
second at 90 teraelectronvolts has been set and was reported
at the International Cosmic Ray Conference in Adelaide, Aus-
tralia, (January 1990). Simular upper limits of a 5 x10-13 per
square centimeter per second above 55 teraelectronvolts for
SMC X-1, LMC X-4 and Cen X-3 and 1.5 X10-13 per square
centimeter per second above 160 teraelectronvolts for Vela X-
1 which are X-ray binaries known also to be emitters at 1
teraelectronvolt.

A preliminary all-sky search for regions of enhanced emis-
sion has been made. The sky has been divided into bins of 9
square degrees (appropriate to the estimated angular resolu-
tion of the telescope) and searched for regions of excess. Three
search grids were used displaced diagonally with respect to
each other by 10 so as not to lose a signal that might straddle
a bin boundary. The pattern of excesses and deficits is entirely
consistent with expectation from a random background except
for 1 bin in which an excess of 4.9 standard deviations is ob-
served. This excess, after allowance for the 3,300 bins sought,
has a chance probability of only 1.7 X10-3. Moreover, the bin
lies in an interesting region of the sky crossed by the galactic
plane and containing the X-ray binaries 4U1145-619 and 1E1145-
614. Both of these objects are binary pulsars with periods of
about 300 seconds; a search for periodic emission is in progress.
In addition, this area of sky contains a region of enhanced 100
megaelectronvolts emission as reported by the Cos B satellite.
Subsequent to our all-sky analysis it has been discovered (Bra-
zier et al. 1990) that 4U1145-619 is also a teraelectronvolt -y-ray
source. Further analysis on data recorded since 1988 is now in
progress.

This research was supported in part by National Science
Foundation grant DPP 86-13231. We would like to take this
opportunity to thank the following: our present winter-over
scientist Michael Finnemore, who helped in the 1989-1990
summer campaign and who is currently responsible for run -
ning the experiment during the 1990 winter, and Steve Bloomer
for his efforts in the 1989-1990 campaign. Alistair Walker, who

was tragically killed in a car accident after returning from the
South Pole, was our 1989 winter-over scientist; we remain
grateful for his many contributions.
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The structure and dynamics of the solar interior can be probed
by measuring the frequencies of solar global acoustic oscilla-
tions. This technique is known as helioseismology and has
become a powerful tool for testing the theory of stellar struc-
ture and evolution, one of the principal foundations of our
current understanding of the Universe. The frequency spec-
trum of solar oscillations is rich and contains many millions of
different modes of oscillation with periods between roughly 3
and 15 minutes. Resolving these modes requires high-quality
observations with good spatial and frequency resolution. The
South Pole is an excellent site for obtaining solar oscillation
observations because the Sun may be observed for long periods
with interruptions caused only by weather (Harvey 1989) and
any instrumental problems. This provides spectra with good
frequency resolution and freedom from spurious features. An
absence of periodic interruptions allows one to eliminate the
weak spurious responses that do remain in raw spectra (Harvey
in press). The atmosphere at the South Pole is unusually trans-
parent and stable. This yields spectra with low noise and good
spatial characteristics. As a result of these unique character-
istics, the South Pole has been used as a site for helioseis-
mology on many occasions since 1980.
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Our group made observations in December 1981, November
1987, and November 1988. The first two intervals provided
similar observations at times of high and low solar activity,
respectively. The 1988 observations and additional observa-
tions now scheduled for the austral summer of 1990 take ad -
vantage of detector improvements and the stable observing
conditions to provide substantial improvements in spatial res-
olution and also to sample the Sun at intermediate and high
levels of activity, respectively (Jefferies et al. 1989). Our recent
work has centered on changes of the solar oscillations asso-
ciated with the high and low levels of activity in 1981 and 1987.

The first significant result is that the frequencies of solar
oscillations with spherical harmonic degrees between 6 and 98
are systematically about 0.01 percent greater when solar activ-
ity is high (Jefferies et al. in press). This implies an increase
in the internal sound speed at times of high activity. This might
be due to a temperature increase near the solar surface or a
change in a subsurface magnetic field or both. Our data suggest
that this variation is stronger at higher degrees, indicating that
the change is probably localized near the surface.

We found that the internal rotation of the Sun did not change
significantly (less than 1 percent) as a function of solar activity
(Jeffenes et al. 1988). A systematic frequency change associated
with latitude, however, showed a large change with solar ac-
tivity. This indicates that there is an asphericity in the internal
distribution of sound speed that changes with the solar cycle.
The cause might be temperature or magnetic field perturba-
tions associated with activity at particular latitudes.

We also found that the lifetime of oscillation modes varies
with the solar cycle (Jefferies et al. in press, in preparation).
This is illustrated in the figure as an increase in spectral line
width (decrease in lifetime) with increasing activity and with
increasing spherical harmonic degree. The latter increase dur-
ing quiet times is consistent with a model that assumes each
oscillation mode loses a given fraction of its energy every time
it is reflected from the solar surface. It is not clear why the
lifetime of modes is further reduced at times of high solar
activity. There is also weak evidence that low-degree mode
lifetimes may change with the level of activity more than do
modes of somewhat higher degree. Why this should be is
another mystery.

Space does not permit a report on other work using these
data. This includes exploration of the characteristics of high-
frequency modes (Kumar et al. in press; Duvall et al. in prep-
aration) and absorption of sound waves by solar active regions
(Braun, Duvall, and Jefferies in press).

In addition to the authors, the field parties included D. Jak-
sha of National Solar Observatory in 1987 and R. Aikens of
Photometrics, Ltd., in 1988. Their assistance and that of the
South Pole support personnel was essential to the success of
this program. This work was supported in part by National
Science Foundation grants DPP 87-15791 and DPP 89-17626.
The National Optical Astronomy Observatories are operated
by the Association of Universities for Research in Astronomy,
Inc., under cooperative agreement with the National Science
Foundation.

The width of spectral features associated with solar oscillation
modes is Inversely proportional to the lifetime of the oscillations.
The measured widths for oscillations having frequencies between
2.5 and 3.0 millihertz are shown here as a function of degree. The
filled triangles indicate results from 1981, a time of high solar ac-
tivity. The open squares Indicate results from 1987, a time of low
activity. We see that mode lifetimes decrease with increasing de-
gree and activity. The line is based on a model of the degree var-
iation of line width that assumes that a fraction of its energy is lost
every time a mode encounters the surface.
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