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1. Introduction

The J/¢ is expected to be an ideal place to search for glueballs. it is a pure flavour singlet
state and its radiative decays are suppnsed to proceed mainly through annihilation into the
radiative photon and two gluons. QCD inspired models such as the bag model, lattice gauge
thearles, and stzing potential models predict the lowest lying glueballs to have masses well
below 3 GeV."

The main decay mechanisms of the J/y) are depicted in Fig. 1. The radiative process
kl‘lg. 1(c)) occurs in about 8% of all J/y decays. Ahough the mass spectrum for glueballs
can be calculated in various models™ precise predictions of glueball characteristics, which
could help the experimenters to find such states, do not exist. Complications arise from the
fact that glueballs are likely to mix with nearby gf or with ggg or qjgg states which are
expected to exist in the same mass region. A list of features expected for glueballs provides
some qualitative guidance for the search for candidate states.

[4 < [4 y /<
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[¢) Rodiolive (d) ViDH, e

Fig. 1. Lowest order diagrams for ¢ de-
cay. a) hadronic decay, b) electromagnetic
decay, c) radiative decay to gluons d) ra-
diative transition to the 7,

o If accessible through radiative J/y decays, glueballs are expected to be copiously pro-
duced compared to the production of pure g7 atates. The 5, which appears to have
no strong ghie component,” s produced in radiative J/y decays with a branching
fraction of abont 0.1%.

¢ Since bound atates of gluons do not carry quark flavour their decays should occur in a
flavour symmétzic way. Whlethuntrneforthcglnebﬂl—quukwuplhpthnantul
dauynhwlﬂdepmdmthemhbhphmmmdpom'bhhdwkymmﬂion
effects,

. Add.’ionll help for identifying giueball candidates of a given spin-parity can be obtained

. rﬁmtheuhﬁn;SU(a)qqmehtormdstatemdmmdm nthmisno.
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room left in the ¢f multiplets the glueball hypothesis becomes more likely. A resonance
with exotic JPC quantum numbers (e.g. 1) would rule out any ¢ assignment.

= Coplous production of a candidate state in hadronic J/v decay such es J/¢ — (w, é,9)+
X, which occura through diagrams as Fig. 1(a), and a small branching fraction in ra-
diative J/¢ decay implies that the state probebly has a g7 component and s therefore
not pure gluonium,

» According to the giueball lore the width of gluebalis should follow the OZI ruie.™
This rule is derived from the obaervation that in OZI forbidden meson decays the quarks
annihilate into three gluons which then mediate the decay. In contrast, a glueball decay
does not have to proceed through quark annihilation. This naive argument has been
criticized on several grounds' and, lacking any detailed calculation, one ¢an only state
that the width of glueballs is not known to any precision and could be anywhere between
8 few MeV and & few hundred MeV.

» A perturbative QCD calculation by Billoire et al.™ using massless gluons predicts
dominance of spin-parities 27+, 0+, and 0~ for the gg system in J/¥» — ~4gg.

Figure 2 shows the inclusive photon energy spectrum as measured by the Crystal Ball
detector.” The spectrum is very rich with resonances showing the presence of 5, n', (1270},
and ¢(1460). Since n, n', and f(1270) are known to be members of the pseudoscalar and tensor
g3 multiplets one sees that not every resonance produced in radiative J/y decays is a glueball

candidate.
C.B. {unsubtracted) {y)
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Fig. 2. Energy distribution of photons
from J/¢ — 7+ X (Crystal Ball).

The strongest candidates for glueballs produced in radiative J/y decays are £(1690),
4(1460), and £(2200). The parameters of these candidates are given in Table 1. The three
tensor states g(2120), gr(2220), and ¢r(2360),™ observed in x~p — ¢¢n reactions have
been interpreted as glueballs, but they have as yet not been observed in J/¢ — 71X.
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TABLE I

Parameter Mul II Crystal Byl Mk T DM2
Number of
prod. J/¢ p I 22 2.7+ (3.2) 89
{x108)
mass (MeoV) 1700 £ 30 1670+ 50 1720 10 1707 & 10
T (MeV) 186 20 100 £ 80 130+ 120 166 33
JPO a4+  and o+t /2++
6(1600) | By B(§ — nn) x 104 s8t1e
B.-a(a-rx-)xm-ﬂ 60+09+25 48100+09 46107107
By B — wte~) x 10 1610408 2.0+ 0.7
By — ) >1.6x 10°
muss (MeV) 144012 1440123 145680 1480+ 3 8
T (MeV) 50433 55439 9510415 100+ 1215
e o L pid 0~+ consistent
1(14680) | By - B(s — KE=x) »x 10° 43%17 40407%10 50+0.3%08 3.9%0.06:09
mam in 7p (MeV) 1390+ 25 1420 15 20 14014 18
T (MeV) 185110 133 = 55 = 30 17444
By - B(e = 9p°) x 10 19405404 1.0£02:+02 09024014
mass (MeV) 2218+ 3£ 10
€(2218) T (MeV) < 40 (95% C.L.)
By +B(§ — K*K-) x 10" 38+13x09 <12(8%CL)

Some of the experiments w.ich have taken data on the J /¢ resonance are listed in Table
I Only DM2 at the DCI storage ring in ORSAY and Mark III at SPEAR are analyzing recent
data. Therefore I will mostly present data and analyses from these two experiments. The
status of the candidate states geen in J/y radiative decays are discussed in section 2 and 3.
Measurements of J, /¥ = « Vector Vector are reported in section 4. The peeudoscalar puzzle
is introduced In section 5 and & ¢oupled channed analysis of ¢(1460) decays is presented in

section 6. The concluslons are summarized in eection 7,
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2. £(2200) and #(1690)

1 will only very briefly comment on the status of the elusive £(2200) particle. A narrow
peak in the KK mass distribution of J/¢ — 7K+ K~ was found by Mark IT** at 2.218 GeV
with a branching fraction of B(J/¢ — v€)B(§¢ + K*K~) = (3.8 + 1.3+ 0.9) x 1075, This
observation was based on a sample of 2.7 < 10° produced J/+. The DM2 collaboration does
not observe such a signal quoting a 95% confidence level upper limit of B(J/y — +£)B(£ —
K*tK~) « 1.2 x 1075, The K+ K™ invariant mass distributions for both expetiments are
shown in Fig. 3. The Mark III experiment has doubled its statistics in a recent data run.
The data are presently being processed. New results are not yat available,

Jy =y KTK™
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Fig. 3. Invariant KK mass distributions
from Mark 111 (2) and DM2 (b).

The 8(1690)"" is seen by both DM2 and Mark III (Fig. 3), clearly separated from the
f1(1515). The decay 6(1600) ~ 7n~ is evident from the Mark III data shown in Fig. 4.
The total branching fraction for J/v¥ — ~#(1690}, cbtained by summing the 5y, KK, and
xx decay modes and assuming the ¢ to be an isosinglet, is at least 1.6 x 1073,

An important result, which might be interesting with respect to the evaluation of the
glueball nature of the #(1600), are the polarisation measurements of f(1270), J’(1516), and
0(1690). The direct comparison of the ¢7 tensor mesons [ and f with the #(1660), which also
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Fig. 4. Invariant xx mass distribution
(Mark ITI) showing evidence for the decay
J/p =8, 8 — 7w,

has JPE = z++, ghows that the 0(1600) is produced with equal strengths in helicities 0, 1,
and 2 and a 180° phase difference, (A, /Aqg, A2/40) = (—1,~1). In contrast, the f and f are
produced very differently with (41 /Ao, A2/ Ap) = (1,0), i.e. there i3 no belicity-2 contribution.
This result is shown in Fig. 5. Table IT shows the experimental measurements in comparison
with theoretical calculations. The DM2 results in Table II have been obtained under the
assumption that the §(1600) haa JP = 2++. This experiment"" finds equal likelihoods for

2+* and 0%+ in contrast to earlier analyses by Crystal Ball and Mark IIT where spin 2 was
favored over spin 0.

3. 1(1460)

The {1460) was discovered in the K K*x7 final state by Mark II"" and has since been
seen by several experiments studying J/¢ decays. As yet no other decay modes besides K Kx
finnl states have been observed. Nevertheless, the decay J/y —+ 4. — 4K K is the largest
rediative decay of the J/y (Table I) with the exception of the transition to the n. which
is about 2-3 times bigger. Figure 6 shows the ¢(1460) in the DM2 experiment. The ¢ spin
has been determined by the Crystal Ball group in an isobar analysis,"” which assumes that
the decay sequence is ¢ —+ §7, § —+ KR, and by Mark II performing a three-body helicity
analysis which does not make this assumption."”! Both analyses yield 0~+ for the iota.

Observation of the radiative decay of the ¢(1460) into <p would be of great theoretical
interest clarifying the nature of this state. Bag model calculations"* ™™ which interpret
the ¢(1460) as a glueball with a ¢f admixture, predict T',_,.;,0 to lie in the range between 0.4
MeV and 1.6 MeV. A pole mode! of Palmer and Pinsky™ predicts 8.5 MeV. If ¢(1460) is a
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Fig. 5. Contour plots of polarisation fits
to (a) £(1270), (b) f'(1515), and (¢) 8(1690)
in an analysis of Mark II data.”

x = Ay/Ap, ¥ = Az/Ap, where A; are the
production helicity amplitudes. The lines
indicate areas of equal likelihood. The
maximum of the likelihood function is
marked by the cross.
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radial g7 excitation a smaller width is expected.” ™ Three experiments have reported the
observation of a resonance which decays into p at a mass around 1.4 GeV. This state is
about 1-2 o lower in mass and has a width larger than that observed for ¢ —+ KKn. Figure 7
shows the ~1p invariant mass distribution as measured by the Crystal Ball experiment. I this
resonance is interpreted as ¢(1460) and if B(c — KE7) s 1 then I, ,qp0 = (1.9 0.7) MeV
and, following most theoretical predictions, a significant g7 component in the 1(1460) is likely.
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TABLE II: Polarisation Parameters of f, f', and 8

..
SUNINE T SO

exparimental thaspatical
PLUTO MuxkII Crystal Ball Mark IT DMz Krammer H8mer Li,Shan Cloms
Rel.10 Ref 11 Ref.12 Ref.13
= a': 00203 0512010 0.88::011 0942010 076 077 068 087
IHy= % 03118 0030156 0041014 0.06:0.11 0.54 0.58 o4 o
(#e:94) (0,0) fixed (~0,~0) (2°,¢°)
.=% 0833010 1084010 | oss 0.0
Fly= :_: 0174020 0194021 | 070 073
(¢2:4) (~0,~0) (1.3%,2.4%)
zm % —1.0740.30 —1.47 £0.21
) .-% ~1092035 —1.44:0320
() (~0,~0)
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Pig. 6. KR invariant mass distribution Fig. 7. Invariant-yp mass distribution (Crys-
as observed by DM2. tal Ball).

The question whether the +(1460) decays to &= is still a mystery. Although the Dalitz
plot for the K X'x decay mode and the KK invarant mass distribution are consistent with
t— 8%, § = KK, no . is found in the decay sequence J/vp — y6x, § — g7,

A strong argument in favour of a glueball interpretation for the 4(1460) is that, with
the exceptinn of one state, there is no room for additional states in the 0~* gf groundatate




and radial excitation nonets. The 0™% g7 groundstate nonet is compleied with g7 states and
the nonet of the first radial excitation is, except for its two center members, also reasonably
well established, The n(1275), a good candidate for one of the two states in the center of
the radial excitation nonet, has been observed by Stanton et al.”” , and has been confirmed
recently by Ando ct al. at KEK."™ Orbita! excitations are not possible for spin 0. Thus
only one pseudoscalar state is missing to complete the 0-* ¢4 meson multiplets. A central
question therefore is whether the ¢(1460) could fill this hole and whether a radially excited g
state could be produced with a branching fraction as large as observed for the :(1460). The
discovery of even more pseudoscalar states in the same mass region (see section 4) necessarily

implies that not all of them can fit into the g7 picture and new physiscs must be employed

for an explanation.

4. J/Y — ~ + Vector + Vector

Enhancements in pp final states with masses below 2 GeV have been found in hadronic

interactions™' | in photon-photon collisions,”™ and in radiative J/¢ decays.”™ In $¢ final

states the gr states near 2.2 GeV have been ohserved in 7 p interactions.'" Interpretations
of these pp and ¢¢ enhancements include resonance production of ¢7, ¢¢44, ¢@g, and gg bound

states.

The decay J/y — ~p°p° was firat observed by Mark II.* The pp mass distribution
was found to be concentrated below 2 GeV with structure at 1.65 GeV. Several authors"™”
have pointed out that if this structure was due to the 8{1690), the branching fraction for
J /1 — 46(1690) would be ~s 5 x 1073, a factor of three larger than that observed for ## and
KK final states, which would make a glueball interpretation of this state more likely.

Since the large pp production cross section near threshold observed in 4 collisions and the
#p spectrum in radiative J/v decays bear some similarity, it has been proposed["’ that the
underlying dynamics has the same origin. A spin-parity analysis B of 4y — p°p° indicates
that the pp system is mostly 0 spin-parity below 1.7 GeV and mostly 2% above, but cannct
rule out an isotropic model. Negative parity, however, is excluded by this analysis.

The Mark III group has analyzed <47 final states using the two modes ynta—atsn—
and yrtror—%°.""  Both final states suffer a background contamination from J/y — 57
which can be subtracted on a statistical basis. The mgyy invariant mass distributions after
background subtraction are shown in Fig. 8 for both decay modes, Two peaks at masses of
~ 1,55 GeV and ~ 1.8 GeV are the striking features in these distributions. The statistical
significance of these peaks can best be judged from the sum of the unsubtracted mqy distri-

(ea]

butions shown in Fig. 9. In a multichannel spin-parity analysis' = a large pp component is



found below 2 GeV, which appears to be predominantly peendoscalar. The psendoscalar pp
component is shown In Fig. 10 which is an average of p°2° and p+p~. The two peak structure
apparent in the 47 mess distributions (Fig. 8) is not visible In Fig. 10. The 0~ pp component
drops off at the location of the second peak at 1.8 GeV. The total branching fraction for the
pseudoscalar pp component below 2 GeV is

B{J/¥ — 9Xo-)  B(Xo- — pp) = (4.7 0.3 £0.9) x 1072,

. VLTI
S M
N
N,
“r by
“ Wﬁ A .*’&**f f

o]
20 24 28

“n . "“qw {Govre?) tranne

Fig. 8. Background subtracted invariant
4x mass distributions for (a) J /3 — quta~ata—
and (b) J/¢ — yxta°x—x" (Mark 1),

’

No significant contribution from the 2+ channel is found at any mass resulting in the 90%
confidence level upper limits

B(J/ = ~8) + B(0 = pp) < 5.5 x 10™*
B{J/V = ~gr) - Blgr — pp) < 6.0x 107",
Here gp stands for the mass range 2.1 GeV < m,, < 24 GeV.
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Fig. 9. Unsubtracted invariant 47 mass Fig. 10. The pseudoscalar pp component,
distribution. Shown is the sum of J/v¥ — my,, extracted by a multichannel analysis
artr-xtr= and J/Y — yrtrona° from J/i —+ <r (Mark ). The curve
(Mark 1I). represents P-wave ypp phase space.

This analysis seems to add to the confusion already present in the psendoscalar sector,
introducing two new states of which at least the staie lower in mass is presumably pseu-
doscalar. The obvious question, whether these are indeed two new states or whether they
can be linked to already known resonances, will be addressed in section 8.

Mark II*™" and DM2 have searched for the decay J /¥ — qww in final states with four
charged particles and five photons. The constraintimposed by the narrowness of the w helps
to extract an ww signal from cambinatorial and w4 backgrounds. The fact that the decays
J/¢ — 7°ww and J/¢ — ww are forbidden by C-parity allows one to unambiguously identify
the decay J/y — qww. The ww invariant mass distributions are shown in Figs. 11 and 12

for Mark III and DM2 data, respectively. The branching ratios obtained from the Mark III
data are

B(J/$ — quww) = (1.76 £ 0.09 1 0.45) x 10~® for mu, < 3.1 GeV, and
B(J[¢$ = quw) = (1.22 £007 £0.31) x 10~ for my, < 2.0 GeV.

The spin-parity of the ww system has been analysed by exploiting the information contained
in the orientation of the w decay planes™ and by performing a multichannel spin-parity
analysis similar to the one employed above for the gp final state.”*! It is found that the
ww system below 2 GeV has predominantly 0~ spin-parity, very similar to the result for the
pp system. 'The upper limits for the 24+ states §(1690) and g7 are

B(J[ — 6) - B(6 ~ ww) < 2.4 x 1074
B(J/$ — vgr) - Blor - ww) <26 x 1074,
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the background. The mass region from
2.5 GeV to 3.1 GeV is shown in the insert
with the 80% C.L. curve for the n. super-
imposed. (b) B{J/¢¥ — qww) as a func-
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Fig. 12. (a) Invariant ww mass distribu-
tion (DM2). The curve is the background
estimate, (b) Background subtracted ww

mass distribution.

again using gr for the mass range 2.1 GeV € m,, < 2.4 GeV.

Finally, the decey J/t) — ~¢¢ has been examined. This decay was used by the Mark III
group to determine spin and parity of the 7.
towerds lower ¢¢ invariant magses due to kaon decays did not allow to place stringent limits
on the gr states, for which this-final state is particularly interesting. 'The DM2 collaboration
has stibatantially increased the kaon detection eficiency by loosening the TOF requirements.
The preliminary ¢¢ mass distribution thus obtained is shown in Fig. 13(a) together with the
mass dependence of the detection efficiency ( Fig. 13(b) ). Figure 13(a) shows an indication
of & peak at 2.2 GeV which, if it withstands further analysis, is very interesting for both the

gr states and for the £(2200).

A severe decrease in detection efficiency
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Fig. 13. (a) Invariant ¢¢ mass distribu-
tion (DM2). (b) Detection efficiency for
J/p — ¢4 as a function of myg.

5. The Pseudoscalar Puzzle

Let me now introduce what, I would like to call the "Pseudoscalar Puzzle in Radiative '/
Decays”. As mentioned earlier, there is most likely only one more slot available to complete
the 0=+ ¢F multii)lets by finding the radially excited partner of  or n'. This state should be
accessible in radiative decays of the J/y. Its production rate is expected to be less than or
equal to the rate obtained for the groundstate members. Possible candidates for this state
are abundantly available. Some of them are produced with large branching fractions. They
are listed in the following.

o The largest radiative J/v decay (By - By g, ~ 5 X 1073) accurs to the +(1460). Its spin
is JFC = g+ b7 '

13



¢ No ;.(1460) is found in the p#r final stat;e, but msteud a peak in the prx invariant mass
distribution at 1.38 GeV, I ~ 100 MeV, is observed.™ The spin of this state is still
undetermined. The product branching fraction is ~ 2 x 10~3,

¢ In the decay of J/¢p — ~yp the <4p system shows a peak near 1.40 GeV with I’ ~
150 MeV. This state could be the ¢(1460), althcugh a systematically lower mass value
has been observed in three different experiments. The spin-parity of the 7yp state is
consistent with 0-."" The branching fraction is 1 x 104,

. Their masses are ~ 1.55 GeV and ~ 1.3 'GeV,
both being aboui 70 to 100 MeV wide with branching fractions in the order of 2 x 10~%
for each peak. A pseudoscalar spin-parity assignment for at least the state at 1.55 GeV
seems likely.

¢ Two peaks are found in J /¢ — 4pp

o In the decay J/¢ = qww a peak just above ww threshold at 1.8 GeV is observed™

whose spin-parity is predominantly pseudoscalar below 2 GeV. The branching ratio is
~1x1073.

In the following section the possibility that some of these states have a common crigin is
explored.

6. A coupled channel analysis of :(1460) decays

The Mark ITI group has performed a coupled channel analysis of ¢(1460) decays to K K,
pp, ww, and «yp. This analysis is primarily motivated by the need to understand the Breit—
Wigner shapes of the peaks observed in J/¢ — 4pp, but also by the hope to gain insight into
the pseudoscalar puszle. The main point s to note that the 61;ser§ed mass and width of a
resonance may be different in different channels when threshold effects in some of the decay
channels are important.

A combined description of the above listed channels is attempted by employing the ideas
of the unitarized quark model™ in & coupled channel analysis. In this model, the coupled
channel Breit-Wigner amplitude, i.e. the propagator function for an unstable particle, is
written as

BWc(s) o [m3 + Rell(s) — & + iImII(s)] -, B ¢

where m, is defined as the ’bue’mnssmdn(s) dwmbuthe loopcorxechonsto thestable '
particle propagator.*™ The unitarity condition defines

—Imﬂ(&) =me Zrl(‘) =m, Zﬂlﬁj‘c’(ﬁ)l ) (2)

whereforu:h:hnnnelawithtwobodycm—momentumq.,l‘.intliedmywidﬂ:l,y.a.

14




coupling coefficient, and Fa(g;) a phenomenological form factor which introduces damping at
high gs values. The p, represent the phase space factors for each channel. The T, for the
individual channels are described in the following.

K Kx: Tho observed KK Invariant mass distribution is well parametrized by & Breit-
Wigner distribution Bs(m) times 8-body phase space, properly normalized,

Cake ) = oy [ do' |Bo ()P 522 . BEED) - paiqepmy,  (a)

where gg 5 is the momentum of the X K system in the KKx rest frame. For By(m) Fiatté's
parametrization is used. This parametrization adequatly describes ihe KK masa distri-
bution of the ¢ — KK decay."” It should be emphasized that, aithough the K &x channel
is paraimetrized using the 8, this does not imply that the decay ¢ — K Kx actually proceeds
through ¢ — éw, § — KK.

An exponential form factor is used for F(g)."™ F(g) = ezp{—q®/q}), with g; = 0.7 GeV/c.

pe: Tols) =g [ dsiz a3 (812) dhi2 dse G (534) dflss

T Ax A 4w
3 2
X —Qﬂfsﬂ . gin?6_ ein?8s sin®x - (-:) -2 (6)

X }' |§p(512) ﬁﬂ(asd F(inz) - Ep(‘l!) Ep(aiﬁ) F(QT]I’.) l= ]

where 8y, 1, = 1 — 4, are the center-of-mass energies squared for the ¥ systems; ¢r and
6,3 are the x — cm momentum and polar angle in the respective x# rest frames; Qy,y, s the
momentum of rr-gystem i,j in the 47—ems; x is the angle between the p decay planes; §,, =
B,/ qx(s) where B, is the p - Breit-Wigner ampiitude.”™ Note that the matrix element is
invariant under the interchange of pions 1 and 3 and that the decay of a 0~ resonance to gp
leads to destructive interference in the sum of the Breit-Wigner amplitudes.™ For ww:

Fuu(s) = + L2 - Fo{0), @
and for +p:
Tape(s) =04 - % - F%(gp). (8)

The analyticity of 11{s) connects ReIi(s) and ImII(s) by the dispersion relation
Reli(s) = 1 75 I’”““" ImIs) 4o ©

where the lower bound s, is given by the K K threshold.
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The coupled channel Brelt-Wigner of Ej. (1) has 5 parameters: mo, fx 71 pp1 Junsy and
gqp- Mark III has used mq, Iy, the partial width in the KK channel and the coupling
ratios 11 = pp/9k ger "2 = Gpo/Guws B0 13 = gpp/gys. The Vector Dominance Model (VDM)
predicts for the ratio of pp to 4p couplings the value ¢?/f; -3 #~ 400, where the factor § takes
into account the pp isospin and the fact that either p° can become a photon. The ratio oi 2o
to ww couplings Is expected to be 8 from SU(3) symmetry.

Figure 14 indicates the distortions of the Breit-Wigner shapes due to phase space and
coupled channel effects consldering K K7, pp, ww, and vp with parameters m. = 148 GeV,
Ty gy = 0-100 GeV, ry = 38, ry = 3, rg = 400. Figure 14(a) displays the Brelt-Wigner shapes
and (b) Fa(s) for these channels as well a8 m3 + ReTI(s) as obtained by eqa. (9). Mass shifts
and changes in shape are different for the individual channels due to phase space and coupled
channel effects. The pp Breit-Wigner is pushed to higher masses and appears to have a larger
tail as compares to X Kw. The Breit-Wigner shape for the ww channel is strongly distorted.
ReTI(s) shows a smooth dip at about 1.5 GeV, where the pp and ww channels open np.

[}
d s
s
Fig. 14. (a) Coupled channel Breit-Wigner T 4
amplitude squared for the channels K Kx g 2
(dashed), pp (solid), ww (dashed-dotted), “q
and ~p (dotted) in arbitrary units. The L3
parameters are described in the text. (b) =
Re II(s) and T, as a function of /3. The ©= 2
curve for I, (dotted line) is multiplied L
by 100. 0
- ‘\/g m 188448

The coupled channe! ansatz described in egs. (1) — (9) is fit to the MARK IIf data
for the four fina] states shown in Fig. 15. Figure 15(a) is the sum of J/¥ — 4K+K—x°
and J/¢ —~ 4K K*x¥, Figure 15(b) shows the data for J/¢ — 4tz 7", where the
background from ¢ — #°4x has been subtracted.™ The 0~pp contribution to J/¢ — van
amounts to ~ 50% below 2 GeV." Figure 15(c), (d) show background-subtracted mass
distributions for the decays J/v - 40 and J/¥ = yww. The distributions are normalized
according to their relatlve efficlencies )z, : €5 ¢ € @ 6y = 04 :1:1.15: 40, The
systematic uncertainty in this aormalization is 40%.

The fit is performed assuming 2 coupled channel Breit-Wigner amplitudes centered at
~ 1.5 GeV and ~ 1.8 GeV allowing for interference and assuming that the 1.8 GeV peak is
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Fig. 15. Invariant mass distributions for (a) KK, (b)
PP, (¢) ww, and (d) ~p (Mark II) corrected for relaiive
efficiencies (arb. units, 0.025 GeV bins). The curves
represent the resulis of the coupled channel analysis as
described in the text.

also psendoscalar. A factor E3, where E., is the energy of the radiative photon, is included
for pseudoscalar X in J/¢ — 4X. The lower mass Breit-Wigner is assumed to couple to
all four channels. The second Breit—Wigner is assumed to couple only to pp, ww, and ~p.
Backyground terms are included only for KX and pp. A possible contribution from the
n' decaying to 4p, pp, and ww, which introduces an additional parameter gnip,/gisp i5 also
included.™ Except for the relative coupling stréngths Oop/fuw 80d gps/gqp, there is no
additional parameter fitting shape and magnitude of the ww and ~p mass distributions.

The fit results are shown by the superimposed curves in Fig. 15, They demonstrate that
the lower part of the pp mass distribution can be explained by a resonance below pp threshold.
A strong candidate for this resonance is the £{1460). The constraints of the coupled channel
analysis leave the ¢ parameters, as determined from the KK~ channel,” unaffected. The
ww invariant mass distribution can also be described by this ansatz. The ehape of the 4p
invariant mass distribution is not well reproduced. Since phase space effects are much less
important in this channel than for the pp and ww channels the Breit-Wigner peak value must
be the same as for the X K decay and cannot be shifted to lower masses. The x3/d.o.f of
the fit is 1.42 for all four histograms and 1.2 for Fig. 15(b).

The analysis is sensitive to the choice of the form factor F(g) in that it modifies the
definition of the coupling coefficients g,. The qualitative features of the fit, however, ramain
unchanged under a change of form factors. In the absence of a dynamical model the ratios of
coupling coefficients can be interpreted only for channels with the same coupling types like

for the Vector — Vector channels, i.e. pp/guw 8nd gpp/Gnp, but N0t gpp/gp - Because the
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momenta for the three Vector - Vector channels are different at fixed /s, different suppression
factors In each channel are introduced by the form factor which affect the ratio of coupling
coefficients chosen by the fit. After correcting for this effect one finds g,p/guw = 5.0 £ 0.7
which should be compared to the value of 3 expected from SU(3) symmetry. For gpp/gy, 2
value of 8300 + 600 is the result of the fit. While the gp,/guw retio is less sensitive to the
exact choice of F(¢g), because m, and m,, are almost equal, & softer form factor would greatly
reduce the value of g,p/gy, to emaller values. The VDM predicted value of 400, however,
although not excluded, seems to be too small to describe the observed 4p decay rate.

The fit attributes (300 30) pp events and (454 15) ww events to the ¢(1460). This leads
to the following preliminary branching fractions

B(J/¢ —+ 4t) - B(c — pp) »s (1.54+0.2) > 1073,
B(J/¥ = ) - B(t = ww) =~ (0.3+0.1) x 10™2,

For the X(1800) pezk one finds
B(J/y —+vX(1800)) - B{X(1800) — pp) s (1.0 = 0.2) x 10”3,

The total production branching fraction of the ¢, including the decays to pp and ww, then
increases by about 40% to :

B(J/¥ — 7:(1460)) > (6.9+0.4+1.0) x 1073,

where the Mark III value has been used for ¢ —+ K K.

The nxr invariant mass distribution after a § - cut, requiring the nr invariant mass
within 30 MeV about the £(980) mass, is shown in Fig. 16, This distrlbution is used as an
additional channel to texst the following two hypotheses: {(z) The mass peak seen in n#x is not
the ¢(1460) and is therefore different from the peak seen in the K K spectrum but has the
same origin as the peaks seen in vyp, pp, and ww; (b) the nmw signal is the :(14680). Testing for
hypothesis () checks also whether the . in the preferred candidate for the lower part of the pp
spectrum or whether another resonance below pp threshold could fulfill this role. To test for
{a) the nmx distribution is substituted for the K X distribution in Fig. 15(a) and the decay
sequence X(1380) — 67, § — nw is assumed. A fit with this hypothesis yields a significantly
worse x? in the pp distribution, The conclusion is that the +(1460) is the preferred candidate
for the state below pp threshold that is responsible for the peak at 1.55 GeV in Fig. 15(b).
Hypothesis (b) is tested by adding the pnn mass distribution to the four channels of Fig. 15
and requiring that the mass bump at 1.380 MeV in nan corresponds to the +(1460). The
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result with an assumed 10% “xx/K Kn coupling ratio is superimposed in Fig. 16. The peak
at 1.3R0 GeV cannot be described by the curve. One concludes that the mass bump X(1380)
in the decay J/t» — n7m is not the +{1460).

Achasov and Shestakov"” have enalyzed an earlier version of the Mark III data’" and
have come to slmilar conclusions.

40 T

(Mark III) correcten for relative efficiency -
{arb. units, 0.025 GeV bins). The curve ol * ﬂ
represents the jota when the decay ¢ — ‘
éx, § — qx is included in the coupled

channel analysis assuming a 10% nrr /K K=
coupling.

Fig. 16, Invariant yx mass distribution 30 - *

s MASS  (Gev) scanans

7. Summary and Conclusions

Preliminary results of a coupled channel analysis of :(1460) ducaye have been presented
in the previous section. According to this analysis the glueball interpretation of the .(1480)
becomes more likely. The lower part of the pp invariant mass distribution is attributed
to a resonance oelow nominal pp threshold. The preferred candidate for this resonance is
the iota. The analysis also shows that the iota decays to ww. With these new . decay
modes the branching fraction B(J/y — ~:) increases to a value of about 0.7%, which is
roughly half of the branching fraction for J/t — 45, and is by far the largest radietive
decay of the J/¥ to non-cZ states. The other glueball candidate, #(1690) is produced with
By - Bitg sumy * 1.6 X 1073, The polarisation of the @ is dramatically different from that of
the ¢ tensor mesons f{1270) and f*(1515). Both 8(1680) and +(1460) are observed in several
decay modes according to the coupled channel analysis. The final states contain strange and
non-strange quarks. The spins 24+ and 0~ agree with the spin expectation for the gg system
in J /4 = 4gg obtained from a perturbative QCD calculation.”’ The corresponding 2*++ and
0~+ gJ groundstate multiplets are well established. For 0~ also the first radial excitation is
nearly complete leaving room for only one more pseudoscalar. Assigning the ¢(1460) to this
missing state would imply that the radially excited partner of 7 or ' is produced with an
almost an order of magnitude larger branching fraction than the v, Searches for #{1690) and
+(1460) in hadronic decays of the J/4 are reported by J. E. Augustin at this conference,"”
Both 8 and +(1460) seem to become stronger glueball candidates as time goes on.
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The quest of the £(2200) stete will regain atiention when the new data semple of about
3 % 10° J /4 is analysed by Mark III.
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