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ABSTRACT 

New data from the LASS spectrometer are presented on the reaction 
K-p + K-n+n. An energy independent partial wave analysis of this data yields 
unique K-II+ elastic scattering partial wave amplitudes in the invariant mass 
region from 0.7 GeV to 1.8 GeV, and two distinguishable sets of amplitudes 
between 1.8 GeV and 2.3 GeV. These amplitudes confirm all of the well known 
Kn resonances, and display clear evidence for new resonance structure in the 
S, P and G waves in the mass region above 1.6 GeV. 
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At the present time, we are engaged in a systematic study of Kp interactions 
at 11 GeV/c using the LASS spectrometer at SLAC. Broadly stated, the physics 
goals of this program are to provide a "great leap forward" in our understanding 

of the strange (e.g., sii), and strangeonium (sg) mesons, and of the strangeness 
-2 and -3 hyperons (e.g., ssu). Even though our general understanding of the 
hadron spectrum has improved dramatically during the last decade, these areas 
remain poorly understood. This is largely because nature provides us with no 
stable meson or strange baryon targets, so that these areas must be studied in 
production experiments. 

The experimental program consists of two separate experiments. In the first, 
we triggered on essentially the total inelastic cross section and attained a 
sensitivity of about 1000 ev/ub for K-p interactions. This experiment was run 

in 1978 and provides the data sample on which this talk is based. We are pre- 

sently extending this data sample by a factor of over five in a sequel experi- 
ment which uses both K+ and K- beams. 

The scope of the experimental program is clearly very broad, and I can only 

discuss a small portion of it here. Today, I would like to focus on our recently 
completed energy independent partial wave analysis of the KIT system from the 
reaction 

K-p + K-r+n (1) 

at small values of momentum transfer. This reaction is dominated by 'II exchange, 

and historically has been an important source of information on Kr elastic scat- 
tering, and the natural spin-parity strange mesons. ') In a previous analysis of 
the Kx system using reaction (1) and several other IT exchange dominated reactions 
at 13 GeV, (K+p + &?r+n, K-p + K-v-A*, @p -+ ev-A*) Estabrooks et al. 2) 

presented clear evidence for the J ' = O+k(lSOO), as well as evidence for P wave 

resonance structure in the 1.65 GeV region in two out of four solutions. That 

analysis was restricted to Kr masses below 1.8 GeV. In this talk, we present a 

PWA of new 11 GeV data on reaction (1) which extends the measurements of K-r+ 
elastic scattering partial waves up to a mass of 2.3 GeV. These partial waves 
confirm the results of Estabrooks et al. -- ') in the low mass region (MK,, < 1600 MeV) 
while clearly displaying additional resonance structure at higher masses. 

Events corresponding to reaction (1) were selected from the charge-zero two- 

prong sample by requiring the missing mass opposite the outgoing K-r+ system to 
lie in the range from 0.45 GeV to 1.05 GeV. Events ambiguous with elastic K-p 
events and K" decay events were explicitly rejected. The final K-p + K-a+* data 

sample consisted of -43,000 events in the Kr invariant mass range from 0.7 GeV to 
2.3 GeV, and the small momentum transfer region, It'1 ~0.2 GeV'. With these cuts, 
the background to reaction (1) was estimated to be 4+4X. 
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A maximum likelihood fitting procedure was used to correct the raw data for 
effects due to spectrometer acceptance, event selection criteria, and other 
factors. This procedure yields t-channel acceptance corrected Kr angular moments 
as a function of the Kn invariant mass and t'. In these fits the number of L and 
M  moments was limited (L <Lmax , M<Mmax) to the minimum number required to des- 
cribe the data in each mass region. Because reaction (1) is dominated by x 
exchange the prominent (M) moments are those with M=O. These are shown in Fig. 
1 as a function of MK . The most prominent structures in the even L moments are 
due to the leading K*xresonances (the J ' = l-K*(892), 2+K*(1430), 3X*(1780), 
and the newly discovered Jp = 4+K*(2090)3) while clear interference effects can 
be seen in the odd angular moments. 

We have performed an energy independent Kr scattering partial wave analysis 
using these spherical harmonic moments with an additional cut on the lower vertex 
(*a) mass. The Kn scattering analysis method used is identical to that employed 
in the previous PWA of the 13 GeV data performed by this group. 2) By extrapo- 
lating the 'TI exchange contribution to the pole, this analysis determines the 
magnitudes and relative phases of the Kr + Ktr scattering partial waves (one over- 

all phase cannot be determine). Below 1.2 GeV the S and P waves are known to be 

elastic,') so the imposition of elastic unitarity on the S and P waves is suffi- 

cient to fix the overall phase. In the inelastic region above 1.2 GeV we fix the 

phase of the leading K* resonance in each mass region near to the Breit-Wigner 

phase of the associated resonance as is shown in Fig. 3. 
There are also discrete ambiguities inherent in any pseudoscalar-pseudoscalar 

amplitude analysis. These ambiguities are most readily apparent as ambiguities 
in the sign of the imaginary part of the amplitude zeros described by Barrelet. 4) 

Requiring the solutions to be smooth, it is possible to switch from one solution 
to another only when the imaginary part of a particular Barrelet zero approaches 
zero. Since the Wigner condition combined with the existence of leading reson- 
ances requires all of the Im(Zi) to enter our solutions negatively, elastic 

unitarity leads to a unique solution below 1.20 GeV. It is seen in Fig. 2 that 
ambiguities do not arise until Im(Z3) approaches zero in the 1.86 GeV region. 
In the region between 1.9 and 2.0 GeV, Im(Z1) is also nearly zero. Thus, we 
extract one unique solution below 1.86 GeV, two distinct solutions in the region 
between 1.86 and 2.02 GeV, and four solutions above 2.02 GeV. The definitions 
of these four solutions in terms of the signs of the imaginary parts of the 
amplitude zeros in each mass region can be found in Table I. 

The K-IT+ partial wave magnitudes and phases are shown in Fig. 3. In general, 
these results are consistent with, but of higher statistical significance than 

previous measurements, particularly in the region above the K*(1430). The four 
high mass solutions presented actually fall into only two physically distinct 
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Fig. 1. The  final M=O acceptance corrected angular moments as a  
function of mass. These moments are calculated in 40  MeV bins 
below 1.8 GeV, and  80  MeV overlapping bins above this mass. The 
moments have been  divided by the mass bin and  t' bin width. 
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Fig. 3. These data were fit in 20 
MeV bins below 1.06 GeV, 40 MeV bins 
from 1.6 GeV to 1.67 GeV, and 80 MeV 
bins above 1.67 GeV. The solid line 
represents the phase predicted by a 
simple Breit-Wigner fit to the 
leading resonance in the given mass 
region. The actual phase in each 
mass region has been fixed to the 
phase represented by the symbol o. 
Where error bars are not shown the 
size of the points plotted is larger 
than the statistical error associated 
with the point. 
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TABLE I 
The Barrelet Zero Solution Classifications 

1*86 - *.O* 
2.02-2.30 

=1 I =* I =3 I =4 =1 I =* I =3 I =4 

A +-- +-+- --+- 

B +-- +--- ---- 

C  +-- +-+- +-+- 

D +-- +--- +--- 

groups (A,C) and (B,D) based primarily on the behavior of the S and P waves. The 
behavior of the D,F and G waves are essentially independent of the solution. In 

the ambiguous region the S wave shows relatively similar magnitude peaks coupled 
with rapid phase motion in all four solutions. Only the P wave above 2 GeV 
differs substantially between the two solution sets. 

All solutions display the leading Jp = l-, 2+, 3- and 4+ resonances clearly. 

Additional resonance structure is also seen in the S and P wave solutions. This 
structure is more easily viewed in the Argand diagrams of Fig. 4 which show the 

two physically distinct solutions (A,C). In these diagrams, significant depar- 
tures from the unitary circle can be seen in the S wave solutions at low mass. 
These departures are due to the fact that the partial waves presented are the sum 
of the different isospin parts (aL = aL 1'2. +a, 312) . The 312 component has been 

well measured up to 1.6 GeV and contains no significant waves other than the S 

wave. Above 1.6 GeV, little 1=3/2 information exists. In the S wave plots of 

Fig. 4, the dotted lines represent our S wave solutions with the isospin 312 

component subtracted up to 1.6 GeV using the parsmeterization of Ref. 1. The 

resulting S wave remains within the unitary circle. 

The leading K* resonances are readily apparent as counter clockwise loops in 
the appropriate Argand diagrams. In particular, the new Jp = 4+K*(2090) is indi- 

cated by the G  wave loop in the 2.1 GeV region. 
In the S wave Argand plots of Fig. 4, a slow circular motion of the S wave 

amplitude is seen in the region from 0.80 GeV to 1.35 GeV. Above this mass, the 
S wave amplitude undergoes a very rapid circular motion with the greatest speed 
in the 1.420 GeV region. The precise mass of this maximum speed is clearly 

dependent on our choice of overall phase, as well as nonresonant S wave back- 

grounds. However, we believe any reasonable choice of phase will exhibit similar 

resonance behavior. Thus, we conclude that there exists an S wave resonance in 

this mass region, confirming the O+k(lSOO) previously reported. 2) 
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Fig. 4. Argand diagrams of the K-n+ 
elastic scattering partial waves for 
solutions A and  B. The overall phase 
has been  fixed as in Fig. 3. 

In the mass region above 1.60 GeV 
circular motion is once again seen in 
the S wave Argand diagrams. Once  again 
the details of this behavior are sensi- 
tive to the choice of overall phase,  
nonresonant  backgrounds,  as  well as  in 

this case, the particular solution 
being studied. However,  all solutions 
display clear resonance loops at around 

1900  MeV. W e  call this new state the 
K’(1900). 

Figure 4  also shows resonance like 
behavior in the P wave near  1.65 GeV. 
Similar behavior was observed by 
Estabrooks et al. in two of four am- -- 
b iguous solutions.*) The  precise 
interpretation of this structure is 

unclear. It is simplest to assume 
this behavior is due  to a  single re- 
sonance in the 1700  MeV region, and  we 
will do  when present ing parameters 

below. However,  the rapid rise in the 
P wave ampli tude in the 1600  MeV region 
combined with a  very flat magni tude 
thereafter may indicate other structure 
in this region as well. 

W e  have extracted resonance param- 

eters for the leading states by fitting 

the rising edge  of the associated partial wave magni tude to a  relativistic Breit- 

W igner resonance form with a  Blatt-Weisskopf barrier factor. 5) In performing 

these fits, we have assumed that the turn-on of the partial waves associated with 
these states is resonance dominated. The result ing parameters are given in Table 

II. The  resonance parameters obtained for the 4%*(2090) were found to be  in- 
dependent  of the solution fitted. 

Faced with sizable nonresonant  backgrounds,  the overall phase uncertainty, 

and  no  clear theoretical understanding of the definition of resonance parameters, 
we have not at tempted to determine the parameters of these underly ing state pre- 

cisely. Instead, we have est imated their parameters by ascribing circular motion 

to the Argand diagram resonance loops. The results are shown in Table II. W ithin 

the uncertainties of these estimates, the high mass S and  P state parameters 
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TABLE II 

JP 

1- 

2+ 
3- 

4+ 

JP 

0+ 
0+ 
1- 

LEADING RESONANCES 

Mass Width Elasticity 

894.62 0.8 MeV 49.8* 1.2 MeV --- 

1428 k 3 MeV 98 k 8 MeV 0.43+0.01 
1753 + 25 MeV 300 +170 MeV 0.16+0.01 

- 18 MeV - 80 MeV 

2070 +lOO MeV 240 +500 MeV 0.07~0.01 
- 40 MeV -100 MeV 

UNDERLYING RESONANCES 

Mass Width Elasticity 

- 1420 MeV - 240 MeV - 0.85 
- 1900 MeV - 230 MeV - 0.35-0.45 
- 1700 MeV - 200 MeV - 0.35 

depend insignificantly on the particular solution chosen. 
The resonance states observed in the K-r+ partial waves fit naturally into 

the framework expected from SU(3) and a simple qs quark model. The K*(892), 

K*(1430), K"(1780) and K"(2090) form an L-excitation ladder (with q;i total spin 

S=l) with L increasing from 0 to 3. The lower O+ state at -1420 MeV is naturally 
classified as the lowest lying member of the L=l, S=l, K*(1430) triplet, while 

the higher 0: state can be naturally interpreted as the first radially excited 
+ recurrence of the 0 , L=l, S= 1 triplet member. The l- resonance behavior at 

1700 MeV can be either the L=O, S=l radial recurrence of the K*(892), the lowest 

lying member of the L=2, S=l, K"(1780) triplet, or perhaps both. Accurate 
measurements of this invariant mass region in inelastic decay channels should 

make it possible to establish which of these possibilities is the correct one. 
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