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Using the boundary state formalism we obtain the partition function corresponding to a dynamical
(rotating-moving) Dp-brane in the presence of electromagnetic and tachyonic background fields in the
superstring theory. The instability of such a Dp-brane due to the tachyon condensation is investigated.
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I. INTRODUCTION

D-branes can be described in terms of closed string
states; hence by using the boundary state formalism many
interesting properties have been shown [1–9]. By means of
the boundary state, all relevant properties of the D-branes
could be revealed. The boundary state formalism has
been applied to the various D-brane configurations in the
presence of different background fields [10–14].
On the other hand, investigating the stability of D-branes

is one of the most important subjects that can be studied
via the tachyon dynamics of open string and tachyon
condensation phenomenon [15]. These concepts have been
verified by various methods [16–18] and more recently
by the boundary string field theory (BSFT) in different
configurations [19–24]. It has been conjectured that the
open string tachyon condensation describes the decay of
unstable D-branes into the closed string vacuum or to
the lower dimensional unstable D-branes as intermediate
states. Study of this physical process namely, decaying of
unstable objects, is an important phenomenon because
of its interpolation between two different vacua and also
because it is a way to reach the concept of the background
independent formulation of string theory.
Some aspects of the boundary state, accompanied by the

tachyon condensation, are as follows. The boundary state is
a source for closed strings; therefore, by using this state and
tachyon condensation, one can find the time evolution of
the source for each closed string mode. Also it has been
argued that the boundary state description of the rolling
tachyon is valid during the finite time that is determined
by string coupling, and the energy could be dissipated into
the bulk beyond this time [23]. Moreover, this method
shows the decoupling of the open string modes at the
nonperturbative minima of the tachyon potential [25].
Previously we have calculated the boundary states

associated with a dynamical (rotating and moving) Dp-
brane in the presence of the electromagnetic and tachyonic
background fields [12,24]. Now, by making use of the same

boundary state we shall construct the corresponding par-
tition function, which is obtained by the BSFT method.
Then, we shall examine the instability of a Dp-brane. We
demonstrate that this process can make such a dynamical
brane unstable, and hence reduces the brane’s dimension.

II. BOUNDARY STATE OF A
DYNAMICAL BRANE

For constructing a boundary state corresponding to a
dynamical (rotating-moving) D-brane in the presence of
some background fields, we start with the action

S ¼ −
1

4πα0

Z
Σ
d2σ

� ffiffiffiffiffiffi
−g

p
gabGμν∂aXμ∂bXν

þ εabBμν∂aXμ∂bXν
�

þ 1

2πα0

Z
∂Σ

dσðAα∂σXα þ ωαβJ
αβ
τ þ TðXαÞÞ; ð1Þ

where Σ and ∂Σ are the world sheet of closed string and
its boundary, respectively. This action contains the Kalb-
Ramond field Bμν, a Uð1Þ gauge field Aα, an ω term for
rotation and motion of the brane, and a tachyonic field.
We shall apply fXαjα ¼ 0; 1;…; pg for the world volume
directions of the brane and fXiji ¼ pþ 1;…; d − 1g for
directions perpendicular to it.
The background fields Gμν and Bμν are considered to be

constant, and for the Uð1Þ gauge field we use the gauge
Aα ¼ − 1

2
FαβXβ that possesses a constant field strength.

Besides, the tachyon profile T ¼ 1
2
UαβXαXβ will be used,

where the symmetric matrix Uαβ is constant. The ω term,
which is responsible for the brane’s rotation and motion,
contains the antisymmetric angular velocity ωαβ and

angular momentum density Jαβτ that is given by ωαβJ
αβ
τ ¼

2ωαβXα∂τXβ. In fact, the component ω0ᾱjᾱ≠0 denotes the
velocity of the brane along the direction Xᾱ while ωᾱ β̄

represents its rotation.
It should be noted that the rotation and motion of the

brane are considered to be in its volume. In fact, according
to the various fields inside the brane, the Lorentz symmetry
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is broken, and hence such a dynamic (rotation and motion)
is sensible.
Suppose that the following mixed elements vanish,

i.e., Bαi ¼ Uαi ¼ 0. The oscillating part of the bosonic
boundary state is given by

jBBosiðoscÞ ¼
Y∞
n¼1

½detQðnÞ�−1

× exp

�
−
X∞
m¼1

1

m
αμ−mSðmÞμν ~αν−m

�
j0iα ⊗ j0i ~α;

ð2Þ

in which the matrices are as follows:

QðnÞαβ ¼ ηαβ − F αβ þ
i
2n

Uαβ;

SðmÞμν ¼ ðΔðmÞαβ;−δijÞ;
ΔðmÞαβ ¼ ðM−1

ðmÞNðmÞÞαβ;

MðmÞαβ ¼ ηαβ þ 4ωαβ − F αβ þ
i
2m

Uαβ;

NðmÞαβ ¼ ηαβ þ 4ωαβ þ F αβ −
i
2m

Uαβ;

F αβ ¼ ∂αAβ − ∂βAα − Bαβ: ð3Þ

The normalization factor
Q∞

n¼1 ½detQðnÞαβ�−1 is an effect of
the disk partition function. In addition, the zero-mode part
of the bosonic boundary state has the feature

jBBosið0Þ ¼
Tp

2

Z
∞

−∞
exp

�
iα0

�Xp
α¼0

ðU−1AÞααðpαÞ2

þ
Xp

α;β¼0;α≠β
ðU−1AþATU−1Þαβpαpβ

��

×

	Y
α

jpαidpα



⊗

Y
i

δðxi − yiÞjpi ¼ 0i;
ð4Þ

where Aαβ ¼ ηαβ þ 4ωαβ.
The NS-NS and R-R sectors possess the following

fermionic boundary states:

jBFermiNS ¼
Y∞
r¼1=2

½detQðrÞ� exp
�
i
X∞
r¼1=2

ðbμ−rSðrÞμν ~bν−rÞ
�
j0i;
ð5Þ

jBFermiR ¼
Y∞
n¼1

½detQðnÞ� exp
�
i
X∞
m¼1

ðdμ−mSðmÞμν ~d
ν
−mÞ

�
jBið0ÞR :

ð6Þ

The explicit form of the zero-mode state jBið0ÞR in the
Type IIA and Type IIB theories and its contribution to the

spin structure can be found in [24] in complete detail. It is
not modified here because for obtaining the partition
function it will be projected onto the bra vacuum; hence,
the remaining state would be the boundary state built on the
vacuum.
The total boundary state in the NS-NS and R-R sectors is

given by

jBiNS;R ¼ jBBosiðoscÞ ⊗ jBBosið0Þ ⊗ jBFermiNS;R: ð7Þ

In fact, the total boundary state also has the ghosts and
superghosts boundary states. Since these parts are free of
the background fields, and especially free of the character-
istic matrix of the tachyon, we put them away. Note that the
boundary state (7) contains significant information about
the nature of the brane.

III. TACHYON CONDENSATION AND
COLLAPSE OF A Dp-BRANE

The structure of the configuration space for the BSFT
can be described as follows: the space of two-dimensional
world-sheet theories on the disk with arbitrary boundary
interactions deals with the disk partition function of the
open string theory and a fixed conformal world-sheet action
in the bulk. It has been demonstrated that, at the tree level,
the disk partition function in the BSFT appears as the
normalization factor of the boundary state. In other words,
the partition function can be acquired by the vacuum
amplitude of the boundary state

ZDisk ¼ hvacuumjBi: ð8Þ

Thus, in our setup the partition function possesses the
following feature:

ZDisk
Bos ¼ Tp

2

Z
∞

−∞

Y
α

dpα exp

�
iα0

�Xp
α¼0

ðU−1AÞααðpαÞ2

þ
Xp

α;β¼0;α≠β
ðU−1AþATU−1Þαβpαpβ

��

×
Y∞
n¼1

½detQðnÞ�−1 ð9Þ

for the bosonic part of the partition function, and

ZDisk
Ferm ¼

Y∞
k>0

½detQðkÞ� ð10Þ

for the fermionic part, where k is a half-integer (integer) for
the NS-NS (R-R) sector. Therefore, after integrating on
the momenta and considering both fermionic and bosonic
parts, the total partition function in superstring theory is
given by
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ZDisk
total ¼

Tp

2

	
iπ
α0


ðpþ1Þ=2 1ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
detðDþHÞp Q∞

k>0½detQðkÞ�Q∞
n¼1 ½detQðnÞ�

;

ð11Þ

where the diagonal matrix possesses the elements
Dαβ ¼ ðU−1AÞααδαβ, and the matrix Hαβ is defined by

Hαβ ¼
� ðU−1Aþ ATU−1Þαβ; α ≠ β;

0; α ¼ β:
ð12Þ

The partition function enables us to investigate the effect
of the tachyon condensation on the instability of the
Dp-brane. According to the conventional literature, the
tachyonic mode of the open string spectrum makes
the D-branes instable. This phenomenon is called tachyon
condensation. As the tachyon condenses, the dimension of
the brane decreases and in the final stage, one receives a
closed string vacuum. Using the boundary sigma model,
the tachyon condensation usually starts with a conformal
theory with dNeumann boundary conditions in the UV, and
then adding a relevant tachyon field will cause the theory
to roll toward an IR fixed point as a closed string vacuum
with a Dp-brane, which corresponds to a new vacuum with
ðd − p − 1Þ Dirichlet boundary conditions.
According to the characteristic matrix of our tachyon,

investigating the tachyon condensation in this work is more
general than the conventional studies that usually consider
a single parameter for the tachyon field. Now let us check
the stability or instability of the Dp-brane in our setup.
The tachyon condensation can occur by taking at least one
of the tachyon’s elements to infinity, i.e., Upp → ∞.
At first, look at the R-R sector. By making use of the
limUpp→∞ðU−1Þpα ¼ limUpp→∞ðU−1Þαp ¼ 0, the dimen-

sional reduction of the matrices U−1A, ATU−1, and D is
obvious. Therefore, according to Eq. (11), in the R-R sector
we observe that the direction xp has been omitted from the
resulting brane.
Now concentrate on the factor

Q∞
r¼1

2

½detQðrÞ�=Q∞
n¼1 ½detQðnÞ� in the NS-NS sector of the superstring

partition function. Using the limit

lim
Upp→∞

Y∞
n¼1

�
det

	
η − F þ iU

2n



ðpþ1Þ×ðpþ1Þ

�
−1

¼
Y∞
n¼1

2n
iUpp

�
det

	
η − F þ iU

2n



p×p

�
−1
; ð13Þ

the effect of tachyon condensation on this factor is given
by

lim
Upp→∞

Q∞
r¼1

2

½detðQðrÞÞðpþ1Þ×ðpþ1Þ�Q∞
n¼1 ½detðQðnÞÞðpþ1Þ×ðpþ1Þ�

⟶

ffiffiffiffiffiffiffiffiffiffiffiffiffi
iπUpp

2

r Q∞
r¼1

2

½detðQðrÞÞp×p�Q∞
n¼1 ½detðQðnÞÞp×p�

⟶

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
iπUpp

2
detðη−F Þ

r
det

� ffiffiffi
π

p
Γð1þ i

2
ðη−F Þ−1UÞ

Γð1
2
þ i

2
ðη−F Þ−1UÞ

�
p×p

:

ð14Þ

The p×p matrices are similar to the initial ðpþ1Þ×ðpþ1Þ
matrices in which the last rows and last columns have
been omitted. To avoid divergent quantities due to the
existence of infinite product, in the second and third
factors we used the ζ-function regularization. For this
reason we used the arrow sign instead of equality.
However, it is evident that in this sector the dimensional
reduction also occurs.
Let us check this factor after successive tachyon con-

densation, i.e.,

lim
U→∞

Q∞
r¼1

2

½detðQðrÞÞðpþ1Þ×ðpþ1Þ�Q∞
n¼1 ½detðQðnÞÞðpþ1Þ×ðpþ1Þ�

¼ lim
U→∞

Q∞
r¼1

2

½detðiU
2rÞ�Q∞

n¼1 ½detðiU2nÞ�
⟶ lim

U→∞

	
iπ
2


ðpþ1Þ=2 ffiffiffiffiffiffiffiffiffiffiffi
detU

p
;

ð15Þ

where in the last term again, ζ-function regularizations
for infinite products have been used. Therefore, the total
partition function finds the feature

ZDisk
total ¼

Tp

2

	
−

π2

2α0


ðpþ1Þ=2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

detU
detðDþHÞ

s
: ð16Þ

In this limit, condensationwould take place for all directions
of the brane’s world volume. As can be seen, the dimen-
sional reduction followed by the sequential condensation
process could not make the tachyon disappear.
For completing the discussion, let us see the tachyon

condensation effect via the boundary state approach,
directly. According to Eqs. (5) and (6), apart from the
normalization factors, i.e., the partition functions, look
at the ΔðmÞ matrix in which the tachyon has been entered.
After applying the limitUpp → ∞, this matrix possesses an
eigenvalue “−1”; i.e., we deduce that the Neumann
direction xp has been omitted, and instead it has been
added to the Dirichlet directions. This process would be the
same as in the bosonic case.
According to the above condensation processes, via the

boundary state and the BSFT approaches, the result is that
in our setup the dimensional reduction has taken place in
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both NS-NS and R-R sectors of the superstring theory.
That is, after tachyon condensation, such a rotating-moving
Dp-brane with photonic and tachyonic background fields
reduces to an unstable Dðp − 1Þ-brane with its own

background fields, rotation, and motion. Thus, imposing
rotation and motion to an unstable D-brane does not
preserve it against collapse during the process of tachyon
condensation.
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