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ON THE NATURE OF THE 6 (1670) STATE
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It is shown that the quarkonium-gluonium mixture model of 6 (1670) state fails in
many points. On the other hand, the mixing of the ss state with the uuss member of 36-plet
is shown to yield the decay properties of f”(1515) and 0 (1670) consistent with the experi-
mental observations.

PACS numbers: 13.25.+m

The recent review [1] on the theoretical and experimental status of the 6(1670) state
observed in the radiative decay of J/y [2, 3] summarizes the situation as follows:

i) The hypothesis that 8 (1670) does not exist but is an interference effect between
the 2+ radial excitation and the ground state [4] fails badly on the basis of the measurement
of the upper limit for the nn decay mode.

ii) The hypothesis that 6 (1670) is a uuss state is consistent with the data, unless
a connection between the gg structure observed in Mark IT data [3] and 8 is firmly estab-
lished. ’

iif) The hypothesis that 8 (1670) is a gluonium-quarkonium mixture [5, 6] is consistent
with the data.

Hypothesis (iii) emerged as an attempt to explain the nonobservability of the nn
decay mode of 6 (1670). In the f-f'-0 mixing model f’ and 0 decouple from the nn channel
by accidental cancellation of the contributions from nonstrange quarks and gluonium,
both present in the wave function. Although particular realization of the mixing model
proposed in Ref. [6] fails badly in description of the ' — yy width [7] it can be (most
probably) saved by some symmetry breaking.

In this letter we would like to point out that there are other difficulties in any model
built along the lines of Ref. {5] or [6]. Let us take Rosner’s [6] prescription for f’ and 0
wave functions and calculate from SU (3) their decay width in the KK and KK*+KK*
channels. This can be done without any new parameters, due to the selection rule forbid-
ding the 2+~ SU (3) singlet state (i.e. gluonium) to decay into KK*+KK*, We get

I'(f' - KK) ~ 30 MeV,

* Address: Instytut Fizyki Jadrowej, Kawiory 26a, 30-055 Krakéw, Poland.
(629)



630

r(f’ - KK*+KK*) ~ 10 MeV,
re® - KK)~ i1 MeV,
Ir® - KK*+KK*) ~ 28 MeV. (1)

These values disagree with the results of three recent studies:

1) It is hard to understand why we do not observe 6 (1670) together with 1 (1440) in
the KKn channel of the radiative Jjy decay.

2) Recent results [8] of partial wave analysis in KKn system produced in the reaction
K-p — KKnrA at 4.2 GeV/c show that there is no 2++ wave signal in the 1.2-2.0 GeV mass
range. If we consider cross sections for production of f’', E, D’ (1526) [8] estimated in the
same experiment, namely

o(K-p - E(» KKn)A) = 48+1.5ub
o(K-p —» D'(» KKn)A) = 18.3+2 pb
o(K-p - (= KK)A) = 1943 pb

the SU (3) results (1) imply the presence of the 6 (1670) signal at the level of 18 ub, i.e.
the same as D’ (1526) signal and f’ (1515) signal at the level of 6 pb, i.e. of the order of
E (1420) signal, clearly seen in the data.

3) The ratio I'(6 - KK)/I'(f’ » KK) ~ 1/3 predicted in Ref. [6] seems to be in contra-
diction with the very high statistics data on the reaction Kp — K+K-A [9] where a very
clean ' signal without any interference effects in the 8 (1670) region is seen.

The mixing model proposed in Refs 5, 6] may be challenged on the more general
grounds. Firstly, the suppression of the f* — nr width due to accidental cancellation looks
fairly suspicious. Our belief that ' is a pure ss state is based on ample evidence for suppres-
sion of the Okubo-lizuka-Zweig (O1Z) forbidden transitions [10] involving {’ (like y — wf”,
pp — mtnf’ or t-channel f’ - NN). Secondly, if we believe that the physical 2*+ gluonium
ground state is the first particle on the pomeron trajectory, its octet content should be
small.

How then about the hypothesis (ii), i.c. f’ being an almost pure ss state and 0 (1670)
corresponding to a uuss state? 1t appears that SU (3) relations for the ideally mixed 2++
nonet also contradict the results of Ref. [8]. Using present data we get

'’ - KK) = 34+4 MeV,
I(t’ - KK*+KK*) = 1241 MeV, )]

the result close to that of mixing model [1], already discarded by us. To obtain this result,
we follow the observation made in Ref. [11] that the true parameters of f’ should be deter-
mined from the reaction K-p-—» KKA only. This yields m(f’) = 152442 MeV,
I'(f") = 76+ 6 MeV. Note that the results of Samios et al. [12] for widths (2) differ from
ours considerably. They overestimate I'(f’ - KK) & 58 MeV due to the SU(3) fit with
K* (1430) — Kn, incorrectly measured at the time. The width I'(f’ » KK*+KK*) is
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very sensitive to the f’ mass estimated to be considerably lower at that time (1513 MeV),
which yielded I'(f’ - KK*+KK*) ~ 8 MeV.

To get a reasonable explanation of the data on production and decay of f’ and 6
we have to mix the pure ss state with another one which (a) behaves like ss state as far
as OIZ rule is concerned, (b) its decay properties differ from that of ss state in such a way
that, by mixing, f’ - KK can be enhanced while f’ - KK*+KK*, 8 - KK and § - KK*
+KK* are suppressed. Just to get an idea if anything like that might work we tried,
uu\-/i—idd ss member of the nonet (3 @ 3) and the 36-plet (6 ® 6) [13]. For the 36-plet

member we construct the following model

If’> = cos 9lss)+sin 3/36)
16> = —sin ${ss)+cos $|36).

We assume (KK|ss) = (KK]36) = (KK*|36), the SU(3) relations for ss state, and the
136> recouplings to flavour decay channels as given by [13]. We set the Issy— 36> mixing
angle § = 30° and obtain

r(’ - KK) = 74 MeV
rg’ - KK*+KK*) = 13 MeV
r® — KK) = 10 MeV
r® - KK*+KK*) = 3 MeV
I’ > mm) = 13 MeV
r' e —nn) =1 MeV.

Similar construction with the nonet 3 ® 3) will not work due to the opposite sign of the
recoupling coefficient to mn, resulting in

r'@® —yn)/r®-»KK)>1.

The ratio I'(f’ - KK*+KK*)/I'(f" - KK) ~ 1/6 obtained in the above model is margin-
ally acceptable in view of the data on the reaction K—p — KK=A [8]. Our model predicts
also small widths I'(®@ - KK) and I'(6 - KK*+KK*) as required by the data, but the
total decay width of f’ is too large (= 100 MeV). Sure enough, we could do much better
playing with model free parameters and/or introducing a |9>~136)> mixing. However
we feel that there is no point in playing such a game at present level of the available exper-
imental information. When one member of the 36-plet family is introduced, immediately
arises a question — where are the others? We have no good answer to it. We can offer
only a suggestion that the existence of the qqqq state might depend on its possibility to
mix with the qq state.

We are aware that the introduction of the 36-plet into the game creates probably
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more problems than it solves, but solutions of the 8(1670) puzzie should be sought out
also im this direction. Much better experimental data for {’ and 0 decay modes are necessary
before any kind of mixing model can be reasonably confirmed.

The author would like to thank Drs J. Kwiecinski and K. Rybicki for discussion.
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