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ABSTRACT

It is known that Jupiter's auroral radio emission (hereafter JAR) shows long term variations
with the time scale of about a decade. The variations were first considered to be initiated by the solar
activities in 1960’s, however, longer term analyses in 1970’s showed the variations relate with the
Jovicentric declination of the earth (De). So far, their plausible causalities are considered to be
brought by 1) De relating to amount of reachable rays to the earth, and 2) the geocentric declination
of Jupiter relating to incidence angle of the radio wave to the terrestrial ionosphere (see Oya et al.,
1984; Kawauchi et al., 2002). However, considering solar cycle dependence on the terrestrial auroral
radio activity (e.g. Kumamoto et al., 2003), the solar activity control may not be negligible for the
long term variations. The similar possibility, thought the opposite sense, is also implied for
occurrence of Saturn’s auroral short-term radio burst. Furthermore, we have not known well long
term relationship between JAR and Jupiter’s substorm-like process which is considered to be
controlled by Io’s volcanic plasma variability.

In order to investigate control factor(s) of Jupiter’s long-term magnetospheric variations,
we have investigated occurrence features of JAR using the radio wave data for more than 25 years
(1995~) observed by the WIND satellite. We have derived occurrence probabilities from the data
observed in the frequency range of 1 - 14MHz for 4 months of every Jupiter's opposition periods. The
results are interesting; i.e., the yearly occurrence probabilities show almost monotonous decrease
from 1995 to 2005, then gradual increase from 2005 to 2010, but change to somewhat complex nature
after 2010 with increase and decrease for non Io-related components. In addition, it should be noted
that the occurrence probability in the 2015 opposition period is abruptly large and that in the 2020
opposition period is the largest in the past 25 years. It does not seem to correspond to simple
variations of De and solar and/or solar wind activities those have been discussed as plausible
causalities, but implies that some other or multiple causalities control the long term variations. In
particular, the abrupt increase of the 2015 occurrence probability implies that the causality should
have shorter time scale than the solar cycle and/or De variations. One candidate for such the
causalities is Io’s volcanic plasma variability. We have started to make the comparison between the
JAR and Iogenic sodium emission variations, however it does not seem to be a simple correlation. As
the next step, we plan to make further comparative analyses with shorter time resolution (currently
yearly base, monthly base as the nest step) and a comparative analysis with Iogenic plasma
variations instead of the neutral sodium gas variations(c.f. Morgenthaler+, 2023) including the JAR

occurrence data after the 2020 opposition period.
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Abstract: In order to investigate control factor(s) of Jupiter’s long-term magnetospheric variations,
we have investigated occurrence features of Jupiter's auroral radio emission using the radio wave
data for more than 25 years (1995~) observed by the WIND satellite. We have derived occurrence
probabilities from the data observed in the frequency range of 1 to about 14MHz around Jupiter's
opposition periods. The results are interesting; i.e., the yearly occurrence probabilities show almost
monotonous decrease from 1995 to 2005, then gradual increase from 2005 to 2012, but change to
somewhat complex nature with increase and decrease for non lo-related components. It does not
seem to correspond to simple variations of De and solar and/or solar wind activities those have
been discussed as plausible causalities, but implies that some other or multiple causalities control
the long term variations.

Outline: 1. Review: Long-term occurrence variations of Jupiter’s auroral radio wave
2. Result: Long-term variations of the auroral radio wave observed from WIND
3. Brief discussions: possible causes for the long-term variations

Jupiter’s auroral radio emission(JAR): review
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Fig. DAM & lo-DAM (after J. Spencer)
DAM: >3MHz
Fig. Schematic plot of Jupiter's non-thermal radio emissions. (Kaiser, 1993) 13- -t diagram obs. by Cassini.(Gurnett+, 2002)

Long term variation of JAR: review

Fig.2 Relation of DAM occurrence and De
(Carr et al., 1983)
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Fig.1 Relation of DAM occurrence and
sun spot number (Carr et al., 1961)
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Long term variation of JAR: review

Oya et al. (1984) :1974~19824F D ERH;
IR EREEE R KXBEBEA> HREET:
W4ERE )
+AREETICHESRA A RIRS OEE
+AREWMAEEE R B IS (KEBES)

AAMB(2002): 1974~20014E D fRHT
«De: effective for non lo-DAM
(De:+/- — Occ. Prob. +/-: IE4H)
non effective for lo-DAM
IR EEMEICLIEWOEE: ~40%
RAIE BB AEEROEE: ~5%

Fig.3 Relation of (D)DAM occurrence and (A)foF2, (B)deviation
angle from galactic center, (C)SSN and De (Oya et al., 1984) 4

Long term variation of External factors

Fig.4 Long-term variation of De
and F10.7. Solar cycle 23 & 24
show similar De variations, but
different solar activities.
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Data source: WIND/WAVES

WIND: launched on Nov. 1, 1994
WAVES: Radio and Plasma Wave Investigation
*Radio Receiver Band 2 (RAD2)
Inputs: Ey(100m)+Ex(15m), Ez(12m)
Frequency range: 1.075 MHz - 13.825 MHz
Number of channels: 256
Bandwidth: 20 kHz
Sensitivity: 7 nV/Sqrt(Hz) (Bougeret et al.,1995)
#At 60sec
#Merit of WAVES data: highly sensitive & stable
for nearly 30 yrs.

Data Analyses
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Result: Long term var. of JAR Occurrence

Red:all
Green:>8MHz

Fig. lo DAM/HOM (top) & non-lo DAM/HOM (bottom) occurrence rates in 1995-2017.
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Discussion: DAM Long term var. vs De/F10.7
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Fig. Variations of De, Solar F10.7 and auroral radio wave occurrence rate detected with
the WIND/WAVES in 1995 - 2012. De and F10.7 show in-phase variation, while the radio
wave occurrence rates are roughly independent of both of them. 14

Discussion: Long term var. of JAR vs Sol. wind
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Fig. Correlations between non lo-DAM & solar wind

Fig. Autocorrelation analyses for
(Terasawa et al., 1978)

HOM & solar wind
(Desch & Barrow, 1984)

15

Discussion: Long term var. of JAR vs Sol. wind

Fig. Variations of solar wind flow pressure and non lo-DAM/HOM
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Discussion: Long term var. of JAR vs lo activity

highest

CREBMERRE)

il e or e

Red:all
Green:>8MHz
ue:<5MHz highest

2nd

Fig. Variations of logenic sodium intensity (top) and non-lo DAM/HOM occurrence probability (bottom).
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