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Relativistic e:B 7 A Probe of Cosmic-Ray Acceleration' ?
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tions, which were established independent of Be
using the Li and C data. Correcting this shift
changes none of the results to be reported in this
Letter.

The events of Fig. 2 were observed under an
average 7.2 g/cm' of atmosphere and gondola
shell, which both attenuated the cosmic berylli-
um and added extra beryllium from spallations
above the instrument. In addition, 7.9 g/cm'
of apparatus material, mostly scintillator, at-
tenuated the beryllium signal but added no extra
beryllium secondaries, since fragmentations
within the apparatus were eliminated by the fit-
ting criteria. Table I shows how the event counts
of Fig. 2 were corrected for the effects of inter-
actions and dE/dx losses in the material in and
above the apparatus. A detailed description of
the correction factors, as well as a discussion
of the Be" results, is given in Ref. 5.

Figure 3 shows that our low-energy Be'/Be ra-
tio, corrected to the top of the magnetosphere,
is in good agreement with previous balloon" and
satellite' measurements. The two experiments"'
utilizing the geomagnetic cutoff method of Peters'
measured only mean Be mass, and hence were
not recognized as giving prior hints of the chang-
ing Be'/Be ratio reported here.

Since the Be'/C ratio is much more constant
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FIG. 2. Mass distributions for beryllium in rigidity
bins (GV/c). The smooth curves represent Monte Carlo
fits to the data. Underflow and overflow are indicated
for data and Monte Carlo (parentheses).
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FIG. 2. A plot of the Be~/Be ratio at the top of the
atmosphere as a function of kinetic energy per nucleon.
The mean mass data of Ref. 6 and of Juliusson (Hef. 7)
have been plotted without atmospheric correction and
assuming complete absence of Beano. If a value of Beano/
Be= 0.1 were chosen, both mean mass data points
would move upward by about 0.05. The significance of
the raw Be /Be data relative to an assumed constant
low-rigidity value of 0.65 [Figs. 2(b) and 2(c) compared
with 2(a)j is 4 to 5 standard deviations, depending on
how systematic error estimates are included. The sig-
nificance is about one standard deviation less here due
to the T/N factor in Table I. The error bars here and
in Table I, which include full systematic contributions
at the 1-standard-deviation level, may overestimate
the errors at the 3-standard-deviation level.

than the Be'/C ratio, ' we conclude that Be' is re-
sponsible for the changing Be'/Be ratio, Solar
modulation seems unable to account for the change
because (1) at low energies where-solar modula-
tion should have its greatest distorting effect, the
Be'/Be ratio is as expected from spallation reac-
tions (see, for example, Raisbeck and Yiou');
(2) calculations of solar modulation" indicate a
change of only (5-10)o/c in the Be'/Be ratio, and
of the opposite sign to explain the observed
change; and (3) if solar modulation were respon-
sible, the B"/B ratio might show about half the
change of Be'/Be whereas no such change was
observed. '

It is possible that energy dependence of spalla-
tion cross sections might cause changing isotope
ratios. However, most of the data presented here
lies safely above the regime of strong energy de-
pendence even if the effect of the solar modula-
tion's adiabatic deceleration (estimated to be
~ 200 MeV/nucleon) is neglected.

We attribute the diminishing Be'/Be ratio to
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TABLE I. Corrections for gondola, atmosphere, and dE//dx losses.

Isotope

Measured
rigidity (GV/c)

in gondola

Equiv. rigidity
top of

atmosphere

Kinetic energy Correction factors
(MeV/N), top of Gond. Bin T/N

atmosphere Events atten. . edges Atmos. factors Events

Be

Be'

Be"

0.88-2.00
2.00-8.00
8.00-4.50
1.01—2.00
2.00-8.00
8.00-4.50
1.09—2.00
2.00-8.00
8.00—4.50

1.19-2.12
2.12—8.09
8.09-4.58
1.41-2.15
2.15-8.10
8.10-4.59
1.52-2.19
2.19-8.12
8.12—4.59

880-640
640-1090

1090-1860
210-425
425- 745
745-1820
175—855
855-685
685—1180

151
118

69
52
92
82
28
17
80

1.84
1.84
1.84
1.40
1.40
1.40
1.48
1.48
1.48

1.00
0.91
0.98
1.04
0.94
0.97
1.07
0.98
0.99

0.87
0.74
0.70
0.88
0.87
0.89
0.68
0.22
0.62

0.98
1.08
1.18
1.08
1.08
0.92
1.16
1.08
0.88

168*25
105~ 20

72+ 88
65+ 19

108+28
91+26
81~ 11
5+ 12

22+ 19

Energy values correspond to carbon-&2 s rigidity bin edges |Ref. 5).
"Six events were added to the 2—9-GV/c bin, and eighteen to the 3—4.5-GV/c bin, to correct for the S& trigger

threshold inefficiency: Not included here are 21 events which were rare, atmosphericallj produced Be isotopes.
Correction to coincide data with carbon-12 s rigidity bins (1.49, 2.22, 3.14, and 4.62 GV/c).
Correction to coincide data with carbon-12 s kinetic energy bin edges (260, 510, 895, and 1550 MeV/N).

X-capture decay occurring prior to the entry of
the cosmic rays into interstellar space, because
interstellar electron pickup at these energies ap-
pears to be negligible. " Since about half of the
expected Be' is not observed at high energies,
we propose that the primary cosmic rays, after
preacceleration to energies above spallation
threshold, pass through roughly half of the 4-5
g/cm' they typically encounter in their lifetime.
Spallations in this source material produce about
half of the total Be'. Energies above -500 MeV/
nucleon are then attained only by experiencing a
yet-unknown process for acceleration to relativ-
istic energies. We propose that either the rela-
tivistic acceleration or a "drift time" following
it involves a comoving electron gas which per-
mits partial recombination (and Be decay). Fi-
nally, the cosmic rays enter the interstellar me-
dium, making further Be' secondaries with no
chance for decay.

It is not presently apparent to us how the above
description fits in with current (e.g. , supernova-
remnant) theories of cosmic-ray origin, and why
the energy dependence begins near 500 MeV/nu-
cleon (P'-0.5). It does seem difficult, however,
to reconcile the present measurement with any
theory which invokes numerous energy-changing
interactions after the Be' decay. Such processes,
whether producing a net energy shift or not,
mould tend to obscure the rather sharply defined
change that we have observed (a factor-of-3
change in Be'/Be' over an energy range of a fac-
tor of 3). Also, isotope measurements for lithi-

um and beryllium above about 5 GeV/nucleon are
now of very great interest for future experiments,
since they would be able to tell us whether the
changing L/M ratio above this energy is due to
changing properties of interstellar space (Be'/Be
remains -0.4), or of regions associated with the
source (Be7/Be returns to 0.6 above about 50
GeV/nucleon).
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