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The action for the Einstein-Maxwell-Dilaton system we consider in

(N+1) dimensions is: [1]
S = f dN"xi'-_g—[R-—"'—(Vd))z-e'{““/m"ml?z] (N23), (1)
167 N-1
where we fix the Newton constant to unity. The coupling constant # is
the parameter which determines the strength of the coupling between
the Maxwell field F and the dilaton field ¢.

It is known that static forces among extreme black holes in this
system ‘are totally cancelled with one another. Therefore, there can
exist multi-centered static solutions describing many-body systems of
extreme charged black holes. We find #-black-hole solution in the
following form:

ds2= - U2+ MR’ 2)
where '
UR) = (RN (3)
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and

F(Sa) =1+ — Wi (4)
Z T (N- 2)[2 e

Using these expressions, the (Maxwell) vector one-form and the
dilaton configuration are written as

A=~:4/2(N2 )Il-{F(‘)}‘]dt. )

e (4aiN-D)0 = [F(m}h’/(N-zmz) . (6)
In this solution, the asymptotic value of ¢ is fixed to be zero.

If we set a=0 in the solution, we find that the solution reduces to the
Papapetrou-Majumdar-Myers solution in (1+N) dimensions [2].

We anticipate that an addition of a small amount of kinetic energy to
this static system can be treated by perturbation. This also presents the
situation that radiation reactions can be ignored. We apply the method
of Ferrell and Eardley [3] to the system of extreme charged dilaton
black holes to get the information on the slow motion of the holes at
arbitrary distances.

We first calculate the classical fields in the presence of the slow
motion of the black-hole sources perturbatively. Secondly substituting
the perturbative solutions into the action for the classical field, we
obtain the effective action for maximally charged dilaton black holes as
point sources.

Synthesizing all the contributions of small velocity perturbation, we
obtain the effective lagrangian up to O(v2) for # maximally charged
dilaton black holes:

and

1) n
L=-Y mi+} lm¥)}
LR

+ N-DN-ad) [Ny (F@}Z(l-a;)/(N-M’)" T A T
16m{N-2+a2f | 2:: 2P

where 1;=X-X; and n;=ry/ [f|. F(x) is defined by (3).
The integration must be carried out with care for the regularization
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of divergences and seemingly-divergent integrals.

If we set the dilaton coupling to zero and set N=3 in the above
expression, we reproduce the result of ref. {3]. Furthermore, in the
large-separation limit (where we approximate F(x) by 1), we find
exactly the same result obtained by the Lienard-Wiechert method [0].

An interesting point we soon become aware of is the existence of
many-body interactions. In general, we obtain infinite species of many-
body interactions by expanding the function F(x). Some special cases
arise: (1) when a2=0 and N=3, the black holes are governed only by
two-body, three-body, and four-body interactions [3], (2) when a2=0
and N=4, there are only two-body and three-body interactions, (3) when
a2=] (and any N), there are only two-body interactions, and (4) when
a2=N, there is no interactions to this order.

The slow motion of classical lumps or solitons in many kind of field
theoretical models is expressed by geodesic motion on the moduli space,
which is the space of the parameters in the static configuration.

In the presence case, the moduli space metric can be obtained from
the expression (7). Now we further focus our attention on the two-body
problem. Then the metric of the 2-dimensional moduli space for the
two-body system turns out to be

dshis = y(r)dr+r2dQR. | (8)
where

- N-22y(N-2+a2)

Y(T) = AN-I(N l) x Hiﬂb + uaf 1+ o) ‘,) & a
8m(N-2+a?) | Ha*Ho (N-2)rN-2

N-2)i(N-2+2%) 2 Halt

o 1+————i““ “Ha-jtp- DB ablo 9)
"( (N-Z)rN'3) " No2+a? (N-2)r2

Moreover, we consider two-dimensional intersection of the moduli
space for simplicity. The two parameters are the distance between two
black holes (r) and the azimuthal angle (8) on the scattering plane.

The shape of this surface of the moduli space depends.on the spatial
dimension N as well as a2. The reduced metric can be written in the
form:
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dsys = y(r){dr’ +r2d6° |
= h(R)dR*+R*d6’
= dR*+dz2(R)+R%d6? (10)

where R(r) is a new radial coordinate. We can realize the surface
immersed in the three dimensional Euclidean space spanned by the
coordinates R, 8, and z(R). The surfaces for some case are sketched in
Figs. 1 and 2. The "throat” of the surface is located at the distance
where h(R(r)) diverges.

Suppose that the two black holes approach each other from spatial
infinity with low relative velocity and impact parameter b, the two
black holes coalesce if b is smaller than a certain critical value which is
in the same order of the radius of the throat. If a2>(N-2)2/N, moduli
surface has no throat, and then two black holes never coalesce.

For N=3 and a2=1, The black holes never coalesce according to the
geodesic approximation on the moduli space. The differential cross
section in this N=3 and a2=1 case turns out to be written in the form of
the Rutherford scattering:

do-1_ M (1)
dQ 4 sin( o)

This behavior can be expected by observing the geometry of the
moduli space -- deficit angle= 7 near the origin for N=3 and a2=1.

To summarize: We have studied the interaction among the
maximally charged dilaton black holes in the low-velocity limit.

The nature of the interaction depends on the value of the dilaton
coupling "a”, in quality as well as in quantity.

a=1 is a special value, in any dimensions, for realizing a simple 2-
body interactions.

There is another critical value, for coalescence of two maximally
charged dilaton black holes: it is a2=(N-2)Z/N. (for N=3, aZ=1/3). The
global structure of moduli space depends on a2.

The geodesic approximation has been justified in the small mass and
low velocity limit, by using the test particle/wave analyses. The
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quantization on the moduli space have also been examined. For further
detail, see refs. [0]. Other aspects on charged dilaton black holes are
studied in refs. [00].
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Figure Captions

Fig. 1: The surface of the moduli space for the two-body system of
extreme charged dilaton black holes in three dimensional space (N=3).
(a) for a=0, (b) for a2=1/3, and (c) for aZ=1.

Fig. 2: The surface of the moduli space for the two-body system of
extreme charged dilaton black holes in string theory (a2=1). (a) for
N=5, (b) for N=4, and (c) for N=3. :
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(a) a“2=0
(b) a*2=1/3
a*2=1
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a“2=1
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