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K+d INTERACTIONS NEAR 1 BeV/c* 

Allan A. Hirata, Charles G. Wahl, Roger W. Bland, 
Gerson Goldhaber, Bronwyn H. Hall, John A. Kadyk, 

Victor H. Seeger, and George H. Trilling 

Department of Physics and Lawrence Radiation Laboratory 
University of California, Berkeley, California 

ABSTRACT 

UCRL-18322 

In this paper we present some detailed experimental results on the K+d 

interaction near 1 BeV/c. We give measurements on several inelastic cross 

sections and deduce the 1:= 0 inelastic cross section KNrr. The latter 

* corresponds largely to K production and rises rapidly from 0.860 to 1.210 

BeV/c. The results of a phase shift analysis of the charge-exchange data 

up to 0.860 BeV/c are also given. Furthermore 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 

question 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 

1 2 measured by Cool et ale and Bugg et al., 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 .J 
using approxtmations the validity and effect of which are not entirely known. 

The cross section so deduced has a large peak that might have been called a reso-

nance were it in a :n:N 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.- studied K p reactlons 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 K6(l236) and K (890)N. A partial-wave analysis of the reaction 

+ K P ----1 K6 revealed no rapid variation of any of the phases. They concluded 

that there vias 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 

I 1 ReV/c. These represent various experimental results and some attempts at an 

anal.ysis of the problem. So far we are not in a position to give an unequj.vocal 

anS"Her to the central operation--vlhether or not a resonance occurs in the I = 0 

K+N system. The subjects discussed are: A. A measurement of some of the partial 

+ K d cross sectionsj 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 100,000-picture exposure of the LRL 25-

+ 
inch bubble chamber, filled with deuterium, to a separated K beam at momenta 

of 863, 968, 1211, and 1364 MeV/c. The film was scanned twice for events 

wi th a vee (K
o + -
~ :n::n: decay) or with more than two outgoing charged tracks. 

+ 
An event with an uneven number of outgoing charged tracks was either 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 

visible track. In the latter case, the absence of a track constitutes a 

measurement ipso facto, and in fitting we assigned to the unseen proton 

momentum zero with an uncertainty appropriate to a proton too slow to be 

visible. Events 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 track ionization. Failing events were remeasured until their number was 

reduced to an insigni.ficant level. We found 3166 events wi th a K+ and 5504 

events with a KO in the final state. Cross sections were normalized with 

2727 
+ + + -

K ~ :n::n: :n: decays. o In obtaining cross sections, K events were 

weighted for decay into neutrals or outside the bubble chamber or too close 

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

+ 
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 

(}'ig. l), and calculate mo st of the others using re lations derived from i so spin 

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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+ + 
Kd~ KNN -7 K pn 

0 
* ~ K pp 

KNNrr + +} ~ -7 K nnrr 
o + 

* -7 K+pnrr_ a 
c 

-7 K pprr * 
+ O} -7 K pnrr a 
o 0 0 

* -7 K pprr 

0++ 

} 
( 1) 

~ KNNrrJT ~ K nnrr JT * 
+ + -

* ~ K pnrr rr a 
0+- cc 

~ K pprr rr * 
+ + 0 

} 
~ K nnrr JT 

0+0 
* ~ K pnrr rr a 

+ - 0 co 
~ K pprr rr * 

+ o 0 

} ~ K pnrr rr a 
000 00 

* ~ K pprr JT 

Reactions in which some 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 right with an asterisk. The reactions are arranged 

according to the charge states of the pions, for reasons that will become 

clear. The symbol a ,for example, represents the sum of all cross sections co 

leading to one charged and one neutral pion. Thus the total + K d ~ KNNrrrr 

cross section is (0 + a + a ), etc. cc co 00 

Figure l(a) and JEhle I ~w tl:e cross sections ve measured. The K+ d ~ KOpp 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 

shmm) are extremely small until 1.2 BeV/c, after which they begin to rise 

~ 

" 

I' 

It 

II 
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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 cross sections are ,small wltil well above the thresholds. In 

* * fact, they remain small until thresholds for K and N production are approached 

(see below). 

Reactions such as + 0 + 0 0 K d -7 K pp, K d -7 K pprr , and + -
-7 K pprr , wi th 

two final-state protons, necessarily involve the neutron in the target deuteron 

as more than spectator. To the extent that one nucleon in the deuteron is 

+ only a spectator to the interaction of the incident K with the other nucleon 

(an assumption we shall often make), these reactions take place on the neutron, 

and the cross sections give a somewhat distorted picture of free-neutron cross 

sections. 0+. In contrast, the K pnrr flnal state can come from interaction of 

the K+ with either of the target nucleons (or from K+d -7 KOrr+d). Figure 

l(b) shows the division of the + 0 + K d ,-7 K pnrr cross section, with the spectator 

4 + 0 + nucleon indicated by parentheses. Also shown is the K p -7 K rr p cross 

3 + 0 + section measured by Bland. The difference between the K p -7 K rr p and 

K+p(n) -7 KOrr+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 KNNrr cross sections, 

and one between the KNNrrrr cross sections. The relations are5 ; 

o 
c 

20 
o 

20 ::: 40 + 0 
CC 00 co 

(2a) 

( 2b) 



-6- UCRL-18322 

We can now write the total KNNrt and KNNrtrt cross sections in various ways, 

eliminating one or another of the constituent parts: 

cr(KNNrt) == cr' +a (3a) 
c 0 

== 3cr (3b) 
0 

== J. cr 
2 c (3c) 

cr(KNNrtrt) == cr + cr + cr ( 4a) 
cc co 00 

== 3(crcc - cr ) (4b) 
00 

=J. (cr + 2 co 2cr ) 
00 

(4c) 

== t (cr + co 2cr ) cc 
( 4d) 

We have not measured all of either cr or cr [see Eqs. (1)], nor all of any c 0 

two of cr ,a ,and cr cc co 00 
However this does not much restrict the usefulness 

of Eqs. (3) and (4) for obtaining cr(KNNrt) and a(KNNrtrt). 

+ + + To complete cr we need the K d ~ K nnrt cross section. Here if the 
c 

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

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

the approximation 

+ + + + + + cr(K d ~ K nnrt ) 2';' cr(K P ~ K rt n) 

to be good to 10 or 20%. The 
+ + + 
Kp~ Krtn cross section has been measured 

by Bland) It is small, being never more than one-tenth the sum of the other, 

directly-measured parts of a. Since the latter is measured to about 5%, Eq. 
c 

(5) would have to be wrong by 50% to affect the value of cr obtained using 
c 

it by as much as a standard deviation. Small corrections to the approximation 

are inconsequential, especially since we double the quoted errors on 

+ + + 
a(K p ~ K rt n). 

cr(KNNrt}. 

Thus with Eq. (5) we complete a , 
c 

and with Eq. (3c) obtain 

,) 
If 

,., 

ii 
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Equations (4) for 0(KNNnn) become inequalities if we put on the right 

just the parts of 0 ,0, and 0 that are measured. Since all of 0 is cc co 00 cc 

measured, Eq. (4b) gives an upper limit to 0(KNNnn). The other three 

inequalities give lower limits, from which we may choose whichever is most 

restrictive. We then assign to 0(KNNnn) the value midway between upper and 

lower 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 + 0 
K d -- K pp 

+ + 
cross section from this gives the K d -- K pn cross section (this includes 
+ + and Table II 

K d .~ K d). Figure 2 Ashow the re suits. Also shown are the total cross-

1 2' + 0 
section measurements of Cool et al. and Bugg et al. and K d -- K pp 

measurements of Slater et a1. 6 and Butte'rworth 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. 

+ 
_Isospin conservation and K N reactions. - There are seven charge 

+ states for single pion production in K N reactions: 

+ 
K P --7 K

O 
rr + p ) 

+ + 
-- Krrn 

+ 0 
-1 Krrp 

o 
p 

+ 0 + 
Kn-- Knn 

__ KOnop 

+ 0 
-- Krrn 

+ -
-- Krrp ) 

o 
n 

(6) 
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+ + where a and a are the sums of the K p and K n cross sections. There are 
p n 

eleven charge states for double pion production. Isospin conservation provides 

one linear relation between the KNn cross sections and one between the KNnn 

cross sections. The relations are again Eqs. (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 theisospin-zero 

and -one channels are 

- a 
p 

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

(K) 3 [ (K+ KO +) a(K+n ---- K+"'" -p) - a(K+p ____ K+ ..,.0p) ], a 0 Nn = a n ---- n n + " " (8) 

in which only three of the seven KN ---- KNn cross sections appear. 'rhe 

+ + 0 3 
K P ---- K n p cross section has been measured by Bland. The other two are 

approximately equal to the + 0 + 
K n(p) ---- K n n(p) and 

+ + 
K d ---- 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 

to 
+ 0 + 

K p(n) ---- K n p(n) cross sections shown in Fig. l(b). 

Although it is not strictly valid to apply to one channel the free-to-bound-

nucleon cross-section ratios found in another, the errors on the ratios were 

probably large enough to encompass channel-to-channel variations, and they 

8 
were propagated. Figure 3 shows the values of aO(KNn) we got. Also shown 

are total cross sections from Carter9 and isospin-one partial cross sections 

adopted from a compilation made by Bland. 3 The smooth curve labeled ao(KNn) 

) 

~! 

"', /. 
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was subtracted from aO(total) to get the elastic-scattering cross section ao(KN). 

We were not able to extract reliable values of ao(KNrrrr), but even at 1364 MeV/c 

it is too small to do more than slightly reduce aO(KN). 

Of aO(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, 

even the purely statistical'errors amount to one or two millibarns, and the 

elas·tic cross section is correspondingly uncertain. At low momenta, the total 

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

cated by the low-momentum limit a = 4rrA
2

, where A is the s-wave zero-effective-

range scattering length. The lengths 10 
AO = 0.04±0.04 f. and 

give cross sections These strikingly 

dissimilar values make clear that ao( total), in contrast with al (total), does 

in fact falloff rapidly at low momenta, as is indicated in Fig. 3. 

The rapid increase of ao(KNrr) comes at the threshold for the quasi-two-

body reaction * KN -7 K N. It a.ppears to come at a slightly higher momentum 

than does the increase of al(KNrr). 1his is reasonable, because the reaction 

KN -7 K6, for which the threshold is slightly lower and which is known to be 

the major part of al(KlJrr) in this region,3 is forbidden to the isospin-zero 

channel. It is then surprising how similar in magnitude ao(KNrr) and a
l 

(KNrr) 

quickly become. The rapid increase of aO(KNrr) combined with a
O 

total, 'dhere 

it must be remembered that the latter involves a number of approximations, 

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

carries the same approximation as aO total. aO(KN) decreases more rapidly 

than does ul(KN), but no more than does the kinematic factor 4rr~2, 'dhere 1.. 

is the reduced .7ave 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 present herewith the preliminary results we obtained in extending the 

phase shift analyses of Slater et al. 6 and Stenger et al. 10 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. 12 at 0.60 

BeV/c. This data indicates a preference for the "Yang type" I == 0 KJ'if 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/c. 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 

discussed by Bland et al. 13 in the accompanying paper, namely A~ and AlII' 

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

work6 ,10 the familiar Yang-Fermi ambiguity yielding a total of four sets Yang
I

, 

FermiIII and YangIII , Fermi
I

• Here again as in the K+P case13 we have applied 

the continuity condition from one momentum to the next. We have ignored the 

I == 0 inelastic cross section at 0.86 BeV/c, and we have checked that when 

this effect is included (by setting the I == 0 ~ values equal to the I == 1 

~ values, which is an overestimate) no substantial changes occur in the phase 

shifts. As was noted in the earlier work6 ,10 a phase shift analysis on the 

charge exchange cross section data, together with I == 1 phase shifts, can 

lead to a variety of solutj_onswhich differ considerably in ° ,the I == 0 
o 

total cross section, and in the quasi elastic scattering cross section. For 

the present analysis we have used the values for 00 of Cool et al. l at 0.81 

and 0.86 BeV/c 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 ale 12 as "Vlell 

as the analysis of the KOp data of Kadyk et al. 14 by Kim15 indicates that the 

.. 
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Yang solutions are strongly preferred. If we combine this with the polariza

tion information from the K+P scattering16 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 

shows the fits to ~~ C.E. for 0.86 BeV/c. Figure 6 shows 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 is between Yangr and Fermi
III 

and between YangIII and Fermir . Figure 

7 gives the differential cross section for quasi elastic scattering for the 

two Yang sets. With our constraint on ao 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 ~ values. Work on this question is currently 

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

Rarita and Schwarzschild17 successfully fitted the differential 

cross section for 
+ 0 Kn-?Kp 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 pI trajectory. We have used their formalism 

and their fitted parameters, with two slight modifications, to predict the 

properties of 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 agreement with the low-energy data. The first is a simple 

change in the formalism that increases its validity at low energies: in the 

usual high-energy approximation the laboratory beam energy E appears in the 

Regge amplitudes in the form A ~ (E/E )a, B oc 
o 

we replace E by the less approximate form E + 

(E/E )a-l. In our calculations 
o 

t/(4M). The correction term p 

t/(4M ) is clearly negligible in either the high-energy or low-momentum-transfer 
p 

limit. However the shape of the differential cross section below 2.23 BeV/c 

is appreciably affected. Our second modification is to vary the pI spin-flip 
Dl t 

residue function D = D e as follows: D from - 264 to 135 mb, and o 0 

Dl from 2.95 to 2.3 (GeV/c)-2. 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 experimental charge-exchange cross section as a function ~. 

of beam momentum, integrated from the forward direction to t = - 1 (BeV/c)2. 

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

have included our cross sections, that of Butterworth et ale at 2.23 BeV/c,7 

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 

curve 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 KN 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 

charge exchange and the K+p elastic scattering. 13 
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D. Production and Decay Properties of Some of the Inelastic Channels 

We are analyzing the production and decay angular distrihutions of the 

inelastic channels. The main feature here--as was the case for the I = 1 

K+P interaction--is that the differential distributions at 1.2 BeV/c are very 

7 18 *0 similar to those at higher momenta.' The K production has the charac-

*+ teristics of pion exchange in the t-channel, in contrast with K production 

which has the characteristics of wand pI exchange. We illustrate these 

features with the 1.2-BeV/c K+d data. Figures 10 and 11 show the Dalitz 

plots for the reactions 

Figures 12 and 13 show the corresponding mass projections, production angular 

distribution e(K*) in the overall c.m. system, and the decay angular distri

butions for the polar angle a(K*) and Treiman-Yang angle ~(K*) in the K* 

c .m. system. 

As may be noted, the cos e(K*) distribution is highly forward peaked 

.K*o *+ for production and much less so for K production. The cos a(K*) distri-

bution has a considerable cos2 a t f K*o d t . 2 componen or an a s rong Sln a 

component for K*+. The ~(K*) distribution is nearly flat for K*o and has 

*+ the features characteristic of vector exchange for K • Here it must be 

noted that no cutoffs or corrections have been applied for the ~(1236) band. 

Figure 13 also shows a comparison with the same reaction as observed in hydrogen. 

The agreement between the two, both expressed in percent, is remarkably good 

and serves as a test for our procedures. 

Finally, Fig. ll~ shows what we get for the I = 0 Krr and prr mass and 

K* production angular distributions by applying relation (8) to the differential 

~. 



.. 
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cross sections. As may be noted the 6(1236) signal vanishes--as expected. 

Also the I::: 0 K* differential cross section. is strongly forward peaked, 

indicating the presence of several partial waves in the s-channel. 
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Table I. K d scattering cross sections (in mb). 

Momentum (MeV/c) 

Channel 863 968 1211 1364 

+ 0 K d ~ K pp 6·72±0.40 6.26±0.29 4·99±0.24 3·69±0.29 

o 0 
~ K pprr 0.48±0.08 0.82±0.08 2.09±0.13 2.06±0.19 

Cross sections + 0 1.24±0.14 2.47±0.16 6.21±0.29 6.08±0.42 
directly measured 

~ K pnrr 

+ 0.46±0.05 0·91±0.05 2.89±0.12 ~ K pprr 3·21±0.20 

~ KNNrrrr a 0.01±0.005 0.11±0.02 O. 59±0. 07 

-------~---------------------------------

+ 0 + 
Kd~ Krrd 

Components of + 0 + + 0 + K p(n) ~ K rr p(n) 
K d ~ K pnrr 

K + n ( p) ~ KO rr + n ( p ) 

+ 
Kd~ KNI~ 

+ Derived cross ~ K pn 

sections b 
~ KNNrr 

~ KNNrrrr 

+ c K d total 

0.13±0.04 

0.98±0.13 

0.13±0.04 

27·59±0·32 

20.87±0.56 

2·74±0.24 

30·33±0.21 

0.13±0.03 

1.99±0.15 

0·35±0.05 

27·17±0·35 

20·91±0·50 

5·54±0.29 

0.01±0.005 

32·72±0.19 

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

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

cFrom Bugg et ale 

0.14±0.03 

4.76±0.26 

1.31±0.12 

22.73±0.63 

17.74±Oo78 

14.51±0.60 

0.17±0.05 

37.41±0.20 

0.18±0.05 

4.78±0·38 

1.12±0.15 

20.97±0·99 

17. 28±1. 15 

15·54±0.95 

0.76±0.18 

37·27±0.15 

... ~ 

I 
I-' 
\0 

I 

c::: o 
~ 
I 

\X, 
W 
I\) 
I\) 
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Table II. Isospin-zero KN scattering cross sections (in mb). 

Momentum (MeV/c) 

a Channel 863 968 1211 1364 

KN -;) allb 
22·5 24.0 24.1 21.9 

KN -;) KN 2L5 21.5 16.1 13·0 

KN-;) KNrr 1.0±0.4 2.5±0.6 800±1.0 8·9±1.8 

aWe were not able to extract KN -;) KNnn cross sections, but even at 1364 

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

b From Carter. Errors are unknown but sizable. 

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

I 

Yang
1 

solution Yang
II1 

solution 

Nomen t lli'1l (Be V / c ) 0.60 0.81 0.86 0.60 0.81 0.86 

6 7·7±0.6 13±2.8 18±8.0 7·5±0.6 14±4.2 18±6·3 
81/ 2 

6 24.4±1.8 29±4·3 34±5·9 22·9±1. 7 23±4.5 21±6.6 
P1/ 2 

6 4.7±0.6 15±2·5 19±4.9 5·0±0.6 3·8±2.1 4.6±2.9 
P3/ 2 

6 -13 ·3±1.4 -16±3·1 -20±4.8 -14. 3±1. 3 -26±2·7 -33±5·0 
D3/2 

6 1.9±0.4 0.0±2.0 0.8±2.5 2.2±0.4 7±2.0 7±2.4 
D5/2 

X2 
12·5 3·0 18.7 12·9 2·7 22·7 1 

f\) 
I-' 
I· 

Degrees of freedom 5 3 15 5 3 15 

0tot (1=0) (mb) 12.4 14.1 19·2 ·12.4 16.0 19·2 , 

Fermi1 solution Fermi111 solution 

Momentum (BeV/c) 0.60 0.81 0.86 0~60 0.81 0.86 
-

6 7·5±0.6 13±4.2 17±9·2 8.2±0.6 13±3·1 18±7.7 
81/ 2 

6 0.1±1.1 -2.5±2.4 -2.8±3.2 -0.7±1.3 6±4·5 6±6.0 
P1/ 2 

6 16·5±1.0 17±4.1 14±4·9 17·2±1.0 26±2.7 33±3.4 c:: 
P3/ 2 0 

6 5· 4±0.7 13±2·5 16±2.9 4.9±0.8 1.6±2.7 2.1±3·2 fl 
D3/2 

1 
I-' 

-10.4±1.0 -9±4.6 
CD 

6 -11.0±0.8 -20±2.2 -25±2.2 -9±3·2 VJ 

D5/2 
f\) 
f\) 

X2 12.6 2.6 22.4 12·5 5·2 16.6 

Degrees of freedom 5 3 15 5 3 15 

0tot (I=O) (mb) 12.2 16.6 19·6 12.2 12·5 17·5 
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Fig. 1. (a) K+d partial cross sections measured in this experiment. 

(b) Components of the + 0 + 
K d ~ K pnrr cross section. Also shown 

+ 0 + 3 is the K p ~ K rr p cross section measured by Bland et al. 
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Fig. 2. K+d total and partial cross sections. Total cross sections are 

from Cool et al. l and Bugg et al. 2 The K+d ~ KOpP cross sections 

6 
at low momenta are from Slater et al. ; that at 2.3 BeV/c is from 

Butterworth etal. 7 
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