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We present two new classes of magnetic brane solutions in Einstein-Maxwell-Gauss-Bonnet gravity with a
negative cosmological constant. The first class of solutions yieldsarlj-dimensional spacetime with a
longitudinal magnetic field generated by a static magnetic brane. We also generalize this solution to the case of
spinning magnetic branes with one or more rotation parameters. We find that these solutions have no curvature
singularity and no horizons, but have a conic geometry. In these spacetimes, when all the rotation parameters
are zero, the electric field vanishes, and therefore the brane has no net electric charge. For the spinning brane,
when one or more rotation parameters are nonzero, the brane has a net electric charge which is proportional to
the magnitude of the rotation parameter. The second class of solutions yields a spacetime with an angular
magnetic field. These solutions have no curvature singularity, no horizon, and no conical singularity. Again we
find that the net electric charge of the branes in these spacetimes is proportional to the magnitude of the
velocity of the brane. Finally, we use the counterterm method in the Gauss-Bonnet gravity and compute the
conserved quantities of these spacetimes.
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[. INTRODUCTION In this paper we want to restrict ourself to the first three
terms of Lovelock gravity. The first two terms are the
The possibility that spacetime may have more than fouEinstein-Hilbert term with cosmological constant, while the
dimensions is now a standard assumption in high energthird term is known as the Gauss-Bonnet term. This term
physics. From a cosmological point of view, our observableappears naturally in the next-to-leading order term of the
Universe may be viewed as a brane embedded into a high&eterotic string effective action and plays a fundamental role
dimensional spacetime. In the context of string theory, extran Chern-Simons gravitational theorigs]. From a geometric
dimensions were promoted from an interesting curiosity to goint of view, the combination of the Einstein-Gauss-Bonnet
theoretical necessity since superstring theory requires a teterms constitutes, for five-dimensional spacetimes, the most
dimensional spacetime to be consistent from the quanturgeneral Lagrangian producing second order field equations,
point of view. The idea of brane cosmology is also consistenas in the four-dimensional gravity where the Einstein-Hilbert
with string theory, which suggests that matter and gauge inaction is the most general Lagrangian producing second or-
teraction(described by an open stringay be localized on a der field equation$6].
brane, embedded into a higher dimensional spacetime. The These facts provide a strong motivation for considering
fields represented by closed strings, in particular, gravitynew exact solutions of the Einstein-Gauss-Bonnet gravity.
propagate in the whole of spacetime. Because of the nonlinearity of the field equations, it is very
This underscores the need to consider gravity in highedifficult to find out nontrivial exact analytical solutions of
dimensions. In this context one may use another consisterfinstein’s equation with higher curvature terms. In most
theory of gravity in any dimension with a more general ac-cases, one has to adopt some approximation methods or find
tion. This action may be written, for example, through thesolutions numerically. However, static spherically symmetric
use of string theory. The effect of string theory on classicablack hole solutions of the Gauss-Bonnet gravity were found
gravitational physics is usually investigated by means of an Ref.[7]. Black hole solutions with nontrivial topology in
low energy effective action which describes gravity at thethis theory were also studied in Ref&—10]. The thermo-
classical level[1]. This effective action consists of the dynamics of charged static spherically symmetric black hole
Einstein-Hilbert action plus curvature-squared terms andolutions was considered [i1]. All of these known solu-
higher powers as well, and in general give rise to fourthtions are static. Recently | introduced a new class of asymp-
order field equations and bring in ghosts. However, if thetotically anti—de Sitter rotating black brane solutions in the
effective action contains the higher powers of curvature irEinstein-Gauss-Bonnet gravity and considered its thermody-
particular combinations, then only second order field equanamics[12].
tions are produced and consequently no ghosts Ris@he In this paper we are dealing with the issue of the space-
effective action obtained by this argument is precisely of theimes generated by static, spinning, and traveling brane
form proposed by Lovelock3]. The appearance of higher sources in (+1)-dimensional Einstein-Maxwell-Gauss-
derivative gravitational terms can be seen also in the renoBonnet gravity that are horizonless and have nontrivial ex-
malization of quantum field theory in curved spacetimé ternal solutions. These kinds of solutions have been investi-
gated by many authors in the context of Einstein gravity.
Static uncharged cylindrically symmetric solutions of Ein-
*Electronic address: dehghani@physics.susc.ac.ir stein gravity in four dimensions were considered[i8].
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Similar static solutions in the context of cosmic string theory 1

were found in[14]. All of these solutiong13,14] are hori- ly==

zonless and have a conical geometry, which are everywhere 2

flat except at the location of the line source. An extension to

include the electromagnetic field has also been dabel g

The generalization of the four-dimensional solution found in +ta(Ry,

[16] to the case of ann(+1)-dimensional solution with all

rotation and boost parameters has been dorid7h Some  whereR, R,,,,, andR,, are the Ricci scalar and Riemann

solutions of type IIB supergravity compactified on a four- gnd Ricci tensors of the spacetinfg,,=d,A,—d,A, is the

dimensional torus have been consideredlli8], which have  electromagnetic tensor field, aiq, is the vector potentiaky

no curvature singularity and no conic singularity. Here weijs the Gauss-Bonnet coefficient with dimension (length)

will find these kinds of solutions in the Gauss-Bonnet grav-and is positive in the heterotic string thedr]. So we re-

ity, and use the counterterm method to compute the constrict ourselves to the cage=0. Varying the action over the

served quantities of the system. metric tensorg,,, and electromagnetic field ,,, the equa-
The outline of our paper is as follows. We give a brief tions of gravitational and electromagnetic fields are obtained

review of the field equations in Sec. Il. In Sec. Il we first as

present a new class of static horizonless solutions which pro-

duce a longitudinal magnetic field, and then endow these 1 n(n—1)

spacetime solutions with a global rotation. We also general- "#» EgMVR+ 2|2 Guv

ize these rotating solutions to the case of spacetimes with

more rotation parameters. In Sec. IV we introduce those

horizonless solutions that produce an angular magnetic field.

Section V will be devoted to the use of the counterterm

method to compute the conserved quantities of these space-

times. We also show that the electric charge densities of the

branes with rotation or a boost parameter are proportional to

the magnitude of the boost parameters. We finish our paper = Tuv: (4)

with some concluding remarks. V,F,,=0, (5)

REVP—AR, REVERZ) +F, FH L (3)

1 yONO v 2
Ta Eg,uV(Ryﬁ)\O'R _4R75R +R )_ZRRﬂV

+4R, R+ 4Ry5R;f— 2R, sR, 7

myo

Il. FIELD EQUATIONS IN EINSTEIN-MAXWELL-GAUSS- whereT,,, is the electromagnetic stress tensor

BONNET GRAVITY

A 1 No
T,U.V=2F ,u,F)\V__F)m'F gp.v‘ (6)

The most fundamental assumption in standard general 2

relatiyity are thg requirement of general covariance and th?lrfquation(4) does not contain the derivative of the curva-
the field equations be second order. Based on these pmt]fjres, and therefore the derivatives of the metric higher than

ciples, the most general Lagrangian in arbitrary dimension§WO do not appear. Thus, the Gauss-Bonnet gravity is a spe-
is the Lovelock Lagrangian. The Lagrangian of the LovelockCial case of higher. derivétive gravity

theory, which is the sum of dimensionally extended Euler

densities, may be written as lll. THE LONGITUDINAL MAGNETIC FIELD SOLUTIONS
n Here we want to obtain then(+ 1)-dimensional solutions
r :} E c L (1) of Egs. (4)—(6) which produce longitudinal magnetic fields
Gl g Ml in the Euclidean submanifold spans by ttecoordinates i(
=1,...n—2). We assume that the metric has the following

. . . . form:
wherec; is an arbitrary constant ang, is the Euler density

of a 2i-dimensional manifold, p? dp? p2 "2
ds?=— I—Zdt2+ f(—)+|2f(p)d¢2+ " > (dxh2,
. i=1
£=(-2) S SRR @ ’ @
Note that the coordinates have the dimension of length,
Here the first two terms,Lo=2A, whereA is the cosmo-  while the angular coordinaig is dimensionless as usual and
logical constant, an¢;£,=R give us the Einstein-Hilbert ranges in < ¢$<2s. The motivation for this metric gauge
term and c,L,=a(R,,,sR*"7°— 4R, R*'+R?%) is the [gux—p?and(g,,) ‘=g,,] instead of the usual Schwarzs-
Gauss-Bonnet term. Thus, the gravitational action of mn ( child gauge(g,,) =gy andg ,xp?] comes from the fact
+1)-dimensional asymptotically anti—de Sitter spacetimeshat we are looking for a magnetic solution instead of an
with the Gauss-Bonnet term in the presence of an electrcelectric one. In this section we want to consider only the
magnetic field, in a unit system in whichm& =1, can be magnetically charged case which produces a longitudinal
written as magnetic field in the Euclidean submanifold spanned by the
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x' coordinates. In the next section we consider the angulathe case ofa=0, which | introduced in[17], one should
magnetic solutions. Thus, one may assume that choose the arbitrary consta@t=—2qI"~/(n—2). To find
the functionf(p), one may use any components of KE4).
The simplest equation is thep component of these equa-

— ¢
A=h(p)s,. ®  tions which can be written as

For purely electrically charged solutions in Gauss-Bonnet
gravity, se€[12]. The functionsf(p) andh(p) may be ob-
tained by solving the field equatiortd) and (5). Using Eq.

(5) one obtains (n=1){1%p*"*[2(n—2)(n—3)af - p?]f +np>"~2

+(n=2)17p*" °[(n—3)(n—4)af-p?]f}
#%h dh +8q?12"2=0, (10
pa—p2+(n—1)%—o. (9

Thus,h(p)=C,/p"~2), whereC, is an arbitrary real con- where the prime denotes a derivative with respect togthe
stant. To get the solution of the Einstein-Maxwell equation incoordinate. The solutions of E¢LO) can be written as

p? { \/ An—2)(n-3)a| GC, 82122 ”
fp)m —— a1 — Ty 2 , (11)
2(n—2)(n—3)a E

P (n-1)(n-2)p2"

whereC, is an arbitrary constant. As one can see from Eqindeed, one may note thgt,, andg,,, are related byf(p)
(1), the solution has two branches with—" and “ +” =g;plzlfzg¢¢,, and therefore wheg,, becomes negative
signs. The arbitrary consta@, should be chosen such that (which occurs forp<r,) so doesg,,. This leads to an
the solution obtained reduces to that of the Einstein-Maxwelbpparent change of signature of the metric fram-(L)+ to
equation introduced ifi17] as « goes to zero. In order to (n—2)+, and therefore indicates that we are using an incor-
have the desired function, we should choose the branch witfect extension. To get rid of this incorrect extension, we in-
the “—” sign and fix C,= —8mI". The parametersiandq  troduce the new radial coordinateas
are the mass and charge parameters rands the largest
positive real solution of (p)=0.

In order to study the general structure of this solution, we
first look for curvature singularities. It is easy to show that _ _ _
the Kretschmann Sca|a?l‘w)\KRMV)\K diverges atpzo and With this new COOfdlnate, the metr(@) IS

r2

r’=p?—r2=dp?= dr2. (12)

r’+r2

therefore one might think that there is a curvature singularity 5 2 )
= i +r r
located atp=0. However, as will be seen below, the space- L= — t 2002 2 2
. . : : d dte+1°f(r)d¢-+ dr
time will never achieve=0. Now we look for the existence 12 (r?+r2)f(r)
of horizons, and therefore we look for possible black brane
solutions. One should conclude that there are no horizons r2+r2 5
and therefore no black brane solutions. The horizons, if any + 12 dxs, (13

exist, are given by the zeros of the functibfp) :g;pl. Let

us denote the zeros df(p) by r, . The functionf(p) is where dX? is the Euclidean metric on the
negative forp<<r_, and positive forp>r, , and therefore (n—2)-dimensional submanifold, the coordinatesnd ¢
one may think that the hypersurface of constant time @and assume the valuesr <« and 0< ¢<2r, andf(r) is now
=r, is the horizon. However, this analysis is not correct.given as

(2412 \/ 4(n—2)(n—3)a( gmi" 8q2120-2
fr)=——— 41— \/1- 1- . (19

2(n—2)(n—3)a 12 (r2+r2+)”’2_(n—l)(n—Z)(r2+ri)”’l
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The gauge potential in the new coordinate is Now, we analyze the timelike geodesias= +1). Time-
like geodesics is possible only If(E?—P?)>r2 . In this

> gin—1 , case spiralingI( +0) timelike particles are bound between
A= = (r2+r2+)(“’2)’25“' (15 g andrf, given by
O<rf=rip<VI*(E>-P?)—r%, (19

The functionf(r) given in Eq.(14) is positive in the whole

spacetime and is zero at=0. Also note that the while the turning points for the nonspiraling particles (
Kretschmann scalar does not diverge in the range €. =0) arerk =0 andr2 = \I(E2—P?)—r2. Thus, we con-
Therefore this spacetime has no curvature singularities arﬂmed tha{{) the spaC(teptime described by+EtB) is i:)oth null
no horizons. However, it has a conic geometry and has And timelike geodesically complete.

conical singularity at =0. In fact, using a Taylor expansion,

) o X ) Whenm andq are zero, the vacuum solution is
in the vicinity of r=0 the metric(13) is

2
_ p 4(n—2)(n—-3)
r2 12 4qAn-2 |\ 71 f(p)=—— | 1— \/1—a— .
dSzZ——Zdt2+2—2 n+ﬁ dr? 2(n—=2)(n—=3)a E
| re (n—=1)r% (20)
1 421204 2482 rs dX2 (16 Equation(20) shows that for a positive value of, this pa-
+ 2|2 + (n—1)r2n-2 rides+ 2o (18 rameter should be less than<|2/4(n—2)(n—3). Also note

that the AdS solution of the theory has the effective cosmo-

which clearly shows that the spacetime has a conical singLJpglcal constant

larity atr=0. It is worthwhile to mention that the magnetic
ﬁ=2(n—2)(n—3)a( 1- \/1—

solutions obtained here have distinct properties relative tolz

the electric solutions obtained i12]. Indeed, the electric '€

solutions have black holes, while the magnetic do not. (21)
Of course, one may ask for the completeness of the space-

time with r=0 [16,19. It is easy to see that the spacetime We use the effective cosmological constéztt) later in order

described by Eq(13) is both null and timelike geodesically to introduce the counterterm for the action.

complete for=0. To do this, one may show that every null

or timelike geodesic starting from an arbitrary point either A. The rotating longitudinal solutions

can be extended to infinite values of the affine parameter Now, we want to endow our spacetime solutid®) with

along the geodesic or will end on a singularityrat0. Us- 4 giobal rotation. In order to add angular momentum to the
ing the geodesic equation, one obtains spacetime, we perform the following rotation boost in the

4(n—2)(n—3)a)l

|2

t-¢ plane:
t IzEki IZPiép 1|_ (17)
r?+r? r2+rd 12£(r) t>Et-ap, ¢p>Ed— %t, 22
22 2 2 2
r212=(r2+r2)f(r) I"(E°-P7) | _r+rs L2, wherea is a rotation parameter arf= \/1+a?/12. Substi-
r2+r2 12 tuting Eq.(22) into Eq.(13) we obtain
(18)
r2+r3 ) r2dr? )
where the overdot denotes the derivative with respect to an ds’=— 2 (Edt—ad$)™+ (r2+r2)f(r) +I7f(r)
affine parameter, and is zero for null geodesics and1 for "
timelike geodesicskE, L, andP"s are the conserved quanti- a 2 2y i
ties associated with the coordinatesp, andx'’s, respec- X| Sdt=Ed¢ | +———dX?, (23
tively, andP?=3""2(P')2. Notice thatf(r) is always posi- I I

tive for r>0 and zero for =0.

First we consider the null geodesica£0). (i) If E2
>P? the spiraling particles L(>0) coming from infinity
have a turning point at;,>0, while the nonspiraling par- 2 ql™=3
ticles (L=0) have a turning p_omt a§p=0. (i) If E=P and A/‘_(n—Z) (r2412)(0-2)2
L=0, whatever the value af r and ¢ vanish and therefore *
the null particles moves in a straight line in the The transformatiori22) generates a new metric, because it is
(n—2)-dimensional submanifold spanned &Y to x"2. not a permitted global coordinate transformat{@®]. This
(i) ForE=P andL#0, and also foE?<P? and any values transformations can be done locally but not globally. There-
of L, there is no possible null geodesic. fore, the metric§13) and (23) can be locally mapped into

wheref(r) is the same a$(r) given in Eq.(14). The gauge
potential is now given by

(add—12E59). (24
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each other but not globally, and so they are distinct. Note thagec. 11l but now with the roles of andx interchanged, we

this spacetime has no horizon and curvature singularityean directly write the metric and vector potential satisfying
However, it has a conical singularity at=0. One should the field equation$4)—(6) as

note that these solutions are different from those discussed in

[12], which were electrically charged rotating black brane 2 i ) radr? 2, .2 n? P2
solutions in Gauss-Bonnet gravity. The electric solutions ds’=— 12 (r2+r2)f(r)+(r +f+)i21 (d¢")
have black holes, while the magnetic do not. It is worthwhile *

to mention that this solution reduces to the solution of +f(r)dx?, (27)
Einstein-Maxwell equation introduced [17] as @ goes to o ) ) )
zero. wheref(r) is given in Eq.(14). The angular coordinates'’s

range in G< ¢'<2w. The gauge potential is now given by
B. The general rotating longitudinal solution with more (n-2)
rotation parameters A —— 2 ql 5 (28)

13 (n—2) (r2+ri)(n—2)/2 I

For the sake of completeness we give the general rotating

Iongltudlnal s_olutlon dW'th more rotation par(;an:}eterfs. Thﬁ '0"The Kretschmann scalar does not diverge for magd there-
tation group inn+1 dimensions isSO(n) and therefore the ¢4 there is no curvature singularity. The spacetii@® is

number of independent rotation parameters (i8+1)/2],  ais0 free of conic singularity. In addition, it is notable to

where [x] is the integer part ok. We now generalize the mention that the radial geodesic passes thraugh (which

above solution given in Eq23) with k<[(n+1)/2] rotation s free of singularity from positive values to negative values

parameters. This generalized solution can be written as  of the coordinate. This shows that the radial coordinate in

) Eq. (27) can take the values o <r <, This analysis may

_ . suggest that one is in the presence of a traversable wormhole

Edt-> aid¢'> with a throat of dimensiom, . However, in the vicinity of
r=0, the metric(27) can be written as

r2+r2 K

ds=—

|2 i=1

—_— k

— [=! , 2 ri |2 4q2|2n—2 1
+i(n| VE*=1dt- ——= 2 ad4/ A= — —de+2— | n+ —————| dr?+r2d0?
JEZ2-1i=1 E rs (n—1)r4"
r2d|,.2 r2_|_r%r k 1 4q2|2n74
2 2
2 2 + 2,—=2 2 (aid¢j_ajd¢i)2 +E n_l)r2n—2 redx ! (29)
(r24+12)f(r) 12(E2-1) i<] ( Y
2, 2 which clearly shows that, at=0, thex direction collapses
re=ry 2 and therefore we have to abandon the wormhole interpreta-
* 2 X%, 25 tion.

To add linear momentum to the spacetime, we perform

— 202 w2 ) , the boost transformatiopt—Et— (v/1)x, x—Ex—(v/I)t]
where= = V1+Zjai/l*, dX*is the Euclidean metric on the i, thet-x plane and obtain

(n—k—1)-dimensional submanifold arfdr) is the same as

f(r) given in Eq.(14). The gauge potential is r2+r2 v\ v 2
()9 a gaugep ds’=— 5 +(Edt— l—dx +f(r) I—dt—de)
> g2 '
r= 2\ (n— r2dr?
(N=2) (241220 + o+ (r?+12)d02, (30)
_ (r2+ri)f(r)
x| VE2-16) - %ai 8, | (nosumoni). wherev is a boost parameter afil=\/1+v?/12. The gauge
VE“-1 potential is given by
- A 2 A O —1E 8" 31
Again this spacetime has no horizon and curvature singular- #(n-2) (r2+r§r)(“‘2)’2(v oIR8 (3D

ity. However, it has a conical singularity e 0. One should ] ) o
note that these solutions reduce to those discussEtin Contrary to transformatiof22), this boost transformation is
permitted globally since is not an angular coordinate. Thus

the boosted solutiofi30) is not a new solution. However, it
IV. THE ANGULAR MAGNETIC FIELD SOLUTIONS generates an electric field.

In Sec. Ill we found a spacetime generated by a magnetic
source which produces a longitudinal magnetic field akkng
coordinates. In this section we want to obtain a spacetime
generated by a magnetic source that produce angular mag- It is well known that the gravitational action given in Eq.
netic fields along thep' coordinates. Following the steps of (3) diverges. A systematic method of dealing with this diver-

V. THE CONSERVED QUANTITIES OF A MAGNETIC
ROTATING BRANE
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gence in Einstein gravity is through the use of the countereiple. Note that for our spacetimes the Riemann curvature of
terms method inspired by the anti—de Sitter conformal fielcthe boundary is zero and thereforg) has only one term
theory (AdS-CFT) correspondencg2l1]. This conjecture, given as

which relates the low energy limit of string theory in asymp-

totically anti—de-Sitter spacetime and the quantum field @ N \/— n—-1
theory living on the boundary of it, have attracted a great Iy '=— LMd XN—Y |
deal of attention in recent years. This equivalence between eff

the two formulations means that, at least in principle, ongyherel is given in Eq.(21). One may note that this coun-
can obtain complete information on one side of the dualityterterm has exactly the same form as the counterterm in Ein-
by performing computation on the other side. A dictionarystein gravity for a spacetime with zero curvature boundary in
translating between different quantities in the bulk gravity\yhich | is replaced by.. The total action can be written as

theory and their counterparts on the boundary has emerged,jinear combination of the gravity tert8) and the counter-
including the partition functions of both theories. This con-erms(33) and (34)

jecture is now a fundamental concept that furnishes a means

for calculating the action and conserved quantities intrinsi- I=lg+1y. (35

cally without reliance on any reference spacet[22-24]. It

has also been applied to the case of black holes with constalitis worthwhile to mention that the actio(85 has nor

negative or zero curvature horizof5] and rotating higher divergence in various dimensions for spacetimes with zero

genus black brand6]. Although the AdS-CFT correspon- curvature boundary. However, the boundary term introduced

dence applies for the case of a specially infinite boundary, ith [30] does not have this property. In fact, the coefficients of

was also employed for the computation of the conserved andarious terms in the action di30] in different dimension

thermodynamic quantities in the case of a finite boundarghould be chosen different, in order to remove theiver-

[27]. The counterterm method has also been extended to ti@gence of the action. Having the total finite action, one can

case of asymptotically de Sitter spacetini28g]. use the Brown-York definition of the stress-energy tensor
All of the work mentioned in the last paragraph was lim- [34] to construct a divergenc-free stress-energy tensor. Note

ited to Einstein gravity where the universal and widely ac-that the last term in Eq:33) is zero, for our case, and there-

cepted Gibbons-Hawking boundary tef@9] is known. In ~ fore one may write

Einstein gravity the Gibbons-Hawking term, which is the

trace of the extrinsic curvature of the boundary, will be

added to the action in order to have a well-defined varia-

tional principle. The main difference of higher derivative

gravity from Einstein gravity is that the boundary term which acw b ac db @ ed

make the variational principle well behaved is much more +a,KK* K+ bK* KK )+7(3KchK

complicated 30,31]. However, the boundary term that makes

the variational principle well behaved is known for the case n—1

of Gauss-Bonnet gravit§82,33. Here we want to apply the — 2K 4K %K gp— K3)7ab—( I ) Yab}- (36)

counterterm method to the case of magnetic brane solutions eff

introduced in this paper. In order to do this we choose th

following counterterm:

) : (34

2a
Tab: [_ ,y{ (K)/ab— Kab)+ _(3K2Kab_3chKCdKab
n

©One may note that whea goes to zero, the stress-energy
tensor(36) reduces to that of Einstein gravity.

L 5 The conserved quantity associated with a Killing vector
=17 +1§, B2 s

wherel (! is given ag32,33 0(8)= denX\/;uaTabgb, (37

I(H= f d"xy\ — y[ K+2a
oM

E(+3KKCdKCd_2KaCKCdea where B is the hypersurfa(;e of fixed andt, u? is the unit'

n normal vector on3, and ¢ is the determinant of the metric
gij, appearing in the Arnowitt-Deser-Misné&DM-) like

] 33) decomposition of the boundary metric,

—K3-2G% )

ds?=—N2dt?+ o (dX + N'dt)(dX + Nidt).  (38)

In Eq. (33), K is the trace of the extrinsic curvatuke,, of |5 Eq. (38), N andN' are the lapse and shift functions, re-
any boundanpM of the manifold M, with induced metric  spectively. For the spacetimes introduced in this paper, the
Yab, and G2 is the n-dimensional Einstein tensor corre- (n—1) -dimensional boundarie have timelike Killing
sponding to the metrig,,. The second boundary terhgf) vector (€=l dt), rotational Killing vector ¢i=alde"), and

is the counterterm that cancels the divergence appearing tnanslational Killing vector §;=d/dx'). Thus, one obtains
the limit of r—cc. This term is given only in terms of the the conserved mass, angular momentum, and linear momen-
boundary quantities which do not affect the variational prin-tum of the system enclosed by the boundBras
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1
u= [ boT e (39 Q= —\E2-1q. (48)
B 40

_ Note that the electric charge density is proportional to the

_ n—-1 agsb

Ji= f Bd X\/;Tabu & 40 rotation parameter or boost parameter and is zero for the case
of static solutions.

_ -1 b
Pi= Lgdn x\oTap%s} . (42) VI. CLOSING REMARKS

: In this paper, we added the Gauss-Bonnet term to the
We now apply this counterterm method to the case of_. . . . . .
) . . : : Einstein-Maxwell action with a negative cosmological con-
five-dimensional spacetime®3) and (30). It is easy to

verify that ther divergence of the action is removed by the stant. We introduced two classes of solutions which are as-

counterterm(34). The divergence terms of the mass of theymptotically anti—de Sitter. The first class of solutions yields

spacetime$23) and(30) in five dimensions will be removed an .(nJ.r 1)-dimensional spacetime with a longitudinal mag-
. - - : - netic field[the only nonzero component of the vector poten-
if one choosea,= —1 andb,= —2. Using these coefficients

together with Eqs(39) and (40), the mass and the angular (o, () SENErEed Y2 STt MEdtelt Flene: Be 400
momentum densities of the spacetir@3) in five dimen- field by a rotatio%alpboost transformatio% We founéJ that
sions can be calculated as y :

these solutions have no curvature singularity and no hori-

M=m[4(E2-1)+1], (42)  zons, but have conic singularity at=0. In these spacetimes,
when all the rotation parameters are zéstatic casg the
J=—16Ema (43) electric field vanishes, and therefore the brane has no net

electric charge. For the spinning brane, when one or more
The mass of the spacetim@0) in five dimensions is the rotation parameters are nonzero, the brane has a net electric
same ag42), its angular momentum is zero, and its linear charge density which is proportional to the magnitude of the

momentum Is rotation parameter given byZ?—1. The second class of
P=—16=mo. (44) solutions yiglds a spacetime with an_gular _magnetic f_ield.
These solutions have no curvature singularity, no horizon,
Of course, one can apply this method to compute the magaNd no conic singularity. Again, we found that the branes in
and angular and linear momenta of the spacetime in variou&'ese spacetimes have no net electric charge when all the
dimensions. boost parameters are zero. We also showed that, for the case
Next, we calculate the electric charge of the solutions. T&f traveling branes with nonzero boost parameter, the net
determine the electric field we should consider the projecelectric charge density of the brane is proportional to the
tions of the electromagnetic field tensor on special hypersufmagnitude of the velocity of the brane)(
faces. The normal to such hypersurfaces for spacetimes with The counterterm method inspired by the AdS-CFT corre-

longitudinal magnetic field is spondence conjecture has been widely applied to the case of
‘ Einstein gravity. Here we applied this method to the case of

o 1 . P N' Gauss-Bonnet gravity and calculated the conserved quanti-
=g U =0 u=—g (49 ties of the two classes of solutions. We found that the coun-

terterm(34) has only one term, since the boundaries of our
and the electric field i€*=g*?Fu”. Then the electric spacetimes are curvature-free. Other related problems such
charge densityQ of the spacetime$23) and (30) can be as the application of the counterterm method to the case of
found by calculating the flux of the electromagnetic field atsolutions of higher curvature gravity with nonzero curvature
infinity, yielding boundary remain to be carried out.
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