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OF COSMIC RAY NITROGEN ARD OXNYGEN

L. Jacobsson, G. Jonsson anl K. Kristiansson.

Department oi Physics, University of Lund,
223 v2 LUND, Sweden.

An investigation of the isotepic composition of
cosmic ray nitrogen ard oxyeen has been made.

As a detector we have uscd nuciecar emulsions ex-
poscd in 1970 in a balloon flight {ror Fort Chur-
chill. The mass determinations are made on par-
ticles stopping in the emulsion stack and arc
based on the rclations between residual range

and track width measured with a nuclear track
photometer. Our results extrapolated to the top
of the atmospherc are-

18y 17,18
—N_ =0.3010.11; __,"9’ O = 0.10:0.05
‘~N+15N "0+A70+’.0

Introducticn. Knowledge of the isotopic composition of the

% avy ercmcnlf in the primary cosmic radiation is of great impor-
{ ance for the understanding of the origin of the radiation. In
{his report we discuss an cxperimental investigation of the iscto-
7i1c composition of cesmic rav nitrogea and oxygen. As a detector
w. have used a small stack of nuclear emulsions which was exposed
i- a high altitude balloon flight {rom Fort Churchill, Cansda, in
Jne 1970 at a ceiling altitude of 2.6 g/cm?. The stack ccnsisted
0 61 sheets l1furd G5 emulsions (size 10 cm x 10 cm x 6060 im).
The degree of development is normal with a platcau blob density of
19 blobs/100 um four singly charged particles. All pellicles huve
been area scanncd for stopping heavy primaries.

The mean energy of thc measured nitrogen nuclei is 320 MeV/nucleon
and of the oxygen nuclei 330 at the top of the atmosphere. The
energy intervsl covered by the detector is 220-450 MeV/nucleon.

2. Tvack width neasnrements. The mass detcrminations have been
madc on nitrogen Jand oxygen nucici which stop in the emulsiun.

The mass of a nucleus has been detcrmined [rom measurements of the
rclation between track width and residual range. The track widihb
has been measurcd with a nuclear track photometer. The measurad
quantity is the light absorption causcd by a section of the track
when focused in a rectangular area decfined by a slit system in the
instrument. The slit system corresponds to an area 4 um x 33 um
in the emulsion plane in these mass measurements. The light ab-
sorpgtion m2asured can be interpreted as a photometric track width,
All tracks have been measured in the residuzl range interval

02R<1? mm. Corrcctions for depth in the emulsion and dip angle and
the plate nornalization have been made according to standard pro-
ccdures., The photometer has been described by Jénsson et al. (19704),
A short description is also given in paper (G7-8 of this confe-
rence.,
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Fig.l. The Charge spectrum {;-““;—~~“;"*"5;—
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Fig.2. The track width-ranue
relation for '“N, *°0
and '*0 in the inter-
val 1<R<12 mm.

The selection of nitrogen and oxygen tracks is made in a prelimina-
ry measurement of the charge spectrum. Part of this spectrum is
shown in Figure 1. The mecasured paranmcter ¥ is equal to the mean
value of the track width in the tanne interval 0<R<12 mm. W is
given in arbitrary units. The scparation between the particle
groups is sufficicnt- to avoid mistakes in the selection of the
tracks.

3. Track width - range relation. Figurc 2 shows the relation bot-
ween track width, ¥, and residual runge, R, for '*N, '°0 and !'‘0,
The difference in track width for the same range amounts to ahout
1.4% per mass unit both for nitrogen and oxygen. The experimental
points show how.the measurements of one !*N track and onc '®0 track
are distributed along the mcan curves., The distribution around

the mean curves gives au iJea of the precision in the track width
measurenents in relation to the distance between adjacent mass
curves.

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

W - (g

“he relation means that all particles having the same charge also
have the same track width-range 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 W-mcusurements 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
Jonsson et al. (1970b) and the method is also shortly described in
paper 0G7-8,
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4. Mass spectrum of nitrogen. Figure 3 shows the distribution cf
the masses of 25 nitrogen nyclei. We have accepted parjicles whose
zenithangle is less than ~5° and Jdip angle luss than 337 and whidh
do not show any visible interaction in the emulsion stack.

The position of the mass scale 1in
Figure 3 cannot be determined ac-
curatecly from considerations about
which stable and unstabie nitrogen
isotopes possibly exist in the mass
spectrun. We have therefore detcr-
mined the mass scale through an in-
terpolation procedure based on the
.experimental track width-range re-
lations for '2C and '®0. The star-
ting point for this interpolation
is the fact that the track width
can be described by the ionization
paranmeter restricted energy loss,
REL, and that the W-REL relation is
to the first approximation inde-
pendent of the particle charge Fig.3. The mass spectrum of
(Jensen et al. 1972). nitrogen.

KNUMALE N

The restricted energy loss for a

particle with the charge nunmber 2

and the velocity Bc is computed from the relation given by BRarkas
(1963).

’)'222.
2nrnlie* cnc By %o

REL = 1n
Blm C2 12
where w_ is the chosen energy limit for secendary electrons, T is
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 corr-ection at low velocities. All
other constants have their usual meaning.

- g2 - 2 C(B)

It is reasonable that the value chosen for the parameter w_ corres-
ponds to the effective maximum range for é-rays which is c8vered

by the slit in the photometer. We have chosen w, = 20 keV and

I'= 331 eV. It should be stressed that the califration of the nit-
rogen mass scale is very inscnsitive to the precise values for w,
an 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 mm and the oxygen points to
the interval 2.0<R<10.8 mm. The point strings of thc two charges
nearly coincide in a large REL interval in spite of the different
nuclear charge numbers in agreement with e¢arlicr measurcments
(Jensen et al, 1972), We have interpolated hetween 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 i the
mass scale to be about 0,1 AMU.
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Fig.4. The relations bet-

ween track width, W, Fig.5. The calculated a-

and restricted ener- tio of ‘52/(’"N¢

%; Yoss, REL, for +15Ny in thp 1A
C and ‘t0. cases descrited in

the text corpured
wilh our 2oxperi-
mental value.,

(V)]

3 Isotcopic composition of nitrogen. lhe isoto composaticn of
nitrogen at thc point ot measurement (- N/ (178 = 0.32) has beun
extrapolated to the top cf the atmosphere with standevd meinods,

FThe cross-~scctions have been derived from data in the paper &y Sii-
berberg and Tsao (1973) and from reccent rmeasurcncnts of nucleuvs-
nucleus cross-sections by Lindstroaw et @i, (1975). We have conpu-
tcd the fragmentation production in the interactions with the air
nuclei from the observations reperted by Lindstrom et al. that the
cross-section cf a nuclcus-nucleus intcraction can be factered into
beam-fragment and target terms. /The target facter is with good
approximation proportional ta A'/* ywhere A is the target mnss num-
ber. Thc cross-sections and the cross-scction relaticns are vajid
for particles of an encrgy of akout 2 GeV/nuclcon. This may give
rise to an error in our extrapolation oy mucltei with an enerpy of

a few hundrcd MeV/nucleon but this errcr is most probably smali.

The cosmic ray comnosition at the top of the atmosphere has been
tzken from Shapivo et al. (1973).

The isotopic composition at the top of the atmosphere is found to
be Y3N/(P*N+'5N) = 0.30:0.11. 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
calculations by Meneguzii et al, (1971). The upper curve shows the
isotopic ratio at the tcp 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. Our result strongly supports this
assumption.

Our abundance quotient is appreciably lower than some €arly resulrts
reported by Webber (14571) ard Beaujean and btnge (1372) for approxi-
mately the same energy. It is in butter agreement with later re-
sults reporied by Beaujean et ul). (1973) and Webber and Leznial
(1974) whick, however, showed larger ervors in the mean mass doter-
minations.
6. Isotopic coemposition of oxyeen.
Figure ¢ shows tie muss C.wericution
of 78 oxygen nuclci. [t is assu.;ed
that the main peak is an '*0-pcak.
The standard deviation is abhout 0.5
AMU if the mass values of a nuclide
are normally distrituted. To estima-
te the number of '70+!%0 among the
measured particles we have procecded
as follows: We¢ have calculated the
number of ‘%0 and ligther oxygen iso-
topes which are produced in inteorac-
tions in the atmosphere and in the
emulsion and which can be assumed to
exist in the measured mass spectrum.
Then we have assumed that the ‘0
distritution is svmmetrical with
equally large “"tails'" in the '°0 dist-
ribution and in the !'?0+'%0 distribu-
tion,  This gives the number of Fig.6. The mass spectrum of
0+°7°0 in the spectrum. At the oxygen.
point of measusement we have cbtaincd
the ratio ('70+'%0)/('%0+'70+2¢0)=0.12.

The mass spectrum has been extrapolated to the top of the atmosplhere
vith the cross-scctions computed in the same way as in the nitrcgen
extrapolation. The result is ('70+'f0)/('60+'70+180) = 0.1020.05

or by mass representation M = 16.13+0.07 A, Our result is in fair
agreement with the resuit of the computations of isctopic abundances
at the top of the atmospherc made by Tsao et al. (1873). These
authors have obtained a 4,5% abundance of °

MARER OF BARILLES

*70+4'%0 for relativistic
oxygen whose path length through intcrstel)ar matter was taken to

be cf the form exp (-0.24x) with a linzar risc between 0 and 1 g/cm?.
1t was further assumed that the scurce composition of oxyger was

the same as in normal stellar atmosphercs.
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