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Stellar Filaments

The subject of exploring the cosmic filamentary
celestial objects has been a focus of great
aftention of many astrophysicists. On a large
cosmic scale, it has been analyzed that matter is
usually configured to make large filaments. These
stellar structures have been found to be very clear
characteristics of the interstellar medium. They may
give rise to galaxies upon contraction. Motivated
by several simulations and observational results, the
stability analysis of cosmic filaments with more
realistic assumptions has received great interest.

S. Chandrasekhar, E. Fermi, Astrophys. J. 118, 116 (1953); J. Comparettq,
A.C. Quillen, Mon. Not. R. Astron. Soc. 414, 810 (2011)



Compact stars

»Stars in which the density of matter is much
greater than in ordinary stars

Neutron Star White Dwarf Black
' Hole




Stabllity

»Problem of stability has utmost relevance to
structure formation and evolution of self gravitating
objects

o Stable

*>Unstable

S. Chandrasekhar, Astrophys. J. 140, 417 (1964)



Albert Einstein

10 Amazing Life Lessons from Albert Einstein:

1. Follow Your Curiosity

2. Perseverance is Priceless
d. Focus on the Present
4. The Imagination is Powerful
5. Make Mistakes
B. Live in the Moment

7. Create Value

8. Don’t be repetitive

8. Knowledge Comes From Experience

10. Learn the Rules and Then Play Better




General Relaftivity

The mass of the Sun causes . . . so freely moving objects (such as planets
spacetime to curve . . . and comets) follow the straightest possible
’ paths allowed by the curvature of spacetime.

Circles that were evenly spaced in flat spacetime
become more widely spaced near the central mass.




General Relativity
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s Matter tells spacetime how fo curve

% Spacetime curvature tells matter how fo
move



Expanding Nature
Of Universe
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Expansion of universe, balloon analogy:.



Current nature of Universe

» Current physical cosmology is dominated by DE
era

» Estimated Energy budget

Atoms 4.9%

‘ Dark energy
< 68.3% ’

P. A.R. Ade et al., Astron. Astrophys, 571, 16 (2014)



Evidence of
accelerating
expansion of Universe



Is GR explains current
cosmic acceleration?



» Rather disconcerting 1o note that questions about
these Dark sources remained unanswered in this
theory






Moftivation

» Proposed 1o explain Astrophysical and
cosmological data on DM & DE



Modifled Theories of GR
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T. Harko, F. S. N. Lobo, S. Nojiri, and S. D. Odintsov, Phys. Rev. D 84, 024020 (2011)



Modifled Theories of GR

fRTQ) =5 / d'zy/=g[f(R,T.Q) + Ly]

Fe

Z. Haghani, T. Harko, F. S. N. Lobo, H. R. Sepangi and S. Shahidi, Phys. Rev. D 88, 044023
(2013)



Our concern!
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Proposals

»Very good approach to study the current nature
of universe

» Permits to pursue some well-consistent
cosmological models



BR(1+aQ) Gravity

a 5

» Here, we are interested in dealing with the model
for p=1 to infroduce the consequences of cosmic
expansion including Q parametric quantity.

. Ayuso, J. B. Jiménez and A. de la Cruz-Dombriz, Phys. Rev. D 91, 104003
(2015)



Paramount concepts
related to the designed
work



continuum: mathematical model

interiMEBIsHcce & time into single con’rinuum’)




Source of gravitational field

equations
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Perturbation Strategy

» shows that fluid contents have only radial
dependence, such quantities are identified with
subscript zero

V(t.r) = uolr) +eo(tlylr).  Zlt,r) = 2r) +€x(t,)

L. Herrera, G. Le Denmat and N. O. Santos, Gen. Relativ. Gravit. 44,
1143(2012)



Stifftness Parameter

» Has remarkable role in stability analysis as its
value define the range of stability

B. K. Harrison, K. S. Throne, M. Wakano and J. A. Wheeler, Gravitation Theory and
Gravitational Collapse (University of Chicago press, 1965).



Newtonian approximation

A Flat space-time &é\‘




post Newtonian approximation




10OP Publishing

Class. Quantum Grav. 34 (2017) 145002 (19pp)

Classical and Quantum Gravity

https://doi.org/10.1088/1361-6382/aa73b9

Stability analysis of stellar radiating
filaments

Z Yousaf ©, M Zaeem-ul-Haq Bhatti and Ume Farwa

Department of Mathematics, University of the Punjab, Quaid-i-Azam Campus,
Lahore-54590, Pakistan



Plan of Work

» Consider the anisotropic dissipative fluid within the cylindrical
configuration, which collapses under the condition of non-
zero expansion scalar

> Apply perturbation technigue to analyze the behavior of
f(R,T,Q) model on the evolution of dissipative system



ds®> = —A%(t, r)(df — dr®) 4+ B>(¢t,r)dz® + C*(t,r)de”.

Vs = —A8), K\ = C83, Ly = Ads and S = Bé3

AVy=—1, K*KA=1=8S,, VK, = V*§, =K*S, =0
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e What are they?
They join two distinct solutions of the field

equations into one across the surface of

discontinuity.

e Why do we need them?
-Gravitational Collapse.
-Describing stars, galaxies, etc.

-Black Hole Formation.




What conditions must be put on g, and g, such that g, U g,, forms a valid

117

solution of the Einstein field equations?



conftinuity of the line elements




confinuity of the extrinsic curvatures
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For smooth matching between exterior and interior
geometries, we shall make use of Darmois matching
conditions. We consider a tfimelike hypersurface, for
which we impose r = constant. In this context, the

first fundamental form provides




The second fundamental form gives us the following
set of equations
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collapse
cauation
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Newtonian Approximation

[ﬁff (a+b+ci)] Ty = fo(d'/a) + & + 11+ Z,




Newtonian approximation
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Analysis
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< The quantity €4S comes from the (01) component of
the f(R,1,Q) field equations and contributes the
influences of heat radiations In the instability
constraint. This ferm tends to increase the instability
imits against gravitation implosion, thereby making
our system less stable.

 The terms Zi s correspond fo dark source terms
induced from f(R, T, Q) gravity. These terms are
iInducing DE effects in the instability constraints
and are creafing anti gravity effects due to their
non-attractive nature, thereby producing stability
against gravitational collapse.






