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auu't-ar '-rack photo;neter which is described in some detail.

ho .;harge spoctrua is extrapolated to the top of the atrao-

irhcre and comparisoas with other measurements are made. Spe-

cial e;;iphasLS i? put on the abundance ratios (Sc-Mn)/Fe,

Ti)/(V+Cr) and N'i/Fc.



1 . IntroJuct ion

In the last few years the composition of the cosmic radiation

around iron ind down to silicon has been studied with large

detector .--ystems exposed to the radiation in high altitude

balloon flights. The statistical errors ir rhe abundances

measured in these experiments are small. However, a compari-

son of abundances measured in different experiments shows dif-

ferences which are larger than those expected from the statis-

tical errors only [1]. The differences may indicate the exi-

stence of non-negligible systematic errors inherent in certain

detector systems.

In many detectors, the components of the system arc thick ic.

order to improve the charge resolution. Ei't- in thick detec-

tors a considerable fraction of the cosmic v\y particles are

split up in interactions with nuclei of the detector materia:

For those interaction? in which the primary particle \s robbed

of only a few nucleons it may be difficult to unmask whnt has

ocurred. The event is possibly interpreted as a particle with

somewhat lower charge tlrin the primary nucleus and is not ex-

cluded by applied acceptance criteria. In our charge region

the effect is especially serious for the determination of the

abundances of the relatively rare elements with atomic number

just belt»* thac of iron [2]. Clearly, good statistics does

not by itself guarantee a good measurement of the detailed

composition of the elements with 21 < Z < 25. To reveal the

existence of possible errors ir the abundances in this charge

region it is important to measure the charge spectrum with

detectors that are widely different. This is one reason foc-

using track detectors such as nuclear emulsion.
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Some years ago it became evident that the cosmic ray compo-

sition depends on the particle energy., the secondary partic-

les in the radiation being relatively less abundant at high

energies [3,4,5,6]. Some recent experiments also seem to indi-

cate that certain ratios between primary nuclei vary with the

particle energy. These compositional variations may indicate a

composite source system [7] and are accordingly of the utmost im-

portance for the understanding of the rrdiation. For a systematic

study of these variations it will be necessary to measure charge

and isotope spectra in as narrow energy intervals as possible.

The present paper deals with an investigation of the charge

spectrum of heavy nuclei with 14 < Z < 28 and in the energy

interval 400-800 MeV/nucleon. It is made with stacks of elect-

ron-sensitive nuclear emulsions as the detector. In such a

detector events incorporating a nuclear collision in the de-

tector can be removed with high efficiency by visual examina-

tion and we are convinced that the systematic errors arising

in collisions in the detector are small.

We have already published a measurement of the element compo-

sition of cosmic rays from silicon to nickel made in a stack

of nuclear emulsion sheets exposed in 1967 at Fort Churchill [8].

To improve the statistical accuracy, we have now added the charge

spectra of two more stacks exposed at the same place in 1970.

A preliminary charge spectrum based on the 1967 result and part

of the 1970 data was published at the Denver Conference [9].

The particles, which all stop in the emulsion, are identified

by track width measurements with a nuclear track photometer.

This instrument is described in section 2, In the next section

we describe the emulsion stacks, the exposure data, the correc-



tions to the photometric tra'k wi !th measurements ana the

methoJ of identifying the partial ?. la secion 1 we present

the total charge spectrum and extrapolate it to the top of" -ho

atmosphere. Finally, in the last seetior we .rompa re our spect-

rum with other measurements ana discus? some cone I;is iens which

can He drawn tron the relative abundances of the elements.

2. The •'.uclear track photometer

Figure 1 shows schematically the construction of the photome-

ter. The main part of the instrument is a microscope, th? or-

dinary eyepiece of which has been replaced with an optical

system including a slit sy.-tem, diaphragms and a phot omul t i-

plier [10].

The ordinary microscope stage ha.; been rebuilt so that the

emulsion plate on the stage can be moved along two perpendi-

cular directions (the x- and y-directions) by means of micro-

meter screws. ft is also possible to turn the emulsioi: in

sur.h a wray that the track becomes parallel to the x-direction

- the direction of track movement during the measurement.

A segment of the track is illuminated through a condenser with

a high numerical aperture. This makes the measurements relati

vely insensitive to other tracks ana disturbances in the emul-

sion above and below the track. The track and the slit can be

viewed by the operator through a small reading-microscope,

Leitz MZ 25. Before a measurement is made, the track is cen-

tered in the slit and focused. The slit is made of four thin

wires. The length of t h ö slit corresponds to 50 pm in the erru

sion plane and the widtn to 20 urn and 25 pm, respectively, in

the 1967 and the 1970 stacks. When the mirror is turned out
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of the pencil of light, a new image is formed in the plane of

the movable diaphragm by a lens. The diaphragm stops all light

passing outside the slit. The beam passes through an interfe-

rence filter and a ground glass to the cathode of a photomulti-

plier. A wavelength interval in orange has been chosen for the

interference filter to minimize the influence of light scatte-

ring in the emulsion above the track. The ground glass serves

to spread out the light over the surface of the photocathode.

The amount of light reaching the photomultiplier through the

slit is ideally proportional to the slit area reduced by the

projected area of the track segment covered by the slit. To

determine the light absorption of the track segment we also need

to measure the light through the empty slit. This background

is measured in the emulsion at both sides of the track. It

is performed by moving the diaphragm until its double slits are

in the light cone. The wire slit is shadowed and the light

from both sides of the track is directed towards the photomul-

tiplier.

The photomultiplier signel is automatically digitalized and

punched on paper tape. An electronic control unit steers the

switching of the signals as well as the movements of the mirror

and the diaphragm. A block diagram of the electronic system is

shown in Figure 2. It is described in detail by Behrnetz

et al. [111.

When the operator presses a button on the control panel a mea-

suring cycle is initiated and the following readings are taken:

1) The voltage from a potentiometer mechanically coupled to

the fine focusing knob of the microscope. This signal

provides inforaation about the depth of the track section
. • \

Z.J
m>
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in the emulsion. It is needed for the elimination of the

depth dependence of the track width measurements.

2) The signal S1 from the photomultiplier illuminated with

light passing the central slit.

3) The signal S^ from the photomultiplier illuminated with

light from the background areas at both sides of the track.

Together with these three signals digital information is regis-

tered, such as track identification number, emulsion plate num-

ber, date and operator identifier. There is also a facility

for the operator to register information about emulsion distur-

bances.

The signals S1 and S- are made equal for empty slits electronical-

ly. We define a photometric track width value W for the track

segment by W = ( S J - S ^ / S J . After a measurement has been comple-

ted, which takes about 2 seconds, the track is moved one slit

length along the x-direction and the next measurement is made.

Normally a track is measured 200 to 400 slit lengths, beginning

from the track end. Thus, the measurements cover the last

10-20 mm of projected residual track length. In most cases,

it is necessary to measure the track through several emulsion

plates. The average measuring speed is about 20 mm an hour.

The constancy and the reproducibility of the instrument are

quite good. The drift in W is less than 0.2 per cent per 100

days and the standard deviation of the mean of 100 W-measurements

of a calibration track is 0.12 per cent.

3. Experimental details

3.1 The emulsion stacks

All three stacks were composed of Ilford GS sheets with a thick-



6.

ness of 600 ym. The first stack is described by Söderström et al.

[8]. It was exposed in a baiioon flight from Fort Churchill in

July 1967. We used a part of the stack consisting of 65 emulsion

sheets of size 10x10 cm2. The two other stacks, 65 and 61 pel-

licles, respectively, all of the dimensions 10x10 cm2, were expo-

sed in the summer of 1970. The exposure times for all three stacks

were in the interval 10-13 hours and the residual atmosphere at

the ceiling altitude was 2.6 - 2.8 gem" . The plateau blob den-

sity of the 1967 emulsions was 18 blobs/100 ym, and for the 1970

emulsions, 19 blobs/100 ym in tracks of singly charged particles.

3.2 Scanning

The emulsions of all the three stacks were area-scanned for

stopping particles. We are primarily interested in the nuclei

with Z > 14, but all tracks with a charge visually estimated to

Z > 8 were measured in a preliminary measurement. In the 1967

stack, we also measured some tracks, and in the 1970 stacks all

tracks with 3 < Z < 8 in order to calibrate the charge scale.

We are confident that the scanning and selection efficiency is

close to 100 per cent for nuclei with Z > 14.

The measured tracks were carefully scrutinized along their whole

length to make sure that interacting nuclei were excluded. A

microscope with a 25x air-spaced objective was used. In this way,

even interactions with a charge loss of one unit can be discovered.

3.3 Selected measurements

We have preferred not to use the upper and lower 10 per cent

of the emulsion thickness. In the 1970 stacks, measurements

were selected in such a way that the mean of the depth coordinates

of the measurements of a tracx in an emulsion plate corresponds



to the middle of the emulsion plate [12]. Such a selection

reduces the possible error? in the correction which is intended

to eliminate the dependence of the measurements on the depth in

the emulsion.

In measurements with counter telescopes it is often necessary

to reject events in which one or more of the signals are dis-

turbed in some way. The situation is different with our tech-

nique as no event has had to he rejected, if it is accepted by

our final scanning criteria, vhich are of a geometrical nature.

Only parts of tracks have been excluded due to emulsion distur-

bances. The number of excluded measurements amounts to but a

few per cent.

3.4 Corrections to the raw data

It is necessary to correct the photometric track width values W

for dependence on light scattering in the emulsion, emulsion ir-

regularities and geometrical effects. The corrections have been

applied according to the standard methods used by the Lund group.

The most important corrections are for variation of W with the

depth in the emulsion, for differences between the emulsion

plates and for variation with the dip angle of the track in the

emulsion plate. For the 1967 stack the corrections are descri-

bed by Behrnetz et al. [13], and for the two 1970 stacks by

Behrnetz [12].

3.5 Charge identification

In the above mentioned technical reports [12,13], the method of

determining the atomic number of * measured particle is described

in detail. Only a brief outline of the identification method

is therefore given in this paper.

f
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The preliminary charge spectra of the different exposures

showed two main peaks, which were easily identified as belong-

ing to silicon and iron. Other peaks in the preliminary spectra

could be assigned to other even-charge elements (Ne, Mg, S, Ca).

The relations between track width W and residual range R were

determined for these elements. The relations for the elements

lying in between were then obtained by an interpolation proce-

dure. Finally, the charges of all measured particles were de-

termined by comparisons between the measured track widths and

the W-R relations.

The relations between V and 2 with the residual range R as a

parameter have been found to have a remarkably simple shape in

these measurements. For the 1970 exposure, it was found that

the W-Z relations were linear within the errors of measurements.

For the 1967 stack, we found a small but significant deviation

from the linear W-Z relations, which, however, did not give

rise to any difficulties in the interpolation. The differen-

ce between the two sets of W-Z relations mainly depends on a

difference in the slit widths of the photometer in the two mea-

surements.

A further study of the relation between track width and atomic

number has recently been made by Behrnetz [14]. Starting with

the track formation theory by Katz and co-workers [15»16], as app-

lied to nuclear track photometry by Mathiesen [17] and Jensen

and Mathiesen [18], he has calculated the expected W-R relations

fez the elements silicon through nickel for the slit systems used

for the 1967 *nd 1970 exposures, respectively. His results agree

remarkably well with the nearly linear W-Z relations for constant

R, which we have found, and are accordingly a strong support

i
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for our calibration curves. Figure 3 shows the calculated de-

pendence of W on Z for four different residual ranges in the

measurement of the 1970 exposure. The open circles represent

the calculated W values; the straight lines are drawn between

the silicon and the iron points to show the close linearity of

the calculated W-Z relations.

4. The abundances of the elements

4.1 The charge spectrum

The final distribution of the charge of the measured particles

in all three stacks is given in Figure 4. Since each track must

have a zenith angle less than 60° and the number of accepted

measurements must be greater than 100, 276 particles Kith

charge Z > 14 remain. 90 per cent of the silicon nuclei had an

energy at the top of the atmosphere in the interval 350-650

MeV/nucleon. The corresponding interval for iron is 450-950

MeV/nucleon. We have combined the data from the three stacks

in spite of the fact that the stacks were exposed at different

times in the solar cycle.

The standard deviation of the largest peaks in the charge dist-

ribution amounts to about 0.3 units of charge. This is larger

than the 0.16 charge units obtained from the spread of the W

measurements of each track. The discrepancy is mainly due to

the difficulty of determining the various corrections from the

low number of tracks available in each stack. A heavier expo-

sure would probably improve the corrections.

4.2 Calculation of relative abundances

Each particle was given a weight exp(R/A), where R is the particle

range in the emulsion stack and A is the charge-dependent inter-
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action mean free path in emulsion. These weights were summed

for each element.

To achieve unbiased relative abundances at the exposure level,

corrections for the detector geometry must be applied. We have

determined the geometrical factor as a function of particle

energy with Monte Carlo technique. In order to make possible

comparisons of intensities of different elements without exclu-

ding a large part of the observed particles, we assumed that

the energy spectra of the elements had the same shape in this

energy interval. This procedure is described in detail by

Söderström et al. [8]. The relative intensities calculated in

this way were extrapolated to the top of the atmosphere by means

of a one-dimensional diffusion equation.

5. Comparisons and discussion

5.1 Comparison with other charge spectra

In Table I we compare our data with some other measurements.

The abundances are given relative to iron. The errors given

are in most cases purely statistical. Cartwright et al. [19]

have also included uncertainties in charge assignment and energy

normalization. Benegas et al. [20] have included errors from

the extrapolation to the top of the atmosphere.

The data of Cartwright et al. were obtained with satellite-borne

counter telescopes with solid state and scintillation detectors.

They give a total abundance for manganese, iron and cobalt. In

normalizing their abundances to iron, we have assumed a Mn/Fe

ratio of 0.12 and a Co/Fe ratio of 0.02. The other measurements

were made with balloon-borne equipment. The charge spectrum

of Webber et al. [21] was obtained with a counter telescope with
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(Jerenkov and scintillation detector elements. The experiments

of Orraes et al. [1], Lund et al. [22] and Benegas et al.[20]

are all made with counter telescopes, equipped with arrangements

for the tracing of particle paths. The instrument of Ormes

et al. is a scintillation-Qerenkov detector telescope with a

digitalized wire srark chamber. We have extrapolated their data

through 5 gem" of natter to the top of the atmosphere. Lund

et al. used a scintillation-ferenkov detector telescope and

the track-tracing arrangement consisted of neon flash tubes.

Their results are only preliminary. Benegas et al. used a te-

lescope composed of pulse ionization chambers, a lucite £eren-

kov detector and a scintillation hodoscope. Their data were

extrapolated to the top of the atmosphere from growth curves for

the ratios of the various elements to iron as a function of

atmospheric depth.

The general impression of Table I is that the results of the

various groups do not agree too well. The new results presen-

ted at the Munich conference have made the disagreement more

pronounced. It seems to be especially large for some of the

less abundant elements, but also the frequencies of common ele-

ments show large differences in some cases. For example, the

charge spectra of Ormes et al. [1] and Lund ct al. [22] show a

larger value of the ratios Si/Fe than previous measurements,

A possible reason may be the charge-dependent selection effects

in the criteria for acceptance of a particle [22].

Our manganese abundance may be somewhat influenced by the limi-

ted charge resolution and the proximity to the dominating iron

peak. The low abundance of titanium, which appeared in our 1967

measurement [8], still remains and is almost statistically sig-
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nificant. The implications of a low abundance of this element

will be discussed below.

:i. 2 The i dative abundance of iron secondaries

It is well established by ucw that the nuclei of the elements

with 21 < Z < 25 in the cosmic radiation are mostly secondary.

The ratio of the total abundance of these elements to the uuvr

dance of iron is, therefore, a good measure of the amount of

natter traversed.

Assuming a common path length (sla*̂  lengtn) in interst ;i' ~ r : d

ter for all heavy cosmic rays and a pure iron source, we o'< .,-•

a slab length of about 2.0 gem" from the ratio (Sc-Mn)/!7' -

- 0.60. The calculation has been made for a particle ei.e-jy <

1000 MeV/nucleon usipg an interaction mean free path f c t ir<_

of 2.5 gem

purely exp

A = 4 .1 gem

"2 The same value of tiie ratio is obtained fo" .

purely exponential path length distribution exp (-x/A) wit't

- 2

figure 5 shows ^one measured values of the ratio at medium ent. •

gies. The data seem to indicate a decrease in the ratio wi'cu

increasing energy. A weighted least squares fit gives an app-

roximate energy dependence E ' ' . The energy coordi-

nates of the points in the figure are in some cases not very

well defined. The relative abundances are given for very wide.

energy intervals and the energy loss due to the solar modulati*

at the different times of measurement in the solar cycle is \.<.

taken into account. Small systematic errors may also exist I ,i

the measured ratios. However, we do not believe that these ef-

fects can influence the energy dependence considerably.

A decrease with increasing energy in ratios between secondary
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and primary nuclei in the cosmic radiation has been observed

in several experiments in the interval 5-100 GeV/nuclson [B.^.S.e1

Such a decreasing ratio can be understood if the lifetime of

cosmic rays in the Galaxy is energy-dependent due to a more ef-

ficient leakage of the high energy particles. The small decrease

in the ratio (Sc-Mn)/Fe shown in Figure 5 may, however, be

caused by the energy dependence of the cross-sections for produc-

tion of the nuclei in the Sc-Mn interval. Recently, Perron [23]

has calculated the (Sc-Mn)/Fe ratio as a function of energy

taking into account the energy dependence of the cross-sections.

His calculations show that it is possible to find propagation

models which have an energy dependence of the ratio about as

large as that observed.

We have also applied the model of Lundgaard Rasmussen and

Peters [24], based on a combination of old sources and a new

one. The cosmic radiation from the old sources is assumed to

have reached equilibrium between production from the source and

fragmentation in the inteistellar hydrogen. The new source may

be a nearoy supernova and it is assumed as a first approxima-

tion that the cosmic rays from this source have not traversed

any matter. It is an attractive feature of this model that both

the energy problem and the problem to get rid of the radiation

fast enough, which are typical for the usual diffusion models,

are much less severe.

From the assumption that the elements from manganese to scandium

are secondary products of iron from the old sources, we have

calculated the fraction f of iron particles from a new source.

Partial cross-sections werr calculated with the formula of

Silberberg and Tsao, [25] ana total cross-sections were taken
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from Shapiro and Silberberg [26;. The ratio (Sc-Mn)/Fe = 0.60

gives f w 0.40. Excluding manganese, which miy be influenced

by poor resolution, we obtain from (Sc-Cr)/Fe - 0.40, the valu^

f w 0.54. This is far from the value f *a 0.93 obtained by Lund-

gaard Rasmussen and Peters from the assumption that Li, Be and

B are secondary. They point out, however, that too little of

the elements in the sub-iron group is produced if f = 0.93, and

they therefore assume, that some matter is traversed by the cos-

mic radiation in the new source.

5.3 The ratio (Sc+Ti)/(V+Cr)

So far we have discussed the total number of 3econdaries with

21 < Z < 25, but we can also extract information from the de-

tailed composition in this charge region [27,28,29]. The ratio

q = (Sc+Ti)/(V+Cr) depends, at least in most cosmic ray models,

on the energy at which matter has been traversed, due to the

energy dependence of the fragmentation parameters. Thus, the

value of this ratio can tell whether all matter has been traver-

sed at the full particle energy or if some matter has been tra-

versed at a relatively low energy during the acceleration. The

ratio will be less, the more matter is passed at low energy.

The ratio q has been calculated by Lindstam [29] with different

assumptions about accele:ation and distribution of matter. The

top part of Table II shows some of the acceleration mechanisms

that he has studied. As one extreme he has included the possi-

bility that all matter is traversed at 1000 MeV/nucleon (momen-

tary acceleration), which is approximately equal to the energy

of the particles in this experiment when they reach the solar

system. A slightly modified version of the Fermi mechanism is

also included as well as the magnetic pumping mechanism. A
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mechanism with a large part of the matter traversed at low

energy is obtained if we arbitrarily assume fiat the energy

gain is proportional to the square of the momentum per nucleon.

For the slab model, Lindstam assumed that 1 gem of matter wa<

passed in the source during the acceleration and that another

1 gem was traversed at 1000 MeV/nucleon in interstellar

space. Calculations were also made for the exponential path

length distribution with A = 4.1 gem . In this case particles

with path lengths less than 1 gem were assumed to traverse all

matter in the source.

Experimental values of the ratio q are given in the lower part

of Table II. The disagreements between the experimental ratio:

are too large to allow any firm conclusions as to the accelera-

tion mechanism, but most ration seem to support a traversal

of matter at high energy.

We have also calculated the ratio q in the model of Lundgaard

Rasmussen and Peters [24] assuming that the elements determining

the ratio q are secondary products originating entirely from the

old equilibrium source. The value q = 1.03 obtained with this

model is possible to reconcile with experimental values.

5.4 The nickel abundance

The ratio Ni/Fe is important in determining the physical condi-

tions for the site of the nucleo-synthesis of the heavy elements

in the cosmic radiation. However, before a comparison between

cosmic ray composition and nucleo-synthesis calculations can be

made it is necessary to discuss possible changes in the cosmic

ray composition due to transport phenomena or to the existence

of selection mechanisms working in the initial phase of the accc-



16 .

1c ration.

On account of the ;ie:'.rly equal mean frae paths for nickel a: ..

iron in interstellar matter, and the negligible production o I.

!hcsf elements in nuclear interactions In the matter oasso:!,

the ntio does aot cringe noticeably during the transport.

in ?uch proposed acceleration processes, where supernova matte:

is as:\j::ed to be accelerated either directly or after mixinp

wit'.i interstellar matter [30] no change in the abundance rat

.) hi. expected. If, on the other hand, the selection of th.

cosmic ray nuclei is brought about by a special raecharris... i:

"he source, changes in the abundance ratio are possible. ]'•.*

iiisms, where the selection depends on the cross-section to;

\~nization by fast .zhatged particles [31,32] or on the '"irst

.oniraticn potential [33], have been proposed. However, c'

two mjchanisr-s will only give rise to very small and hardly

measurable changes in the Ni/Fe ratio. The reason is that

both the ioniratioi! cross-sections and the first ioni.atior,

tf.-ntials aro nearly equal for iroi and nickel. So far as we

know, there is at present no other proposed mechanism that -a

distort the Ni/Fe ra:io very much and we, therefore, have SOT

confidence in assuming that the measured ratio gives undistor-

ted information about the synthesis of cosmic ray matter.

In Table III we have compared measurements of the Ni/Fe rat'o

with calculations by Woosley et al. [34]. These authors hav-

culated the composition of the iron peak in a composite whic; . a

assumed to be formed with two equal parts of matter, one of ,.ni .

underwent silicon burning and the other, an alpha-rich fre^ze-t .

The composition was calculated for different values of ihp n i

tron excess n. The Ni/Fe ratio is presented for three values
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of the neutron excess in the Table. The solar system value of

the ratio [35] is consistent with a neutron excess n « 0.002.

The cosmic ray values seem to agree with the same n-value. The

Table also shows that there is no clear indication of an energy

dependence of the ratio.

Cassé [36] discusses the possibility that 56Ni, produced in a

supernova explosion, is accelerated and escapes from the source

before it decays. In interstellar space the beta decay half-life

for a completely stripped 5SNi nucleus is estimated to be

~ 2»10 5»Y years, where Y is the Lorentz factor. Thus, there is

a possibility that part of ssNi survives and reaches our detec-

tors. However, there is no need of this effect to explain the

observed ratio.

The low Ni abundance has a special importance for the discussion

of the model of Lundgaard Rasmussen and Peters [24]. If the

young local component has its origin in a recent supernova ex-

plosion, the age of this component may be short in comparison

with the decay time of stripped S6Ni nuclei. This means that

most 5tNi nuclei from the young source should have survived if

the acceleration took place momentarily after the explosive

synthesis of S8Ni. Thus the low abimdance of nickel in the ra-

diation excludes a source which is both young and accelerates

the products of an explosive nucleo-synthesis momentarily. The

delay between explosion and acceleration must be longer than

the mean life of 56Ni.
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Table I

Relative abundances normalized to iron at the top of the atmosphere

z

Cartwright et al.

£19]

40-450 MeV/n

Webber

[21

250-850

et al.

1

MeV/n

This

400-800

work

MeV/n

Benegas

[20]

870-1400

et al.

MeV/n

Lund et

[22]

700-2100

al.

MeV/n

Ormes

[1

> 570

et al.

]

MeV/n

14
15

16

17

18

19

20

21

22
23

24

25

26

27

28

1.34

0.09

0.22

0.03

0.12

0.04

0.15

0.02

0.15

0.04

0.13

(o.

(0.
0.06

±

t

±

±

*

±

±

t

±

±

0.20

0.02

0.04

0.01

0.04

0.01

0.04

0.01

0.05

0.02

0.06

12)
1

02)
± 0.04

1.35
0.06

0.28

0.04

0.13

0.09

0.29

0.06

0.19

0.07

0.20

0.12

0.02

0.03

±

±

±

±

1

±

±

*

*

1

*

±

0.11
0-02

0.03

0.01

0.02

0.02

0.04

0.02

0.03

0.02

0.03

0.02

0.01

0.01

1.37
0.04

0.23

0.03

0.18

0.16

0.27

0.04

0.10

0.10

0.18

0.19

0.02

0.07

±

±

±

±

1

±

±

±

±

1

±

0.23
0.02

0.06

0.02

0.06

0.05

0.07

0.02

0.03

0.03

0.05

0.05

0.02

0.04

1.53
0.10

0.34

0.08

0.14

0.09

0.27

0.05

0.17

0.09

0.13

0.10

±

±

±

i

A

t

t

t

±

1

0.08
0.02

0.03

0.02

0.02

0.02

0.02

0.01

0.02

0.01

0.02

0.02

< 0.012*0.006

0.050*0.004

1.66
0.07

0.32

0.11

0.17

0.10

0.23

0.06

0.17

0.08

0.14

0.07

0.04

±

±

±

±

±

±

±

±

±

1
-

0.07
0.02

0.03

0.02

0.03

0.02

0.02

0.02

0.02

0.92

0.02

0.03

0.01

1.86 ±

0.09

0.40

0.06

0.14 *

0.11 ±

0.27 ±

0.05 ±

0.14 ±

0.03 ±

0.12 ±

0.17 ±

0.06

0.01

0.02

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

0.01

1

< 0.01

0.05 ± 0.01
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Table II

Calculated and experimental values

of the ratio q = (Sc + Ti)/(V + Cr)

acceleration

mechanism

momentary

Fermi

magnetic pumping

path length
slab

2.0 gem

0.74

0.64

0.61

AP ~ P2 0.56
(P momentum/nucleon)

distribution
exponential

A = 4.1 gem"

0.86

0.77

0.74

0.69

Lundgaard Rasmussen
and Peters equilibrium
model [24] 600 MeV/n

1.03

Energy
(MeV/n)

Price et al. [37] 50 - 220 0.27 * 0.20

Cartwright et al. [19] 40 - 450 0.94 * 0.41

Webber et al. [21] 250 - 850

This work

Benegas et al. [20]

Lund et al. [22]

Ormes et al. [1]

400 - 800

Webber et al. 121]

0.91 * 0.15

0.48 * 0.16

870 - 1400 1.00 ± 0.14

700 - 2100 1.05 * 0.19

> 570 1.31 * 0.08

> 850 1.15 ± 0.22
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Table III

The ratio Ni/Fe

neutron Ni
excess n Fe

explosive nucleosynthesis

Woosley et al. [34]

solar system

Cameron [35]

Cosmic rays

Webber et al. [21]

This work

Lund et al. [22]

Benegas et al. [20]

Ormes et al. [1]

Webber et al. [21]

Lund et al. [22]

0.O00S1 0.026

0.00153 0.049

0.00459 0.127

0.055

Energy
(MeV/n)

250-850 0.029 ± 0.011

400-800 0.068 ± 0.035

700-1200 0.020 ± 0.008

870-1400 0.050 ± 0.004

> 570 0.049 * 0.006

> 850 0.042 * 0.011

> 1200 0.065 * 0.011
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Figure captions

1. Schematic drawing of the nuclear track photometer.

2. Block structure of the photometer electronics.

3. The circles show the computed photometric track widths

for the elements Mg-Ni at four different residual ranges,

The straight lines are drawn through the points of sili-

con and iron.

4. Charge histogram of the measured particle tracks.

5. The energy dependence of the ratio (Mn-5c)/Fe.
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