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ABSTRACT. There are debated the questions on
size and properties of sources of Jupiter DAM radio
emission (JRE). The evolution and the parameters of
the sources in the DAM Io-B-storm of October 30,
2008, consisting of a large number of S-bursts, and
interspersed with L-bursts and N-bursts, are analyzed
in detail. It is shown that S-bursts in this storm
are most likely to occur in the northern hemisphere
of Jupiter at heights (0-0.2)R; and at longitudes
Arrrs = (195-220)° (when Jupiter is deployed to the
observer CML = A\j;; = 130-160°). The onset of the
To-B-storm is associated with sources at high altitudes,
and over time the sources drop down to Jupiter (as
the observed S-burst frequencies increase with time).
The possibility of the appearance of L- and N-bursts
on the background of S-bursts is discussed. L-bursts
can arise from the southern hemisphere of Jupiter, at
a height of 0.2R;. And N-bursts can most likely be
located in the northern hemisphere at A;;;s = 66°
at a height of 0.2R;. Using the spectral data on the
JRE from 30.10.08, the sizes (thickness and length)
of filament-like sources of JRE - electron beams were
determined, and the parameters of the MHD (Alfven)
waves that activating the JRE bursts. It is shown
that the L-radiation sources most likely appear to
be thin filaments elongated to magnetic field lines,
with a thickness of more then 10 km, and up to
2000 km in length. And the sources of S-radiation
look like links with filament-like emissions less than 1
km thick (10-100 strands in a bundle) and up to 300
km in length flying at a speed of (0.05-0.1) ¢ away
from Jupiter . The observed A-wave velocities are
2-3 times slower than the A-wave velocity predicted
theoretically (about 0.001 ¢, in light velocity units).
Frequency (0.2-1 MHz) and temporal (up to 1 min)
diffraction modulation of "lanes" confirms the size of
the S-sources less than 200 km. Conclusions are made
about the theoretical prerequisites for the appearance
of S-bursts with observed parameters. Estimates of
the radiation intensity of S-sources indicate an addi-
tional increase in the radiation of the source near the
generation region; this indicates a non-homogeneous
structure of the environment in the active regions

of the Jupiter magnetosphere. The thin transverse
structure of the S-sources can be explained by the
mechanism of plasmas fluctuations with periods of
T = Teq = 10 ms, and with the peculiarities of the
bunches of plasma clots that lead to electron leakage
and to the emission of plasma plaits. The observed
deceleration of the MHD wave velocities can be
explained by the influence of the Io — Jupiter flow
tube.
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AHOTAIIIA. PozrisanyTo IIATAHHS po
po3Mipu 1 BJACTHUBOCTI JIKepes JIeKaMeTPOBOTO

pagiosunpominioBanns FOmitepa (IPIO). Heranbuo
ITPOAHAJII30BAHO €BOJIIOIHIO 1 BU3HAYEHO IlapaMeTpu
mxepen B lo-B-6ypi Binm 30 2xkoBTHa 2008 p., mo
CKJIQJIAEThCS 3 BEJIMKOINO YUCJa  S-CIUIECKIB, 1
nepemekaerbcd 3 L-crmeckamm 1 N-cmieckamm.
[Tokazano, mo S-crteckw B 1iit Oypi, mBuIIe 3a
BCe, BUHUKAIOTH B miBHIuHIA miBKym IOmitepa Ha
sucorax (0-0.2)R; i1 ma gosrorax Arrrs = (195-
220)° (komu IOnirep noeepHyTmit 0 crocrepiraua
CML = )5 = 130-160°). Tlouarok Io-B-6ypi
MOB’si3aHUl 3 JKEpejlaMi Ha BEJIUKUX BHCOTAX, 1
3 YacoM JIKepeja OIyCKaloThcs BHU3 10 FOmitepa
(mpuTOMYy, IO CHOCTEPEXKYBaHI YaCTOTH S-CILIECKIB 3
qacoM TiABHUILYIOTECsT). OBGroBOPIOETHCS MOXKIUBICTH
mosieu - 1 N-crureckiB Ha doni S-cmteckiB.  Tax,
L-cruteckn MOXKyTh OyTH TOB’si3aHI 3 mKepegaMu 3
nisgennoi miskyi FOnitepa, ma Bucoti (0-0.2)R;. Ilpu
1boMy, N-CIJIECKH, IIIBU/IIIE 38 BCE, MOXKYTh BUHUKATH
B IiBHIYHIH miBKyI Ha Arrrs = 66° i Ha BucoTi 0.2R;.
BukopucroBytoun crnekrpasibai gani mo JIPKO Big
30.10.08, BusnaueHo posmipu (TOBIIUHA 1 JOBXKHUHA)
HuTKO-1Ioi0Hux ikepes IPHO-myukiB  enekTponis,
i mapamerpu MIJI (ajbpBeHIBCbKUX) XBHJIb, TUX, IO
aktuByiorh ciiecku JIPIO. Ilokazano, mo jikepesa
L-BunpoMiHrOBaHHS, MIBUJIIE 33 BCE, BUIVISIAIOTH SK
TOHKI HUTKH, BHUTATHYTI y3J0BXK MATHITHOIO IIOJ,
TOBIUHOIO Oifbmre HixK 10 KM, i moBxkmHOIO 10 2000
KM. A mxepesia S-BUIPOMIHIOBAHHSI BUIVISIIAIOTH SIK
3B’SI3KM 3 HATKO-TIOIOHUX BUKHU/IIB TOBIIMHOIO MEHIIIE
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1 kM (o 10-100 HuTOK B 3B’5131i) 1 JoBKUHOIO 10 300
KM, mo Jjerarh 31 mBuakicTio (0.05-0.1)c B cropony
Bix FOmitepa. Cnocrepexkysani mBuakocTi A-XBUIIb
B 2-3 pasu NOBULIBHINI BijJ 3HAYEHHS NIBUJIKOCTI
A-xBuwii, nepenbadenol reopermuno (Gumsbko 0.001
C, B OJMHHUINX IIBUIKOCTe CBiTJIA). YacroTHa
(0.2-1 MTIm) i gacosa (mo 1 xB.) mudpaxiiiina
vomynsmiss  JIPFO " mopixxkamu" T ITBEPIKYE
posmipu  S-mxepena Menmne 200 kM. 3pobitero
BHUCHOBKH IIPO TEOPETHUYHI TEPEyMOBUA MOSIBU S-
citeckiB JIPHO 3i cmocrepe:kyBaHUMU IapaMeETPAMHU.
Ominky IHTEHCUBHOCTI BHUIPOMIHIOBAHHS —S-IXKEpeJl
BKa3y€ Ha JOJATKOBE IIOCUJIEHHSI BUIIPOMIHIOBAHHS
JpKepena 1mobsm3y o0JacTi reHepariii; Iie TOBOPUTH
PO  HEOJHOPINHY  CTPYKTYPY  CEPEJIOBHUINA B
akTUBHUX obsacTax maraitocdepu FOmitepa. Tomka
[IOTIepeYHa, CTPYKTYpa S-I2Kepesi MoxKe OyTH TOsICHeHa,
MexaHizMoM  UIyKTyamiifi IrasMu 3 IepiojaMu
T = Teq = 10 Mc, i 3 ocobiamBocTaME OyHUIIPOBKU
IUIA3MOBHUX 3CYCTKIB, IO MPUBOAATH [I0 BUTIKAHHS
€JIEKTPOHIB 1 JI0 BUKHJIB INIA3MOBUX JI2KI'yTiB.
CrocrepexkyBaHe ynoBijbHeHHs mBuiakocreit MIJI-
XBUJIb MOXKHA IOSICHATH BILUIMBOM IIOTOKOBOI TPYOKHU
To — FOmirep.

Kurrouosi FOmirep, mexkamerpoBe pajiio-
BunpomintoBanus, MI'JI xBuji, po3amipu axepet.

cJIoBa:

1. Introduction

Jupiter as one of the most powerful source of radio
emission in the solar system was discovered in 1955
(Burke and Franklin; see more: Ryabov and Gerasi-
mova, 1990). The Jupiter’s radio emission (JRE) has a
maximum at DAM frequency range, and it consists of
the bright (up to 107 Jy) short S-bursts of millisecond
duration and the slight less brightly (up to 10° Jy) long
L-bursts of second duration. At the frequency range of
higher then 100 MHz, the continuous synchrotron ra-
diation is observed in the equatorial region of Jupiter
at heights of 2R;. At the same height (2R;), in the
kHz frequency range there is observed the relatively
bright (up to 105 Jy) quasi-periodic 10-minute bursts,
the nature and shape of which are similar to III-type
solar bursts. And the same 10-minute frequency mod-
ulation is exhibit in all sources of DAM radiation that
connected with the Alfven wave modulation features.

We are interested here the main and fine size-
structure of DAM Jupiter’s radio emission sources on
the example of one of observed storms (the storm at
30.10.2008). It give us to find out on the mechanisms
of DAM JRE generation, the form of the radiation
source, and the specific features of the development of
the storm.

2. Properties and mechanisms of the DAM
Jovian radio emission

There was established that the radiation pattern
(RP) of JRE has the form of a hollow cone with a so-
lution of (60-90)°. In this regard, the observed sources
are usually located near the limb of Jupiter, and the
longitude of the source is shifted relative to the central
meridian of Jupiter by approximately the magnitude
of the RP (which introduces us ambiguity). In addi-
tion, Jupiter’s DAM sources correlate with the phase-
position of the Io satellite (®ro0), and prefer to ap-
pear at certain active longitudes (A, B, C, D sources).
Therefore, for Io-correlated storms, the position of the
source in longitude is uniquely determined as:

Arrrs = Arrr — ®ro +180% — A,

where AX ~ 20° is the source shift-advancing angle
(Ryabov & Gerasimova, 1990).

The sources of L-type exhibit predominantly longi-
tudinal correlation; and S-sources predominantly cor-
relate with the Io phase. The latitude of the sources of
DAM radiation can be determined only on the assump-
tion that the sources in the Io-dependent storms are at-
tached to the lo-Jupiter flux tube and are located near
the northern or southern foot of the tube. In this case,
it is usually considered that DAM radiation is gener-
ated in the form of fast extraordinary X-waves, and
then in the Leblanc model (Leblanc, et al., 1993) the
right-polarized radio wave sources (A, B) are tied to
the northern Jupiter’s hemisphere, and left-polarized
sources (C, D) are tied to the southern hemisphere.

The mechanism of Jupiter’s DAM radiation can be
associated with one of the instabilities of electromag-
netic or plasma waves near the cyclotron frequency,
that developing (running) under the condition of res-
onance between waves and particles in a low-density
non-equilibrium plasma (wpe << wpe):

W — SWpe — kH’UH = O7

where s =0, -1, ... There is most often it is believed that
instability arises at the s = -1 resonance for fast ex-
traordinary X-modes, that give us the Maser cyclotron
radiation (MCR) which observed as L-bursts of JRE
(Wu, 1985, Melrose, 1986, others). And the generation
of S-bursts can occur due to both MCR instability (s
= -1) and the Cherenkov plasma instability (CR) at
resonance of s = 0 from bunched fast electron beams
(see Zaitsev, et al., 1986; Boev, et al.,1991).

Moreover, there is necessary the generation of MCR
into an efficient pumping of electrons with a cone ve-
locity distribution ( 7. > T)) and beam elongated.
Then the energy of nonequilibrium weakly relativistic
(y =1 > 0.001) electrons is pumped maserly into fast
extraordinary wave and into plasma waves with a radi-
ation pattern RP = (60-90)° to the magnetic field line
in the source.
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The Cherenkov radiation (CR) mechanism may be
even more efficiently than the maser mechanism, and
it converts the energy of electron accelerated in elec-
tron beams into plasma Z-waves near the upper hybrid
frequency. However, these Z-waves not go away the
source; and there is required an additional conversion
of Z-waves into fast electromagnetic (X- or O-) modes,
which significally reduces the efficiency of Cherenkov
source. The CR pattern is also directed almost per-
pendicular to the source magnetic line (RP ~ 80°);
and under different conditions of wave transformation,
a large variation of S-burst shapes can occur (see Zait-
sev, et al., 1986; Boev, et al., 1993).

Jupiter and lo are binding by a flux tube along a
magnetic field line. Io’s electromotive force accelerates
and ionizates the electrons along the Io — Jupiter flux
tube (IFT) and they elongated to magnetic field line in
a weakly ionized plasma. The MHD Alfven (A) waves
activate the processes of electron acceleration and the
formation of bunched ejection that are the sources of
S-bursts emissions.

The mechanism of acceleration of electrons may
turn to runaway effects in electric fields in the region of
the To-Jupiter flux tube (see Boev et al., 2001). It was
shown that the electric fields which induced by the Io
tube movement increase the value of runaway Dreiser
threshold. The maximum electric fields corresponding
to A and B sources in the northern hemisphere
are reached at longitudes A;rrs = (100-150)° and
(170-250)°.  Moreover, these electric field values
almost exceed the Dreiser threshold in the northern
hemisphere, and the electron beams can be generated
at all longitudes, which responded to the S-bursts
generation on this hemisphere. So, the southern
hemisphere of Jupiter it is able to accelerate electron
beams only in narrow selected areas; and the southern
hemisphere is more variability to L-bursts generation.

3. Sizes of the sources from spectral data

The source sizes were simple estimated by spectra
data of L- and S-bursts as size by burst duration (the
transverse source size by longitudes) and size by height
(by frequency data). The evolution of bursts in the
DAM Io-B-storm of 30.10.2008 (the observations of
Ryabov, et al., 2014) is analyzed in detail. It is con-
sisting with a large number of S-bursts, as well as them
alternating with L-bursts and N-bursts. The results of
the analysis are given in the Tables 1, 2.

The Table 1 show the data of burst set: UT is the
universal time of observed spectrum (the fragments of
2 MHz frequency width and by 1 s duration); Asyy is
Jupiter’s central meridian longitude (CML) at this UT-
time moment; A7y, is the longitude of source location
(when Io phase is ®;, = 93-98°); F is the frequency
(in MHz) where bursts observed. AT; is instantaneous

Table 1: Spectral data of storm at 30.10.2008 and
transverse sources size (AL;) by time data
UT, Arrr AIIls
hr:min

15:46 197 131
15:52 200 133
15:52(N) 667
16:00 205 140
16:26 216 154
16:26(L) 154

UT, F, Burst AF“ ATz AL“

hr:min MHz type MHz ms km

15:46 23 S,IoB 0.1.0.5 0.2.2 0.008

15:52 22 S, rain 0.2 2 -

16.8 S,Io B 0.3 1 0.007

15:52 16.4 N, 0.1 0.5 0.005

not Io?

16:00 275 S,1oB 0.3 5 0.03

22.5 S 0.4 6 0.035

19 S 0.6 7 0.04

16:26 31 S,IoB 0.2 10 0.06

27 S 0.2 12 0.08

24 S 0.3 17 0.1

16:26 18 L 0.6 >1000 >6

burst duration, and AL; is transverse source size, cor-
responded to AT;.

The Table 2 continues the Table 1, and it show
the characteristics of the JRE sources obtained by fre-
quency spectral data. By;cr corresponds to the mag-
netic field of burst source by MCR model (when ob-
served frequency F' = 1.1 wye(Bupcor)/(27), consider-
ing the disperse wave condition). Bo g corresponds to
the magnetic field in Cherenkov source model (when
(27F)? = wie(Bor)? + wp, ). The burst drift (see
Drift in Table 2, in MHz/s) corresponds the source ve-
locity of ugs, which is slightly relativistic (near 0.lc,
c=3-10'" cm/s). The terms of hyy and hys are the
height of source location (by MCR model) for northern
and southern hemisphere, respectively; Ah; is length of
the source (in km, along magnetic line or to height di-
rection). If we assume that S-bursts occur the most
likely in the northern hemisphere of Jupiter, there is
S-source locate in this storm of the height (0-0.2)R;
(by the frame of MCR model) and at longitudes Aryrs
= (195-220)°, when Jupiter is turned to the observer
at longitude CML = A;;; = (130-160)°.

The train of S-bursts are induced and modulated by
the Alfven (A) wave. This fact show the wide-lanes
modulation on spectrum data by 0.5-1 MHz width
and slow drifting, corresponding to A-wave lengths (see
Aas and Mgy columns in table 2) and wave velocity
(ca). According to the storm, S-bursts are inducted
by A-waves that go both away from Jupiter and to
the Jupiter, that propagating with velocity about c4
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Table 2: The characteristics of JRE-sources in the Io B storm at 30.10.2008 and heights—length (hs, Ah;) of
these sources by frequency spectral data, acording to northern (hsy) and sourthen (hss) hemisphere (see the
text more). Source or Alfven wave velocities (us, ca) are in units of light velocity c¢; heights of source are in

units of R;

Time, Freq., Bycr Bcr Drift, wug/c cale  hsn, hss, Aan  Aas Ahy,
hr:min MHz MHz/s R; R; km  km  km
15:46 23 7.2 5.6 =22 0.08 -0.001 0.13 0.24 2100 4300 140
15:52 22 7.1 5.4 -21 0.08  0.0001 0.14 0.25 800 3570 140
16.8 5.4 4.3 -13.5 0.07 0.0006 0.21 0.34 2800 5700 280

15:52(N) 16.4 4.7 3.64 -5.1 0.03 0.0003 0.22 0.22 300 150
16:00 27.5 8.7 6.8 -30  0.09 0.0004 -0.02 0.16 710 1400 110
22.5 7.1 5.5 0.1 0.0005 0.12 0.24 1100 2100 180

19 6.1 4.8 -27 0.11  0.0007 0.16 0.3 1800 3500 320

16:26 31 10 7.8 -30  0.09 -0.0001 -0.02 0.15 710 1400 61
27 8.7 6.8 -30  0.09 -0.02 0.15 1100 2100 71

24 7.7 6 -30 0.1 -0.0001 0.04 0.22 1800 3500 180

16:26(L) 18 5.9 4.5 0.17 - 0.0002 0.1 0.35 1100 2100 50

=0.0005¢, which is in 2-3 times slower than the A-
wave velocity predicted by plasma parameters "the-
oretically" (0.001c¢). These Alfven waves have Ay ~
1000 km, and the A-waves may change the direction
by reflection on Jupiter by T4 ~ 10 min (the table
2 indicate the change of A-wave direction, but we do
not obtained T4 because of spectra fragmenting). The
start of Io-B-storm is associated with sources at higher
altitudes, and when time over, the sources drop down
to Jupiter as O4 (Acuna, 1975) magnetic field model
predicted, despite of observed S-bursts frequencies in-
crease with time.

There are observed L- and N-bursts simultaneously
with S-bursts in this storm. Thus, L-bursts can be as-
sociated with source from the other (southern) hemi-
sphere of Jupiter, against of S-bursts associate with
northern hemisphere. The other way, N-bursts may
likely arise outside the Io—Jupiter tube, and can be lo-
cated in the northern hemisphere at A\;;;s = 65° and
at heights of 0.2 R; (at this longitudes).

On using the spectral data, there were determined
the sizes (thickness and length) of the filamentous
sources of the JRE-electron-beams and the parameters
of the burst-activate MHD (Alfven) waves. It is shown
that the source of L-radiation the most likely looks like
as thin filaments elongated along a magnetic field with
a thickness of AL; ~ 50 km and a length of higher
1000 km. The other way, S-radiation sources look like
as bunches of filamentary outbursts (plasma clots) with
a thickness of AL;=(10-100)m (of 10-100 threads per
bunch), and a length of Ah; =(100-300) km, flying
away from Jupiter with speed (0.05-0.1)c.

The fine structure of the DAM bursts in this storm
detects the diffraction modulation of the JRE within
the "lanes" by the frequency of (0.2-1 MHz) and by
time (up to Tyrep, = 1 min). On using the Arkhipov
model (2003, 2007), it is possible to estimate the size

of the sources by the diameter of the first Fresnel
zone (dy = +/8mcD/wyy), and by the repetition
periods (Tyep) of scattering inhomogeneities (d = 2
7DT,ep/T;), assuming that the scattering inhomo-
geneities are located of distance (D) in close Jupiter’s
magnetosphere bounded by the Io torus (7 is orbital
period of Jupiter). These estimates confirm the size of
the S-source is less than 200 km.

4. Discussion and theoretical interpretations

There are made conclusions about the theoretical
prerequisites for the appearance of DAM JRE bursts
with observed parameters. We may estimate the power
intensity I.s: of the source of Jupiter’s DAM radiation
by S-source volume (V;; = AL;Ah?):

Iest - A/wEis/(waSjs): (’7/“”170)('7”’1602‘/]'5)(0'177/60)
Here v, =107 wy is radiation increment, v =1.004,
wpo = 27 20 MHz, n,o=10% cm~3 is electron density,
Ejs is source energy, S;s = 47 (4a.1.)2ARP, we find for
S-source: I, = 2-10° Jy. This intensity is some lower
then observed ones, 10° Jy (see Ryabov, Gerasimova,
1990), and this fact pointed us about the additional
amplification of the source radiation near the genera-
tion region. This suggests an inhomogeneous structure
of the medium in active S-bursts zone. The power of
L-radiation is easily to match with they sizes.

The sources of Jupiter’s radio emission in all ranges
of radio waves are easily explained with runaway mech-
anism. The fine transverse structure of the S-sources
may be explained by the mechanism of electron fluctua-
tions, with periods are considered with time scattering
of electron and atoms, 7 = 7.,= 10 ms, and source
transverse size is compared to the length of emitted
waves (10 m). It is connected with the features of the
bunching of electron-plasma blobs that lead to electron
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runaway and to the emission of plasma bunches. Alter-
natively, for the L- sources we are: 7 = 7, = 1 s (time
scattering of ion and atoms), and this is compared to
the time of forming of plasma blobs and thick current
treads. The observed reducing the A-wave velocities
in comparison with the "theoretical" ones can be ex-
plained by the influence of the Io — Jupiter flow tube
and the reflection events on the propagation of MHD
waves.

We use mainly in spectrum interpretation the MCR
model. There are need to study additionally the fine
structure of all DAM sources with the UTR-2 and
GURT observation, as well as to study theoretically,
with attracting a possible Cherenkov mechanism for
the S- and N-bursts interpretations.
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