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A main theme of the Geospace Environment Modeling (GEM)
program is to identify ionospheric signatures of the dayside cusp
(Rosenberg 1989). The cusp is a funnel-shaped region through
which there is nearly direct entry of solar wind and magnetosh-
eath particles into the earth's magnetosphere (Newell and Meng
1988). Located near magnetic noon, it projects to the polar caps
at low altitude as a region of approximately 1-2 degrees in
latitudinal extent and approximately 30 degrees in longitudinal
extent. Under conditions of moderate geomagnetic activity, the
magnetic latitude of the low altitude cusp is approximately 74
degrees, the same as that of South Pole Station.

Motivated by the request to search for cusp ionospheric signa-
tures in ground-based data, and to intercalibrate the signatures
identified by different observing techniques (Crooker 1990), we
asked the question: "Is there a nometer signature of the cusp?"
One's initial guess might be to answer no because auroral cosmic
noise absorption, as measured by riometers, is thought to arise
from enhanced ionization in the D region and the cusp particle
distribution is composed of electrons too low in energy to reach
that depth (70-90 kilometers) in the atmosphere.

The result of our search, however, suggests that there is a
riometer absorption signature of the cusp. The effect occurs in
the F region at an altitude of approximately 250 kilometers and
is related to the production in the cusp of patches of greatly
enhanced ionization that subsequently drift into the polar cap.

In order to answer the question posed above one must deter-
mine by independent means when the cusp is within, or passing
through, the riometer field of view. Our approach was to use a
known or accepted cusp signature to determine when it was
likely that the cusp was in the vicinity of South Pole Station. For
this purpose, we examined the optical intensity ratio 1(630.0
nanometers)/I(427.8 nanometers) using South Pole zenith pho-
tometer data covering the same approximately 60 degrees field of
view as do the broadbeam riometers at the station. High values
of this emissions ratio are produced by precipitating electrons
with energies less than a few hundred electron volts and could
indicate that South Pole Station was in the cusp.

Our procedure was to search the 1989 austral winter data for
intervals when the optical intensity ratio exceeded 3 for durations
longer than 5 minutes. The search was confined to the 8 hours
centered on magnetic noon (1530 universal time at South Pole
Station). Of the 150 days examined, 32 were selected as contain-
ing one or more time intervals when South Pole Station might
have been in close proximity to the cusp. Note that a high
1(630.0)11(427.8) ratio does not uniquely identify the cusp, but
might also indicate the cleft or polar cap, larger regions that
border on the cusp. Hence we needed to examine additional data
resources.

A comparison with Halley Bay PACE (Polar Anglo-American
Conjugate Experiment) radar identifications of the cusp (Baker
et al. 1990) within the radar's much larger field of view (which
includes Amundsen-Scott South Pole Station) for the same 150-
day period found 16 days in common with the South Pole "opti-

cal cusp" selection. A further comparison with Defense Meteoro-
logical Satellite Program (DMSP) particle identifications of the
cusp produced a final set of 7 days when we could be reasonably
confident that the cusp for a time was within 1 degree of the
latitude of South Pole Station.

Figure 1 shows the average 38.2 megahertz riometer absorp-
tion and 1(630.0)11(427.8) optical intensity ratio for these 7 days
as a function of universal time for the 8 hours centered on
magnetic noon. It is seen that riometer absorption enhancements
are positively correlated with high optical intensity ratios in the
2-hour interval from 1330 to 1530 universal time (1000-1200
magnetic local time), corresponding to the nominal location of the
dayside cusp. This correlation was somewhat surprising in
that riometer absorption and a high 1(630.0)11(427.8) ratio are
usually associated with high- and low-energy electron precipita-
tions, respectively, whereas the cusp is devoid of high-energy
electrons.

Figure 2 illustrates the South Pole Station riometer and pho-
tometer data for one of the seven events. The second panel from
the top gives the ratio of the optical intensities shown in the two
lowest panels. On the ratio panel are indicated the times of three
southern hemisphere passes of DMSP satellites through the cusp
and the time interval when the PACE radar detected the cusp
passing equatorward of South Pole Station. The latitudinal posi-
tion of the cusp as found by satellite data is consistent with the
position and motion of the cusp inferred from the radar data.

In figure 2 note especially the very high values of the optical
ratio between 1450 and 1515 universal time, an interval termi-
nated by an intense spike of 630.0 nanometer emission that
occurred simultaneously with the PACE radar identification of
cusp passage at South Pole Station. The top panel of the figure
shows an enhancement of riometer absorption beginning about
1500 universal time when the cusp is overhead, reaching a peak
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Figure 1. The average 38.2 megahertz riometer absorption and
optical intensity ratio 1(630.0)/1(427.8) for 7 occasions when the
dayside cusp was determined to be within 1 degree of South Pole
Station.

0.30

'C

0

5.00

0
c

0
1130

312	 ANTARCTIC JOURNAL



	

1.50	a)	 38.2 MHz Riometer

	

10-00	b)	
PACE Ratio 1(630.0)11(427.8)

DMSP1	DMSP

	

0	 JJ,JJtLJ
	10.00	 630.0 rim Photometer

	

0	
-

	

5.00	 427.8 nm Photometer

0.
1200 1300 1400 1500 1600 1700 1800

UT, South Pole, 23 May 1989

0.5

-C

0
0.8

-C
0

0.8

-C
0

0.9

-C

0
0.9

-C

0
0.9

0
0.9

-C

0
1500	1515	1530	1545	1600

UT, South Pole IRIS, 23 May 1989

Figure 2. An example of broadbeam riometer and photometer
response during a period when the cusp passed through the field of
view of the South Pole instruments. Arrows depict three passes of
the DMSP satellite which detected the cusp above 76-79 degrees
magnetic latitude at 1308 universal time, at 73.5-75.5 degrees mag-
netic latitude at 1449 universal time and at 71.5 degrees magnetic
latitude at 1631 universal time. The bracket indicates when the
PACE radar detected the cusp over South Pole Station.

of 1.3 decibels shortly after the cusp has moved equatorward
and beyond the field of view of the instruments at South Pole
Station. This enhancement of riometer absorption, and earlier
increases that occurred following the sudden commencement of
a magnetic storm at 1346 universal time, are superimposed on a
quasi-steady absorption level of 0.3 to 0.5 dB caused by solar-
proton induced ionization.

This event and a number of others examined suggest that
significant auroral absorption can occur on the dayside in the
vicinity of the cusp in the apparent absence of electron precipitat-
ion with energies sufficient to cause the D-region ionization en-
hancements to which riometer absorption is usually attributed. In
fact, other case studies (Wang et al. 1991, 1992) support the conten-
tion that the riometer response is caused by F-region absorption
associated with a plasma patch formed in the cusp and propagat-
ing into the polar cap. Some evidence for this, in the event of figure
2, is suggested in figure 3 by the absorption variations observed
along a south-north oriented set of riometer beams from the IRIS
(Imaging Riometer for Ionospheric Studies) instrument at South
Pole Station (Detrick and Rosenberg 1990). The signal variations
are increasingly shifted to later times as the perturbed region moves
poleward (from the bottom to the top panel).
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Figure 3. Absorption response in a column of IRIS beams oriented
approximately along the geomagnetic south-north direction with
south at the top. "dB" stands for decibels.
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