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The research program under Grant AF EOAA 66-35 has in-

cluded studies of the composition and the energy spectrum of

the primary cosmic radiation and studies of nucleus-nucleus

interactions at medium and high energies.

The investigations have been performed with nuclear

emulsions which have been exposed to the primary radiation

in high altitude balloon flights or in sounding rocket flights.

The investigations of the primary radiation have mainly

been concentrated on studies of the composition of the flux

of heavy primaries. One of the main purpose of our research

has been to investigate the composition of the radiation in

different energy intervals. We have also performed an inves-

tigation of the isotopic composition of the carbon in the

primary flux. We can further report improvemen in the track

photometers and in the track photometer techniques which we

use in most of our identifications of the heavy primary par-

ticles.

The studies of the nucleus-nucleus collisions have been

concentrated on such interactions in which the primary par-

ticles either have had an energy larger than 2 GeV/nucleon or

have had an energy in the interval 100 - 400 MeV/nucleon.

Comparisons between nucleus-nucleus interactions and proton-

-nucleus interactions have been performed in both energy in-

tervals.
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The research program under Grant AF EOAR 66-35 has in-

cluded the following studies.

1. The composition and the energy spectrum of low-energetic

cosmic ray nuclei with Z 1 9.

2. The composition of low-energetic primaries with Z 9

in the cosmic radiation.

3. The charge spectrum of relativistic primaries with

Z > 10 in the cosmic radiation.

4. The charge distribution of the energetic heavy nuclei

with Z 16 in the primary cosmic radiation.

5. The relative frequency of the carbon isotopes C and

13C in the primary cosmic radiation.

6. A study of the mass resolution in investigations of the

isotopic abundances of elements in the primary cosmic

radiation.

7. A study of a method to separate the carbon isotopes by

means of short s-rays.

8. An energy spectrum of primary cosmic ray helium nuclei

determined by means of nuclear emulsions exposed in soun-

ding rocket flights.

9. A photometer device for the identification of multiply

charged particles stopping in nuclear emulsions.

10. Charge identifications of heavy primary cosmic ray par-

ticles by means of less sensitive nuclear emulsions.

11. A study of the possibilities to use 6-ray photometry

for the identification of very heavy nuclei in primary

radiation.

12. Identification of fast heavy primaries from measurements

of mean track width and of change of mean track width.

13. Datahandling system for track photometers.
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14. A new very fast nuclear track photometer.

15. Multiply charged fragments in nucleus-nucleus collisions.

16. Cascade and evaporation processes in relativistic nucleus-

-nucleus and proton-nucleus interactions.

17. A study of nucleus-nucleus collisions in the hundreds of

NeV region. A comparison of proton-nucleus and nucleus-

-nucleus collisions and an analysis on the a-particle

production in nucleus-nucleus interactions.

18. A study of nucleus-nucleus collisions in the hundreds of

MeV region. - A comparison of non-relativistic and rela-S i
tivistic nucleus-nucleus collisions and an analysis of

the disintegration of the target nucleon.

The following papers have been published in the period of

Grant AP OAR 66-35.

I. L. Nalmqvist,

Low energy heavy primary particles in cosmic radiation,

Arkiv Fysik 34, 33 (1966).

II. K. Kristiansson, A. Ladd and L. Malmqvist,

A photometric device for the identification of multiply

charged particles stopping in nuclear emulsions,

Arkiv Fysik 34, 139 (1966).

III. 0. Mathiesen, C.E. Long, P.S. Freier and C.J. Waddington,

The charge distribution of the energetic very heavy nuclei

in the primary cosmic radiation,

Canadian Journal of Physics 46, S538 (1968).

IV. P.-I. Olsuon and K. Kristiansson,

An energy spectrum of primary cosmio ray helium nuclei

determined by means of nuclear emulsions exposed in

sounding rocket flights,

Arkiv Fysik 38, 383 (1968).
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V. I. Otterlund and B. Andereson,

Multiply-charged fragments in relativistic nucleus-

-nucleus collisions,

Arkiv ?ysik 35, 133 (1967).

VI. I. Otterlund,

Cascade and evaporation processes in relativistic nuc-

leus-nucleus and proton-nucleus interactions,

Arkiv Fysik 38, 467 (1968).

VII. I. Otterlund and R. Resman,

A study of nucleus-nucleus collisions in the bundreds

of 1eV region,

Arkiv Fysik 39, 265 (1969).

The following preliminary reports were given at The Conference

of the Swedish National Committee for Physics, Kiruna, 1967:

I. G. Jdnsson,

A study of a method to separate the carbon isotopes by

means of short C-rays.

II. G. Jdnsson, K. Kristiansson and L. Malmqvist,

Relative abundances of the carbon isotopes 12C and 13C

in the primary cosmic radiation.

III. P.-I. Olsson,

An energy spectrum of primary cosmic ray a-particles.

IV. . Otterlund,

Cascade and evaporation processes in relativistic nucleus-

-nucleus and proton-nucleus collisions.

Dissertation:

I. Otterlund,

Studies of High-energy nucleus-nucleus interactions

(Lund, 1969). - .
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Papers to be published in the near future:

G. Jonsson, K. Kristiansson and L. Malmqvist,

12
The relative abundance of the carbon isotopes C and

1 C in primary cosmic radiation.

U. Dellien and K. Sdderstrdm,

The composition of low-energetic primaries with Z > 9

in the primary cosmic radiation.

On the following pages summaries are given of the investiga-

tions which have been in progress under the period of Grant

AF EOAR 66-35.

Io
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1. The comDosition and the energy spectrum of low-energetic

cosmic ray nuclei with Z t 9.

Published in Arkiv Fysik ., 33 (1967).

Charge and energy spectra of the low energy primary par-

ticles in cosmic radiation have been studied in a nuclear

emulsion stack which was exposed at 2.7 g/cm 2 of residual

atmosphere, at Fort Churchill, on July 28, 1963. The inves-

tigation has been concentrated to the charge interval 3 S Z S 9.

In this region photometer identification measurements have

been made on 84 tracks of stopping heavy primary particles

giving a complete resolution between consecutive charge groups.

In the energy interval 150 - 250 MeV/nucleon the L/M-ra-

tio was found to be 0.38 + 0.13, which is in agreement with

other investigations. Placed together these results indicate

that the L/M-ratio most probably passes through a maximum at

an energy of a few hundred NeV/nucleon. The differential flux

values observed are also in agreement with those found in other

investigations made in the summer of 1963.

2. The composition of low-energetic grimaries with Z ? 9

in the cosmic radiation.

This investigation is a continuation of the study descri-

bed in the previous paragraph, and is also carried out in the

emulsion stack exposed at Fort Churchill in the summer of 1963.

In all, 81 tracks of stopping primary particles heavier than

oxygen have been identified.

A photometric technique has been utilized for the identi-

fication. Each particle has been measured with a track photo-



70

meter from the end point at least 10 mm backwards along the

track. As a parameter for the charge identification the total

track area between 0.5 and 10 mm of residual range has been

chosen. The standard deviation in the charge determination is

0.2 units of charge at Z - 12 and 0.4 units of charge at

Z a 26. This means that the resolution between consecutive

charge groups is sufficient to make it possible to study the

elemental abundances in the low energetic cosmic radiation in

the charge interval 9 < Z < 26.

The resulting charge spectrum shows many features in com-

mon with the spectra of relativistic particles previously pub-

lished. The elements of even nuclear charge are more abundant

than elements of odd nuclear charge. Iron is the most frequent

element in the interval Z > 20, and particles heavier than iron

are rare. None have been found in this investigation. If one

assumes that all the particles in the region 20 1 Z 25 are

the products of spallation reactions between primary iron nuc-

lei and the interstellar hydrogen, the maximum amount of matter

passed by the iron nuclei has been calculated to 1.5 g/cm 2.

This figure is not significantly different from the result of

the same calculation made on relativistic particles, but it is

certeinly different from the figure '-' 4 g/cm 2 obtained from

the abundances of low-energetic Li-, Be and B-nuclei.

The relative abundances of the elements in the charge

interval 8 < Z < 14 has been calculated. The comparison has

been limited to the energy interval 250 < E S 400 Mev/nucleon.

element 0 F Ne Na Mg Al Si P-K

relative

abundance 7 <0.1 0.5 0.4 1.8 -0 1 0.3

The study is finished and the re3ults are to be published

in Arkiv Fysik in the near future.
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3. The charge spectrum of relativistic primaries with

Z, 10 in the cosmic radiation.

Earlier work on the charge spectrum of relativistic

heavy primaries has shown that it is possible to discriminate

different charges at least up to Z-" 30 by using the conventio-

nal photometric technicue. To improve the statistics in the

interval Z > 10, we are going th measure the charge of primary

particles found in a stack of 186 Ilford G5 emulsions with

dimensions 2OxlOxO.06 cm3 each, flown in July 1966 from Pale-

stine, Texas, in cooperation with University of Minnesota. So

far 1/6 of the stack has been scanned for particles with Z > 10.

In 1/10 of the scanned area 1CO tracks have been found. These

have been traced through the stack.

A photometer has been set up and connected to the data

aquisition system of type Solartron OP 3417. The interface

between this and the photometer has been modified to include

in the data an automatical reading of the depth coordinate of

the track.

4. The charge distribution of the energetic very heavy nuclei

in theprima ,_cosmic radiation.

Published in Canadian Journal of Physics 46, S538 (1968).

During the period Sept. 1, 1965 to Dvc. 31, 1966 one mem-

ber of our group, docent Olev Mathiesen, has been at the Uni-

versity of Minnesota, Minneapolis, Minn., as an ESRO Fellow and

set up a track photometer of the same type as currently in use

at our laboratory. The new feature of the instrument is that

the output is fully digitized, and thus suitable for subsequent

analysis on a digital computer.

A group at the [Jniversity of Minnesota includirg docent
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Mathiesen has used the instrument for a study of the detailed

charge composition of primary cosmic ray nuclei having Z > 20

* which were detected in a stack of nuclear emulsions flown in

1965 from Hayderabad, India, under approximately 4 g/cm of

residual atmosphere.

!!5.

in e rma omic radiation.

T "A_ : The investigation of the isotopic composition of the

carbon nuclei in the primary cosmic radiation has been almost

finished. Tne choice of the carb6i nuclei for a study of the

isotopic composition is partly motivated by the fact that the

quotient 120/13C is a sensitive probe on which processes these

nuclei have passed through before they were accelerated, and

partly because a number of suitable carbon tracks were avai-

lable in the emulsion stack exposed at Fort Churchill in 1963.

The principle of the nass determination is founded on the

fact that all particles with the same nuclear charge in a nuc-

lear emulsion give rise to tracks of the same width provided

that the residual range of the tracks has been normalized by

a factor which is inversely proportional to the mass of the par-

ticle. This normalization factor can be found experimentally

and is consequently a measure of the mass of the particle.

A comparison between unnormalized tracks cf4 C- and -

-nuclei shows that there is a difference in width which falls

in two residual rangi regions. In the interval RP4 1 mm thc

13 C-track will have an area which is about 2 % smaller than the

area of a 2C-track. In the interval I < R < 14 mm just the

reverse situation obtains. Both intervals have been utilizcd

for an analysis of the isotopic composition of carbon.

+,
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The analysis of the mass based on width measurements ~in the

res..dual range interval 0 f R SC 1 mm.

For this part of te study there are 37 stopping tracks

of carbon nuclai available in the emulsion stack. The measu-

rements of the width in this range interval have been carried

out with a photometer constructed for measurements with high

precision on short tracks. The normalization factor previous-

ly mentioned has been calculated for each t.!ck giving a re-

lative mass value of each track.

The standard deviation of the experimentally determined

mass values amounts to 0.72 ± 0.09 units of mass. This re-

sult is in good agreement with the suggestion that one isotop

dominates among the cosmic ray carbon nuclei. This part of the

investigation has been finished.

The analysis o, the mass based on width measuresents in the

residual range interval 1<R <14 mm.

For this part of the study there are about 42 tracks of

carbon nuclei available in the emulsion stack. The analysis

is based on photometer measurements of the area of the track.

The measurements have been performed with a track photometer

constructed for measurements of long track sections. A norma-

lization factor will be calculated in each track in the same

way as mentioned above. Any definite results can not yet be

mentioned but a preliminary analysis indicates a resolution

somewhat better than the resolution in the interval 0 (R <1 mm.

6. A suyof th2.M.Ass resolution in investiat ions of

the isotopic abundances of elements in the Primary

cosmic radiation.

The study of the elemental abundances in the primary cos-
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mic radiation has given valuable information about the origin,

acceleration and transport of the cosmic ray particles. An

improvement of the precision in the experimental technique,

such that the isotopic composition of the charge groups could

be studied should increase the possibilities considerably to

draw conclusions about the history of the radiation. t

We have started an investigation of the possibilities to

measure the mass of a stopping primary particle in the charge

interval 4 1 Z 1 14. The analysis of tho mass of the particle

will be based on photometric measurements in the tracks. The

relation between the mean track width and the residual range

in the interval 0 ( R < 1 mm has been determined for some re-

presentative elemental groups in the interval 4 _ Z < 14. An

extension to the range interval 1 < R 1 14 mm is also being

planned. From the shape of these relations and from the sta-

tistical errors in the photometric measurements a theoretical

resolution between different isotopes of the same element can

be calculated.

7. A study of a method to separate the carbon isotopes,

kby means of short 6-rays.

Alvial (1) has found it possible to identify and separate

12 13
the carbon isotopes C and in nuclear emulsions by means

of the position of a maximum in track width at 36 and 42 4 re-

sidual range respectively. This maximum is ascribed to the

appearance of one grain S-rays.

In this investigation measurements on the last 100 p of

14 carbon tracks parallel to the surface of the emulsions hi.3

been carried out by a nuclear track photometer. No maximuir in

the track width similar to that reported by Alvial was found.

Also, it was found impossible to detormin the mass of a cirtmon
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nucleus from such photometric track measurements of the last

100 . of the track due to the statistical fluctuation in the

track width.

8. An energ spectrumof-rimary osmic ray helium

nuclei determined by means of nuclear emulsions

ex]osed in soundingrocket-flhts.

The energy spectrum of primary cosmic ray helium nuclei

has been studied in two nuclear emulsion stacks, which were ex-

posed in August 1962 in two sounding rocket flights from Krono-

g~rd in northern Sweden. The energies of 134 helium nuclei are

determined by Coulomb multiple scattering measurements. Their

differential energy spectrum has a maximum at about 250 MeV/nuc-

leon. The energy spectrum and the total flux of helium nuclei

are found to be in agreement with the results of two investi-

gations made by other groups in 1962.

The e-periment shows that the energy spectrum of galactic

helium nuclei can be studied by means of nuclear emulsions ex-

posed in sounding rocket flights with an exposure time of a

few minutes.

9. Aphotometric device for the identification of multiply

charked particles in nuclear emulsions.

Published in Arkiv Fysik U, 139 (1967).

A track photometer suitable for the identification of mul-

tiply charged particles stopping in nuclear emulsions has.be'n

studied. The apparatus consists of a microscope whose eye.-piecu

has been replaced by a slit system and a photomultiplier connec.-

ted to a pen recorder. The image of the track moves across the

narrow slit, placed in front of the photomultiplier, and ab-

sorption profiles are obtained and registered by the recorder.
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The particle charge is obtained from the mean widths of the

profiles. The standard error of the charge determinations

amounts to about 0.2 units of charge in the interval 3 <Z <10,

when a residual range of 800 4 is measured. Emulsion distor-

sion effects seem to increase the errors in the charge determi-

nation of particles heavier than oxygen.

10. Charge identification of heavy primary cosmic ray

particles by means of less sensitive nuclear emulsions.

When electron sensitive nuclear emulsions are exposed

during long space experiments one gets a large background of

rtracks of singly charged particles. One way to reduce this

undesired background is to use less sensitive emulsions, which

do not register such particles. A study of the possibilities

to use less sensitive nuclear emulsions in the investigation

of the charge spectrum of heavy primaries has therefore started.

In order to find out if the non-electron sensitive Ilford

K2 emulsion is useful in this respect an emulsion stack was ex-

posed which consisted of 65 pellicles of Ilford K2 and 65 pl-

liles of Ilford G5 emulsion. The stack was exposed in a

balloon flight at Fort Churchill, Canada, in July 1967. Photo-

metric mean track vidth measurements have been performed on

tracks of a number of relativistic cosmic ray particles, which

have passod both the G5 and the K2 emulsions. For this purpose

a new track photometer has been built. This photometer is

connected to a digital datahandling system of type Solartron

OP 3417. The ratio between the mean track widths for the ume

track in G5 and K2 emulsions was very nearly constant and quit.

independent of the charge of the particle within a large ch Lre

interval. Furthermore the statistical deviation of the mnoa:

track width measurements in K2 is less than in G5 emulsions.



This -pioliminhary resuilts inadat-es that- 1lford. K2exlin

can, -be useful1 in the sti'dy of the reslativistic sp&c t rum .

An -invest iga. ion of the -charge, resoluition, -of low energy

-heavy, -prima'ry cosmic ray par ticles in X2, emuxlsion ristw als o

going Oft. Photometric, meas urementts 'have :beenL madeo on abou't

220', tracks from heavy particles, stopping In the emulision0h. The,

analsisand the. com'put'er pro00,,si g ofL the; photom-eteir. data i~te

in- -pro gresss

11. A studv of tne,,Posiitietouse i-rap Rhoto ty

,for the .identification of very ,heavy,, nucl-ei in mrimary

cosmic radiation. 6

Relativistic heavy nuclei in the primary "cosmic radiation

can be identified in nuclear emulsions by a determinati-o-n of

the J.Yray density in the tracks. If the c)-ray density is lo.W

i-t can be -determined bY a direct counting of, the number of sucht

i5 : -a ys w h i ch 1 ii cei 66r t a in c6u nt in g bco n dito'ns If on- the

other hand the Cji-ray -density i-s' high the direct counting i.J6-

difficult adId systematic errors may arise. One way to get

around this difficulty may be to register the .i-ray deonsity

by measuring their light absorption by 'means of a rnicrophot'oM6e

ter. The main purpose of t'he inves-tigation is to study the

Possibilities to identify nuclei in the radiation which are

much heavier than iron and much less abundant by mneans-of such

microphotometric-measurements,,. A nuclear track photomet'er

which will be used for the investigation of the light absorp-

tion profiles of these tracks of very heavy particles is now

under construction.



12. Identification Of fast healy Drimaries from measurements

of meag tck width nd rate of change of mean track width.

The composition of the cosmic radiation has been studied

in several investigations at high ahd low energies. In many 4
of these studies the photometric method for charge identifica-

tion has been used and very accurate results have been obtained.

However, these accurate results are limited to relativistic

nuclei atd to nuclei which stop in the emulsion. In the inter-

mediate energy interval no photometric method for charge-deter-

mination has been reported. The purpose of this investigation

is to find out to what degree it is possible to identify also

nuclei in this energy interval 100 < E j 2000 1eV/nucleon. If

such a method is available it will not only be useful in stu-

dies of the charge spectrum of the cosmic radiation but also

in the analysis of nucleus-nuoleus interactions.

Anew track photometer is under construction. The analy-

sis will start with photometric measurements on tracks of nuc-

lei which interact with emulsion nuclei. From these interac-

tions which all have been studied earlier, it is possible to

obtain some information about the energy and charge of the in-

cident nucleus.

13. Datahandlin system for track Photometers.

The datahaddling system, which was being built at the time

of our Progress Report N'o 1, has been completed. It has been

used in some of the experiments which are described in the

present report. The system was designed to accomodate three

photometers on a time-sharing basis, utilizing a Solartron

System OP 3417 with external logical circuits. The output is

on punched paper tape. At each measuring station a printer

allows the experimenter to follow the measurements continously.
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14. A new very fast nuclear track Photometer.

One of the most time consUming operations in the studies

of charge and mass spectra of cosmic ray particles by means of

the photometric technique, is the determination of the back

ground level and the elimination of errors due to crossing

tracks and other disturbances in the emulsion. In order both

to speed up the measurements and to correct for or eliminate

disturbances automatically a new photometer is being built.

It utilizes a TV-camera mounted on the microscope. By means

of appropriate electronic circuits the output from the Vidicon

allows a direct measurement of the projected area of the track,

with automatic correction -for Variations of the transparency

of the emulsion and certain other disturbing effects. The new

instrument will eliminate any remaining subjective influences

on the measurements by the observer.

15. Multibly charged fragments in relativistic

nucleus-nucleus collisions.

Published in Arkiv Fysik 35, 133 (1967).

Multiply charged fragments emitted from the projectile

nuclei in eighty-eight nucleus-nucleus collisions produced in

nuclear emulsions by heavy cosmic ray primaries have been stu-

died. The charge of the projectile nuclei falls in the inter-

VaL 3 < Z < 26 and the threshold kinetic energy is about 1.7

GeV/nucleon. The emulsions used vere exposed to the primary

cosmic radiation in a balloon flight at St. Angelo, Texas, in

January 1955. This analysis is an extension of the study of

relativistic nucleus-nucleus collisions measured in an earlier

investigation (i).

The angles between the direction of the projectile nucleus

and the fragments have been measured. In order to get accurate
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results in these measurements the following procedure was adap-

ted. Careful measutements of co-ordinates of pl.Ants in the

tracks of the fragment and the primary nuclel 4ere performed.

Using the coordinates we then calculate curves which describe

the tracks with good approximation. The aiigles between the

calculated curves of the primary particles and of the seconda-

ry particles were determined at the point of interaction. This

very complicated way to determine angles between tracks was

chosen in order to eliminate emulsion distorsion as much as

possible.

The angular distribution of a-particles emitted from the

projectile nuclei has been studied and compared with the dis-

tribution to be expected if the a-particles are produced in

an evaporation process from the excited fragments of the pro-

jectile nuclei. From this analysis it has been found that the

distribution of most of the a-particles is consistent with the

evaporation theory. A small percentage of them is split, how-

ever, from the incident nuclei with such large angles in the

laboratory system that it is unreasonable to believe that they

have been produced in an evaporation process.

Furthermore it has been found that the mean angle of the

evaporation a-particles in the shower does not depend very much

on the number of nucleons involved in the interaction.

From the azimuthal distributi-o-n of the a-particles and

from the angular distribution of the heavy fragments it has

been concluded that the fragments have a recoil component in

the transverse direction to the incident nucleus.
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16. Cascade and evaDoration progesses in relativigtic

nucleus-nuoleus and proton-anolegs izteractions.

Published in Arkiv Fysik 38., 667 (i968).
In this paper further investigations of the relativistic

nucleus-nucleus interactions measured in ref. 1 have been per-

formed. The charges of the primaries fall in the interval

3 , Z < 26 and the threshold kinetic energy was about 1.7 GeV/

/nucleon at, the top of the atmosphere. The energy spectrum of

the cosmic ray particles is so steep that more than 80 % of

the projectile nuclei will have their kinetic energy in the

interval 2 < E < 15 GeV/nucleon. It is shown that the heavy

prong distribution in proton-nucleus collisions at an arbitra-

ry energy in this interval is representative for this type of

interactions in the whole energy interval and therefore suitable

for comparison with the nucleus-nucleus collisions.

In the investigation the cascade and evaporation proces-

ses have been studied and compared to the corresponding proces-

ses in proton-nucleus collisions at 6.2 GeV and 22.5 -eV ob-

tained by Winzeler (3). The following results can be mentioned.

In collisions with heavy target nuclei, it has been found

that on the average more particles are emitted from the target

nucleus in a nucleus-nucleus collisions than in a proton-nuc-

leus collision.

The comparison between the proton-nucleus and the nucleus-

-nucleus collisions shows that a cascade nucleon transfers on

an average more excitation energy to the target nucleus in a

proton-nucleus collision than in a nucleus-nucleus collision.

Futhermore it is shown that approximately the same number of

black track-producing particles are emitted in nucleus-nucleus

and proton-nucleus collisions despite the largo difference in

the cascade particles produced in the two different kinds of
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interaction. The number of black track-producing particles

seems also to be independent of the number of pions produced

in the interaction. It is suggested that this may partly be

explained by the production of excited nucleons in high-ener-

gy interactions. A11 the results show that the second stage of

the interaction process is essentially independent of the na-

ture of thc incident particle.

17. A study of nucleus-nucleus collisions in the hu-ndreds

of MeV reiion. - A comparison of proton-nucleus a-nd

nucleus-nucleus collisions and an analysis of the

ticle production in nucleus-nucleus interactions-.

Published in Arkiv Fysik 39, 265 (1969).

Eighty-one nucleus-nucleus collisions produced in nuclear

emulsions by heavy cosmic ray primaries have been studied for

kinetic energies of primaries in the interval 100 e' E r 500

1eV/nucleon. The emulsion stack used in- this in-vestigation was

exposed to the primary cosmic radiation in a balloon flight at

Fort Churchill, Canada, in July 1963.

The angular distribution and the energy of all particles

leaving the point of interaction have been measured and the

particles have in most cases been identified.

From the &nalysis of the experimental material the fol-

lowing results can be mentioned.

It is shown, that the nucleon-nucleon cascade developed in

* nucleus-nucleus interaction in the hundreds of MeV region

is rather well described simply as a superposition of cascades

similar to those developed in nucleon-nucleus interactions.

The angular distribution of the black track producing par-

ticles is anisotropic with a large number )f particles in the

forward direction. This must be the result of a large admixture
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of cascade particles. A large velocity component in the for-

ward direction for the excited fragments of the target nuclei

can also contribute to this anisotropy.

The angular distribution of the a-particles emitted from

the target nuclei is arisotropic and the energy distribution

has a long tail in the high energy region.

The angular and energy distribution of the alpha-particles

emitted from the projectile nuclei show that a small percentage

of them cannot possibly be explained by an evaporation process.

It is concluded that in nucleus-nucleus collisions alpha-

-particles are emitted partly from excited fragments and part-

ly in direct interactions between nucleons and clusters of

nucleons.

It was found that there is a large spread in angles and

e-nergies of the alpha-particles produced in nucleus-nucleus in-

teractions. To investigate if the knook-on process can account

for this large spread we have calculated the maximum energy of

an alpha-particle knocked-out with a given angle relative to

the incident particle. It is found that the large spread in

angles and energies can be understood if we choose reasonable

values of' the momenta of nucleons and clusters of nucleons in-

side the interacting nuclei.

From the analysis it is found that nucleus-nucleus colli-

sionsare suitable for studies of the mechanisms responsible

for alpha-particle production in high-energy interactions. De-

pending on the intranuclear momenta of the nucleons and clus-

ters of nucleons a large number of knock-on alpha-particles

arc emitted with high energy and large angle and then can be

separated therefore from the alpha particles produced in other

processes.
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'Is. A g-tudy of' nuc1eus-nue IOUs 6olIIs .ons in- the .hundreds

o f XeV rb i.on, -A Comparison of on.-elativistic amnd

0elativistio- nucleus4.-nuoaua -collisions and an. analisis

-of -the.- diinteration of the, target nucleus.

Thi a work is-a further analysis of the nucleust-nucleua
0coll-sons- in the energy region 1-00 E 1 500 MeV/n.u-cleo-n

lbIn fiS investigation, particles, emitted from the target nu-clei

z, have been ecru-dled. The results obtained have been compared

rto orrspondig re,suits ,in relativistic nucleus-nucles

o' ollisio'na, in an earliier investigation.

' .nerg-,, momentum- and angular distribution of protons

and a-.particles emitted from the target nuclei have been stu-'

died and compared with distributions expected from the evapo-

ration theoryi It has been found that many of the protons

and a-particles emitted with energies < t0 Mea/nucLeon can be

explained by this theory. However, there are too many partic-

les with energies 5 MeV/nucleon in the experimental distri-

bution.

a The existence of this excess is difficult to explain by

an evaporation model. Furthermore there are also particles-

which originate in the cascade process. This fact complicates

the analysisof the distributions of particles with energies

less than e0 ( 5v/nucle/on.

In the interactions studied fragments with Z _ 3 have

also been identified. Energies and emission angles for some

of these fragments indicate that they have been produced in

a direct process.
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1ASSTRACT

The research program under-Grant AF EOAR '66-3-5 has 3.included
studiesp of the composition and the energy spectrum of 'the primary

cosmc rdiaionand studies of nucleus-nucleus interactions at'
medium and high energies.

The investigations have be6en performed with nuclear emulsions-9
which have been exposed to the primary radiation in high altitude
balloon flights or in sounding rocket flights,

The investigations of the primary radiation have main~y been
concentrated on studies of the composition of the flux of heavyIprimaries. One of the main purposes of our research has been to
investigate the composition of the radiation in different energy'
intervals. Vie have also performed an investigation of th'e isoto-
pic composition ot the carbon in the primary fluxE,. We' -can. further
report improvements in the track photometers and i~n the track pho-( tometer techniques which we use in most of our identifications of
heavy primary particles.

The studies of the nucleus-nucleus collisions have been con-Icentrated on such interactions in which the primary particles either
have had an energy larger than 2 GeY/nucleon or have had ant energy
in the interval 100 - 400 MeV/nucleon. Comparisons between nucleus-
-nucleus interactions have been performed in both energy intervals.
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