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Gravitational dielectric effect and Myers effect
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In this paper we study the gravitational dielectric phenomena of a D2 brane in the background of
Kaluza-Klein monopoles and D6 branes. In both cases the spherical D2 brane with nonzero radius
becomes classical solution of the D2-brane action. We also investigate the gravitational Myers effect in the
background of D6 branes. This phenomenon occurs since the tension of the D2-brane balances with the
repulsive force between D0 branes and D6 branes.
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I. INTRODUCTION

In the electromagnetism, oppositely charged particles
under the uniform electric field separate from each other
to cancel out the background flux. This is the well-known
dielectric effect, and analogous phenomena can be ob-
served in the type II superstring theories and the
M theory [1].

Let us illustrate the dielectric phenomenon in the
type IIA superstring theory with the case where a spherical
D2 brane is located in the background of coincident
NS5 branes [2]. NS5 branes carry the magnetic charge of
the NS-NS 2-form potential, and its 3-from flux vertically
penetrates three dimensional sphere S3 which encloses
NS5 branes in the transverse space. The D2 brane is
assumed to be spherical in the S3. In case there is no
magnetic flux on the D2 brane, it collapses because of its
tension. On the other hand, if the magnetic flux exists on
the D2 brane, the background NS-NS 3-form flux supports
it against the collapse1. Notice that the number of the
magnetic flux on the D2 brane is less than that of
NS5 branes. This is the dielectric effect in the type IIA
superstring theory2.

Interestingly the dielectric phenomena in the type II
superstring theories admit the dual descriptions. Namely,
similar dielectric effects are observed from the dynamics of
D0 branes, which are identical to the magnetic flux on the
D2 brane [9,10]. The dynamical variables of M coincident
D0 branes are U�M� gauge field and nine adjoint scalars,
and the latter represent the position of D0 branes when they
are simultaneously diagonalized. In the background of
NS5 branes, D0 branes form a fuzzy (noncommutative)
geometry in the S3 because of the support from the NS-NS
3-form flux [11–13]. In fact D0 branes compose a fuzzy
sphere in the S3, which matches the D2-brane picture when
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ction is taken into account, the spherical D2 brane
roat of NS5 branes [3,4]. The final state will be a
in the M theory [5–7].
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the number of D0 branes or magnetic flux is sufficiently
large. This is called the Myers effect [14].

Since the essence of the dielectric effect and the Myers
effect is the existence of the background flux, at first sight it
seems impossible to observe these effects in purely gravi-
tational backgrounds. Note, however, that the NS5 brane is
related via T-duality to a Kaluza-Klein monopole which
forms the purely gravitational geometry [15,16]. Therefore
it is natural to expect gravitational versions of the dielectric
effect and the Myers effect in the background of Kaluza-
Klein monopoles3.

In this paper, we examine the spherical D2 brane in the
background of Kaluza-Klein monopoles in the type IIA
superstring theory. The geometry of the 10 dimensional
Kaluza-Klein monopoles is described by R1;5 �M4, where
the M4 is equivalent to R3 � S1 but the S1 vanishes at the
origin. The D2 brane is spherically wrapped around the
origin of the R3 and has momentum along the S1. Then we
will see that the spherical D2 brane with some finite radius
becomes the classical solution of the D2-brane action.
Since the background is purely gravitational, this is exactly
the case where the dielectric effect is induced via the
gravity.

The above system is easily reinterpreted in the frame-
work of the 11 dimensional M theory. The 10 dimensional
Kaluza-Klein monopole is just lifted to a 11 dimensional
Kaluza-Klein monopole, R1;5 �M4 � S1, and the
D2 brane is done to a M2 brane. Of course the M2 brane
moving along the S1 in the M4 is spherically stable around
the origin of the R3. This is the gravitational dielectric
effect in the M theory.

Now we change the roles of the two S1s in the above
discussion, which is often called the 9-11 flip in the
M theory. After the dimensional reduction to the 10 di-
mensional spacetime, we obtain spherical D2-D0 bound
state in the background of D6 branes in the type IIA
superstring theory [18]. As discussed before, this system
will admit the dual description of D0 branes, that is, the
3The instability of coincident D0 branes under the back-
grounds of hyperboloid and Schwarzschild black hole is argued
in Ref. [17].
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Myers effect. We will see that the fuzzy sphere composed
by D0 branes really becomes a classical solution of equa-
tions of motion in the background of D6 branes. This is the
gravitational Myers effect in the type IIA superstring
theory.

The organization of this paper is as follows. In Sec. II,
we discuss the gravitational dielectric effect in the back-
ground of Kaluza-Klein monopoles and D6 branes in the
type IIA superstring theory. In Sec. III, we observe the
gravitational Myers effect in the background of D6 branes.
The stability of the spherical configuration of the D2-D0
bound state in the background of D6 branes is examined in
Sec. IV. Section V is devoted to conclusions and
discussions.
II. THE GRAVITATIONAL DIELECTRIC EFFECTS

A. The dielectric effect in the background of
Kaluza-Klein monopoles

In this section we study the dielectric effects which are
induced not by the background flux but by the gravitational
force. At first sight it seems difficult to observe the gravi-
tational dielectric phenomena in the absence of the back-
ground flux. However, as mentioned in the introduction,
the spherical D2-D0 bound state is stable in the back-
ground of NS5 branes, and by the T-duality transformation
this background is related to the Kaluza-Klein monopoles
which are purely gravitational objects. Therefore it is
interesting to study whether the gravitational dielectric
effect can be observed in the background of Kaluza-
Klein monopoles.

In the following we investigate a single D2 brane withM
units of magnetic flux on its world volume in the back-
ground of N coincident Kaluza-Klein monopoles. The
Kaluza-Klein monopoles are purely gravitational objects
and the metric for the N coincident Kaluza-Klein mono-
poles is given by [15]

ds2 � 	
�dx

dx� � f�dr2 � r2d�2 � r2sin2�d�2�

� f�1R2�d � A�d��2;

f � 1�
NR
2r

; A� � �
N
2
cos�; 0 � � � �;

0 � �;  � 2�;

(1)

where 
; � � 0; � � � ; 5 and R is the radius of the  direc-
tion at r � 1. When the above solution is reduced to
�r; �; �� space, it describes N coincident magnetic mono-
poles which are localized at r � 0.

Dynamical degrees of freedom on the D2 brane are U�1�
gauge field and scalar fields, which represent the position
of the D2 brane. And the effective action for the D2 brane
is described by the Born-Infeld action and the Chern-
Simons action:
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SD2 � �T2
Z
d3�e��

�����������������������������������������������
� det�P
G�ab � �Fab�

q
�
2

Z
�C�3� � C�1� ^ �F�: (2)

Here T2 and 
2 are tension and charge of a D2 brane,
respectively. These are expressed as T2 � 
2 �

1
�2��2‘3sgs

by

using the string length ‘s and the string coupling gs. The
notation P
� � �� represents the pullback on the world vol-
ume of the D2 brane and �a�a � 0; 1; 2� are the world-
volume coordinates. Fab is theU�1� gauge field strength on
the D2 brane and � is defined as � � 2�‘2s . We assume
that the D2 brane is spherical and moving along the  
direction in the background of Kaluza-Klein monopoles.
So the world-volume coordinates �a are identified with
�t � x0; �; ��, and d � _ dt. Now the D2 brane is located
in the background of Kaluza-Klein monopoles which are
purely gravitational objects, the relevant part of the D2-
brane action is only the Born-Infeld part.

It is straightforward to evaluate Born-Infeld part of the
D2-brane action. By substituting these assumptions for the
action, it becomes as

SD2 � �T2
Z
dtd�d�fr2

�

����������������������������������������������������������������������
sin2��

�RA�
fr

�
2
� f�1R2 _ 2sin2�

s
: (3)

In order to examine the stability of this system, it is
convenient to switch to the Hamiltonian formalism. The
canonical momentum conjugate to the variable  is given
by

P � T2fr2
f�1R2 _ sin2��������������������������������������������������������������������

sin2��
�
RA�
fr

�
2
� f�1R2 _ 2sin2�

s : (4)

Note that the  direction is compactified with the circle, so
the total momentum should be conserved as

M �
Z
d�d�P; (5)

where M is an integer. Then we obtain the Hamiltonian of
the form

H �
Z
d�d�T2fr

2
sin2�� �

RA�
fr �

2�������������������������������������������������������������������
sin2��

�
RA�
fr

�
2
� f�1R2 _ 2sin2�

s
(6)

�
Z
d�d�

����������������������������������
sin2��

�RA�
fr

�
2

s �����������������������������������������������
�T2fr2�2 � f

�
P

R sin�

�
2

s
:

(7)

The interpretation of this Hamiltonian (7) is as follows.
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The first square root part is the correction to the volume
factor of the sphere sin�, because of the nontrivial winding
of � along the compactified direction. Terms in the second
square root are the sum of the mass squared of the spherical
D2 brane and the momentum energy squared along com-
pactified direction. Notice that the radii of sphere and
compactified direction are affected by gravitational factor
f, respectively. These modifications are expected from the
form of the metric (1).

Let us examine the stability of the spherical D2 brane in
the background of Kaluza-Klein monopoles. In the region
ofNR 2r, the factor f is approximated as f� 1, and the
spherical D2 brane shrinks to a point because of its tension.
On the other hand, near the region of r � 0, the spherical
D2 brane tends to expand because of the repulsive force
between the momentum along the  direction and the
Kaluza-Klein monopoles. Thus we obtain the gravitational
dielectric effect.

In order to see this effect in detail, we focus on the
neighborhood of the Kaluza-Klein monopoles. In this re-
gion, 2r NR, the factor f is approximated as f�
�NR=2r�, and the conservations of the momentum (5)
and the energy (6) are written as

M � 4�T2Rf
1=2r2a�1�K�a2� � E�a2��; (8)

H � 4�T2fr
2K�a2�; (9)

where a�r� � f�1=2R _ . We also introduced K�a2� and
E�a2� which are the complete elliptic integrals of the first
kind and second kind, respectively. By combining these
equations, we see that the energy is given as a function of
the radius r. The energy takes the minimum with finite
radius r � r�. (See Fig. 1.) Note that the analysis here is
reliable if the parameters satisfy the condition of ‘s 
2r�  NR, and this holds actually when N and M are
chosen as sufficiently large.
H

H
*

r
*

r

FIG. 1. The energy of the spherical D2 brane.
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B. The dielectric effect in the background of D6 branes

In the previous subsection, the gravitational dielectric
phenomenon of the spherical D2 brane with the momentum
in the background of Kaluza-Klein monopoles is observed
in the type IIA superstring theory. This system is easily
lifted to the 11 dimensional M theory, and we obtain a
dielectric effect of a spherical M2 brane with momentum
along the compactified direction  in the background of 11
dimensional Kaluza-Klein monopoles.

Again we reduce the 11 dimensional spacetime to the 10
dimensional one, by identifying the  direction with the
reduced 10th one. Then the 11 dimensional Kaluza-Klein
monopoles become D6 branes in the type IIA superstring
theory [18]. And the M2 brane with the momentum along
the reduced  direction turns into a bound state of a
D2 brane and D0 branes. Consequently, the dielectric
effect of the spherical D2-D0 bound state in the back-
ground of D6 branes will be obtained in the type IIA
superstring theory. In this subsection we will see this
phenomenon from the viewpoint of the effective theory
on the D2 brane, where D0 branes are identical to the
magnetic flux on it.

The D6 brane is extending to �1� 6� dimensional space-
time and carries the magnetic charge of the R-R 1-form
potential C�1�. The classical solution of N coincident
D6 branes is given by [19]

ds2 � f�1=2	
�dx

dx� � f1=2�dr2 � r2d�2

� r2sin2�d�2�;

e� � f�3=4; f � 1�
N‘sgs
2r

;

G�2� �
N‘sgs

2
sin�d� ^ d�;

(10)

where 
; � � 0; . . . ; 6 and G�2� is the R-R 2-form flux
originating from the D6 branes.

As in the previous subsection, the D2 brane is embedded
into the background of D6 branes spherically, so the world-
volume coordinates on the D2 brane �a are identified with
�t � x0; �; ��. On the D2 brane we introduce electric field
E � Ft� and magnetic field B � F��. Total magnetic flux
on the spherical D2 brane is given by M � �1=2���R
d�d�B.
Now it is straightforward to evaluate the D2-brane ac-

tion, and the Lagrangian density is given by

L � �T2
����������������������������������������������������������������������������
f2r4sin2�� f�2B2 � f2r2�2E2sin2�

q
�
N
4�

E cos�: (11)

The momentum conjugate to A� is defined as
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� �
T2f2r2�2Esin2�����������������������������������������������������������������������������

f2r4sin2�� f�2B2 � f2r2�2E2sin2�
p �

N
4�

cos�;

(12)
and we obtain the Hamiltonian of the form

H �
Z
d�d�

���������������������������������������������������
sin2��

�
�� N

4� cos�

T2�fr

�
2

s

�

��������������������������������������������������
�T2fr

2�2 � f
�
T0B

2� sin�

�
2

s
: (13)

Terms in the second square root are mass squared of the
spherical D2 brane and M D0 branes, respectively. Both
terms are modified by the gravitational factor f, as com-
pared with the flat case. (See Fig. 1.)

Let us examine the stability of the spherical D2 brane in
the background of D6 branes. Far from the D6 branes the
factor f is approximated as f� 1, and the spherical
D2 brane shrinks to reduce the total energy. On the other
hand, near the D6 branes the factor f is approximated as
f� �N‘sgs=2r�, and the D2 brane tends to expand to
reduce the energy. Therefore the spherical D2 brane with
some finite radius becomes the classical solution.

Now we concentrate on the neighborhood of the
D6 branes, where the factor f is described as f�
�N‘sgs=2r�. In order to estimate the energy of the
D2 brane, we employ the equations of motion for gauge
fields, which say variables � and &L=&�B=2�� only de-
pend on the radius. So we choose solutions as � � 0 and
&L=&�B=2�� � f

1
2�‘sgs��1a�r�, and the magnetic field is

expressed as

B
2�

� �2����1f1=2r2
asin2��������������������������

1� a2sin2�
p : (14)

Then total magnetic flux and the energy are given by

M � 2��1f1=2r2a�1�K�a2� � E�a2��; (15)

H �
Z
d�d�

��������������������������������������������������
�T2fr2�2 � f

�
T0B

2� sin�

�
2

s

� 4�T2fr
2K�a2�: (16)

The energy becomes a function of the radius, and it takes
minimum H � with finite radius r�. (See Fig. 1.) This is the
gravitational dielectric effect of the spherical D2-D0 bound
state in the background of D6 branes. The analyses in this
paragraph are reliable if the parameters satisfy the condi-
tion of ‘s  2r�  N‘sgs, and this is satisfied by choos-
ing N and M as sufficiently large. It is worth mentioning
that above relations are obtained by setting R � ‘sgs, _ �
&L=&�B=2�� and P � B=2� in the previous subsection.
III. THE GRAVITATIONAL MYERS EFFECT

D0 branes become dynamical through the excitations of
open strings ending on them. And the massless excitations
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correspond to the U�M� gauge field A0 and nine adjoint
scalars Xm�m � 1; � � � ; 9�, where M is the number of the
D0 branes [20]. When three of nine adjoint scalars do not
commute simultaneously, D0 branes form a fuzzy surface.
In particular, D0 branes compose a fuzzy sphere when
three adjoint scalars satisfy the SU�2� Lie algebra. In the
background of flat spacetime, the fuzzy sphere is unstable
and shrinks to a point because of its tension.

On the other hand, as discussed in the introduction, the
fuzzy sphere becomes stable in the background of
NS5 branes, because the tension balances with the dielec-
tric force induced by the background NS-NS 3-form flux.
Furthermore the fuzzy spherical configuration of
D0 branes is also stable in the background of constant R-
R 4-form flux. In both cases the background flux plays an
important role to lead to the Myers effect.

In this section we consider another type of Myers effect
which is induced via the gravitational force. In the previous
section we observed the gravitational dielectric phe-
nomena in the background of Kaluza-Klein monopoles
and D6 branes. Since the dielectric effect admits the dual
description, i.e., the Myers effect, the gravitational Myers
effect will also be observed in these backgrounds.

The metric and R-R 1-form potential for N coincident
D6 branes are written as before. Here it is convenient to
employ not polar coordinates but rectangular coordinates
such as

ds2 � f�1=2	
�dx

dx� � f1=2&ijdx

idxj;

e� � f�3=4; f �
N‘sgs
2r

;

C�1� � �
N‘sgs
2r

x9

�x7�2 � �x8�2
�x7dx8 � x8dx7�;

(17)

where 
; � � 0; . . . ; 6, which label the tangent directions
to D6 branes and i; j � 7; 8; 9, which describe normal

ones. The radius r is given by r �
��������������
&ijxixj

q
, and the

constant term in f is neglected because we only consider
the region near the D6 branes.

The bosonic part of the effective action for M D0 branes
is described by the non-Abelian Born-Infeld action and
Chern-Simons action [14,21–23]. As explained above, this
action possesses U�M� gauge symmetry and consists of
U�M� gauge field A0 and nine adjoint scalars Xm�m �
1; � � � ; 9� which appear from massless excitations of open
strings ending on D0 branes. The explicit form of the
action for M D0 branes is written as

S D0 � �T0
Z
dtSTr�e��

�������������������������������������������
�P
E� E0�00 detQm

n

q
�

�
0

Z
dtSTr�C�1�

i D0Xi�; (18)

where T0 is the mass of a D0 brane. Note that STr repre-
sents the symmetrized trace prescription, and partial de-
rivatives in the pullbacks should be replaced with covariant
-4
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derivatives to ensure the U�M� gauge symmetry. The field
EMN and M�M matrices E0

MN and Qm
n are defined as

EMN � GMN � BMN;

E0
MN � EMm��Q

�1�mn � &mn �E
nlElN;

Qm
n � &mn �

i
�

Xm; Xl�Eln;

(19)
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where the indices M;N label the target spacetime direc-
tions. GMN and BMN are the background metric and the
NS-NS 2-form field, respectively.

Now we trace the similar calculations as in Ref. [24,25].
Setting X1 � � � � � X6 � 0, which are parallel to
D6 branes, the Lagrangian for D0 branes evaluated in the
background of D6 branes becomes as
L D0 � Tr

 
�T0

������������������������������������������������������������������������������������������������������������������������
f�

f2

2�2

Xi; Xj�2 � f2�D0Xi�2 �

f3

�2
�/ijkfD0Xi; 
Xj; Xk�g�2

s
�
N
4r

X3

�X1�2 � �X2�2
/ij9fXi;D0Xjg

!
:

(20)

Note that the radius r should be understood in terms of Xi as r2 �
P
�Xi�2, and symmetrized trace prescription is replaced

with trace by choosing appropriate orderings. Furthermore we assume that Xi and A0 take following forms

X7
mn �

1
21m�1=2&m�1;n �

1
21m�1=2&m;n�1; X9

mn � zm&m;n; X8
mn �

i
21m�1=2&m�1;n �

i
21m�1=2&m;n�1;

A0mn � am&m;n: (21)

These forms are useful when we are considering axial asymmetric configurations around x9. After some calculations we
obtain

L D0 � �T0
XM
m�1

�����������������������������������������������������������������������������������������������
f�

f2

�2 f�1
2&z2�m � �12&12�m � �2�12&a2�mg

s
�
N
2

XM
m�1

zm
1
2�1

2
m�1=2 � 12

m�1=2�rm
�12&a�m; (22)

where we defined

�12&z2�m � 1
2�1

2
m�1=2�zm�1 � zm�2 � 12

m�1=2�zm � zm�1�
2�; �12&12�m � 1

4�1
2
m�1=2 � 12

m�1=2�
2;

�12&a2�m � 1
2�1

2
m�1=2�am�1 � am�2 � 12

m�1=2�am � am�1�
2�;

�12&a�m � 1
2�1

2
m�1=2�am�1 � am� � 12

m�1=2�am � am�1��:

(23)

When M is sufficiently large we can take the continuous limit, and the above Lagrangian becomes

L D0 � �T2
Z
dzd�

���������������������������������������������������������������������������
f�2B2 � f212�1� 102� � f212�2E2

q
�
N
4�

Z
dzd�

z
r
E; (24)
where E � ��&a=&z�, B � 1=&z and
R
d� � 2�. This

coincides with the action (11) after setting 12 � r2 � z2

and doing coordinate transformation from z to �. Then we
trace the same arguments as before, and obtain the gravi-
tational Myers effect.

IV. FLUCTUATIONS AROUND THE SPHERICAL
D2-D0 BOUND STATE

In Sec. II B, the dielectric phenomenon in the back-
ground of D6 branes is observed by assuming the spherical
configuration of the D2 brane. Here we examine the stabil-
ity of this configuration. But it is difficult to analyze the
stability by adding small fluctuations, since the energy is
given by the elliptic integral. So in order to make discus-
sions simple, let us consider another distribution of the
magnetic flux on the D2 brane like

F�� �
M
2

sin�: (25)

Of course this configuration is not a classical solution, but
the energy (16) of the D2-D0 bound state is simply given
by

H � 2�2

��������������������������������������������
�T2fr

2�2 � f
�
T0M
4�

�
2

s
: (26)

The original solution can be obtained by adding fluctua-
tions around the above configuration, and it will be pos-
sible to understand the stability of the original one.
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Now we reexamine the energy (26) by adding a fluctua-
tion �r/��� around r � �r, where �r gives the minimum of the
energy. Other fluctuations on � and xi are neglected for
simplicity. By setting r � �r�1� /� and xi � 0, the pull-
back metric on the D2 brane is given by

P
G�ab �
�f�1=2 0 0

0 f1=2r2 � f1=2 �r2/02 0
0 0 f1=2r2sin2�

0B@
1CA;

(27)

where a; b label t; �; �, and /0 is an abbreviation for @�/.
Note that the function f depends on the angular directions,
but fr � N‘sgs=2 is just the constant.

Furthermore we add fluctuation of the gauge field a����
around the background of A�. Then the component of the
gauge field strengths on the D2 brane is described by

F�� �
M
2

sin��1� &�: (28)

The fluctuation M
2 sin�& is defined as M2 sin�& � @�a� and

should satisfy the constraint

1

2�

Z
d�d�

M
2

sin�& � 0; (29)

which follows from the flux quantization condition
�1=2��

R
d�d�F�� � M.

By substituting the pullback metric (27) and the gauge
field strength (28) into the arguments in Sec. II B, we
obtain the energy for the D2-D0 bound state of the form,

H �
1

2

Z
d�
�4�T2fr2�2 � f�MT0�2�1� &�2

� �4�T2fr�2 �r2/02�1=2

�
�H

�

Z
d�
�
1

3
�1� /�2 �

2

3

�1� &�2

1� /
�

1

3
/02
�
1=2
;

(30)

where �H � H ��r�. The last line is derived by using the
relations 4�T2f �r2 � 2�1=2f1=2MT0 � �2=

���
3

p
�� �H . Note

that the energy is expanded as

H � �H �
2 �H

3�

Z
d�&: (31)

The linear term on & represents the instability of the
configuration (25). If & is a fluctuation around the original
configuration (14), the linear term vanishes after imposing
the magnetic flux conservation. But the original configu-
ration is unstable against / fluctuation.

The final state of this D2-D0 bound state after the
perturbation is conjectured as the case where M
D0 branes are radiated away from N D6 branes. This
046007
configuration has the same quantum numbers as those of
the spherical D2-D0 bound state, and the potential energy
at r � 1 is zero4. During this process the D2 brane will be
deformed and decay through the tachyon condensation
process. The numerical result on this deformation is shown
in Appendix A.

To avoid the above instability, we just prepare more
D6 branes around the original ones properly. D0 branes
will meet the potential barrier before they go away from
the original D6 branes. Then the dielectric D2-D0 configu-
ration, which will depend on the locations of the D6
branes, becomes stable.

V. CONCLUSIONS AND DISCUSSIONS

In this paper we observed the gravitational dielectric
effect and Myers effect in the type IIA superstring theory.
In the background of Kaluza-Klein monopoles, the spheri-
cal D2 brane with the momentum along the compactified
circle becomes the classical solution. This phenomenon is
occurred because the tension of the spherical D2-brane
balances with the repulsive force between the Kaluza-
Klein monopoles and the momentum along the circle.

As the Kaluza-Klein monopoles are related to the
D6 branes via T-S-T-duality, it is expected that the gravi-
tational dielectric effect occurs in the background of
D6 branes. In fact we find that the spherical D2 brane
with magnetic flux on it becomes the classical solution
with the finite radius. Furthermore the similar effect is
obtained from the viewpoint of D0 branes, that is,
D0 branes compose the fuzzy sphere in the background
of D6 branes. We called this phenomenon the gravitational
Myers effect. In the continuous limit, the gravitational
Myers effect coincides with the gravitational dielectric
effect. The essence of both effects is the fact that the
tension of the spherical D2 brane balances with the repul-
sive force between the D6 branes and the D0 branes.

It is worth emphasizing that the gravitational dielectric
effect and Myers effect are insensitive to the charges
carried by Kaluza-Klein monopoles or D branes.
Consequently, for instance, a bound state of an anti-D2-
brane and D0 branes spherically expands in the back-
ground of D6 branes or anti-D6 branes. This is in contrast
with the dielectric phenomena induced by the background
flux.

By examining the fluctuations around the spherical D2-
D0 bound state we see that this configuration is unstable
and the final state is conjectured by employing the numeri-
cal analyses. To avoid this instability, we need more
D6 branes around the original ones. Then the dielectric
D2-D0 bound state will be stable against collapse.

Let us consider generalization of the gravitational di-
electric effect to other Dp branes background. In the case
of D6 branes background, the gravitational dielectric effect
-6
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FIG. 2 (color online). (a) The figure of D2-D0 bound state at
t � 1. (b) The plot of �1� &� at t � 1.
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is induced via the factor f � f
�6�3�=2���1=2���0=2� in front of
�MT0�

2 in the potential energy (13). In cases of a
spherical Dq brane with magnetic flux on it in the back-
ground of Dp branes, this factor is modified as
f
�p�3�=2���1=2��
�q�2�=2�. Here the Dq brane is completely
transverse to the Dp branes. The first part of the exponent
comes from the contribution of the dilaton field and the
second one does from that of �G00. The third term appears
from

Q9
11�q Gii, where �q� 2� is the number of world-

volume coordinates which are normal to both the back-
ground Dp branes and the sphere. From this we see that the
dielectric effect occurs if p� q � 8. These are all ob-
tained by T-duality transformations of the spherical D2-
D0 bound state in the background of D6 branes.

In this paper we focused on the single D2-D0 bound
state wrapped around D6 branes. But this system can be
generalized to the system where multiple D2-D0 bound
states are wrapped around each bunch of D6 branes. Here
the bunches of D6 branes are separated from each other. In
case some of them are sufficiently close, the spherical D2-
D0 bound states which are wrapped around them will make
a transition to a single D2-D0 bound state. The configura-
tion of the D2 brane or the fuzzy D0 branes will depend on
the locations of the bunches of D6 branes, and it is inter-
esting to analyze the dynamics from the viewpoint of
tachyon condensation [26–28]. After the tachyon conden-
sation, the D0 branes will compose a general fuzzy surface
and representations for the matrices Xi will be described as
in Ref. [29].
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APPENDIX A: NUMERICAL RESULTS ON THE
DEFORMATION OF SPHERICAL D2-D0

BOUND STATE

Numerical calculations about the potential energy (30)
are shown in this appendix. Fluctuations / and & are
expanded by Legendre polynomials as
0.4

0.6
/�x; t� �
X15
l�0

/l�t�Pl�x�; &�x; t� �
X15
l�1

&l�t�Pl�x�:

(A1)
0.2 0.4 0.6 0.8 1

0.2

t

FIG. 3. The potential energy along the deformation (A2). The
final state will be the case where M D0 branes are scattered from
N D6 branes.
The expansions are limited to l � 15, which is purely
numerical reason. The deformation of the D2-D0 bound
state in the background of D6 branes is parametrized by t,
and /l�0� � &l�0� � 0 for all l.

We consider the following deformation:
046007-7
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�/0�t�; . . . ; /15�t�� � t��0:59;�0:39;�0:11; 0:079; 0:11; 0:030;�0:052;�0:060;�0:0051; 0:043; 0:034;�0:014;

� 0:038;�0:0078; 0:033;�0:0059�;

�&1�t�; � � � ; &15�t�� � t��1:00;�0:38; 0:13; 0:31; 0:18;�0:060;�0:19;�0:13; 0:034; 0:15; 0:11;�0:030;�0:14;

� 0:091; 0:12�:

(A2)
The figures of ��1� /� sin� cos�; �1� /� sin� sin�; �1�
/� cos�� and 1� & at t � 1 are drawn in Fig. 2. The
potential energy along this deformation is plotted in
Fig. 3. From this we see that the D2 brane is deformed
046007
and D0 branes are distributed around the southern hemi-
sphere. After the tachyon condensation process, the
D2 brane will vanish and D0 branes will be scattered to
infinity.
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