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Abstract The gravoviscothermal instability dynamics ex-
citable in a spherical composite astrofluidic system (CAS)
existent in dwarf satellite galaxies, which are mainly con-
stituted of an admixture of neutral gas fluid (NGF) and
cosmic ray fluid (CRF) coupled via a barotropic correla-
tion in spherical geometry, is studied. A spherical normal
mode analysis over the perturbed CAS yields a unique quar-
tic dispersion relation having an atypical set of multipara-
metric coefficients. The growth behaviours of the instability
are illustratively specified in two distinct situations: invis-
cid (ideal) and viscid (real). It is seen that the CAS kine-
matic viscosity and temperature play stabilizing roles to the
CAS instability against the gravity. In contrast, the CRF dif-
fusion destabilizes the instability. A faster rate of structure
formation, which is sourced by the CRF moderation effects,
is interestingly a formal picture in such astrosituations. It
achieves a peaky growth in the acoustic domain at near the
centre of the entire CAS mass distribution. The average in-
stability pattern behaviours are fairly confirmed in two dis-
tinct pure fluctuation regimes: gravitational (low-frequency,
Jeans-type) and the thermal (high-frequency, acoustic-type).
The reliability of our results is marginally validated in the
light of the prior reports. We lastly offer a tentative applica-
tion of our main results in the real astrocosmic context of re-
organizing and restructuring the astrocloud stability dynam-
ics via the excitation of gravothermal supercritical catas-
trophic instability, pair-instability, etc.
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1 Introduction

One of the most interesting phenomenological effects in
self-gravitating complex conducting fluid media is the evo-
lution of “gravoviscothermal instability” in different real-
istic astrocosmic circumstances. This type of instabilities
is a hybrid relaxation mode of the complex fluids having
a propensity to reach towards its macroscopic bulk equi-
librium state (Balbus and Soker 1989; Gomez-Pelaez and
Moreno-Insertis 2002). They are excited under the conjoint
action of the non-zero thermal fluid currents, driven by the
free-energy source stemming from the gravothermal inter-
play in the unperturbed inhomogeneous fluid configuration.
Such instabilities are of a great importance in diversified
real astronomical domains. It is because of their active roles
played in a number of astrodynamic phenomena, such as the
dwarf galactic structuring-clustering processes (Taruya and
Sakagami 2002; Chavanis 2002; Sormani and Bertin 2013),
cosmic pair-instability (Posch and Trirring 2005), gravother-
mal catastrophe (Taruya and Sakagami 2002), etc. They play
a significant influence in the initiation processes of the cos-
mic evolutionary dynamics of diversified structures via non-
uniform fluid material transport mechanisms still lying not
fully well-understood from a non-planar gravothermal biflu-
idic viewpoint in the presence of cosmic radiative agencies.

The excitation dynamics of pure thermal instability and
its saturation mechanism with no gravity have been pio-
neeringly worked out in gravity-free astroenvirons by Field
(1965). A good number of researchers have studied it from
different dynamical perspectives in the light of both planar
(plane-parallel) geometric symmetry and non-planar (spher-
ical) symmetric geometry (Drury and Falle 1986; Chavanis
2002). The same instability in a thermally conductive fluid
medium, which consists of a neutral gas fluid (NGF) grav-
itationally decoupled from the cosmic ray fluid (CRF), has
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also been investigated (Gomez-Pelaez and Moreno-Insertis
2002). It has hereby revealed a critical scale-length, which
is termed as the generalized Field length, demarcating the
stable-unstable regions in the Fourier space (Field 1965).
The influence of the combined action of the CRF diffu-
sion and pressure effects on the instability criteria in differ-
ent circumstances, dominated by convective-diffusive trans-
port phenomena, has also been investigated (Drury and Falle
1986; Wagner et al. 2005, 2006, 2007, 2009). It has been
found mainly that the cosmic diffusion acts as a neutral
agency to the pure thermal instability; whereas, as a stabi-
lizing agency to the impure magnetothermal counterpart. In
addition, the energy transfer from the CRF to the NGF due
to the CRF-driven acoustic instability is responsible for the
suppression of the thermal overstability of radiative shocks
(Drury and Falle 1986; Wagner et al. 2005, 2006).

It may now be clearly noticed that all the past stabil-
ity analyses in the thermally conducting media, hitherto re-
ported, have thoroughly ignored the long-sought goal of
handling the combined influence of the astro-relevant key
factors (Bellan 2008; Binney and Tremaine 2008; Shad-
mehri 2009; Kuwabara and Ko 2015; Tricco et al. 2017).
This existing lacuna in the earlier studies of such instabili-
ties forms the basic motivational foundation for the current
investigation proposed here. As a result, the main motiva-
tion is driven herein from the diversified properties of the
complex fluid dynamics composing dwarf satellite galaxies
and the complex dynamics of the supported nonhomologous
structure formation mechanisms.

We, herein, methodically develop a theoretic model to
explore the gravoviscothermal instability dynamics, collec-
tively excitable in a spherical viscous self-gravitating com-
posite astrofluidic system (CAS = NGF + CRF). The prin-
cipal stimulus behind the spherical geometry is that a spher-
ically confined self-gravitating fluid is unstable against the
perturbations of all wavelengths as the non-local self-gravity
is always organizationally cloud-fluid-centric in action (Kar-
makar and Das 2018). The adopted CAS is subjected to all
the key fluid dynamical complications previously remain-
ing completely unaddressed. The focal goal is to include for
the first time the astronomically relevant key dynamic fac-
tors in the instability analysis, such as the fluid kinematic
viscosity (Shaikh et al. 2008), nonlocal self-gravity (Bel-
lan 2008), CRF diffusion (Drury and Falle 1986; Wagner
et al. 2005, 2006, 2007, 2009), polytropicity (Horedt 2004),
geometrical curvature effects (Tomisaka and Ikeuchi 1983;
Elmore and Heald 1969; Avinash et al. 2006; Karmakar and
Borah 2016), and so forth. Another novelty is in the relax-
ation of the so-called Jeans swindle (Binney and Tremaine
2008)—an equilibrium homogenization assumption appli-
cable at least initially—a conventional local approximation
to avoid equilibrium gradient force fields. A spherical wave
analysis over the perturbed inhomogeneous CAS results in a
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quartic linear dispersion relation involving an atypical set of
multiparametric coefficients. A numerical illustrative plat-
form is developed to explore the main instability character-
istics, such as the resonant excitation regimes, stability fac-
tors, etc. It is seen that the CAS kinematic viscosity and tem-
perature play stabilizing roles to the CAS instability against
the gravity. In contrast the CRF diffusion destabilizes the
said instability. The reliability of our analysis is bolstered
from the fact that the mean instability behaviours and pat-
terns found here go fairly well in accordance with the pre-
viously reported results in similar astroenvirons extensively.
We, finally, present the scope of our findings in the real as-
trocosmic circumstantial perspectives.

2 Physical model and formalism

A composite fluid model system comprising of a two-fluid
admixture (NGF plus CRF) is considered on the astrocos-
mic fluid evolutionary scales of space and time. The aim
is to see the gravoviscothermal instability dynamics ex-
citable in a spherically symmetric complex cloud. The con-
sidered spherical geometry is due to the fact that a spheri-
cal cloud is unstable against the perturbations of all wave-
lengths as the non-local self-gravity is always cloud-centric
in nature. It concurrently considers the influential factors,
such as the fluid thermal conductivity, cosmic ray diffusion,
self-gravity, fluid kinematic viscosity, and so forth. In par-
ticular, the CRF diffusive factor is included herein because
the cosmic ray moderation effects usually slow down the
structure formation rate in complex astrofluids (Shadmehri
2009). It could actualize realistically the active mechanisms
responsible for structuring and restructuring of dwarf and
satellite galaxies filled up with complex neutral fluids and
dark matter fluids (Papaderos et al. 2012; Karmakar and Das
2017a,b), such as DDO 154, NGC3741, etc.

The basic governing equations dictating the complex
fluid in a standard normalized coupled form in the custom-
ary spherically symmetric symbolism (Wagner et al. 2005;
Shadmehri 2009) respectively are cast as
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Here, & =r/); is the Jeans-normalized radial distance rela-
tive to the cloud centre treated as the reference point; where,
Aj = csowy is the Jeans scale length as the spatial normal-
izing parameter and T = a);l = (471G,00)_1/2 is the Jeans
time scale as the temporal normalizing factor. Then, p* =
p/po is the normalized (by equilibrium density, pp) mass
density, M = v/c, is the Mach number, and P = p/ p is the
normalized (by equilibrium thermal pressure, po) NGF pres-
sure. Likewise, P,y = per/ Pero 18 the normalized (by equi-
librium cosmic ray pressure, p.-o) cosmic ray pressure. The
normalized total pressure is Prpr = P+ Per. ¥ = lﬂ/cf is the
normalized (by acoustic phase speed squared, cs2 =yp/p)
gravitational potential. k7 denotes the thermal conductivity
of the astrofluid. y., stands for the cosmic ray diffusivity.
The cosmic ray diffusion time scale (Shadmehri 2009) now
can be simply given as tp = A} 2 /xer. Then, the newly intro-
duced symbolic notation njff 1/(,00a)1)\ )¢ + (4n/3)]
represents the effective generalized NGF kinematic viscos-
ity, contributed conjointly by both the bulk viscosity (¢) and
shear viscosity (n). The entire fluid system is presumed to
satisfy a polytropic equation of state, p =k p,or ; where, k),
is the polytropic constant and I” is the polytropic exponent.
Here, y (= cp/cy) is the specific heat ratio for the NGF and
ver (= 4/3) for the CRFE. The modified Jeans wavenumber
due to the polytropic index is k; = /4w Gpo/y c:1,; where,
cth = «/p/p 1is the isothermal sound phase speed in the
NGEF. Lastly, L = L(p*, T™*) is the auto-normalized heat-
loss function (heat loss due to all the sinks minus heat gain
due to all the sources per unit fluid mass) that signifies the
effective specific NGF thermal energy loss processes via the
collective conjoint action of kinematic viscosity, radiative
diffusion, heat conduction, and so on (Field 1965).

It is well understood that Eqgs. (1)—(5) represent the ma-
terial conservation law, force density conservation law, ther-
mal energy transfer law, cosmic ray diffusion law and self-
gravitational potential distribution law, respectively. The
model is indeed devised for an incompressible fluid in the
absence of any source or any sink (governed by Egs. (1)-
(5)). The hydrostatic and thermal equilibrium conditions
(Field 1965; Binney and Tremaine 2008), which define the
force density balance and specific heat energy balance on
the Jeans scales, can respectively be given as

+%3)P =0 @)
%‘8%‘ cr — k]

—(p + Per) = —p08, (6)

0§
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where, g = —0W¥/0& denotes the strength of the conserva-
tive cloud-centric non-local self-gravity, and Ly is the equi-
librium heat-loss function of the fluid system.

We slightly perturb the relevant physical CAS dynamic
variables F(&, t) featuring the constituent fluid as Fi (&, 1)
in the fabric of a homologous collective spherical wave anal-
ysis around a hydrostatic homogeneous equilibrium Fy(0, 0)
in the spherically symmetric geometry (Elmore and Heald
1969; Karmakar and Das 2018) in a form as given below

FE,1)=Fy+ F1<E>exp[ (27 — K§)], ®)
Fo=[101110]7, )
Fi=[pf My T} P Py 1] (10)

It may be worth mentioning that the 1/§-appearance in
Eq. (8), is due to the consideration of nonplanar (spherical)
geometry of the astroclouds. We clearly see that the geo-
metrical curvature of the astrocloud thereby transforms a
plane wave perturbation, exp[—i (2t — K&)], into a spher-
ically symmetric radial wave, (1/&)exp[—i(£2t — K&)].
Here, §2 and K are the Jeans-normalized angular frequency
and Jeans-normalized angular wavenumber of the homology
cloud perturbations, respectively. The linear spatiotemporal
differential operators now transform in the Jeans-normalized
Fourier space (§2, K) as /0§ = (iK — 1/¢) and 0/0t =
—i§2. As a consequence, we get the linearized forms of
Egs. (1)-(5), respectively, derived and given as
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k3 = (k7 To)/(pow j)\.%) stands for the normalized (effec-
tive) thermal conductivity.
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X = Xer)/(wy A?) stands for the normalized cosmic ray
diffusivity.

Applying Egs. (11), (13)—(14) in Eq. (12), we after elimi-
nation and decomposition, finally get a linear quartic disper-
sion relation (biquadratic in degree) as

QY+ A3+ A2+ A2+ Ay =0, (15)

@ Springer



217 Page4of 8

P. Dutta, PK. Karmakar
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The new notations are Bjs, = c,zh/ cf, Bpol = Ppo/ pocf,
Ber = Cgr/cga b1 =1+ ppo/piso and by = 1+T"(ppo/ piso)-
Here, p,o(= kpp(l;) and pjso(= KppoTp/m) are the equi-
librium polytropic pressure and isothermal equilibrium pres-
sure, respectively. c. (= +/To/m) is the cosmic fluid sound
speed. Lastly, the symbolism includes A;’; = (dL/3p)T %
[(v = Dpg/pisows] and A% = (AL/3T),[(y — DpoTo/
Piso® ], giving the normalized radiative cooling functions
with the explicit dependencies on the density and tempera-
ture of the NGF, respectively.

It is clearly seen that the linear stability dynamics of
the considered astrofluid in the form of a hybrid mode is
dictated by a generalized linear quartic dispersion relation
as given by Eq. (15). In principle, Eq. (15) would simul-
taneously describe a gravitational instability in the long-
wavelength regime (K < 1) and a radiative instability in
the short-wavelength regime (K > 1). The dependency of
the intermixed (gravoviscothermal) instability on the multi-
parametric fluid behaviours is revealed via the mathemati-
cal constructs of the involved dispersion coefficients Ag—A3
(Egs. (16)—(19)). Thus, the excitation dynamics of the mixed
gravoviscothermal instability is appreciably affected by the
various active factors of astronomical significance.

Clearly, Eq. (15) reveals various microphysical aspects of
the instability excited in the presence of the CRF diffusion
in an unmagnetized fluid situation. If we neglect the effects
of kinematic viscosity, self-gravity and spherical symmetry,
then our Eq. (15) gives the similar wave mode characteristics
as per the previous results (quartic dispersion) in the light
of the Hermite-Bieler theorem reported elsewhere (Wagner
et al. 2005).

@ Springer

2.1 Radiative mode analysis

In the high-frequency regime (high-K regime), which is the
radiative domain of the instability, the canonical Jeans col-
lapse is opposed by the thermal pressure. The instability
growth rate from Eq. (15) is now given as

Qi=0—y); — A5+ A —verdxsy —mipr K> (20)

It is clearly evident from Eq. (20) that the growth rate of the
instability in the acoustic regime is significantly affected due
to the NGF kinematic viscosity and CRF diffusion simulta-
neously.

2.2 Jeans mode analysis

The hydrodynamic (low-frequency) version of Eq. (15) in
the gravitational regime (low-K regime) is given as

2; = [eecr(y — Djd1 K* — €BisoBer A |
X [(1 - )/)Gch;neffK4 —dih
-1
+ €(Bisoha — Berh3)] ™. @b

The notational symbolism involved in Eq. (21) is defined as
€= K> +£ 77 ecr = (er = Dy di = €l(Biso + T Bpoty) =
K=2], by = [A% + € + (v — DG K21, hy = [A% + € +
(Yer — Dx2 1, and h3 = x2 (A% + (y — DirK?). It is in-
terestingly seen that Eq. (21) represents the gravoviscother-
mal instability growth rate in the low-K regime. It unveils
the self-gravitational collapse dynamics of the global cos-
mic fluid system sourced inherently by the local fragmenta-
tion instabilities.

3 Results and discussions

An evolutionary gravoviscothermal instability excitable in
a spherically symmetric CAS, constituted of an NGF-CRF
admixture coupled via barotropic correlation effects, is theo-
retically investigated on the relevant astrocosmic spatiotem-
poral scales. The hydrostatic homogenous model equilib-
rium is ruled by the time-stationary version (d/0& # 0;
d/dt = 0) of the basic fluid governing equations (Egs. (1)—
(5)). The stability analysis is methodically executed with the
help of a perturbatively derived unique quartic dispersion re-
lation with atypical polyparametric coefficients. A numeri-
cal platform for the dispersion analysis (via Eq. (15)) yields
many new results on the CAS stability features as illustrated
pictorially in Figs. 1-7.

In Fig. 1, we portray the Jeans-normalized growth
rate (£2;) characteristics of the gravoviscothermal instabil-
ity mode with variation in the Jeans-normalized angular
wavenumber (K ). The distinct lines refer to the viscid (ideal,
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Fig. 1 Evolution of the Jeans-normalized growth rate (§2;) of the
gravoviscothermal instability with variation in the Jeans-normalized
wavenumber (K ) in the viscid (ideal, blue solid line) and inviscid (real,
red dashed line) configurations distinctly. The fine details are in the text
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Fig. 2 Same as Fig. 1, but for a fixed Jeans-normalized viscosity
ns = 0.1. It specifically refers to the two distinct cases without (blue
solid line) and with (red dashed line) radiative condensation

blue solid line) and inviscid (real, red dashed line) config-
urations, respectively. The input parameters used here are
To=10K, nz;, =0.1, x5 =1, Ay = A7 =0.1, k7 = 0.2
and, etc. It is seen that the instability growth rate is more pro-
nounced in the inviscid regime than the viscid one. It is fur-
thermore seen, herein, that the growth behaviours in the two
distinct cases are quite different only up to the critical Jeans
point (K = 1); but, not so beyond. Thus, the composite fluid
viscosity has no significant role to play in influencing the in-
stability growth after this critical point. Such behaviours are
attributable to the macroscopic presence of strong collective
correlative coupling among the microscopic fluid elements.
In Fig. 2, we depict a similar (K, £2;)-evolution; but for
the two distinct cases without (blue solid line) and with
(red dashed line) radiative condensation. The astrophysi-
cal conditions are imposed here are the same as Fig. 1. It
specially highlights the influence of the radiative cooling
on the instability. We see that the CAS growth shows in-
teresting behaviours in the two isolated cases only up to
K = 1.5; but, not so beyond. We infer that the radiative
cooling acts as a boosting source of the cloud gravitational
destabilization, thereby causing the complex cloud to un-
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Fig.3 Same as Fig. 2, but for with a fixed Jeans-normalized kinematic
viscosity njff = 0.1. Different lines link to x. = 0 (blue solid line),

X&. =2 (red dotted line) and x . = 4 (black dash-dotted line), respec-
tively

dergo self-gravitational collapse dynamics. It is, conversely,
quite in agreement with our usual astronomical perception
that cooler the complex cloud (with the less thermal pres-
sure outward), more unstable the cloud (with the more self-
gravitational pressure inward) is; and vice-versa.
As in Fig. 3, we illustrate a graphical similarity as be-
fore (Fig. 2); but, for different conditions dictated by the
normalized cosmic ray diffusion coefficient (x.). The dis-
tinct lines refer to the isolated cases characterized by x 2. =0
(blue solid line), x /. = 2 (red dotted line) and y . = 4 (black
dash-dotted line), respectively. It is found that there is no
significant influential change on the growth up to K = 0.2.
But, the growth increases sensibly with x* only in a partic-
ular range of K = 0.2-1.2. After K = 1.5, which features
the radiative instability regime (K > 1), the CAS remains
stabilized irrespective of the K-domains. Thus, it may be in-
ferred that x /. acts as a destabilizing agency to the cloud in
the Jeansian domain (K < 1) only. It is interestingly against
the previous analysis depicting cosmic ray moderation ef-
fects slowing down the structure formation rate (Shadmehri
2009). The physical insight responsible behind it can be ex-
plained as in the following. The cosmic ray constituent parti-

cles are well-known to be highly energetic (on GeV scale) in
nature (Somov 2000). However, if and when such particles
penetrate optically thick layers of such cloud fluids, its ther-
mal energy (temperature) slowly rises in comparison with
the more dominant inward self-gravity counterpart. A stage
is asymptotically reached when the enhanced inward self-
gravitational pressure wins over the outward thermal pres-
sure resulting in a propensity to destabilize the global cloud
configuration to undergo non-local fragmentation processes
and hence, causing faster structure formation rate.

As in Fig. 4, we depict the same as Fig. 3, but for the dif-

ferent values of the equilibrium cloud temperature (7p). The
distinct lines link to 7o = 10 K (blue solid line), T =20 K
(red dotted line) and Ty = 30 K (black dash-dotted line), re-
spectively. It is seen herein that the instability growth rate
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Fig. 4 Same as Fig. 3, but for a fixed Jeans-normalized cosmic dif-
fusion coefficient x. = 2. Varied lines link to 7o = 10 K (blue solid
line), Ty = 20 K (red dotted line) and Ty = 30 K (black dash-dotted
line), respectively

0 0.5 1 1.5 2

Fig. 5 Spatiospectral evolution of the generalized instability growth
rate (£2;) in the (§—K) space. The fine details are the same as Fig. 4,
but for 7p = 10 K

decreases with increase in the cloud temperature; and vice-
versa. It is attributable to the fact that as the cloud becomes
hotter and hotter, the strength of the thermal outward pres-
sure increases to counteract with that of the gravitational in-
ward pressure. A stage comes with the former dominating
over the later. Thus, the cloud temperature acts as a stabi-
lizing source against the nonlocal gravitational cloud col-
lapse.

The spatiospectral evolution of the instability growth be-
haviour in a generalized comprehensive mode is depicted
pictorially in Fig. 5. The fine details are the same as Fig. 4,
but for a fixed 7o = 10 K. It is observed that the maxi-
mum instability growth occurs at & = 3—4 corresponding
to K = 3. It implicates that only the acoustic-like fluctua-
tions at near the off-central region of the cloud undergo a
resonant growth peak, which is, indeed, attributable to the
collective mutualistic phase-amplitude correlation of the in-
stability spectral components in a coordinated fashion. It,
contrastwise, implicates that the off-central spectral compo-
nents undergo collective in-phase (coherent) coordination to

@ Springer

Fig. 6 Same as Fig. 5, but especially for the purely gravitational
(low-frequency) instability regime. The inset panel specially shows the
decay evolution as £2; = f(§)

Fig. 7 Same as Fig. 6, but especially for the purely thermal (high-fre-
quency) regime of the instability

form the resonant growth. The overall growth features grad-
ually decrease to the asymptotic near-zero (cloud-centric)
values in the (§—K)-plane elsewhere.

Finally, Figs. 6-7 illustrate the spatiospectral growth
characteristics for the two distinct special cases, purely
gravitational (low-frequency) and purely thermal (high-
frequency) instability regimes, respectively. The fine de-
tails are the same as Fig. 5. The inset panels, as both in
Figs. 6-7, give the same growth features as the correspond-
ing special cases of £2; = f(&). It is found that the negative
instability growth (decay rate) increases with both radial
distance and wavenumber in the former (Fig. 6). In con-
trast, the instability growth remains unchanged with radial
distance, but increases with the wavenumber in the latter
(Fig. 7). It enables us summarily to infer that the gravita-
tional (nonthermal, low-frequency) fluctuations are sensi-
tive to the radial dimension of the gravitating clouds rela-
tive to the critical Jeans size (Fig. 6); whereas, the thermal
(acoustic-like, high-frequency) perturbations are not so pro-
nounced (Fig. 7).
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4 Conclusions

In summary an astrohydrodynamic model formalism is con-
structed to study the excitation of hybrid gravoviscother-
mal instability dynamics in an inhomogeneous spherical
CAS. The CAS is an admixture, composed of the NGF
and CREF, coupled only via the non-local self-gravity action.
A set of key parametric factors of astrocosmic importance
are concurrently included, such as the fluid polytropicity,
kinematic viscosity, CRF diffusion effects, etc. Applica-
tion of spherical normal mode analysis over the perturbed
CAS, allowing it to be unstable against all the perturba-
tion wavelengths subject to the cloud-centric non-local self-
gravity, results in a generalized quartic dispersion relation,
containing a unique set of analytic coefficients, which are
significantly modified by the canonical fluid characteristic
features. A numerical illustrative platform is provided to
analyze the varied stabilizing factors of the instability ex-
actly. It is seen that the kinematic viscosity acts as an en-
ergy dissipative source to the CAS instability. It is further
seen that the instability growth rate is more and more pro-
nounced in the inviscid regime than the viscid one. Thus,
the radiative cooling acts as a boosting source of the grav-
itational destabilization, thereby causing a faster CAS col-
lapse dynamics. A faster rate of structure formation sourced
by the CRF moderation effects is interestingly a new ad-
dition to such instability scenarios against the traditional
picture in similar circumstances (Shadmehri 2009). It is,
furthermore, confirmed that the hotter the CAS, the more
stabilized it is against self-gravity; and vice-versa. The neg-
ative instability growth (decay) increases with both the ra-
dial cloud size and wavenumber in the gravitational case
(low-frequency, Fig. 6). In contrast, the instability growth re-
mains unchanged with the CAS-centric radial distance, but
increases with the wavenumber in the radiative instability
regime (high-frequency, Fig. 7). A few concluding remarks
highlighting the non-trivial applicability of our analysis in
the real astrocosmic environments are summarily given as:

1. The semi-analytic exploration of the gravoviscothermal
instability in cloud fluids presented here could enable us
to identify and characterize the key factors influencing
the cloud stability behaviours accomplishable to realize
the mechanism of structuring and restructuring of dwarf
spheroidals, dwarf ellipticals, and other satellite galaxies
filled up with complex neutral fluids and dark matter flu-
ids (Papaderos et al. 2012; Karmakar and Das 2017a,b),
such as DDO 154, NGC3741, etc.

2. This instability may couple with the pair-instability su-
pernova excited by the conjugational processes of free
electron-positron pair production in supermassive stars
(M ~30Mgp), which result in preventing the supermas-
sive stars from being gravitationally collapsed by lowing
the net internal pressure support as a unique stabilizing
agency.

3. The large-scale self-gravitating astrophysical polytropic
systems are considerably modified in the presence of
non-extensive nonthermal effects treated in the light of
the Tsallis non-extensive thermostatistical mechanics
(Constantio 2009). As a result, the astrophysical poly-
tropes are significantly modified with a non-extensive
nonthermal polytropic equation of state (Taruya and Sak-
agami 2002; Shaikh et al. 2008), expressed in the cus-
tomary notations as, p = kpp(sq_3)/(3q_1); where, g is
the nonextensivity parameter — an important point being
considered in future directions.

4. It may be applied to understand the obscure gravother-
mal supercritical cloud-centric catastrophic instabilities,
which are, in turn, responsible for exhibiting cloud nega-
tive specific heats (Posch and Trirring 2005; Binney and
Tremaine 2008), and so forth.

Acknowledgements Authors are thankful to Tezpur University for
active cooperation. The valuable comments and suggestions by the
anonymous learned Referees towards improvement of the scientific
contents in the manuscript are thankfully recognized. Lastly, the fi-
nancial support by SERB Project (Grant EMR/2017/003222) is duly
acknowledged.

Publisher’s Note  Springer Nature remains neutral with regard to ju-
risdictional claims in published maps and institutional affiliations.

References

Avinash, K., et al.: Phys. Lett. A 353, 105 (2006)

Balbus, S.A., Soker, N.: Astrophys. J. 341, 611 (1989)

Bellan, P.M.: Astrophys. J. 678, 1099 (2008)

Binney, J., Tremaine, S.: Galactic Dynamics. Princeton University
Press, Princeton (2008)

Chavanis, P.H.: Astron. Astrophys. 396, 315 (2002)

Constantio, T.: Introduction to Nonextensive Statistical Mechanics.
Springer, New York (2009)

Drury, L.OC., Falle, S.A.E.G.: Mon. Not. R. Astron. Soc. 223, 353
(1986)

Elmore, W.C., Heald, M.A.: Physics of Waves. McGraw-Hill, New
York (1969)

Field, G.B.: Astrophys. J. 142, 531F (1965)

Gomez-Pelaez, A.J., Moreno-Insertis, F.: Astrophys. J. 569, 766
(2002)

Horedt, G.P.: Polytropes—Applications in Astrophysics and Related
Fields. Springer, New York (2004)

Karmakar, P.K., Borah, B.: Astrophys. Space Sci. 361, 115 (2016)

Karmakar, P.K., Das, P.: Astrophys. Space Sci. 362, 115 (2017a)

Karmakar, P.K., Das, P.: Astrophys. Space Sci. 362, 142 (2017b)

Karmakar, P.K., Das, P.: Phys. Plasmas 25, 082902 (2018)

Kuwabara, T., Ko, C-M.: Astrophys. J. 798, 79 (2015)

Papaderos, P., Recchi, S., Hensler, G.: Dwarf Galaxies: Keys to Galaxy
Formation and Evolution. Springer, Berlin (2012)

Posch, H.A., Trirring, W.: Phys. Rev. Lett. 95, 251101 (2005)

Shadmehri, M.: Mon. Not. R. Astron. Soc. 397, 1521 (2009)

Shaikh, S., et al.: Phys. Lett. A 372, 1451 (2008)

Somov, B.V.: Cosmic Plasma Physics. Springer, Netherlands (2000)

Sormani, M.C., Bertin, G.: Astron. Astrophys. 552, A37 (2013)

Taruya, A., Sakagami, M.: Physica A 307, 185 (2002)

@ Springer



217 Page 8 of 8 P. Dutta, P.K. Karmakar

Tomisaka, K., Ikeuchi, S.: Publ. Astron. Soc. Jpn. 35, 187 (1983) Wagner, A.Y., et al.: Astron. Astrophys. 452, 763 (2006)
Tricco, T.S., et al.: Mon. Not. R. Astron. Soc. 471, L52 (2017) Wagner, A.Y., et al.: Astron. Astrophys. 463, 195 (2007)
Wagner, A.Y., et al.: Astron. Astrophys. 430, 567 (2005) Wagner, A.Y., et al.: Astron. Astrophys. 690, 1412 (2009)

@ Springer



	Dynamics of gravoviscothermal instability in complex astroﬂuids amid cosmic radiative moderation effects
	Abstract
	Introduction
	Physical model and formalism
	Radiative mode analysis
	Jeans mode analysis

	Results and discussions
	Conclusions
	Acknowledgements
	References


