Lawrence Berkeley National Laboratory
Recent Work

Title
K+d INTERACTIONS NEAR 1 Bev/c

Permalink
https://escholarship.org/uc/item/29t4i0xq

Authors

Hirata, Allan A.
Wohl, Charles G.
Bland, Roger W.

Publication Date
1968-08-01

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/29t4j0xq
https://escholarship.org/uc/item/29t4j0xq#author
https://escholarship.org
http://www.cdlib.org/

’ %“
.

L)
RECEIVED
LAWRENCE
RADIATION LABCRATORY
. 0CT 151968
e - .,LIBRARY AND

K DOCUMENTS SECTION

UCRL-18322

e X

University of California

Ernest O. Lawrence
Radiation Laboratory

K*d INTERACTIONS NEAR 1 BeV/c
Allan A, Hirata, Charles G. Wohl, Roger W. Bland,
Gerson Goldhaber, Bronwyn H. Hall, John A. Kadyk,
Victor H. Seeger, and George H. Trilling

August 1968

- a
TWO-WEEK LOAN COPY
This is a Library Circulating Copy
which may be borrowed for two weeks.
] For a personal retention copy, call
3. Tech. Info. Division, Ext. 5545
N \ )

Berkeley, California

zh

CrER - 18N



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



~

-)

y

Contribution to XIVth International UCRL—18322
Conference on High-Energy Physics,
Vienna, August 28-September 5, 1968

UNIVERSITY OF CALIFORNTA

Lawrence Radiation ILaboratory
Berkeley, California

AEC Contract No. W-ThO5-eng-48

K'd INTERACTIONS NEAR 1 BeV/c
Allan A. Hirata, Charles G. Wohl, Roger W. Bland,

Gerson Goldhaber, Bronwyn H. Hall, John A. Kadyk,
Victor H. Seeger, and George H. Trilling

August 1968



-

UCRL-18322

K'd INTERACTIONS NEAR 1 BeV/c"
Allan A. Hirata, Charles G. Wohl, Roger W. Bland,
Gerson Goldhaber, Bronwyn H. Hall, John A. Kadyk,
Victor H. Seeger, and George H. Trilling’
Department of Phyéics and Lawrence Radiation Laboratory
University of California, Berkeley, California
ABSTRACT
In this paper we present some detailed experimental results on the K+d

interaction near i BeV/c.v We give measurements on several inelastic cross
sections and deduce the I = 0 1inelastic cross section Kix. The latter
corresponds largely to K* prodﬁction and rises rapidly from O.86Qtn 1.210
BeV/c. The resuits of a phase shift analysis of the charge-exchange data
up to 0.860 BeV/c are also given. Purthermore we compare the charge-exchange
data with a Regge model and find them to be consistent with the results of

high-energy fits. So far we cannot give an unequivocal answer to the crucial

guestion of whether or not a resonance occurs in the I = 0 KN system.
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The K+p and K+d total cross sections, accurately
measured by Cool et al.l and Bugg et al.,2 have similarly-shaped asymmetric
peaks near 1 BeV/c. The K+p cross section is the isospin-one KN cross section.
The isospin-zero cross section is extracted from the K+p and K+d cross sections
using approximations the validity and effect of which are not enti}elyiknown.
The cross section so deduced has a large peak that might have been called a reso-
nance were it in a =nlN or KN channel. However the repercussions on classi—.
fication schemes of the existence of KN resonances are severe. In particular,
all well-established strongly-interacting particles and resonances have quantum
numbers that permit their classification as quark-antiquark (meson) or triple-
quark (baryon) states, and KN resonances will not fit into this scheme.

Bland et al.3 studied K+p reactions around 1 BeV/c and found that the
peak in the total cross section was due largely to the rapid increase of the
single-pion-production cross section near the thresholds for the quasi-two-
body channels KA(1236) and K*(890)N. A partial-wave analysis of the reaction
K&p - KA revealed no rapid‘variation of any of the phases. They concluded
thét there was no evidence requiring or even strongly suggesting a conventional
single resonance in the K+p channel at 1.2 BeV/c.

In this paper we will discuss four aspects of the K+d interaction near
1 BeV/c. These represent various experimental results and some attempts at an
analysis of the problem. ©So far we are not in a position to give an unequivocal
ansver to the central operation--whether or not a resonance occurs in the I = 0
K+N system. The subjécts discussed are: A. A measurement of some of the partial
K+d cross sections; B. Preliminary results on a phase shift analysis of the
charge exchange reaction; C. Comparison of the charge exchange data with a Regge

model; and D. Production and decay properties of some of the inelastic channels.

¥
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The results were obtained from a lO0,000-picture exposure of the LRL 25-
inch bubble chamber, filled with deuterium, £o a separated K+ beam at momenta
of 863, 968, 1211, and l364vMeV/c. The film was scanned twice for events
with a vee(KO - n+n— decay) or with more than two outgoing charged tracks.
An event with an uneven number of outgoing charged tracks was elther a K&
decay or a K+d interaction in which the proton in the deuteron was spectator
to an interaction on the neutron and did not have enough momentum to make a
vigible track. In the latter case, the absenée of a track constitutes a
measﬁrement ipso facto, and in fitting we assigned to the unseen proton
momentum zero with an uncertainty appropriate to a proton too slow to be
vigible. Bvents were measured on the LRL FSD or on a Franckenstein, and
were processed with the programs SIOUX and ARROW. At these energies, events
fitting more than one hypothesis could be resolved unambiguously by looking
at tréck ionization. Féiling events were remeasured until theilr number was
reduced to an insignificant level. We found 3166 events with a K and 5504
events with a K° in the final state. Cross sections were normalized with
2727 K+ - ﬂ+ﬂ+ﬂ— decays. In obtaining cross sections, KO events were
welghted for decay into neutrals or outside the bubble chamber or téo close

to the production vertex for the vee to be seen as such.

R . )
A. A Measurement of Some of the Partial K d Cross Sections

We have measured some of the K+d partial cross sections around 1 BeV/c
(Fig. 1), and calculate most of the others using relations derived from isospin
conservation and data from the experiments mentioned above (Fig. 2). We also
extract isospin-zero partial cross sections (Fig. 3). These lead to more under-
standing of the nature of this channel but are not sufficient to confirm or

deny the existence of a resonance.

Cross sections directly measured. — The reactions that occur at these

energies are: '
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o ‘ +
Kd— KNN - XK pn
- Kpp \ *

. + +
— KNNn — X nnxn

+
- K%pnx o, *
+ -
- K ppn *
+ (o]
- K pnn } s
5 Koppno o %
_ (1)
o] + +
- KNNan — K nnx =« *
+ + - :
— K pnn =« o *
. cc
0 + - x
- K ppn =
+ + 0 ‘
= K nnn =«
+
-~ K%pnr x° g *
+ o co
- K ppr =« *
+
- K pnnono } o
N Koppﬂoﬂo 00 %

Reactions in which éome of the final-state particles form particles or resonances
(e.g., d, K*, N*) are not listed separately. We measured cross sections for

the reactions marked to the rightAwith an asterisk. The reactions are arranged
according to the charge states of the pions, for reasons that will become

clear. The symbol Oco’ for example, represents the sum of all cross sections
leading to one charged and one neutral pion. Thus the total K+d = KNNmnx

cross section is (OCC + ot Goo)’ ete.

Figure 1(a) and Table I show the cross sections we measured, The K'a - K°pp cross
section falls off smoothly with increasing momentum. The single-pion-production
cross sections rise rapidly until about 1.2 BeV/c, then level off; they all
have about the same shape, though they differ in size. The double-pion-

production cross sections (only the sum of the measured cross sections is

shown) are extremely small until 1.2 BeV/c, after which they begin to rise
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- sharply. The thresholds for single and double~pion'production on deuterons

are 0.45 and 0.70 BeV/c. (On free nucleons, the thresholds are 0.51 and 0.81
BeV/c.)' The créss sections are small until well abové the thresholds. In
fact, they remain small until thresholds for XK' and N* production are approached
(see below).

Reactions such as K d = K°pp, K'd » K°ppr®, and K'd - K ppr”, with
two final-state protons, necessarily involve the neutron in the target deuteron
as more than spectator. To the extent that one nucleoﬁ in the deuteron is
only a spectator to the interaction of the incident K+ with the other nucleon
(an assumption we shail often make), these reactions take place on the neutron,
and the cross sections give a somewhat distorted picture of free-neutron cross
sections. In contrast, the Kopnrr+ final state can come from interaction of
the XK with either of the targef nucleons (or from K'a - Koﬂ+d)- Figure
1(b) shows the division of the .K#d - Kopnn+ cross section, with the spectator
nucleon indicated by pawentlrleses.LL Also shown is the K+p - Kon+p Cross
section measured by Bland.3 The difference between the K#p - Kon+p and
K+p(n) - Kon+p(n) cross sections is small and is consistent with a rough

calculation of the effect of eclipsing and motion of the nucleons within

‘the deuteron..

. . + . . .
Isospin conservation and K d reactions. — Isospin conservation

provides one (and only one) linear relation between the KNNn cross sections,

and one between the KNNnn cross sections. The relations are5:
o = 20 ’ '
. 20 (2a)
26 =4o + o0 . (2b)

cc 00 co
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We can now write the total KNNx and KNNnn cross sections in various ways,

eliminating one or another of the constituent parts:

o(KNNn) = o + 0 (3a)
= 30’0 (30)
= -3- o (30)
2 ¢ '
o(KNNnx) = O, Tt O (La)
- 3o, - o) (1)
= % (cco + 2000) (ke)
:%(Ou>+2%c) ’ (ha)

We have not measured all of either GC or GO [see Egs. (l)], nor all of any
two of Occ’ Oco’ and Goo' However this does not much restrict the usefulness
of Egs. (3) and (4) for obtaining o(KNNx) and o(KNNsusx).

+ + +
To complete Oc we need the K d — K nnn cross section. Here 1if the

+
incident K interacts with only one of the nucleons in the deuteron, it interacts

with the proton. In view of the comparison made in Fig. 1(b) we may expect

the approximation
+ + + + + +
o(Kd = Kmrn ) =c(Kp - K xn) (5)

+ + +

to be good to 10 or 20%. The K p — K n n cross section has been measured
by Bland'.3 It is small, being never more than one-tenth the sum of the other,
directly-measured parts of Gc. Since the latter is measured to about 5%, Eq.
(5) would have to be wrong by 50% to affect the value of o, obtained using
i1t by as much as a standard deviation. Small correctiohs to the approximation
are inconsequential, especially since we double the quoted errors on

+ + + . _
o(Kp = K xn). Thus with Eq. (5) we complete o,, and with Eq. (3c) obtain

o (KNNx) .
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Equations (4) for o(KNNnx) become inequalities if we put on the right
just the parts of GCC’ Gco’ and Goo that are measured. ©Since all of ccc is
measured, Eq. (4b) gives an upper limit to o(KNNnx). The other three
inequalities give lower limits, from which we may choose whichever 1s most
restrictive. We then assign to o(KNNxnx) the value midway between upper and
iower limits, and fold together half the difference between the limits and
the statistical uncertainty on them for an error.

<

Finally, subtracting the pion-production cross sections from the total
+ +
cross section gives the K d — KNN cross section. Subtracting the K d = Kopp
+ +

cross section from this gives the K d » K pn cross section (this includes
+ + and Table II
Kda—- Kd. Figure 2 pshow the results. Also shown are the total cross-

. 1 2 ot o}
section measurements of Cool et al.” and Bugg et al.” and K d = K pp
measurements of Slater et al.6 and Butterworth et al.7 The most striking
feature is the abrupt rise of the single-pion-production cross section to
15 mb at 1.2 BeV/c. As this is accompanied by a less precipitous fall of the
KNN cross section, the total cross section increases by only about 10 mb.
The onset of double pion production, by which time the single-pion-production

cross section has leveled off, causes no marked change of the total cross

section.

: . . . ot . ;
Isospin conservation and K N reactions. — There are seven charge

: + .
states for single pion production in K N reactions:

+ + + +
K'p — K p Kn - K'xn )
+ + 0o i
- K an Up —>KTEp \ g (6)
+ 0 + 0 ! n
- Knrp - Knn

+ -
— K=np
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+ + .
where 0_ and o, are the sums of the K p and K n cross sections. There are

. eleven charge states for double pion production. Isospin conservation provides

one linear relation between the KNz cross sections and one between the KNnx
cross sections. The relations are again Egs. (2), in which the symbols now

refer to a different set of reactions but are defined, as before, in terms

of the charge states of the pions.

The cross sections for single pion production through the 1sospin-zero

and -one channels are

(Ta)

i
Q

Gl(KNn)

(7)

1
n
Q
[}
Q

GO(KNﬂ)

From Egs. (7b) and (2a) one can obtain the relation

0p(kNx) = 3l0(K'n > K°x'n) + o(k'n > K'x'p) - o(K'p > Kx'p)], (8)

in which only three of the seven KN — KNz cross sections appear. The
+ +
Kp— K nop cross gsection has been measured by Bland.3 The other two are

+ + + -
approximately equal to the K n(p) — K7 n(p) and K 4 — K+ppn cross

sections shown in Fig. 1. To get free-neutron cross sections from these, we

have at each momentum multiplied them by the corresponding ratio of the

K+p - Kon+p to K+p(n) - Kon+p(n) cross sections shown in Fig. 1(b).
Although it is not strictly valid to apply to one channel the free-to-bound-
nucleon cross-section ratios found in ancther, the errors on the ratios were
probably large enough to encompass channel-to-channel variations, and they
were propagated.8 Figure 3 shows the values of GO(KNn) we got. vAlso shown
are total cross sections from Carter9 and isospin-one partial cross sections

3

adopted from a compilation made by Bland. The smooth curve labeled GO(KNn)

/



-9- UCRL-18322

was subtracted from Oo(total) to get the elastic-scattering cfoss section OO(KN).
We were not able to extract reliable values bf OO(KNnn), but even at 1364 MeV/c
it is too small to do more than slightly reduce OO(KN).

of GO(total) it must be said that at and below the peak the curves that
appear in the literature are in only qualitative agreement. Below 1 BeV/c,
evén the purely statistical errors amount to one or two millibarns, and the
elastic cross section is correspondingly'uncertain. At low momenta, tﬁe total

and elastic cross sections are equal, and their qualitative behavior is indi-

cated by the low-momentum limit o = hnAg, where A i1s the s-wave zero-effective-

range scattering length. The lengths Ay = 0.0ux0.04 £.%0 and A; = - 0.30%0.01 f}l
give cross sections Oy = O.2f8'g_mb and o, = 11.3%0.8 mb. These strikingly

dissimilar values make clear that Go(total), in contrast with Ol(total), does
in fact fall off rapidly at low momenta, as is indicated in Fig. 3.

The rapid increase of UO(KNn) comes at the threshold for the quasi-two-
body reaction XN > K*N. It appears to come at a slightly higher momentum

than does the increase of Gl(KNn). This is reasonable, because the reaction

KN — KA, for which the threshold is slightly lower and which is known to be
the major part of 6l(KNn) in this region,3 is forbidden to the isospin-zero

channel. It is then surprising how similar in magnitude o (KNn) and o, (Klx)

0 1

quickly become. The rapid increase of GO(KNn) combined with OO total, where
it must be remembered that the latter involves a number of approximations,

results in a rapid decrease of GO(KN). Here it must be realized that O (Km)

0
carries the same approximation as GO total. GO(KN) decreases more rapidly
than does Gl(KN), but no more than does the kinematic factor Mnxg, where A

is the reduced wave length in the KN center-~of-mass System.
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B. Preliminary Results on a Phase Shift Analysis of the Charge Exchange Reaction
We présent herewith the preliminary results we obtained in extending the

phase shift analyses of Slater et al.6 and Stengér et al.lo to higher momenta.

In addition to our own data we have also used the charge exchange measurements

and in particular compared with the polarization data of Ray et al.l2 at 0.60

BeV/c. This data indicates a preference for the "Yang type" I = O KN solution.
We have carried out a joint fit of ‘the data at 0.60 BeV/c, 0.81 BeV/c

and our new data at 0.86 BeV/E. .This fit differs from the earlier work in

+
that at 0.81 and 0.86 BeV/c we have used the two I = 1 K p solutions as
13

in the accompanying paper,; namely A_ and A

discussed by Bland et al. T IIT’

rather than only a pure s wave. For each of these we find as in the earlier

6,10

work the familiar Yang-Fermi ambiguity yieldingia total of four sets YangI,

13

+
Fermi and YangIII, Fermi Here again as in the K p case we have applied

III I’
the continuity condition ffom one momentum to the next. We have ignored the
I=0 ineiastic cross section at 0.86 BeV/b, and we have checked that when
this effect is included (by’setting the I =0 nq values equal to the I =1
n values, which is an overestimate) no substantial changes occur in the phase
shifts; As was noted in the earlier work6’lO a phase shift analysis on the
charge exchange cross section data, together with I = 1 phase shifts, can
lead to a variety of solutions which differ considerably in Oy the I =0
total cross section, and in the quasi elastic scattering cross section. Tor
the present analysis we have used the wvalues for 0, of Cool et al.l at 0.81
and 0.86 BeV/b with generous errors as an additional constraint in the fit.
At a later date we hope to compare with experimental quasi elastic data. As
mentioned above the charge exchange polarization data of Ray et al.12 as well

15

as the analysis of the Kop data of Kadyk et al.l4 by Kim™~ indicates that the
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Yang solutions are strongly preferred. If webcombine this with the polariza-
tion information from the K+p scatteringl6 the YangI_solution is singled out
preferentially. At the moment we cannot rule out the possibility of the
presence of other as'yet undetected solutions. The four phase shift sets are
listed in Table III and the two Yang sets are plotted in Fig. 4. Figure 5
showé the fits to g% C.E. for 0.86 BeV/c. TFigure 6 éhows the resulting charge
‘exchange polarization for the two Yang sets. The polarization'for the two
Fermi sets look essentially the same except-for a change in sign. The corre-
spondence 1is betﬁeen YangI and Fermi

and between YangIII and Fermi Figure

I1T I
T gives the differential cross section for quasi elastic scattering for the
tyo Yang sets. With our constraint on % the qualitative appearance of the
quasi elastic scattering is similar for all solutions quoted here, although
some quantitative difference exists.

Here it is of course of interest to extend this analysis to the 0.860,
0.97, and 1.21 BeV/c data. Unfortunately in this region we do not as yet

know how to distribute the n values. Work on this guestion is currently

in progress.
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C. Comparison of the Charge;Exchange Reaction with a Regge Model

Rarita and Schwa.r._zschild17 successfully fitted the differential

Cross séction for K+n - Kop at 2.23 BeV/c, as well as some other data -
involving charged t-channel exchanges, using the well-established p and A2
poles and a less-well-established p' trajectory. We have used their formalism
and their fitted parameters, with two slight modifications, to predict the
properties bf the KN charge-exchange reaction at momenta below 2.23 BeV/c.
We find remarkable agreement with experiment even down to 0.97 BeV/c.

The two modifications we make have negligible effect at high energies
but improve the agréement with the low-energy data. The first is a simple
change in the formalism that increases its validity at low energies: 1in the
usual high-energy approximation the laboratory beam energy E appears in the ‘ N
Regge amplitudes in the form A « (E/Eo)a, B« (E/Eo)a_l. In our calculations
we replace E by the less approximate form E + t/(MMp). The correction term
t/(hMp) is clearly negligible in either the high—eneréy or low-momentum-transfer
limit._ However the shape of the differential cross section below 2.23 BeV/c
is appreciably affected. Our second modification is to vary the p' spin-flip

residue function D = Doe

as follows: D from - 264 to - 135 mb, and

D, from 2.95 to 2.3 (GeV/c)me. These changes somewhat decrease the quality

of the fit at 2.23 BeV/c, but give good agreement with the lower-energy data

down to 0.97 BeV/c.

Figure 8 shows the experimehtal charge-exchange cross sec£ion as a function A

of beam momentum, integrated from the forward direction to t = —1 (BeV/c)e.

(We regard the Regge model as unreliable for larger momentum transfers.) We

| 7

have included our cross sections, that of Butterworth et al. at 2.23 BeV/c,

and those of Slater et al.6 from threshold to 0.81 BeV/c. The dashed curve
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is the prediction using the unmodified Rarita-Schwarzschild result. The solid

" ecurve is the result after our modifications. Figure 9 shows the experimental

differential cross sections from 2.23 to 0.97 BeV/c. The curves have the same
meaning as in Fig. 8. While about 20% low at 2.23 BeV/c, the solid curves
give a good representation of the data at the lower momenta.

While we have not performed a complete Regge fit to our charge exchange
data, the calculation described here indicates that the Rarita-Schwarzschild
fit could easily be extended to momenta spanning the structure in the I =0
and I = 1 total XN cross sections near 1200 MeV/c. It is interesting to
note that the Regge model appears to fit rather well at low momenta both the

13

+ N
charge exchange and the K p elastic scattering.
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W

D. Production and Decay Properties of Some of the Inelastic Channels

We are analyzing the production and decay angular distributions of the

inelastic channels. The main feature here--as was the case for the I =1 .
K+p interaction-—isvthat the differential distributions at 1.2 BeV/c are very

. . > ‘7) 18 *0O . ’
similar to those at higher momenta. The K"~ production has the charac-

o X+
teristics of pion exchange in the t-channel, in contrast with K production
which has the characteristics of @ and P' exchange. We illustrate these
+

features with the l-2—BeV/c K d data. Figures 10 and 11 show the Dalitz

prlots for the reactions
+ + -
K'd~> Xnx p(p)
+ +
and Kada-— Koﬁ p(n) .

Figures 12 and 13 show the corresponding mass projections, production angular
distribution Q(K*) in the overali c.m. system, and the decay angular distri- ~
butions for the polar angle a(K*) and Tréiman-Yang angle ©(K*) in the K*
c.m. systen.

As may be noted, the cos Q(K*) distfibution is highly forward peaked
for X ° production and much less so for a production. The cos a(K') distri-
bution has a considerable'cos2 ¢ component for K*O and a strong sin2 o
component for K . The o(K*) distribution is nearly flat for K*° and has
the features characferistic of vector exchange for K*+. Here it must be
noted that no cutoffs or corrections have been applied for the A(1236) band.
Figure 13 also shows a comparison with the same reaction as observed in hydrogen.
The égreement between the two, both expressed in percent, is remarkably good
and serves as a test for our procedures.

Finally, Fig. 14 shows what we get for the I =0 Kr and pr mass and

*
K production angular distributions by applying relation (8) to the differential
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cross sections. As may be noted the A(1236) signal vanishes--as expected.
Also the I =0 K différential cross section is strongly forward peaked,

indicating the presence of several partial waves in the s-channel.
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Table T. K'a scattering cross sections (in mb).
Momentum (MeV/c)
Channel 863 968 1211 1364
K'a - K pp 6.72£0.40 6.26+0.29 4. 99+0.2k 3.69%0.29
- K ppr© 0.48+0.08 0.82+0.08 2.09+0.13 2.06+0.19
Cross sections o + '
directly measured - K pnx l.24+0.14 2¢47io.16 6.21+0.29 6.08x0.42
- K+ppﬂ_ 0.46+0.05 0.91%0.05 2.89x0.12 3.21io.éo
-> KNNr — 0.01+0.005 0.11#+0.02 0.59+0.07
K'a » K°r'd 0.13+0.0k 0.130.03 0.14+0.03 0.1840.05
Components of _ .
xtq - ﬁ%mﬁ K p(n) = K n p(n) 0.98%0.13 1.99%0.15 b, 7620.26 4.78+0.38
K'n(p) - K°x n(p) 0.13+0.0k4 0.35%0.05 1.31*0.12 1.12+0.15
K da - KNN 27.59%£0.32 27.17+0.35 22§73io.63 20.97£0.99
Derived cross -> K+pn 20.87+0.56 20.91%£0.50 17.74+0.78 17.28£1.15
. b
sections - KNNx 2,740, 2k 5.54£0.29 14.51£0.60 15.54£0.95
- KNNnx ——- 0.01%0.005 0.17£0.05 o.76¢o.18
K4 total® 3o.33£o.21 32.72+0.19 37.41+0.20 37.27+0.15

a'This is the sum over the six (of eight) charge channels observed.

b . . . . . .
These include cross sections for the reactions in which NN is a deuteron.

CFrom Bugg et al.

-6-[ -
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Table II. Isospin-zero KN scattering cross sections (in mb).

Momentum (MeV/c)

Channe1® 863 968 : 1211 136k
KN - a1l 22.5 | oli.0 oh.1 21.9
KN - KN 21.5 ,21.5 16.1 13.0

KN - KNx 1.0%0.4 2.5+0.6 8.0t1.0 8.9+1.8

%We were not able to extract KN — KNrxn cross sections, but even at 1364

MeV/c it is . much smaller than the errors on the other cross sections.

bFrom Carter. Errors are unknown but sizable.

~



TableIIlL Phase shifts for fit at 0.60, 0.81, 0.86 BeV/c.

Momentum (BeV/c)

Degrees of freedom

9ot (I=0) (mb)

Momentum (Bev/c) R

5
S51/2

Degrees of freedom

oot (I=0) (mb)

YangI solution
s

YangiII solution

0.60 0.81 0.86 0.60 ' 0.81 0.86
7.7£0.6 13+2.8 18+8.0 7.5%0.6 1h+h .2 186.3
ol Lt1.8 29+h.3 34%5.9 22.9+1.7 234 .5 21+6.6
L.7+0.6 15+2.5 19th.9 5.0%0.6 3.8t2.1 .6%2.9
-13.3%1.4 -16%3.1 -20%4.8 -14.3%1.3 -26t2.7 = - -33%5.0
1.9%0.k 0.0£2.0 0.82.5 2.2t0.4 7420 TE2.h
12.5 3.0 18.7 12.9 2.7 22.7
5 3 | 15 5 3 15
12.h4 14{1 19.2 12.4 . 16.0 19.2
FermiI solution | FermiIII solution
0.60 0.81 0.86 0166 o 6.81 0.86
7.5£0.6 13th.2 17£9.2 8.2+0.6 13t3.1 18+7.7
0.1%1.1 _0.52.h -2.8%3,2 -0.7t1.3 6Eh.5 6£6.0
16.5%1.0 17xu.1' 1hth.9 17.2%1.0 26x2.7 . 33i3.h
5.4%0.,7 13%2.5 162.9 4.9%0.8 1.6¢2.7 ' 2.1£3.2
-11.0%0.8 -20£2.2 -25%2,2 -10.4%1.0 -9£3.2 -9tk .6
12.6 2.6 22k 12.5 ' 5.2 _" 16.6
5 3 15 5 3 15
12.2 16.6 19.6 12.2 12.5 | 17.5

—"[8 -
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(b) Components of the
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cross section.

Also shown

+ +
is the XK p — Kon P cross section measured by Bland et al.3
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