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Abstract

The MARK III detector at the SPEAR ete™ storage ring at SLAC has ac-
cumulated a data sample of 5.8 x 10% J/¢ produced. The status of the £(2230)
observed in the radiative J/v decay is described. The status of the glueball can-
didates n(1440) {¢(1440)} and f2(1720) {6(1720)} are probed with a systematic
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1. Introduction

The discovery of charm was not only a giant step toward establishing the
present standard model of electroweak interactions, but also was largely respon-
sible for the boost in the ‘religion’ of QCD. A major interest and novelty in the
realm of QCD has recently been to observe gluonic bound states. Such states
are not accounted for in the quark model; however, according to QCD gluons are
strongly interacting and they should form bound states!” either between them-
selves (pure glueballs), or with the quarks and antiquarks (hybrids). . The few
potential candidates, which have previously been observed in ;'adiative decays of
the J/1,"” ™ ™ still need to be established firmly as glueballs. The search for
new candidates within this new spectroscopy continues. In a broader sense, any
new physics, coming from the J/4, may be interesting and informative. Studies
of the 7.(2980), the charmed pseudoscalar isosinglet state into which the J/¢
decays through a magnetic dipole transition, also yield important information on

charmonium decay.

In addition to the above, J /¢ decays can be used as a laboratory to study
light quark spectroscopy. The initial state of J/¢, a very sharp and narrow
resonance, has a uniquely defined spin parity JF¢ = 1—~. This, along with the
low multiplicity of its decays, renders the J/ far 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-Izuka (OZI) suppressed.” A large data
sample of J/iy provides the opportunity to study both the Single-OZI (SOZI)
~ and the Double-OZI (DOZI) suppressing mechanisms. Comparison of the radia-
| tive and the hadronic decays provides not only insight into the decay mechanisms,
but also helps in differentiating between the conventional ¢g, and the ‘new’ spec-

troscopy.



The J/4 decays into baryons provide a wealth of information about baryon
interactions. Furthermore, the J/4, an SU(3) singlet, should hadronically de-
cay into a baryon-antibaryon pair where both (the baryon and the antibaryon)
belong to octets or both belong to the decuplets. Mixed decays where one of
the two (the baryon or the antibaryon) belongs to an octet and the other 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/v are explained below. Figure
1 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 strength is proportional to ag, and is given

explicitly by tel
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where 1(0) is the value of the radial wavefunction of the J/v at the origin.
This represents ~ 62% of the total J/¢ branching ratios. Figure 1(b) is the
electromagnetic decay through a virtual photon exchange. This is proportional

to a and is calculated as

T(J/Y - ete”) = 4(Qcoz)2|¢—((2))E ,
M3

where Qc= 2/3 is the charge of the charmed quark. This diagram represents
~ 29% of the J/y 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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1. (a) Strong decay proceeding through ¢¢ annihilation into three gluons; (b)
Electromagnetic decay through cz annihilation into one photon; (¢) Electro-
magnetic decay into a final state of one photon and two gluons (radiative
decay); (d) The two gluons forming a color singlet possible bound state
(glueball); (e) Radiative decay through a magnetic dipole transition to n;
(f) Doubly disconnected diagrams (double OZI suppression).



proportional to aa?g is calculated as"
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and represents ~ 7% of the total J/y branching ratio for the radiative decay.
Since the photon in the final state 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 radiative decays the ‘hunting ground’ of the ‘glueball’ candidates.
Figure 1(e) shows a special case of a radiative decay where the J/4 decays into an
n. through a magnetic dipole transition before the c¢ annihilate. This mechanism
is responsible for ~ 1% of the total J/4 branching ratio and provides a very good
tool for unraveling the n. decays as mentioned earlier. Figure 1(f) shows the
DOZI decay mechanism, which is comparatively small, 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 decays of the case of Fig. 1(a) and 1(b).
The vector meson nonet being ideally mixed, the ¢(1020) contains only strange
quark (s), and the w(783) contains only up(u) and down(d) quarks. In fact the

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

= |s5>
lutt + dd >
w= —,

V2

_ Hence, if a ¢ (Fig. 2(a)) or an w (Fig. 2(b)) is identified in the J/¢ decay,
S_écause of the continuation of the quark lines, the recoil system will contain the
s3 (Fig. 2(a)) or the u@i, dd (Fig. 2(b)) quark content of the respective mesons.

This provides a very useful technique to determine the quark contents of various
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2. Quasi two-body J/4 decay through cZ annihilation into (a) a ¢ and the s3
part of a meson, (b) an w and the (u& + dd) part of a meson, (¢) an 83 and
an u@i,dd state through DOZI mechanism.



resonances by observing their production in association with a ¢ and an w in the
J /¢ 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/¢ — Pseudoscalar (P) + Vector (V)
— Tensor (T) + V
— Scalar (S) + V
— Axial Vector (4) + V

and radiatively,
J/Yy -4+ P+ P

v+V +V.

The flavor tagging technique can be generalized to the whole vector nonet,
where recoils against each member of the vector nonet can be studied. 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 5.8 x 108 J /4 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 the 5, decays. Section 3 deals with the status of the glueball
candidate (1440), first observed'” in the KK7 mode of the radiative decay of the
J/¢. The KK7 and n7tx~ channels, were studied in both radiative decays and
~ in hadronic decays against a ¢ and an w recoil. The controversy in the 1280 -1500
| MeV /c? mass region over the structures f; (1420)/n(1440) { E(1420)/:(1440)} and
the n(1275)/f1(1285) {n(1275)/D(1285)} are discussed. Section 4 describes the

status of the f3(1720) in KK and nt#~ and the comparison between radiative



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

amplitudes are determined by observing reactions of the type

J/p =17~ +07+ e
T/ =177 +2+* (2)
J/p =177 +01t (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 Decays
2.1 THE STATUS OF £(2230)

MARK III reported™ the observation of a narrow resonance (2230} in
radiative J/¢ decay 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

[10] (11]

subsequently proposed e.g., a glueball or a hybrid state, an ordinary high
spin mesonic state,”"” and others."” An additional statistics of 3 x 108 J /¢ from
the 1985 data, confirmed"! the previous observation. Figures 3(a) and 3(b) show
the K*K~ and the K3 KJ mass spectra from the combined data sample in the

radiative J/v decay.

Both spectra are similar in their primary features. Three clear peaks are seen

in each, with the first one at ~ 1525 MeV/c? , corresponding to the f}(1525)
{f'(1525)}, the s5, I = 0, member of the 2** nonet. (The 2** nonet is almost
ideally mixed.) The second peak is at ~ 1720 MeV/c? , the f2(1720){6(1720)},

” which is a prime glueball candidate™ "®' and will be described later. The third
beak (a narrow peak on top of a wide bump centered around 2100 MeV/c? )
at ~ 2230 MeV/c? corresponds to the £(2230). The K3K2 spectrum contains
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3. (a) K* K~ effective mass spectrum in the radiative decay J/¢p —» yK+tK~,
- <. (b) K2K? effective mass spectrum from the decay J/¢ — vK3K2.



little background since decays like J/¢p — K3K3n° and J/¢p — K3KJ are
forbidden by C parity conservation. This is demonstrated in the Dalitz plots,
Figures 4(a) and 4(b), for the charged and the neutral channels respectively.
Diagonal bands from the above three resonances are observed (f;(1525) and
f2(1720) overlapping), as indicated in both plots. However, Fig. 4(a) contains
a vertical and a horizontal band parallel to the two boundaries arising from
K** production in the reactions J/¢ — K**K* misidentified as KKv. The
accumulation of events on the two boundaries are from the misidentified decay
J/p — ete .

A maximum likelihood fit of a Breit-Wigner line shape in the 1900-2600
MeV /c? region yielded the parameters of the £(2230) as

m(¢) = 223046+ 14 MeV/c?
T(¢) = 26720+17 MeV/c?

for the charged mode, and,

m(¢) = 2232+ T+£7 MeV/c?
I'(¢)= 1872 +10 MeV/c?

for the neutral mode. The first error corresponds to the statistical and the second
error corresponds to the systematic error. The measured branching ratios of the

two decay modes were

B(J/Y —~¢)-B(¢ = KTK™) = (4.27}7+0.8) x 107°
and B(J/¢ — ~¢)- B(¢ — K3K2) = (3.131§+0.7) x107°.

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 technique,

has been performed in the relatively background free K3 K3 mode, to determine

10
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the JP of the £(2230). This maximum likelihood technique using the helicity
amplitudes was employed earlier"” to determine the spin-parity of the f3}(1525)
and the f2(1720) with a smaller data sample. Figure 5 (a),(b),(c) show the cos ko
distributions for the f}(1525) region [1420-1550 MeV/c? |, f2(1720) region [1620-
1820 MeV/c? | and the £(2230) region [2180-2280 MeV/c? | respectively, where
0Kso is the polar angle, with respect to the photon direction of one of the Kg. ’s
in the K3 K3 center-of-mass frame. The spins determined for both the f;(1525)
and the f(1720) were 2 (the K3 K2 system can only have even spin and positive
parity, i.e., 07, 2+, 4% ...). The analysis assigned a minimum spin of 2 to ¢,
although a spin 4 assignment could not be excluded.™™ (The effect of the 2100
MeV/c? region was examined separately and its contribution was estimated as
well as possible.) Due to the meager statistics a full Partial Wave Analysis (PWA)

was not performed.

The DM2 collaboration, with a data sample of 8.6 x 10° produced J/4,
reported"”” the lack of observation of a narrow resonance near 2230 MeV/c.
However, the GAMS collaboration has presented evidence 29 for a narrow struc-

ture in 79’ at ~ 2220 MeV/c? with JP > 2%, in the reaction
Tp—onn +n

at 38 and 100 GeV/c.

The LASS collaboration also reported™ observation of a state at ~ 2200
MeV/c? decaying into KK and K+ K~ in the reactions

K P -+ AK2K} and K P — AKtK~

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

-

The search for other decay modes of the £(2230) by MARK III and the upper

limits in various channels have been previously presented.

12
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2.2 J/¢—>'y¢¢

Three glueball candidates were reported™ to decay into ¢¢ in the fixed
target reaction 7"p — ¢¢ + n. Hence the £(2230) was searched for in the
radiative ¢¢ decay of the J/¢ . The observation of the 5.(2980) decay into ¢¢

in the reaction

Jb—v¢é ¢

L—+ KYK~ I—» K*K~

was published %) earlier by MARK III with a smaller data sample. Recently, the

[24]

DM2 collaboration has published their results in this decay mode.

The ¢¢ effective mass distribution is plotted in Fig. 6(a); the evidence for ¢¢
production from the four charged kaons is shown in the scatter plot in Fig. 6(b).
Figure 6(a) shows clear production of the n.(2980), while the lower mass region
around 2200-2400 MeV/c2? 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 e.g.,
K3K}? and mtn~n°, 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/¢ — 7¢$) = (4.0£0.5+0.8) x 1074,

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

2.3 J/¢Yp—qwe

One of the proposed decay modes of a hybrid"" ¢ (2230), is thought to be
we¢. An additional motivation for studying this decay mode was to complete
a systematic study of the n, — 17717~ decays, which was publishedm] ear-

lier (with the smaller data sample), without the w¢ mode. The various decay

14
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mechanisms of the 7.(2980) 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 7.(2980) decay. If flavour - SU(3) were exact,
the reduced branching ratios §(r/c — ¢4), ﬁ(r)c — p°p°), ﬁ(nc — ww), and %
§(r]c — K*°K*°) should all be equal. These measurements are being repeated

with the present high statistics data.

Figure 7(b) shows the w¢ effective mass plot in the decay,

J/Yp >y w

é
l——» rtr~n° L KtK~.

A hint of the £(2230) is visible with a few events at 2230 MeV/c? . An upper

limit was estimated with a conservative approach,
B(J /¢ — ~£(2230)) - B(£(2230) — w¢) < 5.9 x107°,

at a 90% C.L. Note for comparison that the branching ratios of the J/v into
K*K~ and K2K) are
B(J /¥ — v£(2230)) -B(E(2230) -+ KtK~) = (4.2217+0.8) x 1075,
and
B(J /v — ~£(2230)) - B(£(2230) —» K3K3) = (3.131§+0.7) x 107°.
No signal for the 7.(2980) is visible. The upper limit at 90% C.L. is
B(J /¥ — 1c(2980)) - B(7.(2980) — w¢) < 1.3 x 107°.

The inclusive branching ratio into yw¢ was measured as

B(J/¥ — yw¢) = (1.40£0.25+0.28) x 1074,
In summary,

16
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i) The narrow state £(2230), first observed by MARK III has been established.
The spin-parity determination by a maximum likelihood fit to the helicity

amplitudes favors JF > 2+,

11) The 7.(2980) was observed in the ¢4 decay mode with increased statistics
in an ongoing analysis of J/¢ — v¢¢. The mass region between 2200-2400

MeV/ c? shows interesting structures.

111) The radiative decay J/y — yw¢ was observed with a few events at 2230
MeV/c? . No significant 7.(2980) signal was observed. A complete analysis
of o — 17717~ with increased statistics is underway and should yield

important insight into the decay mechanism.

3. The 1400 - 1500 MeV/c? Region and the 1280 MeV/c? Region

The ‘old’ and the ‘new’ spectroscopy came to meet in a bitter feud in the
1400-1500 MeV/c? mass region. The f;(1420) {E(1420)} has been around for
over twenty years as a member of the 177 axial vector nonet, primarily containing
85 quarks.[“' However, a recent high statistics PWA 7 claimed the spin-parity
of the f1(1420) to be 0~%. The 1(1440), a pseudoscalar glueball candidate, was
and has been observed in radiative J/4 decays. As mentioned earlier, while the
radiative decays could be the ideal place to look for glueballs, the ordinary ¢¢
mesons are also observed here. Therefore, with the possibility of the f;(1420)
being a pseudoscalar, it has been suggested ™ that the f;(1420) is the same as, or
part of, the 1(1440). To address this question, the radiative decay J/¢ — YKK=
was compared with the hadronic decays, J/¢¥ — wKKm, and J/¢ — ¢KKm.

18



The KK7 Decay Mode

3.1 J/¢Y - 4KKnx

The n(1440) was observed by MARK Il in the decay modes J/¢ — yK£K3n¥,
and J/¢ — yKtK~7n° and a complete Dalitz plot analysis was performed ™"
with the earlier data sample. The spin-parity of the 7(1440) was determined to
be 0, and the mass and the width

m=1456+5+6 MeV/c?
I'= 95+10+15 MeV/c?

in K*K2n* mode, and

m=1461+5+5 MeV/c?
I'= 1014+10+10 MeV/c?

in K* K~ n° mode. The measured branching ratios were

B(J /v — yn(1440)) - (n(1440) — K*K3r¥) = (16.5+1.0+£2.7) x 1074
and,

B(J/¢¥ — yn(1440)) - (n(1440) - K*K~7°) = (8.2+0.4+1.4) x 107*.

These are in agreement with the isospin zero prediction of 2:1. The branching

ratio into KK, corrected for the unseen decay modes was

B(J /¢ — yn(1440)) - (n(1440) — KK7) = (50 £ 3.0 £ 8.0) x 107*.

M

Figure 8 (a), (b) and (c) show the K*K2x°, K*K~n° and the K3K3r°

19
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effective mass spectra respectively from the reactions

J/Y — yK*KIrF
J/Y — vKtK™7°
and J/¢Yp — YKIKIr®

from the recent high statistics J/¢ data sample. Clear peaks at ~ 1440 MeV/ c?
are observed in all three spectra. However, they could not be described well
by a simple Breit-Wigner parametrization of the data. Figure 8(d) shows the
three spectra combined. The KK7 final states can arise from either K*(892)K
or ap(980) {6(980)}n intermediate states. In the K*(892) K mode, the threshold
effect can be important. To observe possible substructures, the (1440) peak was
split into a lower [1360-1460 MeV/c? | and an upper mass [1460-1580 MeV/c?|
band. Figure 9(a) and (b) show the Dalitz plots for these two mass regions. 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 ao(980). In addition,
the ao(980) decays mostly into n7 and partially into KK which is suppressed by
phase space. Hence, one has to keep in mind that the observed spectrum can be
the result of a threshold effect, a coupled channel effect or possible interferences
between different intermediate states. A complete PWA program is necessary to

unfold the spectrum and such a study is underway.

3.2 J/Y >w+KRr and ¢+ KKnx

As mentioned earlier, the ¢§ mesons are copiously produced in the hadronic
decays of the J/¢. The f1(1420), was first seen®” in pp annihilations at rest in
the KK7 decay mode, and its spin-parity was assigned to the be 07. Its subse-

~quent observations in hadroproduction experiments showed ™ ¥* the state to
have a JF¢ = 11t and a dqmiﬁant K*K decay™ mode. Some recent experi-

ments observed the fi(1420) decay into KK7"" and n77"* through a ao(980)

21
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intermediate state. So, comparing the resonance structures in the final states
KK7 and n7m produced in radiative decays and in association with a ¢ and an
w in hadronic decays of the J/4, address the following questions at the same
time; ¢) do we see the n(1440) in hadronic decays, #1) is f1(1420) distinct from
the 7(1440), and iii) what is the f;(1420).

3.3 J/¢Y - wKKn
The following decay modes were observed;

J/p swKtK ™ n°

L )
rte~n®

and,
J/p swK*KIrt

l_. i1)
atr—xn°

Figure 10(a) and (b) show the reconstructed #*#~#° spectra from 7) and i7)

respectively. Clean w signals are visible in both cases.

Figure 11(a) and (b) show the KTK~#° invariant mass from 1) and the

K :':Kgﬂr:t invariant mass from t1) 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 at ~ 1440 MeV/c? is observed. Analysis of 1)
and 1) was first performed 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), one obtains the

* The background from events not containing a w (marked by the shaded area) is estimated
from observing the KR« events associated with the events from the sidebands of the w.
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10. The ntx~#° invariant mass distributions from the reactions (a) J/¢ —
wK*K~n° with two possible entries per event and (b) J/¢ » wK*K3r¥

with six possible entries per event.
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- (b)K* K~ #° invariant mass distribution from J/¢ —» wK*K~x°, and (c)
the sum of the two. The shaded bands show the estimate of the background.
(d) distribution of | cosf, | with prediction.
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mass and the width of the peak,

m =1442 + 5119 MeV/c?
I'= 401171 +5MeV/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 lists the relevant branching ratios, as well
as the results of the Breit-Wigner fits for each decay mode individually and
combined. The angular distribution of the w, recoiling against the 1440 MeV/ c?
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 P —o-
state. The data clearly is very different from the pseudoscalar assumption (a

(34)

fit yields a 6% probability). A coupled channel analysis”~ was performed to
the KK7 system assuming that the KKn consisted of three contributions, 1) a
K*K intermediate state, 1t} an ao(980)x intermediate state, and #1t) an isotropic
distribution. The K*K was observed to be the dominant contribution and the
resonant structure was a§signed a JP = 17 by this technique. If the DOZI
contributions were neglected, the f;(1420), an axial-vector-like object, produced
in association with an w in J/4 hadronic decay should have a substantial amount

of u, d quark content.
3.4 J/¢— ¢KKnr

The following decay modes were examined,

J/p —¢ KYK r° J)

l—»K"'K'

and
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TABLE 1. Measured Branching Ratios into KK# and nax Decay Modes

Decay mode J/4 — Object Mass MeV/c? | Width MeV/c? Branching Ratio x10™*
| (J/% = m(1440)) (n(1440) — KR)
7+KiKgﬁT n(1440) 1456+ 5+6 | 95+ 10+ 15 =50+3+8
'1+K+K_1T°T 1461+ 5+ 5 101+ 10+ 10 =4904+2+8
w+ K+ KgnF inclusive inclusive inclusive 295+1.4+7.0
w+K*K +cc inclusive inclusive inclusive 53+ 14+ 14
(J/¥ — w'f1(1420)’)
w+ KTKynF ‘f1(1420) 1442+ 7119 44122 +12 (f1(1420)— KT Ky2F) = 21735 + 0.6
w+KtK 1440+ 7119 34122 1+ 5 (‘f1(1420)— K+ K~ 7°) = 1.3105 £ 0.3
w + KR~ 144245410 | 4011745 (f1(1420) - K+ K~ n°) = 6.8710 + 1.7
¢+ K% K% T inclusive inclusive inclusive =7.0+06+1.0
¢+ KRx ‘1(1420)" 1420-1440 40-60 (J/% — ¢*f,(1420)") -(*f1(1420)’= KR7) < 1.2 @ 90% C.L|
¢+ KRnx ‘y(1440)’ 1460 92 (J/4 — ¢'7(1440)’) -(n(1440)’— KR7) < 2.1 @ 90% C.L.
¢+ KRx ‘f1(1285) 1279+ 6+ 10 14329 £10 | (J/¢ — ¢*£1(1285)’) -(‘f1(1285)’— KRx) = 0.6+ 0.2+ 0.1
(J/¢ = 4z) - (z — ao(980)7) -(ao(980) — nn)
vyt+arteT, n oy n(1275) or f1(1285) 1283 fixed 26 fixed =274+08+0.2
THartrT, g ataT x? 1283 fixed 26 fixed =32+11+03
(/¥ = 1X) - (X — ao(980)7) -(ao(980) — nx)
y+artaT, n—yy X? 1382+ 6 69 + 23 =52+12+0.5
Yt+nrtxT, g xtaT R 1400+ 7 62+ 16 =52+18+05
W+t “f,(1420)’? 142148410 | 45%32415 | (J/¢ — w'f1(1420)°) -(*f1(1420)'— prn) = 9.2+ 2.4+ 2.8
¢+nxta— “n(1275)’ or ‘f1(1285)’ ? | 1283:+6+10 | 24729+ 10 (J/¥ — ¢2) - (z — n7x) = 1.679C + 0.4

1 Results obtained from the initial 2.7 x 106 data sample.



J/v —¢ KEKInT i)
|—>K+K_
—¢ K*KInT )

l—. KL K3

Figure 12(a), (b) show the reconstructed K+ K~ spectra from ¢) and #t) respec-
tively, and Fig. 12 (c) shows the K? K3 spectrum from #1); a clean ¢ signal is
apparent in all three plots. Figure 13 presents the combined KK# spectrum pro-
duced in association with a ¢ from t), 4¢) and i77). 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. *4 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 and the width of the structure at 1280 MeV/c? was measured to be

m =1279+ 6+ 10 MeV/c?
I'=147204+10 MeV/c? |,

consistent with those of the f;(1285) {D(1285)}, an isosinglet member of the
1t nonet. Figure 14 shows the three KK systems recoiling against a v, an w
and a ¢.

Neither the f1(1420) nor the (1440) is observed in the KK7 mode recoiling
against a ¢. If the DOZI contributions could be neglected, this would strongly
- suggest that the f1(1420) does not have any substantial strange quark content.
Furthermore, a structure consistent with the f;(1285), commonly believed to

contain u, d quarks, is observed to be produced recoiling against a ¢.

28



ENTRIES/(0.005 Gew/c?)

.00 .05 .10 LIS
(Gev/c?)

11-86 m KK 5600A3

12. KT K~ invariant mass distributions from (a) J/¢ — ¢ K+ K~ n° with four
possible entries per event, (b) J/¢ — ¢K*K2n¥F with two possible en-
tries per event, and (¢) K3K? invariant mass distribution from J/¢ —
oK iKgr:F with up to six entries per event. Background from events not

containing K3 is subtracted in (b) and (c).
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13. (a) Summed K+K~n° and K*K9n¥ invariant mass distributions from the
reactions J/¢ — ¢K+*K~n° and J/¢p — ¢K*K3n¥. The shaded area
shows the estimate of the background. (b) Detail of 1200 MeV/c? mass
region after selecting m(KK) <1150 MeV/c2 .
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The nntn~ Decay Mode

In the KK system, an important question in identifying the resonance, has
been isolating the isobaric intermediate state of its decay, namely, K*K and
a0(980)7. The ao(980) has a large decay branching ratio into n7. Hence an ideal

place to look for a solution to the KK7 puzzle was in the n7r system.
3.5 J/Y—annta~

The following two decay modes were observed,

J/:p —»177r+7r' + 7
L 0% i)
J/ =t + o

|——» AR i)

the invariant n7t7~ mass distributions from ¢) and from #1) are displayed in
Fig. 15(a) and Fig. 15(b) respectively. A very sharp peak at ~ 960 MeV/c?
in both plots indicate copious n'(958) production. Figure 16 (a),(b) show the
nm* invariant mass spectra from ¢) and ¢t), in which copious a(980) produc-
tion is evident. The combined spectrum, with the n7*t#~ 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

[85] [36]

n(1440). Several possible explanations exist, one of these being that the
dip is caused by destructive interference™ between different decay modes of
the 7(1440). Figure 17(b) depicts the nw¥7~ spectrum where an intermediate
a0(980) production was required. The 1200 ~ 1600 MeV/c? region is thereby
emphasized, and a narrow peak at ~ 1280 MeV/c? and another narrow peak at
"~ 1390 MeV/c? are apparent. The exact mass and the width, assigned to the ~
1390 MeV/c? structure by a Breit-Wigner parametrization, are listed in Table 1.

The respective branching ratios are also listed in Table 1.

32



(a) J/y *7777"'77'—
800 I- (M™=y¥)
600 — —
400 —

200 —

ENTRIES/ (20 MeV/c?)
@)

(b) J/Y—=—ymnmrtr-
(n—m"7"7°)
200 : —]
100 —
0 J | 1
O | 2 3
. 5641A19 m'r;1r*1r’ (GeV/cZ) 1-87

'15. The nntnr~ mass spectra in the reaction J/¢ — qnntx~ where the 7

decays into (a) vy and (b) ntx~ .
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where 7 decays into 4+ and (b) in 77~ where  decays into 7+ 7~ x°.
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~ summed, (b) n7tn~ effective mass spectrum where an intermediate ao(980)

formation is required.
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The lower peak at 1285 MeV/c? is consistent with f;(1285), however it is
also consistent with the 1(1275) reported™ in the PWA of the n7t7~ system
in fixed target experiments. The second peak occurs at a mass lower than the
conventional f1(1420) mass. A complete PWA is required to clarify the situation.
The mass region above 1500 MeV/c? is not discussed here, but shows interesting

structures.
3.6 J/Y o wyprta~

The following decay mode was investigated,
J/p = wn wta”

atrx° ,_J l——» .

Figure 18(a) presents the n7*#~ invariant mass spectrum recoiling against an
w. The 1'(958) is clearly visible along with a peak at the nominal f;(1285) and
a peak at the f;(1420) mass. The masses and the widths were determined to be

m=1283+£6+10 MeV/c?
I=14%7]3+10 MeV/c?
and
m=1421+8+10 MeV/c?
[=451321+15 MeV/c? ,
respectively, for the 1285 MeV/c? and the 1420 MeV/c? peaks. The correspond-

ing branching ratios are listed in Table 1.

A study of the substructure in nnt7~ yielded a significant amount of the
ao(980) production. Figure 18(b) represents the nw*7~ invariant mass spec-
trum requiring that n7 system formed an ao(980). The f;(1285) region, seems
consistent with all of the resonance proceeding through an intermediate state of
;10(980), while in the f;(1420) region, the resonance proceeds dominantly through
the ao(980). It is worth noting that the higher mass region in this n7*7~ spec-

trum in Fig. 18(a) seems very promising in terms of structures.
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3.7 J/Y— ¢nnta~
The decay mode observed was,

J/y—  ¢n ata~

KK~ «—Jli—v 7.

Figure 19 shows the invariant n7t 7~ 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 f;(1285) is observed. The mass and the width as determined by a

Breit-Wigner parametrization were,

m=1283+61+10 MeV/c?
r=24720+10 MeV/ci

Again, similar to the spectrum of the KK7 system recoiling against a ¢, any
production of the 7(1440) or the f1(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 substructure in the nwt#n~ system revealed

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

Figure 20 presents the nw+#x~ spectrum recoiling against a v, an w and a ¢.
Figure 20(a) and (b) present the spectrum with the requirement of an ao(980)
intermediate state. The conventional (1440) is not observed in the n77 invariant
mass spectrum in the radiative J/¢ decay. A narrow structure at ~1400 MeV /c?
is observed, along with an f;(1285)-like structure at the appropriate mass. In
the hadronic decay of the J/v, an f1(1285)-like and an f;(1420)-like structure
are seen to be produced in association with an w, while only an f;(1285) like

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

To recapitulate, at the time the 7(1440) was first observed, the f;(1420) was
established as the s5 member and the f;(1285) as the (v + dd) member of the

1+ family. These interpretations stemmed from the mass formula'”
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Mg, (1270) = ™M, (1285)

2mq ,(1310) = My, (1285) T M (1420)

and from the fact that the f;(1420) was observed to decay into KK, while
the f1(1285) decayed primarily into n7w. Recently, as discussed earlier, the
1(1440) is established as a 0™, and the identity of the f;(1440) as an axial vector
or a pseudoscalar state as well as an s3 state has been seriously questioned.
Several questions are raised by the MARK III data which need to be answered,
e.g. whether the peaks seen in KK7 and in n7n (consistent with the f;(1420))
recoiling against an w are the same objects, and whether the peak in nz7 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 been
attempted '™ * to accommodate all the data 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 KK7 peak observed in association with an w in
the J/v¢ decay as well as that observed in the 2-v reaction™ is a hybrid qgg 1~
exotic state, and the state observed in n77 in association with an w is a different

state.

The 1280 MeV/c? region is somewhat complicated because of the presence of
the 7(1275) (the radial excitation of the 1), in addition to the f;(1285). Assuming
that MARK III data shows the f;(1285) in n7w in associated production with ¢
and w in the J/¢ decay, it casts doubt on the pure (u@ + 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 state of quarks and glu-
ons is observed. Identifying such a state will be an experimental success. The
f2(1720) has been a prime candidate for such a state. It was first observed in
radiative J/¢ decay, J/¢ — ynn. MARK III observed"" the f(1720) in radia-
tive decay in KK and nt#—, in its initial 2.7 x 10® data sample. The measured

branching ratio into K+ K~ was,
B(J/% — 7f2(1720)) - (f(1720) » K*K~) = (4.8 £ 0.6 + 0.9) x 107%,

The mass and the width were
m=1720+ 7  MeV/c?
I'=132+15 MeV/ci

The spin parity was determined to be 2. Figure 3(a) and 3(b) show the K*K~
and KgKg invariant mass spectra from the updated data sample in the reactions
J/¢ = yK*K~ and J/¢ — YKJKJ, respectively. A clear f3(1720) is seen in
both plots, along with the f4(1525). In the KK mode, a maximum likelihood
fit to the helicity amplitudes™® yielded J¥ = 2t for both the f}(1525) and the
f2(1720). Observation of the f3(1720) in the decay mode J/¢ — ymt7~ was
also 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/% — 7f2(1720)) - (f2(1720) — 7t717) = (1.6 £ 0.4 £ 0.3) x 107%.

Figure 21(a) shows the invariant #*7~ mass spectrum from the complete data

sample. The low mass peak at ~700 MeV/c? is feed-through events from the
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J /¢ — p°n°® decay mode, where one photon has not been detected. The f3(1270)
{f(1270)} is observed along with a shoulder possibly due to the f}(1525) pro-
duction. The f3(1720) is clearly observed at the expected mass. A structure is
seen at ~2100 MeV/c2 . This was previously reported”” as possible evidence
of production of the f4(2030) {h(2030)}. A detailed analysis is underway. An

analysis of the radiative decay mode J/4 — ~n#n is also in progress.
Hadronic Searches
4.1 wKtK~ AND ¢KtK~—

The comparison of a state produced in the radiative decay mode and a similar
state produced in hadronic decay modes proved to be a useful tool to differentiate
between the ‘glue’ and the quark content of the state, as described earlier. The
same technique was employed to understand the nature of the f2(1720). Figure
22 displays the three K¥ K~ spectra.

Figure 22(b) displays the K+ K~ effective mass spectrum observed in associ-

ation with an w in the reaction
J/Y —w+ KTK~
L LR
An f3(1720)-like peak is observed with a mass and a width of

m=1731+£10+10 MeV/c?

45
I = 1104:35 +15 MeV/ct.

These parameters are consistent with those of the f3(1720). The measured

branching ratio was
- B(J/¥ — w'f5(1720)") - (‘f2(1720)' — KK) = (4.5112 £1.0) x 107,

The KJK2 mode yields consistent results, although with smaller statistics.
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Figure 22(c) shows the K+ K~ spectrum recoiling against a ¢ in the decay
mode,
J/yp -¢ KYK~

|—» KtK~.

A prominent f}(1525) is observed, with a clear shoulder on the high mass side.
A coherent fit with standard f3(1720) parameters describe the data very well. A

detailed study with the proper mix of the angular distributions is underway.
4.2 wratnr™ AND ¢mtn—

The radiative 7+ 7~ spectrum was compared with the 7t 7~ spectra in hadronic
decays, produced in association with a ¢ and an w, as shown in Figure 21. Figure

21(b) displays the 7* 7~ spectrum from the decay mode,

J/p -sw atn~

|——» rtr~n°.

As expected from the quark correlations, a clear f3(1270) is observed. No obvious
structure at the f2(1720) is seen. The 77~ spectrum is described later in some

detail. Figure 21(c) presents the #* 7~ spectrum from the decay mode,

J/p = atn

|—>K+K".

A clear f(975){S(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 f2(1720), is observed.

In summary, the f3(1720) has been observed in the radiative decays of the
J/¢ into K*K~, KJKQ and #*x~, with large branching ratios. The analysis

of the radiative decay mode, J/1 — ~nn is in progress. Comparisons with the
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hadronic channels yield interesting results. An f3(1720)-like structure is observed
in KK produced in association with an w, and in 77~ produced in association
with a ¢, where the conventional ¢§ mesons are not expected to be produced
profusely. In KK, in association with a ¢, the f2(1720)-like structure is seen
as only a shoulder to the f}(1525), although a detailed analysis will yield more

definitive results.

5. Quark Correlations

The study of quark correlations can be extended to whole meson nonets,
namely the members of any nonet recoiling against members of the vector nonet.
The vector nonet was chosen because it is ideally mixed. The nonet correlations

investigated so far are,
J/¥ — Vector + Pseudoscalar
+ Tensor

+ Scalar

All the Vector-Pseudoscalar decay branching ratios were measured” from

the previous data sample. By observing and measuring the decays
J/Y— wn
— én
and
I/ — wy'
— ¢n'
the quark contents of the n and the n' were determined. “?! From measuring all the

decay modes, shown in Table 2, the strong, the electromagnetic and the SU(3)

violating amplitudes were determined.

A similar study is almost completed for the Vector-Tensor case, and has

begun for the Vector-Scalar.
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TABLE 2. J/1 — V-P Decay Amplitudes(49)(47]

Decay mode Amplitude Amplitude with DOZI
pta=, pnp~nt g+e g+e
K*K-,K*"Kt|g—h+e(2—1z) g—h+e(2—1z)
K**Ke,K*K° |g—h— 26(1—;"5) g—h-— 26(“‘7’)
w1 (9 +e)xn (9 + €)xn + V2 19(V2xy + Y2)
wr' (9 + €)xn (9 + €)xn' + V2 79(V2xn + Yn)
én (9 — 2h — 2ex)Yy | (9 — 2h — 2ex)Yy + (9 — ) (V2xn + Y)
on’' (9 —2h — 2ex)Y, | (9 — 2h — 2ez) Yy + 7 (9 — RY(V2xn + Yyr)
°n 3exn 3exn
n' 3exn: 3exni
wm° 3e 3e
&r° 0 0

X, — /2(ut + dd) content of n, Y, — s3 content of 7,
X, — V2(ut + dd) content of 7', Y, — s§ content of ',

g — SU(3) symmetric strong amplitude, e — electromagnetic amplitude,

h — SU(3) violating amplitude, z — ratio of s and u quark magnetic moments,

r — ratio of DOZI and strong amplitudes.
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5.1 THE I=0 CORRELATION

J/p — ¢nta~

Figure 21(c) shows the 7t x~ spectrum recoiling against a ¢. As mentioned
earlier, the f(975) is observed in its characteristic asymmetric way. The fo(975),
in the ¢ scheme is an I = 0, s5 member of the 0t* nonet. Several other in-

[41]

terpretations of fo(975) exist, including a ¢ggg or a molecule,'” and as two

states close to each other, one an s3 meson and the other, a glueball candidate
(2 pole in 7w and another in KK). In the s3 scheme, the fo(975) would pre-
fer to decay into KK, but, being below KK threshold, decays mostly into 7.
However, once the invariant mass is above the KK threshol&, it decays mostly
to KK and hence the sharp fall-off in 77 on the high mass side of the fo(975).
 The branching ratio was measured using the standard coupled channel Flatté
parametrization Leal (which is an approximation, a simple extension of a formula-

tion for non-relativistic systems) and also using a more exact formalism which is

relativistic. The same branching ratio was obtained with both parametrizations,
B (J/ — ¢ £6(975)) - (fo(975) — nt7~) = (2.3 £0.3 £ 0.6) x 107,

In the 1300 - 1500 MeV/c? mass region, one or more structures are visible. There
are simply speculations regarding their identities, because of limited statistics.
One might attribute these structures to the f2(1270) and the fo{1300){¢(1300)}.
The structure at ~ 1750 MeV/c? has been discussed previously.

I/ — KK~

Figure 22(c) shows the KTK~ spectrum recoiling against a ¢. A clear
f3(1525) is observed. This is expected from the quark correlations, since the 2*+
nonet is almost ideally mixed and f}(1525) contains s5. As mentioned earlier, a
shoulder possibly due to the f3(1720) production is present. The branching ratio
derived for f}(1525) production does not depend substantially on the ‘f2(1720)’
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parametrization. The measured branching ratio is
B - (J/Y — ¢f'(1525)) - (f'(1525) — KK) = (6.4 £ 0.6 £ 1.6) x 107*,

where the mass and the width of the f(1525) were fixed at

m= 1520 MeV/c?
T'= 75 MeV/ci

J/p - wrtn~

Figure 21(b) presents the #* 7~ spectrum recoiling against an w in the decay

J/p sw wta”

I—» atrn°.

The f2(1270) is very pronounced. The branching ratio was measured as

B (J/¢ — wfz(1270)) - (f2(1270) = nt7n~) = (27.7+£ 1.4 + 7.0) x 1074,

The lower mass region features a broad enchancement at ~500 MeV/c2 which
was seen in previous experiments. Several speculations exist as to the nature
of it. The angular distributions of the w (recoiling against this structure) in its
helicity frame behaves like sin? 4, consistent with the w being aligned and the low

mass structure having spin 0.

There is a small structure at ~970 MeV/c? consistent with some f5(975)

production, with a branching ratio ~ 10~* from simple event counts.
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J/y — wKK

As discussed earlier, Fig. 22(b) displays the K¥ K~ spectrum from the decay

mode,
J/Yp -w KYK™

I—» A

None of the conventional ¢7 type mesons are seemingly observed. An upper limit

for f}(1525) production is measured as

B (J/¢ — wfi(1525)) - (f3(1525) — KK) < 1.2 x 10™* * at 90% C.L.

The KgKg channel, although lower in statistics, shows similar features.

5.2 THE I =1/2 CORRELATION

The following decay mode was observed

T/ — K*(892)° K*(1430)° + ecc.
K'n™ <—l |——» K=t

Figure 23(a) shows the plot of K~n* vs Ktn~ effective mass. A band due to
K*(892) (or cc) production is observed. Figure 23(b) shows the K~n* spectrum
recoiling against the K*(892). A very large peak at the K*2(1430)° is evident.

The production branching ratio was measured as
B - (J/¢ — K*(892)° K*3(1430)°) + cc = (120 %20 £ 22) x 10™%.

There is a hint of a shoulder on the low mass side of the K*2(1430) °. The I = 1/2
member of the 07+ family, the K*°(1350) {x(1350)} is reported to be ~1350
MeV/c? with a width of ~250 MeV/c? . However, it has so far been observed
only in PWA. Hence, further analysis is needed to clarify the K*°(1350).
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23. (a) Scatter plot of K~n+ vs K*n~ effective mass in the reaction J/¢ —
K+ (1230)° —pt + o secti
K*°(892) K*(1430) + cc. (b) The K~7n% and K™ 7~ projections.
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5.3 THE I =1 CORRELATION

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

J/¥ —  pas(1320)

| R

in all three charged states, namely p*a (1320) and p°a9(1320). The final state
observed was nrta~n°. (The p*(p°) decays into 7°7r*(n*7~) and the aJ (1320)

(a9(1320)) decays into nr¥(nn°).)

The same final state also yielded information about the reaction

J/Y —  pao(980)

S | R

in all three charged states i.e. pa (980) and p°a3(980).

Figure 24 displays the combined spectra of n7~, nn°, and nn™t, recoiling
against a pt, p°, and p~, respectively. A peak from the a2(1320) production over
a smooth background is apparent. However, no obvious signal for the ay(980),
correlated with the p production is seen. The branching ratio for pa(1320) is

measured as

B (J/¥ — p a2(1320)) = (118 &+ 8 £+ 29) x 1074

An upper limit for the p ap(980) production was obtained as
B - (J/¥ — p ao(980)) - (a0(980) — n7) < 4.4 x 10~* at 90% C.L.

Table 3 lists some of the relevant branching ratios. The quark correlations seem to

exist, at least qualitatively. The branching ratios for the associated productions
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24. (a) Sum of n7*,n7~, and n7° mass spectra recoiling against a p in the re-
actions J/9 — paz(1320) and p ag(980) where a2(1320) and ao(980) decay
into nw (all three charged states). (b) Sum of n7t, n7—, and n7° associated

with p sidebands.
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TABLE 3. Measured Branching Ratios into K* K~ and nt ™~

Decay mode J/¢p —| Object | Mass MeV/c2 | Width MeV/c? Branching Ratio x10~4
f’1 +KtK~ f1(1525) | 1525+ 10+ 10 85+ 35 (J/¢¥ — vf'(1525)) - (f5(1525) —» K+*K~) =3.0+£0.7£ 0.6
T'1+K+K‘ f2(1720) | 1720+ 10+ 10 130 + 20 (J/¥ — 7f2(1720)) - (f2(1720) - K*+*K~) = 4.8+ 0.6 + 0.9
w+ KYK~ f4(1525) 1520 fixed 75 fixed (J/¥ — wfh(1525)) - (f5(1525) — KK) < 1.2 @ 90% C.L.
w+KtK— f2(1720) 7| 1731+ 10+ 10 | 110%3% + 15 (J/¥ — wf2(1720)")-(* £2(1720)’)— KR) = 4.531-2 +1.0
¢+ K+*K— f1(1525) 1520 fixed 75 fixed (J/¢ — ¢7L(1525) -(f5(1525) — KR) = 6.4+ 0.6 + 1.6
T'y +ata~ £2(1720) 1713+ 5 130 fixed (J/¥ = 71f2(1720)) -(f2(1720) - 7t 7~ ) = 1.6 £ 0.4+ 0.3
t’y +ata~ f2(1270) 1269+ 13 180 fixed (J/ — 7f2(1270)) - (f2(1270) = n*7x~) = 115+ 0.7+ 1.9
y+ata~ fo(975) 975 fixed 35 fixed (J/ = 70(975)) -(fo(975) — nr) =< 0.7 @ 90% C.L.
w+ata™ f2(1270) 1277 fixed 182+ 10 (J/¥ — wf2(1270)) -(f2(1270) = ntx~) = 27.7+ 1.4 + 7.0|
¢+atn— f0(975) | coupled channel | coupled channel | (J/¥ — ¢f0(975)) -(fo(975) = =t x~) =2.3+£0.3£0.6

t Results obtained from the initial 2.7 x 10° data sample.



of wf2(1270), ¢£5(1525), K*(892) K*2(1430) + cc, and pa;(1320) in J/¢ decays
are large, while wf}(1525) and ¢f2(1720) are not. However, there is a striking
difference between the branching ratios into the ¢ f}(1525) and wf2(1270) modes
even after considering the effects of phase-space. The question of SU(3) violation
is important. The question of how rigorous the quark correlations are, i.e. to

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

A systematic study of the scalars has started as is evident from Table 3.
Perhaps most importantly, it could yield the answer to the question as to the
nature of the scalars. The lack of observation of pag(980) production raises
questions about the gg interpretation of the a¢(980), according to which the
wavefunction of the ao(980) is '

| ao(980) >=%|uﬁ—d&>.

This is to be compared with similar associated production branching ratios of
paz(1320) and pm,"*” (~ 100 x 10~4), where both the a2(1320) and 7 are well
established ¢g mesons (|p >= 715 | ut — dd >, |7 >= 715 |uti — dd >).

[41] [43]

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

relating to the 2vy-width™® exist.

6. The DOZI Interpretation

Table 2 lists the Vector-Pseudoscalar decay modes expressed in terms of the
strong, 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
1 and the n'(958)) were determined "I by fitting these amplitudes to the data.}

However, the recent measurement of the two photon width™® of the n'(958)

1 The n contained only u, d, and s quarks, while the n'(958) had room for something extra.
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disagreed with this conclusion and was consistent with it containing only u, d,
and s quark as well.

Following the suggestions'” "

that the DOZI amplitude may be small
but not negligible, and assuming that DOZI amplitude = rX strong amplitude,
one can replace the previous expressions with*"! the new ones shown also in
Table 2. It should be noted that the isospin conservation is still respected 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 DOZI is in progress.

7. Conclusion

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

|48] [49] {50} [20] . [48] [49)
d i ,

Interesting structures were observe ww, " and 4p"*

n pp
in radiative decays of the J/v. These are currently being investigated with the

complete data sample.

In short, the J/4¢ data from MARK III has yielded some very interesting
results and raised numerous important 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 I1I 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 III will

continue to be a source of very rich physics.
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