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ABSTRACT

The experimental status of the strange 1~ mesons is briefly reviewed and com-
pared with the non-strange sector and quark model expectations. The results de-
scribed are taken from a 4.1 event/nb exposure of the LASS spectrometer to an 11
GeV/c K~ beam.

INTRODUCTION

The non-relativistic quark model provides a rather good description of the known
light quark spectra.“'n In particular, the experimental situation is quite well under-
stood in the strange meson sector, from channels where production of ¢§ mesons seems
to dominate and there is high quality data available from the LASS collaboration at
SLAC.™ This talk reviews the evidence in that experiment for (mostly strange) 1~
mesons and their classification within the quark model; detailed descriptions of the
analyses can be found elsewhere!™ The state of our knowledge of the strange 0%

and 2% mesons in particularm and a review of LASS’ programmatic approach to
spectroscopy in general ) are to be found elsewhere at this conference.

There are a number of experimental and theoretical difficulties in classifying the
states which are found. The radial excitations are expected to be broad, and to lie
in the 1-2 GeV/c? mass region which also contains many spin excited states and a
large number of states in total that overlap and can cause experimental confusion.
The situation is somewhat better in the strange sector because the isospin of the
final state resonance is unambiguous. Even so, high statistics experiments with large
acceptance spectrometers and full Partial Wave Analyses (PWA) in several different
.channels are required to sort out the many states and to determine their quantum
nunibers. When candidate radial states are found, there is generally a classification
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ambiguity. That is, in the “naive” quark model,m the first radially excited ¢g state

23 L1 41 may lie very near in mass to the lowest-spin triplet ground state 13(L+2)p41
which has exactly the same quantum numbers.

LASS RESULTS

The evidence discussed below comes from the reactions:

K p— K r nta (1)
- K p— K rtn" (2)
K p— K np" and; (3)
K p—orrtAl (4)

The 135; ground state K*(890) is very well known and is clearly seen in reactions
- (1)—(3); in reaction (1) it is used as an isobar in the three-body PWA. Its classification
within the quark model is clear and it will not be further discussed here.

The 1~ K n~nt waves and phases extracted from 34k events of reaction (1)
with |t/| < 0.3(GeV/c)? are shown in Fig. 1. There is a clear peak in the 170" K*P
wave at ~ 1.4 GeV/c? which is not present in the 1-0~pP wave. The curves shown
are the result of a simultaneous two resonance fit to the 1~ waves and the leading K*’s
in the 2% and 3~ waves (not shown) including their relative phases. The behaviour
of the 1707 K™*P reference phase is shown in Fig. 1(c) and is completely consistent
with the resonances in the 170" pP (Fig. 1(d)), 2% and 3~ waves.
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Fig. 1. The dominant 1~ waves from reaction (1); the curves are
described in the text.



The t’-dependence of these waves
(Fig. 2) shows interesting systematics.
The 1~ and 1t K*r waves in the low
mass region have a shallow slope consis-
tent with production by exchange of a
heavy object whereas the 1~ waves in the
high mass region have steeper slopes more

consigtent with production by m-exchange.

The P-wave amplitude derived from
a m-pole extrapolation of reaction (2)
(151k events with [t/| < 0.2(GeV/c)?) is
shown in Fig. 3; the solid curve is a three
resonance fit. That a third is required by
both the amplitude and phase is shown
by the dashed line which is a fit to only
two resonances. The small K7 coupling
of the ~ 1.4 GeV/c? state is consistent
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Fig. 3: The magnitude and phase of the
P wave from reaction (2). The curves are
described in the text
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Fig. 2. The t’-dependence of the spin 1
waves from reaction (1). The solid points
and lines are at low K «~xt mass, open
points and dashed lines at high mass.
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Fig. 4. The relative phase of the P4 and
D4 waves from reaction (3). The curves
are described in the text.

with the shallow t’ slope observed in reaction (1). An amplitude analysis of 98k
events of reaction (3) does not show conclusive effects in the magnitude of the P4
wave, but its phase relative to the D4 wave shown in Fig. 4 also requires two non-
leading 1~ resonances for a satisfactory description of the data. The solid curve is



a fit incorporating three resonances in the P4 wave and two in the Dy wave. The
dashed curve shows the effect of omitting the ~ 1.4 GeV/c? 1~ state, the dotted curve
omission of the high mass 2% state.

The results of the fits to the non-leading 1~ K*’s in reactions (1)—(3) are sum-
marised below. For the low mass “K*(1370)" ™ state:

Kr~nt M,T =1.420+0.012, 0.240 + 0.022 GeV/c? ;
- K~ xt = 1.380 4 0.028, 0.176 + 0.056 GeV/c? ;
K'n~ = 1.367 £ 0.054, 0.114 % 0.101 GeV/c?

where M is the invariant mass, I" is the width and systematic errors have been added
in quadrature. The three measurements are in reasonable agreement. For the higher

mass “K*(1680)” ™ state:

K'r~nt M,T =1.735+0.022, 0.423 £ 0.035 GeV/c? ;
K~n*t =1.677 £ 0.034, 0.205+ 0.038 GeV/c? ;

K'r~ = 1.678 & 0.064, 0.454 £ 0.270 GeV/c? ,

and there.is some discrepancy between the two- and three-body measurements —the
latter -is somewhat higher in mass and wider, though the leading edges are in good
agreement. It is most natural to associate the “K*(1370)” with the 235 first radial
excitation of the K*(890) and the “K*(1680)” with the 13D; member of the leading

3~ triplet. With this interpretation, the
triplet mass splitting is reasonably small
(as seen elsewhere) and the radial excita-

tion decouples from K 7—models"” have
been developed which explain the small
coupling of heavy 17 states to the elas-
tic channel as due to nodes in the radial
wave function. One might also speculate
that a third state (the 33S1), whose K
coupling is similarly suppressed, could ex- 160
plain the discrepancy between the mea-
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surements of the “K*(1680)” though a &
_ non-resonant background can certainly 80
not be excluded. -
Of course, we expect to see a sim- %4 : o' 5
ilar pattern of states in the non-strange . Mass (Gev/cd) o

sector. A recent LASS analysis of reac-

tion (4)™ gives strong evidence for the

existence of a p’ candidate correspond-
ing to the “K*(1370).” Figure 5 shows
the magnitude of the P, wave extracted

Fig. 5. The magnitude of the P4 wave
from reaction (4) and its phase relative to
the D4 wave. The curves are described
in the text.



from this analysis and its phase relative to the D4 wave. The solid curve is a fit with
p,w and a p’ in the P, wave with the D, wave fixed to the f2(1270) parameters”
The results of the fit are M = 1.302+8:8§§ GeV/c3T = 0.1401'8:838 GeV/c? and

the dotted curve shows the effect of omitting this new state, the p’(1300). Since
the production mechanism is hypercharge exchange, the 77 coupling could be quite
small, and indeed this state has not been claimed in analyses of 77 scattering though

the most significant data™ have room for such a state —even a hint of it, since

their P"wave fit has some discrepancies in the 1.3 GeV/c? mass region which are

explicable in terms of a p’(1300). There is also evidence for it in the w7 spectra of
the J/¢— 7t 7~ 7° decay reported in this session'”

CONCLUSIONS

_ The “K*(1370)” is a clear candidate for the 235] radial excitation of the K*(890)

and the pattern of states compares well with the p sector provided the p’(1300) is
confirmed. However, the latter state is quite controversial; a low-mass p’ has been
claimed many times, but never generally accepted. It has not been clearly identified

in other decay modes, and there are some theoretical difficulties in reconciling it with

ete™ data, which will be reviewed by Prof. Donnachie in this session’”
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