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Super D-helix
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~Received 12 July 2001; published 22 October 2001!

We study the ‘‘Myers effect’’ for a bunch of D1-branes with type-IIB superstrings moving in one direction
along the branes. We show that the ‘‘blown-up’’ configuration is a helical D1-brane, which is self-supported
from collapse by the axial momentum flow. The tilting angle of the helix is determined by the number of
D1-branes. The radius of the helix is stabilized to a certain value depending on the number of D1-branes and
the momentum carried by type-IIB superstrings. This helix is actually aT-dual version of the supertube
recently found as the ‘‘blown-up’’ configuration of a bunch of type-IIA superstrings carrying a D0-brane
charge. It is shown that the helical D1 configuration preserves one-quarter of the supersymmetry of the
type-IIB Minkowski vacuum.
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I. INTRODUCTION

Dp-branes interacting with higher form Ramond-Ramo
~RR! fields @(p12n11)-form, for example# become D(p
12n)-branes, which was first suggested by Emparan@1# and
nontrivial interactions were explicitly obtained by Myers@2#.
In the presence of magnetic RR fields, these interactions
caused by the motion of the branes. With the motion in co
pact space~thus carrying angular momentum! the higher-
dimensional brane increases its size. Since the size
bounded in the compact space, the angular momentum
also bounded. This fact possibly explains the stringy exc
sion principle in the dual gravity setup@3#.

Recently Mateos and Townsend showed that this ang
momentum can be given in a different guise@4#. In some
special setup of a tubular D2-brane, the Poynting vecto
the electromagnetic field on the D2 world volume provid
the angular momentum. This configuration can be though
as the ‘‘blown-up’’ configuration of a bunch of type-IIA su
perstrings with D0-branes evenly distributed on it. It is se
supported from collapse by the angular momentum supp
by the electric and magnetic field associated with the num
of type-IIA superstrings and D0-branes, respectively. T
important fact is that the tube solution preserves one-qua
of the supersymmetry of the type-IIA Minkowski vacuum
This was generically possible for the intersecting D-bra
with relative codimension four@5#.

In this paper we pursue the issue further to see how
‘‘blowing-up’’ effect can be understood in theT-dual setup.
Several string duality transformations will yield straightfo
ward generalizations of the supertube. In Ref.@4#, S-dual
configurations~therefore ofM theory! of the supertube were
also discussed. These configurations will generate lots
lower-dimensional descendants upon different compactifi
tions, which are to be related with one another v
U-dualities. Although these are the naive expectations, re
interests@6–9# on this subject warrant to produce more e
plicit results.
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We first show that an array of Dp-branes (p<6) along
some axis, say theX axis @see Eq.~1!# when threaded verti-
cally by superstrings over the entire volume of Dp-branes, is
‘‘blown-up’’ to a D( p12)-brane of topologyRp113S1 ac-
quiring extra tubular two dimensions. This result is obtain
by taking T duality along various directions transverse
type-IIA superstrings carrying D0-brane charges. The rad
of the circleS1 is invariant under theseT dualities. An as-
tonishing result is obtained when we takeT duality along the
axial direction of the configuration. The bound state of D
branes and type-IIA superstrings becomes that of D1-bra
with type-IIB superstrings moving in one direction on them
We show that its corresponding blown-up configuration i
single helical D1-brane~D-helix! traveling with the speed o
light along its axis. This result is peculiar in that the dime
sionality is not changed upon the blowing-up. This D-he
should be related with the helicalIIA string discussed in Ref
@4# via a sequence ofS andT duality.

To begin with, we recapitulate briefly the results of Re
@4#, where the configuration of D0-branes evenly array
alongX direction and threaded by a bunch of type-IIA supe
strings was considered.

The configuration is embedded in a flat geometry para
etrized as

ds252dT21dX21R2df21dR21ds2~E(6)!. ~1!

Therefore it is free from any background gravitational effe
and there is no background field of any kind. It was shown
Ref. @4# that this configuration can be considered as z
radius limit of a tubular D2-brane. D0-brane charge is ‘‘d
solved’’ as the magnetic flux on D2-brane while type-II
superstrings are dissolved as the electric field along thX
direction.

With the static gauge for the world-volume coordinat
(t5T, x5X, w5f) on D2-brane, Born-Infeld~BI! two-
form field strength is given by

F5E dt`dx1B dx̀ dw. ~2!

The Lagrangian for the tubular D2-brane is that of Dira
Born-Infeld ~DBI! which can be simplified as
©2001 The American Physical Society10-1
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L52AR2~12E2!1B2. ~3!

For fixed momentumP[]L/]E and magnetic fieldB, the
Hamiltonian H5R21A(P21R2)(B21R2) is minimized at
R5AuPBu. The same physics can be viewed from D0-bra
side. In this case, the system is described by the ma
model. Some extended solutions, including multisupert
configurations, were found in Ref.@6#.

In the next section, we consider the cases of pla
Dp-brane array threaded vertically by superstrings. These
obtained byT-dual transformation along various direction
transverse to the type-IIA superstrings carrying D0-bra
charge. In Sec. III, we study the case obtained by aT-dual
transformation along the longitudinal direction of the orig
nal configuration. We show that the blown-up configurati
is the helical D1-brane moving with light velocity along i
axis. In Sec. IV, we explicitly show that 1/4 of the supersy
metry of the type-IIB Minkowski vacuum is preserved in th
D-helix configuration. In the last section we conclude w
some discussions and remarks on further works.

II. D P-BRANES THREADED BY SUPERSTRINGS

The first question that arises from the supertube physic
whether similar blowing-up happens in the type-IIB setu
One simple way to see this is to takeT duality along some
directions for the original tpe-IIA superstrings carrying D
brane charge and check whether the sameT duality for the
supertube gives sensible blown-up configuration. T
scheme is based on the fact that supersymmetry is prese
underT duality @10#. Since the supertube configuration e
codes those charges of D0-brane array and type-IIA su
strings, so must itsT-dual counterpart.

We first takeT duality along some directions transverse
the type-IIA superstring. The D0-brane array threaded
type-IIA superstrings are dualized to be an array of D
branes crossed by a bunch of type-IIB superstrings. We
pect a D3-brane of topologyR23S1 as the blown-up con-
figuration. This D3-brane is nothing butT-dual version of the
type-IIA supertube. To be more specific, we take theX4 di-
rection ofE(6) as theT-dual direction.

TakingT duality directly on DBI action is not simple. It is
very obscure in the DBI action to start from theU(`) matrix
and constrain its components~using the orbifold technique
used in Ref.@11#! to describe D-brane array along some co
pact direction. Instead we take an indirect way. With t
knowledge about BI fields on the D3-brane, which enco
the dissolved D1-branes and type-IIB superstrings, we c
struct DBI action for this type-IIB setup. On the resultin
D3-brane, the array of D1-branes is dissolved as magn
flux and the number of type-IIB superstrings is encoded
the electric field along theX direction. In the static gauge fo
the additional world-volume coordinatex45X4, the induced
geometry and the BI fields on the world volume become

ds252dt21dx21R2dw21dx4
2 ,

F5E dt`dx1B dx̀ dw. ~4!
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One can see that a D3-brane of topologyR23S1 is
blown-up to have nonvanishing size of the circle directi
because a DBI Lagrangian constructed from the above c
figuration is the same as that of the supertube. The b
reason why this case gives the same results as the type
case is thatT duality alongX4 preserves the relative cod
mension of the D2-brane and D0-branes dissolved in
Hence the same results will be obtained for furtherT duali-
ties along the directions alongX5,6,7,8,9.

Summing up the result for an array of Dp-branes (p
<6) along theX axis, we can say as follows: when thread
vertically by superstrings over the entire volume of t
Dp-brane, it is blown-up to the D(p12)-brane. The extra
two dimensions obtained are tubular, which are exten
along theX direction and embedded in the residual dime
sions. In all cases the stabilized radius is the same and
erned by the Neveu-Schwarz~NS! field E of the superstrings,
and the magnetic fieldB which is produced effectively by
Dp-branes dissolved in the D(p12)-brane.

III. D1-BRANE WITH TRAVELING TYPE-IIB
SUPERSTRINGS

In this section we deal with another type-IIB setup,
taking T duality along theX direction. The basic question
here is about the type-IIB counterpart of the supertube. T
D0-brane array threaded by type-IIA superstrings isT dual to
a bunch of D1-branes along which type-IIB superstrings
traveling in one direction. Since the former configuration
not stable in the type-IIA setup, neither should be the latte
the type-IIB setup. At first sight, one might think this latt
system will be blown up to a D3-brane acquiring ext
spherical two dimensions because there is no tw
dimensional object in the type-IIB setup. We show belo
that this is not the case. Actually the stabilized configurat
remains one dimensional. It turns out to be a D-helix w
axial momentum flow, whose radius is the same as that of
supertube.

The basic tool is againT duality acting on the supertube
In order to see the resulting configuration, we study
boundary conditions of type-IIB superstrings. These can
obtained byT dualizing the boundary conditions of type-IIA
superstrings living on the supertube;

type IIA: ~]sX01E]tX
1!us50,p50,

~]sX11E]tX
02B]tf!us50,p50,

~R2]sf1B]tX
1!us50,p50. ~5!

T duality along theX1 direction interchanges]tX
1 with

]sX1. With X̃m denotingT-dualized coordinates, the abov
boundary conditions areT dualized as

type IIB: ]s~X̃01EX̃1!us50,p50,

]t~X̃11EX̃02Bf̃ !us50,p50,

]s~R2f̃1BX̃1!us50,p50. ~6!
0-2
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SUPER D-HELIX PHYSICAL REVIEW D 64 106010
From the second condition, we note that the hypersurf
X̃11EX̃02Bf̃5c ~with the omitted conditions for othe
transverse directions! defines D1 world sheet. We take th
constantc to be zero for simplicity.

The other two conditions define the longitudinal dire
tions of the D1-brane. Since both of them are Neumann c
ditions, one can take arbitrary two independent combinati
of the coordinatesX̃01EX̃1 and Rf̃1BX̃1/R to make one
temporal coordinate and one spatial coordinate. The simp
choice will be the ‘‘orthonormal’’ pair (X̃0, Rf̃). This choice
is transparent if we see dual background geometry obta
by Buscher’s duality@12#;

d̃s252~dX̃0!21~dX̃1!21R2~df̃ !2

52~dX̄0!21~dX̄12E dX̄01B df̄ !2

1R2~df̄ !2, ~7!

where one can easily see the relation between the ortho
mal coordinates (X̃0, Rf̃, X̃1) and the tilted coordinate
(X̄0, Rf̄, X̄1);

X̃05X̄0, Rf̃5Rf̄, X̃15X̄12EX̄01Bf̄. ~8!

In the tilted coordinates, the D1-brane is defined by
hypersurfaceX̄150. The other coordinates (X̃0, Rf̃) are
orthonormal longitudinal coordinates. The metric induced
the hypersurface (X̄150) becomes

d̃s252~12E2!~dX̃0!222EB dX̃0df̃1~R21B2!df̃2,
~9!

from which one gets a DBI Lagrangian~in static gauge as
t̂5X̃0,ŝ5f̃);

L52A~12E2!R21B2. ~10!

The DBI Lagrangian is of the same form as that of t
type-IIA case. This result is rather expected becauseT dual-
ity in general leaves the D-brane action invariant. The o
difference is the change of some field strength compon
into the derivatives of transverse scalarX̃1 denoting trans-
verse fluctuations of the D1-brane with respect to the wo
sheet coordinates. In the case at hand, we can see this ch
explicitly in the relationX̃152Et̂1Bŝ;

]X̃1

]t̂
52E,

]X̃1

]ŝ
5B. ~11!

ThereforeE is now the axial velocity of the D-helix. Figure
1 summarizes the configuration.

As in the case of the supertube, the equations of mo
just tells us that the momentumP is conserved. The momen
tum P stabilizes the radius of the D-helix asR5AuPBu, at
which the velocity becomes the speed of light,E561, and
the Hamiltonian saturates its bound asH5uPu1uBu. One
could consider the type-IIB strings traveling along t
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D-helix. However, uniform motion of those strings are n
physical because of the world-sheet reparametrization s
metry.

IV. SUPERSYMMETRY OF THE D-HELIX

In this section we show that the above D-helix configu
tion preserves one-quarter of the supersymmetry of
Minkowski vacuum, as in the case of the supertube. This
in fact, easy to understand becauseT duality in general pre-
serves supersymmetry@10#. However, it looks not so trans
parent to see supersymmetry directly in the D-helix config
ration. Here we give a rigorous proof of that. We close
follow the procedure of Ref.@4#. Supersymmetry is deter
mined by the independent Killing spinorse satisfying

Ge5e, ~12!

whereG is the matrix definingk transformation on the world
volume of D-branes@13#. In the type-IIB case at hand, it is

DG5s1^ Ḡ,

Ḡ5~BG 0̃1̃2EG 1̃f̃1G 0̃f̃!,
~13!

whereD[A2ug̃u and the static gauge is chosen. Therefo
the Killing spinor relation~12! becomes

S 0 Ḡ

Ḡ 0
D S e1,a

e2,bD 5DS e1,a

e2,bD . ~14!

In type-IIB case, chiral projection should be understo
for the above spinors, so for 32-component spinorse1 and
e2. ~See Ref.@13# for details.! Taking into account positive
chirality components, we can put

FIG. 1. The solid square represents D1-brane world sheet. In
presence ofE5tana, D1-brane is not static. It is tilted with an
angle of tanu5B/R, and is thus helical. The helix pitch is 2pB.
0-3
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e1,a5S e1,a1

0 D , e2,a5S e2,a1

0 D . ~15!

Therefore, they are effectively 16-component spinors.
In order to delimitate the coordinate dependent part of

spinors, we make use of the fact that Killing vectors can
written as bilinears of Killing spinors;jm5 ē Gme @14#. In
flat geometry, Killing spinors can be written as

e1,25ef̃/2GR̃f̃e0
1,2, ~16!

wheree0’s are constant spinors andM 65e6f̃GR̃f̃/2 are Lor-
entz transformations acting on the chiral spinors.~Note that
e1,2 are of the same chirality.! With this in mind, one sees

that the Killing spinor relation~14!, i.e., Ḡe15De2 becomes

M 1~BG 0̃1̃e0
12De0

2!1M 2~G 0̃f̃2EG 1̃f̃!e0
150. ~17!

In order to satisfy the above relation for an arbitrary va
of f̃, the first two terms and the last term should van
separately;

BG 0̃1̃e0
12De0

250,

~G 0̃f̃2EG 1̃f̃!e0
150. ~18!

From the second relation, we see thatG 0̃1̃e0
152Ee0

1, from
which it is clear thatE561. ~This result was also obtaine
when we insertR5AuPBu into the expression ofE.! There-
fore the D-helix should travel with the speed of light on
axis to make the configuration supersymmetric. With t
value ofE inserted, the first relation of Eq.~18! tells us that

e0
152sgn~B!e0

2 . ~19!

Hencee0
2 can be written in terms ofe0

1. Since e0
1 is con-

strained by the projection operatorG 0̃1̃ , only eight compo-
nents of Killing spinors remain independent; thereby o
quarter supersymmetry of the type-IIB vacuum are preser
for the configuration.

V. DISCUSSION

In this paper, we studied the supertube physics in
T-dual setup. In the transverselyT-dual case, the result look
somewhat plain; the blowing-up effect happens for an ar
of D-branes when they are threaded by superstrings. H
ever, we have to mention one interesting point. In the cas
the D1 array crossed by the superstring array, we can
why the stabilized radius is expressed by the product oP
andB. If we take theSduality, the role of D1-branes and tha
of superstrings are interchanged. In order for the radius to
invariant underS duality, its square~by dimensional analy-
sis! should be proportional to type-PB.

In the longitudinallyT-dual case, we showed that a bun
of D1-branes with type-IIB superstrings moving in one d
10601
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rection along the branes is blown-up to a D helix traveling
with the speed of light along its axis. It carries 1/4 of th
supersymmetry of the type-IIB vacuum.

One could consider a D3-brane of topologyR3S2 as the
blown-up configuration of the aforementioned type-IIB ca
However, that configuration is not consistent with the typ
IIA result because it cannot be obtained byT duality from the
supertube configuration. In fact, when one construct DBI
tion by assuming flat geometry in the spherical polar coor
nates and NSB field over the spherical part of the topolog
the stabilized radius is vanishing. Spherically blown-up co
figurations can be possible only with appropriate backgrou
fields. Some examples are given in Ref.@3# and other ex-
amples include D-branes embedded in the flux branes@7,15#.

The helical configuration of D-branes appeared in a d
ferent context. In Ref.@16#, a double helix with fundamenta
string rungs is obtained byT dualizing the D-brane setup o
the quantum Hall soliton@17#. With some additional input of
D-branes~such as an array of D6-branes along theX axis,
which is transverse to their world volume, andT duality as
before! the super D-helix considered in this paper could b
starting point to study such a system further.

Finally, we mention two related problems to be solve
The first one concerns the well-known bound state of D1/D
branes. As for an array of D3-branes threaded vertically
type-IIB superstrings, one can apply theS duality to change
these superstrings into the same number of D1-branes.
sequentT dualities along the direction of D1-branes and a
other direction transverse to both branes result in the fam
D1/D5 bound state. The same sequence of dualities app
to the blown-up version of the initial configuration result
the Kaluza-Klein monopolelike configuration@18#. This is
very puzzling. If the blowing-up effect is preserved underU
duality, the result of supertube predicts that the D1/D5 bou
state is indeed unstable~even though it is known as a typica
one-quarter supersymmetric state! and should be understoo
as a Kaluza-Klein monopolelike configuration. The same
gument applies to the D0/D4 bound state, which is to
blown-up to NS5-brane wrapping a trivial homology cycl
This nontrivial observation cannot be easily understood
direct consideration of D1/D5 without recourse toS and T
duality. Further study on these bound states should be
sued.

The second one is anotherT duality, which is not consid-
ered in this paper. It is theT duality along the angular direc
tion of the supertube. This duality is quite intriguing as
involves a fixed point. Since the resulting geometry is sing
lar, it should be taken with care. This will be studied els
where.

ACKNOWLEDGMENTS

We thank Soo-Jong Rey, Yoonbai Kim, and Young
Kiem for helpful discussions and Roberto Emparan for
valuable comment. This work is supported in part by KOS
through Project No. 2000-1-11200-000-3.
0-4



rg

rg

s

E

os,

s of
,

es
.

J.

s.

SUPER D-HELIX PHYSICAL REVIEW D 64 106010
@1# R. Emparan, Phys. Lett. B423, 71 ~1998!.
@2# R.C. Myers, J. High Energy Phys.12, 022 ~1999!.
@3# J. McGreevy, L. Susskind, and N. Thoumbas, J. High Ene

Phys.06, 008 ~2000!.
@4# D. Mateos and P.K. Townsend, Phys. Rev. Lett.87, 011602

~2001!.
@5# J. Polchinski, Superstring Theory~Cambridge University,

Cambridge, England, 1998!, Vol. II.
@6# D. Bak and K. Lee, Phys. Lett. B509, 168 ~2001!.
@7# R. Emparan, Nucl. Phys.B610, 169 ~2001!.
@8# O. Lunin and S.D. Mathur, Nucl. Phys.B610, 49 ~2001!.
@9# R. Emparan, D. Mateos, and P.K. Townsend, J. High Ene

Phys.07, 011 ~2001!.
@10# E. Alvarez, L. Alvarez-Gaume, and I. Bakas, Nucl. Phy

B457, 3 ~1995!.
@11# M.R. Douglas and G. Moore, ‘‘D-branes, Quivers, and AL
10601
y

y

.

Instantons,’’ hep-th/9603167.
@12# T. Buscher, Phys. Lett. B194, 59 ~1987!.
@13# E. Bergshoeff, R. Kallosh, T. Ortin, and G. Papadopoul

Nucl. Phys.B502, 145 ~1997!.
@14# P.K. Townsend, hep-th/9901102, to appear in Proceeding

the 22nd Johns Hopkins Workshop~Gothenburg, Germany
1998!.

@15# M.S. Costa, C.A.R. Herdeiro, and L. Cornalba, ‘‘Flux Bran
and the Dielectric Effect in String Theory,’’ hep-th/0105023

@16# S. Hellerman and J. McGreevy, ‘‘D~NA!-Branes,’’
hep-th/0104010.

@17# B.A. Bernevig, J. Brodie, L. Susskind, and N. Thoumbas,
High Energy Phys.02, 003 ~2001!.

@18# It is of Kaluza-Klein monopole configuration@i.e., transversely
T-dualized Neveu-Schwarz 5-brane~NS5!-brane#, but with one
longitudinal direction compactifed in the external dimension
0-5


