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Abstract: Quasi-periodic variation of cosmic radio noise absorption (called
CNA pulsation), measured by a fast-response 30 MHz riometer at Syowa Stationin
Antarctica (L~ 6), was examined. CNA pulsations with the period of 10-500 s are
observed mostly during morning hours. Most of the CNA pulsations are associ-
ated with magnetic pulsations and quasi-periodic (QP) VLF emissions. The ex-
amination of the relationships among CNA pulsations, magnetic pulsations and
QP emissions, using the cross correlation analysis method, shows that some CNA
pulsations with the period of 10-500s are well related to magnetic pulsations and
QP emissions. In these cases CNA pulsations are more correlated with the D
component of magnetic pulsations than with the H component. It is also shown
that the phase of the CNA pulsations lags behind QP emissions by 60-120 degrees
is independent of the pulsation period.

1. Introduction

Cosmic radio noise absorption (CNA) measured by a riometer is generally re-
garded as an effect of enhanced ionization in the ionospheric D region produced by
particle precipitation. CNA has unique importance to the study of the particle pre-
cipitation in the daytime because a visible aurora, an indication of particle precipita-
tion, is not useful in the daytime. Therefore, CNA is an essential information in
order to study the wave-particle interaction phenomena observed in the daytime.
Cosmic radio noise data sometimes show quasi-periodic variations, called hereafter
“CNA pulsation”, associated with magnetic pulsations (REID, 1976; OLSON et al.,
1980; ROSENBERG et al., 1979), and pulsating aurora (REID and PHILLIPS, 1971; HOLT
and OMHOLT, 1962; BERKEY, 1974).

SaTo and KokUBUN (1980) reported preliminary results of the relation between
quasi-periodic (QP) VLF emissions and CNA pulsations. They demonstrated quali-
tatively that QP emissions are sometimes associated with CNA pulsation, and stated
that the conclusion is due to the electron precipitations and VLF wave arrivals caused
by wave-particle interaction at the magnetospheric equatorial place. However, they
did not analyze the phase relation between these phenomena because the response of
the riometer in their study was as large as 30 s, and accordingly the conclusion included
some ambiguities.

We examine in this paper the correlation as well as phase relationships among
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QP VLF emissions, magnetic pulsations and CNA pulsations by using high time res-
olution (4 Hz) riometer data installed in 1981 at Syowa Station in Antarctica (—66.1°,
70.8°, L=6.1, in invariant geomagnetic coordinate). Details of the system at Syowa
Station in 1981 are descrived by SATO et al. (1984). It will be shown that these cor-
relation analyses confirm the validity of the model proposed by SATO and KOKUBUN
(1980) for explaining the relationship between QP emission of VLF waves and CNA
pulsations to apply to the short period (7~ 30 s) CNA pulsations also associated with
QP emissions. Some new evidences will also be shown in the phase relation between
CNA pulsations and QP emissions.

2. Observation

2.1. General characteristics of CNA pulsation event

In order to show what kind of CNA pulsation is studied in this paper, an example
of CNA pulsation and related phenomena observed at Syowa Station are demonstrated
in Fig. 1 for convenience of the readers. From the top to the bottom the figure shows
the intensity of VLF wave of 750 Hz band, CNA at 30 MHz, the H and the D compo-
nents of magnetic variation for the time interval of 0900-1100 UT on July 25,1981. On
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Fig. 1. Intensity of 750 Hz emissions, cosmic noise absorption (CNA) at 30 MHz, the H and the
D components of magnetic variation in the time interval of 0900-1100 UT on July 25,
1981. In the CNA data display, downward direction corresponds to increase of the ab-
sorption intensity.

the CNA plot in this figure (and also in the following figures), the increase of absorp-
tion is downward. In this figure, long period CNA pulsation with the period of 5-10
min is found to be superimposed with short period pulsations with the period of 20-
100 s for the interval of 0905-0955 UT and 1025-1100 UT. Some parts of the CNA
pulsations appear to be related with QP emissions and magnetic pulsations.
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We first examine the diurnal variation of CNA pulsation phenomenon at Syowa
Station. The data period is about a year from April 1981 to January 1982. The CNA
pulsation events are picked up on chart records. Figure 2 shows the occurrence prob-
ability of CNA pulsation with the period of 10-500s versus magnetic local time.
An occurrence peak of CNA pulsation phenomena is noticeable during morning hours
in this figure. Small peaks are also found in the evening and early morning.
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Fig. 2. Diurnal variations of CNA pulsation with the modulation period of 10-500 s by using the
data from April 1981 to January 1982.

2.2. Correlation between CNA pulsation and related phenomena
(1) April 20, 1981 event

Figure 3 shows another example of VLF emission intensity at 750 Hz and CNA
data at 30 MHz for the time interval of 0900-0940 UT on April 20, 1981. It is evident
that quasi-periodic intensity variations with the period of 80 s occur on VLF wave
intensity at 750 Hz and CNA, especially for the interval of 0915-0921 UT. Figure 4
shows relative powers (upper panel), coherency (middle panel) and relative phase
(bottom panel) between intensity variations of VLF emission at 750 Hz and CNA
for the time interval of 0902-0932 UT on April 20, 1981. Evidently, both quasi-
periodic intensity variations of VLF wave of 750 Hz and CNA have a peak power at
a common frequency around 12.5 mHz, and the coherency between them amounts
to 0.9. The figure also shows that the phase of the enhancement of CNA lags 70-80
degrees behind the enhancement of VLF emission.
(2) September 20, 1982 event

Another good example was obtained on September 20, 1982. Figure 5 shows
the intensity of VLF wave of 750 Hz, 1.2 kHz, CNA and the H component of magnetic
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Fig. 3. Computer plots of VLF emission in-
SYOWA STATION APRIL 20,1981 0902-0932UT tensity at 750 Hz and CNA data at 30 MHz

in the time interval of 0900-0940 UT on April
~ 20, 1981.
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Fig. 4. Relative powers (upper panel), co-
herency (middle panel) and relative phase
(bottom panel) between intensity variations

of VLF emissions at 750 Hz and CNA in the

2.5 5 126 25 50 125 time interval of 0902-0932 UT on April 20,
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_SEP.20, 1982 SYOWA STATION

750 W2

1.2KHZ

FLUX-H [

ULF-H

08 00 08 10 08 20 08 30 08 40 08 50 09 00 09 10 09 20 09 30 09 40 09 50 10 00
TIME (UT)

Fig. 5. Digital plots of the intensity of 750 Hz, 1.2 kHz, CNA and the H component of magnetic
variations observed by fluxgate magnetometer during the time interval of 0800-1000 UT on
September 20, 1982.

variations observed by a fluxgate magnetometer during the time interval of 0800-1000
UT on September 20, 1982. In this figure, it is found that quasi-periodic intensity
variations of VLF wave and magnetic variations with the period of Pc 3 range (15-45 s)
and Pc 5 range (150-600 s) occur simultaneously throughout the whole period. Figure
6 shows relative power spectra of the A and the D components of magnetic pulsations,
CNA, VLF emissions at 750 Hz and 1.2 kHz for the time interval of 0945-1015 UT
on September 20, 1982. In this figure, several spectral peaks are found in each spec-
trum, some being at a common frequency and some others not. The sharp peak
for the D component of magnetic pulsations at 100 mHz is an artificial noise and must
be disregarded. The coherencies among these variations during the same time interval
as Fig. 6 are shown in Fig. 7. It is worth noting that CNA pulsations and QP emis-
sions are well correlated with the D component of magnetic pulsations than with the
H component of magnetic pulsation. Furthermore, CNA pulsations also show good
coherency with QP emissions of VLF waves at 750 Hz and 1.2 kHz bands. It is in-
teresting that the frequency with some coherency peaks as indicated by shaded areas
in Fig. 7 is not necessarily common to all of these combinations. Relative phases on
the September 20 event for the time interval of 0800-1400 UT are shown in the bottom
panel of Fig. 8. In this figure relative phases are plotted for the frequency only when
the value of coherencies is larger than 0.5. The most striking result in this figure is
that the phases of the CNA pulsations lag 60-120 degrees behind QP emissions are
independent of the pulsation period.
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Fig. 7. Coherency among the H and the D components of magnetic pulsations, CNA, VLF emis-
sions at 750 Hz and 1.2 kHz in the time interval of 0945-1015 UT on September 20, 1982.

3. Summary and Discussion

The characteristics of quasi-periodic cosmic noise absorption (CNA pulsation)
and relationships among CNA pulsation, QP emission and magnetic pulsation in this
study are summarized as follows:

(1) CNA pulsations with the period of 10-500 s occur mostly during morning
hours.

(2) Most of the CNA pulsations are often associated with magnetic pulsations
and QP emissions.

(3) Thecoherency between the D component of magnetic pulsations and the CNA
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Fig. 8. Relative phases on the September 20 event in the time interval of 0800-1400 UT. In this
figure relative phases are plotted for the frequency only when the value of coherencies is
larger than 0.5.

pulsations or intensity variations of QP emissions is much higher than that between
the H component of magnetic pulsations and the CNA pulsations or QP emissions.

(4) The phase of the CNA pulsation lags behind QP emission by 60-120 degrees
is independent of the pulsation period.

These characteristics between magnetic pulsations and QP emissions of VLF
waves are the same as those reported by SATo and KokuBuUN (1980). In relation to
their results of long period pulsations, they predicted that short period QP emissions
with the period of 10-30 s could also be associated with CNA pulsations. The results
(3) appear to confirm the validity of their prediction. In addition to the above results,
the phase relation between CNA pulsations and QP emissions, summarized in (4),
is a new finding of this study. The time difference between the arrival of 20 keV
electrons and that of whistler mode waves is estimated to be less than 1 s, when the
electrons, going backward to the waves at the magnetospheric equatorial plane and
reflected at the opposite conjugate point, come back again to precipitate while whistler
mode waves directly propagate down to the station (YAMAGISHI et al., 1984). There-
fore, if the relaxation time of the ionization, representing CNA, is as small as 1 s, the
phase difference between CNA pulsation and intensity modulation of QP emissions
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may not be detectable. On the other hand, if the relaxation time is large, for example
as large as 10 s, the relative phase of CNA pulsation to the intensity modulation of
QP emission should be in a range of 90° to 180° for the Pc 3 frequency range (15-40 s),
appreciably depending on the period of pulsations. YAMAGIsHI et al. (1984) reported
that the intensity variation of X-rays observed on board balloons and that of QP
emissions observed on the ground are almost in phase independent of the period of
pulsation. Therefore, the interpretation of the phase difference between CNA pulsa-
tions and QP emissions needs other factors. One might imagine that the phase delay
of CNA may be due to the depressions of VLF emission intensity on the ground caused
by the enhancement of the ionospheric absorption. However, the ionospheric ab-
sorption is found not to be important for the QP emissions because QP emission at the
satellite level has one-to-one correspondence with the intensity modulation of QP
emission on the ground without a phase lag as reported by SATO et al. (1981). The
other factor which must be considered is that precipitation region may move in asso-
ciation with the movement of occurrence region of QP emissions. But we have no
data to examine this. At present, we do not intend to interpret the phase difference
between QP emission and CNA pulsation.

The relative phase between QP emission at 750 Hz band and magnetic pulsation
shown in the top panel of Fig. 8 demonstrates that the phase appears to be widely scat-
tered between QP emissions and the H component of magnetic pulsations. However,
a systematic relation can be found on the relative phase of QP emissions and the D
component of magnetic pulsations when the uncertainty of the phase measurement
by 2zn is taken into account. These results are the same as that reported by SAto
and KokuBUN (1980). The phase relation between CNA pulsation and the D com-
ponent of magnetic pulsation shown in the middle panel of Fig. 8 demonstrates that
the phase lag depends on frequency, indicating the same characteristics as the relative
phase between QP emission and the D component of magnetic pulsations. The results
suggest that the difference in propagation speed between high energy particles and
Alfvén waves is the cause of the phase difference as predicted by SATo and KOKUBUN
(1980).

Acknowiedgments

We would like to thank H. FukuNisHl, H. YAMAGIsHI, Y. TONEGAWA, T. OGUTI
and S. KokuBUN for their valuable discussions and suggestions. It is a pleasure to
acknowledge all the members of the 22nd and 23rd wintering party of the Japanese
Antarctic Research Expedition for their kind support in making the observations at
Syowa Station. Thanks are also due to the members of Information Processing
Center, especially Messrs. H. SAKURAI and K. UcHIDA for their kind support in operat-
ing the FACOM6/HITAC M-180 computer system.

References

BerkEy, F.T. (1974): On the coruscation of auroral particle flux at College, Alaska. J. Atmos.
Terres. Phys., 36, 881-887.
HoLT, O. and OMHOLT, A. (1962): Auroral luminosity and absorption of cosmic radio noise. J.



CNA Pulsations and Related Phenomena near L~ 6 81

Atmos. Terres. Phys., 24, 467-474.

KENNEL, C. F. and PeTscHEK, H. E. (1966): Limit of stably trapped particle fluxes. J. Geophys.
Res., 71, 1-28.

OLSON, J. V., ROsTOKER, G. and OLcHOWY, G. (1980): A study of concurrent riometer and mag-
netosphere variations in the Pc 4-5 pulsation band. J. Geophys. Res., 85, 1695-1702.

REID, J. S. (1976): An ionospheric origin for Pi 1 micropulsations. Planet. Space Sci., 24, 705-710.

REID, J. S. and PHILLIPS, J. (1971): Time lags in the auroral zone ionosphere. Planet. Space Sci.,
19, 959-969.

ROSENBERG, T.J., LANZEROTTI, L. J., MACLENNAN, C. G. and Evans, C. (1979): Impulsive, quasi-
periodic variations in the ionospheric absorption of cosmic radio noise. J. Geomagn. Geo-
electr., 31, 585-597.

SaTO, N. and KOKUBUN, S.(1980): Interaction between ELF-VLF emissions and magnetic pulsations;
Quasi-periodic ELF-VLF emissions associated with Pc 3-4 magnetic pulsations and their
geomagnetic conjugacy. J. Geophys. Res., 85, 101-113.

SaTo, N., Fukunisal, H., Ozakl, T. and YosHINO, T. (1981): Simultaneous ground-satellite ob-
servations of quasi-periodic (QP) ELF-VLF emissions near L=6. J. Geophys. Res., 86,
9953-9960.

SaTto, N., Fui, R., FukunisHal, H. and Nakaima, D. (1984): Upper atmosphere physics data,
Syowa Station, 1981. JARE Data Rep., 93 (Upper Atmosphere Physics 1), 206 p.
YAMAGIsHI, H., ONo, T., FUKUNISHI, H., YAMAGAMI, T., NISHIMURA, J., KODAMA, M., HIRASHIMA, Y.,
Murakamr, H., HOLTET, J. A., ULLALAND, S. and PELLINEN, R. (1984): Auroral zone X-ray
pulsations associated with VLF pulsations; B;5-3N balloon experiment. Mem. Natl Inst.

Polar Res., Spec. Issue, 31, 124-136.

(Received August 14, 1984, Revised manuscript received December 17, 1984)



