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PION ABSORPTION AND X — A CONVERSION FOLLOWING
K- CAPTURE

SATYA PRAKASH GOEL*, YOG PRAKASH**, Hamburg

The capture interactions of K- mesons with single and two nucleons
in emulsion nuclei are studied by computer simulation. The K- meson is
assumed to be captured in (5) the (0—10) 9 density region of nuclear
matter (4%) the (0—25) 9, density region of nuclear matter and (#¢) uniformly
throughout the nuclear volume. The absorption probability of pions and the
rate of the X' — A conversion following the K- capture are estimated. The
results obtained from surface absopriton of K~ mesons are in fair egreement
with the corresponding experimental results. This agreement is used to
infer that the K- mesons are absorbed on the nuclear periphery, most
probably in the (0—25) 9, density region of the nuclear matter.

The rates of absorption of charged as well as neutral pions are found to be
broadly similar. Similarly, the rates of the X — A conversion are broadly
similar for the charged as well as the neutral 5 hyperons.

L INTRODUCTION

The nuclear captu.e of K~ mesons has been rather extensively studied-
[1—5], theoretically, in nuclear emulsion and lately in bubble chambers also.
A K~ meson may undergo nuclear capture interacting with a single nucleon ()
via the mesonic mode with the production of a pion (x) and a hyperon (Y)
in the final state, ie. K~ + N >z + Y. It may also interact with a cluster
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of nucleons via the non-mesonic mode in which a hyperon and a nucleon
ars produced in the final state, i.e., K~ 4 NN - Y 4+ N. Subsequently,
the final state particles undergo secondary interactions in the parent nucleus.
These secondary interactions complicate the experimental study of the K-
captures in complex nuclei. It is often difficult to estimate directly the process
from which an emitted particle is produced. Further, the interaction of a K-
meson can occur on any nucleus of the two groups (light and heavy) of the
constituent nuclei of nuclear emulsion and heavy liquid bubble chambers.
The light and the heavy nuclei of these media differ considerably in mass,
charge and size. The secondary interactions of the final state particles are,
therefore, likely to yield different results depending on whether the K~ capture
interaction occurred on a light or a heavy nucleus. :

The criteria generally used in experimental work to distinguish K- captures
on the light and the heavy nuclei are the emission of the Auger electrons
or of low energy o« particles and protons (having a range of track < 30 um),
the presence of recoil and the kinematic analysis of the capture star [3].
However, the results of studies of K~ captures in a diamond loaded emulsion
indicate that the use of track lengths and the presence of the Auger electrons
are not adequate to separate K~ captures on the light and the heavy nuclei [6].
Tt is, perhaps, because of the use of not precise criteria that different estimates
{7—9] of the fraction of K~ captures occurring on the heavy emulsion nuclei,
varying from 50 to 75 9,, have been reported. Similarly, estimates [10—13]
of the non-mesonic K~ captures occurring on the light nuclei vary from 22
to 60 9.

We study K- captures through computer simulation, using the Monte
Carlo (MC) method. Mesonic as well as non-mesonic absorption interactions
of K~ mesons are simulated separately in the light and the heavy emulsion
nuclei. It may be mentioned that the results of computer simulation studies
are dependent on the nature of the chosen model of interaction and the accu-
racy of the input parameters. However, such studies provide useful information
which might serve as a guide line for future experimental work and in the
light of which the validity of experimental results can be examined.

In this paper we present results of the pion absorption and the X — A
conversion and compare them with the corresponding experimental results.
We also examine the validity of the peripheral absorption hypothesis of K-
mesons. The calculations of Jones provided the first indication that the
K~ mesons might be absorbed on the nuclear periphery [14]. This received .
support from Wilkinson who also suggested that K~ meson interactions
are a powerful tool to study the texture of nuclear surface [15—19]. It is
indeed mainly for this reason that the study of kaonic atoms has recently
received a great deal of attention [20— 28]. However, several groups of workers
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have argued against the peripheral absorption hypothesis of K~ mesons
[29—34]. Further information bearing on this question is, therefore, called
for and is presented in this paper.

II. MC COMPUTER SIMULATION

I1. 1. The procedure of simulation

The mesonic K~ capture interactions with single nucleons simulated in this
work are presented in Table 1. The processes K~ + p—> A° -+ IT+ + IT-,
K-+ p—>A°+II° 4+ IT° and K- +n—>A4° 4 II° + IT- are energetically
possible but very infrequent [5] and have, therefore, not been simulated.

For the non-mesonic interactions it is assumed that the K~ meson interacts
only with two correlated nucleons; the probability of occurrence of a larger
number of correlated nucleons is considered to be very small and hence the
interaction of K~ mesons with clusters of more than two nucleons is ignored.
In the correlated pair of nucleons, the nucleons are assumed to be randomly
oriented with respect to each other but it is also assumed that the pair appears
as a single entity to the K~ meson and absorbs the latter as one unit, sharing
the rest mass energy of the meson equally between the two nucleons. The va-
rious interactions of K~ mesons with two nucleons considered in this work
are presented in Table 2.

The reactions and their branching ratios presented in Table 1 and 2 are
taken from Ref. [3]. It may be mentioned that the branching ratios given
in this reference are valid for conjugate nuclei having an equal number of
protons and neutrons. This raises no problem for the light emulsion nuclei
(CNO) as all of them are conjugate but the heavy emulsion nuclei (AgBr)
are not conjugate. Therefore, simulation is done for the K- captures in carbon
(as a representative of the light nuclei) and in two fictitious conjugate heavy
nuclei having a mass equal to that of bromine and silver, respectively. Simu-
lation is done for the K- capture in the real heavy emulsion nuclei also. It is
worth pointing out that the branching ratios used for the real nuclei (Ag and Br)
were identically the same as given for the conjugate nuclei. This amounts
to changing, to some extent, the branching ratios of the various single and two
nucleon interactions of K~ mesons. By comparing the results for the fictitious
and the real heavy nuclei, a check is made on the sensitivity of the results
with respect to the change in the values of the branching ratios.

For the purpose of simulation, the K- capture interactions are divided
into three parts: (i) interactions with single nucleons as given in Table 1;
() interactions with two nucleons (other than two neutrons) as given in
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Table 1

Rates 9 of K- interactions with single nucleons (conjugate nuclei)

Interaction

(@) K- + p> IT+ + 2-
(b) K=+ p > I+ Z*

Rate (%)

14.1
19.8

Q-value (MeV)

95.0
102.9

Remarks

Emission together of charged X
and II(X-II* or X+IT-) is taken
as a sign of primary K- — p
interactions

(¢) K-+ p > 1II% 4 X0
(d)y K- 4 p - I1I® 4 A0

10.9
10.3

104.4
181.4

.experimentally.

Only  neutral particles are
produced in the final state of
reactions (¢) and (d) and, there-
fore, it is difficult to study them

(e) K-~ +n—1II0 4 2~

12.1

100.9

Emission of - alone is taken
as a sign of K~ — n interaction
though there may be misidenti-
fication if IT* is absorbed and
2~ elone is emitted from reac-
tion (a).

f) K-+ n->I-+ X0
(9) K-+ n I~ + A°

101.1
178.1

Emission of IT- alone may be
confused with the emission of
IT- from reaction (b) if X+ is
absorbed.

Table 2

Rates (%) of K~ interactions with two nucleons (conjugate nueclei)

Interaction
(@) K-+ nn—>X"+4+n

Rate (%)
0.0

Q-value (MeV)
235.9

Remarks

This reaction is assumed to have
zero rate because fast X— are
accompanied with fast protons
which are attributed to reaction

®)

®) K- +np>2-+p

19.0

235.9

Emission of fast £~ accompained
with fast protons is usually
taken as a sign of this reaction.

() K-+ np->204n
(d) K=+ np > A% 4 n

239.4
316.4

Only neutral particles are pro-
duced in reactions (c) and (d)
in the final state

(e) le+%~u.¢M++§

241.2

This is the only reaction pro-
ducing X+

N E- +pp>Z0+0p
9y K-+ pp—>A°+p

239.4
316.4

From reactions (f) and (g) pro-
tonsare produced with neutral
hyperons while from reaction ()
protons are produced with X-
hyperons
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Table 2; and (¢i4) interaction with two neutrons (the results of this part are to
be communicated separately).

Each part is simulated separately. For each nucleus, three separate locations
of the initial K~ meson capture interaction, belonging to one of the three
parts mentioned above, are chosen, ie., (¢) on the nuclear periphery within
the (0—10) %, density fegion of the nuclear matter (RI); (b) on the nuclear
-periphery within the (0—25) 9, density region of the nuclear matter (RII);
and (c) uniformly throughout the nuclear volume (RIII). For each nucleus
1800 events are simulated.

For the sake of computational oosﬂwawbom, the procedure of simulation
is divided into the following three parts:

I1.1.1. The initial interaction

The K~ meson is assumed to be absorbed first on a single nucleon, then
on two nucleons (excluding two neutrons) and lastly on two neutrons. Further,
it is also assumed that the probability of occurrence of the initial K- absorption
is the same everywhere first in RI, then in RII and finally in RIII for each
nucleus. The initial interaction with two neutrons is always the same, i.e.,
K~ 4 nn - X~ + n; only the location of its occurrence changes. The choice
of a particular interaction with single nucleons and two correlated nucleons
other than two neutrons is made randomly; the ,@mo.gg—:d\, of occurrence
of a reaction is determined by its branching ratio as given in Tables 1 and 2,
tespectively, for single and two nucleon interactions of K~ mesons.

The Fermi momentum of the nucleon (s) with which the K- meson interacts
is derived from the Fourier transform of its wave function [35]. The energy
release (Q-value) of a particular reaction minus the average binding energy
of the nucleon (s) on which the K~ meson is absorbed is shared by the final
state particles. The K— meson is assumed to be absorbed from the s state [2]
and the energy and momentum of the final state particles are calculated
by assuming that they are distributed isotropically in the centre-of-mass
system. At the end of the initial interaction stage, the nature, momentum
and location of the final state particles are known.

I1.1.2. The nuclear cascade

The final state particles produced from the initial interaction are now
followed, one at a time, as they interact with nucleons and scatter inside
the nucleus. A nuclear cascade is set up and all particles involved in it are
followed until they are emitted from, or absorbed in, the parent nucleus.
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The momentum of the target nucleon with which the incident particle interacts
is calculated in a manner identical to that of the nucleon (s) with which
the K- meson interacts initially. In conjugate nuclei, the probability of the
target nucleon being a proton or a neutron is considered to be the same;
in non-conjugate nueclei, the ratio of the number of protons or neutrons to that
of the total number of nucleons is used to determine whether the target
nucleon is a proton or a neution; e.g., bromine has 35 protons and 45 neutrons
and so the probability of the target nucleon being a proton is 35/80 and that
of a neutron is 45/80. The interaction mean free path is found from the relevant
cross-sections (i.e., cross-sections for pion-nucleon, hyperon-nucleon or nucleon-
nucleon interactions) supplied as input parameters.

An interaction is forbidden if after the interaction the energy of a nucleon
is found to be less than its Fermi energy. If the interaction is allowed, the
energy of both the particles (which they have after the interaction) is com-
pared with their respective potential-well depths. A particle is assumed to be
absorbed if its energy is less than its potential well depth. If a nucleon is
absorbed, the difference between its energy and its Fermi level is imparted
to the nucleus as excitation energy. In the case of absorption of pions or hy-
perons, their entire kinetic energy is transferred to the nucleus as excitation
energy. If the energy of a particle is greater than its potential well depth,
it is further followed until it is absorbed or emitted. A particle is assumed
to be emitted if it has an energy greater than its potential well depth and the
next point of its interaction falls outside the nucleus.

The nature, energy and momentum of every outgoing particle are recorded.
Each emitted particle is assumed to impart a momentum (equal and opposite
to its own) to the residual nucleus. The nuclear mass and charge are adjusted
after the emission of each. particle.

Absorbed X hyperons are assumed to get converted into A° hyperons by
interacting with single nucleons; the reactions assumed to occur are:

-+ p>A°4n; Zt4+n->A"+p; 2°+p->A°+p;
and
ot n—+>A°+n.

The charge exchange reactions of the X hyperons are not considered in the
present work.

An absorbed pion is assumed to interact with a pair of nucleons, pp, pn or nn.
The pion absorption is treated in the manner of Bertini [36], ie., for the
mvmogaoﬁ of a IT+, the nucleon pair should have at least one neutron; for I7-,
at least one proton; while II° could be absorbed equally well on pp, pn or nn
pair. The number of nucleon pairs of a particular type in a nucleus is estimated
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from the number of protons and neutrons, e.g., a carbon nucleus can have
3pp, 3nn or 6np pairs. Now II*+ can be absorbed on an nn or an np pair; the
probability of absorption on a particular type of pair is determined by the
relative numbers of pairs on which the absorption is likely to occur. Thus,

the probability of /I being absoibed on an np pair is considered to be 66.7 % .

as against 33.3 9%, on an nn pair in a carbon nucleus.

The particles produced from the absorption interactions of the X hyperons
or pions are also followed until they are emitted or absorbed.

The absorption of a A° hyperon is assumed to lead to the production of a
hyperfragment. It is further assumed that once a A° hyperon is trapped,
it remains so even during the ensuing evaporation of the excited nucleus.

After the completion of the nuclear cascade, the nucleus acquires a mo-
mentum which is the vector sum of the random momentum impulses received
from the outgoing particles. The nucleus is also excited and the magnitude
of the excitation energy is estimated. Some of these results are to be communi-
cated separately.

II.1.3. The nuclear evaporation

The excited nucleus is assumed to de-excite itself via evaporation. The si-
mulation of the process of nuclear evaporation follows the work of Le Cou-
teur [37] as discussed by Powell et al. [1] and the procedure is identical
to that of Singh et al. [38].

I1.2. Input mwnwn.-o?nm

I1.2.1. The nuclear parameters

The various nuclear parameters like the Fermi level, the potential well
depths of protons and neutrons, the Coulomb barrier for protons and the
density of nuclear matter used in the present work are the same as used
by the authors for the simulation of the nuclear capture of the - hyperons [35].
The basis of calculation of these parameters is given in Table 3 of reference [35].

The nuclear potential well depth for pions is assumed to be 40 MeV and that
for the X hyperons to be 32 MeV (same as for the A° hyperons). The Z+ hy-
peron and the II* meson are assumed to experience the same Coulomb barrier
as the protons. While the Coulomb potential is added to the nuclear potential
in the case of positively chaiged particles, it is subtracted from the nuclear
potential in the case of negatively charged particles (i.e. the X- hyperon
and the /T~ meson) while considering the total potential seen by the charged
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Table 3 ;
Calculated absorption probability (%) of pions

Absorption probability (%) for the location of K~ absorption
interaction in
Nucleus Pion
(0-10) % 0—23 Jo) nuclear volume
density region density region

I+ 12 17 60
Carbon I7- 14 22 60

e 23 . 25 61

Ir+ 13 16 75
Bromine Ir- 11 15 60

e 24 26 76

I+ 16 20 70
Silver Ir- 20 24 70

e 28 42 . 74 |

particles. The neutral particles, the 2° and the A° hyperons and the I7T° meson
are assumed to experience, like the neutron, only their respective nuclear
potentials.

I1.2.2. The scattering cross-sections

The scattering cross-sections used in the work are also the same as mentioned
in reference [35]. Thus, for pion-nucleon scattering interactions, the total
elastic scattering cross-sections are taken from Anderson et al. [39]. Assum-
ing charge independence [40], the II*p and II-p interactions are assumed
to be identical to IT-n and IT+n, respectively; the IT°p and II°n interactions
are considered to be the same and the I7°p scattering cross-sections are taken
to be equal to the mean of ITtp and II-p scattering cross-sections.

The differential cross-section for the pion-nucleon scattering is given [40] by

Y L At BoosO+ Ccos?6)

—=— cos cos? O),

de k2
where 4, B and C are coefficients whose values depend on the relevant phase
shifts. The value of the variable k is obtained from the integration of the above
expression. .

For the pion-nucleon scattering of up to ~ 200 MeV only s and p partial

waves with [ = 0 and [ = 1, respectively, are considered [42]. It may be pointed
out that in the present work pions are produced only from the single-nucleon
interactions of the K~ mesons. The maximum @-value from such interaction
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is ~ 181 MeV (see Table 1). Therefore, we consider the phase shifts for the s
and the p waves only and derive them according to the procedure suggested
by Orear [42]. Resonance production is not considered in this work.

The low energy hyperon-nucleon scattering is assumed to be predominantly
an s wave interaction and, therefore, it is assumed to be isotropic in the
cm system. The total scattering cross-section for the A% interaction are taken
from Sechi-Zorn et al. [43] and those of the Z+p and Z-p interactions from
Fast et al. [44]. Hyperon-neutron interaction cross-sections are assumed
to be the same as the hyperon-proton ones. The X0 scattering cross-section
is taken to be equal to the mean of the Z+p and the X—p scattering cross
sections.

The nucleon-nucleon scattering is treated in a manner identical to that
of Metropolis et al. [45] and the total as well as differential scattering
cross-sections for pp, pn and nn scattering interactions are taken from these
authors.

11.2.3. The frequencies of emission and the momenta
of evaporated particles

The particles likely to be emitted during nuclear evaporation are =, p,
2H, 3H, *He, “He and 8Li (which is considered to represent, as an average,
the emission of all fragments heavier than 4He). The frequencies of emission
of these particles are calculated for different nuclear temperatures from the
evaporation theory for three mass regions of the nuclear mass. The momenta
of 2H, 3H, 3He and 8Li are treated to be constant and taken from Key et al. [46].
The momenta of n, p and “He, the particles commonly emitted during nuclear
evaporation, are treated as variable and taken from Dostrovsky et al. [47].
The details are given by Singh et al. [38].

III. RESULTS AND DISCUSSION

The results for the heavy fictitious and real nuclei are broadly similar. This
indicates that the calculated results are not much influenced by a small
change in the values of the branching ratios of the various K~ capture reac-
tions. We therefore present results only for the real heavy emulsion nuclei.

1I1.1. Absorption of pions

We first mention the experimental results with which the results of the work
are compared. In a nuclear emulsion, the rates of the emission of pions from
the parent nucleus are inferred from the distribution of the stable prongs
and the energy spectra of the emitted charged particles. This procedure leads
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to an anomalously {48] high absorption rate (~ 80 %) of the 77° mesons while
the rate of absorption of the charged pions is estimated to be only ~ 10 9.
From bubble chamber studies, Davis et al. [49] estimate that the absor-
ption probability of all poins is the same, ~ 10 9%, while according to
Schorochoff [50] the rate of absorption of the I7° mesons in a freon bubble
chamber is somewhat higher, between 30 9, and 50 9%,.

The rates of absorption of pions estimated in this work are presented
in Table 3. The rate of absorption of the II° meson is somewhat higher than
those for the IT+ and IT- but the difference is not as large as in the experi-
mental results of Schorochoff [50]. Our results certainly do not support
the nuclear emulsion [48] result of a very high absorption rate of the IT° meson
and seem to be, in this respect, in fair agreement with the bubble chamber
results of Davis et al. [49].

The results of the present work indicate a higher rate of absorption of
charged pions than the experimentally estimated rate (~ 10 %) even when
the K~ meson is assumed to be absorbed in RI. It could be due to the potential
(40 MeV) chosen in this work. The potential also might vary with changes
in the density of nuclear matter which a pion is likely to experience as -it
moves inside the nucleus after its creation from the K- absorption. Such
a change in the pion potential has not been considered in the present work.
Whether a pion is near the nuclear surface or deep inside the nuclear volume
it is assumed to see the same potential. This tends to enhance the calculated
rate of pion absorption.

It may be mentioned that the calculated rates of pion absorption are
similar for the light as well as the heavy nuclei. The results for the four heavy
nuclei are also similai indicating that a small change in the branching ratios.
of the initial K~ meson absorption interactions does not affect the rates
of pion absorption in any appreciable manner.

The results of this work are significant in another respect. The rates of pion
absorption are broadly similar for the K- absorption in RI and RII (the
rates are actually, in general, slightly larger for RII) but these increase sharply
for RIII. This supports, as discussed in sec. III.3, the hypothesis of the
peripheral absorption of the K~ mesons (at least so far as the single nucleon
interactions of the K— mesons are concerned).

II1.2. THE RATE OF THE X — 4 CONVERSION

The rates of the 2 — A conversion or of the X hyperon absorption are
presented in Table 4 separately for the X hyperons produced from single
and two nucleon interactions of the K~ mesons. Several features of these
results are worth mentioning.
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Table 4
Caleulated rates (%) of £ — A conversion — separately from single and two nucleon capture interactions of K~ mesons
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II1.2.1. 2 hyperons produced from single
‘ nucleon interactions

The absorption rates of the 2 hyperons are the lowest, for the K~ absorption
in RI. However, the difference between these and the corresponding rates
for RII is not large while the rates for RIII are much higher than those for
RI and RII. This also has a bearing on the peripheral hypothesis of the K-
absorption and will be further discussed in sec. IT1.3.

It is worth noting that though there is a broad similarity in the values
of the rates of absorption of the X+, 2~ and X° hyperons, the rate of absorption
of the X0 hyperon is, in general, somewhat higher than those of the 2+ and 2°
absorptions for BRI and RII. This seems to be a direct consequence of the
Z0%nucleon interaction cross-section having a larger value than the X+ and
Z0%-nucleon interaction cross-sections. For R1II, the X hyperons are produced
deeper inside the nucleus and consequently interact more with nucleons
(as they traverse the nuclear matter) than is the case for RT and RII. The result
is that the difference in the values of the interaction cross-sections of the
various X hyperons with nucleons is smeared out and the rates of absorption
of all X' hyperons for RIIT are expected to be the same as is, indeed, the case
{see Table 4).

The results are also similar for all nuclei for EI and RII but smaller by
(6—10) %, for the light nuclei when RIII is considered.

I11.2.2. £ hyperons produced from two nucleon
: interactions

The X hyperons produced from two nucleon interactions of the X~ mesons
are more energetic than those produced from their interactions with single
nucleons. The latter have less energy firstly because of the low -value of the
K~ meson single nucleon interactions and secondly because these are produced
along with pions which, being much lighter, take away a major share of the
energy release. The X hyperons produced from two nucleon interactions share
not only a larger energy but share it with nucleons and are, consequently,
left with more kinetic energy. These are, thercfore, less likely to be absorbed.
This is reflected in the lower rates of absorption of these hyperons as can
be seen from Table 4. The difference is more pronounced for RI and RII
than for RIII as in the latter case, the 2 hyperons interact more with nucleons
(as already mentioned in sec. I11.2.1) and are, therefore, likely to be absorbed
very frequently (see the last column of Table 4).

The absorption probability of all the X hyperons (Z+, X- as well as 29)
are nearly the same in this case. The difference in the values of the interaction
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cross-sections of the X hyperons with the nucleons do not seem to be effective
in producing different rates of absorption of the X' hyperons when these are
produced with a relatively larger energy.

The rates of absorption of the X hyperons produced from two nucleon K~
capture interactions are also similar for the light as well as the heavy nuclei.

I11.2.3. Combined results

The experimental estimates of the rate of multinucleon interactions of the
K- mesons in complex nuclei vary [2] from 10 % to 50 9%, (though there
seems to be some agreement [51] that the rate might actually be ~ 20 %).
For the purpose of comparison with experimental results, we combine the
single and two nucleon interaction results of the rates of the ' — 4 conversion
in three ratios, i.e., 90: 10, 70:30 and 50 : 50. ‘The combined results are
presented in Table 5. The corresponding experimentally estimated rates.
are presented in Table 6.

The calculated X — A conversion rates do not appear to change much with
the ratio in which the results of the single and two nucleon interactions are
mixed (as seen from Table 5). A comparison with experimental results shows
that the calculated X~ — A conversion rates for BRI and RII are in fair agreement
with, the experimentally estimated rates. The calculated rates for RIII are
much, larger.

The calculated ¥ — A conversion rates are similar for the light as well
as the heavy nuclei. This does not support the estimate of Condo and Hill[35])

Table 5
Calculated rates (%) of £ — A conversion — combined results from single
and two nucleon interactions of K~ mesons

X — A conversion rate (%) — results from

single and two nucleon interactions of K~ mesons
.- combined in the ration
Nucleus Localition
' f K~ interacti
o B imterachion 90: 10 70 : 30 50 : 50
v Xr- X0 v X- X0 z+ Z= X0
‘ |
Carbon (0—10) % density region 45 56 53 42 53 49 39 50 44
Carbon (0-—25) % density region 50 68 60 49 63 57 49 58 55
nuclear volume 78 77 78 M7 73075 75 T4 12
) (0—10) %, density region 43 60 55 41 53 53 39 47 51
Bromine (0—25) % density region 58 68 59 59 63 58 59 59 56
! nuclear volume 89 96 92 88 91 92 86 87 92
(0—10) % density region 53 62 52 52 57 52 52 b4 52
Silver (0—25) % density region 58 72 63 59 60 62 59 68 62
nuclear volume ) 89 89 89 85 86 86 81 82 82
34

Table 6
Experimental £ — A conversion rates (%)

Conversion rate (%)

©(2) Medium Reference
~ 50 s Helium Block et al {52]
41 < C(2) < 65 Emulsion K--collaboration {53]

~ 50 Emulsion Patrick [54]

~ 52 +10 Freon (CF3Br)+ Davis et al. [49]

Propane (C3Hs)
~ 50 410 Freon Barth [55]
~ 50 +5 Freon _

Schorochoff [50]

that the rate of the charged X conversion in heavy nuclei is much larger than
that in the light nuclei (70 9, against 20 %). Our results are more akin to the
results from the diamond load emulsion [56] which also do not support the
suggestion [33] that the X hyperons are more frequently emitted from the
light emulsion nuclei and ev@». the X' — A conversion is more probable in the
heavy nuclei.

It should be pointed out that the potential seen by the X hyperons in
nuclear matter may actually be different from the one chosen in the present
work (32 MeV). Further, these hyperons are assumed, as in the case of pions,
to see the same potential whether they are near the nuclear periphery or deep
inside the nuclear volume. This is likely to result in larger values of the cal-
culated rates of the 2 — A conversion.

111.3. PERIPHERAL ABSORPTION HYPOTHESIS

An examination of the peripheral absorption hypothesis of the K— meson
is one of the major objective of this work. The procedure we have adopted
(i.e. to study the results of occurrence of the initial absorption interaction
of the K~ mesons in three regions of nuclear matter, RI, RI1, RI1I, and then
compare them with the corresponding experimental results) is chosen for
achieving this objective.

The calculated rates of the pion absorption for RIII are much larger than
the corresponding experimentally estimated rates ((60—75)9% vs 109).
This rules out the possibility that the single nucleon capture interactions
of the K- mesons might occur uniformly throughout the nuclear volume.
In view of the broad similarity of the rates of pion absorption for BRI and RI1
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and their fair agreement with the experimental results, we can infer that
the single nucleon interactions of the K~ mesons are likely to occur on the
nuclear periphery in all complex nuclei, perhaps, whith in the (0—25) %, density
region of nuclear matter. Though the pion absorption rates for RI, are in ge-
neral, somewhat smaller than those for RII and one might be tempted to infer
further that the K- mesons might undergo interactions with single nucleons

* within the (0—10) %, density region, we think caution is required at this stage
as the results for RI and RII are not much diffefent from one another.

The calculated rates of the = — A conversion for BRI and RII are, as already
mentioned in sections II1.2.2 and IT11.2.3, in fair agreement with the cor-
responding experimental estimates while those for RIII vary, as seen from
Tables 4 and 5, from ~ 80 %, to ~ 90 %; the experimental estimate is only
~ 50 % . The last column of Table 4 shows that the rate of the & — A con-
version even of the X hyperons produced from two nucleon interactions
of the K~ mesons in RIII is much larger than the experimental estimate
of this value. The results are equally applicable to the light as well as the
heavy nuclei. This indicates that the K~ mesons are likely to undergo ab-
sorption interactions with single as well as two nucleons on the nuclear peri-
phery, perhaps, within the (0—25) 9, density region of nuclear matter in all
complex nuclei. So far as the question of narrowing down the region of initial
interactions (i.e. the choice between RI and RII) further is concerned, we feel
our results are not precise enough to make the choice unambiguously.

II1. CONCLUSION

We draw the following conclusions from this work: (i) The rates of ab-
sorption of charged as well as neutral pions following the nuclear capture
of the K~ mesons are broadly similar. (it) The rates of the X — A conversion
following the K- capture are also broadly similar for charged as well as neutral
2" hyperons. (i#4¢) The K~ mesons undergo absorption interactions with single
as well as multi-nucleons most wwovmgw on the surface of all complex nuclei,
perhaps, within the (0—25) 9, mobm;% region of the nuclear matter.
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