
Lawrence Berkeley National Laboratory
Recent Work

Title
RELATIVISTIC Be7: A PROBE OF COSMIC-RAY ACCELERATION?

Permalink
https://escholarship.org/uc/item/6v3567mh

Author
Buffington, Andrew

Publication Date
1978-03-01

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/6v3567mh
https://escholarship.org
http://www.cdlib.org/


Submitted to Physical Review Letters LBL-7552 Ca~ 
Preprint 

RELATIVISTIC Be 7: A PROBE OF 
COSMIC-RAY ACCELERATION? 

Andrew Buffington, Charles D. Orth, and 
Terry S. Mast 

March 27, 1978 

Prepared for the U. S. Department of Energy 
under Contract W-7405-ENG-48 

and the National Aeronautics and Space 
Administration under grant NGR-05-003-553 

TWO-WEEK LOAN COPY 

This is a Library Circulating Copy 
which may be borrowed for two weeks. 
For a personal retention copy, call 
Tech. Info. Division, Ext. 5545 

' ' 

p 

p 



DISCLAIMER 

This document was prepared as an account of work sponsored by the United States 
Government. While this document is believed to contain correct information, neither the 
United States Government nor any agency thereof, nor the Regents of the University of 
California, nor any of their employees, makes any warranty, express or implied, or 
assumes any legal responsibility for the accuracy, completeness, or usefulness of any 
information, apparatus, product, or process disclosed, or represents that its use would not 
infringe privately owned rights. Reference herein to any specific commercial product, 
process, or service by its trade name, trademark, manufacturer, or otherwise, does not 
necessarily constitute or imply its endorsement, recommendation, or favoring by the 
United States Government or any agency thereof, or the Regents of the University of 
Califomia. The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof or the Regents of the 
University of California. 



RELATIVISTIC B/: A PROBE OF COSMIC-RAY ACCELERATION? 

Andrew Buffington, Charles D. Orth, and Terry S. Mast 

ABSTRACT 

Space Sciences Laboratory and 
Lawrence Berkeley Laboratory 

University of California, Berkeley 

Received ______ _ 

We have observed the cosmic-ray Be7/Be ratio to be 0.6 below 

500 MeV/nucleon, as expected from spallation reactions, but then to 

drop sharply to 0.4 by 1500 MeV/nucleon. This measurement suggests 

that primary cosmic rays traverse some material at their sources, 

producing Be7 which picks up electrons and decays by K-capture 

during or after the acceleration to relativistic energies. All 

cosmic rays then enter interstellar space, where further pickup 

is negligible. 
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Beryllium has provided a stimulus to cosmic ray isotope measurements 

10 because radioactive Be can be used as a "clock" to measure the cosmic-ray 

age. Several groups have already reported beryllium isotope separations at 

. 1-3 low energ1.es This letter describes measurements made at higher energies, 

to reduce potential uncertainties from solar modulation and energy-dependent 

spallation cross section corrections. These measurements have disclosed an 

unexpected sharp drop in the Be7 flux above about 500 MeV/nucleon. 

The detector, a balloon-borne superconducting magnetic spectrometer 

(figure 1), measured cosmic-ray isotope~ from lithium to oxygen for kinetic 

4 5 energies below about 1500 MeV/nucleon ' . A combination of scintillators 

and optical spark chambers recorded dE/dx and rigidity R (momentum/charge). 

Since both of these are functions only of particle velocity, mass, and 
I 

charge Z, 'the mass can be calculated, because Z is generally determined 

unambiguously through the discrete nature of charge. Mass resolution was 

limited by the several-percent accuracy of the spectrometer's rigidity 

measurement, and comparable accuracy in the dE/dx measurements due to Symon-

Landau fluctuations. A mass resolution of about 0.3 amu was achieved for 

beryllium isotopes below 2 GV/c (about 500 MeV/nucleon). The resolution 

worsened at higher rigidities, reaching L5amu at 4.5 GV/c (about 1500 

MeV/nucleon). A trigger threshold allowed events to be recorded with more 

than about 14 times the dE/dx of a minimum ionizing Z = 1 particle in scin-

tillator s1 , more than 11 times in s2 , and more than one times in s4 . The 

flight took place from Aberdeen, South Dakota on 28 May 1977 at a residual 

2 atmosphere of 5.9 grn/cm and at a geomagnetic cutoff of 1.5 GV/c. The 

2 exposure factor was 1640 m ster sec. 

The spark positions for each of 28,552 events satisfying scanning 

criteria for a single trajectory through the spectrometer were measured on 
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Figure 1. Schematic diagram of the apparatus. A particle incident from above 

had its trajectory bent, by the field of the superconducting magnet. Scintil-

lators s1 , s2 , s3 , and s
4 

measured the dE/dx and provided the trigger for 

three optically viewed spark chambers, which recorded the trajectory. 
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a film-plane digitizing machine. The trajectory through the magnetic field 

was fitted to yield a rigidity value. The scintillator pulse information was 

corrected for incident angle and position, and for scintillator light satura-

tion, to yield dE/dx values. These, with the rigidity value, were fit by a 

minimum-chi-square technique to simultaneously eliminate fragmentations and 

5 yield isotope masses. Of 17,652 events passing all selection criteria, 631 

were best fit to beryllium below 4.5 GV/c. Figure 2 shows the mass distribu-

tions for these events, together with the fits derived from Monte Carlo 

generated events. Note that there is very little Be10 and a rapidly varying 

Be7/Be ratio with increasing rigidity. The fit in the lowest-rigidity histo-

gram would be improved by a shift of -0.1 amu in the data. This shift is 

compatible with the residual systematic error in determining the scintillator 

light saturation corrections, 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. 

2 
The events of figure 2 were observed under an average 7.2 gm/cm of 

atmosphere and gondola shell, which both attenuated the cosmic beryllium and 

added extra beryllium from spallations above the instrument. In addition, 

7.9 gm/cm
2 

of apparatus material, mostly scintillator, attenuated the 

beryllium signal but added no extra beryllium secondaries, since fragmenta-

tions within the apparatus were eliminated by the fftting criteria. Table I 

shows how the event counts of figure 2 were corrected for the effects of 

interactions and dE/dx losses in the material in and above the apparatus. 

A detailed description of the correction factors, as well as a discussion 

10 
of the Be results, is given in reference 5. 

Figure 3 shows that our low-energy Be7/Be ratio, corrected to the top of the 

magnetosphere, is in good agreement with previous balloon1 •
2 

and satellite
3 
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Figure 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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Isotope 

Be7 

Be9 

BelO 

TABLE I: CORRECTIONS FOR GONDOLA, ATMOSPHERE, AND dE/dx LOSSES 

Measured Equiv. Rigidity Kinetic Energy Correction Factors 
Rigidity (GV I c) · Top of (MeV/n), Top of Events Gond. Bin 

in Gondola Atmosphere Atmosphere * t At ten. Edges II Atmos. 

0.83 - 2.00 1'.19- 2.12 330 - 640 151 1.34 1.00 0.87 

2.00 - 3.00 2.12 - 3.09 640 - 1090 113 1.34 0.91 0. 7 4 

3.00 - 4.50 3.09 - 4.58 1090 - 1860 69 1.34 0.98 0.70 

1. 01 - 2. 00 1.41 - 2.15 210 - 425 52 1.40 1.04 0.83 

2.00 - 3.00 2.15 - 3.10 425 - 745 92 1.40 0.94 o.B7 

3.00 - 4.50 3.10 - 4.59 725 - 1320 82 1.40 0.97 0.89 

1. 09 - 2. 00 1.52 - 2.19 175 - 355 28 1.43 1.07 0.63 

2.00 - 3.00 2.19 - 3.12 355 - 635 17 1.43 0.98 0.22 

3.00 - 4.50 3.12 - 4.59 635 - 1130 30 1.43 0.99 0.62 

* Energy values correspond to carbon-12's rigidity bin edges (r~f. 5). 

t Six events were added to the 2-3 GV/c bin, and eighteen to the 3~4.5 GV/c 
bin to correct for the S1 trigger threshold inefficiency: not included here 
are 21 events which were rare, atmospherically produced Be isotopes. 

II 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). 

:c_ tJ ''-. 

T/n 
Factor§ Events 

0.93 163 ± 25 

1.03 105 ± 20 

1.13 72 ± 33 

1.03 65 ± 19 

1.03 108 ± 23 
I 

0.92 91 ± 26 0'1 
I 

1.16 31 ± 11 

1.03 5 ± 12 

0.83 22 ± 19 

':. 
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Figure 3. A plot of the Be7/Be ratio at the top of the atmosphere as a func­

tion of kinetic energy per nucleon. The mean mass data of Lund et a1.
6 

and of 

Juliusson7 have been plotted without atmospheric correction and assuming com-

: 10 10 plete absence of Be . If a value of Be /Be = 0.1 were chosen, both mean 

mass data points would move upward by about 0.05. 
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measurements. Th . 6 ' 7 '1' . h . ff h d e two exper1ments ut1 1z1ng t e geomagnet1c cuto met o 

8 
of Peters measured only mean Be mass, and hence were not recognized as 

giving prior hints of the changing Be7/Be ratio reported here. 

Since the Be9 /c ratio is much more constant than the Be7/c ratio5
, we 

conclude that Be7 is responsible for the changing Be7/Be ratio. Solar 

modulation seems unable to account for the change because: 

(1) at low energies where solar modulation should have its greatest 

. 71 distorting effect, the Be Be ratio is as expected from spallation reactions 

(see, for example, reference 9); 

(2) calculations of solar modulation1 •3 indicate a change of only 

5 to 10% in the Be7/Be ratio, and of the opposite sign to explain the 

observed change; and 

(3) if solar modulation were responsible, the B10/B ratio might show 

7 5 about half the change of Be /Be whereas no such change was observed. 

It is possible that energy dependence of spallation cross sections 

might cause changing isotope ratios. However, most of the data presented 

here lies safely above the regime of strong energy dependence even if the 

effect of the solar modulation's adiabatic deceleration (estimated to be 

~200 MeV/n) is neglected. 

7 We attribute the diminishing Be /Be ratio to K-capture decay occurring 

prior to the entry of the cosmic rays into interstellar space, since inter­

stellar electron pickup at these energies appears to be negligible
10 In 

particular, we propose that, after injection into a pre-acceleration stage 

which produces energies above spallation threshold, the primary cosmic rays 

pass through roughly half of the 4 to 5 gm/cm2 they typically encounter in 

their lifetime. Spallations in this material produce about half of the 
/ 

7 total Be . Acceleration to relativistic energies follows this mass traversal 

I 

.. 
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for all nuclei above about 500 MeV/nucleon, while lower energy particles 

reach interstellar space without further incident. We propose that either 

the-relativistic acceleration or a "drift time" following it involves a 

co-moving electron gas· which permits partial recombination (and Be7 decay). 

Finally, the cosmic rays enter the interstellar medium, making further Be7 

secondaries with no chance for decay. 

It is not presently apparent to us how the changing Be7 abundance may 

relate with present theories of cosmic ray origin. It does seem difficult, 

however, to reconcile the present measurement with any theory which invokes 

numerous energy -changing interactions after the Bel decay, 

either in interstellar space or around the fringes of a supernova remnant. 

Such processes would tend to obscure the rather sharply defined change we 

have observed. Also, isotope measurements for lithium 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, or of regions 

associated with the source. 

We thank George F. Smoot for important contributions to the initial 

phases of this experiment. The data taking was possible through the generous 

services of the National Center for Atmospheric Research launch crew from 

Palestine, Texas. This work was supported by the National Aeronautics and 

Space Administration through grant NGR 05-003-553, and by the Department of 

Energy through the Lawrence Berkeley Laboratory. 
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