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ABSTRACT

Some new experimental results are presented, in two energy ranges,

TK = 40 to 100 Mev and TK = 150 + 30 Mev. An opticai-model analysis is-

made of these results, which avoids many of the approximations of previous
workers. It is concluded that the K1 - nucleus interaction is repulsive and
" that the K~ - nucleon cross section inside the nucleus is compatible with the

observed cross section for free protons.
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INTRODUCTION

A considerable amount of information is‘now available on the nuclear
interaépion of KT mesons in photographic emulsions. 1._7- A certain part of
this, the elastic differential cross section and the inelastic total cross = - .
section, is susceptible of a relatively unambiguous inte rpretatibﬁ in terms
of the optical model of the nucleus, and shich an analysis has been made by
many authors. 1-8 The contribution of this paper is, from the experimental
side, to present new data in a.'higher energy range (TK = 150.:1: 30 -Mev), as
well as to give some additional results in the range already covered by
previous workers (Ty =40 to 100 Mev). The object:of the theore.tic_al part
of the paper is to analyse both sets of data in terms of the optical model,
The analysis improves on that of previous workers in a number. of respects,
and the results are in some ways considerably different. In fact, in contradiction
to previous work we find it impossible to deduce the sign of the K+-n‘uc1e_us‘
potential from the lower-energy interaction. The data at the higher energy,
however, allow us to conclude that it is. positive (i.e., repulsive), although it
is considerably larger than has been suggested by earlier authors. It is then
found that the effective',K+-nucleon cross section inside nuclei is, after allowing
for the Pauli principle, approxixma.tely the same as the cross section of K*

mesons with free protons. _ o
An analysis of the inelastic interaction of K' mesons will be given by

some of us (J.E.L,S.G., and G.G.) in a separate art:icle.9
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EXPERIMENTAL DETAILS

The experimental technique used. to determine the elastic differential
cross section consisted of following K-meson tracks and measuring all
elastic K’ *nucleas scatter1ng events with projected angle in the plane of the
emulsion larger than 2° o ‘

For this work a nuclear emu151on stack was exposed to a beam of
positive K mesons of momentum 480 % 30 Mev/c. We thus obtained information
on the elastic scattering from thevenerg'y 220 Mev down to a low energy cut-
off. A low energy cut-off was necessary because at low energies single scatters
cannot be easily d1st1ngu1shed frorn mu1t1p1e Coulomb scattering. Although
this effect becomes predominant only at'an energy TK«/ 20 Mev, we have

chosen a cut-off energy of 40 Mev because the correction for small-angle

detection efficiency was still appreciable up to this energy. We have
compiled the data in two energy intervals, viz., 40 to 100 Mev and 100 to v
220 Mev., " | | ' |

~ The angular cut-off of 2° was chosen by comparing the observed
scattering with point-charge Ruthe rford scattering. From this comparison
it was found that the detection efficiency decreases considerably below 2°,
A geometric correction was made to take into account the loss of events
introduced due to the 2° cut-off in pro_]ected angle.

The data for the energy interval (TK = 40 to 100 Mev)- is based on 18.1
“meters of K meson track followed. We analyzed the scattering events in the
form %((;.— , where q: 2k sin“-ez. (t:he' 'racoil' wave number), for_réasohs ,
which will be discussed later. ‘

Because our observed path length per energy interval in the region 40
to 100 Mev varied considerably with energy, a path length normalization was
made. We divided the energy region 40 to 100 Mev into six equal energy
intervals and weighted each scattering event by the inverse of the path length
followed in the interval in which the scatter was observed. In co'mpili'n'g the

data; we thus 'qbtained

. a1 (AN o -
< > , ME = L‘T(A_q);L L (1)
2N - o
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where Lj is the path length observed in the Jth energy mterval An is
the number of scatters having q between q and q + Aq, Aq is the momentum
transer interval and N is the number per :em3' of each element in the
emulsion excluding hydrogen The -gg ‘dis'tll'i’.biltioh was ’c.onve rted to
<m_>and corrections rnade for the angle and energy cut-offs. )

he data for the energy mterval 100 to 220 Mev is based on 75.8 m
of K meson track. Flgure 1 gives the path length d1str1but1on observed in
10 -Mev mtervals - As an approx1rnat10n to this distribution the calculatlons
were made at the three energies shown, and the cross section obtamed at

each energy was Welghted by the path Iength observed in the ene rgy 1nterva1

< > (dg' | @,
. dQ/ .
Ny -

where fj = Lj/,ZLj*' -The three values of the weighting factors 'fj and the

it represents, i. e.

energy intervals are given on the graph. In view of the almost normal distri-
bution about 150 Mev, this ‘high-energy data will be referred to as having an
energy of TK 150 + 30 Mev.'"

Throughout this work, an attempt was made to determine whether each
scatter was elastic or inelastic. Elastic interactions refer to those cases
when the K meson interacted with the nucleus as a whole, and energy and
momentum were conserved, In colhdmg with a hght nucleus in emulsmn
this could result in a considerable energy loss for the K meson but then
there would be a visible recoil. The measurement technique used to determine -
energy losses could reliably detect energy changes equal or greater than 10 %.

AT/T 2 10% was thus chosen as a criterion for inelastic events. This
‘classification is not rigorously correct because it is possible to excite low-
-lying nuclear levels, Thus a K meson could have lost several Mev in such
an inelastic scatterihg process and the loss would not have been detected
and, consequently, the scatter would have been’ classified as elastic.

Furthermore, in the high-energy interval the resolution is such that it is
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possible for the K meson to knock out or cause the evaporation of one or
two nucleons and yet have an energy loss of 1ess than 10 %. Three such
events were found which had an energy Ioss of less than 10% and yet emltted
an evaporat1on type proton These we re 1nc1uded among the melastm events
To correct somewhat for the correspondlng events g1v1ng neutron emlssmn,
these events were welghted by a factor of two This was actually a small
correction to the cross section (v 1%) but it shows the ex1stence of the effect
'It is d1ff1cu1t to make a reliable est1mate of the number of such events to be ‘
expected However because the Pauh exclu51on pr1nc1p1e 1nh1b1ts 1ow energy-
momentum transfers for scattenngs off s1ng1e nucleons, one would not expect
a large fraction of scatterlng events with energy losses less than 10%. Thus
we feél that our inelastic cross-section determination (excludlng nuclear-
level excitation) is not seriously affected by the 10% cut-off criterion.

The observed cross sections for inelastic 'schattering in emulsion
(including charge exchange) for the two energy intervals were ‘
T = 40 to 100 Mev, O el = 205 + 23 mb

T, =150+ 30 Mev, 0. 284 + 20 mb-
K . . inel

‘
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THEORY

The startmg pomt of the ana1y51s of the data is the opt1ca1 model of the
nucleus: the elastic scatte ring of the Kt mesons from the nuclei in the
~emulsion is calculated on the assumptlon that each nucleus rnay be represented
by a smooth potential with both real and 1mag1nary parts. This klnd of
analysis is by now familiar in its nuclear physics apphcatmns, and it 1s not
necessary to elaborate on the actual mechanics of the calculation beyond
saying that it involves a partial-wave analysis of the Schx’bdmger equatlon »
which makes essent1a11y no approximation. 0 The form of the expemmental
data and the extent to which the nuclear parameters can be determined are
somewhat different from other situatiohs, ' It.will be seen, however, that |
the essential features of our results should not depend ci‘itically on the
particular values chosen. L . '

A Initiall'.y it is necessary to specify the foor pafarhe_ters eharacte rizihg
the complex nuclear potential _ ‘
-1

(r-r,)/d
LA | BNE

(V +iW)

for each element in the emulsion. It is clearly fiot possible to determine all
of these parameters with the present experimental data, so that "ro and d,
which fix the radial shape, are taken over from the results of other experi-
ments. The fadiu-s and surface thickness of a nuclear potential. presgmably
depend on both the nuclear-mass distribution and also the range of the in-
teraction potential between the scattered particle and the nucleons. ‘Bécause
the K+-nuc‘1eoh‘ interaction, while unknown at present, is expected to have a
considerably shorter range than, say, the nucleon-nucleon interaction, we
have chosen to set it equal to zero, and to use for the shape of the K-
nucleus potehtial just the nuclear mass distribution. In fact we have used,
instead of the mass distributi'on', which is not well known at present, the
charge distribution,FD which is probably not much diffe rent from it. Thus
we take the values : o '

1.07aY/3 x 10713 em, .: @

0.57 x 10”13 cm.

.ro
d
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These same parameters have been used also for the charge distribution itself,
in the calculat1on of the Coulomb 1nteract10n The choice of the remammg
two parameters, \' and W is s1mpl1f1ed because the experlment also measures
‘the 1nelast1c scattermg b Hence for any value of V the value of W can be
fixed. Because the actual expe rimental nurnber to be f1tted is an average
over both the elements in the ernu151on and the 1nc1dent energy, K’ the
actual choice of W could be made in many ways. For slmpllcﬂ:y we have
made the followi‘ng choice: we have: assumed that V' and W are independent

" of element and ene rgy in each of the energy ranges (although not the same in
both, of course) For the various values of V we have c0n51dered W has .
then been chosen after many trials to give an averaged total inelastic cross .
section that agrees with the experimental value in that ene rgy range. "The
averaging over elements in the emulsion has been simplified by classifying
all light nuclei as nitrogen, so that the emulsion is assumed to c'ons‘ist of

silver, bromine, and nitrogen in the ratios

Ag:Br:N::0.22:0.22:0.56. (5)

We shall comment on the above simplifications later. (Experimentally, the
hydrogen events beyond 7° are ‘recognizable as such and are not included.)
The qualitative features of the elastic differential cross section can,
be well understood by considering the Born approx1mat10n for the process, -
In fact this approx1mat1on. has been used to analyze earlier experlments, 1,4,8
although it is by now realized that in this application it is quantitatively
unreliable. The essential features are that in the forward direction the cross
section is dominated by the Rutherford cross section, while at large angles
the scattering comes almost entirely from the nuclear potential. Of main
interest to us is the angular region where the two types of scattering are
comparable, and where the constructive or destructive interference between
the two will be observed. It is fortunate that it is well separatedvfrom the
region where diffraction effects due to the finite size of the nuclear potential
occur, because our decision as to the type of interference will thus not be
strongly influenced by our previou's .choice of the finite size. In the lower-

energy range (T, = 40 to 100 Mev) we have taken advantage of a clue given to

K
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us by the Born approxim’ation; and both expe fimentauy and‘theorética'lly we
have used as the independent variable not the scattering angle 6 but the recoil
wave number q; where | '

q=2ksin L 6 k= [Z_Mcz T, + Tkﬂl/z JHc; (6)

2
and Mc2 is fhe rest mass energy of the K meson. It turns out that in our
exéct partial -wave analy_si-s,-as in the Born approximation, the differential
- cross section plotted against q is surprisingly independent of energy. The
ad'vantage' of the q plot is the refore that the averaging in energy does hot .
wash out the details of the angular distribution. "In the higher-energy region
: (TK = 150 £ 30 Mev), this was not done because of fractional range in eﬁgrgy
is rather less, and the energy dependence of the differential cross sections
plotted against 6 is not so pronounced: consequently the advantage of the |
q-plot is then outweighed by the greater di‘fficulty in é_n'alyzing the experimental
data.’ '
The important region for deciding on the magnitude of V_ (as distinct

from its sign) is at large angles, where the scattering comes entirely from V,

It is here that the choice of nuclear size and shape is important.v However,
the inelastic scattering is also large; so to avoid any uncertainty due to
difficulty in identifying the events that are elastic, it is better to consider

the total cross section (elastic plus inelastic). In order to exclude the regioﬁ
containing Rutherford scattering (which involves a large differential cross
section depending very little on V) we calculate the total cross section (elastic

plus inelastic) for angles greater than a certain 60.
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- NUMERICAL RESULTS

As will be seen, our final results are not in quantitative agreement with
those of earlier workers, while our general method is quite the 'same. We"
think that the difference is due to an accumulation of small differences rather
than any one effect. To make this clear, we will describe briefly the various
stages of the ana];ysis, and comme-nt on the intermediate results.

-4, 8‘we have used a realistic

First, in contrast to earlier authors,

’ shape for the complex nuclear potential, and have made an exact partial-wave

calculation of the scatte-ring.due‘: to it. The shapes used by other autho'rs seem

to have been selected for analytical convenience ‘rather than for physical

reality, being either square (ho surface thickness), gaussian, or even exponential,

As we have argued-earlier, the shape chosen may not influence too much the

decision as to the sign of V, but it will affect conclusions drawn about its

magnitude. - 4

Just as important a defect in the earlier work is the neglect of the

imaginary potential in computing the elastic differential cross section. The

change that this produqes is illustrated in F_ig, 2, where we show for
V= -20 Mev, a typical value, the differential chSs*‘secfion for both W = 0‘_
and W = - 4.1 Mev; the latter value leads to a total inelastic cross section in
agreement with experiment. Of great importance in this particulér case;
where the structure in the interference regi’oﬁ is to be investigated, is.the:
fact that the inclusion of W smooths out the interference minimum into a
flat plateau. We understand this as the effect of adding to the scaftering :
amplitude due to V a part due to W which is out of phase with'it, and which is
smooth in this region. The decrease of the cross section at larger angles due
to W is, we feel, the influence of W in subtracting from the incident flux of
particles as they pass through the nucleus, so that there is less flux to deflect.
It should be remarked that the curve for W = 0 of Fig. 2 has a very much
shallower interference minimum than that obtained by other authorsl’ 4,8
using the Born approximation.

With the assumption that V and W are the same for all nuclei in the

emulsion and at all energies in the range, the choice of W for any selected \

is made by calculating the total inelastic cross section o0,

for a number
inel '
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of values of W at the median energy, and taking the average of Ag, Br, and
N according to the ratios of Eq. (5). That value of W which at this energy.
gives the experimental value for 0.nel is then obtained by interpolation.
Although the values of 0 inel at the other energies then differ slightly from
the experimental value, the differences almost disappear in taking the energy
average.. It 1s of interest to note that while the . T: el required to fit the
emulsion average is considerably smaller than geometric, so that the nuclei
are relatively transparent to Kt mesons, the O el for the three elements
(for the same-V and W) are in general not proportional to A; in fact they seem
to depend also on V and Tk This can be understood qualitatively as the effect
partly of the bending of the trajectories of the incident particles 'in the long-

- range Coulomb field of the nucleus, and partly of the changed velocity of the
K+ meson inside the nucleus, although we have not studied these reasons too.
closely. .In any case the procedure we have used is the correct one.

_To show the effect of the emulsion average on the differential cross section
we._have pldtted in Figs. 3 and 4 the separate contributions of Ag,Br, and N
for typical cases of attractive and repulsive nucle‘ar. potentials., We cbserve
first of_ all that ever'yvs./here in the repulsive case, and in the interference
fegion in the attractive case, the contribution from N {approximating C, O,
and N) is quite small, although not negligible. At larger angles.in the -
attractive case, it is large enough to fill in the diffraction structure of the ‘Ag
and Br cross sections, but it is nowhere dominant. In any case both the large
spread in q (or 6) and the large uncertainties of the experimental ‘points-i-ri
this region mean that the detailed shape of the curve is not important there.

The .approximation of replaéing various light nuclei in the emulsion (principally.
C and O) by N is thus reliable and the use of the Fermi shape, with parameters
appropriate to the heavier nuclei, in obtaining the N cross section is accurate.
enough in this angular region. |

Secondly, we can remark on the actual shape of the cross sections in the
region where the finite nuclear size is expected to produce diffraction structure.
In the Born approxirﬁation. the cases V and -V will- show the same diffraction
structure; the only difference will occur in the interference region, and for
larger angles the Coulomb effects become unimportant. Even ifvthe approximation

is improved by including in the zero-order wave function,s.r some of the distorting .
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'effec;ts of the Coulomb. potential, this similarity between th‘e V .and the -V
c.rossA sections is expected to persist, because in the diffraction region they
will still be proportional to VZ. We see that, in fact, this does not happen:
whereas the -V cross sections show diffraction dips with the correct -
dependence on A, those for +V are almost smooth. This indicates that the.
scattering cannot be represented by such approximations. ‘It also means that
to the extent that the diffraction region is important in determining the nuclear
potential, those analyses that have used the Born approximation or modification

of itl’ 4,8

are unreliable. In apparent disagreement with our results with
repulsive potentials, the cross sections obtained by Cocgoni et al,-3 using a
partial-wave calculation, shew considerable diffraction structure. These
authors assumed a square -well potential, however, and it is well known that
a finite skin-thickness has a pronounced effect on the cross section at large
angles, making it both smoother and smaller. This means that the result of
these authors as to.the magnitude of V is not reliable. The same criticism
can presumably be made of the phase -5hift analysis of Costa and Patergnani,
used also later by Biswas et al, 5 and by Ceolin et al, 6 insofar as they try to
predict the integrated elastic cross sections at large angles.

The next stage of the calculation, in which the differential cross sections
are averaged over the energy range, is illustrated in Figs. 5 and 6. For lower
energies, where the experimental data have been normalized so as to have the
same effecfive track lengths at all energies, we take a simple, equally weighted
average of cross sections at 45, 75 and 95 Mev. . At the higher energy range,

- where the track-length distribution is as described in Fig. 1 we have averaged
cross sections at 115, 150, and 185 Mev with respective weights 0.24:0.56:
0.20, as previously discussed. The justification for using q, the recoil wave
number, as independent variable is evident from these illustrations; while in
other respects these cross sections are.-quite different from those predicted

by the simple Born approximation, they are remarkebly independent of energy
when plotted against q. -Thus the energy average does not wash out the detailed
structure of the cross sections, which is the feature of principal interest in
this problem. (It.certainly does if cross sections are plotted agalivnst 6). For
the lower-energy range this more than justifies the greater labor required to
classify each scattering event aécording.toq irather than just ac'cording to 6. .
Even for experiments that use a more-or-less monoenergetic beam of particles,
such a property of the theoretical cross sections is of considerable use in

comparing results at different energies.
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The final results for the lower - energy range are presented in Flgs | '7 8
and 9. In obtammg the total cross'section, we have used two values of 9

For 6, = 30° , the elastic cross section includes none ‘of the 1nterference reglon,

and theO obJect is only to obtain the magmtude of V The total cross sectlon
for 60 = 8° , which was also calculated, includes the 1nterferenge reglon. It
is therefore, as information, not 1ndependent of th'e results shown in Fig. 8,
where we have plotted the energy- -averaged elast1c dlfferentlal cross sectlon |
The. hope was to make better use of statistics on the quest1on of the s1gn of the
interference. The fact that for both 9 = 30° and: 6 © the same attract1ve
as well as the same repulsive potent1als g1ves agreement with experlment does
however, confirm our deduct1on of this fact from the plot of the differential
cross se-ctionvs'.' The results for some other values of V are shown in Fig. 9.
They are in accord with the inforrnatlon given by Fig..7, that only for
sufficiently large values of V is the elastic differential cross section large
enough at large angles to give agreement with experiment. Wershould explain
that,_because_ of the 1arg:e amount of labor involved'in investigating even one
value of V, we have not made an exhaustive calculation of o' total(e > 60)_

as a function of V, but have contented ourselves with making calculations only
at the indicated points, ske'tching in the remaining curve. We do not think
that this affects the conclusions appreciably.. These results differ fr.om those
reached by several authorsl_8 who analyzed data in the same energy interval.
. They concluded that the data could not be fitted with an attractlve potential.

In view of the results in the h1gher -energy range, which we shall
describe presently, it is perhaps only of academic interest that the conclusions
we have just come to differ from those of prev1ous authors on the very
important questlon of the sign of V. It seems to us~that in the work of previous
authors, even where a partial wave calculation yvas made, there was no real
attempt to fit the data with an attractive nuclear potential. We would say that
it is very difficult to detect the sign of V at the low energies, he.cause .of the
fact that in the interference region the structure has been so washed out by
the imaginary part of the potential and by the averaging over the emulsion.

Fortunately, the situation at the higher ene rgies is unambiguous. We see
from Fig. 10 that fhereis both a positive.and a negative value of V for which

T otal (6 < 10'0) is in agreement with experiment, 'Of the differential cross
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sectifons for these two cases, however, only that for the positive V is in-
good agreement with experiment., QOur ab‘iiity to throw out the curve for '
negative V is due partly to the improved statistics of the ekperir_nents at the
higher energy, but mainly to the fact that the structure of the thetoretical"curvves_
is less washed out by the imaginary potential ahd“b'y the averaging procedures.
From the other theoretical cross'secti_bns in Fig. 11, this is seen to be true
in general for attractive potentials. I . o '

If we Bélieve that the sign of the potential does not change in going from
about 75 Mev to 150 Mev, we mustvt'hen conclude thAat thé nuclear potentials

are as follows:

Ty = 40 to 100 Mev: V =27+ 8 Mev, W = - 5.7 % 1.1 Mev;

Tg = 150 £ 30 Mev:.  V =27+ 3 Mev, W=-10.3= 1.6 Mev.

It is rather difficult to be sure of the errors on these quantities; those shown
’ ’ N . N - (o] ) o~ . iy 0 S .
for V are due to statistics in Utotal(e ) 307) and Utotal(e' >A510 )i the two

cases respectively; and those for W are due to statistics in cr:.me1 .

CONCLUSIONS

- The imaginary potential W can be related by simple semiclassical
arguments to the average K _nucleon cross section (o) inside the nucleus;

the result is that

T =W vy mT | S

where v and pof are the velocity of the K+ mesons and the nucleon density,

both taken inside the nucleus and m is a correction factor that allows for

the effect of the Pauli principle on the collisions inside the nucleus, and has

13

been calculated by Sternheimer. *2 For a.matter distribution of the Fermi

shape, Po is given

by = A [(41r ry>/3) (1 +9.88 dZ/-roz):l . (8)
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Substitution of our values of V 'vand'. W then leads to

T K

Tk

The rather large quoted errors on the result for the low-energy range come

H

40 to 100 Mev, 0 =21+ 8 mb;

Bl

150 + 30 Mev, © =13+ 2 mb.

both directly from the uncertainty in W, and indirectly through the influence _
on 1 __and. v of the uncertainty in V. It is also possible that Ste rnheimer's
calculation of m as a universal factor may not be ‘reliable for the low energies,
where it has a 50% effect on. ¢ . The resultis in good agreement W1th the
values quoted as 55 in Table II in Ref. 9. The resulting K* -hydrogen and ‘
K+-neutron cross section have been d1scussed in Ref. 9, _

The résult for the high-energy range is probably not too dependent on
our initial choice of radial parameters for the potential, although with a larger |
radius we should have needed a smaller W to fit 0 inel’ the nucleon density
Po would be correspondingly smaller, and the influence of the value of V
on v and mn is unimportant. At the low energies the last statement is no
‘longer true, but the only way to find out the dependence of V and W on the
assumed nuclear size is to repeat the whole calculation with a d1fferent radius,
and this we have not found the energy to do. Itis certainly not clear that the
choice is unirn'portant or easily corrected for, but we feel that the choice we
made is the most reasonable on the basis of our present knowledge of nuclei.

" These last remarks introduce a justification of some assumptions

we have not as yet commented on: we have assumed that V and W are
independent of A and TK in'each energy range. A theoretical deviation 'o‘f
V and W from some assumed K'-nucleon interaction would presumably give
them to be proportional to Po at least for nuclei as large as Ag or Br. Our
formula, with our assumption about Ty and d, gives for Po values for
Ag and Br thatvdiffer by only 2%. Because the contribution from N has

been seen to be not very important, it does not matter that our assumptions
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about the shape of this nucleus and about the constancy of V and W are not
very good. As regards the variation with- Tk, our results show that as Tr
doublesv(TK ~ 75 Mev to 150 Mev) W almost doubles. It is thus in principle
necessary to redo the whole calculation, building in this first approximation
to the energy dependence of W. We do not believe that this would alter our
conclusions appreciably, and ce rtainlynot in the high-energy range.

To sumrnarize the c'alfculations,, we have found from an examination of .
experiments in the two energy ranges Tg = 40 to 100 Mev and Ty = 150 %
30 Mev that the nuclear potential for Kt mesons is repulsive, and about 27 Mev
at both ene rgies.‘ The imaginary potential, after allowance for the Pauli
principle, is at both energies compatible with a K-nucleon cross seetion of

the same size as that measured for free protons.
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FIGURE CAPTIONS
Path length distribution observed. The dashed distribution is the resulting
approximatioﬁ obtained by using the weighting factors. given
Differential cross section for the scattering of 75-Mev" k' mesons from :
silver, with a real potential of -20 Mev. The two curveé are for W =0
(no absorption) and-for' W-= - 4.1 Mev, which gives the observed o‘ine1:
They show the marked effect of including W on the shape of thezelastic
cross section. This, and the following f1gures up to F1g 9, are for the

energy range 'TK 40 to 100 Mev.

‘Differential cross sections at 75 Mev for silver, bromine, and nitrogen,

for the attractive potential V' = - 45 Mev, W = - 3.8 Mev, to illustrate the
contributions of the elements of the emulsion.

The corresponding situation to that of Fig. 3, for the repulsive potential
V = 25 Mev, W = - 5.6 Mev.’

Differential cross sections for the emulsion, at .45’ 75, and 95 Mev, for
the attractive potential V = - 45 Mev, W = - 3.8 Mev. They illustrate
the contributions of the various parts of the energy range.

The corresponding/ situation to that of Fig. 5, for the repulsive potential
V = 25 Mev, W ='- 5.6 Mev,

The total cross section (elastic plus inelastic) for angles greater than
9('),» plotted against V, for 90 = 8° and’GO = 30°. It has been averaged
over the elements of the emulsion and over the energy range Ty = 40
to 100 Mev. The horizontal lines mark the experimental values = With
standard deviations., The calculations were made only for the indicated
points,  and the curve was sketched in.

Differential cross sections averaged over the emulsion and over energy
for the two potentials whose total cross sections agree with'experirnent./
They are V = 25 Mev, W = = 5.6 Mevand V = - 45 Mev, W = - 3.8 Mev.

Differential cross sections averaged over the emulsion and over energy

) for the two potentials of the previous figure, and also for V = 10 Mev,

W =-49 MevandV = - 20 Mev, W = - 4,1 Mev to show the effect of -
varying V.

The corréspdnding situation to that of Fig. 7 for TK": 150 + 30 Mev, and
6, = 10°

0
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N

11. The corresponding situation to that 6f Fig. 8 for the enérgy range
TK =150 + 30 Mev and for the potentials V = 35 Mev, W= -10.7 Mev;v'
V =25 Mev, W =-10.6 Mev, V = - 15 Mev, W =1-9,1 Mev; V = - 30 Mev

W =-8.8Mev; and V = - 40 Mev, W = - 8.2 Mev. The results at :larger

s

angles are shown in the inset figure.
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