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‘We have found that the nonthermal radiation of a nonstationary Kerr—-Newman black hole is affected by interstellar

materials. In particular, the interstellar gas deeply influences the average range of nonthermal radiation particles, while

the average range depends on the maximum energy of the radiation and the energy extent of the radiation.
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1. Introduction

Black holes can be classified as stationary and
nonstationary. Stationary and nonstationary black
holes can also be divided into various kinds: charged,
magnetized, or both charged and magnetized. Since
Hawking proposed in 1974 that black holes could pro-
duce thermal radiation, much research has been car-
ried out on black holes. These theoretical works have
increased our knowledge of stationary and nonstation-
ary black holes, especially the thermal and nonthermal
radiation of nonstationary black holes, In the fields of
observation and measurement, scientists have exam-
ined the existence of black holes in radio, visible light,
x-rays, y-rays, etc, by various possible means. They
have used the energetic gamma ray experiment tele-
scope on the gamma ray observatory satellites to ex-
plore some =y bursts successfully. In recent years, stud-
ies on TeV ~-ray bursts and even higher energy - rays
have been conducted both at home and abroad. How-
ever, the relationship between the interstellar gas and
black hole radiation has not been considered. This re-
lationship may provide some clues for exploring black
holes. We take the nonstationary Kerr—-Newman black
hole as an example in the following to study the inter-

stellar gas influence on nonthermal radiation.

2.Nonthermal radiation of non-

stationary Kerr—Newman

black holes

The line element of nonstationary Kerr—-Newman
black hole spacetime, according to the advanced Ed-

dington coordinate, is expressed as/1:2]

_ 02
ds? = — <1 — w>du2 + 2dvdr
p
(2Myr — Q*)asin® @
02
x dvde — 2asin? drdy + p2d?
p

—2

} sin? 6de?,

where p = 72 + a?cos?0, a = a(v), Q = Q(v),
M, = M, (v).

According to Eq.(1), the metric determinant and
the nonzero component of the contra-variant metric

can be written respectively as

g=—p*sin®0, (2)
400 a?sin? 6 o (r*+a?)
p? p?
03 13 a
g = 5> g = 5>
p? p?
g% = 1 g% = _sin2 6
p?’ p?

r2+a?+ Q% —2M;r
911:( : 1). (3)
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From Egs.(1) and (3) and the null-hypersurface equa-  and
of o
tion g‘“’a—fuaf =0, we have of or Of 0
TH dx¥ L 4 2L =
or 96 00 ’
ofor  9f _
) of 2 of Of ordv  Ov ’
2gn2g( 2L 2(r2 + ¢2) 2L 9L
a“sin 5 +2(r*+a )31/ ar g_f —0 (6)
[
OFf (2. 2. or\’
+ 2a$% +(r" +a” + Q7 —2Myr) or From Egs.(4) and (6), we obtain the equation of the
9f o 9f\ 2 1 9f\2 event horizon of the black hole
+2aa—f8—f+<a—£> +— 29<a—f> =0, (4)
® sin P goofqz . 29017-, + g11 +g22(rl)2 -0 (7)
where on the event horizon surface r = rg. So the event
horizon of a nonstationary Kerr—Newman black hole
f(y,r,0) =0 (5) s
|
T {m? — (1 — 274)[a®(1 — 2y + 7F sin® ) + Q% + (r}y)?]}1/2 ®)
1— 2y ’
where |f0rmu1a (10) can be written as
. ory , oru . 5
ra=ra(v,0) tTH=—F—, TH= 4, oo | 9s _ "H ﬁ A
v 06 g Ov. 2k(r —ryg) Or. +ado
In the curved spacetime expressed by Eq.(1), the +24% 2k(r —ru) +1 Or
equation of motion for a particle with electric charge 2k(r —ru)  Or.
q and mass m is®! Os _tw 905 A
Ov.  2k(r —ryg) Or. +ado
Os ds 0s 7 0s
Wl —+qA, || == +qA, ) +m*=0, (9 2% - H A
g <8mf‘ 4 “> (33@" e > ©) +2g Ov,  2k(r —rg) Or, tado
2 2
where s is a Hamilton master function, A, is an elec- X <g_s + qA3> + 911 {%2(;&] <aa_s>
tromagnetic four-potential, and A, = (Ao,0,0, A3). 14 5 (r=ru) " )
o . ds 0s 7 0s
Substituting Egs.(3) and (9) into Eq.(8), we have 33(9° 4.4 22| 95 H
TG 1) T 50, T 2k(r — ) o
9s 2 9s Os 132k(r —rg)+1 [ s Os
oo 98 o1 98 os D i S - VA M 2 4 gA =
g <ay * qu> +29 (au +qu> <3r> T Tk — )\ )\ T )T
5 5 (12)
+29%( 22 +qAo ) ( o +qAs
ov dp

ds\ 2 0s
1198 13( 98
o <a> T <a><
ds\ 2 Os
22 OS 33( OS
+g <60> + 29 <&p

By using the general tortoise coordinate transform-
[4-9]

(10)

ation

1
re =7+ —In(r —rg),

2k
0. :0_00a

Vy =V — Vo,

a a
As there is the Killing vector <8—S> in the curved
[

spacetime represented by Eq.(1), we have 8—8
P

M (constant).
We let
§ =T (Vs,74,0.) + Mo (13)
and
Os . O _ (14)
81/* - g, 80* _p27

where ¢ is the energy of a particle and p, is a compo-
nent of the general momentum. Substituting Egs.(13)
and (14) into Eq.(12), the component of general mo-
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mentum is in Egs.(18)—(20), but the energy states which satisfy
T the extent e~ < & < et are in the forbidden region.
9s oT B+ (B? - AC)1/2 The width of the forbidden region is
B = o 26(r — ry) Y , (15) B
* * D=ct—¢
where 2(AH)1/2

A 29007;12{ —2¢%%y [2k(r — ra) + 1]
+ g [2k(r — ) + 1] + g% (ryy),
B =¢"(—¢ + qAo)iu — g"' (—¢ + qAo)
x [2k(r —rg) + 1] + g037'“H(M + qAp)
— g% (M + qA3)[2k(r — re) + 1] + g% poryy,
C =¢"(—e + qA0)* + 29" (—e + qA0) (M + qAo)
+9%%p5 4+ g% (M + qAo)? + m®. (16)

. S . .
Since s and — cannot be imaginary numbers, (B? —

or.
AC) in Eq.(15) can be written as

B* - AC > 0. (17)
Solving Eq.(17), we obtain

Ei :qA()
b+ (AH)'/?
+ - (AH) . (18)
[¢°07H — gOt[2k(r — ri) + 1]]2 — Ag®°

Considering the sign of inequality in Eq.(17), we have
e>et and e <™. (19)
In Eq.(18),

b={g""u — ¢"'[2k(r — ru) + 1]}
x {g%ru(M + qAs3) — g™ (M + qAs3)
X [2k(r —r) + 1] + g*pyry}
— Ag" (M + qAs),

H =¢"{g%ru(M + qAs) — g"*(M + qAs)
x [2k(r — ri) + 1] + g%pory}”
+ A[g" (M + qA3))* — 2{g%ru(M + qAs)
— g"%(M + qA3)[2k(r — ) + 1]
4 922p2rh}{g03900,’;‘H _ g03901
X [2k(r — rg) + 1](M + qAs3)
+[9%%p5 + 9% (M + qA3)* + m*]}
x {lg%7u — g" 2k(r —ru) +1])° — Ag*%}.
(20)

In the nonstationary Kerr—-Newman spacetime the

Dirac energy levels distribution is described exactly

(21)

g% — gOI2K(r — ) + 1])7 — Ag"
when r — 7, because of

Alroyrg = 9007;12{ — 29017"12{ +g*t +gZ2(r{{)2 =0. (22)

This formula is the same as Eq.(7). Then in the event
horizon location of a nonstationary Kerr—Newman
black hole, from formulae (18) and (22) we obtain®!

gy = M0 )(M +q45) — pary

lim e
T—>TH

+ qu.

(23)
This means that the width of the forbidden region van-

ishes at the event horizon, and there is a crossing of

r% + a? — rpa? sin? 0

positive and negative energy levels near the event hori-
zon. When gy > m, the Starobinsky-Unruh process
(spontaneous radiation) must occur. This means that
there is a nonthermal radiation from the region near
the event horizon. The maximum energy of a particle
in this nonthermal quantum effect is ¢.[1°~13 While

the energy extent of the radiation particle is(*4—16l

a(l —7u)(M + qAs) — pory

i + a? — rpa? sin?

+ qAo.
(24)

This radiation is irrelevant with temperature and it is

m<e<egy=

a nonthermal radiation which is different from Hawk-
ing’s radiation.'”=2! Formula (24) indicates that the
energy extent of a radiation particle varies with radia-
tion direction, which differs from that in a stationary
Kerr-Newman black hole.[22-25],

In a stationary black hole, r; = 0, 7 = 0, there-

fore Eq.(24) can be expressed as

aM + qQry
where
Oy =2 (26)
H r% + a?

is the dragging velocity of the event horizon of the
black hole, and
. Qa
3 +a?
is the static electric potential at the two pole points
of the black hole. It is clear that the nonthermal ra-

diation of a stationary Kerr—-Newman black hole is in-
[26—28)

(27)

dependent of angle 6.
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3. The average range of nonther-
mal radiation particles

In recent years, much research has been carried
out on black hole radiation, but none has been done

on the spreading of radiation in interstellar materials.

Interstellar materials include fixed stars, planets,
interstellar gases and so on. The main component of
interstellar gases is hydrogen and its density is about
one hydrogen-atom per cubic centimetre. When the
particles in the nonthermal radiation ot the black hole
spread in such interstellar materials, the interstellar
gas will play an important part in this influence. As
to the interstellar gas, the density is represented by
po which is usually very small, while ¢/m is usually
very large. Accordingly, the scattering of the nonther-
mal radiation particles in the process of spreading is
very serious. When the particles with a certain energy
spread through the interstellar gas, its range is related
with its rate of energy loss in the interstellar gas, and
the energy loss in the collision is random, which is
a statistic, fluctuated and noncontinuous process. So
the distribution of the range has a statistical mean.
An important quantity is the average range R, which

can be expressed as follows(2:3]

R= / < - i—i) _lda'. (28)

For a particle with an electric charge ¢, the rate of

energy loss can be expressed as29:3]

B d_e' _4Anq*NapoZ 1 mud
dr ) mu2Ag . 2I2(1 — 3?)
—(2y/1-p2-1+p)In2+1 - p?

+;(1W)1, (29)

in which N, is the Avogadro constant, 8 = vy/c, I
is the average excitation energy, for hydrogen atom
1=18eV, Z =1, Ap=1.007979g.

According to Egs.(28), (29), (23) and (24), the
average range of the outgoing particles from a non-

stationary Kerr—-Newman black hole can be expressed

as

In(e2/21%mc?) +1/8
Y In(m/22c2) + 1/8

_A0(2I2)1/3(mc2)4/3 |
"~ 12ng*NypoZel/24

1
=+ ﬁ(h’l[‘fo — lnm)

+ (Ingg — Inm)* + - -

2-2!
1
+m(ln60—lnm)"+-~-} (30)

In the square brackets, there is a converging se-
ries about In(eg/m). So the average range of the ra-
diation particles is inversely proportional to p,, while
it is directly proportional to In(eg/m). Obviously, the
less the p, is, the larger the average range is, and the
larger the €g/m is, the larger the average range is. In

a stationary black hole, we have
Ae =ego/m = (2aM + ¢V)/m, (31)

from Egs.(30) and (31),

nonthermal radiation particles from a nonstationary

and the average range of

Kerr—Newman black hole is different from a stationary
Kerr—Newman black hole. From Eqs.(30) and (31) we
can conclude that the average range of the nonthermal
radiation particles of a stationary Kerr—-Newman back
hole is irrelevant with direction, while in the nonsta-
tionary case, the average range is relevant with direc-
tion. In the nonstationary black hole, along the two
pole points of the event horizon, the average range
is minimum, while the average range of the radiat-
ing particles from the equator is maximum. In other
directions the average ranges lie between these two

values.
4. Conclusion

Nonstationary and stationary Kerr—Newman

black holes have nonthermal radiation. Interstellar
materials have influences on different kinds of radia-
tion. We have shown that the interstellar material,
especially interstellar gas, deeply influences the aver-
age range of particles of nonthermal radiation. The
method and the conclusion of this paper may have

some significance to the study of black holes.
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