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Propagation properties of an interplanetary disturbance association with a 
halo coronal mass ejection (CME), which was observed with the Solwind coronagraph 
from 08:22 to 09:58 UT on 27 November 1979, are examined utilizing and space­
craft observations. Detailed model-fitting showed a propagation speed 
of the disturbance was situated in the radial direction of the heliospheric current 
sheet. Quick deceleration of the disturbance along current sheet is suggested. 

1. 

Among a wide variety of morphological coronal mass ejec-
tions (CMEs), "halo" which are coronal structures of excess brightness of 
solar corona nearly surrounding occulting disk a coronagraph, 
are particularly of interest because interplanetary consequence of a of this 
type must collide with the in a "head-on" manner. of the best examples 
of the this is a coronal event which was the Solwind 
coronagraph during the interval from 08:22 to 09:58 UT on 1979, 
mediately after the disappearance of a quiescent solar solar disk 
center [Howard et al.,1982]. A provisional study of the manifestation 
of the CME was performed by Watanabe (1985] Watanabe et al. [1986] using 
interplanetary scintillation (IPS) and spacecraft observations of the solar wind. 
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c} Interplanetary CME 
An interplanetary signature of the halo CME was observed with the zodiacal 

light photometers on board the Helios spacecraft as an outward-moving structure 
with an excess electron columnar density [Jackson, 1985]. At this time, Helios. 2 was 
situated at 30° east of the sun-earth line 0.5AU from the sun. The Helios 2 pho­
tometers observed the interplanetary CME as it moved outward past the spacecraft 
at an altitude of 16° above the ecliptic plane. The approximate outward speed of 
the interplanetary CME was about 500km/ s, at around the heliocentric distance of 
0.5AU [Jackson, 1985]. 

At the time of the mass ejection, Helios 1 was located at 120° east the sun­
earth line 0.35AU from the sun. The southern portion of the interplanetary CME in 
question was also observed by the Helios 1 photometer on 27 November. Combining 
above-mentioned photometric observations, Jackson [1985] concluded that the CME 
moved outward directly along the sun-earth line and that it showed strong collimation 
in the north-south direction. 

Spacecraft Observations of Solar Wind 
An interplanetary shock wave was detected by Helios 2 (30° E, 0.5AU), at about 

16:00 UT on 28 November. The shock speed at the spacecraft is estimated to have 
550km/ s. It is reasonable to assume that the solar origin of the interplanetary 
wave was the disappearing filament or the halo CME on 27 November. The 

shock speed between the sun and the spacecraft is about 630k.m/ s. It is 
concluded that the shock decelerated along the sun-Helios 2 line. The in situ shock 
speed at Helios 2 is consistent with the outward speed of the interplanetary CME near 
0.5AU (500km/s) which was estimated by Jackson (1985]. Solar wind data obtained 
at Helios 1 (125° E, 0.35AU) show no evidence of the shock wave at the spacecraft 
on 27-28 November. 

The interplanetary shock wave in question was also observed at ISEE-1, -2, and 
-3 spacecraft. The arrival time of the shock wave at ISEE-3 was 06:49 UT on 30 
November, immediately before an sc of geomagnetic storm at 07:38-07:41 UT on 30 
November. The shock speed near the earth, which has been determined by using 
solar wind observations obtained with these three spacecraft, is 404km/ s [Russell et 
al., 1983]. The most probable solar origin of the shock wave will be the disappearing 
filament or the halo CME on 27 November 1979 [Howard et al., 1982]. Since the 
average shock speed between the sun and the ISEE-3 spacecraft was about 560km/ s, 

it is also concluded that the shock wave showed deceleration along the sun-earth line. 

e} JPS Observations of Solar Wind 
The interplanetary disturbance in association with the halo CME was also de­

tected by interplanetary scintillation (IPS) observations of radio sources as a tran-
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Fig. 2. Line-of-sight geometry on 30 November 1979 (projected onto the ecliptic 

plane). Locations of spacecraft are also shown. 
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sient increase in the flow speed accompanied with the enhancement of the scintillation 
level. The line-of-sight geometry on 30 November 1979 is shown in Fig. 2. IPS 
observations obtained at UCSD [Coles and Rickett, 1979] and Toyokawa are available. 
According to the direct deduction from IPS and spacecraft observations, the general 
three-dimensional configuration of the interplanetary disturbance in association with 
the halo CME may be approximated by a sphere having a dip of the shock speed 
around the sun-earth line [Watanabe, 1985; Watanabe et al., 1986b]. 

3. Empirical Modeling 

Although IPS techniques enable us to obtain solar wind data in the region away 
from the ecliptic plane, it is somewhat difficult to study transient interplanetary dis­
turbances utilizing IPS observations because the time resolution of current IPS obser­
vations is generally poor, and observational parameters, e.g., the solar wind speed, are 
affected by the line-of-sight integration. In previous works [Watanabe, 1985; Watan­
abe et al., 1986], it was assumed that the observed flow speed by IPS observation 
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is that of the plasma speed of the disturbance. This simple method is useful to see 
large-scale propagation properties of interplanetary disturbances, but it is necessary 
to take into consideration the above-mentioned limitation in IPS observations. A 
model fitting procedure [Watanabe et al., l986a] has been introduced to improve the 
situation. In this section, we find the best-fit model by which IPS and spacecraft 
observations in late November 1979 can be explained. 

a) Method 
We define the directivity of an interplanetary shock wave, D(L,B), as a function 

of the longitude L (deg.) and the latitude B (deg.): 

where 

D(L, B) = F(L, B) cos M(L - L0 ) cosN(B - Bo) 

F( L, B): reduction factor 
Lo: longitude of the shock wave center (deg.) 
Bo: latitude of the shock wave center (deg.) 
M, N: multiplication factors 

(1) 

set D(L, B) = 0 when it has values. The reduction factor is newly 
introduced to represent the detailed geometry the interplanetary disturbance. By 
using the directivity, the angular distribution of the total shock speed (shock speed 
plus ambient flow speed) of an interplanetary disturbance is given by the formula: 

where 

VS(L, B, R) = VSoD(L, B)(R/ Ro)-DE + V0(L, B) 

VS(L, B, R): total shock speed (km/ s) 
R: heliocentric distance (AU) 
VSo: initial shock speed (km/s) at (Lo= 0, Bo= 0) 
Ro: heliocentric distance of the initial point (AU) 
DE: power-law deceleration coefficient 
Vo(L, B): ambient solar wind speed (km/ s) 

(2) 

The radial thickness of the interplanetary disturbance, DS(L,B) in AU, is defined as 
follows: 

DS(L, B) = DS0 D(L, B) (3) 
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3. Assumed angular distribution of the ambient solar wind speed on 27-30 
November 1979. The longitude is measured from the central meridian of the sun, 
and the latitude is measured from the solar equatorial plane. Location of the 
center of the scattering weighting function on each line of sight is indicated by a 
dot. locations of spacecraft are also indicated. 
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Fig. 4. Comparison between the observed time variation of the flow speed at 
Helios 2 (solid line) and prediction (broken line). 
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Fig. 8. Same as Fig. 6 but for 30237. 
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Fig. 9. Same as Fig. 6 but for 30459. 
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Fig. 10. Same as Fig. 6 but for 3C295. 
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Fig. 11. Same as Fig. 6 but for 3C161. 

1 
DEC 1979 

61 

1 
DEC 1979 

2 3 

II UCSD 
TYKW 

II UCSD 
• TYKW 



2 4 

along the sun-earth line. To simulate 
December, it is necessary to assume a smaller ae1ce11era~t1c1n '"''-''""-'-''""' ... ,, ...... 
cause Solwind CME observations suggest 
hemisphere would have been to 
employed in the above-mentioned ......... __,'-.!.\,.,.._ ...... ~,__ 

Table 1. Parameters which r1L:>Tarr.-n 

of the interplanetary 
in association with halo 

Region 
1>5 
L<5 

1>+40, B<O 
-30<1<+40, 

c} Three-Dimensional Geometry of Shock Wave 

in Association with Halo CME on 27 November 
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Fig. 12. Approximate configuration of the leading edge of the interplanetary 
disturbance in association with the disappearing filament on 27 November 1979, 
at 00:00 UT on each date. Upper panel (a) shows the equatorial cross section; 

lower panel (b) shows the central meridian cross section. 
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the detection of the 

2. center of the disturbance was located around the sun-earth near 

the radial direction of disappearing filament. 

3. A local depression of the propagation speed of the interplanetary disturbance 

was situated around the sun-earth line. The deceleration of the disturbance 
was strong around the line. 

·Since the low-latitude portion of the heliospheric current sheet was located near 

sun-earth line, it is suggested that the presence of the current sheet is responsible 

to form the dip of interplanetary disturbance around the sun-earth line. 

slower ambient solar and the stronger deceleration along the current sheet 

result in the dip. similar was obtained for an interplanetary disturbance 

association solar filament on 1979 [Watanabe 
al., 1988]. conclusion, the presence of the heliospheric current sheet will 

an important role to determine detailed dynamical characteristics of interplanetary 

disturbances. Henning et al. [1985] also suggested that interplanetary disturbances 

are weakened by interaction with the heliospheric current sheet. 
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