
was the birth of a rare supernova. Supernova SN1987A is in
the Large Magellanic Cloud, which is only 21° from the polar
zenith. The median energy of events detectable from that di-
rection in our experiment is about 100 terraelectronvolts. SPASE
(South Pole Air Shower Experiment) is by far the world's most
sensitive detector of ultra-high-energy gamma rays.

SPASE began acquiring data just before Christmas 1987. Data
from tapes brought out at station closing have now been ana-
lyzed, but at this writing, no signal from the supernova has
yet been detected. The experiment is continuing to operate
with over 90 percent on-time, a level of efficiency which is
impressive even at more hospitable sites. At the present time,
only about 2 percent of the data can be transmitted during the
winter, so the collaborators at Bartol and Leeds are preparing
to cope with an influx of about four gigabytes of data late in
1988.

This research was supported in part by National Science
Foundation grant DPP 86-13231.
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Figure 2. The arrangement of the 1-square-meter detectors in the
ultra-high-energy gamma-ray telescope at South Pole Station. High
bandwidth cables bring the signals to the central recording cell
where amplitude and relative arrival time measurements are made.
(SPASE denotes South Pole Air Shower Experiment. m denotes
meter.)

Variation of emission features
in 2 Velorum

KWAN-YU CHEN, MARYJANE TAYLOR, JOHN P. OLIVER
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Department of Astronomy
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The bright southern star (1.82 visual magnitude), -y2 Velo-
rum, is a spectroscopic binary consisting of a Wolf-Rayet star
and an 0-type star. The emission lines in its spectrum show
variations on the order of minutes as observed by a number
of investigators (e.g., Sanyal, Weller, and Jeffers 1974).

Photoelectric photometry of -y2 Velorum was made with the
use of the automated 3-inch South Pole Optical Telescope (Wood
and Chen 1985; Chen et al. 1986) during the austral winters

of 1986, 1987 (Chen et al. 1987), and 1988. Two interference
filters were used to observe the emission features of Hell X4686
and CIII X5696. The full width at half maximum (FWHM) of
each of these filters are 32 Angstroms. In addition, an inter-
ference filter centered at 4,768 Angstroms with a FWHM of 92
Angstroms was chosen for the continuum which is used as a
reference for the emission lines. Detailed reduction and anal-
ysis of the observational data are being carried out and will be
presented elsewhere. The result of a sample 5-hour run of the
Hell emission line, which is a subset of a 16-hour data set, is
given here. The ratio of the brightness measurement of the
line feature to that of the continuum is calculated, and power
spectrum is computed; this is shown in figure 1. The relatively
strong peak, which occurs at 19.0 per day, corresponds to a
period of 1.26 hours. A sine curve was also fitted to the normal
points of these data, computed at 0.004-day intervals, with the
use of the method of least squares. This model yields a period
of 1.28 hours, and it is depicted in figure 2. The strong agree-
ment between these two methods leads to the belief that this
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Figure 1. Power spectrum of the brightness of Hell X4,686 relative
to X4,768 continuum for a 5-hour obsevation of 'y 2 Velorum.

is a real variation in y 2 Velorum. This new discovery will aid
in the study of the nature of the extended atmosphere of the
Wolf-Rayet star system.

This work was supported in part by National Science Foun-
dation grants DPP 84-14128 and DPP 86-14550.
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The long-term modulation
of cosmic rays
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Various effects of solar activity on the cosmic-ray intensity
have been observed for more than half a century (Pomerantz
and Duggal 1974). One well-known consequence of this influ-
ence is the long-term variation. During the 11-year solar cycle,
the peak of the galactic cosmic-ray intensity occurs within 1
year after sunspot minimum. Many investigations have been
conducted over the years to determine the mechanisms whereby
the Sun controls the cosmic-ray flux in the vicinity of the Earth.
The role of fluctuations in the interplanetary magnetic field as
an important factor in cosmic-ray modulation was recognized
by Hedgecock (1975); however, attempts to establish correla-
tions between cosmic-ray intensity and the interplanetary mag-
netic field magnetic-energy spectra were largely unsuccessful.

In the present work, new analytical techniques have pro-
vided more exact determinations of the year-to-year variations

in the properties of the interplanetary magnetic field. This
study has revealed that the interplanetary magnetic field fluc-
tuation parameters also display a solar-cycle variation, which
is well correlated with the intensity of cosmic rays.

The analysis used two data bases: the cosmic-ray intensity
recorded by the Bartol neutron monitor at McMurdo Station,
Antarctica, and the "Omnitape," which contains interplane-
tary magnetic field and plasma data from the National Space
Science Data Center (Couzens and King 1986). The yearly mean
neutron monitor count rate and the low-frequency magnetic-
energy spectral density were determined for each of 20 years,
1965-1984. The frequency range of magnetic-energy spectra
between 5.8 x 10- 6 and 4.6 x 10 hertz corresponds to
wavelengths that are responsible for the scattering of primary
cosmic rays with neutron monitor energies (magnetic rigidity
approximately 10 gigavolts). It is also consistent with reported
values of the magnetic field correlation length (Matthaeus,
Goldstein, and King 1986).

The observed solar wind speed (obtained from the "Om-
nitape") was used to convert frequency spectra to wave-num-
ber spectra, and these spectra were then fitted to a power law
in order to obtain the spectral amplitude. Figure 1 shows the
amplitude of the low-frequency magnetic-energy spectra dur-
ing the years 1965-1984. This quantity represents the mag-
netic-energy density for a wave number of 3 x 10-10permeter,
which is representative of the fluctuations responsible for scat-
tering 10-gigavolt cosmic rays. The yearly average cosmic-ray
intensity, as represented by the McMurdo Station neutron
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