir combination was required to bo consistent with the 4(980). There Is a 
peak at ~128DMeV/c ! at the nominal D(USS) mats, a member of the 1 + + nonet. 
The D(1285) is known to contain ufi + di quarks where the E(1420) contains it 
quarks primarily.1"1 Since the spin-parity has not been determined here, this 
could also be the »'(127S), reported1"1 by some earlier experiments. Another 
clear peak is seen at -1395 MeV/c', lower than the conventional E(1420) mass; 
there is a dip at the 1(1440), The higher mass region peasants several structures 
as well. A detailed analysis to unfold the spin-parity of various parts of the 
spectra is underway. The recoil against an w and a £ were observed in the <n 
decay mode of the «. In Fig. 8b, the nir was required to have bssn produced 
through the decay of an Intermediate 5 [880). The parameters of the two peaks 
in Fig. 8b, as obtained from fitting them to two Brclt-Wlgner forms, are: 

M=12S3±6± 10, T a 14+|S ± 10 MeV/e> 

and, M=1421±8 ± 10, T a « t § § ± 15 MeV/c«. 

The measured branching, ratios are respectively, 

Br(JM —> <SD{*i&gf) x Bi f D(ra5)' —» BW+ir") = (4.3 ± 1.2 ± 1.3) X10" 4, 

and 

flr(J/eV —H. Jg[U3tif) x fiif£(1420)' — • » * + 0 a (B.2 ± 2A ± M) X VT*. 
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Figure Sc shows ani)'(8S8). Tlie parametera for the'D(ira)'Uke enhance­
ment are 

M « l W i * ± 10, r - 2 4 i J 2 ± 10 M e V / ^ with* branching ratio 

Br{J/4> —» *"D(12BS)») X Sr(*D(»28»)* —»1*+*~) = (l.*I85 ±«M)* 1 ( r * -

Conclusion of the KRr and nffff Studies 

Several questions ate railed by the above results, some new and some already 
editing dilemmu. Flrit, there b the question of whether the E really belongs to 
the 1 + + family. A recent BNL high statistics experiment1"1 claims the £(1420) 
meson to be a pseudoscalar after a partial wave analysis. This raises the question 
of whether the E(1420) and the t{1440) are the same, and whether the i(l440) is 
not one but two states.'"' It has been suggested1" that it might he theoretically 
comforting If the E(1420) were to be the 0 " + state while the recently reported 
D'(1E30)"" were the tl state in the 1 + + nonet. Given the existence of the 
rj'(1375), It li hard to accommodate both the i(144D) and the i/(1275) as isoscalar 
states in aiadlilly excited ?? nonet.1"1 The 'glue' Interpretation of the t(1440) is 
probably the most popular, Several mixing models of the pseudoscalar isoscalars 
Involving the t(M40) exist,1"1 but the situation Is far from settled. 

In the MARK HI data the ((1440) shows up in the radiative KK* decay 
with * matt and a width of 1456 ± 5 ± 6 MeV/c* and 95 ± 10 ± 15 MeV/c3 

respectively. The KR* recoil against the 0 shows the '£(1420)' like object at 
1444 MeV/c* with 24 < T < 84 MeV/c* at «0K CX. (narrowerthan the i(1440)). 
Again, the recoil against the 4> does not enow this structure. Th» conventional 
axial vector B(1420), containing mainly ** quarks should be observed against a 
.> recoil instead of an u recoil 

The ejsnr dice? mode b intriguing. TJte peak at ~1280MeV/c 1 is visible in 
recoil (gainst a <% a eland an <#, A knowledge of Its spm-parity will detenniw 

• 

whe-Ser it b the IJ*(1Z7S) or the D(1285). The O(USS) hea been teen in the n** 
dec^y mode with a large branching ratio, however, the D(12SS) is known mainly 
to he a s + ii, whereas this peak shorn up in recoil against both 4 and u. 

The dip ia the radiative 9** spectrum at the conventional t(1440) mas* 
h puzzling; although several models exist*55 regarding die appearance of the 
i(1440) in the KR* mode and the setmbig absence of it in the ijfnr mode in 
radiative decaye. The peak at 1395 MeV/cs» whose mass and width ere not 
inconsistent with those of the E(1420) meson Is also Intriguing In the radiative 
qarTT spectrum. 

Recent Status of the f, rj« In Radiative Decays of J/i/i 

The status of the state {(2230) observed by MARK III In radiative K*K~ 
and K$Kg was confirmed and reported1"1 by MASK HI. Thb was not observed 
by the DM2 collaboration, Various possible decay modes of the $(2230) were 
searched for. Predictions'3'1 were mads that If It wsre a hybrid stats, It would 
decay through OZi violating modes e.g. J/i> —> 1«to. In addition this was 
the only radiative vector-vector decay mode left from a systematic study of the 
ric decays into two vector mesons."" Figure 9 shows the u^ maw spectrum 
ohtained from the final state X+sY-ff+iTSi, A hint of the ((2230) Is visible 
with a few events at 2,23 QeV/c1. With a conservative approach, an upper limit 
was estimated as 

Br(JI* —• T((2230)) X Br[((t230) —• <J<j>) < 5.9 X 10 _ B , at a 90% C.L. 

This is to be compared with the branchingTatb of the //«> into {(2880) —»frfl? 
decay modes 

Br(J/+ —* i((2X30)) X A-(((229») —» K*K~) - (4.4l{;J ± 0.8) X VT*. 

and 

BrW/* —* • » « » » ) ) X OiHtm -* *$*&) - t"±lJS ± «-7) X IV*. 

M 



T l m j t does not appear « a BtKnigsigniiL The upper limit for this decay 
andefa 

Bt(Jf+ — 1 * 4 x B r ( t | « —m«\) < 1 . 3 x KT 5 n 9 0 % CL. 

Thabldiuive branching ratio BrlJ/rjr —*T»4) = (1.4 i 0.15 ± 0.28) x 10"5. 

N e w Bazyoolc Decay* at J/J> 

The following decay modes have feces analyzed to search for possible SU(3) 
violating decays: 

J/4) —• S-B(ISSO)' + e e (i) 

and 

J / * —* S"B(1S30)° + ce (ii) 

along with the 'elastic* process 

J/V(—'B-B+ (HI) 

The two decay modes of tils B[1530)+ wen analyzed separately. Figure 10a 
shows the missing man spectrum recoiling against the H - , where the £(1530}' 
decays through E + . The elastic peak at 1318 MeV/c 1 is very prominent, while a 
peak 111535 MeV/c* from B(1SS0)' production is also evident. 

For the decay mode where the B(1530) decays through i ° , the missing 
mats of the reconstructed H" and the bachelor jr+ (not belonging to die A) 
combination was plotted a* shewn in Fig. 10b. A peak at 1315 MeV/e* due to 
8°t corresponding to H(1BS0)' decaying Into S° and * + , is SMB. The low mass 
peak at 1120 MeV is due to A tea the elastic process, with the 3+ decaying 
into ix*. The charge conjugate modes wen analysed separately. The weighted 
avarageof the branching ratios derived from 4ho two decay modes of the E(15M) 
ana 

u 

BT(JH> — . ES(1S30)' + ce) = (8.8 ±0.7 ± 2 J ) x «T* , 

while the branching ratio of the elastic reaction was measured as 
Br(J/s> —» 3-S+) » (8.e± 0 3 ± 2.0) X 10"*. 

Since J/«> is an SU(3) singlet, the decay into S3* i.e. Into Bsfiio (octet-decnplet) 
is B D f ^ t n v vlcOatljig. One obtains the ratio of th* SV(3) violating to SU(3) 
allowed decay modes as 

Br(Jrt> —> 3-8+) 

In the neutral mode (ii), at most a small signal was observed. In addition, Monte 
Carlo studies showed possible feedthrough bom other channels. As a conservative 
approach, we therefore quote an upper limit: 

BrlJ/* — . a°E(1530)* + ce) < 4.1 X l fr* at 90% C.L. 

A strong interaction decay respects Isoapin invarlance. The J / 0 , being an 
taosinglet, should have equal branching ratios for reactions (i) and (li) if the decay 
proceeds by the strong interactions. The large difference In the two rates there­
fore shows the presence of an electromagnetic amplitude, Hence the observed 
branching ratios of (i) and (ii) might ails* from an interference between the elec­
tromagnetic and the Strang, amplitudes. Further studies are being performed. 
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Table 1. Compilation of the J/V" decay branching ratios 

J / ^ Decay Modes 

Btx 10* 

J / ^ Decay Modes MK3 DM2 Particle Data Group 

of 
49.3 ± 2.5 ±12.5 

<1.2 

4 0 ± 6 23 ± 8 

< 1 * 

6.4 ±0.6 ±1.6 

xf->K& 
4.6 ±0.5 ±0.7 3.7 ± 1.3 

<S.7 

X*0(892)KW"(1430)+te 5 6 ± 4 ± 8 . 4 — 67 ± 2 0 

pA, 1 1 8 ± 8 ± 2 9 86 ± 3 ± 13 84 ±45 

# i" 

2.3 ±0.3 ±0.6 

x S ' - t i + i -

2.38 ±0.2 ±0.4 2.6 ± 0.6 

wx'Nr- 78 ± 1 ± 16 6 6 ± 1 0 ± 6 68 ±19 

wKR 17.2 ± 0.8 ± 3.4 — 16 ±10 

^»+ir- 9 ±0.4 ±2,3 7.5 ±0.3 ±1.5 21 ± 9 
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Figure Caption* 

1. (a) Three ghroa annihilation, (b) Ekctnnnagnetk decay proceeding via <st 
annihilation into one photon, (c) Sectromagnetk decay into a final state of 
one photon and two glwm color singlet, (d) Doubly disconnected diagrams 
(double OZI suppression). 

2. (a) 5e fitted ir+ir"ir° mass spectrum with four combinations per event from 
the reaction ]($ —• »+jr"»+)r")r 6, (b) 4c fitted K*K~ mass spectrum 
from the reaction J/i> —»K+K~j>+it~. 

3. The i + » - s p e c t r a recoiling against the (a) t», (b) e\ and (e) -». in the J/«> 
decay. 

4. The K*K~ spectra recoiling against the (a) u, (b) <S, and (c) -T, in the J/<j/ 
decay. 

5. (a) The K +ir" mass vs. #"«•+ mass from the reaction J / 0 •—» K+ir~R-ir+, 
(b) the projection of the K~*+ mass distribution. 

6. The ijsr m u t distribution (a) rccoillruj against a p, and (b), from the p aide-
band in the reaction J/iji —> ijir+Tr ĵr0. All three charged combinations 
are included. 

7. (a) The If* Jjf,T* spectrum recoiling against a 7, (b) the combined spectra 
of tt*Kyf and iT+A—** recoiling againat aa a, and (c) the Jf**,** 
spectrum recoiling against a # in the JJ<I> decay. 

8. The qjr*T~ spectra recoiling againat the (a) 7, (b) u , and (e) & in the J / ^ 
decay. 

9. T h e 1 ^ mass distribution from the reaction. J /* )—• luj. The lower plot 
shows the distribution of the background events. 

10. (a) The recoil <mus from 5" in the reaction J/V —« a~a(1530)', E(1530)' 
-• § + i t° , S + -» An 0, and A -» p*+. (h) The reeoU mass from S"(* +) in 
the reaction J/ili —* B"2(1520)', B(WtoV -» B 8(ir +), 5»+ -» Ax 4, and 
I - » j&r+. In all case*, charge conjugate reactions ate included. 
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