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AN EXPIIRJMENTAl. STUDY OF TI!K ISOTOP! C COMPOSITION
OF COSMIC RAY NITUOGEN AMD OXYGEN

L. Jacobsson, G. Jönsson anJ K_̂  Kristiansson.

Department oi Physics, University oi Lund,
223 02 LU.\:>, Sweden.

An investigation of the i-;otcpic composition of
cosmic ray nitrogen and oxypen has been mr.de.
As a detector we have used nuclear emulsions ex-
posed in 1970 in a balloon flight 1 ror. Fort Chur-
chill. The mass determinations are made on par-
ticles stopping in the emulsion stack and arc
based on the relations between residual range
and track width measured with a nuclear track
photometer. Our results extrapolated to the top
of the atmosphere are

« _ -0.3040.11; "t-JL_ . 0.10*0.05
»*N+1SN »•o+^O+^O

Tntroductirr.. Knowledge of the ir.otopic composition of th?
H Ivy eic»öhtr in the primary cosraic radiation is of great impor-
l ince for the understanding of the origin of the radiation. In
t"»is report we discuss an experimental investigation of the isctu-
fjc composition of ccsmic ray nitrogen and oxygen. As a detector
we have used a small stack of nuclear emulsions which was exposed
i a high altitude balloon flight from Fort Churchill, Canada, in
Jvne 1970 at a ceiling altitude of 2.6 g/cm2. Hie stuck consisted
Oi 61 sheets Ilford GS emulsions (size 10 cm x 10 cm x 600 v.m).
The degree of development is normal with a plateau blob dens it/ oi'
19 blobs/100 urn fur singly charged particles. All pellicles ha\e
been area scanned for stopping heavy primaries.

The »ean energy of the measured nitrogen nuclei in 320 MeV/nuclcon
and of the oxygen nuclei 330 at the top of the atmosphere. The
cnerg/ interval covered by the detector is 2 20-450 MeV/nucleon.

2. TvacV width reeasMrcipnts. The mass determinations have been
nut do on"*nTt"rogen anu oxvgen nuclei which stop in the emulsion.
The mass of a nucleus has been determined from measurements of the
relation between track width and residual range. The track width
has been measured with a nuclear track photometer. The measured
quantity is the light absorption caused by a section of the track
when focused in a rectangular area defined by a slit system in the
instrument. The slit system corresponds to an area 4 un» x 33 urn
in the emulsion plane in these mass measurements. The light ab-
sorption measured can be interpreted as a photometric track width.
All tracks have been measured in the residual ran«e interval
0<R<l? mm. Corrections for depth in the emulsion and dip angle and
the plate normalisation have been made according to standard pro-
cedures. The photometer has been described by Jönsson et al. (1970u).
A short description is also given in paper OG7-8 of this confe-
rence.
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Fig.l. The Charge spectrum i ^

Fig. 2. The track widtb-ran«je
relation for 11#N, " 0
and l*0 in the inter-
val 1<R<12 mm.

The selection of nitrogen and oxygen tracks is nade in a prelimina-
ry measurement of the charge spectrum. Part of this spectrum is
shewn in Figure I. The measured parameter ft is equal to the mean
value of the track width in the ran.",e interval 0<R<12 irm. W is
given in arbitrary units. The separation bctv.-een the particle
groups is sufficient- to avoid mistakes in the selection of the
t racks.

3^ Track width - range relation. Figure 2 shows
ween t Fack "w i <fth, l\, and residual range, R, for '
The difference in track width for the same range
1.41 per mass unit both for nitrogen and oxygen,
points show how the measurements of one **N track
are distributed along the mean curves. The distr
the mean curves gives »n iJea of the precision in
ueasurentents in relation to the distance between
curves.

the relation bot»
"N, " 0 and I#O.
amounts to about
The experimental
and one IS0 track
ibution around
the track width

adjacent mass

For particles of the same charge the relation between track widt!,,
W, mass, M, and residual range, R, can formally be written

K " f(|Ej)

The relation means that all particles having the same charge also
have the same track width-rang* relation, if the residual range is
scaled by the factor 1/M. In the determination of the masses of
the particles measured the scaling factors are computed by a least
squares method in which the experimental ^-measurements have been
fitted to the W(R) relation for the charge in question. The de-
tails of the procedure of calculation are given in the paper by
Jönsson et al. (1970b) and the method is also shortly described in
paper OG7-8.
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4. Mass spectrum of nitrogen. Figure 3 shows the distribution cf
the masses of 2 5 ni trogen nyfclci. U'c have accepted particles whose
zenith angle is less than "S1" and dip angle loss than 33 and whiih
do not show any visible interaction in the emulsion stack.

The position of the mass scale in
Figure 3 cannot be determined ac-
curately from considerations about
which stable and unstable nitrogen
isotopes possibly exist in the <nass
spectrum. We have therefore deter- i
mined the mass scale through an in-
terpolation procedure based or. the
experimental track width-range re-
lations for 12C and l 6 0 . The star-
ting point for this interpolation
is the fact that the track width
can be described by the ionizatiun
parameter restricted energy loss,
REL, and that the W-REL relation is
to the first approximation inde-
pendent of the particle charge
(Jensen et al. 1972).

The restricted energy loss for a
particle with the charge number Z
and the velocity gc is computed from the relation given by Parkas
(1963).

2ncJS2Y2 w
In ° - g2 - ? C(B)

cL.fi,

The mass spectrum of
ni trogen.

RliL 2ifnZ*e*

"m C I
I iswhere w Q is the chosen energy limit for secondary electrons,

the mean ionization potential of the atoms in the emulsion and C(B)
is a correction term which accounts for the density effect at high
velocities and for the shell correction at low velocities. Alt
other constants have their usual meaning.

It is reasonable that the value chosen for the parameter w corres-
ponds to the effective maximum range for 6-rays which is covered
by the slit in the photometer. We have chosen w = 20 keV and
I « 331 eV. It should be stressed that the calibration of the nit-
rogen mass scale is very insensitive to the precise values for w 0

and I.

Figure 4 shows the relation between track width W and restricted
energy loss REL for '?C and " 0 . The carbon points correspond to
the residual range interval 1.3<R<7.1 mn and this oxygon points to
the interval 2.0<R<10.8 mm. The point strings of the two charges
nearly coincide in a largo RLL interval in spite of the different,
nuclear charge numbers in agreement with earlier measurements
(Jensen et a).. 1972). We have interpolated between the oxygen and
the carbon points to fix the mass scale for the nitrogen isotopes
in Figure 3. We have estimated the error in the position el :ht
mass scale to be about 0.1 AMU.
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I sotooic c o m p o s i t i o n o ; n i t r o g e n .
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ext rapola ted to the top oi the atmosphere
The c r o s s - s e c t i o n s have been derived from
beiberg and Tsao (1973) and from recent ir.
nucleus c r o s s - s e c t i o n s hy Lindström et ni

P i p , . 5 . The c a l c u l a t e d r a -
t i o o f ' ° • . / ( ! ",\ +
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I n e i s o t o p i c compos3 t i o r . o f
. i •'} •• ii.I?.)

nds vd met
the paper

S i i r e i i i e r i t s o f ruic
( 1 9 7 5 ) . We have

with s t
data in

has bv
.ods .
by S i l -

c o n n u -
the air
that the

y
ted the f ragncntat i on production in the interact i oiis with
nuclei fron the observations reported by Lindström et al.
cro.ss-section of a nucleus-nucleus interaction can he factored ioto
bensn-fragment and target terns. .The target factor is with j?ood
approximation proportional to A where A is the target ;;:r;ss num-
ber. The cross-sections and the cross-r,ec:t i on relations arc va] id
for particles of an energy of about 2 GeV/nud cor.. This may fjivo
rise to an error in our extrapolation oi* nuclei with an energy of
a few hundred MeV/nucleon but this error is most probably small.
The cosmic ray composition at the top of the atino?phrre has been
taken from Shapiro et al. (1973).

The isotopic composition at the top of the atmosphere is found to
be 1 SN/("N*"N) • 0.3010.11. The error given is only the statis-
tical one based on the number of measured particles.

We have in figure 5 compared our experimental quotient with the
calculation:; bv Mencguzzi et al. (19','J). The upper curve shows the
isotopic ratio at the top of the atmosphere calculated with the
assumption that the source is devoid of nitrogen. The lower curve
is based on the assumption that the source contains a normal stel-
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lar abundance of nitrogen
assumption.

Our abundance quotient is
reported by V.'ebber (l^i)
mately the same energy.
suits reported by Beaujeat
(1974) which, however, showed luge
mi nar. ions.

Our result strongly supports this

than scmo early results
nge (I3"2) for npproxi-

appre i i a M y I owe r
r.i.J Beauj.-an and „ . .
It is in hitter agreement with later re-
et al. (1975) and V.t'iber and I.eznia!-.

,'rrors in the ncan nass iK.tcr-

6. O 1Isotopic ccrip q si t i on
l*"igure~X shows c ne rnû s d-.;>
of /S oxygen nuclei. ft is
that the main peak is an 160-pc;ik.
The standard deviation is about 0.5
A.MU if the mass values of a nucli.k*
are normally distributed. To estima-
te the number of 170*lt0 among the
measured particle? we ha\c proceeded
as follows: V.'e have calculated the
number of 1SO and ligther oxygen iso-
topes which are produced in interac-
tions in the atmosphere and in the

which can be assumed to
measured mass spectrum.
assumed that the iC0
is symmetrical with

Tig.6. The mass
oxygen.

spectrum of

emulsion and
exist in the
Then ve have
distribution
equally large "tails" in ti-e 150 dist-
ribution and in the 1 70* 1 80 distribu-
tion. This gives thy number of
J 7O* I 8O in the spectrum. At the
point of measurement we have obtained
the ratio ('70*'*O)/(3$0+'7o*1e0)*0.12.

The mass spectrum has been extrapolated to the top of the atmosphere
with the cross-sections computed in the sar:e way as in the nitre.tjen
extrapolation. The result is (170+'f 0 ) / f' 60+ ' 70*1 *0j « O.lO-'.O.lS
or by mass representation M = 16.13*0.07 AMU, Our result is in fair
agreement with the resuit of the computations of isotopic abundances
at the top of the atmosphere made by Tsao et al. (l-'73). These
authors have obtained a 4.5" abundanct- of : 7O* 1 BO for relativist ic
oxygen whose path length through inter.», tcl) tr matter was taken to
be cf the form exp (-0.24x) with a linear r'se between 0 and 1 g/cm2.
It vas further assumed that the source composition of oxygcr xas
the same as in normal stellar atmospheres.
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