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p-p8 branes in a pp-wave background
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We present several supergravity solutions corresponding to both Dp and Dp-D p8 systems, in Neveu-
Schwarz–Neveu-Schwarz and Ramond-Ramondpp-wave background originating from AdS33S33R4. The
D p-brane solutions,p51, . . . ,5 arefully localized, whereas Dp-D p8 solutions are localized along common
transverse directions. We also discuss the supersymmetry properties of these solutions and the worldsheet
construction for thep-p8 system.

DOI: 10.1103/PhysRevD.66.126002 PACS number~s!: 11.25.Sq
of
de
u
in

o

ee

lso
s

nd

n

he

it
en

s
l
W
t

NS
-
w
th
ra

c
l-

ws
e
en

e to

II,

-
de-
e

on-
is

d.

in
it

f

t-
ed
I. INTRODUCTION

pp waves@1–16# are known to be an interesting class
supersymmetric solutions of type IIB supergravity, with wi
applications to gauge theories. For these applications, s
solutions are considered in the ‘‘Penrose’’ limit of strings
an AdSp3Sp background@5#. In several cases,pp waves are
also known to be maximally supersymmetric solutions
supergravities in various dimensions@17–19#, and are known
to give rise to solvable string theories from the worldsh
point of view as well. The particular case of AdS53S5 is of
special interest, with applications toN54, D54 gauge
theories in the limit of large conformal dimensions andR
charges@7#. Interestingly, the D-branes of string theories a
have an appropriate representation in such gauge theorie
terms of operators corresponding to ‘‘giant gravitons’’ a
‘‘defects’’ @14,15#.

In this paper, we continue the search for explicit D-bra
supergravity solutions in string theories in app-wave back-
ground. Our study will be mainly concentrated on t
Neveu-Schwarz–Neveu-Schwarz~NS-NS! and Ramond-
Ramond~RR! pp waves arising out of AdS33S3 geometry
@10#. We, however, also present branes in otherpp waves
such as the ones in ‘‘little’’ string theories, etc. An explic
supergravity solution for D-branes, along with the op
string spectrum, has been studied in@20–26#. Our new result
includes a set of solutions corresponding to brane system
the type Dp-D p8 in both type IIA and IIB theories, as wel
as the explicit worldsheet construction in these cases.
would like to mention that Dp-branes from the worldshee
point of view have already been obtained in the NS-
pp-wave background earlier@35#. Our result gives the real
ization of such D-branes from the supergravity point of vie
We also find it interesting to note that, unlike the case of
AdS53S5 pp wave, in our case we are able to obtain seve
‘‘localized’’ D-brane solutions. Dp-branes in RRpp-wave
background are obtained by applying a set ofSandT duality
transformations on the brane solutions in the NS-NS ba
ground. Such backgroundpp-wave configurations have a
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ready been discussed in the context of D7-branes in@21#.
The worldsheet construction of these branes then follo
from the results in@21#, and will also be discussed below. W
point out, however, that there is a crucial difference betwe
the solutions presented in this paper and those in@21#. In the
present case, only light-cone directions of thepp wave are
along the branes; the remaining four are always transvers
them. On the other hand, for the solutions in@21# the direc-
tions transverse to the brane are flat.

The rest of the paper is organized as follows. In Sec.
new ~supersymmetric! D p- as well as (Dp-D p8)-branes are
presented in both NS-NS and RRpp-wave backgrounds. Su
persymmetry properties of these branes are examined in
tail in Sec. III and it is shown that they preserve som
amount of unbroken supersymmetry. The open string c
structions of branes is discussed in Sec. IV. Section V
devoted to branes in the ‘‘little string theory’’ backgroun
We conclude in Sec. VI with some general remarks.

II. SUPERGRAVITY SOLUTIONS

A. D-branes in NS-NSpp-wave background

We now start by writing down the D-string solutions
the pp-wave background originating from the Penrose lim
of NS-NS AdS33S33R4 @10#. The supergravity solution o
a system ofN D-strings in such a background is given by

ds25 f 1
21/2S 2dx1dx22m2(

i 51

4

xi
2~dx1!2D

1 f 1
1/2(

a51

8

~dxa!2,

e2f5 f 1 , H1125H13452m,

F12a5]af 1
21 , f 1511

Ngsl s
6

r 6 , ~2.1!

with f 1 satisfying the Green’s function equation in the eigh
dimensional transverse space. We have explicitly verifi
that the solution presented in Eq.~2.1! satisfies the type IIB
field equations~see, e.g.,@27,28#!. One notices that in this
©2002 The American Physical Society02-1
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case constant NS-NS three-forms along thepp-wave direc-
tion are required precisely to cancel them-dependent part o
the R11 equation of motion.

Starting from the D-string solution in Eq.~2.1!, one can
write down all the Dp-brane solutions (p51, . . . ,5) in the
NS-NS pp-wave background by applying successiveT du-
alities alongx5, . . . ,x8. As is known, this procedure als
involves smearing of the brane along these directions.
example, a D3-brane solution has the form

ds25 f 3
21/2S 2dx1dx22m2(

i 51

4

xi
2~dx1!2

1~dx5!21~dx6!2D 1 f 3
1/2 (

a51, . . . ,4,7,8
~dxa!2,

H1125H13452m,

F1256a5]af 3
21 , e2f51, f 3511

Ngsl s
4

r 4 , ~2.2!

with f 3 being the harmonic function in the transverse sp
of the D3-brane.

Now we present the supergravity solution of an interse
ing (D p-D p8)-brane system in app-wave background.
These solutions are described as ‘‘branes lying wit
branes.’’ In particular, for the D1-D5 case, the solution
given by

ds25~ f 1f 5!21/2S 2dx1dx22m2(
i 51

4

xi
2~dx1!2D

1S f 1

f 5
D 1/2

(
a55

8

~dxa!21~ f 1f 5!1/2(
i 51

4

~dxi !
2,

e2f5
f 1

f 5
,

H1125H13452m,

F12 i5] i f 1
21 , Fmnp5emnpl] l f 5 , ~2.3!

with

f 1,5511
N1,5gsl s

2

r 2
~2.4!

being the solutions of the Green’s function equations in
rections transverse to (N1) D1- and (N5) D5-branes, respec
tively. Equation~2.3! provides one of the main results of ou
paper and shows that, as in flat space, intersecting b
solutions are possible in thepp-wave background as well
We have once again checked that the solution prese
above does satisfy type IIB field equations of motion.

One can now applyT duality transformations to genera
more intersecting brane solutions starting from the one gi
in Eq. ~2.3! @30,31#. Note that the directionsx5, . . . ,x8 are
transverse to the D-string in Eq.~2.3!, whereas they lie along
12600
or

e

t-

n

i-

ne

ed

n

the longitudinal directions of D5. As a result, one can eas
obtain solutions of the type D2-D4 as well as D3-D38 in this
pp-wave background. These solutions will give app-wave
generalization of the intersecting solutions given in@32#. We
skip the details of this analysis, however.

B. p-p8 branes in RR pp-wave background

In this section, we will present the Dp as well as the
(D p-D p8)-branes in a RRpp wave of AdS33S33R4.
These backgrounds can be obtained from the solutions g
in the last subsection by applyingS and T duality transfor-
mations in several steps. For example, from the D3-br
solution in the NS-NSpp-wave background~2.2!, one gets a
D3-brane in the RRpp-wave background under theSduality
transformation. Now applyingT duality along the directions
(x5,x6), we can generate a D-string solution. On the oth
hand, by applyingT duality along two transverse direction
(x7,x8) of the D3-brane, one gets a D5-brane lying alo
(x1,x2,x5, . . . ,x8) directions. The supergravity solution o
a system ofN D-strings is then given explicitly by

ds25 f 1
21/2S 2dx1dx22m2(

i 51

4

xi
2~dx1!2D

1 f 1
1/2(

a51

8

~dxa!2,

e2f5 f 1 , F112565F1345652m,

F12a5]af 1
21 , f 1511

Ngsl s
6

r 6 , ~2.5!

with f 1 satisfying the Green’s function in eight-dimension
transverse space. One notices that the solution has a con
five-form field strength.

The supergravity solution of the D5-brane is given by

ds25 f 5
21/2S 2dx1dx22m2(

i 51

4

xi
2~dx1!21 (

a55

8

~dxa!2D
1 f 5

1/2(
i 51

4

~dxi !2,

e2f5 f 5
21 , F112565F134565F112785F1347852m,

Fmnp5emnpq]qf 5 , f 5511
Ngsl s

2

r 2 , ~2.6!

with f 5 satisfying the Green’s function in the tranverse d
rections (x1, . . . ,x4). Now we will present the
(D p-D p8)-brane solutions in the RRpp-wave background.
In particular, to write down the supergravity solution of
~D1-D5! system, we made an ansatz which combines
D-string of Eq. ~2.5! and the D5-brane given in Eq.~2.6!.
The final configuration is as follows:
2-2
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ds25~ f 1f 5!21/2S 2dx1dx22m2(
i 51

4

xi
2~dx1!2D

1S f 1

f 5
D 1/2

(
a55

8

~dxa!21~ f 1f 5!1/2(
i 51

4

~dxi !
2,

e2f5
f 1

f 5
,

F112565F134565F112785F1347852m,

F12 i5] i f 1
21 , Fmnp5emnpl] l f 5 , ~2.7!

with f 1 and f 5 as defined in Eq.~2.4!. One can check that th
solution presented above do satisfy the type IIB field eq
tions. Once again, morep-p8 branes can be obtained from
the D1-D5 solution in Eq.~2.7! by applyingT dualities.

One may also attempt to find a~D1-D5! solution by tak-
ing a decoupling limit, followed by Penrose scaling, of t
solution presented in@29# in a similar way as for the D5-
brane solution in@21#. The starting solution along which on
would take the Penrose limit is as follows:

ds25
1

~H18H58!1/2F r 2

R1
2 ~2dt21dx2!G1S H18

H58
D 1/2

R1
2

r 2 dr2

1S H18

H58
D 1/2

~dc21sin2cdV2
2!

1~H18H58!1/2~dy21y2dV3
2!, ~2.8!

where

H1511
R1

2

x2 , H5511
R5

2

x2 , H18511
R81

2

y2
,

H58511
R85

2

y2
. ~2.9!

One notices, however, that different terms in the me
above come with different powers ofH18 , leading to diffi-
culty in choosing a ‘‘null geodesic’’ to define an appropria
Penrose limit and find brane solutions.

III. SUPERSYMMETRY ANALYSIS

A. NS-NSpp wave

In this section we present the supersymmetry of the s
tions described earlier in Sec. II A. The supersymme
variation of dilatino and gravitino fields of type IIB supe
gravity in ten dimensions, in the string frame, is given
@33,34,23#
12600
-

c

-
y

dl65
1

2S Gm]mf7
1

12
GmnrHmnrD e6

1
1

2
efS 6GMFM

(1)1
1

12
GmnrFmnr

(3) D e7 , ~3.1!

dCm
65F]m1

1

4S wmâb̂7
1

2
Hmâb̂DG âb̂Ge6

1
1

8
efF7GmFm

(1)2
1

3!
GmnrFmnr

(3)

7
1

2.5!
GmnrabFmnrab

(5) GGme7 , ~3.2!

where we have used (m,n,r) to describe the ten-dimensiona
space-time indices, and carets represent the correspon
tangent space indices. Solving the above two equations
the solution describing a D-string as given in Eq.~2.1!, we
get several conditions. First, the dilatino variation gives

G âe62G1̂2̂âe750, ~3.3!

~G1̂1̂2̂1G1̂3̂4̂!e750. ~3.4!

In fact, both the conditions~3.3! and ~3.4! are required for
satisfying the dilatino variation condition. Gravitino varia
tion gives the following conditions on the spinors:

dc1
6[]1e67

m

2
f 1

21/2~G 1̂2̂1G 3̂4̂!e650,

dc2
6[]2e650,

dca
6[]ae652

1

8

f 1,a

f 1
e6 , dc i

6[] ie652
1

8

f 1,i

f 1
e6 .

~3.5!

In writing the above set of equations, we have also impo
the necessary condition

G1̂e650, ~3.6!

in addition to Eq.~3.3!. Further, by using

~12G 1̂2̂3̂4̂!e650, ~3.7!

all the supersymmetry conditions are solved by spinors:e6

5exp(2 1
8 ln f 1)e6

0 , with e6
0 being a constant spinor. Th

D-string solution in Eq.~2.1! therefore preserves 1/8 supe
symmetry. All other Dp-branes (p51, . . . ,5), obtained by
applying T dualities as discussed above, will also prese
the same amount of supersymmetry.

Next, we will analyze the supersymmetry properties
the intersecting branes. We will concentrate on the~D1-D5!
case explicitly. The dilatino variation gives the followin
conditions on the spinors:

G îe62G1̂2̂ îe750, ~3.8!
2-3
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G îe61
1

3!
e î ĵ k̂ l̂G

ĵ k̂ l̂e750, ~3.9!

~G1̂1̂2̂1G1̂3̂4̂!e750. ~3.10!

One needs to impose all three conditions specified above
the dilatino variation to vanish. On the other hand, the gr
itino variation gives

dc1
6[]1e67

m

2
~ f 1f 5!21/2~G 1̂2̂1G 3̂4̂!e650,

dc2
6[]2e650,

dc i
6[] ie652

1

8 F f 1,a

f 1
e61

f 5,a

f 5
Ge6 , dca

6[]ae650.

~3.11!

In writing down the above gravitino variations we have on
again made use of the projectionG1̂e650. The above set o
equations can be solved by imposing

~12G 1̂2̂3̂4̂!e650 ~3.12!

in addition to Eq.~3.8! and the solution is given ase6

5exp@2 1
8 ln( f 1f 5)#e6

0 . One therefore has 1/8 supersymm
try for the ~D1-D5! solution presented in Eq.~2.3!.

B. RR pp wave

Now we present the supersymmetry of the Dp- as well as
of the (Dp-D p8) branes in the RRpp-wave background
given in Sec. II B. First we discuss the supersymmetry of
D-string in Eq.~2.5!. The dilatino variation~3.1! gives

G âe62G1̂2̂âe750. ~3.13!

Gravitino variation gives the following conditions on th
spinors:

dc1
6[]1e67

m

8
f 1

21/2@~G1̂1̂2̂5̂6̂1G1̂3̂4̂5̂6̂!

1~G1̂1̂2̂7̂8̂1G1̂3̂4̂7̂8̂!#G2̂e650,

dc2
6[]2e650,

dca
6[]ae652

1

8

f 1,i

f 1
e6 ,

dc i
6[] ie652

1

8

f 1,a

f 1
e6 , ~3.14!

where we have once again imposed the necessary cond
G1̂e650, in addition to Eq.~3.13!. Further, by using the
condition

~12G 1̂2̂3̂4̂!50, ~3.15!
12600
or
-

-

e

ion

all the supersymmetry conditions are satisfied, thus pres
ing 1/8 unbroken supersymmetry.

Next, we present the supersymmetry property of
D1-D5 solution written in Eq.~2.7!. The dilatino variation
~3.1! gives the following conditions on spinors:

G îe62G1̂2̂ îe750, ~3.16!

G îe61
1

3!
e î ĵ k̂ l̂G

ĵ k̂ l̂e750. ~3.17!

On the other hand, the gravitino variation~3.2! gives the
following conditions:

dc1
6[]1e67

m

8
~ f 1f 5!21/2@~G1̂1̂2̂5̂6̂1G1̂3̂4̂5̂6̂!

1~G1̂1̂2̂7̂8̂1G1̂3̂4̂7̂8̂!#G2̂e650,

dc2
6[]2e650, dca

6[]ae650,

dc i
6[] ie652

1

8 F f 1,i

f 1
1

f 5,i

f 5
Ge6 , ~3.18!

where we have once again used the necessary cond
G1̂e650 along with the ones in Eqs.~3.16! and~3.17!. The
above set of equations can be solved by imposing furthe

~12G 1̂2̂3̂4̂!e650. ~3.19!

One therefore has 1/8 supersymmetry for the D1-D5 sys
described in Eq.~2.7! as well.

IV. WORLDSHEET CONSTRUCTION OF p-p8 BRANES

A. NS-NSpp wave

In this section, we will discuss the~D1-D5!-brane system,
constructed earlier in the paper, from the point of view
first quantized string theory in the Green-Schwarz form
ism, in the light-cone gauge. In the present case, in the
directionsxa(a55, . . . ,8), wehave the Dirichlet boundary
condition at one end and the Neumann boundary conditio
the other end of the open string. Alongxi( i 51, . . . ,4)direc-
tions, one has the usual Dirichlet boundary condition. T
relevant classical action to be studied in our case~after im-
posing the light-cone gauge conditions on fermions a
bosons@10#! is as follows@35#:

L5Lb1L f , ~4.1!

where

Lb5]1u]2v2m2xi
21]1xi]2xi1]1xa]2xa

1m (
( i , j )5(1,2),(3,4)

xi~]1u]2xj2]2u]1xj !, ~4.2!

L f5 iSR~]12mM!SR1 iSL~]21mM!SL , ~4.3!

with
2-4
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m[a8pum52a8pvm, ~4.4!

M52
1

2
~g121g34!. ~4.5!

Eight-component real spinors (SL ,SR) have been obtained
from 16-component Majorana-Weyl spinors in the left a
the right sectors after solving the light-cone gauge con
tions.

The equations of motion and boundary conditions
bosonsxi ,xa in our case are as follows:

]1]2xi 1
1m2xi 1

2me i 1 j 1~]2xj 12]1xj 1!50, ]1]2xa50,
~4.6!

]sxaus505]tx
aus5p50, xi us50,p5const. ~4.7!

The solution to the bosonic equations of motion, with t
boundary conditions specified above, is given by@defining
X1̂5(1/A2)(x11 ix2) andX2̂5(1/A2)(x31 ix4)] @35#

Xa~s,t!5 i (
r P(z11/2)

1

r
a r

ae2 ir t cosrs ~a55, . . . ,8!,

~4.8!

Xî ~s,t!5e22imsFx01~x1e2ims2x0!
s

p

1 i (
n5” 0

1

n
an

i e2 int sinnsG . ~4.9!

To consider the equations of motion of fermions, we n
that the matrixM evidently breaks the SO~8! symmetry fur-
ther, and thereby splits the fermions in the 8→414 way
SL→(S̃L ,ŜL),SR→(S̃R ,ŜR):

g1234S S̃L,R

ŜL,R
D 5S 2S̃L,R

ŜL,R
D . ~4.10!

In this connection, one also introduces 434 matricesL and
S:

g12S S̃L,R

ŜL,R
D 52S LS̃L,R

SŜL,R
D , ~4.11!

with L25S2521. L and S in the above equation ar
434 antisymmetric matrices with eigenvalues6 i . Using
this notation, one has

M S S̃L,R

ŜL,R
D 5S LS̃L,R

0
D . ~4.12!

The equations of motion written in terms of (S̃L ,ŜL) and
(S̃R ,ŜR) are then of the form

]1~e2mtS̃R!50, ]2~e22mtS̃L!50, ~4.13!
12600
i-

r

e

]1ŜR50, ]2ŜL50. ~4.14!

Now we will write down the boundary conditions for th
fermions in the mixed sector. As the equations of motion a
the boundary condition for the componentsŜL,R are identical
to the ones in flat space, we only concentrate on finding
explicit solution for S̃L,R below. Following @10,21,35#, one
can write down the boundary conditions for the fermions

S̃Lus5052S̃Rus50 , ~4.15!

S̃Lus5p5S̃Rus5p , ~4.16!

ŜLus50,p5ŜRus50,p . ~4.17!

The solution for theS̃L,R equations of motion~4.13!, with the
above boundary condition, can be read from@35#, and has
the following form:

S̃L52e22msL (
r P(z11/2)

sre
2 ir (t1s), ~4.18!

S̃R5e22msL (
r P(z11/2)

sre
2 ir (t2s). ~4.19!

The canonical quantization conditions as well as
worldsheet Hamiltonian for the D1-D5 system discuss
above can also be written in a straightforward manner
lowing the procedure in@35#. We skip these details.

B. RR pp wave

Now we present the worldsheet analysis of the~D1-D5!
system discussed earlier in Sec. II B. This can be done
realizing that thepp-wave background for these solutions
given by a T-dual configuration of the ones presented
@10,21#. More explicitly, in the worldsheet action in th
present case,

L5LB1LF , ~4.20!

where

LB5]1u]2v2m2xi
21]1xi]2xi1]1xa]2xa , ~4.21!

LF5 iSR]1SR1 iSL]1SL22imSLMSR , ~4.22!

with

m[a8pum52a8pvm, ~4.23!

M52 1
2 ~g121g34!g56, ~4.24!

the terms involving fermions are easily seen to be related
the ones in@10,21# throughT dualities alongx5 andx6. This
in fact leads to the relation

S R8 5g56SR , ~4.25!
2-5
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and reproduces the original action in@10#. The mode expan-
sion for fermions as well as canonical quantization con
tions can therefore also be written down in a straightforw
manner. We end this section by pointing out that, since
D-brane solutions found in this paper preserve less than
supersymmetry, some of the restrictions on the brane di
tions imposed using zero mode considerations@20# do not
directly apply above.

V. BRANES IN ‘‘LITTLE STRING THEORY’’

Supergravity backgrounds

In this section, we discuss the branes in the Penrose l
of ‘‘little string theory’’ ~LST!. pp waves of nonlocal theo
ries have been discussed recently in the literature@36–38#.
Among them ‘‘little string theory’’ arises on the world vol
ume of NS5-brane, when a decoupling limitgs→0 with
fixed a8 is taken@39,40#. To construct our solution, we sta
with the NS5-brane solution given by the metric and dilato

ds252dt21dy5
21H~r !~dr21r 2dV3

2!,

e2F5gs
2H~r !, ~5.1!

with H(r )511Nls
2/r 2. The near horizon limit of the abov

solution is the linear dilaton geometry, which in the stri
frame is given by

ds25Nls
2S 2d t̃ 21cos2udc21du21sin2udf21

dr2

r 2 D
1dy5

2 , ~5.2!

with t5ANlst̃ . The pp-wave background of LST is the
found by applying the Penrose limit to Eq.~5.2!. We, how-
ever, consider the case after applyingS duality on Eq.~5.2!.
Applying the S duality transformation and then taking th
Penrose limit~as described in@36#!, the background solution
is given by

ds2524dx1dx22m2zW2dx121~dzW !21dx21dy5
2 ,

e2f5const,

F1125Cm, ~5.3!

whereF112 is the three-form field strength in thezW plane.
Now we proceed to analyze the existence and stability
branes in this background. The supergravity solution fo
system of D5-branes in this background is given by

ds25 f 21/2S 24dx1dx22m2zW2~dx1!21(
i 51

2

~dzi !
2

1 (
p51

2

~dyp!2D 1 f 1/2(
a51

4

~dxa!2,

e2F5 f 21, F11252m,
12600
i-
d
e
/2
c-

it

:

f
a

Fmnp5emnpr] r f , f 511
Ngsl s

2

r 2 . ~5.4!

One notices that the background has only one constant th
form field strength (F112). We have once again verified tha
the solution presented above satisfies type IIB field eq
tions.

One can then write down@by applyingS duality on Eq.
~5.4!# the NS5-brane in app-wave background of the little
string theory@36# as

ds2524dx1dx22m2zW2~dx1!2

1(
i 51

2

~dzi !
21 (

p51

2

~dyp!21 f (
a51

4

~dxa!2,

e2F5 f , H11252m,

Hmnp5emnpr] r f , ~5.5!

with the H ’s being the NS sector three-form field strength
We will now consider the dilatino and gravitino variatio

of the solution presented in Eq.~5.4! to study the supersym
metry properties. The dilatino variation gives the equatio

G âe61
1

3!
e âb̂ĉd̂G b̂ĉd̂e750, ~5.6!

G1̂1̂2̂e750. ~5.7!

The gravitino variation leads to the equations

dC1
6[]1e61

m2zî

2
G1̂ îe61

1

16
m2zW2

f ,â

f 3/2
G1̂âe6

2
m

4
G1̂1̂2̂G2e750, ~5.8!

dC2
6[]2e650, ~5.9!

dC i
6[] ie62

m

4
G1̂1̂2̂d i î G

îe750, ~5.10!

dCp
6[]pe62

m

4
G1̂1̂2̂dpp̂G

p̂e750, ~5.11!

dCa
6[]ae61

1

8

f ,a

f
e62

m

4
f 1/2G1̂1̂2̂daâG

âe750.

~5.12!

In writing this set of equations we have used the condit
~5.6!. Imposing the conditionG1̂e50, we further reduce
them to

]1e62
m

4
G1̂1̂2̂G2̂e750, ~5.13!
2-6



e
a

et

tie

sm

e
sing

at

for

p-p8 BRANES IN A pp-WAVE BACKGROUND PHYSICAL REVIEW D 66, 126002 ~2002!
]2e650, ] ie650, ]pe650, ]ae652
1

8

f ,a

f
e6 .

~5.14!

Since Eqs.~5.13! and~5.14! are integrable ones, in this cas
we get 1/4 supersymmetry. It will also be nice to give
worldsheet construction for such D-branes.

VI. CONCLUSION

In this paper we have presented several supersymm
D p- and (Dp-D p8)-brane configurations in thepp-wave
background and analyzed their supersymmetry proper
v.

J

er

s.

hy

J

12600
ric

s.

We have also presented the~D1-D5!-brane construction from
the point of view of the massive Green-Schwarz formali
in the light-cone gauge in NS-NS and RRpp-wave of
AdS33S33R4. It will be interesting to study the gaug
theory duals of the branes presented in this paper by u
operators such as ‘‘defects.’’ One could possibly also look
the black hole physics using the~D1-D5! system presented
here in an attempt to understand their properties.
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