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Abstract.
An experimental investigation of the isotopic composition of
cosmic ray nitrogen and oxygen is reported., The detector is

? atmos-

a stack of nuclear emulsions exposed at abaut 3 g/cm
pheric depth. The mass determinations are based on photomet-
ric track width measurements on stopping nuclei. The standard
deviation of the mass measurements is 0.46 AMU for nitrogen
and 0.50 AMU for oxygen. The energy of the measured nuclei

falls in the interval. 220-450 MeV/nucleon at the top of the

atmosphers.

The measured i{sotopic quotients have been extrapolated to near
interstellar space with standard¢ methods. The sxtrapolated
quotients ars !SN/N = 0.34:0.10, '’0/0 s 0.0220,03, '*0/0 -

= 0,07¢0.03. The nitrogen quotient extrapolated to the cosmic




ray source shows that the nitrogen-oxygen abundances ratioc

is approximately the same in the source as in the solar sys-
tem. The result has been compared with different hypotheces
about the source composition and is found to be in best agree-
ment with 2 hypothesis, which states that source matter has
approximately the composition of the solar system and that a
selection mechanism depending on the atomic properties of the

slements is working in the source.

1. Introduction.

Measurements of the isotopic compositicn of cosmic ray nitro-
gen and oxygen give important information about the processes
in which cosmic ray matter has been involved prior to acce-
leration and thereby also about the origin of the radiation.
The main question concerning nitrogen is whether it is present
in the cosmic ray source in such amounts that the N/CNQ ratic
is approximately the same as in the solar system, or whether
source matter is strongly depleted in nitrogen with the N/CNO
quotient much smaller than that of the solar system. The two
possibilities give different answers to the question about the

origin of the radiation.

If the scurce abundance of nitrogen is faund to be very small,
it can be assumed that a large fraction of the heavy slemants
in the radiation are nuclei which originate in the mantls of
an evolved supernova and which have been accelersted in the
supernova remnant before the remnant became mixed to a large
degree with surrounding interstellar matter. (Arnett and
Schramm 1973; Hainebach et al., 1976). The mantle

of an evolved supernova is assumed not to contain nitrogen.




If the N/CNO ratio is similar to the solar system ratio, it is
not unreascnable to assume that the source has approximately
the composition of the solar system. The relative overabun-
dance of the heavy elemants is in this case explained by pre-
ferential selection of the heavy nuclei in the source (Kristi-

ansson 1971, 1974; Havnes 1971; Cass& and Goret 13973, 13878).

The existance of nitrogen in the source can suitably be deter-
mined by measuring the quotient !'3N/('*N + '5N) in the radia-
tion reaching the solar system. This quotient, which depends
on the source composition and on the production af '*N and '°N
in nuclear reactions during the transport of the radiation is,
according to calculations, equal to about 0.6 if nitrogen is

very underabundant in the source, and about 0.4 if nitrogen is

w

present in the same amount as in the solar system., Most of th
investigations of the nitrogen isotopes so far reportsd are

made with counter telscopes. The main part of the measurements
seems to give a8 value of the quotient below 0.6. The uncertain-
ty is, however, still large concerning the correct vaslue of the

quotient,

There are reasans to believe that '°0 is the dominating isotope
in the oxygen reaching us and that the small amounts of '70 anc
180, which are present in the radiation, are produced during

the passage of the radiation through interstellar matter. Thero
are, howevser, still uncertain indications that some of the hea-
vier elements, especislly neon, show an overabundancs of the
most neutran rich isotope (Fisher et al., 1976; Prezler et al.
1975). 1If these observations are confirmed we cannot exclude
the pnssibility that also oxygan can show an overabuncarce cf

the most neutron 1ich isotope. A high proportion of '?®C can




possibly depend on “elium burning of !“N under such tempera-
ture an- Jcnsity conditions that tha burning stops at 1o

(Arnou and Beelen, 1374). Finally. in many cosmic ray iso-
tope measurements oxygen has been used as a reference element
for the mass scale, which implies that knowledge of the isoto-
pic compaosition is important. Thus several reasons exist, which

call for studies of “he isotopic composition of oxygen.

In this paper we report measurements of the isotopic composi-
tion of cosmic ray nitrogen and oxygen in a stark of nuclear
emulsions, which was exposed to the primary radiation in a high

altitude balloon flight in northern Canada. The exposure, the

detector stack and the method of mass measursments are describec.

We discuss the mass resolution anr. the method of calibrating
the nitrogen mass scale. Further, we describe the extrapolation
of the isotopic quotients to the scurce and make comparisons
with other measurements. Ffinally we compare our results with
the predictions of the different hypotheses about the origin of
the radiation and conclusions are drawn about the cosmic ray

source.

2, The experiment.

The particle detector used in the investigation is a stack of
61 Ilford G5 nuclear emulsions, each one having the dimensions
10x10x0.06 cm®. The stack was exposed in a balloon flight frcm
Fort Churchill, fanada, in June 1970 at an atmospheric depth cf
2.6 - 3.4 g/cm?., The packing material, which the particles
penetrated, was in the mean 2.0 g/cm?, The time of exposure va:z
8 hours, The emulsions were processed according to the tempes-

rature cycle method with the dry hot developing stage at 20°C.
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The blob density for relativistic singly-charged particles was

18 blobs/100 um.

Scanning for tracks of stopping heavy nuclei was performed
throughout the stack. All tracks with a dip angle less than
37° in the unprocessed emulsion werse preliminarily measured
with a nuclear track photometer to select particles with

Z =6, 7 and 8. The carbon nuclei ware included for calibra-

tion purposes.

The tracks selected in the preliminary measurements were all tra. _

backwards through the stack in order to exclude all nuclei whic:

had taken part in nuclear interactions in the stack. The tracks
had to fulfil three mainly geometricel conditions in order to ts
occepted for the measurements on which the mass determinations vwer-
based.

1. Only tracks with dip angles in the interval 4.6°-33° were
measured.

2. At least 9 mm of the track in the measured residuval range in-
terval 1<R<12 mm must fall more than 8 mm from the edge of th:
pellicles.

3. The zenith angle must be less than 70°. This excludes par-

ticles which have passed more than 9 g/cm? of air.

The determination of the mass of a particle is besed on the rela-
tions betweern track width and residual range in the range interv..
1<R<12 mm. For the measurement of the track widths wv used a nuc:
lgar track photometer. The construction of this photometer is
described by Jénsson et al. (1970a). We only want to emphasize
that the size of the central slit, which defines the area of mee:
sursment, corresponds to an area 33x4.0 (um)? in the object plen:z.
The slit dimensions have been chosen to .give both sufficient muc.

resolution and e reaccrable speed in the treck widlh measuremerts.




The width of a track at a certain residval range depends on the
charge and the mass of the particle producing the track. The
track width measured with the photomster is, howsver, also in-
fluenced by different effects in the emulsion plates. These
emulsion effects were eliminated by a correction procedure,

which is described elsewhere (Jacobsson, 1977).

The mass M of a particle is celculated by a least squares pro-
cedure. The mean relation between track width and residual
range is at first determined for all particles of the same
charge. For 1 < R < 12 mm the relation can bs &pproximated by
a function

5 by

W(R) = J a, « R
1

where W(R) is the track width at the residual range R. The
constants a; are determined by a best fit to the experimental
mean track width-rangse relation. The fitting has shown to be

sufficiently good if i = 1-5 with b, = 0, 1/2, 1, 2 and 3.

i

W(R) is the track width-range relation for a particle with the
mass M equal to the mean mass of the measured particles. The
track width-range relation for 2 particle with the mass M can

be written

-\ b
W(R,M) = f a (R- ”) i
Loy \R ¥

according to basic fonization theory. The mass is cslculated
by fitting W(R,M) to the experimental width valuss of the track
with M/M as the firee parameter. The calculations give only mas:
valugs relative to the mean mass of the measured particles.

The sbsolute mass scale must be detarmined differently. The




computation procedure is described in the paper by J3nsson

et al. (1970b).

The track width was measured along the tracks from the stopping
point to 12 mm residual range. Each measurement coverad 33% um,
which means that the total available number of width values of

a track is 360. All nitrogen and oxygen tracks fulfilling the
selection criteria were measured, whereas only 25 '?C-tracks
were included in the investigation for calibration purposes.

All nitrogen tracks were measured at least twice. As the oxy-
gen tracks wire initially also intended for calibration purpo-
saes only about one half of them were measured twice. For a
track which was measured twice or more, the mean value of the

measurements was used.

Measurements disturbed by dark spots in the emulsion or by
crossing tracks were excluded. Their number amounts to about 1%.
About 7% of the measurements were excluded becauss they were
made closer to the glass or the surface of the emulsjion than

10 um in the processed emulsion. This exclusion of mesasurements
has given rise to a fourth selection criterion whose purpose is

to guarantee a sufficient precision in the mass determination:

4. The number of accepted width measursments for a track in the

residual range interval 1 < R < 12 mm must be ~reater than 25C.

It must be stressed tnat the selection criteria are geometricel
in nature and indespandent of the particle mass and can have no

systematic influence on the measured isotopic ratios,

3. Mass spectra and expected errors {n tke mass determinaticz~:.

The mass distributions of the nitrogen ard the oxygen particlec




are shown inFigures 1 and 2. The mass scale of Figure 1 can-
not be accurately fixed exclusively from the experimantal mass
distribution. owing t0 the small number of measured particles
and to the uncartainty concerning which stable and unstable iso-
topes possibiy exist in the mass spectrum. Thersfore the mass
scale has been determined by a special method of calibration.
The mass scale in Figure 2 is based upon the assumption that

the main peak is 8 '®*0-distribution. The curve in the figure

is a Gaussian with the standard deviation o = 0.50 AMU.

Calibration of the nitrogen mass scale: The mass scale in

Figure 1 is determined by an interpolation procedure based on
the experimental track width-range relations of '2C and !°®O.

The starting point for this interpolation is the fact that the
track width can be plotted as a function of the ionizetion para-
meter restricted/igzg. REL, and that this track width-REL rela-

tion is, in the first approximation, indepencent of the particle

charge (Jensen et al., 1976).

Figure 3 shows the relation between track width and restricted
ensrgy loss for '2C and '*0, respectively. The !%*0-curve is
based on tha particles of the main peak in Figurs 2. The '2¢C-
curve is based on measurements of '2C tracks identifiasd in a
study of the isotopic composition of carbon in the same emulsion
stack (Bjerle and Herrstrdémy1376). The restricted energy loss
is computed from & formula given by Barkas (1963). The relaticr
for '*N has been obtained by a linear interpolation in the in-
terval 730 MeV/cm < REL < 1330 MeV/cm. The mass scale of the
measured nitrogen nuclei is established in a comparison of the
measured track width-range relation for nitrogen with the N

relation obtained by the interpolation. The total error in the




position of the nitrogen mass scale has been estimated to

0.11 AMU. This error is purely statistical. We believe, that 23
possible systematic error from the interpolation procedure is
very small compared to the statistical error. A discussion of
the calibration procedure is published elsewh re (Jacobsson

and Jdnssony1978),

Expected errors in the mass determinations: As the distribu- !

tions do not show a complete separation between the different

isotopes of the same elements, a statistical procedure has to

be used for the estimate of the most probable number of the

different nuclides in the samples. The analysis requires a

knowladge of the expected mass resolution. This is calculated

according to e method originally applied by Malmgvist (1873},

The main factors, which determine the mass rssolution, are:

1. the difference betweaen the track width-residual range re-
lations of consecutive isctopes.

2, the standard deviation of the track width measurements and
the number of measurements on which the mass determinaticn
is based.

3. errors originating in the corrections of the measurements.

4, fluctuations in the response of the photometer.

Figure 4 shows the calculated, expected standard deviation in
a mass determination of an oxygen nucleus as a function of mea-
sured track lesngth. O0Only the sta‘tistical spread of the track
width measurements and the mass resclution havse been considered.
It is furthermore assumed that no measurements ars excluded. Fi-
gure 4 ghows that it is reasonable to stop measuring at a resi-

dual range of about 12 mm.
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In Table I we show the differert contributions to the error

in the mass determination when track lengths of 12 mm residuzl
range are mesasured. The first line gives the standard deviztion
expected from the mass resoluticn and the statistical spreac

of the track width measurements. In the sacond line we have
considered that, in the mean, the number of acceptad track wicth
measursments is less than the ncminal number by 9% due to ex-
clusions and give the contribution to the error from these ex-
clysions. 1In the third line we have given the estimated error
from the correction procedure and in tha last line the errors
from the fluctuation in the photometer response. This error
is smaller for nitrogen than for cxygen because all nitrogen
tracks have heen msasured at least twice, whereas only some af

the oxygen tracks were measured more than once.

The analysis of the errors has thus shown that a mass distribu-
tion with a standard deviation amounting to 0.50 AMU for oxygen
and 0.46 AMU fcr nitrogen can be expected. As can be sean from
Figure 2, the expected distribution for '®*0 is in good agreement
with the width cf the main peak in the mass spectrum. A simi-
lar investigation of the standard deviation in a mecsurement

of the carbon isotopes also shows good agreement betweer the ex-
pected standard deviation C = 0.42 AMU. and the width of the ex-
perimental '?C-distribution (Bjarle and Herrstrdm, 1976). Thers
are thus reasons to belisve that thke computed standard deviatian
for nitrogen describes well the widths of thre mass distributionrs

of the nitrogen isotopes.

4, Extrapolation to near interstellar space and comparison

with other measuremaents,

The mass rpecirum of the nitrogen nuclei in Figure 1 gives the
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composition '*N : !*N = 16:9. The numbers are obtained from
a fit of two Gaussian distributions with o = 0.46 AMU. The
ratio '*N/('“N + 'SN) is 0.36 with a statistical error of ¢ 0.10.
The uncertainty in the mass scale contributes with an error

which is less than 0.04 in the guotient.

A similar fit to the distribution of the oxygen nuclei in Figu-
re 2 with o = 0.50 AMU gives ('*0D + '%0):2%0:'70:1%0 = 4:66:4:6.
The numbers of '%0 and !70 nuclei must be looked upon as upper
limits, since the existence of non-Gaussian tails in the '®0-cist-
ribution cannot be excluded. Some information about these tails
can be obtained from '%0. Extrapolation calculations through
the atmosphere and the stack show that one can expect two
1%0-nuclei in th: measured spsctrum. If we assume this and that
the '¢0-distribution is symmetrical, a better number estimate
would be '*0 : %0 . !’0 : ''0 e 2 : 70 : 2 : 6. The ratio

(0 + '*0) 0 is equal to 0.10 ¢ 0.04 in the detector. The

mean mass of the stopping oxygen nurlei is 16.13 AMU.

The isotopic composition has been extrapolated to the top of
the atmosphere by standard methods. The cross-sections have
been derived from data in a paper by Silberberg and Tsao (1973},
and from the measuraments of nucleus-nucleus cross sections by

Lindstrom et al. (1975).

The emulsion stack detector and the selection criteria accept
stopping particles with e certain direction and a certain mini-
mum residual range in the stack. The selection criteria are
purely gesomaetrical. Cue to differences in the energy-renge ra-
lations for different nuclides in the atmosphere and the stack

these criteria for the detector accept different energy inter-
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vals for the different primary nuclides at the top of the at-
mosphere. Corrections have been applied bath for differences
in the width of the accepted energy interval and for the posi-

tion of the interval on the energy scale.

We have calculated the effect of the saolar modulation on the i
isotopic quotients. We have used the force field solution of
the transport aquation describing the cosmic ray modulation

in aspherically symmetric region (Gleeson and Axford, 1968),
When the modulation parameter ¢ is given the value 0.7 GV, rea-
sonable for 13970, the sffect of the modulation on the isotaope

quotients turns out to be quite negligible.

The influenca of the different effects described on the guoti-
ents is shown in Table II1. The quotients in the last line are
valid for near interstsllar space. Ths quotients for '’0 and
''0 are 0.02 £ 0.02 and 0.07 * 0.03,respectively. It is abyious
that all corrections discussed in this section are small and
their inherent uncertainty cannot influence the result notics-

ably.

In Table 111 we have comparsd our results with isotopic measure-
ments of nitrogen and axygen made by ather groups. Only measure-
ments above 50 MeV/nucleon have been includec in Table 1II in or-
der to exclude comparisons with solar particles or low energy cos-
mic ray data. The nitrogen data show that there is an eppreciab!
amount of the heavier nitrcgen isotope in the radiatien. Most

of the measurements made with a large variety of detector syste =
have givernr a '3N/N ratio in the interval 0.3 - 0.6, Our result
f8lls in the lower third of this interval, The mean velus cf ‘"=
data presented in Table III is 0.47. This mean value must be

taken with some reservation because of
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the possiblse axistence of systematic errors.

The number of measuraments of the isotopic composition of oxygen
is at present small. Only two measurements apart from ours are
included in Table IIl1. The oxygen measuraments show that !0 is
by fer the most abundant oxygen isotope. The total abundance
of '70 and %0 in the radiation in near interstellar space is

about 10% of tne total oxygan in the radiatiaon.

5. Extrapolation to the sourcs.

Thae isotopic composition of cosmic ray nitrogen and oxygen in
near intérstellar space depends on ths composition of the radia-
tion leaving the source and on transformations through nuclear
reactions during the transport. Figure 5 will illustrate how
the '*N/N ratio depends on these factors. The ratio {8 computsd
as a function of the amount of matter traversed with the rela-
tive amount of nitrogen in the radiation near the source as a
parameter. The calculations are made for an exponential vacuum
path length distribution (E) and alsc on the assumption that

all particles have traversed the same amount of matter (S). The
exponential path length distribution is assumed to have neithesr
a cut off nor a linear rise for small smounts of matter traver-
sed. The C/0 ratio is sssumed to be equal to 1.00 near the

source.

The calculations are made on the assumptions that the guotient
Eﬁﬁ is equal to 0.00, 0.05 and 0.10 in the radiation near the
source. We have also assumed that all nitrogen in the source
is !*N. This assumption is in agresment with the isotopic com-
position of nitrogen in the solar systsm, which is !3N/!*N =

= 0,0036, and elso with the composition of most other cosmic
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objects. The assumption means that a large fraction of the
nitrogen in the scurce has not passed through the fast CNO-cyc-
le, which, in equilibrium, gives a much higher '*N/!*N ratio
(Caughlan and Fowler, 1972). The assumption also excludes
source matter which has been involved in processes connected

to nova explosions possibly giving rise to large amounts of

ths most neutron rich stable nuclides (Hoyle and Clayton, 1874).

The nuclear cross-sections,which have been used in the extrapc-
lation in Figurs S5y have been computed with the formula given by
Silberberg and Tsao {1373). We have assumed that all collisicne
have taken place with protons. 0On account of the general un-
certainty in the cross-section values recently revealed by the
new larger cross-sections measured by Lindstrom et al. (1975)

we have also calculated the !3N/N ratio with cross-sections,
which have all been increased by 25%. The result of these cal-
culations are shown by the dashed curves in Figure 5. The chang
in the '°N/N ratic due to this change is small, which implies
that the ratio does not depend vsery sensitively on the general

level of the cross-sections.

The !'*N/N ratio in Figure 5 has besn computed on the assumption
that the energy of the primary nuclei traversing interstellar
matter amounted to 300 MeV/n. Ths energy dependence of this
ratio was studied some years ago by Meneguzzi et al. (1971) ano
was found to be roughly constant in 3 very wide energy interval.
On account of the new cross-sections, we have made a new calcu-
lation of the energy dependence of this ratic (Figure 6). The
calculations are also in this case made for three source comp:n-
sitions N/CNO = 0.00, 0.05 and 0.10 respactively and with an

exponential vacuum path length distribution with A = 6 g/cm?.
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Even with the new set of cross-secticns the ratio is found to
be insensitive to the energy. We also show in Figure 6 the

experimental '3N/N ratios given in Table I1I. The constancy
of the calculated !*N/N ratic justifies the calculation of a
mean value of the experimaental ratios, in spite of the diffe-

rent energies of the gxperiments.

Measuraments of the chemical composition of the radiation have
shown that the vacuum path length is about 6 g/cm? if an expo-
nential vacuum path length distribution is assumad valid., 1If,
instead, all particles have passed through the same amount of
matter the slab thickness is estimated to 3-4 g/cm?. Indepen-
dently of which thickness of matter be accepted cur sxperimen-
tal value '*N/N = 0.34 + 0.10 corresponds to 8 ms ratio in

the source of .08 ¢t 0.03, If the mean valus of all '*N/N mea-
surements (0.47) is used, one gets the source ratio E%U = 0.04.
The measurements of the isotopic composition of nitrogen thus
support the assumption that nitrogen is present in the source.
This result is in agreemsnt with the results of measurements of
the chemical compositicon of the radiation. Shapiroc et sl. (1975)
report the quotient E%ﬁ = 0,037 £ 0.009 in the source, This
quotient is based upon a large number of charge composition
measurements, an exponential vacuum path length distribution

and cross-sections measured by Lindstrom et al., (1975), 1In a
gimilar estimate by Meyer (1975) a N/0 ratio betwsen 0.04 and 0.C2
is obtained and it is concluded that there is no significant
indicatiaoan of a depletion of nitrogen with respect to oxygen

in galactic cosmic ray sources relative to solar system condi-

tions.

Tsao st al. (1873) have calculated the change in the fsotopic

PN
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composition of oxygen during its traversal of interstellar
matter. They found that above 2 GeV/n, cosmic ray oxygen can

be expected to have a composition '®g : 70 : '®0 = 95.5:2.5:2.0
in near interstellar space. The calculations wafa made on the
assumptions that the oxygen in the saurce had the same isotopin
campesition as in the sclar system and that the path length hac
the form exp(-0.24x), with a linear rise between 0 and 1 g/cm’.
Jdur asxperimental isotopic composition shows a somewhat higher
18g-value than that expected from the calculatiors. Ths diffe-
rence is, however, not statistically significant. The '®0 ebun-
dance reported by Fischer et al., (1376) seems to support an
assumption that all 180 nuclei are of secondary origin. On the
other hand Beaujean et al. (1977} have reported a (70 + !%Q)/C
gquotient squal to 0.15 ¢ 0.02, which is difficult to explain as

a result of interactions only.

6, Oiscussion.

One of the main proulems in cosmic ray physics concerns the
compositiorn of zhe source matter and the physical processes
which select the particles to be accelerated to high snergy.
According to one model the composition of cosmic rays is the
sams as that of the source matter just after the acceleration
has started. The source matter is in this éodel enriched in
heavy nuclei relative to the matter of the solar system. A re-
cent developrment of this modsl assumes the cosmic ray matter

to be selected directly from supernovae remnant. This remnant
is the ejected mantle of the exploded supernova thoroughly mixen
with the supernova envelope and possibly with a certain amouni
of surrounding interstellar matter (Arnett and Schramm,1973;

Hainebach et al., 19786).
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In another type of model the cosmic ray source matter has a
composition which is assumed to be approximately the sesme as
that of the solar system. The difference between ths compo-
gition of the radiation and the source is explained by a mecha-
nism, which preferentielly selects caertain elements, Accor-
ding to one of these models the selection is made out of neutra:
matter by the ionization of the neutral atoms in collisions
with fast selectrons or protons (Kristiansson 1871, 1972, 1874}.
In another model the selectiocn depends on the first ionizatior
potential of the neutral atoms (Havnes 1971, 1973; Cassé and
Goret 1973). The selection is in this case assumed to take
place in an optically thin plasma at a moderate temperature
(Cassb and Goret, 1978). In both of thess models the atomic
propertias of the elements are thus of fundamental importance

for the composition of the radiation.

In the following discussion we intend to compare the source
abundance of nitrogen determinaed in the isotopic measurements
with the nitrogen abundance sxpected for the differsent source

models.

The supernova remnant model: A comparison was recently made

by Hainebach et al. (1976) between the measured cosmic ray com-
position and the calculated composition of the sjected super-
nova ramnant. A mixture of the supernova mantle and the surrou--
ding envelope together with a certain amount of the interstellar
medium was found to have a composition which showed gresat simi-
larities with the cosmic radiation at the source. The compari-
son was, however, made with a cosmic ray composition which

showed a much lower amount of nitrogen than that indicated by

our isotops measurements. The difference between the nitroger
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abundance is so large and of such importance that it is worth
making a new comparison betueen the cosmic rediation and the

remnant of the explosed supernova.

The ejected remnant is alsoc in our comparison assumed to consist
of the mantle of the evelved supernova and varying amounts
of matter from the envelope and the surrounding interstellar

matter. Both the envelope and the interstellar matter are ini-

tially assumed to have the comparison of the solar system .
Table IV shows the abuidances needed for the comparison. The
cosmic ray data have been taksn from the compilation by Shapirc
et al. (1875). The ritrogen abundance is, however, deduced frow
our measurement of the isotopic composition (E%ﬁ x 0.08). Thz
abundances are given as mass fractions which is mcre convenier?’
for the calculations., The abundances are given both above ccn
stant rigidity and above constant velocity. The fourth column
shows the solar system compecsition alsc as mass fractions (Ca-
meron, 1973}. Columns 5, 3 and 7 list the compasition of the
evolved mantles of superncvae having mantle + core masses equal
to 4 M', 8 MG and 16 M@. The composition of the 4 Mo and 8 M@
mantle+*core is taken from the paper by Hainebach et al. (197&),
and the 16 Mo mantle+core from Arnett and Schramm (1973). The
initial total masses of the stars are 15 "o' 22 Mo and 36 Mm'
respectively. The stars have, howzver, lost part of their env:
lopes during their evolution and the minimum mass for the remrai”
when producing cosmic radiation can theretfore be appreciably
less than the mass of the original star. Thae cosmic ray procu-
cing remnant can also be larger than the original star if it hes
swept up the matter evaporated from the star together with a

certain amount of surrounding interstellar matter. Hainebacr

et al, (1976) have shown that the composition of the mantle c:
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stars with the mantls+core mass larger than about 8 Me differs
increasingly from the compositicn of the cosmic radiation. Suczh
stars can therefore hardly be of importance as cosmic ray sour-
ces. This was the decisive reason for our abandoning the compa-

risons for mantle-core masses larger than 16 Mo'

In Figure 7 we show the calculated abundances of H, C, N, O,

Ne and Mg relafive to He in the remnant. The ratios are plo:-
ted as & function of Lhe amount of envelope plus interstellar
matter, which is swept up and completely mixed with the mantle.

The ratios have besn calculated from the expression

"y

ism
(jL) . mZ), X5 (Menv ' Mism)
He . ylsm .
rer. M(HE’]m xHe (Menv Mism)

where

(ﬁ%)rem = the mass ratio between the element Z and He in
the ejected remnani. The assumed complete mi--
ing between the expelled mantle and a certain
amount of the envelope and of interstellar mct-
ter makes the mass ratio the same in the whol=

; remnant. How the mixing is brought about is

not considered. |

Mz, = the mass of the elsment Z in the mantle.

M(Ha)m = the mass of helium in the mantle.

x;sm = the mass fraction of the element Z in interst.o:
lar matter (and in the envelope). It is aszu-
that no nuclear reactions take place in the o--
velope during the explosicn.,

Xism = the mass fraction of helium in intersteilar

He

L.
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matter and in the envelope.
Henv' Mism = the mass of envelope matter and interstellar
matter with which the mantle has been mixed

prior to the acceleration of the radiation.

In Figure 7 we also show the mass ratios for the cosmic radie-
tion and for solar system matter by dashed horizontal lines
marked by C.R. and S.S., respectively. The aim of Figure 7

is to compare the composition of the radiation with the compo-
sition of the remnant and if pessible to find cne mixture of
mantle and solar system ﬁatter which gives a remnant with the
same composition as the radiation. 1If matter from that remnant
can be accelerated without any kind of preferential selection, t°
result will be a radiation having the composition of the cosmic

radiation.

Figure 7 shows thet the H/He-ratio does not depend in a saznsi-
tive way on the size of the superncva for mantlescore size in
the interval 4-16 Me. The ratio increases smoothly towards the

solar system value when Ms s+ M inc~gases. The H/He ratic

nv ism
has been compared with the composition of the radiation by
Hainebach et al. (1976). Their results and our conclusicns
based on Figure 7 agree that the two ratios are equal when
nenv + mism ~ 10-15 ”e but only if the cosmic ray flux above
constant rigidity C.R.(R} is chosen., If, instead, the H/He ra-
tio is chosen for particles above the same velocity C.R.(B)

the supesrnova remnant ratio never reachss the cosmic ray ratic.

It is thus possible to obtain the correct H/He ratio in the
radiation only if there is a rigidity dependent selection wor-
king somewhere in the source. It is remarkable that this rig:-

dity dependent selection mechanism does not seem to have any .




21

fluence on the abundanze of the heavier nuclei. 1t must impl,
that if it is an electromagnetic process it is working only
when the heavier nuclei have completely stripped off their elec-
trons, making the charge to mass ratio approximately equal for

all nuclei heavier than hydrogen.

The abundance ratios C/.ie, 0/He, Ne/He and Mg/He can be used

for an estimate of the approximate size of the supernovae pcs-
sibly responsible for the radiation. Hainebach et al, (1976)
have studied the abuncances of He, £, Ne and Mg relative to O
and found thaf a supernova having a mantle + core zize of abou:
4 Me has & composition of the remnant in best agreement with tiz
radiation. Nearly the sane conclusion can be drawn fraom the
C/He, Q/He, Ne/He and Mg/he ratios in Figure 7. These ratios
indicate that the best size for the supernovae falls in the re-

gion 5-10 M0 if the ccndition Menv + Mism ~10 M‘ is fulfilled.

The supernsva abundarce ratiaos in Figure 7 are calculated for
abundances in the evolved supernova. But changes in the compo-
sitior of the mantle nccur through nucleer reactions in the ex-
plosion. Hainebach et al. (1976) have studisd the elemant syni-
nesis in the explosive phase and found that the changes in the
element abuncdances arc comparatively small for a star having &

\ mantle size of 5-10 M- This justifies our comparisons betwesz-
element abundances for the evolved supernova instead of comparin:

abundances in explcded mantle msiter.

In Figure 7 we also show how the N/He-ratio depends on Mony

M Nitrogen in the ejected remnant originates in the en-

ism*
velope and interstellar matter. No nitrogen caomes from the ma-:
This means that there will bz a dilution of nitrogen when the

supernova remraat is formed, and the nitrogen concentraticn in
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the remnant will be smaller than in intersisllar matter. Cosmic
radietion with the same composition as the supernova remnant
would thus show a nitrogen abundance which is reduced rela-
tive to other heavy elements in the radiation and with a N/H

source ratio which is the same as in interstellar matter.

The isotopic measurements of nitrogen presented in this paper support
the assumption that nitrogen is present in the source to a degree
which is higher than expected from the discussed theory of remnant
arigin, The two dashed lines in the N/He diagram show the valus

of the N/He source ratio when the N/CND eovrce ratio is (.05 and
0.04, respectively. The 'SN/N ratio 0.34 t (.10 in “he present in-
vestigation corresponds to the N/CND ratio eqezl to 2.08 + 0,53,
This experimental value disasrees with thr expocrted value for s ram-

nant origin by about a factcr 10 if M > 10 M, Tus giffe-

+ M,
env lsm o
rence is so large thet it seems cdifficult to accept a model wiih &
cosmic ray composition similar to that assumed for the supszrncus

remnant.,

The diszgreement between the model assumptions and the experi-
mental results depends on the low abundance of nitrogen in the
remnant. One must ask the question whether the nitrogen can be
increased in the remnant. It seems completely impossihle that

a selection mechanism exists which increases only the amount of
nitrogen in the radiativn but leaves the abundances of all othur
elements unchanged. The nitrogen sbundance car, however, be
increased by nuclsar reactions in tha envelepe before and during
the supernova explosion. One obvious-possibility is to assume
that part of the envelope has been involved in & CNC-cycle
either duriné the esvolution of the star or in the explosion
(Caughlan, 19€5; Caughlar and Fowler,197Z). These pracecses may

increas: the nitrogen content {0 Lhe remnart to the g4me leve!
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as in the radiation, without decreasing the C content so much
that it can be cbserved in the compariscn between cosmic ray
abundance and remnant atundance. However, the production of

1N in both the slow and the fast CNO-cycle must be proceeded

by the production of nuclei with mass A = 13, We must accor-
dingly expect a certain ennancement of !3C in the radiation ¢
the prccesses have taken place. Measurements of the isotopic
composition of cosmic ray carbon have been reported from sever:.
groups. Thus,Bjarle et al. (1977 have obtained a '3C/C ratin

of 0.06 *+ 0.03 at the top of the atmosphere. If this ratioc is

>

extrapolated to the source cne gets the ratic '?C/C = 0.0C + ..
(Tsao et al.,1973). Similar results are obtained by other gro.os
and there is a reneral agreement that the '3C/C quotient for i :
source is very low and approximately the same as in the mattar
the solar system. There are thus no experimental cesmic ray c.- -
bon data which support the assumption that the CNO-cycle has oei-
working in source matter., Mcore specific conclusions require

extensive calculations of the amount of '3C, !“N and '®N, which

can be produced in the supernova under different conditions.

The preferantial selection models: 1In the other explanation

of the composition of the radiation it is assumed that the scur-:
matter has a composition which is approximately the same as th:ui
of the solar system. The overabundance of certain elements in
the radiation depends‘cn a8 selsction mechanism in the source -
gion whose most characteristic feature is that the selection 2
pends on the atomic properties cof the elements. The selectiow
mechanism according tc Xristiansson (1371, 1974) is assumed :ic
depend on the cross-seztion for the icnization of neutral atom-
in collisions with fast charged particles. This mudel claims

that
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N(Z) o~ alZ) « N(2)g

where

N(Z)c R = the abundance of the element Z in the radia-

tion.
al(2) = the ionization cross-section. '
N(Z)S = the abundance of the element Z in the source.

It is assumed to be the same as in the solar

system.

In Table V data relevant for the comparisen with this model ars
assembled. Both the cosmic ray abundances and the solar system
abundances are in this case given by numbers and normalizec tc
100 for carton, The cosmic ray abundances are taken from Sha-
piro et al. {(1975) with tne exception of the nitrogen abuncan~ce,
which is computed from our experimental 'SN/N ratic. For hya-
rogen both the number above a certain velocity (8) and above a
certain rigidity (R) are given. The solar system abundances arsz
taken from Cameron (1973]). The ionization cross-sections are vz-
1id for collisions with electrons with an snergy of 80 eV

(Kristiansson,1974),

The selectior model states that the quotient N(Z)C'R./(O(Z)-N(Z)S}
has to be the same for all elements. The fifth column in Table
shows that thequotients actually are about the same for all the
elements including nitrogen. Our experimental nitroger abunz:-. . |
is thus in agreement with this source mechanism. The quotie-:

for hydrogen above constant velocity is also in agreement with
the other quotients. It may indicate that the velocity is cr.
cial in the selection. The quotient for nean seems to fall

somewhat above the otherguotisesnts but the deviation is not ur

reasonably large in comparison with the uncertainty in the --




soundance used in the guotient.

In the source model by Havues {1571) and Cass& and Goret (1573
the selection depends on the first ionization potential of the
glements. The source matter is, in the model by Cassé& and Go-
ret (1978), a low density plasma with the elemsntal compositiocn
similar to the composition of the solar svstem, possibly mode-
rately enriched with fresh products of nucleosynthesis from the
time after the formation of the solar system. The plasma exisi:z
in ionization equilibrium and the plasma temperature varies
through the plasma accorging to the relation p(T) = exp(-T/To)
with To = 10°K. The abundance of an elemsnt in the cosmic re-
diation is in the first approximation assumed to he proporticnal
to the abundance of that element and te the mean ionic fraction
of the element in the whole plasma. The abundance of the ele-

ment Z is accordingly

N,

i
N(Z]C.R.~ (N ) . N(Z]S
el 7

where ‘Ni/Nel)Z is the ionic fraction of the element Z i.e. the

fraction of atoms which are ionized.

In the sixth coiumn of Table V we show the ionic fraction norr :-
lized to the ionic fraction of silicon. The data have been =i
from the paper by Cassé and Goret (1978). Finally in the las:
column of Table V  we show a quotient which is'supposed to o=
constant if the source model is correct. It is to be noticed
that the quotient is approximately congtant for a2ll elements
heavier than hy‘rogen. Our measured nitrogen abundance is thue

in agreement also with this model. There is a remarkable devi-

ation in the hydrogen value which means that this model requi:--
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a further selection mechanism which must be especially effi-
cient for hydrogen in order to get the correct cosmic ray abun-
dance. This selection has been extensively discussed by Cassé

and Goret {1978).

Conclusion: As a conclusion of this paper we may state that cur
isotopic measurement of nitrogen supports the hypothesis that
the radiation originetes in a source having approximately the
compasition of the solar system and that a preferential selesc-
tion mechanism, which depends on the atomic properties of the
elements is working in the source when the cosmic ray nuclei

are selected.
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Figure captions.

Fig. 1. The mass spectrum of nitrogen.

Fig. 2. The mass spectrum of oxygen. The curve is a Gaussiarn

with o = 0.50 AMU.

Fig. 3. The relation between track width W and restricted

energy loss for '2C and '0.

Fig. 4. The standard deviation in a mass measurement of o:ygen

as 8 function of measured track length.

Fig. 5. Thse !5N/N ratio calculated as a functioun of the amoun!
of interstellar matter passed. E = 2xponential path
length model. S = slab model. The N/CNO ratio in
the source is assumed to be 0.00, 0.05 and G.10. The
solid and the dashed curves are valid for different
sets of cross-sections explained in the test. The
calculation is made for an energy of 300 MeV/nuclean.
Our experimental !SN/N ratio is shown to the right of

the computed curves.

Fig. 6. The ratio !'°N/N given as a function of energy for tno
N/CNO ratio in the source equal to 0.00 and 0.10. 1~
circles represent the experimental measurements repo: -

ted in Table III.




Fig. 7.
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Computed abundance quotients in supernova remnants.
The ratios are plotted as a function of the amount of
envelope plus interstellar matter in the remnant for
stars with mantle plus core size of 4 ”e’ 8 Me and :
16 "o' The dashed lines represent solar system compo-
sition (5.S.) and cosmic ray composition (C.R.) res-

pectively.




TABLE I

The errors in the mass determinations
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Expected errors in tha mass
determination (AMU)

Nitrogen Oxygen
Spread of measursments 0.41 0.43
9% excluded measurements 0.13 0.13
Error from corrections 0.11 0.11
Photometer fluctuations 0.14 0.20
Total error 0.46 6.50




TABLE II

The extrapolation of the mass quotients

‘ ISN 170‘100
N 0

Measured in the stack 0.36 0.10
Corrected for nuclear
reactions in the atmosphere 0.33 0.10
Correcterd for the
detector accantance g.34 0.10
vorrected for the
modulation 0.34:0.10 0.1020.04




TABLE III

Experimental mass ratios
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Detectar Energy 15N 79 e
Exposure ev/n N 0 0
© g jean and Plastics,
o0 1872 a Balloon ~ 130 | 0.67:0.22 |
c.wher gt al. Counter tele-
673

.wLtber and lezniak
g

sicia-Munoz et al.

2
Sk

~er and Meyer
75

“isher et al.
476
‘agen gt al,
w7

yajean et al.
a7

‘his experiment

b scope, Balloon ~ 200 0.5420,05

Counter tele-
c scope, Balloon 750 0.28%9,19

Counter tele-
d scope, Satellite] 50-180 | 0.5520.05

Counter tele-
g scope, Balloon 1500 0.45+0.07

Counter tele-
f scope, Balloon 350-600 0.420.2

Counter tele-

g scope, Balloon 250 0.57+0.08
Plastics, 0.4010.09
h Balloon 100-200 ] 0.47:0.09
i Emulsion
Balloon 200-450 | 0.34:0.10

< 0.085 | 0.025£3.57%

170'100

5 = 0.15*G.%0

*
From Meyer 1975,

U.DZ:G;D%lC.07tC.JJ
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TABLE 1V

Elemant abundances used in the study of the supernova remnant model.

Cosmic ray composition.

Mass fraction

Solar system

Mantle composition ("9)

Element above constant | above constant ;gzgoi;:;zgén 4 Ma 8 Ma 10 Me
rigidity valocity

H 0.57 0.754 0.768 - -

He 0.27 0.157 0.214 2.04 3.15 3.70
C 3,2.1072 1.81.10°° 3.43.10°° 0.253 0.546 1.18
N 0.67+407° 0.38.107* 1.23.107° - - -
0 a.5.10°" 2.58-10"" 8.29-10"" 0.18 1.57 5.6
Ne |B.4.107° 4.8-10"" 1.68+10"" 0.042 0.743 1.55
mg [ 1.5-107° 8.3-10"° 6.23+10" " 0.074 0.22 0.56

Z€

JUEN—



TABLE V

Element abundances used in the study of the preferential selection modals.

Cosm. ray | Solar system | Ionization N(Z)C R N; Ny N(Z)c R
Element cross-ssction — ( (——-) N ~ .N
abundance | abundance (10°'% cm?) o(Z)‘N(Z)S No1 Ng3 N(Z) .( i ) ( i )
z 51 S\N/ [\Ng;
Si
510" (B) 0.29 0.42
H 2.69.10% 0.65 0.44
2-10(R) .11 0.17
He 2600 1.87-10" 0.36 0.39 0.059 2.4
C 100 100 2.25 0.44 0.60 1.7
N 18 3z 1.54 0.37 0.36 1.6
0 111 182 1.67 0.37 0.44 1.4
Ne 15 29 0.62 0.83 .13 3.8
Mg 24 8.0 4.8 0.56 0.85 2.8
w
W
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Tsntonic composition of primary cosmic ray nitrogen and oxygen with
censequences for source models.

Holere: (8arrrandreg)

An expcrimental investigation of the isotopic composition of cosmic ray nit-
rogen and oxygen is reported. The detector is a stack of nuclear emulsions
exposed at about 3 g/cm* atmospheric Jdepth. The mass determinations are
based on photometric track width measurements on stopping nuclei. The stan-
Zurd deviation <f the mass measurements is 0.46 AMU for nitrogen and 0.50 AMJ
for oxygen. The energy of the measured nuclei falls in the interval

22¢:-450 MeV/nucleon at the top of the atmosphere.

The measured isotopic quotients have been extrapolated to near interstellar
pace with standard methods. The extrapolated quotients are VEN/N = 0.34:
#0,18, '76/0 = 0.02:0.03, '®0/0 = 0.07+0.03. The nitrogen quotient extrapo-
‘ated to th cosmic ray source shows that the nitrogen-oxygen abundance ra-
ti, i5 approximately the same in the source as in the solar system. The
result has been compared with different hypotheses about the source compo-
sition and is found to be in best agreement with a hypothesis, which states
that sorrce matter has approximately the composition of the solar system
and th:t 1 selection mechanism depending on the atomic properties of the

C L terstakevitav elenents is working in the source.
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