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Space observations by numerous satellites reveal that the distributions often possess non-Maxwellian
characteristics such as high energy tails or flat top (broad shoulders) in the profile of distribution functions.
Distributions with high energy tails are well modelled by family of kappa type distribution. However, when
distributions contain flat tops with or without high energy particles, generalized (r,q) distribution function is the best
choice. In general the spectral index r corresponds to the flat part of the distribution and q to the high energy tail in
the profile of the distribution function. By following the kinetic theory, we employ this distribution function to study
the Alfven waves in anisotropic plasma and found that Alfven wave can grow when there is temperature anisotropy
in plasma. Instability conditions are then studied for different temperature ratios by using the plasma parameters

observed downstream the bow shock by CLUSTER.
PACS: 52.27Aj; 52.35HTr; 52.35Qz

INTRODUCTION

Both in astrophysical and space plasmas Alfven
waves are found to play major role in the dynamics of
many planetary processes like in the dynamics of
Earth’s magnetosphere such as in the plasmasphere[1],
in central plasma sheet [2], in tail lobes [3], in plasma
sheet boundary layer (PSBL) [4-6], in magnetotail lobe
region [7], in magnetotail reconnection region [8], and
in solar corona[9]. In the solar wind Alfven waves
accelerate the charged particles like protons, electrons
and helium by transferring its energy to these particles
through resonant interactions. Being feasible source of
parallel electric fields Alfven waves are also believed to
accelerate the electrons in auroral region which further
generates fascinating auroras [8, 9]. Investigating the
heating mechanism of solar atmosphere through Alfven
waves, efforts are made to produce controlled fusion
reactions in laboratory plasmas.

Alexandrova et al. [10] observed Alfven waves
downstream of a quasi-perpendicular shock by Cluster
and showed that anisotropies in the proton and alpha
particles temperature can destabilize the Alfven waves.
Similar observations have also been reported by
Anderson et al. [11] and Gary et al. [12]. In this paper,
we employed a non-Maxwellian distribution such as
generalized (r,q) distribution function and study the
instability criteria for Alfven waves based on the
temperature anisotropy observed downstream of the
Earth’s bow shock.

1. DISTRIBUTION FUNCTION AND
DISPERSION RELATION

The generalized (r,q) distribution function has the
form:
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Here, iy and ¥, are the modified thermal velocities
of particles, given as
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Where T, and T, are parallel and perpendicular

temperatures, I' is the usual Gamma function, m is the mass
of the particle, r and ¢ are the spectral indices satisfying the

conditions g >1and q(L1+r)>5/2. The distribution f;g is

the generalization of Maxwellian and Lorentzian distributions
and in the limiting cases whenr =0 and q—x +1, fi

reduces to generalized Lorentzian and when r=0 and
q—co the distribution fig reduces to the Maxwellian

distribution[13]. In general, high energy tail in the profile of
distribution fyg increases as the spectral index q decreases and

flat top (or shoulders) in the profile of distribution increases as
spectral index r increases. Distribution functions with flat
tops are often observed in space plasma [14] and these are
closely resembles the distribution function given in Eg. (1) for
appropriate values of r and .

By following kinetic theory and standard text book
procedure we derive the following relations for left hand
and right hand circularly polarized waves, as
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where L and R correspond to left and right hand
circularly polarized waves, respectively, and the
operator G is
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Now we consider that plasma consists of electrons
and ions and using the distribution (1) in Egs. (4) and
(5), we obtained the general dispersion relation of L and
R waves. Then by applying the condition for low
frequency waves and considering high beta plasma, i.e.
0<<Q<<Q, and g >1, respectively the argument of

plasma dispersion functions ¢ , becomes
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We derive the dispersion relation of Alfven waves in
anisotropic plasma modeled by generalized (r,q)
distribution function, as
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Where 2F; is the Hypergeometric function whose
oFQ;

argument is & = , (+) sign corresponds to L-wave
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and (+) sign corresponds to R-wave, and
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In deriving the dispersion relation (8), we have used
the condition v3 <<c? and neglect the electron terms as

electrons do not take part in damping/growth due to
their high frequency.

2. NUMERICAL RESULTS AND
CONCLUSION
We solve the dispersion relation (8) for real and
imaginary parts of frequencies and found that L-wave
grows when there is temperature anisotropy; however,
R-wave shows damping. In Fig.1 we plot the growth
rates of L-wave for the observed temperature
anisotropies T, /T =25, Tg/T;=05 and T, /T;=0.55

from the downstream of a quasi-perpendicular
shock[10]. In Fig. 1 (upper panel), we can see that as q
increases for a fix value of r, the growth rate increases
and approaches to Maxwellian growth but remains
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lower than the Maxwellian (shown in dotted line). So,
the high energy tail corresponds to small values of g
reduces the temperature anisotropy effect and thus the
number of resonant particles. In Fig. 1 (lower panel), we
can see that as the value of r increases for a fix value of
g, damping rate decreases. The increase in the value of r
which corresponds to the increment in the flat top in the
distribution function reduces the temperature anisotropy
effect and thus the number of resonant particles. Fig. 2
(upper panel) is plotted for different values of
temperature ratio T, /T, when the other ratios are

Ty/Ty=05 and T, /T;=055.We can see that as the

perpendicular ion temperature increases the growth rate
increases. In Fig. 2 (lower panel), growth rate is plotted
for different

Fig. 1. Growth rates for L-wave. Dotted line represents
Maxwellian growth rate

Fig. 2. Growth rates for differeht ratios of T, /T;; when
Ty /Ty =05 and T, /T, =25 (upper panel) and for different
ratios of T, /T;; whenT;, /T;;=25 and T, /T;;=05 (lower
panel).

temperature ratio T,, /T, when the other anisotropies are
Ty/Ty=05 and T, /T =25. It can be noted that as the

perpendicular electron temperature increases the growth
rate decreases.

In this paper, growth of Left handed circularly
polarized Alfven wave is studied which is introduced by
proton and electron temperature anisotropies in high
plasma g (in this study we have taken g=2). It is

observed that the anisotropy in the ion temperatures

103



increases the growth rate whereas the anisotropy in the
electron to ion temperatures decreases the growth rate.
Therefore, the growth in the Alfven wave is due to the
ion temperature anisotropies as observed in high beta
plasmas at the earth’s bow shock[10,15]. Moreover, in
the real situations where we use non-Maxwellian
distributions, the growth rate is suppressed as compared
to the Maxwellian growth rate.
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HEYCTOMYUBOCTHU AJIb®@BEHOBCKOM BOJIHbI, OCHOBAHHBIE HA AHU30TPOIIUM

TEMITIEPATYPbI C HEMAKCBEJVIOBCKOM ®YHKIIMEA PACIIPEJIEJIEHUS
M.N.S. Qureshi, Sundas Saeed, H.A. Shah

Kocmuueckue HabMI01eHUSI MHOTOYHUCICHHBIX CITYyTHUKOB MOKa3bIBAIOT, YTO HEMAKCBEIUIOBCKHUE PACIIpPEICICHMS
4acTo OO0JIaZIal0T TAaKUMU XapaKTePUCTHUKAaMU, KaK BBICOKHE JHEPTreTUYECKHE XBOCTHI WJIM TUIOCKHE BEPIITHHBI
(mmpoxkue mieun) B nmpoduie GyHKUU pacnpesenenus. Pacnpenenetus ¢ BBICOKUMU YHEPTETUYECKUMU XBOCTAMH
XOpOIIIO MOJIETUPYIOTCSl CEMEWCTBOM pacmpeseneHnid Tumna kamma. OJHako, KOTAa paclpeaeieHus] coaepKar
IJIOCKHE BEPIIMHBI C WU 0e3 BBICOKOIHEPTETUYECKUX YACTHIl, TOTJa JYYIIUM BBIOOPOM sIBII€TCS 0000IeHHAs
(r,g)-pysxuus pacrnpenenenus. B o0iieM, criekTpanbHbIi HHICKC I COOTBETCTBYET IUIOCKOM YacTH paciipeaesIeHusl,
a ( COOTBETCTBYET BBICOKOMY OJHEPIreTHUYECKOMY XBOCTy B TMpodmie QyHKOUU pacnupeneneHus. Cremys
KHHETHYECKOW TEOPUH, MBI HCIIONB30BAIN 3Ty (YHKIHIO pacIlpeleNicHus A M3YYeHHs ajb(pBEHOBCKUX BOJH B
aHM30TPOIHOHN ITa3Me M OOHAPYKHJIH, YTO alb()BEHOBCKAs BOJHA MOXET PAacTH MPH HAUYUU TEMIEpaTypHOU
aHU30TPONIMM B IUIa3Me. YCIOBHUS HEYCTOMYMBOCTEH 3aTeM M3y4YalMCh MpPH Pa3IMYHbIX COOTHOLIEHMSIX

TEMIICPATYpPhbl, HUCIOJb3Yys MapaMETpbl IJIa3Mbl, KOTOPLIC Ha6J'HOI[aJ'H/ICB BHH3 II0 IIOTOKY yz:apﬂoﬁ BOJIHBI B
CLUSTER.

HECTIHKOCTI AJIb@BEHOBCBHKOI XBHIJII, AKI OCHOBAHI HA AHI3OTPOIII
TEMIIEPATYPU 3 HEMAKCBEJIBCBKOIO ®YHKIIE€IO PO3IIOALTY

M.N.S. Qureshi, Sundas Saeed, H.A. Shah

KocMiuHi criocTepexeHHsl YHCeNbHUX CYIMYTHHKIB ITOKa3ylOTh, [0 HEMAaKCBEJUTIBCHKI PO3IOMUIEHHS 4acTo
BOJIOJIOTh TAKUMH XapaKTEPUCTHKAMH, SIK BHCOKI €HEpPreTW4Hi XBOCTH a00 IUIOCKI BepIIMHM (LIIMPOKi IUiedi) B
npodini GyHKUiH posnozaimy. Po3monin 3 BUCOKMMHU €HEPreTHYHHMH XBOCTAMH JIOOpE MOJEIIOETHCS CIMEHCTBOM
po3noniniB Tumy kanmna. OaHaK, KOJIH PO3MOALT MICTUTh IIOCKI BEPITMHH 3 200 0€3 BHCOKOSHEPTEeTHYHUX YacTOK,
TOJI KpamuM BHOOpoM € ysaramphena (I, ()-pyHKIiss posmomimy. 3aramoM, CHeKTpambHHUI iHIEKC I BimmoBigae
IUTOCKil 9aCTHHI PO3MOINY, a ( — BHCOKOMY €HEPreTHIHOMY XBOCTY B mpodimi GyHKIil po3noainy. Bigmosigao mo
KiHeTHYHOI Teopii, MM BHKOPHCTOBYBAIM If0 (DYHKIIIO PO3MOIUTY JUIS BHBYCHHS alb(BEHIBCBKUX XBHJIb B
aHI30TPOIHIHN IJ1a3Mi 1 BUSBWIIH, IO allb()BEHIBChKA XBHJISI MOKE POCTH TPH HASBHOCTI TEMIEpaTypHOI aHI30TpoMil
B IUIa3Mi. YMOBHU HECTIHKOCTEHW MOTIM BHBYAIKCS NPH Pi3HUX CIiBBIIHOIICHHSAX TEMIIEPaTypH, BUKOPUCTOBYIOUH
rapaMeTpH IUIa3MHu, SIKi CriocTepiranucst BHU3 1o notoky ynapHoi xsuii B CLUSTER.
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