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MASER AMPLIFICATION OF JUPITER DECAMETRIC RADIATION IN MAGNETIZED PLASMA
TORUS AT 10 ORBIT, by Fomina A. — A new approach is proposed, that the primary decametric
radio emission is arising near the foot of magnetic force tube by cyclotron radiation mechanism. Than
the primary wave is amplified via maser effect on the resonant frequencies up to the observing power
values when passing through the magnetized lo torus.

MA3SEPHOE  YCHJIIEHHE JJEKAMETPOBOI'O H3JIVYEHHA [FOIIMTEPA B TOPE
HAMATHHYEHHOH II/IA3MbI HA OPBHTE HO, ®omuna A. — Ilpedaazaemes Hogwiii nooxoo,
CO2NACHO KOMOPOMY NepEUdHOe OeKkamemposoe pAaouousLydeHue 6030yxncoaemcs MexXaHusMom
YUKTIOMPOHHO20 USNYYEHUS OKONO OCHOBAHUA MDPYOKU MOACHUMHBIX CUNOBLIX JIUHUH, NOCne 4e2o
nepeuyHas 60NHA Npu npoxodcoeHuu maznumnozo mopa Ho ycunueaemcs mazepHoim spghexmom na
PE30HAHCHBIX Yacmomax 00 HABII00aeMbIX 3HAUEHUT MOUHOCU.

MA3EPHE IIIJICHJIEHHA JJEKAMETPOBOI'O BHIIPOMIHIOBAHHA KOIIITEPA B TOPI
HAMATHIYEHOI IIJIA3MH HA OPKITI 10, ®omina A. — Ipononyemocs Hoeuti nioxio, 32i0H0 AK020
nepeunne Oexamempoeoe pAdiOBUNPOMIHIOBAHHA 30YOICYEMbCS  MEXAHI3MOM  YUKIOMPOHHOR2O
6UNPOMIHIOBAHHS BiNs OCHO6U MPYOKU MASHIMHUX CUNOBUX NiHil, NICAS Y020 NePEUHHA X6Uls Npu
npoxo0JCceHHi MazHimHo20 mopa Ho nocunioemocs MasepHum egpekmom Ha Pe3OHAHCHUX Yacmomax
00 CNOCMepedCy8anUxX 3HA4eHb NOMYHCHOCI.

Last decades, many active cosmic objects were discovered, the physical nature of which can
be understood only on the base of quantum physics. One of such intriguing objects is the Jupiter-Io
system with its powerful decametric radiation which has some specific and puzzling discrete temporal
and frequency structures [1].

It was found that this short-impulse S- Y )
radiation is related to the perturbation of Jupiter’s 259 I I i
magnetosphere by its nearest satellite Io. This latter I T i
has a powerful volcanic activity injecting more than I
a tone of gaseous substance per second in the outer T
space. The volcanic gas from Io is gradually 26.3 " " .
ionized and, spreading along the Io's orbit, forms a 1 (sec)
plasma torus with particle density ~3000 cm™ and 0 0.1

transverse cross-section ~70.000 km, which is
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involved into rotation around Jupiter with velocity ~ 75 km/s by Jupiter’s powerful rigidly rotating
magnetosphere. The magnetic field on the Io orbit is ~ 2*102 Gs. The observations have shown, in
particular, that the S-radiation power achieves maximum values at two positions of Io on its orbit,
namely, at 90° + 20° and at 240° + 20° relative to the direction towards Earth [4].

Many modem approaches describe the magnetic Io force tube connecting Io with Jupiter [2]. It
is forming by magnetic field lines frozen to the ionized and magnetized medium, surrounding Io. A
system of electric currents is flowing along this tube, driven by the electromotive force
(~ 500 kilovolt), which is generated in the Io's body due to its relative motion through the
magnetosphere of Jupiter.

In this paper a new approach is proposed, that the primary decametric radio emission (not very
powerful) is arising near the foot of this tube by cyclotron radiation mechanism. Than the primary
wave is amplified via maser effect on the resonant frequencies up to the observing power values when
passing through the magnetized Io torus on the way towards Earth.

Thus, the following two-stepped model of S-spectra formation is proposed:

1) primary decametric emission, with continuous spectrum and cut off at frequency 39.5 MHz, is
generated by electric currents in the low part of Io's tube;
2) this emission is amplified and modulated in frequency and time via «cosmic maser» in lo torus.

The first step permits (attachment to the low part of Io tube) to explain such important feature
as frequency cut-off of the DAM radiation spectra at vpm=39.5 MHz. Calculation of electron
hyrofrequency in Jupiter’s maximum magnetic field H= 14 Gs (near the Northern magnetic pole)
gives the maximum frequency of S-spectra:
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The lower frequencies are generated when electrons flow up along the force tube.
The dipole law of magnetic field is :
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The complete power of this cyclotron emission is on several orders smaller then the observed
one. The amplification is provided by maser effect in the lo torus, where each of the electrons can emit
up to 10° quants. Thus power peaks ( ~ 10'" Watt) can easily be obtained.

The equidistant discrete structure of the S-spectrum is its most intriguing and important
feature. The width of the frequency «stair step» is Av ~ 0.1 MHz. It tells us about the quantum

nature of the spectrum. The main hypothesis of the present paper is that we actually deal with induced
collective electron transitions in the magnetic field at the Io orbit from high to low Landau levels ,
with An ~500 and the cyclotron frequency v = eH /2t mc ~ 56 kHz.

The Landau levels are almost equidistant [3]:
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where n =0,1,2,..., o = +1/2 is a spin projection . The frequency v~ 26 MHz corresponds to

An ~ 460. To explain the width of the frequency “stair steps” we compare two neighboring levels with
numbers n and n-1 but at different points of the radiating cylinder» directed towards Earth and
connected by the laser ray of length [ = cAr, where Ar~10? sec. The corresponding frequency
difference is given by formula
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This result agrees with the observed frequency step Av ~ 0.1 MHz. In deriving this formula we

have taken into account that the Jupiter’s magnetic field has dipole structure (2), therefore

H'(r)~ - 37 This law also naturally explains the observed temporal drift of the S-burst
r

frequencies. Indeed,
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The temporal «stair-like» structure of the S-spectrum (see figure) can be related to
discreteness of the resonant layers location for given maser-amplified frequency:

Vo, (r) = Anv(r) = An eH (r)
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Therefore:
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for An = 466 and Y~ 2sec”
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