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ABSTRACT. We study Jupiter's DAM radio msmu Hm3pkoi wactot. L[i MI'JI komuBaHHS B HIDK-

storms to identify the features that may correlate with
solar wind and coronal mass ejections (CME). We
investigate the dynamics of DAM storms and burst
features, and explain them by considering MHD
processes associated with Io and the presence of gas in
Jupiter's lower magnetosphere.

DAM radio storms occur when plasma injected by lo or
by solar wind propagating along Jupiter's magnetic
field lines into the auroral zone of Jupiter's lower
magnetosphere together with low-frequency Alfvén wave.
Those MHD oscillations in low magnetosphere can trigger
ionization processes and create streamers, activating
maser instabilities in the electron plasma. This can occur
under the influence of dense solar wind and CME that
penetrate  to  Jupiter's magnetosphere, creating
high-latitude currents with non-lo radio storms, and
enhancing lo-dependent sources of DAM radio emissions.

We found that dynamics of development of Io-depend-
entand non-Io DAM radio storms have similar features and
evolutionary peculiarities. That time periodicities (5 min
and 20 min durations) may connected with MHD instabili-
ties activated by lo, that modulate the current sheets system
in all auroral zone. The power of Io-dependent storms is
modulated by the solar wind pressure on the magnetosphere
of Jupiter. On the otherhand, in non-Io radio sources asso-
ciated with solar plasma injections, due to the content of
high-energy ions which scatteron the gas fluids, a number
of specific radio bursts are formed, for example, having
zebra structures on high-resolution dynamic spectra.
Keywords: DAM radio emission, Alfven waves, magneto-
sphere, solar wind, Jupiter.

AHOTALISA. B wmiit po6oTi 6yne BUBUEHO IEKaMeTpOBi
(AKM) pagiobypi IOmirepa, nmns Toro, mo0 BHUSIBHTH
0COOJIMBOCTI, SIKi MOXKYTh OyTH ITOB’SI3aHi i3 BIUTHBOM COHSI-
YHOTO BITpYy Ta KopoHatpHHX BHKHAIB Macu (CME) na
YTBOpEHHS paniodyp Ta cmieckiB JJKM panmio BUIpoMiHIO -
BaHHA. Mu posrispaemMo auHaMiky Oyp Ta ocoOmmMBOCTI
okpemux JIKM crteckiB, Ta HOSCHIOEMO IX 3 ypaxyBaHHAM
MI']] nporeciB, moB’si3anux 3 lo, Ta mporecis, oo BigoOy-
BAIOTBCS 3a HASBHOCTI HEWTPANbHOTO Ta3y B HIDKHIH
MmarHitocgepi FOmirepa.

Baaxxaemo, mo Oypi JIKM pamioBHIIpOMiHIOBaHHS BHHH-
KaloTh, KOJIU IIa3Ma, IlKeKToBaHa Ha 1o, abo mia3ma coHs-
9HOTO BITPY IPOHHKAE 1O ABPOPaJbHOI 30HH HIKHBOT
MarHitocepn IOmiTepa, MOMMPIOIOYNCH B3IOBX JIiHIH
MarHiTHOro mnons lOmitepa pa3oM 3 anbBEHIBCHBKUMH XBH

Hii MarHiTocepi MOXYTh 3aIlyCKaTH IIPOLECH 10Hi3aIil
mwiasMu 1 GopMyBaTH CTpUMEpH, Ta OyIyTh aKTHBYBAaTH
Ma3zepHi HecTiHKOCTI Ha eneKkTpoHax. Ilix BIUIMBOM IiIi-
JBHOTO COHSYHOTO BITPY i KOpOHAJBHHWX BHKHMAIB MacH
3MIHIOETBCA CTpYKTypa MarHitocepn IOmitepa, 3’sBiso-
ThCSI BUCOKOITUPOTHI IUIa3MOBI TeYil, NOTHYHI O TMOSBU
He-lo IKM mropwmiB, Ta mocumoerses JIKM pamioBu-
MIPOMIHIOBAHHS, K€ KOHTPOJIOEThCA [o.

BpaxoBano, mo aumHamika po3Butky JKM pamio0yp,
3ayexHuX Bix lo Ta Hezame)xxHUX Bin 1o, MarOTH CXOXi pH-
CH Ta eBOJIONIHHI ocobmauBocTi. Tak, iX cHinbHI Tepionu-
9HOCTI y 4aci (5 xBwiuH Ta 20 XBHJIMH TPHUBAJIOCTi) MO-
KyTh OyTH moB’s3anumMu 3 MIJl  HecTifKoCTsAMH,
aKTHBOBaHMMHU 10, sIKi MOJYNIOIOTH CHCTEMY CTPyMOBHX
mapiB y Beill aBpopanbHiid 30HI. [loTyxHICTE Oyp, 3amex-
HUX Big [0, MOIyJTFO€ThCS AMHAMIYHUM THCKOM COHSYHOTO
BiTpy Ha MarHitocdepy IOmirepa. 3 iHmoro 60ky, B
pamiokepenax He3aIeKHUX Bix [0, 1 MOB’I3aHUX 3 THXKEKITi-
SIMH COHSYHOT IUIa3MH, 3aBISKH BMICTY BHCOKOCHEPICTH-
YHHUX 1OHIB, LIO CTHUKAIOTbCSA 3 Ta30BUM CEPEIOBUIIEM,
dbopmyeTbes psaa cienudiuHUX pajiio CIUIECKIB, HAPUKIIAT,
Taxi, [0 MalOTh 3¢0pa-CTPYKTypH HA ANHAMIYHUX CIIEKTpax
BHCOKOI PO3AUIBHOT 3aTHOCTI.

Knrouosi caosa: JIKM panioBHIpOMiHIOBAHHS, albBEHi-
BCBHKIi XBWJIi, MarHitocepa, COHsUHMIA Bitep, FOmiTep.

1. Introduction: the Io-dependent and non-Io sources

observed in DAM radio storms

Jupiter’s DAM radio storms were observed in radio tele-
scopes in Ukraine, France, USA (Florida) and others (see:
Ryabov & Gerasimova, 1990; Ryabov, 2001; Ryabov et al
2014; Marquesetal.,2017;Flaggetal.,, 1991),aswellasdur-
ing the mission’s observationby Voyager-1,2, Juno and others
(e.g., see: Genova, 1985;Barrowetal, 1986;Liuetal.,2021)
on time-scale of low resolution (hour, min, second) and high
resolution (millisecond scale). In Ukraine such observations
have been made at the UTR-2 and URAN-4 telescopes. We
can see on them the different types of sources: dusk-side (A,
C) sources and down-side (B, D) sources, for lo-dependent
and non-losources. We also made and presentedin Tabk 1 a
comparison ofthe observed properties of these dynamic spec-
tra for DAM storms (on a large scale and with higher resolu-
tion), such as storm evolution, temporal and frequency modu-
lation of the burstpattern, observed high-resolution features of
the dynamic spectrum in DAM bursts using UTR-2 and
URAN-4 data and a thorough analysis of data from a telescope
in France, which was carried out by Marques et al. (2017).
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Table 1: Compare of Io-dependent and non-Io storms

lo-dependent sources

Non-lo-storms

Arcs forms

Dusk Io-A,C: ,,late” arcs
Down I0-B,D: ,.early” arcs

Dusk non-Io-A,C: ,,late” arcs
Down non-lo-B,D.: ,,early” arcs

Storm duration

50 min—1.5 hr
A number of Dusk storm cases are grater then
in Down cases

40 min — 1.2 hr
A number of the storms cases are
grater then in lo-depended storm cases

AcmL~ 240° £40° (Io-A); ~ 140° £40° (Io-B);

AcmL ~ 80-190° (non-lo B);

pared; have the finest bursts

ios'“‘:r‘lli N ~320° £40°(10-C); ~ 125°£90° (Io-D). ~200-340° (non-Io A, C);
CML S (As +30°)~ Ago ~ 195°+80° (I0-A,B) AL ~ 60-320° (non-Io D)
. The intensity Io- and non-Io storms are com- Non-lo storms have some much
Intensity

power, and some less durations

Io-A,B (N-sph,): 39 MHz;

Max-frequency |y 'p (s-sph.): 27 MHz

Non-lo: up to 28 MHz

Io-A,B (N-sph.): RH dominated;

(N-sph.): RH dominated;

pends on SW kinetic power

Polarization Io-C,D (S-sph.): LH dominated (S-sph.): LH dominated
UV, IR brightness in N-pole ovalis grater then | UV spots observed in auroral zones.
UV, IR .
in S-pole A number of UV spots are grater at
N-pole then at S-pole
Solar wind A number of storm cases and storm powerde- | A numberof storm cases increase with

solar wind kinetic power

We are interested in what are the common properties and
differences in the dynamic spectra, in order to explain the
mechanism of activation of Jupiter's DAM radio emission,
and they possible connection with Solar wind ejections. So,
we see such main periodicities for [o-dependent sources:
the storm duration of 1-3 hr, the periodicity of 20-40 min
with arcs structure (be seen the early-arc modulation for
Down sources, and the late-arcs for Dusk sources); and the
periodicity of 5 min of common cases of storm spectrum
(see: Dessler & Hill, 1979; Ryabov,2001; Marqueset al.,
2017). In addition, we see the lanes modulation (~ 0.1-1
MHz), and in the dynamicalspectra of high resolution there
is the L- or S-bursts with slow or fast drift; and with perio-
dicity of about 1s for L-bursts, and of 0.1s, 0.03s, 0.003-
0.01s for S-bursts (see: Flagg et al, 1991; Ryabov &
Gerasimova 1990; Ryabov,2001; Ryabov et al.,2014).

Many models of the o correlation mechanism propose
that the 5-minute modulations are associated with Io-gen-
erated Alfvén waves with a 10-minute period, which further
activate DAM bursts with fast S-drift in the dynamical
spectra (see: Su etal., 2006; Hess et al., 2007). However,
only in Io-dependent storms we registry the many fine
structures of S-bursts in the dynamic spectrum, together
with L- and Narrow-band bursts. These storms also corre-
late with infrared and far-ultraviolet data obtained with the
Hubble Space Telescope (Gerard et al., 2014). The Io flux
tube draws a main ovalin the Jupiter’s surface, which cor-
responds to the locations where lo-dependent radio sources
radiate. Considering a pole tilt, a region with maximum
magnetic fields is formed at A\cmL~ 165° for N and at ~240°
for S-hemisphere, which is responsible for the maximum
number of DAM storm  occurrences  with
(Ast30°)~A1~195° (Marques et al., 2017).

Similar periodicities we can also observe in the non-lo
storms, for example, we observe storms with duration of
about ~1 hr, and we see modulation with periods of 5
minutes within the arc structures of20-30 minutes duration
(Barrow et al., 1986; Marqueset al., 2017). In high-resolu-
tion dynamic spectra, we most often observe L-bursts, or in
some rare cases, we observe Zebra-type and Narrow-band
bursts (Ryabov & Gerasimova, 1990; Marquesetal.,2017;
Panchenko et al, 2018). The fact of similar modulation
with 5-minute periods in non-Io sources is unexpected.

On the other hand, high-latitude non-lo storms can be
activated directly by the solar wind. So, Barrow et al.
(1986) find from Voyager-1 data that correlation of DAM
storms with solar wind kinetic power of Psy ~

2 .
e Vso ), and a number of that storm cases is in-

(m
creased when solar wind fluctuation and CMEreach the Ju-
piter’s magnetosphere. Incidentally, Barrow et al. found
that the correlation with the solar wind works for both non-
Io and Io-dependent storms. This fact convinces us to
search a general mechanism to explain these types of low-
frequency modulations in the DAM radiation of Io-depend-
ent and non-Io storms. How this mechanism works in the
Jupiter magnetosphere and how the solar wind affects the
DAM radio emission will be seen below.

2. The activation mechanism for Jupiter DAM Radio
Emission in Io-dependent sources

2.1. lo-Jupiter interaction
The Io-dependent DAM radio storms of Jupiter are as-

sociated with the satellite o, which generates Alfvén waves
(with a period of ~10 minutes) in the region of Jupiter's

171



172

Odesa Astronomical Publications, vol. 38 (2025)

magnetosphere with a strong magnetic field, under the in-
fluence of which the "rotational energy" of Jupiter is con-
verted into DAM radio energy and non-thermal accelera-
tion of plasma particles.

This To — Jupiter interaction mechanism have been pro-
posed and developed by Gold-reich &Lynden-Bell, (1969),
Dessler &Hill, (1979), Su, etal. (2006), Hess, et al. (2007), and
others. They studied how the Alfvén wave is generated and
transported from lo, and how it interacts with Jupiter's lower
magnetosphere, which consists of plasma and gas fluids.

The plasma density in the auroral zones is very low, so
the active plasma is mainly injected into the DAM sources
from Io torus, transported alongthe Io-Jupiter flux tube into
this zone with electric currents (see Su, et al. 2006, Hess, et
al. 2007). Moreover, since this zone contains high-density
neutralgas fluids, ionization can begin underthe influence
of low-frequency Alfvén waves generated by Io, which also
addsplasma particles to these zones (see Boev, et al. 2001,
Boev, 2005; Tsvyk,2019,2023,2024). All these processes
lead to the emergence of lIo-dependent DAM radiation
sources with S- and L-bursts.

The plasma in Io’s torus is forced into co-rotation with
Jupiter, meaningto share the same period of rotation. The Io
torus fundamentally alters the dynamics of the Jovian mag
netosphere when Io moves through the magnetosphere, and
it generates the Alfvén wave electric fields of with periods of
Tao~ 10 min, which may be connected with the torus curva-
ture and depend on how that Alfvén instability works.

The Alfvén wave pattern is formed in the magnetosphere
by the interaction of o and Jupiter, when Alfvén energy is
transported to Jupiteralong magnetic field lines and this in-
volve the To-torus plasma to move along the flux tube. The
Alfvén wavesare directed almost alongthe lines of Jupiter's
rotation (alongthe torus), so Alfvén waves and Io-torus fluid
are transported both to andaway from Jupiter (into the outer
magnetosphere) when the wave-vector ka rotates in a period
of 20-40 min. Thus, the current sheets and a magnetic disk
havebeing formedin Jupiter’s magnetosphere, sharing it into
tubes or sheets with a width of 2Rtor~ 6 Rio~ 0.15 Rj, and
Alfvén waves may transform to kinetic modes.

2.2. MHD waves in lo vicinity

Let us consider in a vicinity of Io the plasma and MHD
wave parameters correspondingto a plasma torus. So, these
are: nei ~ 200 cm?3; Tei~103-10° K (very dense and hot
plasma, see: Krupp et al. 2004, Su et al. 2006), and this
gives us: cap ~ vi ~ 5:10* m/s; ve~3:10° m/s= 0.01 ¢
(cax<vie<c4).Such MHD instabilities, due to the rotation of
Io in a strong magnetic field, generate the low-frequency
(LF) Alfvén waves with a period of Tao~600s (ka=27/14),
the Alfvén velocity on the orbit of o (zj~6, ¢~0) is: ca~
0.25 ¢ (zj in Rj units). Therefore, this velocity corresponds
to the transfer of wave energy alongthe magnetic field lines
from lo (at zj~5) to the mirror point in the ionosphere
(zj~0.014), which lasts of ~ 7 s by time.

The model parameters of Alfvén waves arepresented in Ta-
ble 2. So, using the typical MHD theory (see: Akhiezer, et al
1974, Kadomtsev, 1988), we find the following magnetic and
electric fields for these Alfvén waves: B, & &, ky, By,

E,, « w(kAxc)_ley, with oscillations of « exp (ik,r—

iwt). The wave’scurrentis: j, = e Ng; (Vi; — V) X ikyB,,
with phase shifted oscillations. For Alfvén modes with ka di
rected almost along the rotation lines (in x-axis of perpendicu-
larly to Bo,-magnetic lines, iz~ 0.4995m) the phase velocities
are: Cqp, = C4 COS 20,5~20 m/s (along magnetic field); and
Cagx = €4 COS B Sin 6y p ~10*m/s(nearly alongka). There-
fore, those Alfvén wavelengths are: Aa=T,,c, cos 6,5 and
Aaz=T,oCy4-

2.3. A transport of MHD waves

The Alfven wave velocity ca depends on n,(z;) and
By, (z;, ¢) and varies along the magnetic field lines. It is
specified asn, (z;) in the modelof like Su, et al. (2006) (see
Fig. 1), and we have chosen the dipole approximation for
the Jupiter’s magnetic field, By,(z;,¢) = 10 G (1 +
3sin® ) (1 + z;) 7> (as for N-pole at Acmi~ 165°), where
zj is the altitude from the Jupiter’s surface (in Rj units) and
¢ is the azimuthally angle of the observed point.

The plasma density at the foot ofTo flux tube may increase
from 0 to 103 -10* cm3 as the lo-related magnetic field lines
move above theaurora zone,and the lo-plasma flows andare
transported with Alfven waves to the Jupiter surface along
the magnetic field lines. Then, the presence of neutral gas
fluids at the lower altitudes in the Jupiter magnetosphere
leads to the low-frequency (LF) Alfven wave velocity de-
crease from ca to ¢y pbecause the neutral gas particles
move together with the plasma oscillations through particle
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Ioﬂwg’tube
1027 438 ne./;"/\.\,
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Figure 1: (a) The models for plasma n. and gas N, density
variation at Jupiter magnetosphere along flux tube (alti-
tudes z; in Jupiter radius units). Curves are correspondent
to the model like Su, et al. (2006) for Io flux tube and for
other flux tubes at 9=0.48n and ¢=0.3n. (b) The depend-
ence of i time-scattering and ca(z;) velocities along Io flux
tube for HF and LF Alfven waves
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Table 2: The Alfven wave model parameters at the Io orbit and at the foot of To-Jupiter flux tube.
Here we take: Bo:, ka=(kax, kaz) ; and kax’ =ka +kay’ = kai.

173

zi=5 zi=0.5 zi=0.3

(Io orbit) (atmosphere influence)
ca4/c 0.25 0.95 0.25
cAfx 4-10° ¢ 5103 m/s 5:10° m/s
cAfz 20 m/s 1 m/s 5 m/s
OB 0.4995n 0.49995n 0.4998n
Wave length: Aa k4, m! AA/R; k4, m! AA/R; k4, m!
A4 4 R,=0.1 R, 10 ¢ 0.04 2:10¢ 0.04 2:10 ¢
Aaz ~62 R; 10° 2000 10! ~62 10~
Adx 0.1 R 106 0.04 2:10¢ 0.04 2:10°¢
Ady 0.13 R, 7-107 0.06 1.4:10° 0.07 1.3-10¢
Adx 4 R, =0.15 R, 6:107 0.05 1.6:10°¢ 0.05 1.9:10°¢

collisions on LF Alfvén waves (see Tsvyk,2023,2024; and
considering the equations for low-ionized plasma by
Smirnov, 1995, Kadomtsev, 1963, Bragynskyi, 1963,
Akhiezer, et al.1974):

ca? = By /(4mnym,), o > 1,

~p2 _
s Lr’ = By /(AmN,my), w << 17"

Here tia is the ion scattering time in the presence of a
neutral gas:

Tio = 1/(vriNo@®) = 10M cm™ /(vg;N,).

Alternatively, high-frequency (HF) Alfven waves
moves with c4-velocity, and they velocity reaches the light
speed at low ionosphere altitudes (zj=0.014, in Rj units)
where the plasma density comes to Zero. At these altitudes
the gas temperature is about 75~ 1000 K, and the ionization
processes can occurat higher altitudes, while the ion parti-
cles cool and recombine lower down. lonization occurs
mainly through collisions of high-energy particles with
gaseous fluids, and to a lesser extent through the impact of
energetic photons of solar radiation. Thus, in the lower
magnetosphere of Jupiteratzj < 0.5 we have 7o~ 500 K for
gaseous particles, the ep-temperatureis 7. >7, ~2000 K,
and here is the zone where DAM radio sources have been
activated above the auroral zones (see: Boev, et al. 2001,
Boev, 2005, Withers &Vogt, 2017).

Figure 1 shows the density variations forand outside the
To flux tube, using a model similar to Su etal. (2006), where
Na is the gas density and n.is the plasma density (n.~np, as
well as some other impurity ions). And Fig. 1b shows the
variation of ¢4 in the lower magnetosphere of Jupiter for HF
and LF Alfvén waves. Thus, the ion-atom collision fre-
quency began to affect the MHD waves at heights z; <0.5,
where the atmospheric density is much higher than the
plasma density.

2.4. MHD waves in lower magnetosphere and DAM storms

Now we can calculate the Alfvén wave parameters at
(zj~0.5, p~m/3) using these magnetosphere data. The Alfven
velocity here is high, ca=>¢,and corresponds to the fast trans-
ferof MHD energy alongthe magnetic field lines. The phase
velocity for Alfven wave-modes (Tao) with &p~0.4999 57 is:
cafz<1m/s; carx ~5 103 m/s. The current sheets shrink adia-
batically because the Bo-magnetic field lines are focused at
small zj as in the dipole model: Aax= Aaxo (1+z;)/6. The
plasma parameters in this zones are: n¢~(30-10% cm?;
Tei~3000 K, that is give us: can~vii ~ 4°103 m/s; vie~2:10°
m/s~0.001 ¢ (ca4x<vee <<c4). The magnetic field lines Bo, are
curved as (dipole model); and the current sheets can be tilted
towards the magnetic field lines under the of Jupiter’s plasma
rotation or by the influence of fast magneto sound (MS)
waves, which are transported ata speed of ca and have large
length Afms> 6 Rj at Tao wave-period.

At lower altitudes, e.g., at (zj~0.3 and ¢~n/3), it is nec-
essary to take into account the presence of high-density
neutralgas forthe LF Alfvén wave,and we haveits veloc-
ity of ¢, r~ 0.025¢, which corresponds to the anomalous
increase in the Alfvén energy flux atz—=>0. And we get the
following phase velocity of Alfven 7ao-modes (with
6ks~0.4998): Cop,~3 M/S; Cypy~ 5103 m/s, where the cur-
rent sheets are compressed adiabatically in the x direction
due to the coincidence of magnetic field lines at zj—=>0.

The plasma parameters in this zone are: nei~(1-10%) cm?;
Tei~3000 K, so we have: cax~vii~4 103 m/s;and vie~2:10°
m/s~0.001 c. The MHD power (or wave energy density) in-
creases with decreasing wave speed ca, and when ca2> ¢y
(atzj=>0), this gives us a powerincrease of >100 factor com-
pared to the MHD energy density atzj=5. Inthe lo-dependent
DAM sources this effect leads to the strong plasma hitting,
which lead to the ionization begins at the wave-mirror point.
In addition, the fast MS waves can affect to the current sheets
at this mirror point, and the streamer-like structures appear
in each of current sheet regions.

All these processes lead to the streamer-like stratifica-
tion of the lower magnetosphere by MHD waves, and here
the DAM radiation is activated with the observed bursts and
modulation features which are presented in Table 3.
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Table 3: L and S bursts: time periodicities and the storm shape in dynamical spectrum

To-dependent 5 min, Alfven waves by Io generated: Tao ~10 min.
storms 20 min, Due to ka rotates and Io-plasma injection: Tsiorm ~ 20 min.
arc-shaped The arcs correspond to the geometry of the Io — Jupiter flux tubes, where the
structure . .
plasma fluids move to Jupiter
L-bursts ls This period may be associated with the ti-time scattering for ions with at-
oms of neutral gas in the lower magnetosphere
S-bursts 0.002-0.01s They may be connected with start of the ionization process, refraction pro-
(Io-dependent (with fast cess, so as connected with burst modulation of HF-Alfven waves within
source) drift) the streamers (Ta1~0.005-0.01 s, Ta2~0.03-0.1 s). They may be generated
in the wave-mirror points at the Jupiter surface.
N-bursts 0.5-1 MHz They areassociated with modulation of the plasma density, and the shape
(in bands) of'the spectra is obtained due to refraction effects inside the DAM sources.
Bursts in non-lo 0.1-1s; They have a shorter duration and lover intensity.
storms 0.01s These bursts have dominantly L-shaped bursts, but in rare cases it appears
(in 0.5 MHz zebra bursts with fine periodicity, ~ 0.01 s
bands)

3. Jupiter DAM radio emission of non-Io sources:
arole of Solar wind and CME

We now consider the structure of Jupiter's magnetosphere,
the role of To in modulating the magnetic disk, and the influ-
ence of the solar wind on the activationof non-lo DAM radio
sources in high-latitude auroral zones. We note thatthe activa-
tion of DAM sources requires the presence of plasma fluid in
the auroral zone, and the Maser radiation mechanism arise due
to the Alfvén waves working in current sheets.

So, when the solar wind (SW) interacts with Jupiter's
magnetosphere, which has a strong magnetic field, a struc-
ture of bow shock — tail emerges in this magnetosphere
(see: Khurana etal. 2004). Then, when the SW-pressure in-
creases or a coronal mass ejection (CME) reaches Jupiter,
the magnetic field reconnection occurs within the bow
shock wave, or in the tail of Jupiter's magnetosphere at a
distance of zj~15, and solar plasma penetrates into Jupiter's
auroral zones. We now consider the effects in solar wind
turbulence on Jupiter's magnetosphere, leading to current
reconstructions and tail fluctuations. We then review how
these processes activate the non-lo DAM sources in Jupi-
ter's high-latitude magnetosphere (e.g., for Ganymede-de-
pendent DAM sources and others). We conclude this re-
view by examininga number of special DAM bursts in non-
To storms (such as zebra pattern bursts) that canoccurin the
presence of solar wind plasma.

The feature of Jupiter's magnetosphere is a complex dy-
namical system of current sheets that are created in its vari-
ous regions. In the tail of Jupiter's magnetosphere, a mag-
neto-disk arises, consisting of a direct current and others,
which may rebuild due to the pressure of Solarwind plasma
that cominginto Jupiter's magnetosphere. Thus, according to
the Juno mission, several current sheets were observed in the
magneto-disk region, which were located in the plane of Ju-
piter's equator with a diameter of 20 R; and extended to a
distance of z;>20 (see: Liu etal,, 2021). Then, this magneto-
disk is stratified into radial elongated sheets with Io-corre-
lated periods of Tao~10 min. The Juno mission also recorded
the relativistic plasma particles with energies of 10-1000 keV

(ocg -23), which may be accelerated due to particle scattering
on MHD-current sheets of been generated by Io.

Figure 2 presents the pressure dependences in Jupiter's
magnetosphere, which vary in the range z; = 0.1-100 and
are approximated using spacecrafts data and models of
Sentman et al. (1975), Khurana et al. (2004), Su et al.
(2006). So, the solar wind plasma may penetrate to the Io
torus, where we have the presser equilibrium of Pei~ Psw,
and thusthe Io — solar wind interaction will controla “ma-
chine” of Alfven wave productions.

P
(Pa)

106

108 [~

10°10

10121

1014

0.1 1

Figure 2: The models of presser variations in Jupitermagne-
tosphere. Here: Pp is Jupiter’s magnetic field presser, P, is
theneutral gas presser, Pe; is the ep-plasma presser (with im-
purities of otherions); and they are comparison with typical
solar wind dynamical (Psw) and magnetic (Pasw) pressers.

10 zj
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Firstly, the energetic SW plasma particles are frozen into
the interplanetary magnetic field, and they penetrate
through the bow shock to Jupiter's magnetosphere, which
has a strong magnetic field that co-rotates with the planet.
SW parameters at Jupiter’s orbit (5 a.u.) are: nei~ 1 cm?;
vei~ 280 km/s; Bsw=10°G; T. = 10 Ti= 105K for a slow
wind, and 7= 0.4 cm™3; vei= 600 km/s; Bsw=107 G; T; =T,
=10°K, for a fast wind, correspondently. The bow shock
temperature is about 7. >T; = 105K , and magnetosphere
parameters at zj-distances in the tail region may be chosen:
nei = 0.3 cm3; veor= 200m km/s (carioles co-rotation veloc-
ity, where n >5); Boj=4.5:103 G- forzj=15; ni~0.005 cm"
3, veor= 640M km/s; Boj= 0.6 103 G — for z;=50; and nei=0.02
cm3; veor= 1200 M km/s; Boj= 0.3 1073 G — for zj=100.

The SW fluxes with density fluctuation are transported
and have the transformation by that way: firstly, from intra-
planetaryspaceinto the Jupiter’s bow shock (zj~50); then, to
the magnetopause (zj<40, ortrapped to the magneto-tail); to
the magneto-disk (zj~15, are in current sheets thattransforms
to the direct current); and to the return current (from zj~15 to
zj~5); and finally they arrive to the auroral zones in the Jupi-
ter’s lower magnetosphere (zj<0.5, ~0.3..0.5 ©t). The time
of this transport is estimated to be about 10 hours or more,
when solar particles move with diffusion and flux compres-
sion in the form of a hot non-thermal plasma flow (T >10°
K) with a velocity of about vi=3-10* m/s, which is approxi-
mately equal to the Jupiter’s co-rotation velocity with its
magnetic field, in which the plasma particles are frozen.

At the reconnection point in Ganymede's orbit (zj~15),
electric field and current instabilities arise when the Alfvén

. . . . J0E 4m .
theorem is breakdown in this region, v rotB ——j.
C Cc

Thus, due to a strong fluctuation of the electric field, the
Alfvén waves are generated along the magnetic field lines
in the direction to Jupiter and in the direction of a radial
current, respectively, forming a reverse current with new
current sheets and the plasmoid ejections to magnetosphere
tail. So, the reverse currents passing through the Io torus
zone are modulated by its current sheets, and the solar flu-
ids are transported to the auroral zone of Jupiter, being
compressed by a factorof(zj+1)/15. Thus, under the influ-
ence of the magnetic disk, we observe the duration of the
DAM source activity of ~20-40 minutes in non-lo storms,
the same as in [o-dependent sources.

Let we analyze now the non-lo DAM storm with Zebra-
pattern bursts which was observed in URAN data by Pan-
chenko, et al. (2018), to compare them with the zebra-like
dynamical spectrumin the Io-C sources (storm at 8.09.1999,
see: Ryabov,2001). So, both non-lo and Io-C radio sources
with zebra-bursts maybe associated with ion plasma density
fluctuation. Fornon-Io sources, these oscillations develop in
the presence of high-density solar plasma with high-energy
ions. Instead, for Io C sources, plasma fluctuations occur at
the altitude where the plasma coming from Io interacts with
the neutral gas of Jupiter’s ionosphere.

So, if we observe a non-lo radio source when the solar
plasma flux reaches Jupiter at zj~0.1 and has a fluid com-
pressed by (0.01-0.1) (50/(1 + z;)) 22(20-200) times, then
we can estimate the plasma density in this radio source as:
200 ngw< 103 cm3. In the work of Panchenko etal. (2018),
the emergence of Zebra-like spectra with observed

frequency oscillations 4/~0.3-1.5 MHz in non-lo sources
is explained by the resonance between ion cyclotron and
electron plasma oscillations: fp;=sf»i=~0.5 MHz (s=5.. 10),
where fp; = 0.01 MHz, and this is explained by the plasma
density n; =~ 104 cm™3. Therefore, this plasma density is very
high for the SW fluid entering these sources. The other
way, taking account an neutral gas influence into the SW
plasma flux, that Zebra-like pattern can be explained also
as the high-energy ions fluctuation in some LF-MHD
waves, of Ta= 1s periods and ¢, /c= 1073, taking account
that scatter time of Tia sw~0.03<<ti, for that SW-ions, that
give us to Afpe~ 0.5 MHz fluctuation in altitude zj ~0.1:

AzALF ~ Az FMSLF= Cy p TA = 0.01 Rj.
4. Conclusions

Both the Io-dependent and the non-Io DAM radio storms
havesimilar time variationin the dynamicalspectrum and
shape structure, which is connected with current sheets that
produced by Io in Jupiter magnetosphere.

To activate the Jupiter’s DAM radio emission, both the
presence of plasma in the lower magnetosphere and low-
frequency Alfvén waves are necessary, which can support
the mechanism for generating DAM radiation and their
bursts (for example, due to the maser cyclotron instability).

The presence of plasma fluids within the magnetosphere
help to save the magnetic rotation moments over large dis-
tances in Jupiter’s magnetosphere. The same way, the
plasma supports the processes of rotation moments ex-
change between Jupiter and its satellites. The atmosphere
in the lower magnetosphere concentrates the energy of
Alfven waves and helps to convert it into the DAM radio
emission. Then, LF-Alfven waves arising due to theIo ro-
tation lead to the streamer formations.

The Alfven waves generated by lo-Jupiter interaction
convert the MHD energy into radio bursts, and produce the
current sheets. The fast MS wave makes small changes to
the structure of current sheet, may support the streamer for-
mation, but they are insignificant in main storm structure.

Solar wind fluctuationsand CMEsadd the plasma fluids
to the outer region of Jupiter’s magnetosphere, and they
produce the changes in current sheets due to the magnetic
fields reconnection. Thus, the solar wind can influence the
DAM radio emission by maintainingthe MHD instabilities
in the lower magnetosphere, and producing the non-Io
DAM radio sources.
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