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ABSTRACT: Starting from the action of two coincident non-BPS D9-branes, we investigate
kink configurations of the U(2) matrix tachyon field. We consider both Str and T'r pre-
scriptions for the trace over gauge indices of the non-BPS action. Non-abelian tachyon
condensation in the theory with T'r prescription, and the resulting fluctuations about the
kink profile, are shown to give rise to a theory of two coincident BPS D8-branes. This is a
natural non-abelian generalization of Sen’s mechanism of tachyon condensation on a single
non-BPS Dp-brane yielding a single BPS brane of codimesion one. By contrast, starting
with the Str gauge trace prescription of the coincident non-BPS D9-brane action, such a
generalization of Sen’s mechanism appears problematic.
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1 Introduction

Tachyon condensation has long been an interesting aspect of D-brane physics (for a com-
prehensive review see [1]). Study of the dynamics of open string tachyons has provided a
fertile arena for studying various aspects of non-perturbative string theory. Such tachyons
arise quite naturally in the open string spectrum when one considers non-BPS D-branes
in type ITA or IIB string theories. A growing body of research has developed in open
string field theory (for a review see [2] or [3, 4] for more recent works) boundary string
field theory, (BSFT) [5-11] and various effective actions around the tachyon vacuum [12-
16] to demonstrate Sen’s results [17-21] concerning the fate of the open string vacuum in
the presence of tachyons. One particularly interesting aspect of tachyon dynamics that is
captured by the various effective descriptions is the existence of solitonic configurations
of the tachyon field [22], including singular tachyon kink profiles [23-26] which describe
codimension one BPS branes as well as more exotic objects such as vortex solutions in
brane-antibrane systems.

In [23], the world-volume theory of the singular kink soliton solution (suitably regu-
larized) where a single real tachyon field ‘condenses’ on a single non-BPS D-brane in a
flat background was investigated using the effective Dirac-Born-Infeld (DBI) framework.
Remarkably, it was shown that the effective theory of fluctuations about the tachyon kink
profile, that depends only on a single spatial world-volume coordinate, are precisely those
of a codimension one BPS brane. Furthermore, it was also shown that in brane-antibrane
systems, in which a single complex tachyon field is present, vortex solutions to the equations
of motion exist, that naturally depend on two spatial worldvolume coordinates. Analysis
of the fluctuations in this case show that they describe a codimension two BPS D-brane.



Monopole solutions in certain truncations of tachyon models have also been found and
initial investigations suggest that the corresponding effective theory of fluctuations about
this background correspond to codimension three BPS D-branes [27].

In this paper we wish to investigate the process of tachyon condensation starting from
the effective description of two coincident non-BPS D9-branes as proposed by Garousi
in [12]. This theory describes a non-abelian version of the DBI action in which the tachyon
field transforms in the adjoint representation of the U(2) gauge symmetry of the coincident
non-BPS D9-brane world volume action. In the original construction of this action and its
generalization to coincident non-BPS Dp-branes, a standard trace prescription (which we
denote as Tr) was taken over the gauge indices. Another prescription, motivated by string
scattering calculations (at least to low orders in o/ [28, 29]) is to take the symmetrized
trace (which we denote by Str) over gauge indices. In both cases the expression being
traced over is the same but the Str prescription results in significantly more complicated
terms in the action compared to T'r.

The effective theory of coincident non-BPS D9-branes is the simplest example of a
multiple non-BPS brane action since there are no matrix valued coordinate fields present
perpendicular to the branes. We shall show that singular tachyon profiles exist which can
be regularized in a way that preserves the U(2) symmetry. We will see that studying the
most general fluctuations about this profile yields precisely the non-abelian DBI action
of two coincident D8-branes. The only caveat is that our proof relies on assuming the
standard T'r as opposed to the Str prescription for tracing over gauge indices in the DBI
action of both the non-abelian non-BPS D9-brane action and the non-abelian D8-brane
action. Whilst it is possible that tachyon condensation in the non-BPS action using Str
could lead to the Str form of the action for two coincident D8-branes [28, 29|, the exact
mechanism for this to happen seems beyond a straightforward extension of the method Sen
used in the case of a single non-BPS brane [23]. In this sense the Str prescription presents
a challenge for non-abelian tachyon condensation and deserves further investigation.

As a simple check of the non-abelian tachyon condensation we also consider the
case of non-abelian tachyon kinks where the U(2) symmetry is spontaneously broken to
U(1) ® U(1). The resulting effective theory of fluctuations is shown to lead to the sum of
two DBI actions of separate BPS D8-branes, as expected.

The structure of the paper is as follows. In section 2 we review and motivate the non-
abelian DBI action of coincident non-BPS D9-branes. In section 3 we study regularized kink
profiles in the matrix valued tachyon field that preserve the U(2) symmetry and derive the
effective world volume theory of its fluctuations. In this section we also discuss the issues of
T'r vs Str prescriptions and why the latter seems problematic as far as tachyon condensation
is concerned. In section 4 we extend these results to kink profiles that spontaneously break
U(2) — U(1) ® U(1). Finally in section 5 we end with some conclusions.

2 Non-BPS D9-branes effective action

In this section we shall introduce an effective action for the coincident non-BPS D9-brane
pair. This system is unstable and it contains a tachyon in its spectrum, in particular,
around the maximum of the tachyon potential, the theory contains a U(2) gauge field and



four tachyon states represented by a 2 x 2 hermitian matrix-valued scalar field transforming
in the adjoint representation of the gauge group.

To arrive at an effective action for this system, we first consider the effective action
of a Dp-anti-Dp-brane pair proposed in [23]. In this case, the gauge group is U(1) x U(1)
and so there are two massless gauge fields A,(}) and A,(E), a complex tachyon field 7" and
scalar fields Y(Il), Yé) corresponding to the transverse coordinate of individual branes. In
particular, the action reads

§=— / v (T, = v ) ((-detGy + \/~detGy) ) (2.1)

where
Gy = v + 270’ FY) + 0,Y0,Y(l) + 7o/ (D,T)* (D, T) + ma/ (D, T)*(D,T) . (2.2)

This action has the nice property of admitting a vortex solution whose world volume action
is given by the DBI action of a stable D(p — 2)-brane [23].

In [20, 30] it has been proposed that the effective action of the Dp-anti-Dp pair can be
derived from the effective action of two non-BPS Dp-branes by projecting it with (—1)f~
where F7j, is the spacetime left-handed fermion number. In particular, in the case of coin-

cident D9-anti-D9-branes, the action (2.1) can be derived from the following action [16]:

S=—Tr / dVx V(T)e’d’\/ —det (g 12+ By lo+7a/ (D, TD,T+D,TD,T)+2mc'F,,)
(2.3)

It is this effective action that we are going to use in order to construct the non-abelian kink
solution. Ineq. (2.3), g, By and ¢ are respectively the spacetime metric, the antisymmet-
ric Kalb-Ramond tensor and dilaton fields whereas 15 is the 2x 2 unit matrix. The covariant
derivative is defined to be D, T = 9,T —i[A,,, T] and the field strength takes the usual form
F,, = 0,A,-0,A,—i[A,, A)]. The tachyon kinetic term has been written in a symmetric
form to make the integrand a Hermitian matrix [16]. V(T') is the tachyon potential and
although its exact form is still unknown, there are different proposals in the literature. For
instance, the one which is consistent with S-matrix element calculation is given by [31]

1
V(T) =Ty (1 + ma/m*T? + §(wa'm2T2)2 + O(T6)> (2.4)
with Ty the tension of the D9-brane and m? = —%ﬂ, the tachyon mass. The one given by
boundary string field theory (BSFT) computations is [10, 11]
V(T) = Tye ™M T° (2.5)

In particular, the potential (2.4) can be obtained from (2.5) by expanding the latter
around the tachyonic vacuum, 7" = 0. Henceforth, we shall not be interested in any
specific form of the tachyon potential and, following [23], we shall only assume that

e V(T) is symmetric under 7" — —T,

e V(T') has a maximum at 7" = 0 and its minima are at 7" = oo where it vanishes.



Before concluding this section, let us mention that in [16] another form of the effective
action for a coincident non-BPS D9-brane pair has been proposed. It is given in terms of
the symmetrized trace! [28, 29]

S = —Str / d*x V(T)e—¢\/ —det (g 12 + By la + 27/ D, TD,T + 27/ Fy,)  (2.6)

Various couplings in this action are consistent with the appropriate disk level S-matrix
elements in string theory. In the above action the Str prescription means specifically that
one has to first symmetrize over all orderings of terms like F),,,, D, T" and also individual T'
that appear in the potential V(T'). The T'r or Str forms of the action are thus very different
when one has carried out the individual symmetrizations mentioned above. As we discussed
before, by projecting this action with (—1)*Z one can obtain the effective action of a Dg-
anti-Dg-brane pair. However, for this action there are no known solutions corresponding
to a vortex whose world volume is given by the DBI action of a stable D7-brane.

3 Non Abelian kink

To simplify our calculations we set By, =0, gu = 1w = (—1,1,...,1) and take a constant
dilaton ¢ consistent with the flat background. We also set the gauge fields to zero. The
latter will be reintroduced when we consider fluctuations around the kink solution.

3.1 Energy-momentum tensor and equations of motion

In this section we shall compute the energy-momentum tensor and the equations of motion
associated with the actions (2.3) and (2.6). In particular the energy-momentum tensor
associated with the action (2.3) is given by

Ty = =TrV(T)V—detG G, (3.1)

where we defined
G =N + By +7d (D, TD,T + D, TD,T) 4 2rndF,, . (3.2)

A similar expression holds for the symmetrized trace form of the action but with T replaced
by Str.
Following Sen [23], we show that the kink solution consistent with the energy-

momentum conservation and the e.o.m is given by

T(z) = f G%) Ip=f <a\/% 112> (3.3)

with gauge fields set to zero, z = 2 a direction longitudinal to the system and a an arbitrary
dimensionless constant that we should take to infinity at the end. The function f(u) can
be any real function with the property that f(u — +00) — 400 and f/(u) > 0, Vu. As a

1Str(Ml . My)=Try Mi... M, where ) _ is a sum over all permutations of matrices in Mi ... M,
divided by n!.



matter of fact, eq. (3.3) is a way of regularizing the tachyon singular solution which comes
from the energy-momentum conservation condition 9,7,, = 0: the latter implies that

V(@)
VIt 2700, 10, T

Thw = (3.4)

must be independent of z. Therefore, since for © — oo we have that T,, — 0 then?
T,. = 0, Va. We conclude that T is singular, namely

T=+c0 and/or 0,7 =+o00 Vzx (3.5)

and this singularity is regularized by taking the constant a in (3.3) to infinity. However,
one can also show that this kink solution has finite energy density regardless of the way
of regularizing the singularity.

Let’s compute now the equation of motion for the tachyon (keeping the gauge fields
non-zero), in particular, varying eq. (3.3) w.r.t. 7' we obtain:

AV (T)

v/~ detG =0 (3.6)

7o/ D, <V(T)\/—detG (G (D, Tsl + DMT55)> -

where we use the properties of the trace to permute all the various sources of 1" factors
that arise in the variation of the action. When one uses the symmetrized trace form of the
action (2.6) the equations of motion for T" are:

/ —1\pv BV(T)

Sy |7a/D, <V(T)\/—detG (G~ (DVT55+DHT55)) — VG| =0 (3.7)
where ) accounts for all symmetrical permutations of the matrices inside the squared
brackets in the previous expression.

We now verify that the kink solution eq. (3.3) satisfy the equation of motions (3.6) in
the @ — oo limit. In this case:

-10 ... 0
0 1 ... 0

G;w = Nuv + 27TC¥/6“T81/T = L. . ® 1o (38)
0 ... 0 (1+2a27(f)?)

where / denotes differentiation w.r.t. the dimensionless argument of f. It follows that

— detG =1+ 2a*n(f)? ~ 2d%x(f')? (3.9)
and
A , 1 ,
(G = {n“ + (HTW - 1) 6;;64 ®1s. (3.10)

2Recall that for a kink solution limgy_.oo T — oo and we assumed that the tachyon potential is
zero at infinity.



Substituting egs. (3.3), (3.9) and (3.10) into eq. (3.6) one obtains
T
2’0y <V(T)\/—detG (G*l)maﬂj - mg; e e
= 21V /9, <V(T)

1 s v
Trean(f R ) OT
~ V2l 0,V (T) — \/_f’av() 0 (3.11)

1+ 2a%7(f")2

where in the last step we have taken the large a limit. Notice that since the solution (3.3)
is such that both 7" and D,T commute (indeed they are both proportional to the identity
in group space), then it is equally a solution of the equations of motion derived from the
Str procedure eq. (2.6) in the background in which the gauge fields are set to zero.

3.2 Study of the fluctuations

We proceed to study the fluctuations around the solution (3.3) which preserve the U(2)
symmetry. These fluctuations correspond just to shifts in the argument of the function

. The analysis is similar to [23], however, we now have two copies of the usual
abelian tachyon profile filling out the diagonal elements of the matrix tachyon field, thus
representing the two coincident D8-branes.

(2 - 1) 1z

As a warmup calculation we consider a fluctuation of the type

3.2.1 Warmup: T = f(

T=f <\/_(x1 —t({))) 1y, (3.12)

where £ denotes all the coordinates tangential to the kink world-volume and ¢(§) the field
associated with the translational zero mode of the kink. Taking the group trace, Tr or
Str, in the action (2.3) or (2.6) in the case where the tachyon profile and its derivatives
are proportional to the identity as in eq. (3.12), will thus give us two identical D8-brane
actions.! Indeed, for the fluctuation (3.12),

— detG =1+ 2ra®(f")? (1 + 1P 0, tdst) (3.13)
and we obtain

S = —Tr/dgfdx V(f) \/%af'\/l—knaﬁ@at@ﬁt

= —Nﬁa/d%dm V() f'\/1 4+ nPo,tdst (3.14)

and by a substitution y = f < a

\/J(x — t(§))) one finds

S = —2\/27?0// dyV (y) /d9£ 1+ nB9,tdat (3.15)

'Note that in the determinant under the square root the symmetric D,TD,T term is automatically
diagonalized in the gauge indices.



which upon the identification Ty = v2ma/ ffooo dyV (y) we recognize as the action describing
two identical D8-branes (with no separation) with a single translational fluctuation mode
t(§) turned on.

322 T=f <\/“—(£C]l2 —t“(£)0a))

o
Of course it is well known that the full DBI action for coincident BPS D8-branes should
involve a nonabelian theory in which the single coordinate perpendicular to the D8-brane
worldvolume is a U(2) matrix-valued field and the resulting action has local U(2) gauge
invariance. Thus we would like to show how such an action appears by looking at the most
general fluctuations around our original kink solution 7" = f <ﬁx) 15. To this end, let
us keep the fluctuations in the gauge field zero for the time being and consider fluctuations
of the tachyon profile of the form:

71 (ot - () (3.16)

where 0% = (0¥ = 15, 0"), 0* being the Pauli matrices and we should regard f as a matrix-
valued application expressed as an infinite power series of its argument. The above ansatz
for the fluctuations is a natural non-abelian generalization of the one that Sen used to
describe fluctuations of regularized tachyon kink in the abelian case [23].

If in the first instance, we make use of the quadratic approximation for the determinant:

detG,, = 1g + 210’ 8, TO'T + O(a'?) (3.17)
the action in the large a limit becomes

S=-Tr / 02V (f)V2ray/ f2\/1g + Oat0°t (3.18)

where ¢ is the U(2) matrix t%o,.

In obtaining the above we have implicitly assumed that 0,f = —\/% f'Out while
0, [ = \/‘L—/ f! is identically the case since the dependence on z is via the unit ma-

trix 1o in f. In fact, there is a subtlety associated with the former relation: since 0.t and ¢
do not commute in general, there is an ordering issue that means that for general functions

f, differentiating w.r.t. £ one cannot simply use the chain rule and express the result as
a

o f'0ut. There will be various symmetric ordering of d,t and ¢ that spoil this.

However there is at least one example, namely when f(u) is linear in its argument
(with positive coefficient so that f’ > 0 everywhere as required) where the chain rule will
hold and no ordering problems occur when differentiating.

The linear form of f has another interesting feature. If we had started with the Str
form of the action, then as discussed above this implies symmetrization w.r.t. Fy,,,D,T
and T'. For linear f we see that it follows that this Tr procedure immediately implies a
similar Str procedure where we replace T with ¢. This is exactly what we would expect if
we require that the Str procedure is the one that correctly describes coincident D8-branes
with ¢ the single transverse coordinate to the world volume.



Finally it is interesting to observe that as pointed out in [23], the linear tachyon profile
seems to play and important role in the BSFT description of tachyon vortex solutions
discussed in [10, 11].

For all these reasons the linear form of f seems to be singled out as being special. For
now we will leave f in its generic form but bear in mind these issues.

The action (3.18) looks of the right form, i.e., it is a non-abelian DBI action (though
with the gauge field fluctuations yet to be included). However, one faces taking the square
root of the function f2 which is matrix valued and is thus non trivial. One has to diagonal-
ize the matrix f first in order to take its square root and obtain a closed form expression.
The terms inside the second square root part of the action are proportional to the identity
and so we can diagonalize them by a U(2) transformation directly:

S = —\/ﬁaw/dl%vu) V2 1y + 0ut0ot
= —\/QWaTr/dwx UV (H)U U f2U0 /1y + Ogtdt

= —V2raTr / APz V(UTfU) Ut 20 /15 + 0407t . (3.19)

Now,

UTf< aa,(a:]lg+t“(£)aa)>U f(UT a (x]12+t“aa)U>

Vao!
a
— (z+ 1y 4+ U UZU>
vl
( T (@ + 101+ Vi, O’3)> L (3.20)
This diagonalization then describes a matrix of the form:

f (5@ + 8+ Vi) 0
0 I (@10 - Vi)

D(f1, f2) (3.21)

U1 (st + (€0, ) U =

where
bil :f<%(x+to+\/ﬁ)> ,
f2 :f<%(x+to—\/ﬁ)> |

We also note that the matrix used to diagonalize f only depends on the variables *(£)
which means that UTf'U = (UTfU)" and so the action (3.19) becomes

S = —\/ﬂaTT/dloxD(V(fl),V(fg))D(f{,fé)\/]lg + Ot
- _\/%aTr/dl%D(V(fl)f{,V(fQ)fg) Vg + 0utoet . (3.22)



Substituting for the variables y = f; and z = fo we obtain the generalization of Sen’s

procedure for the non-abelian case:

S = —WTr/dng (/OO dyV(y),/oo sz(z)> Vg + 0td°t

—00 —00

= Ty Tr / d2+\/15 + 0nt0°t (3.23)

which we recognize as the non-abelian DBI action for the coincident D8-branes (with gauge
fields set to zero) upon identifying the tension Ty = v 2mwo/ ffooo dyV (y). In order to be sure
that in the a — oo limit one really is in the vacuum of the theory we must look at the poten-
tial for the matrix form of T": the requirement that V'(f(400)) = 0 is enough to ensure that.

Now one might also try and arrive at the Str form of the above action, by starting
with the Str form of the tachyon action for non-BPS D9-branes (2.6). The terms inside the
square root part of the action are diagonal in U(2) space and so one can imagine expanding
out the square root factor in a power series and them symmetrizing over terms involving
0T and T in V(T'). The problem one encounters then is that integrating over dz by making
the change of variables as above does not look feasible due to the non-commutation between
f and 0,t terms. That is, even using the cyclic properties of Tr, terms obtained through
Str cannot be factorized into terms involving just powers of f times those involving d,t.
Therefore, it seems that a straightforward generalization of Sen’s procedure to show that
non-abelian tachyon condensation via kink solitons in coincident non-BPS brane theories
gives rise to coincident Dp-branes is only possible in the Tr prescription rather than Str.
It is interesting to see here a parallel to the problem of Str vs T'r prescriptions in trying
to realize vortex (as opposed to kink) solutions in brane-antibrane systems obtained from
coincident non-BPS D9-branes [16].

Working within the T'r prescription, let us now proceed to include the gauge field
fluctuations and to go beyond the quadratic approximation of the determinant used before,
to include all higher order terms. We take the following ansatz for the gauge fields [23]:

Ag(@,8) =0, Aa(z,§) = a(§)aoa, (3.24)

Now let us pause briefly to comment on the action of the covariant derivative D, on the
function f appearing in the ansatz eq. (3.16) for the tachyon kink. Just as we mentioned
earlier when discussing the action of d, on f, the commutator terms [A,, f] cannot, in
general, easily be expressed in terms of f’ and [A,, t] which is what we would have hoped if
we are to promote the action eq. (3.23) to one that is locally U(2) invariant. There are again
ordering issues arising form the non-commutativity of [A,,t| and t. Taking f(u) linear in
its argument avoids this as before. For now let us just keep f in our expressions but have in

mind that it is likely to be constrained to be linear if we assume that DT = — \/“07f’Dat.

We can proceed with calculating the determinant of the matrix in the action using the
ansatz (3.16) for the tachyon field and (3.24) for the gauge fields. We obtain

Gre = (1 +27ma®f7?) (3.25)
Gaw = —2ma® f2 Dyt (3.26)
Gop = 1@ [*(DotDgt + DgtDyt) + angp (3.27)



where ang = 103 + 27/ F,3. Now we can make use of Sen’s trick [23] of adding rows and
columns of the same matrix to simplify the computation of the determinant. In particular,

we have
R 1 1
Gﬂﬁ = Gulgfg + §GM$Dlgt + §DﬁtGlm (3.28)
G = Gz (3.29)
and finally:
Gov = Gavly + Guy Dyt (3.30)
Gy = Gay (3.31)
from which we obtain
Gz = (14 21a® f?)1,, Gra = Goz = Dot (€)0q, Gop = Gap (3.32)
where
Gap = Gop + Dat®(€)Dgt’(&)aaoy . (3.33)
This means that overall
- 1
det(G ) = det(G ) = 2ma® fdet(aqg) + O <?> . (3.34)

The last equation is precisely the generalization of the result Sen obtained to the case of
local U(2) gauge covariant quantities. Note that in the above manipulations we have taken
/! to commute through expressions involving U(2) matrices. For general f this would not
be the case but for linear f, f’ is simply proportional to the 2 x 2 identity matrix as noted
earlier, so this is justified.

We can now substitute this result into the action to obtain
S = —\amaTr / 2 DV )LV (f) fo) v/ —det () (3.35)

which is the full non-abelian DBI action for two coincident D8-branes (using the T'r pre-
scription) once the usual parameter substitutions are performed and the resulting integral
over x identified with the D8-brane tension Ty:

S = —Ty Tr/dgx\/—det(&aﬁ). (3.36)

Now one should also show, as a further check, that the solutions of the equations of
motion arising from the action (3.36) coincide with the solutions as derived from the original
coincident non-BPS D9-brane action (2.3), upon using the non-abelian tachyon profile
given in eq. (3.16). This check was done explicitly by Sen in [23] in the case of tachyon
condensation on a single non-BPS Dp-brane. The calculation in our case would follow
quite closely that of Sen, just extended to the non-abelian case relevant to two coincident
D-branes. The main points of the proof use the property that D,f = —\/‘:7 f'Dgt used
earlier and the approximate relation det(G,,) = 2ma® f"det(Gag) + O (a%) Details will be
presented elsewhere [? |.

,10,



4 Breaking U(2) to U(1) ® U(1)

As further check on our generalized Sen ansatz eq. (3.16), we can consider modifying
the argument of f so that the corresponding kink solution breaks U(2) symmetry and
thus should describe a pair of separated D8-branes after condensation. This amounts to
allowing a vacuum expectation value to one of the U(2) adjoint fields ¢*. In particular,
we set t(§) — t(£) + cos, where ¢ denotes a constant v.e.v. related to the separation
of the two D8-branes along their single transverse direction. In this case we expect to
break the U(2) invariance of the theory down to U(1) ® U(1). The resulting action of
fluctuations about this vacuum configuration should split into two abelian DBI actions, i.e.,
two distinct determinant terms each carrying a single U(1) gauge field and perpendicular
scalar fluctuation field, that describe the separate D8-branes.

We start by introducing the v.e.v. ¢ and obtain a modification of eq. (3.33) due to this
shift: in particular

Gag = Apg = Qag + 3at05t — iaat[Ag, t] — i[Aa, t]aﬁt — [Aa, t] [Aﬁ, t]
icOut [Ag, 03] — ic|Aus 03)05t — c[An, t)[Ag, 03] — c[Aas 73][A5, 1]
—c%[Aq, 03][Ag, 73] (4.1)

where the covariant derivatives appearing in eq. (3.33) have been expanded out explicitly.
To proceed we make use of a different parametrization of ¢ that makes explicit the Goldstone

modes associated with U(2) symmetry breaking: we set
t%o, = Ut (50]12 + 530'3) U (4.2)

%({10'14»{20'2)

where U = exp and we pick a preferential gauge in which

(to,) = Uto, Ut = 115 + Boy (4.3)
(A%,) = U(A%,)UT — (8, U)UT.

In this gauge, the fluctuations ¢ are diagonal and?

OatOpt = (05105t + 0ut®95t%) 12 + (061" 0t + 0ut>05t )03
Oat [Ap, t] = 2it°0a1° (Ajo1 — Afoa) — 26°0,t° (Ajoa + Ajor)
(Ao, t][Ag, 1] = A(t%)? (—ALAL — AZA% +i (AZAL — ALAS) 03) (4.5)

with similar expressions holding with various ¢> are replaced by the v.e.v. c¢. Now we
redefine the gauge fields so as to absorb the v.e.v. ¢ by setting A! = QLCAIQ for i = 1,2.
Substituting these expressions and taking the large ¢ limit one obtains to leading order

Gap = Nap + Fagla + Fo303 + (0at° 05t + 0at*05t° ) 13 + (0at’0t° + 04t°05t°) 03
(0at’(Ajo1 — Aboa) + (o B)) + i (9t (Ajo1 + Ajo2) — (a < B))
HALAL + AL AR 1, — i (AZAL — ALAD) o3 (4.6)

The fields A%,i = 1,2 are non-propagating to lowest order in a 1/c expansion and a
consistent solution of their equations of motion is to set AL = A2 = 0. The limit of large ¢

3We drop the prime sign from the gauged form of A/, and the tilde on £°, >
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corresponds to considering the two coincident D8-branes as being separated by a distance
that is large compared to the string length o/

We use this and redefine the field strengths and scalar fields associated to each brane
as Falﬁ = Fgﬁ —i—Fgﬁ, Fa26 = Fgﬁ — FSB and ¢! =tV +13, 9> = 1% — 3. Then, in group space

the matrix G,z reduces to

é o Tlag + Folélg + aa¢1aﬁ¢1 0
o 0 Tag + Fa2,8 + aa¢286¢2

hence,

— —det(nap + Flg + 000! 050! 0
\/—det(Gag) = /et + Fo o
0

\/_det(naﬁ + FO{QB + 8a¢266¢2)

and finally defining C;‘(lw = Nag + F;ﬁ + Ba(bl@ﬁqﬁl and éiﬁ = Nag + Fgﬁ + 3a¢23ﬁq§2 we
find that the action becomes

S =—V2ma / 4"z (V(fl)f{ —det(Glg) + V(f2) f3 —det(éi@)- (4.7)

After performing the usual change of variables and using the descent relation between Ty,
Ts and V, we recognize this as being the U(1) ® U(1) symmetric abelian DBI action for
two separate D8-branes.

5 Conclusions

In this paper we have considered the generalization of Sen’s tachyon condensation mech-
anism to the formation of two coincident BPS D8-branes on the world volume of tachyon
kink-like configurations of two coincident non-BPS D9-branes. We found a natural exten-
sion of Sen’s regularization of the singular tachyon kink profile, to the case of U(2) tachyon
valued field in the latter theory. What is apparent is the very different properties of the Str
vs T'r prescription in taking the gauge trace in the non-abelian, non-BPS DBI action. The
former leads to a series of very complicated terms that mix D, T, F}, and more problem-
atically individual T" in the tachyon potential V(7). In particular, the latter consequence
of taking Str over gauge indices makes it very difficult to see tachyon condensation occur-
ring in a way that is calculable and which yields the Str prescription of the action of two
coincident BPS D8-branes.

Starting with the T'r prescription however, we have explicitly shown that tachyon
condensation gives rise directly to the BPS action of two coincident D8-branes. This stark
contrast between the Str and T'r prescriptions, parallels similar issues found by Garousi
in [16] regarding the existence (or not) of vortex solutions in brane-antibrane actions derived
from coincident non-BPS D9-brane actions with T'r or Str prescriptions.

Regarding further work in this area, firstly, it would be interesting to investigate non-
abelian tachyon condensation, along the lines presented in this paper, where one starts with
e.g. two coincident non-BPS Dp-branes with p < 9. Then one expects to find the action
of two coincident D(p — 1) BPS branes after tachyon condensation. The resulting action
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should presumably have the same structure as the one proposed by Myers [29]. Since the
latter action is obtained via T-duality of the coincident D9-brane action, understanding
the details of how non-abelian tachyon condensation works in this case would allow us
to see if T-duality ‘commutes’ with it. On the other hand, since the Myers action has a
Str prescription, it is by no means obvious how one may realize such actions through the
process of non-abelian tachyon condensation. Secondly, there are obvious extensions of our
results to the case of multiple coincident non-BPS D9-branes and tachyon condensation
leading to the action of multiple coincident BPS D8-branes. Finally, it would be interesting
to show how one can inherit the correct Wess-Zumino terms for the BPS D(p — 1) branes
from those that are part of the non-BPS action recently proposed in [32, 33]. We hope to
report further on these questions in the future.
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