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Abstract

The MARK I detector at the SPEAR e*e™ storage ring at SLAC has ac-
cutnulated a data sample of 5.8 x 10° J/v produced. The status of the £(2230)
abserved in the radiative J/y! decay is described. The status of the glueball can-
didates n{1440) {¢(1440)} and fa(1720) {#(1720)} are probed with s systematic
compnrison hetween the radiative and the hadronic decays of J/y:. Finally, an
understanding of quark correlations is attempted from a systematic study of the
J/v decaying intno Vector-Pseudoscalar, Vec'or-Tensor and Vector-Scalar nonets,
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1. Introduction

‘I'he discovery of charm was not only a giant step toward establishing the
present standard model of electroweak interactions, but slso was largely respon.
sible {or the boost in the ‘religion® of QCD. A major interest and novelty in the
tealm of QCD has recently heen to observe gluonic bound atates. Such states
are not accounted for in the quark made!; however, according to QCD gluons are
strongly interacting and they should form bound states"! either between them-
selves (pure glueballs), or with the quatks and antlquarks {hybsids). The few
potential candidates, which have previoualy bieen observed in radiative decaya of
the 7/, ™ ' still need to be established Grmly as glueballs, The seazch for
new tandidates within this new apectroscepy continues. 1n & broader sense, any
new physics, coming from the J/¢, may be interesting and Informative. Studies
of the 7.(2980), the charmed pseudoscalsr iscsinglet state into which the J/y

decrys through a magnetic dipole transition, also yiald imporiant information on
charmonium decay,

In addition to the above, J/y decays can be used as a laboratory to atudy
light quark speciroscopy. The initial stats of J/y, a very sharp and narrow
resonance, has a uniquely defined spin parity JP€ = 1==, This, along with the
low multiplicity of its decays, renders the J/y {ar more convenient for such studies
than the fixed target experiments where the initial spin-parity Is uncertain and
the final states often contain a lot of hadronic debris.

All J/¢ decays are Okubo-Zweig-lzuka (OZ1) suppressed.™ A large date
sample of J/¢ provides the opportunity to study both the Single-02] (SOZI)
and the Double-OZ1 (DOZI) suppressing mechanisms. Comparison of the radia-
tive and the hadronic decays provides nos only insight into the decay mechanisms,
but also helps in diffesentiating between the conventional ¢}, and the 'new’ spec-

troscopy.
TA0 M ER
Tty
» :.ii.:-’l-.ié
A

UISTREL I °F TG Do * ©ore GRESTI]D




The J/v decays into baryons provide & wealth of information about baryon
interactions, Furthermore, the J/¢, an SU(3) singlet, should hadronically de-
cay into a baryon-antibaryon pair where both (the baryon and the gxtibaryon)
beleng to octets or both belong to the decuplets. Mixed decaya where one of
the two (the baryon or the antibaryon) belongs to an octet and the cther to a
decuplet are SU(3) forbidden. Observation of such decays, along with the SU(3)
allowed decays, yields information about different couplings and their possible
interference effects.

The principal decay mechanisms of the J/y are explained below. Figure
) displays these in the order of strength. The mass of the J/¢ is below the
charmed meson pair threshold, so direct decay into charmed mesons is forbidden,
Therefore, the strong decay proceeds through (at least) three gluon exchange, as
shown in Figure 1(a). (One gluon exchange is forbidden because it carries color
to the final state and two gluon exchange is forbidden by charge conjugation for
a color singlet.) The final state does not contain any charm quark, hence the
decay is OZI suppressed. The decay atrength is proporticnal to a¥, and is given

explicitly by'™

T(J/¥ —= 39) = gt,z ~9) i% 23 O

where {0) is the value of the radial wavefunction of the J/¢ at the origin.
This represents ~ 62% of the total J/¢ branching ratios. Figure 1{b) is the

electromnagnetic decay through a virtual photon exchange. This is proportional
to & and is calculated as

2
T(Jjy s ete ) = d(Qca)’m .
M} /v
where Qo= 2/3 is the charge of the charmed quark. This diagram represents
~ 20% of the J/¢ branching ratios. Figure 1(c} is the radiative decay mecha-

nism and has been the hunting ground for the glueball searches. The strength,
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proportional to aal is calculated as'”

I(J/¥ — v99) = g%&r’ - 9)ﬂ§n05%%)£

L
and represents ~ 7% of the totsl J/¢¥ branching ratio for the radiative decay.
Since the photon in the final atate does not carry color, the two gluons could form
a color singlet bound state. Figure 1(d) shows a possible gluonic intermediate
bound state decaying into light quark mesons. It is this intermediate step that
makes the radistive decays the 'hunting ground' of the ‘glueball’ candidates.
Figure 1{e) shows a epecial case of & radiative decay where the J/¢ decays into an
n. through a magnetic dipole transition before the ¢ annihilate. This mechanism
is responsible for ~ 1% of the total J/¢ branching ratio and provides a very good
tool for unraveling the 1. decays s mentioned earlier. Figure 1(f} shows the
DPOZI decay mechanism, which is comparatively amall, but may not be negligible

in the interference effects with other amplitudes. This is described later.

FLAVOR TAGGING:

The implications of some of these decays are explained in Fig. 2. Figure
2(a) and 2{b) show the quasi-two-body decaya of the case of Fig. 1(a) and 1(b).
The vector meson nonet being ideally mixed, the ¢(1020) contains only strange
quark (a), and the w(783} containa only up(u) and down{d) quarks. In fact the

wavefunciions of these two isoscalars are, to a very good approximation,

= |aE>
w = |ug + dd >

Hence, if a ¢ (Fig. 2(s)) or an w (Fig. 2(b)) is identified in the J/y decay,
because of the continuation of the quark lines, the recoil syatem will contain the
83 (Fig. 2(a)) or the ufl, dd (Fig. 2(b)) quark content of the respective mesons.
This provides a very useful technique to determine the quark contents of varicus
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2. Quasi two-body J/¢ decay through ¢ annihilation into (a} a ¢ and the a3
part of & meson, (8) an w and the (uil -+ dd) part of & meson, (¢) an a¥ and
an ug, dd state through DOZI mechanism.



resonances by observing their production in association with & ¢ and an w in the
J /v decays. This, however, is not exact because of the presence of DOZI decays,

which, though small, do not obey the quark correlation as seen from Fig. 2(c).

According to the generalized G-parity' conservation, the J/¢ can decay

hadronically into the following meson nonets

J/ty -+ Pseudoscalar (P) + Vector (V)
—+ Tensor (T) + V
Scalar (S) + V

-

-+ Axial Veclor (A) + V

and radiatively,
Jiv -4+ P+ P

Yy+V 4V

The flavor tagging technique can be generalized to the whole vector nonet,
where recoils against each member of the vector nonet can be atudied. Such a
systematic study would yield the strength of the different amplitudes e.g. strong

(isospin conserving], electromagnetic (isospin violating} and SU{3} violating.

The MARK III detector at the SPEAR e*e™ storage ring at SLAC has col-
lected a data sample of 5.3 < 10° J/¢ produced, over two separate running periods
of 1982-83 and 1985. The present paper deals with the radiative decays in Section
2, starting with the status of the £(2230) and then searches in other radiative
channels, along with Lthe 5, decays. Section 3 deals with the status of the glueball
candidate n(144C), first observed "in the KK# mode of the radiative decay of the
J/yr. The KKn and na*x~ channels, were studied in both radiative decays and
in hadronic decays against a ¢ and an w recoil. The controveray in the 1280 -1500
MeV /c? mass region aver the structures f1{1420)/n(1440) { £(1420)/¢(1440)} and
the n{1275}//1(1285) {n(1275)/D(1285)} are discussed. Section 4 describes the

status of the f2(1720) in KK and %7~ and the comparison between radiative



and hadronic decays. The quark structure of the mesons and strength of the

amplitudes are determined by abserving reactions of the type

T s +07 (1)
Jig-e 1 42 (2)
Jiv =1 +0' (3)

for complete nonets. Sections 5 and 6 describe {1}, an ongoing analysis of (2}

and the beginning of a systematic study of (3).

2. Radiative Decaye
2.1 THE STaTUs OF £{2210)

MARK III reported”™ the observation of a narrow resonance £(2230) in
radintive J/¢ decey into K * K~ in 1983, with a data sample of 2.8 x 10° produced
J/. Several theoretical interpretations , as to the nature of the £(2220), were

Tl i

subsequently proposed e.g., a glueball or a hybrid state,
3

an ordinary high
apin mesonic state,'1 and others.”'”" An additional statistics of 3 % 109 Jfig from
the 1985 data, confirmed"* the previous observation. Figures 3(a) and 3(b) show
the K* K~ and the KK mass spectra from the combined data sample in the

radiative J/y' decay.

Both spectra are similar in their primary [eatures. Three clear peaks are seen
in cach, with the first one at ~ 1525 MeV/c? | corresponding to the fi{1525)
{f'(1525)}, the 55, I = 0, member of the 2* ' nonet. {The 2** noret is almost
ideally mixed.) The second peak is at ~ 1720 MeV/c? | the f2(1720){6(1720)},
which is a prime gluebali candidate”™ """ and will be described later. The third
peak (8 narrow peak on top of a wide bump centered around 2100 MeV/c? )

at ~ 2230 MeV/c? corresponds to the £{2230). The A<K2 spectrum contains
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(b) KK effective masa apectrum from the decay J/¢ — TK3K3.



littie background since decays like J/¢ — K2K2n® and J/¢ «» I{EKS are
forbidden by C parity conservation. This iz demonstrated in the Dalitz plots,
Figures 4(a) and 4(b), for the charged and the neutral channels respectivaly.
Diagonal bands from the above three resonances are observed (f}(1525) and
J2(1720) overlapping), es indicated in both pints. However, Fig. 4{a) contains
a vertical and a horizontal band parallel to the two boundaties arising from
K'* production in the reactions J/yr — K'*K?% misidentified as KR4, The
accumulation of events on the two boundaries are from the misidentiBied decay

Jip —etey

A maximum likelihood fit of a Breit-Wigner line shape in the 1000-2600
MeV /c? region yielded the parameters of the £(223D) as

m(€) = 2230+ 6+ 14 MeV/c?
T(g)= 260117 Mev/c?

for th~ charged mode, and,

m(€) = 2232+ 7T+ T MeV/?
L(€) = 1811 £10 MeV/<?

for the neutral mode. The Brst error corresponds to the statistical and the secand
error corresponds to the systematic erior. The measured braaching ratios of the

two decay modes were

B(J/¢ — 7€) - B(E —» K*it™) = (4.22}7 +0.8) x 1078
and B(J/y - 7€) B{E — KIKD) = (3.1]310.7) x 1078,

The ratio of the branching ratios is consistent with the £(2230) being an isoscalar.

Details have been presented elsewhere."*

A preliminary spin-parity analysis, using a maximum likelihood technigue,
has been performed in the relstively background free K§ K mode, to determine

10
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the JT of the £(2230). This maximum likelihood technique using the helicity
amplitudes was employed eartier™” to determine the spin-parity of the J4{1525)
and the f,(1720} with a smaller datasample. Figure 5 {a),(b),(c) show the cos &y
distribulions for the f}(1525] region [1420-1550 MeV/¢? |, £2(1720) reglon [1620-
1820 MeV/c? | and the £(2230) region [2180-2280 MeV/c? | respectively, whern
G}rg is the palar angle, with respect to the photon direstion of one of the Kg'a
in the KH3 center-of-mass frame. The sping determined for both the f](1525)
and the f2{1720) were 2 (the K3K2 system can only have even spin and positive
parity, i.e.,, 0%, 2%, 4% . ). The analysis assigned a minimum apin of 2 1o £,
although a apin 4 assignment eould not be excluded.””” [The effect of the 2100
MeV/c? region wes examined zeparately and its centribution wes estimated as
well as possible.) Due to the meager statisties a full Partial Wave Analysia (I'WA)

was not performed.

The DM2 collaboration, with a data sample of 8.6 « 10° produced J/y¢,
reported”” the lack of observation of a narrow resonance near 22 i) MaV/c?,
However, the GAMS collaboration has presented evidence” ! for s nurrow siruc.
ture in nn' al ~ 2220 MeV/c? with J¥ > 2*, In the reaction

7 p o' b

at 38 and 100 GeV/c.

Tha LASS collaboration also reported”” observation of & state at ~ 2200
MeV/c? decaying into K2K2 and KK in the reactions

K P AKIKY and K F —=AK'K-

at 11 GeV/c. A moment analysis prefers the spin-parity of this state to be 4* 1,

The search for other decay modes of the ¢{2230) by MARK 111 and the upper

limits in various channels have been previously pruenmd.“"

12
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2.2 Jlﬁ — ydd

Three glueball candidates were repm't.ecl""l to decay into ¢¢ in the fixed
target reaction #~p — ¢¢ + n. Hence the £(2230) was searched for in the

radiative ¢¢ decay of the J/¢y . The observation of the 9,(2980) decay into ¢¢
in the reaction

Jjb—=4 é

L~K"’K' L—' KK~

was published™ eatlier by MARK II with a smaller data sample. Recently, the
DM2 collaboration has published their reauits in this decay mode.”"

The ¢¢ effective mass distribution is plotted in Fig. 6(a); the evidence for ¢
praduction from the four charged kacns is shown In the acatter plot in Fig. 6(b).
Figure 6{a) si:ows clear production of the .{2080), while the lower mass region
around 2200-2400 MeV/c? shows interesting structures. The charged kaon de-
tection efficiency in the lower mass region is critical because of the kinematics.
A careful evaluation of the efficiency and detection of the ¢ in decay modes a.g.,
K2K? and s*»~°, which do not suffer from similar problems, are underway.
Presently, the branching ratio in the ¢ mass region of 2100-2400 MeV/c? is
measured to be

B(J/¢ ~ v6¢) = (4.0 0.5:%0.8) x 1074,

The spin-parity of the relevant atructures are also being examined.

2.3 JiY = ywé

fine of the nroposed decay modes of a hybrid™” £(2230), is thought to be
w¢. An additional motivation for studying this decay mode was to complete
a systematic study of the g — 1-~1-~ décays, which was published™ ear-
lier {with the smaller data sample), without the w¢ mode, The various decay

14
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mechanisms of the n,(2080) are shown in Fig. 7{a). It was suggested™ that
the measurement of this decay mode would yield important insight Into the rele-
vant diagrams contributing to the n.(2980) decay. If flavour - SU{3) were exact,
the reduced branching ratios B{n. — ¢¢), Blg. — #%*), Bin. — ww), and i
B(ne = KK*) should all be equal. These measnrements are being repeated
with the present high statisties data.

Figure 7(b) shows the w¢ effective mass plot in the dacay,
Jib—=qw

¢
L... ata"a® ‘—0 H*K™.

A hint of the £(2230) is visible with a few events at 2230 MeV /¢t . An upper
limit was catimated with a conservative appraach,

B{J /¢ — v£{2230)) - B{£(2230) = wé) <59 x 1078,

at a 90% C.L. Note for comparison that the branching ratios of the J/y into
K*K- and K3K§ are

B(J/¢ — 4£(2230)) - D{£(2230) - K* K™} — (4.2*17 2 0.8) » 1075,
and
B(J/w — 1£(2230)) - B(£(2230) — K$KD) = (3.12}8+0.7) <10 &
No signal for the n.{2980) is visible. The upper limit at 80% C.L. &
B(J /9 - 1m,{2080)) - B{n.(2980) — w¢) < 1.3 x 105
The inclusive branching ratio into vé$ was measured as

B(J/¢ ~qwd) = (1.40 £ 0.25+ 0.28) x 10~¢,
in summary,
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i} The narrow state £(2230), first observed by MARK 11l has been established.
The spin-parity delermination by a maxireum likelihood fit to the helicity

amplitudea favars JF > 2+,

t1) The n.(2980) was observed in the ¢¢ decay mode with increase statistics

in an ongoing analysis of J/¢ — vy¢é¢. The mass region between 2200-2400
MeV/c? ahawa interesting atructures.

vi) The radiative decay J/¢ = yw¢ was observed with a few events at 2230
MeV/e? . Mo significant n,(2080) signal was cbserved. A complete analysis
of n. —+ 17717~ with increased statistics is underway and should yield

important insight into the decay mechaniam.

3. The 1400 - 1500 MeV /c? Region and the 128C MeV /c? Region

The ‘old' and the ‘new’ spectroscopy came to meet in a bitter feud in the
1400-1500 MeV/c? maas region. The f3(1420) { E(1420)} has been around for
over twenty vears as & member of the 1%+ axial vector nonet, primnarily containing
a7 quarks.” However, & recent high atatistics PWA " claimed the spin-parity
of the f1(1420) to be D™*. The n{1440), & pacudoscalar glueball candidate, was
and has been observed in radiative J/¢ decays. As mentioned earlier, while the
radiative decays could be the ideal place to look for glueballs, the ordinary gqf
mesons are also obaerved hete. Therefore, with the possibility of the f;(1420)
being a pseudoscalat, it has been suggested™ that the f;{1420) is the same as, or
part of, the 5(1440). Te address this question, the radiative decay J/y» — vKK~
was compared tvithk the hadronic decays, J/4 — wKKx, and J/¢ — ¢KKn.

18



The KK# Decay Mode
3.1 J/v — 4KEn

The n(1440) was observed by MARK I!l in the decay modes J /¢ — vK*K%n¥,
and J/¢ — yYHtK~x" and a complete Dalitz plot analysis was performed™
with the earhier daia sample. The spin-parity of the 7{1440) was determined to
be 07, and the mass and the width

m=1456+5+6 MeV/c®
F= 95110115 MeV ¢?

in KtH2n% mode, and

m= 1461 £ 5+ 5 MeV /c?
I'= 101£10£10 MeV/c?

in K* K~ 7° mode, The measured branching ratios were

B{J{ — m(1440)) - (n{1440) — K*K3=xF) = (1654 1.0+ 2.7) x 107*
and,

B(J/¥ — m(1440)) - (n(1440) — K*K ") = (8.2 x 0.4+ 1.4) x 1074,

These are in agreement with the isnspin zero prediction of 2:1. The b:anching

ratio into KEx, corrected for the unseen decay modss was

B(J/¢y — yn(1440)) - (n(1440) —= KKx) = (50 £ 3.0+ 8.0) x 107*.

Figure 8 (a), (b) and (c) show the K*K3x°, X*K~n° and the KYKYn"

19
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effective mass spectra respectively from the reactions

Jip — yKEKIn?
Jiy = yKTK™ ="
and J/¢ — 1K{KIn®

from the recent high statistica J/¢ data sample. Clear peaks at ~ 1440 MeV/c?
are observed in all three spectra, However, they could not be described weli
by a simple Breit-Wigner parametrization of the data. Figure 8(d) shows Lhe
three spectra combined. The KKn final states can arise from either K* (892} K
or ao(980) {6(980)}r intermediate siates. In the K*{892)K mode, the threshold
effect can be important. To observe possible substructures, the 5[1440) peak was
split into a lower [1360-1460 MeV/c? | and an upper mass [1460-1580 MeV /¢?|
band. Figure 9(a) snd (b) show the Dalitz plots for these two mass regiona. In the
upper mass region, away from the K*(892}K threshold, the Dalitz plot indicates
presence of the K*(892). In the lower mass region, kinematic effects make it hard
to distinguish between the two isobars K*(892) and the go(980). In addition,
the ap(980) decays mostly into nx and partially into KR which is suppressed by
phase space. Hence, one has to keep in mind that the observed apectrum can be
the result of a threshold effect, a2 coupled channel effect or poesible interferences
between diff ‘rent intermediate states. A complete PWA program is necessary to

unfold the spectrum and such a study is underway.
3.2 J/w—w+KRx and ¢+ KRx

As mentioned earlier, the ¢ mesons are ropicualy produced in the hadronic
decays of the J/¢. The f1(1420), was first seen * in pp annihilations at rest in
the KKx decay mode, and its spin-parity was assigned to the be 0. its subse-
quent observations in hadroproduction experiments showed™" " the state to
have a JPC = 1** and a dominant K*K decay™! mode. Some recent experi-
ments observed the fi(1420) decay into KK="" and n7x"™ through a ac{980)r

21
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intermediate otule. So, comparing the resonance structures in the final atalry
KK&» and p»x produced in radiative decays and in association with a ¢ and an
w in hadronic decaya of the J/¢, address the following questions at the snme
time; 1) do we see the n{1440)} in hadronic decays, «i) is f,(1420) distinct [rom
the {1440}, and iii) what is the f;{1420).

3.3 J/¢ -» wKR=n
The following decay modes were observed;

Jip —-wK' 'K #°

ll...| ﬂ+ﬂ_ﬂn

and,

Jip —wKEKIn?!
l ki)

— oty e
Figure 10(a) nnd (b) show the reconstructed »*#~%° spectra from 1) and is)

respectively. Clean w signals are visible in both cases.

Figure 11{a) and (b) show the K*K - x® invariant masas from 1) and the

K*K2n* invarinnt mass from 5¥) recoiling against the w.

The spectra are very similar in nature. Figure 11{c) contains the sum of
11{(a) and {(b)." A clear peak ut ~ 1440 MeV/c? is observed. Analysis of 1)
and 55} was first perfarmed separately, and then together; they were found to be
consistent with each other. Details are given elsewhere.” Fitting the combined

spectrum with a Breit-Wigner {and a polynomial background), ane vbtains the

» The bachground from sventa not containing a w [marked by the shaded area) is estimated
from ohserving the KR events asscciated with the events from the sidebands of the w.
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tnasa and the width of the peak,

m =1442 + 5719 Mev/c?
F= 40*1145MeV/c?

The width, which is given as 24 < T < 84 MeV/c? at a 90% C.L., is not consistent
with that of the n{1440).”" Table 1 Jists the relevant branching ratios, as well
as the results of the Breit-Wigner Ats for each decay mode individually and
combined. The angular distribution oi the w, recoiling against the 1440 MeV/¢?
peak was studied in order to distinguish between 0~ and 1% of the spin-parity of
the state. Figure 11(d) shows the distribution of the normal to the w decay plane
in the helicity system of the w. The solid curve is the prediction for a J© = 0~
state. The data clearly is very diflerent [rom the pseudoscalar assumption (a
fit yields a 6% probability). A coupled channel analysis"” was performed to
the KK» system assuming that the KK consisted of three contributions, i) a
K*K intermediate state, 13) an ao(980)# intermediate state, and 111) an sotropic
distribution. The K* K wes observed to be the dominant contribution and the
rasonant structure was assigned a J¥ = 1+ by this technique. If the DOZI
contributions were neglected, the f1{1420), an axial-vector-like object, produced
in assaciation with an w in J/y hadronic decay should have a substantial amount

of u, d quark content.
3.4 J/¢— ¢KK~x

The tollowing decay modes were examined,

Jiy—¢ K K- n° /)

L one

and
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TABLE 1. Measured Branching Ratios into K&» and pea Decsy Modes

Decay mode J/y — Object Mass MeV/c? | Width MeV/c? Branching Ratie »10™4
{J/% — m(1440})- (n{1440} — KR=)
7+ KEKye®! n(1440]) 14562546 | 05+10=15 =30%3%8
-1+.'t'*'!f‘sr'f 1481 £ 55 101 £ 10 £ 10 =49+£2%38
w+ KE*K3s® inciusive inclusive inclunive 295+ ).4% 7.0
w+rK*'E+ee inclusive inziusive inchusive S5+ 14 14
(J/¥ = <" fi1420)")
o+ KEKy ¥ ‘f1(1420)* 1442 £ 7519 L “h(14200~ KE R oF) = 20238 2 0.0
w+ KtK-» M40 £ THG MRS (F1(1420)'~ K+ K~x*) = 13234 2 0.3
w+ KRx 1442 2 5719 07 x5 (' {1420) - K*K-x*) = 68210 2 1.7
¢+ HEKynT inclesive inclusive inelunive STOx0.8+ 10
$+KRx ‘f1(1420)° 1420-1440 40-60 (/9 — #* H1(1420)") -(NL(1420)"— KRx) < 1.2 0 90% C.L,
¢+ KRw ‘n(1440)' 1460 92 (J/¥ — ¢'n(144D)") -(‘'n{1449)'—~ KRx) < 2.1 QO K C 1.
¢ +HKRx '£:(1285)" 127926 10 1430 210 | (J/9 — ¢ N1{2285)') -(' f2(1285)'~ KR} = 0.6 0.2 0.1
{J/¥ — 1z} - {z — ay(980]x) -(a{980} — nx}
TemrtsT, p—7y n(1275) or f,(1285) 1233 Sxed 28 fixed =27108£0.2
T+urtaT, g atsTe® x? 1283 fixed 26 fixed =32%11203
(J/% ~ 73X} - (X — 0o{98Dix) -{co(880) — nx)
T+netrT, g~ X1 138216 89 123 =52412+05
T+petrT, g xte"x? 1400+ 7 62+ 14 =52418+£05 :
w+aete” thi{L420)? 421 4£8+10 5¥2 118 (39 =" /1 1420)) -{*7: (1420} < nxw} =924 245 2.8
d+axty- M{1275)" or 'fy(1285)' 7 [ 126326210 [ 24*Wz10 (I —¢35) (z = rver) = 16728 £0.4

! Resnlts obiained from thae initial 2.7 x 10® data sample.



Jip —=¢ K*KIr® i)
l—~ K*K-
—¢ K¥KOa¥ £i7)

L. xpxs

Figure 12(a), (b) show the reconstructed K+ K~ spectra from i} and ii) respec-
tively, and Fig. 12 [c) showa the K§ K2 epectrum from iis); a clean ¢ signal is
apparent in all three plots. Figure 13 presents the combined KK~» spectrum pro-
duced in association with a ¢ from 1), 3i) and ii¥), No clear structure is visible in
the 1440 MeV/c? region. Apart from a small signal at 1280 MeV/c? , the rest of
the spectrum is dominated by a broad phase space like distribution.”™ The upper
limits at a 90% C.L. for the f1{1420) and the n({1440) production in association
with the ¢ are quoted in Table 1. The inclusive branching ratios are also listed.
The mass und the width of the structure at 1280 MeV/c? was measured to be

m=12794 6+ 10 MeV/c?
=142 110 Mevje® |

consistent witk those of the f,(1285) {D(1285)), an isosinglet member of the
1** nonet. Figure 14 shows the three KK7 systems recoiling against a v, an w
and = ¢.

Neither the f;{1420) nor the n{1440) is observed in the KKx mode recoiling
against a ¢. If the DOZI contribulions could be neglected, this would strongly
suggest that the f;(1420) does not have any substantial strange quark content.
Furthermore, a structure consistent with the f3{1285), commonly believed to

contajn u, d quarks, is observed Lo be produced recoiling against a ¢.
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The nz*n- Decay Mode

in the KK= system, an important question in identifying the resonance, has
been isolating the isobarie interinediate state of its decay, namely, K*K and
25(980)x. The ap{080) has a large decay hranching ratio into g, Hence an ideal
place to look for a solution to the KKx puzzle was in the gar system,

3.5 Jp—mmrtn

The following two decay modes were observed,

did —mntaT + o~
Ln 1 'l]

Jith ongnta~ + o

I- vata et 1}

the invariant 7" mass distributions {rown 5} and from n) are displayed in
Fig. 15(a} and Fig. 15(b) respertively. A very sharp peak at -~ 30 MaV/e?
in both plots indicate copious n'(958) production. Figure 186 (a},(b) show the
nr® iuvariant mass spectra from i) and i}, in which copious ug(980) produc
tion is evident. The combined spectrum, with the g7* =~ invariant mass above
1000 MeV/c? is presented in Fig. 17{a), and shows many interesting structures.
However, a sharp dip instead of a peak exists at the conventional mass of the
1(1440). Several possible explanations exist,” " one of these being that the
dip is caused by destructive interference’™ between different decay modes of
the n(1440). Figure 17(b) depicts the yx*7 ° spectrum where an intermediate
ao(980) production was required. The 1200 ~ 1600 McV/c? region is thereby
emphasized, 2nd a narrow peak at ~ 1280 MeV/c? and anatier narrow prak at
~ 1390 Mr\' 7 are apparent. The exact mass and the width, assigned to the ~
1390 MeV /c2 structure by a Breit-Wigner parametrization, are listed in Table 1.
The respective branching ratios are aiso listed in Table 1.
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The lower peak at 1285 MeV/c? is consistent with f,(1285), however it is
also consistent with the n(1275} reported™” in the PWA of the na*n~ system
in fixed target experiments. The second peak occurs al a mass lower than the
conventional f,{1420) mass. A complete PWA is required to clarify the situation.
The mass region above 1500 MeV /c? is not discussed here, but sh‘ows interesting

structures.
3.6 JiY s wpntn”

The following decay mode was investigated,
Jiy—= wn ntn”

LAE L ._”_.. 7.

Figure 18(a) presents the na*r~ invariant mass spectrum recoiling against an
w. The 7'(958) is clearly visible along with a peak at the nominal f,{1285) and

a peak at the f3{1120] mass. The masscs and the widths were determined to be

m=12834+6x 10 McV/c?
r=14'174+10 Mev/c?

and
m =1421 4 8+ 10 MeV/?

r=45'3% £15  MeV/c?

L]

respectively, for the 1285 MeV /c? and the 1420 MeV/c? peaks. The vorrespond-

ing branching ratios are listed in Table 1.

A study of the substructure in ga' 7 yielded a significant amount of the
ap(980) production. Figure 18(h) represents the nx*= " invariant mass spec-
trum requiring that 77 system formesd an ag(980). The fi{1285) region, seems
consistent with all of the tesonance proceeding through an intermediate state of
a,(980C), while in the f3(1420) region, the resonance proceeds dominantly through
the a5(980). It is worth noting that the higher mass region in this nntx  spec-

trum in Fig. 18(a) seems very promising in terms of structures.
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3.7 JlY—gnxta”
The decay mode observed was,

Jip - ¢n xtx”

K*K~ -—"—"w.

Figure 19 shows the invatiant ot a1~ mass recoiling against the ¢. A clean spec-
trum with a large n'(958) signal is seen. At ~ 1285 MeV/c? , a peak compatible
with the f1(1285) is observed. The mass and the width as determined by a

Breit-Wigner parametrization were,

m=1283+ 6+ 10 MeV/c?
r=24330+10  Mev/c .

Again, similar to the spectrum of the KK# system recoiling against a ¢, any
production of the n{1440) or the f;(1420) is not visible (a single high bin is
observed). The relevant branching ratios are listed in Table 1. Similar to the
previous decay modes, study of the subatructure in the pxtx~ system revealed

that the 1285 MeV/c? resonance decayed through an intermediate ao(980) state.

Figure 20 presents the n»+x~ spectrum recoiling against a 4, an w and & §.
Figure 20(a) and (b) present the spectrum with the requirement of an ap(980)
intermediate state. The conventional {1440} is not observed in the nxx invariant
tnass spectrum in the radiative J/y decay. A narrow structure st ~1400 MeV/c?
is observed, along with an f;(1285)-like structure at the appropriate mass. In
the hadronic decay of the J/¢, an f,{1285)-like and an f,{1420)-like structure
are seen to be produced in association with an w, while only an £,{1285) like

structure is seen to be produced in asseciation with a ¢.

To racapitulate, at the time the n(1440) was first observed, the f) (1420) was
established as the 53 member and the f;{1285) as the (u@ + dd) member of the

»*+ family. These interpretations stemmed from the mass formula®™"

as
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M (1270) = M7, (1285)

2mig ,(1340) = Mpi(1385) + M1 (1420)

and from the fact that the f1(1420) was observed to decay into KK=, while
the 7f;(1285) decayed primarily into 7nx. Recently, as discussed earlier, the
1{1440) is establiched as a 0=, and the identity of the f;(1440) as an axial vector
or a pseudoscalar state as well as an &2 state has been seriously questioned.
Several questions ate raised by the MARK H1 data which need to be answered,
e.g. whether the peaka seen in KR« and in nnn (consistent with the f;{1420))
recoiling againat an w are the same objects, and whether the peak in nnw in the
radiative decay is the same. Curiously, in the recoil against the ¢, no peak is
observed at the f1{1420)/n{1440) mass region. Several explanations have beun
attempted™ ¥ to accommodate all the cata in this region from the J /4 decay,
fixed target reactions and the radiative and the two photon width measurements,
One of these*" suggests that the KR peak observed in association with an w in
the J/v decay us well aa that observed in the 2--y reaction™ is a hybrid ggg 1-+

exotic state, and the state observed in px 7 in assoctation with an w is a different
state.

The 1280 MeV /c? region is somewhat complicated because of the p_esence of
the n(1275) (the radial excitation of the 5}, in addition to the f,(1285}. Assuming
that MARK III data shows the f1{1285) in nxx in associated production with ¢
and w in the J/y decay, it casts doubt on the pure (ui + dd) interpretation of
the f1{1285), if DOZI correlations were to be ignored.
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4. In Search of the f,(1720)

As discussed earlier, it will be a triumph for QCD if a strongly interacting
gluonic bound state or a hybrid state, namely a bound statz of quarks and glu-
ons is observed. Identifying such a state will be an experimental success. The
/2(1720) has been n prime candidate for such a state. It was first observed™ in
radiative J/y decay, J/¢ -+ 4nyn. MARK 11l observed"” the £2(1720} in radia-

tive decay in KK and x*n~, in its initial 2.7 x 10° data sample. The measured
branching ratio into K*K~ waa,

B(J/¥ — v/2(1720)) - (f2(1720) — K*K~) = (4.8 £ 0.6 £ 0.9) x 107*.

The mass and the width were
m=1720+ 7 MeV/c?
F=132+t15 MeV/c%

The spin parity was determined to be 2%, Figure 3(s) and 3(b) show the K*K~
and KZKY invariant mass speetra from the updated data sample in the reactions
J/p ~ yK*K~ and J/¢ -« yKSKY, respectively. A clear [3(1720) ls aeer: in
both plots, along with the f§(1525). In the KJK2 mode, a maximum likelihood
fit to the helicity amplitudes™™ yielded JP = 2* for both the f}(1525) and the
£2(1720). Observation of the f3{1720) in the decay mode J/¢y — yntn~ was
al=o reported”” by MARK III. The mass and the width of the f3{1720) from this
decay mode were measured to be

m=1713+15 MeV/c?
=130  MeV/c*{fixed).

The branching ratio was measured as
B(J/v — 1/2(1720)) - (£2{1720) - #*#~) = (1.6 £ 0.4 £ 0.3) x 1074,

Figure 21(a) shows the invariant x¥x~ mass spectrum from the complete datz

sample. The low mass peak at ~700 MeV/c? ia feed-through events from the
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J/¥ — p*x* decuy mode, where ane photon has not been detected. The f3(1270)
{7{1270)} is obeerved along with a shoulder possibly due to the f3{1525) pro-
duction. The f2(1720) is clearly obsesved at the expected mass. A structure is
seen at ~2100 MeV/c? . This was previously reported"” as possible evidence
of production of the £4(2030) {A(2030)}. A detailed analysis is underway. An
analyois of the radistive decay mode J/¢ — 799 is also in progress.

Hadronic Searches
4.1 wK*K- AND ¢KVK-

The comparison of » state produced in the radjative decay mode and a similar
state produced in hadronic decay modes proved 1o be a useful too! to differentiate
between the ‘glue’ and the quark content of the state, as described carlier. The
eame technique was employed to understand the nature of the fz2(1720). Figure
22 displays the three K'Y K~ spectra,

Figure 22(b) displays the K* K~ effective maus ypectrum observed in associ-
aticn with an w in the reaction

Jiv—=w+ K'K"
I-_- ata"x,
An f7(1720)-like peak is observed with a mass and a width of

m=1731+101210 MeV/c?
T=110"30 415 Mev/eh

These parameters are consistent with those of the f2{1720). The measuvred
branching ratio was

B(J/¥ ~ w'f2(1720)") - ({2(1720)" —= KR) = (4.52}3 2 1.0) x 107*.

The K2K$ mode yields consistent results, althongh with smaller atatistics.

4
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Figure 22(c) showe the K* K~ spectrum recoiling 2gainst a ¢ in the decay
made,

Y =¢ KYK-
L. one.

A prominent f(1525) is observed, with a clear shoulder un the high mass eide.
A cohetent fit with standard f2(1720) parametess describe the data very well. A
detailed study with the proper mix of the angular distributions is undarway.

4.2 watz~ AND Pxtx-

The radiative x* x~ apecteum was compared with the x*x~ spectra in hadronic
decays, produced in assaciation with a ¢ and an w, as shown in Figure 21, Figure
21({b) displays the x*x~ spectrum from the decay mode, ‘

Jip —w ntx”
[—o atx " n"

As expected from the quark correlations, a clear f3(1270) is observed, No obvious
structure at the f{172D) is seen. The a*x spectrum is described later in some
detail. Figere 21(c) presents the »¥ 5 spectrnm from the decay mode,

Jjp—¢ xtx~

|—. K*K-.

A clear f5{978){5(975)} and a broad structure in the 1400-1500 MeV/c? are
observed and will be discussed later. A structure, similar in mass and width of
those of the f5(1720), is observed.

In summary, the f2(1720) has been observed in the radiative decays of the
J/¢ inte K*K=, KJK$ and xtx~, with lurge branching ratios. The analysis
of the radintive decay mode, J/Y¥ — ~m1 is in progress. Comparisons with the
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hadronic channels yield intercating results. An f;(1720)-like structure is observed
in KR produced in association with an « , and in w*w~ produced in association
with » ¢, where the conventional gJ mesons sre nol expected to be produced
profusely. In K&, in association with a ¢, the fz{1720)-like structure is seen

as only a shoulder to the f{{1525), although a detailed analysis will yield inore
definitive results.

8. Quark Correlations

The study of quark correlstions can be extended ‘o whole meson nonets,
namely the merobers of any nonet recolling againat members of the vector nonet.
The vector nonet waa chosen becausc It is ideally mixed. The nonet correlations
investigated so far are,

J/¥ = Vector+ Paeudoscaler
+ Tensor

4+ Bcalar

Al the Veclor-Pseudoscalar decay branching ratios were measured™ from
the previous data sample. By observing and measuring the decays

Jie— wn
- ¢n
and

Jip - wr

the quark contents of the n and the 9’ were determined.'™ From measuring uil the
decay modes, shown in Table 2, the strong, the electromagnetic and the SU(3)
violating amplitudes were detesmined.

A similas study is nlmost completed for the Veetcr-Tensor case, and has
begun for the Vector-Scalay.
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TABLE 2. J/¢ = V.P Decay Amplituded®hie7l

Decay mode Amplitude Amplitude with DOZI
Pt pPapm g+e g+e
K**K- R*-K*|g—h+e{2~x) g—h+e(2—z)
K Ko, K*K* | ¢ — h — 2¢(13%) g~ h — 2¢(132)
wy {9+ elxn " {9+ €)xe + VT 19(VExe + Ya)
wy' {9+ ) {9 + e)xy + V2 19(V2xy + 1a)
én (g — 2k — 20z)Y3 | {9 — 2k = 2ez)¥y + {9 — &) (V2xy + Yi)
én’ (9 — 2k — 2e2)Y! | (g = 3k — 2ez)Yrp + 7 (g~ h}(VExn + V)
»n Jexn dexq
»y Sexn dexy
wir® 3¢ e
On® 0 1]

X, — V3(ug +du content of n, Y, ~ 33 conlent of n,
Xy — VZ(ut + dd) content of ¥, Y] = a8 content of v,
g— SU(2) symm ‘ric atrong awmplitude, ¢ — electromagnetic amplitude,

h — SU(3) viclatr .g amplitude, = — rolio of & and u guark magnetic moments,

r — ralio of DOZ! and strong ampliludes.
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5.1 THE 1=0 CORRBLATION

Jfp = dndn

Figure 21{c) shows the x¥x~ spectrum recolling zgainst & ¢. As mentioned
earlicr, the fo(D75) is observed in its characteristic asymmetric way. The f5(975),
In the ¢ schemo is an J = O, 38 member of the 0** nonet. Several other in-
terpretations of fo(075) exist, including 8 ggq¢’! or a molecule,
states ¢lose to each other, one an a8 meson and the other, a glueball candidate '
(a pole in mx and another in KR). In the a8 scheme, the fo(275) would pre-
fer to decay Into KR, bul, being below KR threshold, decays mostly into #n,
tHlowever, once Lhe invaclant mass is above the KR threshald, it decays mostly
to KR and hence the sharp fall-off in #x on the high mass side of the fo{975).
The branching ratlo was measured using the standard coupled channel Flatté
parametrization'* (which ls an apptoximation, a simple extension of a formula-

#% and as two

tion for non-relativistic systema) and also using a more exact formalism which is
relativistic. The same branching ratio was obtained with both parametrizetions,

B.(J7d— ¢ Jol078)) - (£5(075) = x*x~) = (232031 0.6) x 1074,

In ihe 1300 ~ 1500 MeV /c? masa region, one or more atructures are visible. There
are simply speculations regarding their identities, because of limited statisuica,
One might attribute these structures to the f3(1270} and the f5{1300){c(1300)}.
The structure at ~ 1750 MeV/c? has been discussed previously.

J/y —~ dKT K-

Figure 22(c) shows the K+ K~ aspectrum recoiling agezinst a ¢. A clear
£3(1525) is observed, This is expected from the quark correlations, since the 2++
nonet is almost ideaily mixed and f3(1525) containn 53. As mentioned earlier, a
shoulder possibly due to the f4(1720) production is present. The branching ratio
derived for f1(152%) production dues not depend subatantially on the *f3(1720)"
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parametrcization. The measured branching ratio is
B-(J/Y — &1 (1525)) - (f'(1525) — KR} = (64 £ 0.6 % 1.8) x 10™*,

where the mass and the width of the f};{1525) were fixed at

m= 1520 MeV/c?
r= 15 MaV/d.

I rwnia”

Figure 21(b) presents the »* »~ gpectrum recolling against an w in the decay

Jjp —w xtx”

I—- B b L

The f2(1270) ia very pronaunced. The branching ratio was measurnd ns
B-(J/¢r — wf2(1270)) - (/(1270) — x*n~) = (2772 1.4 £ 7.0) x 1074,

The lower mass region features a broad enchancement at ~500 MeV/e? which
was scen in previous experimenta Rsveral speculations exist as to the nature
of it. The angular distributions of the w (recolling againat this structure) in its
helicity frame behavea like sin® 8, consistent with the w being aligned and the low

mazsy structure having spin 0.

There is a samall structure st ~970 MeV/c? consistent with some fo(975)
production, with a branching ratio ~ 10~4 from simple event counts.



JNJ — wKR

As discussed earlier, Fig. 22(b} displays the K* K~ spectrum from the decay
mode,
Ie—-w KK~

I— atx"x"

None of the conventional ¢] type mesone are seemingly observed. An upper limit
for f3{1525) production is measured as

B-(J, ¥ — wfi(1528)) - (f3(1625) = KR) < 1.2 x 10~ =at 00% C.L.
The KJK$ channel, although lower in etatistics, shows similar featuses,

5.2 TRE I=1/2 CORRELATION

The {ollowing decay mode was observed

Jiv - K°(892) K-3(1430)° + ee.

K*x~ -—l l—»K"r“’

Figure 23(a) shows the plot of K~x* va K*n~ effective mass. A band due to
K*(892) (or cc) production is observed. Figure 23(b) shows the X~ x* spectrum

recolling against the K*(892). A very large peak at the K*3(1430)" is evident.
The production branching ratio was measured as

B (J/¢ — K*(892)° K*3(1430}°) + ¢c= (1204 20+ 22) x 10~*,

There is a hint of a shoulder on the low mass side of the K3(1430) *. The J = 1/2
member of the 0** family, the K*°(1350) {x(1330)} is reported to be ~1350
MeV/c? with a width of ~250 MeV/c? . However, it has 30 far been observed
only in PWA. Hence, further analysis is needed to clarify the K*2(1350).
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23. (a) Scatter plot of X~x* vs K*x~ effective mass in the reaction J/¢ —
Kee(8p2) K*(1430) + cc. (b} The K~»* and K*x~ projections.
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5.3 THE I =1 CORRELATION

The associated production with s p was observed in the following decay mode,

J/¢ —  paz(1320)

SR |

in all three charged states, namely p*0J (1320) and p%a3{1320). The final atate
observed was nx*n =1 (The p*(p") decays into 772 (r* x~) and the oJ (1320)
(05(1320)) decays into gr¥ (p7°).)

The same final state alsa yielded information about the reaction

J/$ = pao(as0)

SN |

in all three charged states i.e. p*o¥(980) and p°a(980).

Figure 24 displays the combined spectra of nz~, 7", and n=x?, recoiling
against a p¥, p°, and p~, respectively. A peak from the az(1320) production over
a smooth background is apparent. However, no obvious signal for the ap (980},
correlated with the p preduction is seen. The branching ratio for pa;(1320) s

measured as

B-(J/W — p a2(1320)) = (1184 8 £ 29) x 1074

An upper limit for the p ay{980) production was oblained as
B - (/¢ — 5 ag(980)) - (ag(980) — nr) < 4.4 x 1074 at 90% C.L.

Table 3 lists same of the relevant hranching ratios. The quark correlations seem to

exist, at least qualitatively. The branching ratios for the associated productions
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24. (o) Sum of nw*, nn~, and n7° mass spectra recoiling against a p in the re-
actions J/¢ — paz(1320) and pao(980) where 23(1320) and ag(980) decay
into 7 {all three charged states). () Sum of yx*, p7~, and nx° associated
with p cidebands.
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<s

TABLE 3. Measured Branching Ratios into K* X~ and x*#~

Decay mode J/$ —1  Object | Mass MeV/c? | Width MeV/e? Branching Ratio x10~*

T+ K+K- Ji(1525) | 1525 £ 10 + 10 85+ 35 (J/% — 14" (1525)) - (£} (1525) = K+ K~) = 3.0 2072 0.
r-: +KYK- f2(1720) [ 1720+ 10+ 10 130 £ 20 (J/9 = 21 f2(1720)) - {f2(1720) ~ H*+K~) = 1.8t0.610.j
w+ KtK™ 51525} 1520 fixed 75 fixed (J/% — w[5(1525)] - {#3{1525) — KR} < 1.2 Q@ %% C.L.
w4+ H*K= L{1120) 7] 131+ 10210 tioth xS {3/% =o' BUILT20P){ f5{1720)'}~ KR} = 4.5%12 110
¢+ KYK~ f5(1525) 1520 fixed 78 fixed [J/¢ —+ 3/4{1525) (f3(1525) —~ KR) = 6.4+ 08+ 1.8
T'y +xtx” F2(1720) 17135 130 fixed (/¥ — 1fa(1720]) (f2(1720f — x*+x~} = 16 £ 0.4£ 0.3
?1 +ataT Fa(1270) 1269 & 13 180 fixed (/¢ = 1£2(1270)) - {/2(1270) — x+x=) = 11.52 0.7+ 1.9
tw AL fol575) 975 fixed 35 fixed {49 — 11o(975)) {/o(975) — xx} =< 0.74 90% C.L.
w4xte” f2(1270) 1277 fired 182+ 10 (/¥ — w[2(1270)) -(f2(1270) = x*»~} = 277 £ L4 £ 7.0
g+nrtr” fo{975]) (coupled channel j_eaupled channel | {J/% — $/o{975)) -[Jol975) = xtx~) =23+ 0.3z 08

! Resuits obtsined from the initial 2.7 x 10° dats sainple.



of w f2(1270), ¢/3(1525), K*(892) F;m‘éﬂ—) + cc, and paz(1320) in J/¢ decays
are large, while wf3{1525) and ¢f3(1720) are not. However, there ie & striking
difference between the branching ratios into the ¢£3(1525) and w f3(1270) modes
even after conaidering the effects of phase-space. The question of SU(3) violation
is important. The question of how rigorous the quark correlations are, ie. to

what extent the DOZI proceases are significant, is discussed later.

A systernatic study of the scalars has started o is evident frorn Table 3.
Perhaps mast importantly, it could yield the answer to the question as to the
nature of the scalars. The Jack of observation of pap(980) production raises
questions about the g7 interpretation of the ag(980), according to which the
wavefunction of the ay{980) is

1
ag(980) >= — |yt —dd > .
| aa(980) 7 l
This is to be compared with similar associated production branching ratios of
pa2(1320) and pr, 1! (~ 100 x 1074), where both the a2(1320} and 7 are well
established g§ mesons (|p >= T}i | 4 —dd >, |7 >= 7’,:_ [ug - dd >).

Several explanations, including a molecule interpretation of the ay(980)

relating to the 2y-width™" exist.

6. The DOZI Interpretation

Table 2 lists the Vector-Psendoscalar decay modes expressed in terms of the
strang, the electromagnetic and the SU(3) violating amplitudes. The SU(3) vi-
olation is present in both the strong and the electromagnetic amplitudes. The
mixing angle of the Pseudoscalar nonet, (alternatively, the quark contents of the
n and the n'{858)) were determined"” by fitting these amplitudes to the data.}

However, the recent measusement of the two photon width"" of the »'(958)

1 The n contained only u, d, and » quarks, while the n'{958) had room for eomething extra,
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disagreed with this conclusion and was conaistent with it containing only «, d,
and 1 quark as well.

Following the suggestiona' "

that the DOZI amplitude may be small
but not negligible, and assuming that DOZI amplitude = rx strong amplitude,
one can replace the previcus expressions with"" the new ones shown also in
Table 2. It should be noted that the isespin conservation is still reapected by
the DOZI process. Currently, some of the Vector-Pseudoscalar decay modes are
being updated with the present data sample and a refit of the amplitudes shown

in Table 2 with the DOZIl is in progress.

7. Conclusion

The baryonic decays are not discussed in the present paper, but s complete
analysis is being pursued.

fad] (48] |20 [3M) . {aa] {as)
a™” in

Interesting structures were observe 2o, ww,'“' and yp
in radiative decays of the J/y. These are currently being investigated with the

complete data sample.

In short, the J/¢ data from MARK I has yielded some very interesting
results and raised numerous impartant questions. A very rich analysis program

is in progress and promises to address these issues,

For further datataking, the innermost drift chamber (trigger chamber) in the
MARK III detector will be replaced by a high precision vertex detector. This will
improve trigger efficiency, track resolution and track reconstruction efficiency, in
particular for short tracks, while ensuring an efficient background rejection {e.g.
cosmic rays). With the expected upgrade in SPEAR luminosity, MARK HI will

continue to be a source of very rich physics.
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