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CHARGE COMPOSITION AND ENERGY SPECTRA OF PRIMARY
COSMIC RAY NUCLE! BETWEEN 5 and 100 GEV PER NUCLEON

John Caldwell and Peter Meyer

Enrico Fermi Institute, University of Chicago
Chicago, IHinois 60637 USA

A large area scintiilation-Cerenkov cosmic ray telescope
designed to measure the charge composition of cosmic ray nuclei
with Z >2 was recently flown in two balioon flights launched
from Palestine, Texas for a total of 55 hours under about 4 g/cm
of residual atmosphere. Nuclear charges ore determined by
two scintillation counters, which, in combination with an annular
guard counter, have a geometric factor of 910 cm? sr. Three
gas Cerenkov counters with different indices of refraction, and
thus sensitive in different energy regions, measure the energy
of cosmic ray nuclei between 5 and 100 GeV per nucleon. The
gases used for that purpose were ethylene at 18. 6 atmospheres,
and isobutane, Freon-12, and CO, at 1 atmosphere pressure.
Our first results deal with the energy dependence of the abun-
dance ratio N/(C + O).

1. introduction. In the past few years, it has been established that above several

GeV per nucleon the nuciear composition of cosmic rays is quite different than af lower
energies (Juliusson et al., 1972; Smith et al., 1973; Ormes and Balasubrahmanyan, 1973).
These results have caused a re=examination of the models of galactic cosmic ray origin and
propagation. The problems involved in performing experiments ot high energies have so far
limited the amount of astrophysical information that can be exiracted from these data. The
very low flux of high energy nuclei with charge greater than two makes the collection of
statistically significant number of particles very difficult. Also experimental technigues
new to cosmic ray physics have had to be infroduced to make these energy measurements in
the GeVregime. We have recently made two balloon flights with an instrument capabie of
measuring the charge composition and energy spectra of cosmic ray nuclei with energies
from 5 to 100 GeV per nucleon. In this paper we present preliminary results on almost

30, 000 nuclei with charge greater than two and energies above 5 GeV per nucleon, by far
the greatesi such number measured to date.

il. Instrumentation and Flights. The instrument that has been used to carry ouf this ex~-

periment is a scintillation-Cerenkov counter telescope, and is presented in schematic form
in Figure 1. It uses almost all of the features of the instrument described earlier by Juliu-
sson (1974), but has a high pressure gas Cerenkov counter C3 replacing a plastic Ceren-
kov counter, and has a curved scintillation counter C4. The charge of an incident cosmic
ray nucleus is determined by the Pilot Y scintillation counters C1 and C4, both shaped to
reduce path length variations. Only nuclei that pass through the hole in the annular
guard counter G, are used in the analysis. The geometric factor corresponding to this
coincidence requirement, C1 - G - C4, is 910 cm? sr. The energy defermination is
accomplished by the three gas Cerenkov counters C2A, C28, and C3. The two gas
Cerenkov counters C2A and C2B operate at o pressure of one aimosphere. C2A is a light
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eollection box, filled with isobutane gas, and"
has a Cerenkov threshold of 17 GeV per nuc-
leon. €28, on the other hand, is a focussing
gas Cerenkov counter which contained CO
during the first flight and Freon—=12 for the

~ second. The thresholds of these two gases are

30 and 19 GeV per nucleon respectively.

The high presasre gas eounter €3
confains 18.6 atmospheres of ethylene gas,
which wes selected because of its low scinti-
llation and good thermodynamic properties.
C3 is also a light coliection box, with intzr~
ior walls coated with Eastman High Reflesi~-
ance White Paint. It contains o light baffle
to reduce the width of the path length dis-
tribution in the counter. This Cerenkov
counter is viewed through plexiglas windows
by ten 5" RCA 4525 photomulitiplier tubes.
The instrument was flown from Palestine,
Texas, in September-October 1974, The
first flight remained at a ceiling aititude
of 4 g/cm? of residual atmosphere for 12
hours. The second flight lasted over 42
hours, although during the second night

the balloon descended from 4 to about 11 g/cmz.
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Figure 1. Schematic cross~section of
the instrument.

We plan to use this portion of the fiight

fo produce accurate growth curves which will be used for an experimental determination of
the atmospheric corrections. The exposure factor amounted to 5.0 mZ sr hr.

[1]H Data Analysis. The preliminary data presented here were obtained by closely foliow-

ing the analysis scheme developed by Juliusson (1974). A histogram of a charge function
that is the average of the square roots of the scintillator outputs is shown in Figure 2. The
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selection criteria that we used to produce
this figure were as follows: (1) the guard
counter output is less than 8% of that
which would have occurred had the parti-
-, cle passed directly through the guard
i scintillator. This criterion avoids reject-
{ing high=Z nuclei accompanied by delta
jrays. (2) We require the two scintillator
| pulse heights C1 and C4 to agree within
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Figure 2. Charge resolution above 10 GeV
per nucleon. Charge functionis Z=0.5"-

( /C1+ JC4)

14 120%, and, (3) C3 must be at a level

1 corresponding to o kinetic energy
above 10 GeV per nucleon. The standard
deviation of the charge measurement in
the CNO region is less than 0. 18 charge
units. This implies that less than 1.5%
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of the nuclei of charge Z ore -mis-

identified os having either charge

Z-1 or Z + 1. Since the fraction
of nuclei that overlap info, and

also from, neighboring charge
intervals can be easily calculated,
one can comrect for the effect of
these overlaps. Thus, except in
cases where the relative abun-
dance of adjacent charges are
greatly different, the statistical
uncertainty in determining a
chemical abundance ratio will
dominate the error in charge
measurements.

At high energies, above
20 GeV per nucleon, the charge
resolution and background rejec-
tion are improved for then we
can use the C3 high pressure gas
counter as a charge measuring
device, since af those energies
its velocity dependence has
saturated. Figure 3 demonstrates
that if we plot the charge as 7
measured in C3 versus the charge
as determined by the scintillo-
tors, the instrument is capable
of essentially complete separa-
tion of charge peaks. If we
also.employ the selection cri-
teria, 65% < C3/ Z2 < 130%
{shown as straight lines in the

. figure), which are reasonable
- on physical grounds, the back-
. ground in the vicinity of the
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Figure 3. Matrix of charge as measured by the
scintillators, Cl and C4, versus the charge

as measured in C3 Cerenkov counter. Only
events that are high in C2A are included.
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‘ Fiéu}e 4, Cinarge resolution ebox;re 20 GeV
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lithium and beryilium is reduced. A new charge function that includes C3 is seen in Figure

: 4, showing the charge resolution above 20 GeV per nucleon.

To exiract differential energy spectra from the observed Cerenkov signals we have
used the statistical deconvolution technique described in the appendix of Juliusson (1974).
Very briefly, this involves foiding the instrumental resolution function into the formula
for the production of Cerenkov radiation as a function of velocity {energy per nucleon).

. This yields the desired relation between energy and Cerenkov signal. The pulse height

distribution produced by oxygen nuclei in the high pressure gas counter C3 is presented
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at this time ore preliminary. We
shali resirict ourselves to examining
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in Figure 5. Marked on this spectrum I
are the energies fo which several of I
the puise heights correspond.
{V.  Results. The resulis presented o SclsiBotion
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measurements of the energy depen- :
dence of the relative composition of

N to C + O to demonsirate the
quality of the data as well as their
consistency with earlier published
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results. Figure 6 shows the N/ . Puise Height Reloiive 1o & - 1 Point
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(C+0) s!rcha rom ?.i’o 120 GeV Figure 5. Pulse height distribution of the
per nucleon. To the resulis of

igh v - .
Julivsson (1974) and Smith et al. High Pressure Gas Cerenicov Counter C3

(1973). we have added 6 dafa for oxygen nuclei. The corresponding
L energy scale is indicated by lines.
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points obtained with this new

insirument. The iowest of these P N —
new poinfs in energy represents = f I I .

those nuclei that were above E T % + T+0 .
the geomagnetic cut-off at Pal- B d { { .
estine, yet did not produce s '

Cerenkov light in the high pres- el +y ]
sure gas counter C3. There are H

four data points from the analy- €0l / -
sis of the C3 gas Cerenkov & L e e Exporio % 1 |
counter. We have not yet com~ H o s o

pleted the analysis of the energy 051 o smithetal ue73) _
range covered by the gas counters e | |
C2AandC28and henCecunnoi' | J | IJ_LJII'O 1 lJII“I‘OO' I T
yet present differential energy Kintic Energy (GeW/nucison)

points at the higher energies. We Figure 6. The N/ (C + Q) ratio in the
have, however, included an cosmic rays from 1 to 120 GeV per nucleon.

integral flux point for those -
nuclei that did produce Cerenkov light in the C2Agascounter. At the time of the Munich
conference we hope to be able to present much more complete results on the charge
composition and energy specira of cosmic ray nuclei between 5 and 100 GeV per nucleon.
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