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ABSTRACT
This paper is a technical review for a more deliberate paper (Bhattacharya & Lahiri, 2007) where it has been shown that on a
positive cosmological scale with A4 > 0 having a cosmic horizon scale ~1/+/4, there exists the soft electric hairs for the solu-
tion having the Ty components of the stress-energy tensor T, i.e., p = 0 on black hole horizon By having the maximum
density at black hole singularity Bg where cosmic horizon Cy and black hole horizon By has only been considered.
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METHODOLOGY: In this paper we will use the formulations
used in Ref. [1] of BHs having soft hairs on a positive cosmo-
logical constant scales. Any star having a larger limit than the
Tolman-Oppenheimer-Volkoff limit [2] could turn to a col-
lapsed form of gravitational singularity with the BH solutions of
the prescribed Einstein-Maxwell gravitation and electromag-
netism theory could be identified by means of three observable
parameters as mass, charge and angular momentum. The No-
hair theorem [3] stands for that, BH does not contain any other
informations apart form these 3 externally observable parame-
ters. The 11 components of the BH, the mass-energy (1 compo-
nent), linear momentum (3 components), angular momentum (3
components), position (3 components), electric charge (1 com-
ponents) when scaled through the reference frame by adopting
the linear momentum and position to 0, and orienting the spin
along the +Z axis, 3 components remain as of mass, spin and
charge. However, in the case of a positive cosmological con-
stant A > 0 having a cosmic horizon scale ~1/+/A there are
some soft electric hairs over the horizons [4] provided the
stress-energy counterpart Ty, = p taken the values in By < By
with p in By is vanishing probing the way for an external hairy
charge above the horizon.

Denoting space-time with at least 2 horizons By and
Cy where there are no globally defined timelike killing vectors
&" between those horizons satisfying the norm o (r) = \/— §#¢,
having the radial coordinate r dividing the manifold into 3 static
regions, rg, By and Cy with a spatial hypersurface coordinate
bundles Z. where the regions lies in the extreme future of Z¢ in
the limit Cy; > r¢ > Cy such that the points of Z do not lie to
the past of rg > Cy where the no-hair theorems have been com-
puted on spacelike hypersurface = as classical fields between
the two regions By and Cy. The Lie derivative of the norm o (r)
must vanish along the Killing vector field £#¢,, as regards to the
stress-energy tensor T, of the Einstein field equations G,, =
8nT,, — Ag,, remaining in a bounded form.

If we denote the projection vector @, ..., with
an induced connection bundle Vu over an antisymmetric tensor
field ¢ having a vanishing Lie derivative along its components
&H given as,
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va(akau...v) — O.(Vazaul...vr)w;l’ ZD'J/
With k- being the connection on Z¢. This is important as we
will use this convention for the rest of the paper with the scalar
field ¢ having its first derivative potential or equations of mo-
tion as V'(¢) along with its convex form, the second derivative
V''(¢) satisfying the relation V""(¢)) > 0 where the norm taken
with the first derivative of the potential V'(¢) as oV '(¢b) given
the implicit derivative of the connection bundle with the
normed-connection bundle scalar form as [5],
V,(cV¢) = aV'(¢)

Assuming the potential having mass, when integrated over
spacelike hypersurfaces E¢ gives an additional relation over the
boundary domains as 0= of the form,

|_ov@ma,@) = [ olv @m0+ 7]

Which for an additional massive fields for a massless potential
¢ multiplying with the = integral reduces to,

| ov@m,@) =00 [ alv'@)P07,+v2g]

Where it has been shown that for a boundary domain 0=, with
anything that is massless scalar ¢, looses further gravitational
potential taking the explicit form —¢, < ¢, with the stress-
energy tensor being V*¢V,¢ ~ T,, being bounded at the hori-
zons satisfying the Schwarz inequality theorem as,

|mava¢|2 < (mama)(vaqbvaqb) = T;w
Here, as the norm o (r) = 0, the dZE integral vanishes with the
stress-energy term V4¢V, ¢ being non-negative with the convex
form also being a satisfactory non-negative solution as V"'(¢) >
0 as we see before, illuminating the fact that the potential is
constant everywhere with its bare minimum lies at the hypersur-
face 0=. This gives us a cumulative formulation as,

|_ov@mv,@
=40 [ oV @67, +V70)

+ [ v@omT,@)
Ec
Showing without the norm relation,

[ v@om T, @) > ~¢0 [ olv' @) 97,0+ V9]

he g
Thereby denoting the boundary integral = non-negative with
no curvature singularity with only a coordinate singularity.
Specifying the electric potential ¢ = o~'¢,A* with the
electric field being e# = o1&, F*¥ giving the equation of mo-
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tion with the mass m associated with the potential ¢ along with
the connection bundle V,, in the form,

Vet =m?¢
Giving the electric field for e* covering the Lie derivative pa-
rameter [l;n = 0 =17, along with the charge e# = 0 with the
Tyo component p decreasing from Bg to By giving us three rela-
tions as,

Voot —q2p? (¢ +— ) =0
et —qp ¢+q—ngn =

1
24 2.2 -0 =0
m°¢ —q°p (¢>+qv m)
Where we can strictly see the mass m being positive definite
has a magnitude of |qu2 (qb + qiv ufn)| where a static spheri-

cally symmetric BH which has no electric charge, the gauge
field can become massive via spontaneous symmetry breaking
pervading the possibility of the electric field integral over the
boundary surface 0= and the spacelike hypersurface Z¢ in the
relation as,

2
L a(qb +Fiv17>e”n# + Lca[e“eu + q2p? (qf) +nqivﬁ> ]
=0
Where as ete, appears in the stress-energy tensor T, , the
Schwarz inequality can be given by,

[nfn, (@ + (quo) 0" < (nn,)(a2p%(¢ + (quo) ™)
Admits that E: integral can only be non-zero if (¢ +
(qvo)~11) diverges on at least one horizon, giving the value
p = 0 abiding that BH can have hairy electric implants on their
horizon.
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