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ABSTRACT
High statistics data for the reaction K p ~ R nin at 11 GeV/c
have been obtained in the LASS spectrometer at SLAC. A spherical
harmonic moment analysis of the Km angular distribution displays
evidence for a new K* state at 2086 MeV/c2 with the spin-parity
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We present results from a high statistics study of the reac-

tion:

K p > K mn (1)
at 11 GeV/c using the LASS spectrometer at SLAC. This reaction
has been an important source of information on the production of
strange, natural spin-parity mesons for many years. In particu-
lar, the three lowest mass K states (the spin-parity 1 K*(892).
the 2+ K*(1430), and the 3 K*(1780)) have been clearly observed
in this channel and are now rather well understood[l]. However,
at higher mass the increasingly inelastic nature of Km scattering,
coupled with limitations in experimental acceptance and sensitiv-
ity, has prevented any clear observation of the continuation of
the L-excitation ladder predicted by the quark model. 1In this
paper, we present evidence for a new spin-four K* state based on
a spherical harmonic analysis of the K7 scattering angular distri-
bution in reaction (1).

This experiment used the LASS spectrometer facility shown
schematically in Fig. 1. LASS is built around two large magnets
and a variety of charged particle detectors, including 86 spark
chamber and proportional wire chamber planes. The first magnet
is a superconducting solenoid with a 23 kg. field parallel to the
beam direction. This is followed by a 30 kg-m dipole magnet with
a vertical field. The solenoid is effective in measuring the
interaction products which have large production angles and rel-
atively low momenta. High energy particles close to the beam line

are not well measured in the solenoid, but pass through the dipole
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spectrometer for measurement there. The trigger for this experi-
ment required two or more charged particles to exit the target,
and was defined by requiring two or more hits outside a 3.2 cm.
square beam hole in the full-aperture proportional chamber 54 cm.
downstream of the target.

The data sample for the K_ﬂ+n final state was extracted from
the data tapes before analysis by ;equiring less than four hits
in the combination of proportional chambers which surrounded the
target. After event reconstruction, candidates for reaction (1)
were chosen from the two-prong charge-zero events by requiring
the missing mass of the recoil system to be less than 1.1 GeV/cz,
yielding a sample of 104,000 events in the invariant K7 mass
region below 2.7 GeV/c2 with |t'] < 1.0 GeVz/cz. The K n° mass
distribution of Fig. 2 shows prominent K*(892) and K (1430)
peaks. However, there is little clear evidence for states at
higher mass in the invariant mass projection alone. This is
consistent with results from earlier experiments in the charge~
zero Km channels[Z—S], where the structure interpreted as the
K#(1780) has been clearly observed only in certain regions of
the K7 center of mass decay angle.

Fig. 3 is a computer generated three-dimensional projection
invariant K7 mass distribution, M(Kw), versus the cosine of the
t-channel kaon scattering angle in the Km center of mass, cos 65.
The K*(892) stands out clearly as a ridge at low mass, while

spikes at both forward and backward scattering angles indicate



the K*(1430). There is a clear bump at forward angles between
1700 and 1800 MeV/c2 on top of a ridge extending to higher mass.
This ridge becomes progressively steeper as M(Km) increases and

is most simply interpreted as Krm diffractive scattering. It

falls as the mass increases due to a fixed angle cut generated by
the two prong trigger. 1In the central part of the decay angular
distribution, there is a complex ridge structure in the mass
region above 1500 MeV/c2 which peaks at a cos QJ of = - .5 at
about 1800 MeV/cz. This structure is indicative of the 3~ K*(1780).
At still higher M(K7m), this ridge tends toward small, positive

cos GJ. This complicated interference structure implies the ex-
istence of overlapping waves of high spin in the mass region above
1800 MeV/cz, and leads us to a study of the spherical harmonic
moments of the data in this region.

Data from reaction (1) involve charge exchange in the t-channel
and ate dominated by pion exchange at small values of momentum
transfer (6]. To emphasize the pion exchange component, we select
events with |t'| < .2 GeVz/é% Restrictive cuts were then applied
to remove the small competing backgrounds from ﬁon, K_p elastic,
and K—pﬂo final states, while the missing mass was constrained
to lie between .45 and 1.1 GeV/cz, leaving 51,000 events for
analysis in the K7 mass region between .7 and 2.3 GeV/cz. With
these cuts, the estimated background’from other reactions is 37.

The geometrical acceptance of the LASS spectrometer covers

most of the total (47) solid angle. In the case of reaction (1).

the two prong trigger modifies the basic geometrical acceptance
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by limiting the observation of very forward and backward decays
bath for very low and very high invariant Kv masses. The accep-—
tance of the apparatus was calculated by a Monte Carlo program

which included geometrical effects, measured chamber resolutions

the physics event selection criteria which were applied to the
data. Using this acceptance, the observed Km angular distribu-
tions were fitted to an expansion of spherical harmonics.

Fig. 4 shows the acceptance corrected t-channel M = 0
moments for the data as a function of Km mass. These results
were obtained from fits using M< 2 and L < Lmax < 8, where Lma
was the minimum L required to fit the data in each mass region
(see Fig. 4). Tests with higher moments were performed in each
mass region, and did not alter the quality of the fiﬁl However,
the acceptance introduced correlations which substantially in-
creased the error bars on all of the moments if unnecessary

higher moments were included. Therefore, the moments Y nd
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YlOO’ which are shown in Fig. 4, were faken from a separate fit
which included moments up to L < 10, M < 2.
* *
The K (892) and K (1430) resonances are apparent as bumps in

the Y20 and Y40 moments, together with clear interference patterns

in the odd L moments, YlO and YSO' At higher mass, there is a

- %
peak in Y., near 1800 MeV/c? indicating the ¥ =37 K (1780). At

still higher mass, the moments with L = 7, 8 show significant

. . . . -4
structure and are inconsistent with zero (confidence level << 10

),

while moments with larger L remain consistent with zero (confidence



level = ,16), providing strong evidence for a significant G wave.
In particular, there are bumps at about 2080 MeV/c2 in both the
Yee\and Y80 moments, and a rapid variation in the Y70 moment
which reflects interference between waves of even and odd opin.
This structure is most simply attributed to a G wave resonance,
presumably the next leading K* resonance, with 3¥ - 4+, expected
from the quark model. A G wave resonance would give rise to the
structures in the even L moments, and could also interfere with

a more slowly varying F wave to produce the observed structure
in Y70.

The complexity of the high mass region makes a determination
of the mass and width of this state rather difficult. The sim—
plest approach is to assume that the G wave turn on is dominated
by resonance production, and to fit the Yso.moment to a relativ-
istic Breit-Wigner form,1 giving:

Mo = 2074 + 29 MeV/c2
ro = 140 + 91 MeV/c2
The quality of the fit is excellent (XZ/NDF = 1.8/3) as shown by
the dotted line in Fig. 4. However, in this method the data are
insufficient to deal adequately with possible non-resonant con-

tributions to the G wave.

In a second approach, which uses more of the available infor-

1
We parametrize the width as

28+1 Dz(q R)
T =1 (9 0
o\q Dz(q R)

(o}

where q is the momentum in the K7 center of mass, 9, is q
evaluated at the resonance mass, R is fixed at 1 fm; and
D (qR) is the "penetration factor' defined by Blatt and
Weisskopf[ 7].
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mation, a simple mass dependent amplitude analysis using the high

L moments, Y70’ and Y80 was performed. Some uncertainties

¥60°
still remain due to the unknown nature of possible underlying
states and the tail of the K*(1780). In the fit below, we have
parameterized the D, F, and G wave backgrounds as simple poly-
nomials in M(Km), and the leading F and G waves states as rela-
tivistic Breit-Wigner amplitudes. The mass and width of the
leading 3  resonance were fixed on the basis of a separate study
of the leading edge of the Y60 moment.2 A fully correlated fit,

which is shown by the solid line in Fig. 4, gives good agreement

to the data (x2/NDF

14.4/13), with parameter values of

M, = 2092 + 21 MeV/c2 )
_ +70 2
FG 205_55 MeV/c P
3
where the errors are purely statistical. The significance of

the observed spin-four state using this model is 4.6 standard
deviations.
. . P +
In conclusion, we have presented evidence for a new J = 4

resonance at 2086 MeV/cz, with a width of about 180 MeV/cz. 1t

is most naturally interpreted as the strange member of the SU(3)

2This fit gives M(K*(1780)) = 1786 + 15 MeV/c2, and_T(K*(1780) =
225 *+ 60 MeV/c?). The width of the K*(1780) remains poorly un-
derstood, presumably because it is inelastic and lies in a
complicated region with several interfering wavesﬁl}.

3 Reasonable changes in forms, the K*(1780) width, etc., are
sufficient to change the parameters by a significant fraction
of the quoted error bars. Therefore, it seems prudent to
consider the systematic errors to be as large as the statis-
tical.



nonet which contains the h{2040) meson.
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FIGURE CAPTIONS

Plan view of the LASS spectrometer.

. - + . . .
Invariant K m mass distribution for the observed data sample
with |t'] < 1.0 GeVz/cz.

Three dimensional projection of M(Kw) versus cos 9 The

3
height of the surface above the plane is proportional to
the number of events per bin.

The acceptance—corrected unnormalized t-channel moments of

-+
the K 7 angular distribution for |t‘| < .2 GeVz/cz. The

curves represent the fits described in the text.
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