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Tensionless branes and discrete gauge symmetry
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We argue that the tensionless branes recently found on non-BPS D-branes using noncommutative field
theory are, in fact, gauge equivalent to the vacuum under a discrete gauge symmetry. We also give a simple
construction of the D(R)-branes in type IlA theory starting from a single non-BPS D9-brane.
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It has been recently shown that D-branes can be con- We take the classical tachyon potentiako have a local
structed as exact solitons in open string field theory usingnaximum atT=0 and a ring of minima dff|=t, . Accord-
techniques of noncommutative field thedfy2,3,4. The re- ing to the conjecture of S, T=0 represents the unstable
sulting solutions have the right tension and spectrum to bgg— D9 system and T|=t, represents the closed-string
identified with D-brane$3]. For superstrings, one can con- yvacuum with no open string excitations. The solution in the
struct Bogomol'nyi-Prasad-SommerfielPS Dp-branes, noncommutative theorf2,3]
as well as non-BPS D-branes, as noncommutative solitons.

All these solitons can be analyzed directly in open string T=—-1,(1-Py), (1.2
field theory[4].

These results agree precisely with expectations, but theraith P, a rankk projection operator oftt, represent& BPS
is an additional surprise: in type Il string theory, there areD7-branes, while the tensionless-brane solutions are given
also tensionlesg-branes[2,3]. If these were genuine light by
states in type Il string theory, they should have already been
known from other studies. In this paper we argue that the T=—-1,(1-2Py). (1.3
tensionless solutions are actually gauge transformations of
the vacuum, so they do not appear as new states in the physi- Choosing a basis gt with a d|agonaIPk, we can write
cal spectrum. We use this observation to give a new conthe tensionless brane solution @s-diagy ,—t, ,~t, ....),
struction of D(2)-branes starting from an unstable non-BPSWhere the power ok, denotes repeated entries, so there are

D9-brane of type IIA theory. k entries +t, . This is clearly gauge equivalent to the
vacuum configuratioif = —t, 1 using the gauge transforma-
. _ . k _
. THE BRANE-ANTIBRANE SYSTEM tion U=diag(-1%1,1,..)W=1.
Although the emphasis ih2,3] was on solitons on un- Il. THE NON-BPS BRANE

stable p-branes, it is useful to first consider thepb Dp
system. We start by reviewing this system in the absence of
a background field and for concreteness we start in type
[IB theory. This system has two gauge fiells ,A_, and a
complex tachyon field transforming with a chargél,—1)
underU(1),®U(1)_. The gauge transformation laws are

We now turn our attention to the unstablemranes One

can obtain a non-BPS Dbrane from a [p—Dp system by
projecting with respect to 1)L [6]. This projection sets
A.=A_ and requires thafl be real. This breaks the
U(1),®U(1)_ gauge symmetry to the subgroup preserving
+=A_ and the reality ofT. This subgroup i$J(1).XZ,,

TUTW, whereU(1). is generated by the sum of the generators of
U(l), andU(1)_, and theZ, acts asT——T. The Z,
D,—UD,UT, symmetry of the tachyon potential on a non-BPS D-brane in
type Il can therefore be viewed as a consequence of a dis-
D_—-WD_W", (1.1)  creteZ, gauge symmetry7].
In the noncommutative case, we similarly begin with the
with UeU(1),, WeU(1)_, and D-=d+A. . D9— D9 system in type IIB and project by{1)Ft to obtain

We now consider, as if2,3], turning on a backgrounB  a non-BPS D9-brane in type lIA. In analogy to the commu-
field and taking the limit of large noncommutativity. For tative case, the projection by—(1)Ft requires thatA,
concreteness we considerBafield in two directions,Bgg ~ =A_ and thatT be Hermitian. The classical potential for
=B, and takep=9; the constructions below are easily gen-then has a local maximum @t= 0, representing the unstable
eralized to more generd fields. In this limit we can drop D9-brane and minima al==t, representing the closed
ordinary derivatives in the noncommutative directiohde-  string vacuum.
comes an arbitrary complex operator on Hilbert spE¢and In the noncommutative theory, the action is stationary for
U, W are independent unitary transformations &h The T in the form
equations of motion becomé' (T) =0, where operator mul-
tiplication is implied[1]. T=0Py+t,P,—t,P_, (2.1
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wherePq, P, , andP_ are orthogonal projection operators
[1]. Equivalently, we can diagonaliZé=diagt ,t,,...), and
the potential is stationary if eadh is 0, =t, . The stable
vacua are represented by
Tyae= =diag —t, ,—t,,...).
The discreteZ, gauge symmetry discussed above inter-
changes these two configurations, leaving a single physic
vacuum statek non-BPS D7-branes are represented by

D, (2.3

with the two solutions again interchanged By. The final
solutions of interest are the tensionless 7-branes, given by

).

We would like to show thaT ., is gauge equivalent td, .,
but note that this does not follow from the aba¥g gauge
symmetry.

(2.2

TD7:i(0k,_t* ,_t* g

Tten= t(tljg 1_t* 1_t* yor (24)
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As discussed if3], when expanding the action around the
background of k D7-branes, the gauge bosons of
U()/(U(c—k)xU(k)) appear as unwanted massive de-
grees of freedom. Their mass cannot be computed reliably in
an effective field theory approach, and it was argued that
they should be removed by higher derivative terms in the full
string field theory. Similarly, we here propose that when ex-

anding around a 7-brane solution, it is necessary to freeze

ut these off-diagonal degrees of freedom by setting them to
zero. Indeed, this is necessary in order to recoverTthe

—T gauge symmetry on a non-BPS D7-brane. Of course, it
would be desirable to see this happening explicitly, but given
this physically well-motivated assumption we have shown
that the tensionless solutions are gauge equivalent to the
vacuum.

We also note that additional brane and vacuum solutions
have appeared if8,9]. One would like to find a formulation
in which the D-brane solutions and vacuum are unique and
any additional solutions are gauge artifacts, as we have
found here for the tensionless branes in type Il theory.

Instead, we require a gauge symmetry allowing us to flip

the eigenvalues off independently. The need for such a
symmetry can be understood on the following grounds: Con

sider a fluctuation of the tachyon on a single non-BPS D7-

brane,

TD7+5TD7:i(5t,_t*,_t*,...). (25)

Since we can construct the non-BPS D7-brane as th
(—)FL projection of the D7 D7 system, it follows that there
must be aZ, gauge symmetry flipping the sign of the D7
tachyon,st— — ét. Generalizing to arbitrary numbers of D7-

[ll. A CONSTRUCTION OF D (2p)-BRANES

We can also construct nontrivial solutions which interpo-
late between vacua related by discrete gauge transformations.
For example, a BPS D8-brane is represented in the commu-
tative theory by a kink which interpolates between the vacua
atT==t, . In the present context we can consider a tachyon
field which also depends on one of the commuting direc-
tions, sayx;, in which case a D&anti-D8-brane would be
given by the configuration

branes, it follows that there must exist a gauge symmetry

allowing us to flip the sign of any collection of eigenvalues,
and under this symmetryl ., iS gauge equivalent td .
Therefore, the tensionless solutions found[ 3], with T
=diag(ti ,—t,,—t,,...), are gauge equivalent to the vacuum

T=1, Py 10(X7), (3.9

with @y (X7) a kink (antikink) configuration which inter-
polates betweeR-(*)1 asx; varies from—o to +o. Since

and should not be counted as distinct solutions. Similarly, wehis configuration depends on a commuting coordinate, it is

can show that a superposition of bdtmon-BPS D7-branes
and k” tensionless seven-branes are gauge equivaleit to

not possible to compute its tension exactly ag3nh It is
nonetheless clear that it represents a D8-bfariih a B field

non-BPS D7-branes. We can always use the Weyl group dh two directions along the brahe

U() to put the tachyon field, Eq2.1), into the formT
=diag(0,—t),t’*), with ng+n_+n_. infinite. Forn, finite,
this solution has the same tension and spectrumgason-
BPS D7-brane$3]. By viewing this solution as a tachyon
configuration omgy+n_ D7-branes, we can use t#@g sym-
metry of the tachyon on these D7-branes to map this solutio
to the canonical fornT = diag(0v,t] ).

Let us now try to identify thisZ, gauge symmetry di-
rectly. SettingT='IiandA+=A, in the action of the non-
commutative D9- D9 system gives

1
~F, FH

45w _V(T) )

S= f dsxTr[D#TDMT— (2.6
with D, T=4,T+i[A,,T]. Due to the[A,,T] terms, it is
clear that for generi@\,, flipping the sign of ar eigenvalue

We can also construct D6-branes using these ideas in
terms of solutions that interpolate between vacua where a
finite number of eigenvalues differ in sigf0]. TakeP . to
be orthogonal projection operators of ramk,n_ . Then the
solution
n

T=t, P (X;)P,+t, P (Xy))P_+1t,(1-P,—P_)
(3.2

represents a superpositionof D6-branes and_ anti-D6-
branes. To see this, note that the solution with+n_ ze-

roes on the diagonal, and the remaining diagonal entries
equal tot, representsn,+n_ non-BPS D7-branes. D6-
branes are represented by kinks on a non-BPS D7-brane, and
the above construction has, kinks andn_ antikinks in
commuting subspaces. This construction should be con-

is not a symmetry of the action—trouble comes from thetrasted with the construction of D6-branes as 't Hooft-

off-diagonal elements oA, .

Polyakov monopoles on several D9-branes in the commuta-
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