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ABSTRACT: In this note, we will discuss two aspects of brane-antibrane forces. In one
aspect, we generalize the force calculation of D0-D0O of Banks and Susskind to Dp-Dp
for 1 < p < 8. In particular, we find that the force is also divergent for p = 1 while
for the other cases (p > 2) the forces are in general finite when Z — 0%, where Z =
all cases when Z < 0, signalling the occurrence of open string tachyon condensation in

— 1 with Y, the brane-antibrane separation. However, the forces are divergent for

this regime. The other deals with the puzzling static nature of the supergravity brane-
antibrane configurations. We will show that the force on a brane probe due to a brane-
antibrane background vanishes when the probe is placed at the location of the coincident
brane-antibranes, thereby providing a direct evidence for the existence of general static
brane-antibrane configuration in the supergravity approximation.
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1. Introduction

The brane-antibrane systems in type II superstrings break all spacetime supersymmetries.
Consequently, unlike the so-called BPS branes, their dynamics, even though more interest-
ing, is difficult to understand given our limited knowledge of the underlying full theory. A
coincident D-brane-antiD-brane pair (or a non-BPS D-brane) in type II theories is unstable
due to the presence of tachyonic mode in the weakly coupled open string description [[If,
however, it should be noted that the corresponding strongly coupled system can be very
complicated and the underlying dynamics may be different [J-H]. As a result, these sys-
tems decay and the decay occurs by the process known as tachyon condensation [[]. The
tachyon condensation is well understood by now in the open string description using ei-
ther the string field theory approach [[]—f] or the tachyon effective action approach [J on
the brane. The closed string (or supergravity) approach on this process and the related
issues have also been discussed in [[[J ~[[J]. In this approach, we interpret the known non-
supersymmetric ten-dimensional type II supergravity solutions [[[J, [[4-[1§] as coincident
brane-antibrane systems and relate the parameters in the solutions to the corresponding
microscopic parameters such as the number of branes, the number of antibranes and the
tachyon parameter. Using these relations, we have calculated the ADM mass and have
shown that the solution and the ADM mass capture all the required properties and give
a correct description of the tachyon condensation [[L1, [[3] as advocated by Sen [fj] on the
D-D system.

In this note, we will discuss two issues on the brane-antibrane systems, one in the
open string description and the other in the supergravity (or closed string) description.
One possible way to get a signal of the occurrence of the tachyon condensation is through
calculating the brane-antibrane force at a given separation and examine the force behavior
as the separation approaches the string scale as Banks and Susskind did in [@] for D0-DO
system. We will generalize Banks and Susskind’s analysis of p = 0 to 1 < p < 8! in the
following section. We will see that p = 1 case is similar to p = 0, i.e., the force between

1To make sense of a separation between two Dp branes, we need to limit p < 8 since p = 9 is a spacetime
filling brane.



the brane and the antibrane is divergent, while for other p > 2 the story is different and
the force is actually finite, when Z — 07 where Z = %220/ — 1 with Y the brane-antibrane
separation. However, when Z < 0, the force is always divergent (for all p), indicating the
occurrence of the tachyon condensation in that regime, since the divergence is actually due
to the tachyon mode of the open string connecting the Dp and the Dp. The divergence
of the Born-approximated force between the brane and the antibrane at a separation of
string scale indicates such a description breaks down but at the same time, the appearance
of such a violent force may also indicate the occurrence of a new process and we know
that this corresponds to the tachyon condensation. So we may use the appearance of such
violent force as an evidence for the occurrence of the tachyon condensation.

The interpretation of non-supersymmetric static solutions of ten dimensional type II
supergravities as representing the coincident brane-antibrane systems has a puzzle. One
in general expects the non-existence of such a static configuration since the system under
consideration is unstable. Therefore the static nature of these solutions must be due to the
supergravity approximation. This static nature has an advantage in that it enables us to
use the ADM mass (calculated asymptotically) to capture the off-shell tachyon potential
as mentioned in [0 and discussed further in [P(] even though the small distance behavior
of such solutions may not be trusted in general. In other words, the off-shell tachyon
potential can be represented by a continuous family of ADM mass which corresponds
to a family of static supergravity configurations labeled by the mass parameter. In this
sense, we can discuss the tachyon condensation semi-empirically if the parameters in the
solutions can be related to the number of branes, the number of antibranes and the tachyon
parameter as was achieved successfully in [[1], [J]. How to understand the static nature of
the non-supersymmetric supergravity solutions has been discussed in [[(]. It was argued
there that these solutions can be static even if the brane sources are time dependent, in
analogy with the static exterior geometry of a pulsating spherically symmetric star, thanks
to Birkhoff’s theorem, and the time-dependence could presumably be discerned to the
level of higher mass modes of closed string. This has been further addressed in (] for
the case of chargeless configurations by considering the relation between the disappearance
of conical singularity and the vanishing force between the coincident brane-antibrane in
the supergravity approximation. In section 3, we will use a probe approach to show that
when a probe reaches the location of the coincident branes-antibranes but still not strongly
bounded to the brane-antibrane system (in other words, the probe can still be taken as a
probe), the force between the probe and the system vanishes, therefore providing a more
direct evidence for the static nature of a general brane-antibrane system in the supergravity
approximation.

2. The analysis of brane-antibrane force

We consider weakly coupled type II strings in ten dimensions. These theories admit various
BPS Dp branes with p even in ITA theories and odd in IIB theories. The brane tension is
inversely proportional to the string coupling g and as such in the weak-coupling limit, i.e.
g — 0, the tension will be divergent. So, one may naively expect that the brane may no



longer be taken as rigid and flat and neither the spacetime can be flat any more in contrary
to what we usually do in the perturbative calculations. In the following, we will show that
the naive expectation is wrong even up to the distance of the order of string scale. For
this, let us first consider the metric of the Dp brane supergravity configurations as [23, B4,

7—p p+1

o\~ s ko \ 5
ds® = <1 + ﬂ—pp> dwﬁ + <1 + ﬂ—pp> da? (2.1)

where 7 is the radial distance transverse to the brane, x| are the directions along the
branes and x| are those transverse to the branes. For asymptotically-flat and well-behaved
supergravity configurations, we need to take p = 0,1,---6. The parameter k, is related
to the ten dimensional Newton constant 2x2, the number of Dp branes N and the Dp-
brane tension 7j,, apart from some numerical factor (which are irrelevant to the following
discussion and will be ignored), as

kp ~ 262NT, ~ Nga/™=P)/2 (2.2)

where we have expressed 2x? and T, in terms of o/ and g as given, for example, in [R1].
From this, it is clear that for a large but fixed N and fixed o/, k, vanishes as ¢ — 0 and
therefore the spacetime remains flat even for o/1/2 > > (Ng)"/ 7P o/1/2. So if we don’t
probe a distance much smaller than the string scale, we are safe to take both the brane
and the spacetime as flat in the lowest order calculation.

The calculation of the interaction (amplitude) between two parallel Dp branes sepa-
rated by a distance Y can be computed (for example as given in [2Z]) in the lowest order
as an open string one-loop annulus diagram with one end of the open string located at one
Dp brane and the other end at the other Dp brane. This can also be viewed as a tree-level
closed string amplitude, creating a closed string at one Dp brane, propagating a distance Y
and then being absorbed by the other D-brane at the other end. The interaction amplitude
has two contributions, one from the NSNS closed string exchange and the other from the
RR closed string exchange. It is

< dt e+) __1y? _
A=vVia [ 7<2ﬂ> S H (1 gy
0 n=1
1 oo
n= 1 n=1 n=1

where V41 is the p-brane worldvolume, g = e~ t/4e!

and the integration variable ¢ is the
proper time in the open string channel. In the above, the first two terms in the curly bracket
are from the NSNS closed string sector exchange while the the third term is from the RR
sector. The BPS nature of this interaction tells that the amplitude actually vanishes which
can also be seen from the above two NSNS terms canceling the third RR term using the
“usual abstruse identity”. The interaction for a Dp brane and an anti Dp-brane placed
parallel at a separation Y can be obtained from the above simply by switching the sign in

front of the RR term and the amplitude is therefore just twice the absolute value of the



RR term and is given as

A % it ) oo v2 P (1 g2\ ®
A :/0 T(M)f”%le 1o (G2 1>H<1_‘172n) , (2.4)

Vo1 el q

where we have defined A, the interaction amplitude per unit p-brane volume and as in [[[9],
we introduce the parameter Z as

Y2
and the function
© /1 q2n—1 8
n=1 q

One can show using the relations for #-functions that ¢g(t) — 1 as t — oo while g(t) —
(t/2ma’)* as t — 0. These limits will be needed later. For simplicity, let us define a variable
u = t/4a’ and the attractive force per unit p-brane volume is now

dA Y > —etl _wz
[= ay 772@’(877(1’)(”“)/2/0 duu™ 2" e g(u), (27)

where

u—0

g(u) = { (2u}ﬂ_)4 U — 00 (2.8)

and 0 < g(u) < 1 in general. For Z > 0, the only possible divergence for the above
force comes from u — 0 and one can show using the limiting expression for g(u) in (.§)
for u — 0 that the integration is actually convergent there for those allowed 0 < p < 8.
Therefore the attractive force is finite as expected since no new process such as tachyon
condensation occurs when the brane-antibrane separation is larger than the string scale.
We now examine the force behavior when Z — 0T. For this, let us change the inte-

gration variable to v = Zu, we have now
o
f ~ ZPTI/ dyv_%e_vg (£>
0 Z
_ aZ 0
= 7' [/0 dvv*%eﬂ’g (%) —i—/az dvv*%eﬂ’g (%)}

o
> ZPTI/ dvv_%e_vg (£>
aZ A

~ 7 /OO dvv_%e_v, (2.9)
aZ

where a is a fixed large number (> 1) and in the last line we have used g(u) — 1 for large
u. Let us examine the integration in the last line above when Z — 0%. For p = 0, the
integration is I'(1/2), finite, and the force f > 1/v/Z — oo as discussed by Banks and
Susskind in [[9]. For p = 1, the force f > I'(0) — oo is also divergent. Therefore this case
is similar to the p = 0 case. For p > 2, the above expression for the integration appears as
0 - co and we need a more careful analysis than the above.



For this, let us re-express the force as

_ o
f~ Zp21/ dvv_%e_”g <%) (2.10)
0
bZ aZ o

=2 [[Mantera () [t e (G)+ [ an e ()
2[/0 vv2egZ+vav2egZ+Zvv2egZ

a

B bZ 00 a
— 7% [/ dvv_#e_”g <%) —|—/ dvv_p%le_vg (%)] +/b duu_pTHe_uzg(u)-
0 aZ

where we have introduced two fixed parameters b and a with b <« 1 while a > 1. The
last term in the last line of eq. (R.1() corresponds to the second term of the second line
of the same equation. However, note that we have expressed it in terms of the original
integration variable u. Since both b and a are fixed, so the last term in the last line in (R.1()
should be finite. Let us examine the first term in the square bracket with the pre-factor
Z®P=1/2 ip the last line in (B-10). Since b is very small, so we can approximate the function
g(v/Z) ~ (v/Z)* (as given in eq. (-§)) in the integration. With this, one can show

bz bz
7t dvv_p%le_vg 2~z dvv_%le_”(v/Z)4
0 zZ 0
)

~ pO7P)/2 (2.11)

i.e., finite. Let us examine the second term with the pre-factor now. For very large a, we

have
A /OO dvv_#e_vg (£> ~ ZP=1)/2 /OO dov~ 55 eV
aZ Z aZ
0 1
— Z(p_l)/Z |:/ dvv_%e_v —|—/ dvv_#e_v]
1 aZ

< al7P)/2, (2.12)
therefore also finite as Z — 0". Here we have used g(u) — 1 for large u in the first line
above. Also it is obvious that the first term in the square bracket in the second line above
is finite and the second term is

/1 dvv T eV < /1 dvv T ~ (az)1=P)/2, (2.13)
aZ aZ
So the force between the brane and the antibrane is finite when Z — 07 for 2 < p < 8.

In summary, we have seen that the force between the brane and the antibrane is
divergent for p = 0,1 while it is finite for 2 < p < 8 when Z — 0. Further, the force
is always divergent for 0 < p < 8 when Z < 0. The above divergences are due to large
u contribution to the force given in (R.7) and can be understood by writing the large u
behavior as [~ duuf%le_zu[l + O(e™)]. Now it is clear that the large u integration
diverges when p = 0,1 while it converges for 2 < p < 8 when Z = 0. When Z < 0, the

—Zu

exponential e in the integration dominates and dictates the large u divergence for all

0 < p < 8. These divergences are due to the tachyon mode of the open string connecting



the Dp and the Dp as can be seen from the expansion of g(u) = 1+ O(e™%) for large u
where the first term ‘1’ corresponds to the tachyon mode contribution. As discussed in
the Introduction, the appearance of such a violent force indicates the breakdown of the
calculation or it can be thought of as an indication of a new process, therefore, signalling
the occurrence of the tachyon condensation.

Another way to understand the connection between the force divergence and the onset
of tachyonic instability is as follows: The force divergence implies the appearance of certain
pole in the force calculation. But this divergence occurs either at space-like separation
Y2 < 2720/ for p = 0,1 or at space-like separation Y2 < 272¢/ for all p which implies that
the corresponding pole is a tachyon i.e. we see the onset of tachyonic instability, since only
a tachyonic pole can propagate in a space-like separation.

The above discussion implies that the initiation of tachyonic instability for brane-
antibrane systems is different for p < 1 and for p > 1. For p < 1, this occurs at a larger
brane separation and the onset of tachyonic instability at the beginning is milder (only a
power divergence). For p > 1, the instability begins at Z < 0 and it is much stronger (an
exponential divergence). However, in this region the nature of the tachyonic instability
is essentially the same for both p < 1 and p > 1 cases. In other words, the brane-
antibrane system starting annihilation or tachyon condensation takes place at a larger
brane separation for p < 1 case than for p > 1 case. Whether there is a deep reason or

implication behind this difference remains to be seen.?

3. Evidence for the static nature of non-susy solutions

The static, non-supersymmetric and asymptotically flat p-brane solutions® having isome-
tries ISO(p, 1) x SO(d—p—1) of type II supergravities in arbitrary space-time dimensions
(d) are given in [[(4, (5, [[7]. For the purpose of this paper, we take d = 10 in the following
discussion. Unlike the BPS p-branes characterized by a single unknown parameter, these
solutions are characterized by three unknown parameters and could be either charged or
chargeless with respect to a (p + 1)-form gauge field. These non-susy p-branes have a nat-
ural interpretation as coincident p-brane-anti-p-brane (or non-BPS p-brane) [[[(]-[2, R(].
As mentioned in the Introduction, this interpretation has a puzzle since one would expect
the non-existence of such static solutions given the unstable nature of these systems. We
will use a brane probe approach in this section to understand such static nature of these
configurations in the supergravity approximation.

The static non-supersymmetric p-brane solutions representing coincident p-brane-anti

2We thank the referee for emphasizing to us the curious dependence on p for the onset of tachyonic
instability in the Z — 0T limit which led to this discussion.

$We use the terminology non-susy p-brane to represent generically either the p-brane-antip-brane system
or the non-BPS p-branes.



p-brane systems in ten dimensional type II supergravities are [[[7]

2
ds? = F~5" (~dt? +dad + ...+ da) + PS5 (HH) 77 (dr? + 12403
26
e = F° <£>
H
. C 0
Afpy1) = —sinh 6 coshd a dx” A ...\ dxP (3.1)

where we have expressed the metric in Einstein frame. In the above,

o ~\ B
F = cosh?#9 (E) — sinh? 6 <£>
H H
AN
=7 7

T—p T—p
w ~ w
H=1 + ﬂ, H = 1- 7‘771) (32)
with the parameter relation
b= (a+B)(7—p)gw Psinh26 (3.3)

Here a, 3, 0, and w are integration constants, g is the string coupling and a = (p — 3)/2.
Also « and 3 can be solved, for the consistency of the equations of motion, in terms of §
as

a:\/2(8—p>_<7—p><p+1>52+a5

7T—p 16 2
5 \/2(78_—;?) - (7—piép+1)52 _ %5_ (3.4)

These two equations indicate that the parameter § is bounded as

4 2(8—1p)

0 3.5
o< S (35)

The solution (B.])) is therefore characterized by three parameters d, w and 6.

As demonstrated successfully in [L1]], once the three parameters of the above solutions
are expressed in terms of the number of Dp-branes (N), the number of anti Dp branes (N)
and tachyon parameter 7', the tachyon condensation process can be described correctly. In
particular, we have the parameter §

(N-N N —N)2
|a|\/0052T+ s a? | cos? T—i—(_i) +4sin?T|,
]a\ 2(7—p) 7 P) ANN cos?T ANN cos?T

(3.6)



and the ADM mass

M(N,N,T) = Tyy/(N + N)? —ANN(L - cos' T), (3.7)

with 0 < T < 7/2 and T}, the single Dp brane tension. We have in general M = (N +
N)T, + V(T) with V(T) the tachyon potential. Just at the start of tachyon condensation,
i.e., T' =0, we should have V(T' = 0) = 0 and M = (N + N)T,,. The expression in (B.7)
for M indeed satisfies this. As discussed in [[L(], the parameter § vanishes at 7 = 0 and
the above expression in (B.6) satisfies this, too. In order to examine whether the force
between the Dp and the Dp in the coincident Dp-Dp system vanishes or not using a probe
Dp or a probe Dp, we need to place the probe at the location of the coincident Dp-Dp
branes, i.e., at 7 = w as implied in (B.]). While at the same time, we need to make sure
that the probe remains as a probe, i.e., not strongly bounded to the original coincident
Dp-Dp system. This can be so only at the start of the tachyon condensation since there
M(N,N,T) = (N + N)T,, or at least close to the top of the tachyon potential where
M(N +1,N,T) ~ M(N,1+ N,T) ~ T, + M(N,N,T). In other words, the value of
the parameter § should be very close to its initial vanishing value at the start of tachyon
condensation. This will be the key point for us to show in the following that the probe
does indeed feel ‘no force’ when placed at the r = w.

For definiteness, let us consider a Dp-brane probe placed at a radial distance r > w
and parallel to the brane directions x| in the static non-susy Dp brane background (B-1).
Our purpose is to calculate the interaction potential and for this we just need to consider
the bosonic worldvolume action for the probe and freeze the worldvolume excitations as
usually done for a p-brane probe placed in a BPS p-brane background in [P4]. The bosonic
Lagrangian density for a Dp probe placed along z); without worldvolume excitations is

L,=-T, {e_qb\/—det Y + A01...p] (3.8)

where? Yur = Guv With g, the background metric (B.1) along x| directions but now in
the string frame, and Ag;..., is the corresponding Ramond-Ramond background potential.
Here we have set the worldvolume coordinates o# = X* with p =0,1,---p and frozen the
worldvolume excitations. From the relation between string frame metric and the one given
in (B.1) which is in Einstein frame, we have now

V1Y)

5
¢ _T-p _a_7—p (H\?2 _1 (H\2
gﬂy —e2 F 8p nﬂl/ = F"1 8p <E> 77“1, = F"2 <T> 77“1,, (39)

where we have used the explicit background in (B.1]) and a = (p — 3)/2. The potential

“If the probe is anti Dp brane, we just need to change the sign in front of Ao;..., and the conclusion will
remain the same.



density (or the potential per p-brane volume) can be calculated using background (B.1)) as

Vp = Tp [6_¢\/ —det Vv + Aol...p]

ad
7\ %
F1 <T> ’ — sinh 0 cosh 6 <g>]
H F

_as

)a * —sinh# coshf(1 — <%)a+ﬁ)

=T,

o

T

3.10)
-\ at+p8 ) (
cosh? 6 — (%) sinh? 0

where we have used the expressions for F' and C' in (B.2) in the last line above. Note that
from (B4), a —ad/2 > 0 and a+ 3 > 0,5, therefore the potential density remains finite for
r > w as can be seen from the explicit expressions of H and H and their dependences on
the radial distance r given in (B.9).

Given the above potential density, we can now calculate the force per unit p-brane
volume for the probe as

av,
T
G 7\ (a+0)/2
a+ B cosh? 0 + <%> sinh? 6 + 2 (%) sinh 6 cosh 0
D) Ty =\ a+0 2
[cosh2 60— (%) sinh? 9}
~ [e% 2—1
H at8)/ 2(7 — p)w™P

where we have used the explicit expressions for H and H given in (B:2), and also the
relations for o and 8 in (B4). Given a4+ 3 > 0 and 0 < I:I/H <1 for r > w, it can be
checked easily that the above force is always attractive when r > w as expected while at
r = w could be either zero or divergent depending solely on the sign of (a + (3)/2 — 1 since
I:I/H =0 at r = w (i.e. at the location of the coincident Dp-Dp), and 1 < H < 2 for r > w.
Now to show this we write from (B.4),

M_lz\/Q(s—p) (T-pP)p+1) s | (3.12)

2 T—p 16
From what we have discussed below (B.7) regarding the validity of a probe when it is
placed at r = w, we know that the § parameter should be very close to its vanishing value

at T'= 0. With this and noting 0 < p < 6 for well-behaved supergravity solutions, one can

Sa+p>0 guarantees F' > 0 and in that case the metric inﬁ) is well defined for r > w as noticed
in @] The parameter § = 0 at T' = 0 previously pointed out in [[L]] prompted our discussion in @] for the
two disjoint decay channels of brane-antibrane systems, one in terms of open string tachyon condensation
and the other in terms of the closed string tachyon condensation. In the former case the system ends
up with a stable BPS configuration and while in the latter the system ends up with ”"bubble of nothing”

through black brane. We will discuss these related issues in more detail elsewhere.



check, for example, taking § = 0 in the above that (o + (3)/2 — 1 > 0 for each allowed p.
We thus notice from (B.11) that the force indeed vanishes. This, therefore, gives evidence
for the static nature of the coincident Dp-Dp system in the supergravity approximation as
promised. We can actually do better for the parameter 0. Requiring (o + 3)/2 —1 > 0,
gives

4 9—p

Ol < ——/ ——=.
9] T—pVp+1

(3.13)
This bound allows the ¢ parameter to be deep in the bounded and the tachyon condensation
region (i.e., far away from its vanishing value at T' = 0 where the validity of the probe
is guaranteed), therefore, providing even further evidence for the static nature of these
solutions.

Given the property of a BPS p-brane supergravity configuration that a (BPS) probe
p-brane will feel no-force at any transverse location when placed in this background and
parallel to the large number of coincident source p-branes [R4], enables us to obtain the
stable BPS muti-p-brane configuration through a linear superposition of individual BPS
p-brane configuration at different locations or placed coincidentally. With this, we expect
that the force acting on a probe p-brane placed parallel to the source branes in the p-brane-
anti p-brane background is due to the anti p-branes. When the probe is placed at the same
location as the coincident branes in the p-brane-anti p-brane system, this probe brane acts
the same as the brane in the brane-anti brane system in the tachyonic parameter region
validating the probe approximation. So if the force acting on the probe vanishes, this may
indicate that there is no-force acting between the coincident branes and anti branes in
the brane-anti brane system in the supergravity approximation. Therefore, this provides
an evidence to support the existence of static supergravity configuration describing the
brane-anti brane system in the supergravity approximation. This is the rationale behind
what we have shown above.

Now how to reconcile the result obtained here with the divergent force calculated in
the previous section?® Before we address this, let us first point out the differences between
these two scenarios. The supergravity description of the brane-antibrane system is obtained
in the supergravity approximation where we consider only the massless modes in type II
theories and their self-interaction (back-reaction) in the lowest order approximation. While
the force calculation between a brane and an antibrane in the previous section counts all
the modes but no back-reaction and the divergence is due to the tachyon mode when the
brane separation is of the order of string scale. It is not difficult to check that if we count
only the contribution of the massless modes to the force in the previous section (or for
large brane separation where only the massless modes contribute), the result is always
finite which is qualitatively consistent with the above probe calculation. Even in this case,
we can only expect the two calculations to agree asymptotically in which the backreaction
can be ignored and if the two systems can be prepared to be identical, i.e., a probe brane
and a brane-antibrane system with a given separation. But the force acting on the probe in

SWe again thank the referee for raising a pertinent question which has led to the discussion in this
paragraph.

,10,



this section is evaluated at r = w, the location of the coincident branes-antibranes, where
the two calculations have no way to agree, unlike the BPS case. So one should not directly
compare the force calculated in this section to the one in the previous section.

The probe approach used in this section serves only the purpose of showing the static
nature of brane-antibrane configuration in the supergravity approximation and should not
be taken as a well-approximated calculation of brane-antibrane force in general. The ra-
tionale for doing this is explained in the Introduction and we will not repeat it here.

In summary, we have used a probe approach to provide a direct evidence to show that
the force between the Dp and the Dp in the coincident Dp-Dp system in general vanishes.
This, therefore, justifies the static nature of the general coincident Dp-Dp configurations
in supergravity and such static nature is due to the supergravity approximation.
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