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ABSTRACT 

Auroral emission originating at the foot of the Io-associated flux tube at Jupiter has been detected 
with a high-resolution spectrometer/telescope on board the Orbiting Astronomical Observatory 
Copernicus. The emission intensity at La is found to be greater than 100 kR and the emission is 
located at zenographic latitudes greater than 65°. 
Subject headings: planets: atmospheres - planets: Jupiter - planets: satellites - planets: spectra 

I. INTRODUCTION 

Ground-based radio astronomy observations and 
Pioneer 10 and 11 measurements clearly indicate that 
Io plays an important role in modulating the Jovian 
decametric radiation. Goldreich and Lynden-Bell 
(1969) recognized that Io as a unipolar generator would 
develop a potential drop of nearly 670 kV across its 
radial diameter. This voltage difference would drive a 
current along the magnetic field lines which pass 
through Jupiter. The plasma enclosed by the flux tube 
corotates with Io's orbital angular velocity. The flux 
tubes are presumably frozen to the motion of Io 
(Piddington and Drake 1968). Consequently the feet 
of the flux tube slip relative to Jupiter in the Jovian 
ionosphere. Goldreich and Lynden-Bell estimate that 
a current on order of 106 A flows across each foot of 
the flux tube. The current is presumably carried by 
electrons and protons which are accelerated primarily 
at the satellite and in the upper ionosphere (Goldreich 
and Lynden-Bell 1969). The mechanisms for accelera
tion of electrons remain uncertain (see, e.g., Smith 
1976). 

The passage of the keV electrons through the atmo
sphere of Jupiter results in energy degradation via 
various processes such as ionization and excitation of 
the various neutral species. In situ detection of the 
precipitating electrons and their flux and associated 
energy has not yet been accomplished. Goldreich and 
Lynden-Bell (1969) estimate that the power dissipated 
at each foot of the flux tube could be as high as 4 X 
1010 W, corresponding to an energy flux of about SO 
ergs cm-2 s- 1 over a region of 500 km radius. Using the 
Jupiter model atmosphere given in Atreya and Donahue 
(1976), we estimate that interaction of keV electrons of 
100 ergs cm-2 s- 1 with the Jovian upper atmosphere 
will produce approximately 100 kR of hydrogen La 
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at each foot of the flux tube. The emission intensity 
is essentially independent of the energy of the primaries, 
but it depends critically upon the total energy flux of 
the precipitating particles. 

Several investigators in the past have searched for 
these Jovian auroral emissions by using ground-based 
optical devices (Smith, Rodman, and Sloan 1963; 
Schwitters 1968; Hunter 1969; Dulk, Eddy, and 
Emerson 1970). The results of these observations remain 
highly inconclusive. The detection of Jovian auroral 
spots is difficult owing to the fact that their location 
on Jupiter could not be predicted with confidence at 
any given instant in time. The measurements were 
further complicated by inadequate instrument sensi
tivity; spatial and spectral resolutions were not suffi
cient to distinguish unambiguously the weak auroral 
spots (which act like point sources) from the geo
coronal, Jovian, Io, and Io-torus emissions. Most 
instruments had a sensitivity of 10 kR at Ha, while no 
more than 4-6 kR are expected. We report in this 
paper the detection of auroral hot spots on Jupiter 
with the use of the Princeton spectrometer/telescope 
on board the Orbiting Astronomical Observatory 
Copernicus at the wavelength of hydrogen La. 

II. OBSERVATIONS 

Copernicus is in a geocentric orbit of approximately 
750 km altitude and inclination 35°. The highest 
spectral resolution tube, Ul, of the Princeton spectrom
eter has a bandpass of 0.04 A at 1216 A. A wavelength 
scan takes place in steps of 0.022 A. The angular 
dimensions of the slit are O~ 3 X 39"; the nominal 
orientation of the slit is 45° to the ecliptic plane and 
hence to the rotation axis of Jupiter. The long dimension 
of the slit (39") was always greater than the angular 
dimension of Jupiter during the times of observations. 
The sensitivity is approximately 0.53 counts s-1 kR-1 

at La for an extended source filling the slit (J. L. 
Bertaux 1976, personal communication). The dark 
count rate of the Ul tube is generally on the order of 
1 to 2 counts s- 1; it is mainly induced by cosmic rays. 
Certain assumptions about the characteristics of the 
auroral hot spots facilitated the observations and subse
quent analysis. Based on the Acuna and Ness (1976) 
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Pioneer 11 Jovian magnetic field model "04," it was 
assumed that the hot spots were located in the polar 
region, generally at zenographic latitudes greater than 
50°. The size of the spot was deduced to be in the 400-
1000 km range from very long baseline interferometry 
of decametric radiation from Jupiter (Stannard, Dulk, 
and Rayhrer 1970). A spot of 1000 km diameter would 
nearly fill the slit in its narrow dimension. Since the 
flux tube presumably corotates with Io, the spot 
should have a periodicity of approximately 42 hours on 
Jupiter. A caveat about the above assumptions is, 
however, in order. Though the optical emission is 
expected to originate at the feet of the flux tube, unlike 
the decametric radiation, its spatial extent, direction, 
and location are by no means constrained, say by the 
Jovian magnetic field. Potential contributors to La 
signal for a slit with Jupiter in the field of view come 
from (i) geocorona, (ii) Jovian airglow, (iii) Jovian 
aurora, (iv) Io, and (v) Io-torus. Some of these sources 
can be identified on the basis of the Doppler shifts in 
their La signature caused by their motion relative to 
the spectrometer. The auroral hot spot emission, 
however, will suffer the same Doppler shift as the 
Jovian airglow emission. 

The technique of observation involved first position
ing the slit -5° from the nominal orientation, i.e., 40° 
relative to the rotation axis of Jupiter, and scanning in 
wavelength about La. These observations were carried 
out over several days with Io at several different 
positions in its orbit about Jupiter. In all cases, a 
geocoronal La signal and a Doppler-shifted Jovian La 
emission were observed. No significant variation in the 
Jovian signal was seen as Io moved in its orbit. More
over, several scans were carried out with the slit offset 
toward the eastern and western elongations. Again, 
no enhancement in signal was seen when Io was in the 
field of view. Next, the spectrometer was set at the 
Jovian La line and the spacecraft was rolled 30° so that 
the slit was oriented at an angle of 14?4 relative to the 
rotation axis of Jupiter (see Fig. 1). This observation 
was carried out with the purpose of detecting any polar 
auroral emissions in La correlated to Io's orbital 
position. Ideal observing conditions occurred on 1976 
August 24 and September 9, 19, and 22. In all, 16 drifts 
of lo across Jupiter were observed. We show in Figure 2 
a typical Jupiter La line scan with the slit at 40° from 
the rotation axis. The geocoronal La is the large peak, 
while to the short-wavelength side of it is the Jovian 
La signal as marked on the figure. Typically, peak 
counting rates between 5 and 7 counts per integration 
period were seen for the Jovian La airglow; this corre
sponds to about 1 to 1.2 kR of La intensity. This 
value of Jovian La is about 3 times the value measured 
by the ultraviolet photometer on Pioneer JO. 

In the lo-drift experiment, both Io and Jupiter were 
illuminated, i.e., Io was on the front side of Jupiter. 
The position of lo from superior conjunction, cfi1o 
varied from 100° to 293° during the 16 lo-drift observa
tions. On some of these occasions there was a signifi
cant enhancement of the Jupiter-associated La emis
sion. These occurred when the geometry of observation 
was as indicated in Table 1, where cfi1o refers to Io's 
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Fm. 1.-The geometry of observation for the Io-drift experi
ment. N represents zenographic north pole; E and W are directions 
of eastern and western elongations, respectively. Io is in equa
torial orbit. The spectrometer slit is oriented at an angle of 
14~4 relative to the rotation axis of Jupiter. For positions of Io 
from superior geocentric conjunction given in Table 1, the calcu
lated position of the southern foot of the flux tube is shown by a 
dot. During the course of observation, the foot actually transits 
the slit. 

position from superior geocentric conjunction (cfi1o = 0° 
when lo is directly behind Jupiter as viewed from the 
Earth), and Am is the System III longitude of Jupiter; 
c/l1o varies by approximately 4?5 and Am by 18° during 
the course of each observation. It takes about 2.2 
hours for Io to transit Jupiter; useful data are, however 
available for only a fraction of this time. 

The 16 Io-drift observations can be categorized as 
follows on the basis of their viewing geometry and 
signal level: (i) five cases with q,10 "" 180° and marginal 
enhancement of about 1 to 1.5 counts per 14 seconds 
above the Jovian La airglow signal; (ii) two cases with 
cfi1o » 270° and no significant enhancement of the 
Jovian La airglow signal; (iii) two cases with only a 
very small portion of the Io-transit available to yield a 
meaningful observation of the hot spots; (iv) four 
cases with cfi1o « 180° and no enhancement of the 
Jovian La airglow signal; and (v) three cases with 
cfi1o < 180° (given in Table 1) where substantial en
hancement of the Jovian La airglow signal was detected. 

The enhancement of the signal for cases in category 
(i) could have been caused by the passage of the Io
torus in front of Jupiter. Analysis based on the Acuna 
and Ness model of the Jovian magnetic field reveals that 
neither of the flux tube feet could have projected on 
the slit in view of the geometry of observation during 
these five observations. Because of the peculiar orienta
tion of the slit on Jupiter, the northern hot spot could 
have been observed onlv for the two cases mentioned 
in category (ii). According to the Acuna and Ness 
model, the northern foot of the flux tube would, how
ever, have been located in zenographic latitude ~80° 
for these two cases. Consequently it could not fall on 
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FIG. 2.-Counting rates (per 14 s) versus wavelength in the 

vicinity of La. The appropriate background has been subtracted 
out. This spectral scan is the result of stacking and averaging 37 
runs. The large signal to the right shown by Et! represents geo
coronal La emission, while to its left is the Jovian airglow emission 
at La shown by 2!. Other secondary peaks are merely noise 
spikes or artifacts. 

the slit, which has an orientation of 14?4 relative to 
the rotation axis of Jupiter. In the four cases of category 
(iv), it turns out that the southern foot of the flux tube 
would have been 5° to 17° away from the spectrometer 
slit. Therefore it is not surprising that no enhancement 

TABLE 1 

GEOMETRY OF OBSERVATION 

Date Mean (<P1o, Xm) 

76/8/24 ... . 
76/8/24 ... . 
76/9/19 ... . 

(128°' 139°) 
(156°, 259°) 
(140°' 154°) 

of the signal was seen. For the geometry of the first and 
the third observations listed in Table 1 (category [v)), 
calculations indicate that the southern foot of the flux 
tube would have projected on the slit, and a substantial 
rise above the Jovian La airglow signal level was seen. 
We are perplexed by the second observation listed in 
Table 1. The geometry of this observation did not 
permit either foot of the flux tube to be in the field of 
view of the spectrometer slit, yet we see an enhancement 
in the signal. The rms guidance fluctuations in the 
position of the slit on Jupiter are not large enough to 
accidently place the hot spot in the field of view of the 
slit. Moreover, uncertainties in the Acuna and Ness 
model of the Jovian magnetic field are on the same 
order as therms fluctuations of the slit position. There 
is a possibility that emission originating from the foot 
of the Europa flux tube could have accounted for the 
enhancement in this case. 

We show in Figure 3 a typical run for category (v) 
(Table 1) observations when enhancement in the signal 
above the Jovian La airglow level was detected. A 
preliminary analysis of the data has been carried out 
to determine the La intensity associated with the 
auroral hot spot. Appropriate background levels for the 
Ul photomultiplier tube were subtracted out and 
statistical noise was removed by techniques of least
squares fitting. The assumption was made that the 
spot size is 1000 km so that it fills the narrow dimension 
of the slit. The signal counting rate above the Jovian 
airglow signal at the peak of enhancement in the runs 
listed in Table 1 was found to be on the order of 6.5 
to 7.5 counts per 14 s integration period. This results in 
La intensity of the auroral hot spot on the order of 113 
to 133 kR. For a spot of smaller dimension, the esti
mated intensity would be accordingly greater. An 
attempt was also made to discern the location of the 
auroral hot spot on Jupiter. Since the spot (northern or 
southern) would reappear at the same location on 
Jupiter in approximately 42 hours, the time it takes to 
cross the o~ 3 slit depends upon its latitudinal location 
on Jupiter. At the equator, e.g., it takes about 9 minutes 
for it to cross the slit and almost 20 minutes at 60° 
latitude. In all the observations listed on Table 1, the 
signal remains enhanced above the Jovian airglow 
level for 23 to 31 minutes, implying that the zeno
graphic latitude position of the auroral hot spot for the 
geometry of observations reported lay between 65° and 
70°. 

III. CONCLUSIONS 

The Copernicus observations provide the first defini
tive indication of the existence of auroral hot spots at 
the foot of Io flux tube on Jupiter. The intensity of hy
drogen La emission and the zenographic position of the 
observed feature are found to be in good agreement with 
the predictions of currently accepted models of Jovian 
decametric radiation. 

Partial support provided by NASA grant NSG-5139 
and AURA subcontract 86303 (NASA/JPL contract 
7-100) is gratefully acknowledged. 
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FIG. 3.-Counting rate versus time in sets for the Io-drift experiment. Each set is equivalent to a 14 s integration period. The appropriate background has been subtracted out. 
The spectrometer was fixed at the Jovian La wavelength and the slit oriented 14?4 to the rotation axis of Jupiter. The fine error guidance system (FES) on Jupiter was turned on 
at set time of about 180 and turned off at set time of about 310. It is only after the FES has been turned on that Jupiter is fully within the field of view of the spectrometer slit. 
In other words, after the FES is turned on Jupiter the signal counting rate is expected to reach at least the level of the Jovian La airglow emission, as shown in Fig. 2. 
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