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Cassini and many investigators reported whistler chorus near Saturn equatorial plane moving outwards. Whistler can propagate when
going to high latitude and can alter its characteristics while interacting resonantly with available energetic electrons. Here investigating
wave for a relativistic beam of the electron. It is observed and reported by Cassini Magnetospheric Imaging Instrument (MIMI) that
inward radial injection of highly energetic particles is most dominant in Saturn intrinsic magnetosphere. Within this paradigm, an
empirical energy dispersion relation for propagated whistler-mode oscillations in quasi Saturn magnetospheric plasma from such a
non-monotonous ringed distribution function has been established. The kinetic approach and method of characteristics methodologies
were used in the computations, which have been shown to be the best for building perturbed plasma states. The perturbed distribution
function was estimated using the unperturbed particle routes. The ring distribution function was used to construct an unexpected growth
rate expression for relativistic plasma in the inner magnetosphere. The results from the Saturn magnetosphere have been calculated and
interpreted using a range of parameters. Temperature heterogeneity was shown to be a significant source of free energy that aided the
propagation of a whistler-mode wave. By raising the peak value, the bulk injection of energetic hot electron injection impacts the
growth rate. Growth was also demonstrated to be accelerated when the propagation angle increased. The research contributes to a better
understanding of the relationship between wave and particle emissions and VLF emissions on a large scale.
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Gurnett et al [1] were the first to report on the plasma spectrum detected by Voyager 1 on Saturn. Voyager found
Whistler mode hissing and choral noises when it reached the equator at an inner radius of around 5 Rs (Rs is Saturn's
radius). Voyager 2's plasma wave instruments detected Whistler mode pulses from Saturn's magnetosphere [2]. Gurnett
et al [1] supplied the earliest Cassini and Plasma Waves Scientific Instrument information, along with Saturn's first orbit,
during the 2005 approach. Some diffuse emissions (electron cyclotron frequency) were detected at frequencies lower than
FC. Whistler mode wave emissions have been identified. The radial distance between these radiations ranges between 2
and 6 Rs. Whistler waves are electromagnetic waves that arise in magnetised plasma and have a lower frequency than the
electron cyclotron frequency. The magnetosphere causes plasma instabilities, causing waves to move in the Whistler
mode wave forks. Non-uniform electron distributions, such as beams, rings, and thermal anisotropy, produce the majority
of these instabilities. Whistler's launch mode is also activated when it is created by lightning. The addition of relativistic
energetic hot electrons in bulk alters the growth rate by raising its maximum value [3]. A crucial mechanism that might
result in wave amplification and the precipitation of high-energy electrons as from magnetic region into the lower
atmosphere is the interaction of Whistler mode wave particles. Cassini was the first spacecraft to arrive at Saturn in 2004.
It has a wide radial cover of Saturn's ionosphere.

Understanding non-relativistic astrophysical shocks is a significant aspect toward Treumann's [4] general account
of collisionless astrophysical shocks with high Mach numbers and their effects on dispersing flow-energy, heating matter,
ramping up particles to high supposedly cosmic-ray energies, and generating distinguishable radiation varying from radio
to X-rays. The waves, according to Sundkvist et al [5], are an important part of the shock structure, with the dispersive
shock serving as the source of the waves by pushing the Poynting flux of the oblique whistler waves upstream in the
shock normal frame commencing at the shock ramp.

Went et al. [6] presented a new analytical and numerical model of Saturn's dayside bow shock based on empirical
evidence from the Pioneer 11, Voyager 1, and Voyager 2 flybys, as well as data from the first six years of the Cassini
mission (2004-2010), in order to derive the average structure of the shock surface and the variance of shock sub solar
distance with solar wind dynamic pressure. Wilson et al [7] started to investigate electromagnetic precursor waves,
distinguished as whistler-mode waves at supercritical interplanetary shocks, which continue to spread obliquely about the
local magnetic field, shock normal vector, and solar wind speed and are not phase standing structures, using the Wind
search coil magnetometer.

Recently Sokolovsky [8] has been discussed the relaxation of the electron energy and momentum densities in
spatially uniform states of completely ionized plasma in the presence of small constant and spatially homogeneous
external electric field on based on linear kinetic equation obtained by us early from the Landau kinetic equation. Whistler-
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mode waves are acknowledged to have a role in electron thermodynamics/acceleration and are identified as wave trains
before the shock ramp under specified conditions by Sulaiman et al [9]. Sulaiman et al.[10] provided the parameter space
of MA bow shock crossings detected by the Cassini probe from 2004 to 2014. We discover that Saturn's bow shock has
properties similar to both terrestrial and astrophysical regimes (MA of order 100), which are primarily determined by the
intensity of the upstream magnetic field. Sulaiman et al [11] researched the process thoroughly, both theoretically and
through simulations, but their conclusions are few and few between. We examine extremely high Mach number events in
previously unknown parameter space, and we use in situ magnetosphere data from the Cassini mission at 10 AU to
investigate reformation.

GOVERNING DISPERSION RELATION
To get the dispersion relation, uniform anisotropy in space is used, as well as collision-free plasma hit by an external
magnetic field with Bo = Bo €z. Inhomogeneities in the contact region are minor. Kaur and Pandey's [12] technical and
geometric principles are being pursued. As a consequence of a long derivation, Kumari and Pandey[13] wrote the Vlasov
equation — the Dielectric tensor from equation (14)
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For the parallel propagation and instability of whistler mode waves with K| = 0 | the branch of general dispersion
relation (1) reduces to:
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The trapped electron distribution function is considered to be a Maxwellian ring momentum distribution function.
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are the associated parallel and perpendicular electron thermal velocities.

Substituting d*P = 2nr P dP ir dP, Then by plugging expression (6) into equation (3) and solving the integrations,
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we get the dispersion relation as follows:
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Growth rate expression for oblique propagation
When Whistler mode wave propagate oblique to magnetic field direction, the expression of dimensionless growth
rate and dimensionless real frequency becomes:
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Expression for growth rate for parallel propagation
When Whistler mode wave propagate parallel to magnetic field direction, the expression of dimensionless growth
rate and dimensionless real frequency becomes:
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Plasma Parameters
The estimation of the growth rate of Whistler mode waves at radial distances was validated using characteristics
from Voyager 1 and Cassini data [12,13] at R ~ 5Rs within the Saturn plasma sheet. For a radial distance of 5Rs, the
magnetic field strength is 184 nT and the number density is 5%107 m=. Energy density KgT; According to observation,
the energy density at R ~ 5Rs is 300 eV.
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RESULT AND DISCUSSION
In Fig. 1 the maximum growth rate shows for Ay =0.75, and reaches up to 4, other profiles of A =0.5 and Ay = 0.25
shows same pattern of growth rate but significantly low maxima 3.6 and 3.25 for A = 0.5 and A = 0.25 respectively.
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Figure 1. Variation in the pace of growth and actual frequencies in relationship to k for various values of Ay for 8 = 10°at,
no=5x10°m3,n./n,, = 1/10, P_0 = 0.2, and as well as other fixed plasma characteristics

The increasing growth rate is of same pattern with substantial increment in the growth rate. But the decreasing
pattern it follows same path below 2.75 and ends in k value of 0.7. The variation in growth rate with regard to wave
number for various values of temperature anisotropy has recently been shown. According to the dispersion relation, when
temperature anisotropy grows, the growth rate increases in both sense, frequency, and magnitude due to the presence of
a hot ring's electron and a cool electron around it. Maniitti et al.[14] found an increase in whistler owing to an increase in
temperature ratio. In Fig. 2 the maximum growth rate for 6=30, reaches up to 4.25 for a k value of 0.4, other profiles of
0=20 and 0 =10 shows same pattern of growth rate but significantly low maxima 4 and 3.25 respectively.
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Figure 2. Variation in the pace of growth and actual frequencies in relationship to k for various values of 8 for at K T)|=2KeV,
T,/T, = 1.5, n=5x10°m3n./n,, = 1/10, P_0 = 0.2, as well as other fixed plasma characteristics.

The growing growth rate follows the same trend, with a significant increase in the growth rate. The variation in
growth rate with regard to wavenumber has been demonstrated for various propagation angle values. It has been revealed
that increasing the propagation angle value increases the growth rate. Fig. 3: With a k value of 0.8, the maximum growth
rate for =0.5 is achieved.

And the maximum growth rate for $=0.6, reaches maximum at a k value of 0.84 Similarly, the maximum growth
rate for p=0.7, reaches maximum at a k value of 0.72. $=0.5 curve shows a phenomenal growth rate than the p=0.6 and
=0.7. as compared to the B=0.5 other curves are shallow. In terms of wavenumber, raising the value of relativistic factor
leads in a decreasing growth rate, i.e., the greatest peak occurs for the lowest value. Similarly, at higher velocity of highly
energetic particles, smaller is measured, signifying more expansion of whistlers. Thus, while this cannot be referred to as
the key component responsible for whistler expansion in particle ring distributions, it can be substantial in other types of
distributions such as Maxwellian [15]. In Fig. 4 the maximum growth rate for n./n,, = 1/10, reaches maximum at a k
value of 0.5 And the maximum growth rate for n./n,, = 1/20, reaches maximum at a k value of 0.4 Similarly, the
maximum growth rate n,/n,, = 1/30 ,reaches maximum at a k value of 0.4. The growing growth rate follows the same
trend, with a significant increase in the growth rate. the variation in growth rate caused by relativistic warm electrons,
i.e., nc/nw. The graphic clearly shows that the growing ratio of number density causes an increase in growth rate.
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Figure 3. Variation in the pace of growth and actual frequencies in relationship to k for various values of 8 for 8 = 10°at
KgT)|=2KeV, T} /T, =15, no=5x10°m3,n./n,, = 1/10, P_0 = 0.2, as well as other fixed plasma characteristics.
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Figure 4. Variation in the pace of growth and actual frequencies in relationship to k for various values of nc/nw for 6 = 10°at,
no=5x10°m3,n,./n,, = 1/10, P_0 = 0.2, as well as other fixed plasma characteristics.

Fig. 5: The maximum growth rate for n./n,, = 1/10, reaches maximum at a k value of 0.4 And the maximum growth

rate for n./n,, = 1/20, reaches maximum at a k value of 0.4 Similarly, the maximum growth rate n./n,, = 1/30, reaches
maximum at a k value of 0.4.
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Figure 5. Variation in the pace of growth and actual frequencies in relationship to k for various values of n”/n for
parallel beamat, P_0 = 0.2, KgT||=2keV, Ay = 0.75,5 = 0.7 as well as other fixed plasma characteristics.

Growth rate builds up for a k value of 0.2 and 0.3 where n./n,, = 1/20 and 1/30 respectively. Both the curves
reaches a maximum at a k value of 0.4 and decays to a k value of 0.6. Fig. 6: The maximum growth rate shows for
A =0.75, reaches a maximum at a k value of 0.4, other profiles of Ay =0.5 and Ay =0.25 shows same pattern of growth
rate. At Ay =0.5 and Ay =0.25 the k value reaches a maximum of 0.4. All the three curves decays to a same point at a k
value of 0.6. the growth curve are of similar in nature but the Ay =0.75 growth is higher than all other two values. In the
incremental phase the growth pattern is different but the decremental phase falls in the same pattern. Fig. 7: The highest
growth rate for = 0.5 occurs with k value of 0.72. And the greatest growth rate for =0.6 occurs with k value of 0.62.
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Similarly, the maximum growth rate for =0.7 is reached at k = 0.58. The three curves begin at the same place with k value
of 0.32 and decline at various k values.
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Figure 6. Variation in the pace of growth and actual frequencies in relationship to k for various values of Ay for parallel beam
at, P_0 = 0.2, KgT||=2keV, f = 0.7 as well as other fixed plasma characteristics.
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Figure 7. Variation in the pace of growth and actual frequencies in relationship to k for various values of § for parallel beam at,
P_0 = 0.2, KgT||=2keV, Ay = 0.75 as well as other fixed plasma characteristics.

CONCLUSION
The influence of temperature anisotropy and relativistic beam characteristics on the evolution of whistler-mode
waveforms in the Saturnian magnetosphere is explored, and these qualities are shown to be favourable. The rate of growth
slows as the value of temperature anisotropy rises, but it accelerates when the AC frequency rises. As the propagation
angle rises, so does the bandwidth of oblique propagation. By assuming that electrons are the major high energy particles
influenced by electromagnetic activity in the magnetospheres of other planets, the preceding results help us comprehend
the character of this unpredictable whistler-mode wave scenarios [16].
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BIIVINB PEJISITUBICTCHKOI'O EJJEKTPOHHOI'O ITPOMEHS HA MOIIWPEHHSA XBUJIb 3 BICTJIEPHUMU
MOJAMM JJIs1 KWIBIIEBOI'O PO3IIOALTY B MATHITOC®EPI CATYPHA
€.X. Annekc, Pama C. Ilanpaeii, Mykem Kymap
“Dakynomem npukiaouoi gisuxu, lncmumym npuxkiadnux Hayk Amimi, Yunisepcumem Amimi, Hotioa UP, Inoia
b@axynomem ¢pisuxu, Hananoa Koneoowe, Bixapwapi¢p Haranoa, boox I'aiis Bixap, Inoia

Kaccini ta 6araro nociinHukiB noBigomui, mo whistler xop mo6nu3sy exBaropiansHol mronmau CaTypHa pyXaeThesl 3a HOro Mexi.
Bin MO>ke NOIIMPIOBATHCS, KO i THIMAETHCS y BUCOKI IMPOTH, 1 MOKE 3MIHIOBATH CBOI XapaKTEPUCTHKH, PE30HAHCHO B3a€MO/II0UN
3 JIOCTYTHUMH EHEpriifHUMHU eNeKTpOHAMH. Y CTaTTi JOCITIPKYETHCS XBHWIS ISl PEISATHBICTCHKOIO EIEKTPOHHOIO NMPOMEHs. 3a
noromororo Cassini Magnetosphere Imaging Instrument (MIMI) cnocTepiraetbcsi Ta MOBITOMIISIETHCS, IO PajiajibHA 1HXKEKIIis
BHCOKOCHEPreTHYHUX YAaCTUHOK BCEPEIUHY € HalOIbIl JOMIHYIOUMM y BHYTpilmHid Marsitocdepi Carypna. B pamkax el
napagurMy OyJo BCTAHOBJICHO €MIIpHYHE CIiBBiJHOLICHHS AMCIIEpCii eHeprii Ui MOIIMPIOBAHUX KOJIMBAaHb BICTJIEPHOI MOIH B
KBa3icaTypHOBIM MarHiToc(epHill Iuia3Mi Bif Takoi HEMOHOTOHHOI KimbIeBOi (QyHKHII po3monimy. Y po3paxyHKaX BHKOPHUCTaHO
KIHETHYHHUN TIAXiI Ta METOAMKY XapaKTEPUCTHK, SIKi BUSABHIIMCS HAaWKpaIlUMH Ui NOOYyAOBH 30ypeHHX CTaHiB IUIa3MHU. 30ypeHy
(YHKIII0 pO3MOAITY OLIHIIM 3 BHKOPUCTAHHSAM MapIIpyTiB He30ypeHux dacTuHokK. Kinbresa ¢yHKIis po3noainy Oyina BUKOpHCTaHA
JUIst OOy IOBU BUpa3y HEOUiKyBaHOI MIBUAKOCTI 3pOCTaHHS PENSTHBICTCHKOI IUTA3MH Y BHYTpIIIHIA MarHiTocdepi. Pesympratn mms
MmarHitocdepu CaTypHa Oyin po3paxoBaHi Ta iHTEpIPETOBaHI 3 BAKOPUCTAHHIM PsIIy apaMeTpiB. Byio nmokasaHo, 1o temMieparypHa
HEOJHOPIHICTh € 3HAYHUM JDKEpEJIOM BINBHOI €Heprii, sika CHpHse MOUIMPEHHIO XBHWI BicTiaepHoi Moxau. IlimBumryrouu mikoBe
3HA4YEHH$, 00’ €MHa IHXKEKIis eHEPreTHYHUX rapsuMX eJIEKTPOHIB BIUIMBAE HA LIBUJIKICTh POCTY. Byo Tako MpoaeMOHCTPOBaHO, 10
3pOCTAHHSl TPUCKOPIOETBCS TPH 301UIbLICHHI KyTa MOIIMPEHHS. JIOCHI/UKEHHS CIpUsE KpaumoMy pO3yMIHHIO 3B’SI3Ky MIiXK
BHIIPOMIHIOBAaHHAMH XBHJIb 1 4aCTHHOK 1 VLF-BUNPOMiIHIOBaHHSM y BETHKOMY MacIuTaOi.

Kurouosi ciioBa: marairocepHe cepenonuiie CaTypHa, IIBHIKICTh POCTY, B3aEMO/Iisl XBUIISI-9aCTHHKA, XBHJI MOIH YicTiepa





