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|. Introduction

seems likely that gravity 1s'not given by the Eimstein
tion,, at least at sufiicicntly highenergy scales. The

moest promising aliernative seems| to; beithat ofiencd by,
Strmg theory, where the gravity: becomes, scalar-tensor

il

nature. In the low energy limit of the sting theory,

one recovens Emstem gravity: along with a scalar
dilaton field which'is non-minimally: coupled to the
gravity.

T

ie Binstein action can be moditied tor include a

dilaton termim' addition te) the familiar Maxwell term,

which again gets modiiicd by a dilaton coupling,



Thus, 1t 1s worth to find exact solutions of EMd gravity
and mvestigate how the properties of black holes/branes

are modified when a dilaton is/ present.

[Exact solutions tior charged dilaton black hole/strng have
been construicted by many: authors.

The exact solutions are alll static. Uniontunately, exact
rotating selutions to the Emstein equation coupled to
matter fields are difficult to fimd except 1 a limited
number off cases! (( some limited values oi the couplimg
constant , small angular momentum or small charge)).



Recently, magnetic (electric)) charged rotating black
Strng solutions i totr-dimensional EMd gravity: with

[Cionville-typepotcntial has been construcicd by,
[Dehghani (IDehghani' and Farhangkiial).

Tillmow, charged notating dilatons black hole/brane
solutions (o1 an arbitrany coupling constant im more
than four dimensions! has not been consiructed.

Our aim here 1s 1o construct exact, rotating charged
dilaton: blacks brane i (- 1)-dimensions or an
arbitrary value off coupling constant and mvestigate
their properties.



[ Eield Equations and selutions

The action off n+1 dimensional EMd gravity with one
scalar ficld can be written as
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One may refer to A as the cosmological constant, since
i the absencer oi the dilaton: ficld the action reduces, to
the action off EM gravity with cosmological constant.



The equations of motion can be obtained by varying
the action with respect to the electromagnetic ficld',
the metric and  the dilaton field which yields the
iollowing ficld equations
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Our aim here 15/ to) construct the nt-1 dimensional
rotating solutions; ol the above field equations:



The metric of n+1 dimensional rotating solution with
cylindrical or torordal horizons and k rotation parameters
can be written as (Awad 2003):
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wherne a {1 's are k=[n/2| rotation parameters.

The: functions () and R(x) should be determined-

I'he angular coordinates are mi the range 0/< ¢ {1} <2 7 .
dX”2 1s the Euclidean metric on the (n-k-1)-dimensional
submanitold with volume X {n-k-1}.



The Maxwell equation can be mtegrated immediately
1o g1ve

wherne: ¢, 1s an imtegration constant related to) the
electric change of the brane.

[ order tor selve the system: of equations for thice
unknoewn tunctions (%), R(x) and @(x), we make the
anzars




One can easily show that above field equations have
solutions of the form.
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[ order: to) fully: satisiy the system: off equations, we
must have




Properties of solutions

o=0}: the selution reduces, to asymptotically (A)dS
charged rotating black branes.

n=3 the solution reduces to the fotr-dimensional
charged notating dilaton black: strmgs.

The spacetime 1S neither asymptotically: flat nor
(A)dS.
The Kretschmann and Ricci scalans diverge at =0,

they are fimite ior r == 0)and goito zero, at miimity.
Thus; there 1sf an essential sigularity located at &= 0.

o =\ 1 : we have no solution.



o/ >\n ; at infinity the dominant term is the second term,
and thenetore the spacetime has a cosmological horizon
fior positive values, oii the mass: parameter m, despiie the
sign ol the cosmological constant A.

o)< \n 7 at infinity, the dominant term 1S, the finst term and
we have a cosmological horizon i A>0iand no
cosmological horizomn 1 A<0.

o= Vi and A<0: we have black brane solutions,

One can obtam: the casual structure by iimding the roofts
o 1(1#)=0. Unfortunately, it 1S not pessible to find
explicitly the location of honizons for an arbitrary value of
.



11 TThermodynamics of black brane

The temperature and. 1°th component of angular
velocity oif the horizon ane
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The temperature 1si negative [or: the two) cases:
i) o >\n despite the sign of A.
11) A>0 despite the value of o.



The timite stress-energy: tensor m (n+1)-dimensional
Einstem-dilaton gravity with: Liouville-type potential
may be written as
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For a=0/, the I {eff] neducesto 172=-n(n-1)/2A of the
(A)dS spacetimes.

The first two terms 1s the variation oi the action with
respect to: v 2 {aby, and the 1ast term 1S/ the counterierm
which removes the divergences.



To compute the conserved charges ol the spacetime,
onec should choose a spacelike surface B )| | with
metric G{1j .

Then, therquasilocal mass and angular momentum: can
berwiitten: as

where 6118 the determinant of the metric o1 .
n/4af 1s the unit nermal vector, ( ) and

) are timelike and rotational Killing vector
ticlds on the boundary B'.



Denoting the volume off the hypersurface boundary: at
constant tand r by V_{n-1}=C2n ) {k}X {n-k-1},
the mass and angular momentim: per unit volume

V. fn-17 of the black branes (o< Vi) can be
calculated
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For a {1{=0, the angular momentum: per: unit volume
vanishes, and theretonera {1}'s ane the rotational
parametens of the spacetime.



Black hole/brane entropy typically satisties the so
called anea law, which: states, that the entropy of
the black hole equals one- quarter of the area of s
hotizon. the'entropy: per unit volume V. {n=1{ of
theblack brane 1s

—p(n—1ty_(A=13{1-7)
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Next, we calculate the electric charge oi the
solutions. To determine the electric field we should
consider the projections! of the electromagnetics field

tensor on special hypersuniaces. Then the electiie
ticld 1s

and the electiic charge per unit volume: V. {n=1§ can
betound by calculating the flux oif the electne ficld
at miinity, yieldimng




The electric potential U, measured at iniimity with
respect to the horizon, 1s defined by
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where: o 18 the nulll generatons of the event horizon
given

The vector potential A {u } corresponding to
clectromagnetic tensor, can be written as

(10 sum on i),
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Theretorne the electric potential may be obtained as

Finally, we consider the first law of thermodynamics for
the black brane. Although it 1s difficult to obtain the
mass M as a function of the extensive quantities S, J
and Q for an arbitrary values of o , but one can show
numerically that the thermodynamic quantities
calculated 1n this section satisfy the first law of
thermodynamics

K
dM =TdS + Y QudJ; + UdQ,

i=1



Conclusions

Unifortunately, exact rotating solutions to; the Emstemn

equation coupled to

matter fields’are difiticult to; find

except m a limited number ol cases.

Indeed, noyexplicit rotating charged black hoele solutions
haye been iound except 1ot some dilaton coupling such as

o= V3 ora—1.

For general dilaton coupling, the properties off charged

dilaton black holes'

naye been myestigated only for

rotating selutions with mfmmitesimally: small angulas

moementun or Small

I charge.

Tl new, charged rotating dilaton black hole/brane
solutions {01 an arbitrary: couplimng constant in more than
fiour dimensions has not been constructed.



We constructed a class of (n+1)-dmensional charged
rotating dilaton black brane solutions, with: ILiouville-type
potenitials:.

These solutions are neither asympiotically flat nor
(A)dS.

[l the presence off Liouville-type potential, we obtamed
exact solutions provided: o Vi and (320 /(n-1).

We also computed the conserved and thermodynamics
quantities ol the (n+1)-dimensional rotating charged
blacks brane, and found that they satisty; the anst law: ol
thermodynamics



Current research

Investigation of the stability of therabove
Solutions.

Magnetic rotating selutions m n+1 dimensional
EMd gravity.
[Exact rotating solutions m n+-1" dimensional

Gauss-Bonnet dilaton gravity.



and ,
Thank you very much for
your attention

at last, He will come ...
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