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Focusing of Gravitational Ratjistion into the Galactic Plane
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%'e consider rays of gravitational radiation emitted near the event horizon of a maximally rotating

black hole at the galactic center, aligned with the galactic rotation. If the emitting matter is

concentrated in the equatorial plane of the black hole, the focusing eA'ect of the metric will be
concentrated in the galactic plane. An average intensification of about an order of magnitude results at
the earth.

The bursts of gravitational radiation reported by
Weber' seem to originate at the galactic center.
If so, th.e assumption that the radiation is isotrop-
ic implies a galactic mass-loss rate (dM/dt
-10'Mo /yr) one or two orders of magnitude too
large tel be consistent with observed galactic dy-
namics

(dM/dt's

70M /yr). ' Source models which
radiate preferentially into the galactic plane, with
which the earth is closely aligned, avoid this prob-
lem. A class of such models recently proposed by
Misne. r et al. ' involves gravitational synchrotron
radiation (GSR) from galactic matter moving near
a large (M-10'-10'Mo) centrally located black
hole ('BH). If the matter moves at relativistic
speed, s in the galactic plane near the event hori-
zon, then the GSR effect will both concentrate the
radia. tion in the plane and increase its frequency
to m &tch the kilohertz frequency of Weber's de-
tector. Bardeen4 has pointed out, however, that,
because of the accretion of rotating galactic mat-
ter, a central BH would have nearly the maximum
angular momentum (aligned with that of the galaxy)
consistent with collapse. This introduces the dif-
ficu.'ity that stable, circular orbits near the event
horf. zon are not sufficiently relativistic to produce
GSB. Thus one must rely on matter plunging into
the event horizon.

It is generally assumed that matter which could
give rise to radiation in the neighborhood of a BH

lies in a disk rotating in the equatorial plane. +' If
this is so, then focusing would arise from the well-
known gravitational lens effect, ' the equatorial con-
centration of the emitting matter giving focusing of
the radiation into the galactic plane. To discuss
this we consider the behavior of null geodesics
near the equatorial plane of a maximally rotating
Kerr metric' in Boyer-Lindquist coordinates~'.

ds' = p'a 'drs+ p'd8'- p
' sin'8[Mdt —(r'+M')dip

—p 'n. (dt —M sin'8dp)',

where p'=r'+M'cos'8, 6 =(r —M)' and where
g = &m is presumed to correspond to the galactic
plane. We consider a ray of gravitational radia-
tion emitted from a point 8=2m and r =M+5, 5
«M. For the radiation to emerge without a very
strong red shift (-M/5), it must do so with z com-
ponent of angular momentum/unit energy -2M.~9

We thus consider a ray emitted at a small angle
c,«1 with respect to the equatorial plane uhen
observed in a locally nonrotating, inertial frame
of reference at the Point of emission. ' The pur-
pose of this choice of initial condition is to sepa-
rate focusing effects due to the emitter's velocity
relative to the inertial frame from the effect of
the gravitational focusing. The ray will then fol-
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low a null geodesic of the metric, "which will be
given by the equations of motion of Carter" and
Wilkins. " These give the equation

(I 3e2/4g 2)1/2dE

dr 0

it is most likely to radiate should do so over a
number of maxima, and averaging is required.
Since the cosecant function is unwieldy„we approx-
imate it by a series of 6-function peaks, , which are
appropriately weighted to take account of the in-
tensification cutoff required by the ear th's loca-
tion. Thus we write

x [r(r+ 2M)(r —M}']-'" (2)
~
csc [In(M/&)]

~

- R' Q 5(ln(M/5) —nm), (5}

to lowest order in «0 where 8--,'m =-E&+1. The
sign of Eq. (2) depends on initial conditions, and

changes each time ~' reaches its maximum value
v4 e,'. Equation (2) is easily integrated over the
intervals 0 & e «, and M+ 6 & r ~ & to obtain ~„
the asymptotic value of e:

with

= 2 In~cot(/2 ~, (6)

e, =(2e,/v 3) sin[In(M/5)] . (3)

Radiation emitted between Eo and e, + dco will
emerge at infinity between &, and &, +d~, . Thus
from Eq. (3) we find the intensification of radia-
tion at infinity compared to that at r =M observed
by the locally nonrotating, inertial observer:

de
dE,

,

=-', v 3
~
csc[in(M/5}]

~
.

It is interesting to note here that one can repeat
this calculation for the case of a ray emitted in a
Schwarzschild metric from a point r =3M+6, with
asymptotic angular momentum 3 &3M. One then
finds that Iz,„/I~ =-, v 3 & 1, so that the Kerr case
focuses less strongly than the Schwarzschild.
This seems connected to the fact that the energy
of the ray is red-shifted between the nonrotating
inertial frame at emission and infinity by a factor
of 2 in the Kerr case and by a factor of v 3 in the
Schwarzschild case. A discussion of the focusing
of radiation by a Schwarzschild metric has recent-
ly been given by Campbell and Matzner. '~ Although
their general approach is rather different from
ours, their results are consistent with those of
the present work.

Radiation concentrated within an angle of the
galactic plane less than the earth's galactic lati-
tude will not be detectable at the earth. Thus the
infinities of Eq. (4), which arise from the geomet-
rical optics approximation, will be cut off at an
appropriate maximum intensification I, which
will depend on the galactic latitude of the earth
(~ ).

As 6 -0, the maxima of I will be very close to-
gether, so that a finite source in the zone in which

&I &
= v 3 In[n+(a' —1)'"] . (8)

If I~ represents the intensity of the radiation ob-
served at the earth divided by that which wouid be
observed if the radiation escaped isotropically,
then

I (I/ne ) In[a-+(n' —1)'"] .

Ir is maximized for e, -es, where Ir-I/c, .
If, on the other hand, ~,» e~, then

(I ) -4 log, o(eo/e~) . {10)

Averaging this over e~ from zero to a fixed value
of es gives (I ),„-(I ) . Thus we need not worry
about large amounts of undetected radiation at
smaller galactic latitudes than the earth' s. For
co/es-10' we have (I) -10. In this case, nearly
all of the intensification is due to the focusing
effect. (Note that ass 10 ' rad. ") In such a situa-
tion, one might envision, with Bardeen, that
large amounts of matter exist in circular orbits

where sin) =v 3/2I„We f.ind the average by in-
tegrating 5 over several 6-function peaks and di-
viding by the appropriate interva1. :

(I)-~&3 W.

Let us now consider the case in which the source,
either by GSR or some other mechanism, emits
essentially all of its radiation within the ai&gle ~,
of the galactic plane as seen by the locally nonro-
tating, inertial observer. At infinity the r:Ldiation
will emerge between the galactic latitudes:s2e, /v 3.
If the earth is so located that ( e~~ ~ 2e,/v 3, the
radiation will not be detectable. Thus I = e,/cs.
If we write n =-2e,/v 3 es, Eqs. (6) and (7) gi.ve
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about the BH with 0= —,'m, ~=M+5, 5«1. This
matter might include many sources of gravitation-
al radiation with natural frequencies in the kilo-
hertz range (e.g. , collapsing stars). The focusing
effect would be sufficiently large that only a small
GSR-type effect would be necessary to bring Web-
er's results into line with estimated galactic mass-
loss rates. Such a situation would also be desir-
able in that the resulting radiation should be less
strongly polarized than in the pure GSR case.

Analysis of Weber's data seems to indicate a lack
of polarization. " Finally, the author' s attention
has been called to recent related work of Bardeen
and Cunningham" concerning the optical appear-
ance of isotropically radiating sources orbiting in
the maximally rotating Kerr metric.
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