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Super D-helix
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We study the “Myers effect” for a bunch of D1-branes with type-lIB 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-lIB superstrings. This helix is actualli-dual version of the supertube
recently found as the “blown-up” configuration of a bunch of type-lIA superstrings carrying a DO-brane
charge. It is shown that the helical D1 configuration preserves one-quarter of the supersymmetry of the
type-1IB Minkowski vacuum.
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I. INTRODUCTION We first show that an array of Pbranes p<#6) along
some axis, say th¥ axis[see Eq(1)] when threaded verti-

Dp-branes interacting with higher form Ramond-Ramondcally by superstrings over the entire volume gi-Dranes, is
(RR) fields [(p+2n+1)-form, for examplgé become Dp  “blown-up” to a D(p+2)-brane of topologyRP*1x St ac-

+ 2n)-branes, which was first suggested by Empdfdrand  quiring extra tubular two dimensions. This result is obtained
nontrivial interactions were explicitly obtained by MyggJ. by taking T duality along various directions transverse to
In the presence of magnetic RR fields, these interactions af¥pe-IIA superstrings carrying DO-brane charges. The radius
caused by the motion of the branes. With the motion in comof the circle St is invariant under thes& dualities. An as-
pact spacethus carrying angular momentinthe higher-  tonishing result is obtained when we takeluality along the
dimensional brane increases its size. Since the size &xial direction of the configuration. The bound state of DO-
bounded in the compact space, the angular momentum Branes and type-IlA superstrings becomes that of D1-branes
also bounded. This fact possibly explains the stringy excluwith type-IIB superstrings moving in one direction on them.
sion principle in the dual gravity setg]. We show that its corresponding blown-up configuration is a

Recently Mateos and Townsend showed that this angulagingle helical D1-branéD-helix) traveling with the speed of
momentum can be given in a different guigd. In some light along its axis. This result is peculiar in that the dimen-
special setup of a tubular D2-brane, the Poynting vector osionality is not changed upon the blowing-up. This D-helix
the electromagnetic field on the D2 world volume providesshould be related with the helicdlA string discussed in Ref.
the angular momentum. This configuration can be thought off4] via a sequence d and T duality.
as the “blown-up” configuration of a bunch of type-IIA su- To begin with, we recapitulate briefly the results of Ref.
perstrings with DO-branes evenly distributed on it. It is self-[4], where the configuration of DO-branes evenly arrayed
supported from collapse by the angular momentum supplie@longX direction and threaded by a bunch of type-IIA super-
by the electric and magnetic field associated with the numbestrings was considered.
of type-llA superstrings and DO-branes, respectively. The The configuration is embedded in a flat geometry param-
important fact is that the tube solution preserves one-quartetrized as
of the supersymmetry of the type-l1lIA Minkowski vacuum.

This was generically possible for the intersecting D-branes ds?=—dT?+dX?+R2d¢?+dR2+dsX(E®). (1)
with relative codimension fours].

In this paper we pursue the issue further to see how thigherefore it is free from any background gravitational effect
“blowing-up” effect can be understood in thB-dual setup. and there is no background field of any kind. It was shown in
Several string duality transformations will yield straightfor- Ref. [4] that this configuration can be considered as zero
ward generalizations of the supertube. In Ref], Sdual radius limit of a tubular D2-brane. DO-brane charge is “dis-
configurationgtherefore ofM theory) of the supertube were solved” as the magnetic flux on D2-brane while type-lIA
also discussed. These configurations will generate lots afuperstrings are dissolved as the electric field alongXhe
lower-dimensional descendants upon different compactificadirection.
tions, which are to be related with one another via With the static gauge for the world-volume coordinates
U-dualities. Although these are the naive expectations, receift=T, x=X, ¢=¢) on D2-brane, Born-InfeldBI) two-
interests[6—9] on this subject warrant to produce more ex-form field strength is given by

plicit results.
F=E dtA\dx+B dx\de. (2
*E-mail address: jncho@taegeug.skku.ac.kr The Lagrangian for the tubular D2-brane is that of Dirac-
TE-mail address: ploh@dirac.skku.ac.kr Born-Infeld (DBI) which can be simplified as
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£=—-JR%(1-E?)+B2 (3) One can see that a D3-brane of topoloByx St is
blown-up to have nonvanishing size of the circle direction
For fixed momenturlI=4dL/JE and magnetic field, the t_)ecause a DBI Lagrangian constructed from the above con-
figuration is the same as that of the supertube. The basic

Hamiltonian =R~ 1{/(II?+ R?)(B*+ R?) is minimized at ; .

R— ﬁ|HB| The same physics can be viewed from DO-branereaso.n why this case gives the same results as .the typg-IIA

. . . : -case is thafl duality alongX, preserves the relative codi-

side. In this case, the system is described by the matriX . ; A
mension of the D2-brane and DO-branes dissolved in it.

model. Some extended solutions, including multisupertub(?_|ence the same results will be obtained for furtiieduali-

configurations, were found in Rg6]. ties along the directions alors g 7.6

In the next section, we consider the cases of planar Summing up the result for an array ofpEbranes p

Dp-brane array threaded vertically by superstrings. These are ; )
obtained byT-dual transformation along various directions =6) along theX axis, we can say as follows: when threaded

transverse to the type-llA superstrings carrying DO-bran%erf'bchye b?t/ i:ut?li:;:-lzgstomtﬁé E;(i ze)rlgrrzn\éd#rr?: ec))(ftr;he
charge. In Sec. lll, we study the case obtained bi-cual P ’ P '

: B A . . two dimensions obtained are tubular, which are extended
transformation along the longitudinal direction of the origi- o ! ) )
nal configuration. We show that the blown-up configurationa.Icmg theX direction and e.mbedded. n j[he residual dimen-
is the helical D1-brane moving with light velocity along its SIOﬂS(}j. tl)n ?AI csses thSe itab'r:;sec:,.r?g'és ﬁhthe samet gnd gov-
axis. In Sec. IV, we explicitly show that 1/4 of the supersym-g:]rée theymae ng':i/c?ufi-elfds \\,/vv?](ich)isle 0 dgce de stf]epc?t:\S/erll ngbs ’
metry of the type-1I1B Minkowski vacuum is preserved in the Do-branes (?issolved in the ID&Z)F-)brane y by
D-helix configuration. In the last section we conclude with P '
some discussions and remarks on further works.

lIl. D1-BRANE WITH TRAVELING TYPE-IIB
Il. D P-BRANES THREADED BY SUPERSTRINGS SUPERSTRINGS

The first question that arises from the supertube physics is In this section we deal with another type-IIB setup, by
whether similar blowing-up happens in the type-IIB setup.taking T duality along theX direction. The basic question
One simple way to see this is to taReduality along some here is about the type-1IB counterpart of the supertube. The
directions for the original tpe-IIA superstrings carrying DO- DO-brane array threaded by type-IlA superstring$ dual to
brane charge and check whether the sahwality for the @ bunch of D1-branes along which type-lIB superstrings are
supertube gives sensible blown-up configuration. Thigraveling in one direction. Since the former configuration is
scheme is based on the fact that supersymmetry is preserve@t stable in the type-IlA setup, neither should be the latter in
under T duality [10]. Since the supertube configuration en-the type-IIB setup. At first sight, one might think this latter
codes those charges of DO-brane array and type-lIA supefystem will be blown up to a D3-brane acquiring extra
strings, so must it3-dual counterpart. spherical two dimensions because there is no two-

We first takeT duality along some directions transverse todimensional object in the type-1IB setup. We show below
the type-IIA superstring. The DO-brane array threaded b)that this is not the case. Actually the stabilized configuration
type_”A Superstrings are dualized to be an array of Dl_remains one dimensional. It turns out to be a D-helix with
branes crossed by a bunch of type-1I1B superstrings. We ex@xial momentum flow, whose radius is the same as that of the
pect a D3-brane of topologiR?x S as the blown-up con- Supertube.

figuration. This D3-brane is nothing blitdual version of the ~ The basic tool is agaiff duality acting on the supertube.
type-IIA supertube. To be more specific, we take ¥edi- |0 order to see the resulting configuration, we study the
rection of (® as theT-dual direction. boundary conditions of type-1IB superstrings. These can be

Taking T duality directly on DBI action is not simple. Itis ©btained byT dualizing the boundary conditions of type-IlIA
very obscure in the DBI action to start from thiec) matrix ~ Superstrings living on the supertube;
and constrain its componentasing the orbifold technique
used in Ref[11]) to describe D-brane array along some com- type NIA:  (9,X°+Ed.XY)|,—0,=0,
pact direction. Instead we take an indirect way. With the 1 0 ’ _
knowledge about BI fields on the D3-brane, which encodes (9X*+E3 X"~ B0 $)|4-0+=0,
the dissolved D1-branes and type-1IB superstrings, we con- (R%9,¢+ BaTX1)|U:0',T:O. (5)
struct DBI action for this type-11B setup. On the resulting
D3-brane, the array of D1-branes is dissolved as magneti . I 1
flux and the number of type-lIB superstrings is encoded aj d;‘a"tY al~ong the>-( dlrect|9n mterche.mgesﬁrx with
the electric field along thX direction. In the static gauge for 9oX"- With X* denotingT-dualized coordinates, the above
the additional world-volume coordinaig=X,, the induced ~Poundary conditions ar& dualized as
geometry and the Bl fields on the world volume become

type 1B: 30(3‘(0—’— E’S(l)|o':0m':ol
aT(S'(l_'_ ES(O_ Ba) | o=0m" 0,
F=E dt\dx+B dx\de. (4) I (RZp+BXY)|y—0,=0. (6)

ds?=—dt?+dx*+ R%d¢?+dx3,
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From the second condition, we note that the hypersurface

X1+ EX°~Bg=c (with the omitted conditions for other
transverse directiongefines D1 world sheet. We take the
constantc to be zero for simplicity.

The other two conditions define the longitudinal direc-
tions of the D1-brane. Since both of them are Neumann con-
ditions, one can take arbitrary two independent combinations T
of the coordinateX®+EX! and Ré+BX'/R to make one N
temporal coordinate and one spatial coordinate. The simplest X

choice will be the “orthonormal” pair X°, R¢). This choice
is transparent if we see dual background geometry obtained
by Buscher’s dualityf12];

ds?= — (dX%) %+ (dX")2+R%(d)?

= —(dX%)?+ (dX*—E dX°+B d¢)?
2 2 FIG. 1. The solid square represents D1-brane world sheet. In the
+R(d¢)", () presence ofE=tana, D1-brane is not static. It is tilted with an

. . angle of tarP=B/R, and is thus helical. The helix pitch is7B.
where one can easily see the relation between the orthonor- g P

mal coordinates X°, R¢, X*) and the tilted coordinates p_pelix. However, uniform motion of those strings are not
(X%, Rg, X1); physical because of the world-sheet reparametrization sym-
o S metry.
X0=X% R¢=R¢p, X'=X'-EX°+B¢. (8

In the tilted coordinates, the D1-brane is defined by the IV. SUPERSYMMETRY OF THE D-HELIX

hypersurfaceX'=0. The other coordinatesXf, R¢) are In this section we show that the above D-helix configura-
orthonormal longitudinal coordinates. The metric induced ontion preserves one-quarter of the supersymmetry of the
the hypersurface%lzo) becomes Minkowski vacuum, as in the case of the supertube. This is,
in fact, easy to understand becadsduality in general pre-
ds?=—(1-E?)(dX%?2-2EB dXd ¢+ (R?+B?)d¢?, serves supersymmetfit0]. However, it looks not so trans-

(9) parent to see supersymmetry directly in the D-helix configu-
] o ) ration. Here we give a rigorous proof of that. We closely
from which one gets a DBI Lagrangidin static gauge as follow the procedure of Refl4]. Supersymmetry is deter-
=X 0=¢); mined by the independent Killing spinoessatisfying

L£=—(1-E?R?*+B?2. (10) Te=e, (12)

The DBI Lagrangian is of the same form as that of the . . - .
. g wherel is the matrix defininge transformation on the world
type-llA case. This result is rather expected becauseal- volume of D-brane$13]. In tg(e type-lIB case at hand, it is
ity in general leaves the D-brane action invariant. The only ' ’

difference is the change of some field strength components

into the derivatives of transverse scakét denoting trans- Al'=oq8T,

verse fluctuations of the D1-brane with respect to the world- .

sheet coordinates. In the case at hand, we can see this change I'=(BI'gi—Eli3+5y),

explicitly in the relationX'=—E7+ B, (13
ﬁz E ﬁzB (11) whereA=\—[g| and the static gauge is chosen. Therefore
T " 9o ’ the Killing spinor relation(12) becomes

ThereforeE is now the axial velocity of the D-helix. Figure 0 T)/éle el

1 summarizes the configuration. — Z,B) =A( Z,B)' (14

As in the case of the supertube, the equations of motion r 0/\€ €

just tells us that the momentuhh is conserved. The momen-

tum IT stabilizes the radius of the D-helix &= /|TIB|, at In type-lIB case, chiral projection should be understood
which the velocity becomes the speed of light= +1, and  for the above spinors, so for 32-component spindrsand
the Hamiltonian saturates its bound #&=|I1|+|B|. One €. (See Ref[13] for details) Taking into account positive
could consider the type-lIB strings traveling along thechirality components, we can put
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€ I (15  with the speed of light along its axis. It carries 1/4 of the

supersymmetry of the type-IIB vacuum.

H 2
Therefore, they are effectively 16-component spinors. One could consider a D3-brane of topology S° as the
In order to delimitate the coordinate dependent part of thé?!own-up configuration of the aforementioned type-1IB case.

spinors, we make use of the fact that Killing vectors can bdlowever, that configuration is not consistent with the type-
. . - . = IIA result because it cannot be obtainedbguality from the
written as bilinears of Killing spinorsé#*=eI'*e [14]. In

flat geometrv. Killing spinors can be written as supertube configuration. In fact, when one construct DBI ac-
9 Y gsp tion by assuming flat geometry in the spherical polar coordi-
el2= #l2TRy 12 (16) nates ar_lq NB fielld over th_e spherical part of the topology,
0 the stabilized radius is vanishing. Spherically blown-up con-
figurations can be possible only with appropriate background
fields. Some examples are given in RE§] and other ex-
amples include D-branes embedded in the flux br@ngs).
o i ) = 5 The helical configuration of D-branes appeared in a dif-
that the Killing spinor relatior{14), i.e.,I'e"=Ae” becomes  ferent context. In Ref.16], a double helix with fundamental
1 A2 N string rungs is obtained by dualizing the D-brane setup of
M. (BIGieo—Aeg) + M- (I'g5—EI'T5)e=0. (17) 4o guantum Hall solitoh17]. With some additional input of
In order to satisfy the above relation for an arbitrary ValueD—pran.es(such as an array of D6-branes along I»h_ems,
£ % the first two t d the last t hould . hwh|ch is transverse to their world volume, amdduality as
of ¢, the first two terms an € last term should vanis before the super D-helix considered in this paper could be a

0

(5#1) rection along the branes is blown-up & D helix traveling

whereeg’s are constant spinors aid . =e*#'®#/2 are Lor-
entz transformations acting on the chiral spinghsote that
e'? are of the same chiralityWith this in mind, one sees

separately; starting point to study such a system further.
e 1A 2 Finally, we mention two related problems to be solved.
BFOlfo AEO 0, )
The first one concerns the well-known bound state of D1/D5-
(T35~ ET13) eézo. (18) branes. As for an array of D3-branes threaded vertically by

type-1IB superstrings, one can apply tBaluality to change
From the second relation, we see tiiges= —Ees, from these superstrings into the same number of D1-branes. Sub-
which it is clear thaE =+ 1. (This result was also obtained Sequentr dualities along the direction of D1-branes and an-
when we inserR= m into the expression dE.) There- other direction transverse to both branes result in the familiar

fore the D-helix should travel with the speed of light on its P1/D5 bound state. The same sequence of dualities applied

axis to make the configuration supersymmetric. With thisto the blown-up version of the initial configuration result in

value of E inserted, the first relation of E¢18) tells us that e Kaluza-Klein monopolelike configuratidig]. This is
very puzzling. If the blowing-up effect is preserved untker

6(1): —sgn( B)eg. (19 duality, the result of supertube predicts that the D1/D5 bound
state is indeed unstableven though it is known as a typical
Hence eé can be written in terms o&é. Since eé is con-  one-quarter supersymmetric staéad should be understood
strained by the projection operatbg;, only eight compo- as a Kaluza-Klein monopolelike configuration. The same ar-
nents of Killing spinors remain independent; thereby onegument applies to the DO/D4 bound state, which is to be
quarter supersymmetry of the type-1I1B vacuum are preservetilown-up to NS5-brane wrapping a trivial homology cycle.
for the configuration. This nontrivial observation cannot be easily understood by
direct consideration of D1/D5 without recourse $cand T
V. DISCUSSION duality. Further study on these bound states should be pur-
sued.

In this paper, we studied the supertube physics in the The second one is anoth&ruality, which is not consid-
T-dual setup. In the transverselydual case, the result I0oks ered in this paper. It is th& duality along the angular direc-
somewhat plain; the blowing-up effect happens for an arrayion of the supertube. This duality is quite intriguing as it
of D-branes when they are threaded by superstrings. Hownyolves a fixed point. Since the resulting geometry is singu-

ever, we have to mention one interesting point. In the case qfy, it should be taken with care. This will be studied else-
the D1 array crossed by the superstring array, we can S&ghere.

why the stabilized radius is expressed by the produdil of
andB. If we take theSduality, the role of D1-branes and that
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