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» The mechanism of explaining the engine for active galactic nuclei,
quasars and especially GRBs is one of the most important problems in
high energy astrophysics.
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» The mechanism of explaining the engine for active galactic nuclei,
quasars and especially GRBs is one of the most important problems in
high energy astrophysics.

» From theoretical works started from the 1970s the most natural
explanation for luminosity of AGN is releasing gravitational energy
through accretion onto BHs.
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» The mechanism of explaining the engine for active galactic nuclei,
quasars and especially GRBs is one of the most important problems in
high energy astrophysics.

» From theoretical works started from the 1970s the most natural
explanation for luminosity of AGN is releasing gravitational energy
through accretion onto BHs.

» Study of accreting plasma onto the black hole and the finding ways to
extract energy from it is crucial point in the realm of high energy
astrophysics.

» There are many evidences and theoretical works which show some
subclasses of GRBs, are formed because of accretion onto the BH.

» Study the accretion to the black hole also is important in the case of
GRBom GBS icioghi |
depending whether or not a black hole (BH) is formed in the merger or in
the hyperecritical accretion process exceeding the NS critical mass. For
intasnce for long bursts, when a BH is formed we have the sub-class of
binary-driven hypernovae (BdHNe) Also for short bursts when a BH is
formed, the authentic short GRBs (S-GRBs) occur.
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» Damour and Ruffini (1975) proposed a mechanism to extract energy
from a already formed Kerr-Newman BH through the vacuum
polarization process around the BH, leading to introducing the notions of
Dyadosphere and Dyadotorus.

Rahim Moradi, Wang Yu, She-Sheng Xue | Magnetohydrodynamical Effects of The Neutral Plasma Accretion into a Kerr Black hole



Y

» Damour and Ruffini (1975) proposed a mechanism to extract energy
from a already formed Kerr-Newman BH through the vacuum
polarization process around the BH, leading to introducing the notions of
Dyadosphere and Dyadotorus.

» Blandford Znajek (1977) proposed a mechanism by considering the
electron-positron pair production in the vicinity of a rotating black hole
floating in a strong magnetic field, but for building the model they are
using some models which have been proposed to study neutron stars
and finally the get this conclusion that Kerr-Newmann black holes don’t
exist.
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» Damour and Ruffini (1975) proposed a mechanism to extract energy
from a already formed Kerr-Newman BH through the vacuum
polarization process around the BH, leading to introducing the notions of
Dyadosphere and Dyadotorus.

» Blandford Znajek (1977) proposed a mechanism by considering the
electron-positron pair production in the vicinity of a rotating black hole
floating in a strong magnetic field, but for building the model they are
using some models which have been proposed to study neutron stars
and finally the get this conclusion that Kerr-Newmann black holes don’t
exist.

» i ini-
composed by positively and negalively charged plasma which is
accreting to the Kerr black hole".
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The Kerr space-time is stationary and axisymmetric, in the standard
Boyer-Linquist type coordinates, it writes as

> (4 _2Mr\ .
as® = <1 Z)dt

~ 2asin
>
asin’0
— +[r2+a2+

(2Mr) otd + = o® + 5o

s (2Mr)] sin 0d¢?, (1)
which £ = r? + 22 cos? 6 and A = r> — 2Mr + &. M and a are the total mass
and specific angular momentum respectively characterizing the spacetime.
The (outer) event horizon is located at r. = M + v M2 — &2.
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Assuming the negligible pressure, the motion of matter satisfies

UH;IJUV = pLF,u,VJV (2)

which pm is matter density and F,,., is electromagnetic tensor of plasma and
J” is net current density. The motion in first approximation, -~ F,,,J* = 0, is

geodesics. o
g U CA[CAUR oM (P 4 &) : -
T Ut X (r2 4 &) + 2Mra?sin?g

v’ AU,

6 __ Y _ 6
V= Ut~ X (r2 + a2) + 2Mra2sin?0 @)

— —
¢

Ve — v 2Mra (5)

Ut X (r?+ &)+ 2Mra2sin?0

Us and U are constants along the geodesics, by choosing Ug = 0 and
U: = —1, Uy is also constant along the geodesics.
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Let us consider the electromagnetic field associated with accreting plasma.
Since we have considered stationary and axisymmetric configuration, the
electromagnetic is described by component of A, and F,y which is related to
magnetic field in the ¢ direction. So, the non-vanishing components of the
electromagnetic tensor are
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F,., U” = 0 gives us other components of electromagnetic tensors.

Furthermore, we assume infinite conductivity which is
F.,U =0 (9)
Using ¢ component of infinite conductivity condition, one have
Ag,rdr + Ay 0dd =0 (10)

So A, is constant along the trajectories and can be selected as an arbitrary
function of 0 at infinity 0.

e 1
9w:a_u/ ar (11) |
— "l Atz amr(r + 22))

From 6 and ¢ components of infinite conductivity condition we have

u® u?

Fr9 = A¢79U,A¢J = = A¢ 2] (12)

U )
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Figure: Magnetic lines of force in a plane ¢ = const. These lines are not exactly radial,
then the charge will be induced on the horizon. This charge induction is due to the
definition of Uy # 0.
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Figure: Magnetic lines of force in the equatorial plane of the black hole. The winding of
the lines of force due to the dragging of the inertial frames is most clearly illustrated by
this figure.

Figures from: R. Ruffini, J. R. Wilson [Relativistic magnetohydro-
dynamical effects of plasma accreting into a blackhole ]. PRD V. 12, N. 10,
1975
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Damour: Torque & Momentum Transfer 117

a

&

| FiGure |. The lines of current calculated for a maximally rotating hole from Equations I
19 and 29. The presence of an infinite sheet of current in the equatorial plane should be
noticed.
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They assume that the system is globally neutral then

Qror = QsH + QMagnetosphere =0 (13)
Furthermore, by assuming Ag = Ao(1 — [cosf|) and Up(0) = —Uy(w — 0)
finally
aAoU,
QBH = _QMagnetosphere 5 71'1 6 /?/120 (14)
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Present Studies )

Rahim Moradi, Wang Yu, She-Sheng Xue | Magnetohydrodynamical Effects of The Neutral Plasma Accretion into a Kerr Black hole



The charge at time t = f, and inside a r = rp surface is

1
Q(t=ty,r<rp) = o /8z F"\/—gdbd¢

Then we have

dode¢

1 / 2Mar sin 0 UpOpAp
Qu=tp.r<r) =
ox

Ar T [-Aud+2Mr(r?2 4 a)]'/2
s When r — oo, Eq. (16) becomes

—5/2

QUi=ty,r—o00) X I -0

(15)
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Figure: Charge in different radii, in fact each point in this figure represents the total
charge inside the Gauss surface of constant radius.
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Figure: surface charge density on the Horizon.
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The Maxwell equations satisfy
F*., = 4xJ* (18)
r_ 1 — r _ L — re
S = g VI = = (VO (19
- 1 m _ 1 or
"= a5V =
1 r
Jt - 4771%(\/?9,:{#)7# = 471'\/_79[(\/_7glﬂ )7’ +(\/ngt9)’9] (21)
p— —
and
1 1 r
JO = 4W\/jg(\/ng¢“):u: 471\/_79[(\/—79’:(15 )sr +(\/_79F¢9)’9] (22)
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Figure: Current density lines in r-0 plane, this is ¢ =constant plane, so we do not see
the J¢, for see the twisting of J? we need another plot, see Fig. 6.

Rahim Moradi, Wang Yu, She-Sheng Xue | Magnetohydrodynamical Effects of The Neutral Plasma Accretion into a Kerr Black hole



Figure: Current density lines in r-¢ plane, for 6 = 7 /4 , we can see the twisting of
current density lines.
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Using the EM current one can obtain electric charge density
u_ pe aXH
© V/Gr dX°

So, the component j* of current four-vector, multiplied by /gx, is the spatial
density of charge.

(23)

po = J'\/r (24)

v
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We assume that the plasma has two kinds of fluids, one fluid has positively
charged particles with mass m.. and electric charge e, and the other has
negatively charged particles with mass m_ and electric charge —e. One can
define average current density of plasma as follows

J" =e(nyuff —n_ut) (25)

u! is 4-velocity of particles, ny and n_ are the proper particle number
densities of positively and negatively charged particles, respectively.
As it is obvious from Eq. (25) current comes from the different velocities of

g . . . dx}l
two positively and negatively charged particles, so in Eq. (23) the term T4

s comes from this different velocities of two positively and negatively charged | g

particles and is not velocity of free falling particles in Carter solution. Actually
for calculating the pe in Eq. (24) we are lucky, because we are working with

0 q a
&5 which is 1.
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q>0

Therefore, in presence of the magnetic field, the Lorentz forces (qV x B)
acting on the positive and negative charges are different and opposite, so
there is charge separation and generated electric field is perpendicular
(smaller) to B field. This effect cannot be seen by considering geodesics

there were not any electromagnetic current at all. In fact assuming the infinity
conductivity condition F,,, U” = 0 represented the properties of E L B and
E<B
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A convenient frame for computing the electric and magnetic field is the
following orthogonal tetrad

W = (A/x)3(dt — asin® 6dy), (26)
WO = (Z/A)2dr, (27)
WO = x12qp (28)
w® = singz2((r? + &)do — adh). (29)
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In the so fixed Lorentz frame, the components of EM tensor are components
of magnetic and electric fields, transformation of EM tensor is

ox* ox¥

F"LAI:_A_A v
R oxm pxv !

(30)
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and electric and magnetic fields in this frame are

E = F, (31)
1 7
B = 5<"F (32)

which 7,7 and k denote the spatial coordinates only. By assuming
Ay = Aolcos(0)| (33)

and using different values of magnetic field at R = 100M electric field can be

l ole. In a" tl ese cases Hg = g!a
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Left: Magnitude of electric field of a 10 solar masses blackhole with a =1 in
X-Z plane. In this case magnetic field at R = 100M is 10'? G. Middle:
Magnitude of electric field of a 10 solar masses blackhole with a =1 in X-Z

electric field of a 10 solar masses blackhole with a = 1 in X-Z plane, in case

of magnetic field at R = 100M is 108 G. Inside the blue line, the magnitude of
electric field is bigger than 10™ G.
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igure: magnetic line for a unit mass black hole with a = T'in'a r — ¢ plane where
0 = = /4. Magnetic line bends when approaching the horizon, clearly evidencing the
effect of frame dragging.
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The total electromagnetic energy distributed in a stationary spacetime is
defined as follow

E(0) = / Tiom) ch g (34)

where ¢ is timelike killing vector, dX¥=n"dX is the surface element vector
with n the unit timelike normal to the spacelike hyper- surface ¥ and

/IR S -
T = g Fuafl = 3Gu For ) (35)

pnv

is the electromagnetic tensor.

Table: charge and electromagnetic energy of different initial conditions of B

Bat R=100M QM Electromagnetic Energy

102 G 6x 1072 5.9x 10%*ergs
10'0G 6x 1074 5.7x 10%%ergs
108 G 6x 1078 5.4x 10%ergs
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matter energy momentum tensor is,
T = (p + P)UuUy + PG (36)

which v, is four velocity of fluid, p is proper density and p is pressure of fluid
which here we assume is equal to zero. Total energy momentum is

Tiry = Tiew + Tw) (37)
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energy is

E" =G T " (38)

which ¢; is timelike Killing vector. The total energy momentum is conserved,
TN — 0 or EX = 0 Finally we have

/ T\ /=gdods = — / T\ /=gdodg (39)J
s S

as we know from matter energy momentum tensor T,(M)’ = purd" = —pu’".
So, by using the Eq. (39) and this fact that we know the electromagnetic

M = / pu’ \/—gdode (40)
S
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