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ABSTRACT: We show that non-relativistic actions of string and D-branes on AdSsxS® can
be reproduced as a semiclassical approximation of the string and D-brane actions around
static 1/2 BPS configurations. This is contrastive to the Penrose limit. For example, the pp-
wave string can be recaptured as a semiclassical approximation around a 1/2 BPS particle
rotating at the velocity of light. We argue that small deformation of a straight Wilson line
would give a composite operator in the gauge-theory side that corresponds to a semiclassical
state of the non-relativistic string, according to the semiclassical interpretation.
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1. Introduction

AdS/CFT duality [I], f] has now been widely accepted and continues to be an important
laboratory to look for new aspects of gauge theories as well as string theory. The duality
however has not been rigorously proved and it is obviously important to find a further
support and confirm it furthermore. One of the difficulties is to solve type IIB string on
AdS5xS% definitely. The Green-Schwarz action constructed by Metsaev and Tseytlin [
is too complicated to quantize it. Although it is suspected to be quantum integrable
since Bena, Polchinski and Roiban have pointed out the classical integrability of AdS
superstring [fl], the attempts for the quantization have not succeeded yet. Thus it would
still be a nice direction to seek a soluble subsector.

Indeed, Berenstein, Maldacena and Nastase found a soluble sector of AdS/CFET
by using the Penrose limit [f]. The action of AdS superstring is reduced to the pp-wave
string, which becomes a free massive theory on the flat world-sheet by taking a light-cone
gauge [ and so it is exactly solvable [§].

A new soluble sector has been recently proposed by Gomis, Gomis and Kamimura [q]
with the so-called “non-relativistic limit” [[L0].} In this limit the AdS superstring is reduced

!For non-relativistic limit of D-branes in flat space and AdS space, see [ﬂ 7@] and [E, E], respectively.



to a free theory on the AdS, world-sheet with a static gauge and it is a basically solvable
theory. The gauge theory counterpart has not been clarified yet though some observation
have been given in [q.

The non-relativistic limit is quite similar to the Penrose limit (For the comparison,
see table [). This similarity leads to a speculation that the non-relativistic limit can also
be described as a semiclassical limit in the same way as the Penrose limit [[3]. The pp-
wave string and Penrose limit are recaptured as a semiclassical approximation of the AdS-
superstring around a BPS particle rotating around the greatest circle in the S° at the speed
of light [[[§]. On the other hand, in this paper we will show that non-relativistic limit is
nothing but a semiclassical approximation around a “static” configuration. Concretely, we
will reproduce the non-relativistic actions of string and D-branes, which have been obtained
in [ and [L9] respectively, from the semiclassical approximation. Here it should be noted
that the non-relativistic string action is nothing but the semiclassical action expanding
around a static AdSy world-sheet previously obtained by Drukker, Gross and Tseytlin [R(],
where a 1/2 BPS straight Wilson line []] is inserted in the N'=4 SYM side. What we will
show newly is the equivalence between AdS-brane actions in the non-relativistic limit and
those in the semiclassical limit. This shows that a non-relativistic limit is nothing but a
semiclassical limit around a static configuration.

The semiclassical interpretation of the non-relativistic limit leads us to argue the
AdS/CFT dictionary in the non-relativistic limit with the help of the symmetry argument.
Our argument is that a non-relativistic string state would correspond to small deformation
of a 1/2 BPS straight Wilson line. Unfortunately, it would be difficult to check the dic-
tionary by directly computing the anomalous dimension with perturbation theory because
no large U(1)R charge is included unlike the BMN case [f] and the BMN scaling technique
does not work at all.

The content of this paper is as follows: In section 2 we introduce the Dirac-Born-Infeld
(DBI) actions of D-branes on AdS5xS®. The classical solutions, around which the actions
are expanded, are also discussed. In section 3 we reproduce the non-relativistic actions
from the semiclassical approximation. First the bosonic fluctuations are considered for
each of the branes. After that, the fermionic fluctuations are discussed since these are
almost the same for all the branes. In section 4 we argue the corresponding gauge-theory
side. Section 5 is devoted to a summary and discussions. Some conventions and notations
are collected in appendix.

2. Setup

Let us introduce the D-brane actions (including the F-string case) on the AdS5xS® back-
ground and discuss static classical solutions around which the actions are expanded in a
semiclassical method.

2.1 The actions of strings and D-branes on AdS;xS°

The Dp-brane action [R3] (see also [2J]) is composed of the two parts, the Dirac-Born-Infeld



pp-wave string non-relativistic string
limit Penrose limit non-relativistic limit
gauge light-cone static
8 bosons 8 massive 3 massive & 5 massless
transverse sym. SO(4)xSO(4) SO(3)xSO(5)
world sheet flat AdSs
classical sol. rotating particle (1/2 BPS) static AdSe (1/2 BPS)
sym. of sol. U(1) SL(2,R)
the vacuum op. single trace op. Tr(Z7) straight Wilson line

Table 1: pp-wave string vs. non-relativistic string

(DBI) part and the Wess-Zumino (WZ) part as follows:
S = Sppr + Swz = 1) / (Lot + Lwz) (2.1)
2

where T), = (gs(QW)pa’%)_l is the tension of the Dp-brane.
The DBI action is given by?

Lopr = \/sdet(g+ F)d"'¢, gy = Li'L¥nap, L' =0,2"L7, (2.2)
where s = —1 for a Lorentzian brane while s = 1 for a Euclidean brane. LA and L are

supervielbeins on AdSsxS® written in terms of the superspace coordinates Z M (XM gy
(For the concrete forms see appendix). Then F is a modified field strength F = F — B.
F = dA is a gauge field strength and B is (the pullback on the worldvolume of) the NS-NS

two-form
— 1 A fay
H=dB=iL L yoL, B=2i / dt LALT pof (2.3)
0

where the symbol “hat” implies E=E (t0) . In the case that we want to consider a single
F-string, the DBI part should be replaced by the Nambu-Goto (NG) action by turning off
the flux as Sxng = Spgi|F—o and the tension should also be replaced by T = (2ra/) .

The WZ part is characterized by a supersymmetric closed (p + 2)-form hy 4o

1
hp+o = dLwz = E mh(p“_%)f (2.4)
n=0

with

Q

5 _
p+2) — g_\/l_ LA1...LAIZLI‘AI...AZQL+5£,3 5

(€aras L - L® =€y o L - L%)| (2.5)

2We suppressed the dilaton and axion factors here.



where o = (O’)_p;;idg with ¢ = o3 and —oy for Dp-brane and F-string, respectively. The
(p + 1)-dimensional form of the WZ term is

1 3
sz:/dt[%/\eﬂ + Pt
0 pHl
AV e 7 ;
¢ =P @Tfl)n LA LA LT gy, 4 (0)" 720 (2.6)

where CP*1) is a bosonic (p + 1)-form satisfying hyo bosonic = 4C (p+1) |

2.2 Classical static solutions

Here let us derive static D-brane solutions.
First we shall introduce some variation formulae for the supervielbeins and super spin
connections, which can be derived from the MC equations give in ([A.§). The formulae are

as follows:
OLA = déz? — npcdxPLY + npcLAPsxC — 2iLT460
5L = dof — %6$AfAi02L + %LAfAi0269 - iémABI‘ABL n iLABFABM,
OLY = A6z + 202L%xb + 2noqL6x% + 2ia LT i0450 , (2.7)
SLYY = a5z — 20?LY 627 + 200 g LY 52V + 2ia LT ic066
where we have introduced the following quantities:
set = 5ZMLA | 6P = 5ZMLAP | s0° =62V L (2.8)

It also follows from (R.3) that
1 2 A 2
6B = idx LT g0 L + 2LALT g0 L + d ( / dt [034 LT 400 — LA50FA06]> . (29)
0

Then, by using the variation formulae (R.7) and (R.9), a variation of the Dp-brane
action is derived as

1 y
5S =T, /dp“g S/ detlg + F)(g + F)7 (3 + 6F — 6B);5
b

1 1
— §p(Pt+2-2n) (p+2—2n) rn—1
+Tp/B EO [nléhp F* + (n_l)!hp F 6?] , (2.10)

where 0B = X.. For a classical solution this variation should be zero.
It is the standard procedure to impose some ansatz in finding a classical solution. First
let us impose that § = 0. Then (2.10) reduces to

0S = Tp /Ederlfi\/ sdet(gB + F)(gB + F)J (26%-477,4351:?‘9:0 + 5Fl])

\/gi(l ’ ’ ’ 1 p—3
a a a a a. a s
+T, 0 <ea1...a55L Yg=oe®? -+ e — €q)..a, 0L Lg—oe® - e 5) 3 F=
B 3 (E=3)]
5!
1 / / 1 p—>5
z a1, 85 _ a8 - g
+5 (€a1---a5€ e € al € v € 5) (p_5)|F 2 déA| ,
E2)!




where gp;; = ef‘eanB and 5LA|9:0 = déz? — 7730530’4360 + nBchB(SxC .

Furthermore we require that A; = 0. Then it further reduces to
68 = -1, /dp“g\/s det ngg' (Vief + wiABef) dxA
%

Vst

+7T,
P g 3

[51,,3 <ea1...a5 (A6 + Npew™P02) €22 - - - 9

/! AN / / ’
—Eall...ag (d(Smal + ?’]b/c/walb ox€ ) e%2 ... €a5)

1 / ! /
+55p75(6a1---a56a1 e ... e — €a)---al eMe2 ... €a5)d(5A

)

where we have partially integrated. The terms proportional to 9, 3 and ¢, 5 can be deleted
by performing a partial integration and using the relation de? = —ngow?Be® . This is
a consequence of dhy,yo = 0. Then the remaining term (the first line) vanishes when the
following relation is satisfied:

Vel +wipel =0. (2.11)

For the static configuration XM = ¢ (i = 0,--- ,p) this relation can be derived as the
pull-back of the following relation to the world-sheet >:

Varen +wiipes =0, (2.12)

which follows from the definition of the spin connection wﬁ B = —egv Mef.}. Thus the

static gauge configuration is a trivial classical solution.
Besides it, one can find a generalized configuration represented by

10 for i=p+1,---,9 ° '

One can easily check that this solves (R.11) as follows. First we rewrite (R.11)) as

(ViV; XM+ vV, XPV; XT P )enr = 0 (2.14)
where we have used (B-13). Defining nM = 9, X" (M € {M;|i = 0,--- ,p}) which is
invertible for the classical solution (2.13) one derives by using gklné\/[ 771N = GMN

VXM = ("0l 0 Gro + g n ninl GrsT P!

= 9;0; XM + 0,X7 0, X°T}y (2.15)

which solves (R.I4). Thus (R.13) is also a static Dp-brane solution but its parametrization
of the world-volume coordinates is slightly generalized. Even for the F-string case the same
solution can be derived. Hereafter we will concentrate on the solution (2.13).

The value of the classical action can be evaluated by putting the classical solution into
the action as follows:

1
L. = \/sdet godPT1E = det(ep) dPHie = §€A0~~~Ap6640 - eglp ) (2.16)



1-brane 3-brane 5-brane 7-brane
(2,0), (0,2) | (3,1), (1,3) | (4,2), (2,4) | (5,3), (3,5)

Table 2: The possible configurations of 1/2 BPS branes in AdSsxS®

where gy = ¢lclassical and 664 = e cassical - The contribution (R.16) can be canceled out by
adding C**1) of the form

1 A
Co(p+1) _ —§6A0.--Ap654° s
only if one can find such a closed form that hpi2|classical = dCO(p D For the 1 /2 BPS

D-branes we can easily show that

hp+2 |Classical =0

and that dC’ép ) = 0, hence the classical action (R.16) can be canceled out by the flux
term. This cancellation is actually necessary for the consistent semiclassical approximation.
For the semiclassical approximation we need to take a large tension limit, which surely
corresponds to the limit operation in the non-relativistic limit. Thus, if the cancellation
does not occur, then the classical action diverges. That is why the cancellation is necessary.

It is helpful to remember a classification of possible 1/2 BPS configurations of D-
branes on AdSsxS® (listed in table f) [4, RJ]. The notation of (m,n)-brane implies a
brane configuration whose worldvolume extends along m directions in the AdSs; and n
directions in the S Such a restriction against the directions has its roots in a 1/4 BPS
intersecting condition before taking the near-horizon limit [P4]. The classification could
be reproduced in various ways, brane probe analysis [24], s-invariance [R5 and consistent
non-relativistic limit [[9] or semiclassical limit as discussed here.

3. Quantum fluctuations around the static solutions

From now on we shall consider a semiclassical approximation of the D-brane action around
the classical solutions obtained in the previous section. As a result we see that the non-
relativistic D-brane actions are reproduced.

First of all, let us expand the D-brane action in terms of the fermionic variables 6:

1 .
Lopr = V/sdet(gp + F) [1 + 598+ F)(gr = Br)y | &€+ O(6%),
Fp+1—2n

(p+1—2n)! +0(6").

ﬁWZ = C(erl) + Z (2;7\_/51)'6141 s GAQ"_lérAl...A%kl (O’)niO'QDQ
n=1 :

where g, gr and Bp are

9Bij = G?GJ»BUAB, grij = QiBéérBDj)HnAB, Bp = —ieAérAO'DH.



Then the bosonic and the fermionic parts are given by

Sp =T, / dPtlde \/sdet(gp + F) + T, / cw )
P
1 .
Sp =T, @i /sdetlgn + Flylon+ FYilar — Br)y

VS A Mg : preie
+Tp/zz:1me el ey, (0) 02 DY
n=

(p+1—2n)! +0(Y).

Our purpose is to examine the fluctuations around the classical solution. Hence let
us decompose the variables into the fluctuations (expressed with “tilde”) and the back-
ground (R-13) with = 0 and A; = 0 as follows:

XMoo= x Py 4 XM XM XM 9=0+46, A=0+4;,
where M = {M; |i=0,--- ,p}and M ={M; |i=p+1,---,9}.

Here we should remark on the treatment of the longitudinal fluctuations. In order to
maintain the static gauge form (2.13), we have to restrict the longitudinal fluctuation X2
to be XM = XMi(¢") | Then, XMi(£%) however can be absorbed into XOMi (¢%), and hence
XM; does not appear in the semiclassical action after all. For F-string case it has already
been discussed in [R(]. The vanishing of the longitudinal modes for the F-string is plausible
also from the equivalence between the Nambu-Goto action and Polyakov action. In the
Polyakov action the longitudinal modes should be canceled by conformal ghosts while the
ghosts are not included in the Nambu-Goto action. But in the case of the Nambu-Goto
this cancellation comes from the requirement that the static gauge should be maintained.
Thus, anyway, it is sufficient to consider the transverse fluctuations.

We should comment on the scaling of brane tension. The common radius of AdSs5 and
S5, R, can be factored out to be an overall factor of the action. This may replace T, by

R2

o2ral

p—1

~1
T,RPH =t AT 1, = <gs(2w)7> . VA=

(3.1)

We make A\ be absorbed into the fluctuations Z as 7 — A\~5%5 2 , thus considering
quadratic fluctuations is equivalent to considering the large A limit. The cancellation of
the classical contributions is necessary for the consistent large A limit.?

We will see that the semiclassical AdS-brane actions completely agree with the non-
relativistic AdS-brane actions derived in [[L9]. The bosonic and the fermionic fluctuations
will be separately discussed below. First the bosonic ones are evaluated for each of the
D-brane configurations. Then the fermionic ones are done in a unified way.

3.1 Bosonic fluctuations

From now on let us consider the bosonic fluctuations. Hereafter the world-sheet Wick
rotation is assumed when we take a Euclidean brane with s = 1. The metric of AdSsxS®

we take is given in (A.1]) and (A.D).

3Now one sees the direct correspondence between the semiclassical limit and the non-relativistic limit
arranged in @] (see equations (5.1) and (5.2) there).




D-string (F-string). The bosonic part of the action is given by

Lp = /sdet(gp + F) d*¢. (3.2)

Let us consider the AdSs-brane (i.e., (2,0)-brane) and expand (B.J) around the classical
solution

t=1"), p=npE").
Here t and p depend only on £° and &', respectively. The induced metric is
goij = — cosh® pd;td;t + D;pdsp = diag (— cosh® p(Aot)?, (D1p)?),

and the world-sheet geometry is AdSy rather than flat. It is an easy task to derive

- 1 1
v/ sdet gg = cosh pdyto:p), 95 = diag( — ) .

cosh? p(ot)2 (010"
Since the induced metric is expanded as follows:

3 1
9Bi; = Qoij + Gaii T Gaij = Y _sinh® pdigp0;dy + A0 + Y 0ie0Pq
p=1 q=1
F=dA=F,

the quadratic part of Lp is given by

1 3 1 y
Lop = 5\/§55;i§[gggmj*'gququ}’

1 i - o - S - 1 ij
= 5\/sdet 9o [g()] (smh2 pai(bpaj(ﬁp + 82")/({’)]")/ + 3i<pq3j(pq) + §F1ijF1J:| . (3.3)

By rescaling <;~5p as gz_bp = sinh pgz;p, the first term in (B.3) can be rewritten as
1 g . 1 o -
3 Vs det go g7 sinh? pO;ipp0;pp = 3 v/ sdet gg [g(lf 00,00, + 2(;512,] ,
where a partial integration has been performed. Thus one can obtain that
1 - . - o o _ 1 |
Sop = t1 /d2£\/ s det go [59(? (0ipp0jbp + 07057 + 0:340;Pq) + b + ZFlijFlzJ:| (3.4)

where R is absorbed into fluctuations. This is just the non-relativistic AdS D-string action
derived in [[[9]. This reduces to the non-relativistic AdS F-string action derived in [Q, [
by setting A to be zero.



D3-brane. The bosonic part of the D3-brane action is*

Lp = /sdet(gp + F)d*¢ +CW |

Let us consider the AdS3xS!-brane (i.e., (3,1)-brane) first. The classical solution is given by
(t,p, d137) = (H(E°), p(€1), 91 (€7); (7)) -

and the induced metric can be expanded around it as
gB =9gotgat--,
goij = diag(— cosh® p(dot)?, (81p)*, sinh® p(8261)%, (37)?) ,

4
92ij = sinh2 pCOS2 ¢1 Z al-gbp(?jgbp + COS2 y Z al'@qaj@q .

p=2,3 q=1

Defining the new angle variables:

¢p = sinh pcos g1, , Bg = COSVPq ,

the bosonic quadratic action of the DBI part can be rewritten as

1 g
5 Vsdet(gp + F) g5 g2
1 . - o - 1 - 1 |
= y/sdet gg 596](8,‘@,,3]‘(?]; + 8,‘(,5,18]‘(,5,1) + 5(3¢§ — @2) + ZFlijFlzJ , (3.5)

where we have performed partial integrations. Then it is turn to consider the WZ part.
The C™ is now expressed as

CW = 4/si(— cosh psinh® p cos? ¢y dtdpd padds + cos® vdyprdeps - - - dey)
up to an exact term, and it can be expanded in terms of the fluctuations as
oW — 054)4_... ’

and the integration of the quadratic part is given by
/C’2(4) = —4\/§i/coshpsinh3pcos2 gbldtdpdqbl(;;gdgz;g
= —4/si /d4§ cosh psinh pdytd; pOad1 p20303

= —4+/si /E voly, ¢odds , (3.6)

where Y3 is the worldvolume extending in the AdSs. Combining (B.5) and (B.9), one can
obtain the following quadratic action

1 i = - B B 1, - _ 1 ij
Sop = t3 /d4§ v/ sdet go [590J (0i9p0;jPp + 0i9q0;Pq) + 5(3%2; - o)+ ZFqulj

—4\/§’L't3/EV0123gZ_52d(j_53 . (37)

4The supersymmetric actions of D3-branes on the AdSsxS® and the pp-wave are constructed in [@]
and [@], respectively.



This is nothing but the non-relativistic AdS D3-brane action derived in [LY].

On the other hand, we may consider (1,3)-brane. The shape is actually RxS? and so
this is related to the giant graviton [R§] rather than AdS-branes. The static solution is
given by

(7, o1, 02) = (H(E2);7(€1), 01(€2), a(€7))

as it corresponds to a giant graviton. By carrying out the same analysis, we can obtain

the following quadratic action:
| T T AT o
Sop = t3 /d4§ V' sdet go [590](51'/@/) + 0i9p0jPp + 0ipg0iPq)

—1—%(;32 + 62— 3¢2) + iFmej] + 44/sits /2 volyy @sdps  (3.8)
where p =1,2,3 and ¢ = 3,4. 3} is the worldvolume extending in the S°.
D5-brane. The bosonic part of the D5-brane action is
Lp = \/sdet(gp + F)d°¢ +C©.
Let us consider the AdSyxS2-brane (i.e., (4,2)-brane) first. The classical solution is
(t, 0,61, 9257, 1) = (£(E2), p(€1), 91(€2), 92(€%);7(€Y), 1 (€7)) -
The induced metric is expanded as
9B =gotgat---,

and the zeroth and the second order parts are given by, respectively,

goij = diag(— cosh? p(9pt)?, (91p)?, sinh? p(Ga¢1)?, sinh? p cos? ¢y (D32)?,

(047)?, cos® v(051)?)
4

92ij = sinh? p cos? ¢y cos? gbg@igz;g(?jgz;g + Z cos? y cos? 010;9q0jPq -
q=2
Defining the new variables
¢3 = sinh p cos ¢ cos bads Pg = COS Y COS P1Pq ,

one can rewrite the quadratic part of the bosonic DBI action as

1 - 1 .. _ 1 .

5 Vsdet(gs +F) 96 92i5= /s det go 598] (0ip30; 03+ 01840, q) +203— P+ ZFlijFIZ] :

(3.9)

where we have performed partial integrations. Then let us consider the WZ part. Since in
the present metric we have

6 \/E’L a a a) al
dC( ) = h?’bosonic = %(eal---(me Peeee™ — Ea’l---age Le--e 5)F7

,10,



the C©) is expanded as
c® =cl¥ 4 ...
The integration of Céﬁ) is given by
/C’2(6) = 4+/si /coshpsinh3 p OS> (1 COS ¢2dtdpd¢1d¢2gl~53 F
= 4/si /Z voly, ¢3F1 (3.10)

where voly,, = cosh psinh? pcos ¢1dtdpdéidgs . Combining (B-9) and (B-10), one can find

the quadratic action

| RN
Sap = ts5 /dﬁf V/ sdet go [59()] (0i30; 03 + 0:040;@q) + 203 — @2 + ZFqulj
+4\/§it5 /V0124 (EgFl . (311)
>

This is nothing but the non-relativistic AdS D5-brane action derived in [L9].

5

It is also interesting to consider the AdSsxS*-brane case.” The classical solution is

given by

(t, 037, 1,92, 3) = (L(£2), p(E2);7(€°), 01(£%), 2(€7), 3(£7)) -

By following the same line, we can obtain the following quadratic action
Sop = ts /d% V/sdet go [%géj(aiqz_ﬁpaj@p + 0:340;(4) + 2 — 205 + %Flz‘ijj
—4+/sits /Evolzf1 @4 F1 (3.12)
where p = 1,2,3. This also agrees with the result of [[[9].
D7-brane. The bosonic part of the D5-brane action is

Lp = +/sdet(gp + F)d%¢ +C®.

Let us consider the AdSsxS3-brane (i.e., (5,3)-brane) classical solution

(t,p, o1, P2, 9337, @17@2) - (t(§0)7p(§1)7¢1(§2)7¢2(§3)7¢3(§4);7(§5)7901(56)7@2(57)) :

The induced metric is expanded as

9B =gotgat---,
and the zeroth and the second order parts are given by, respectively,
goij = diag(— cosh? p(dpt)?, (81p)?, sinh? p(daeh1)?, sinh? pcos® ¢y (D3h2)?,
sinh? p cos” g1 cos” ¢ (0a93)?, (857)*, cos® 1(Isep1 ), cos” vy cos® o1 (rpa)?) ,

92ij = Z cos? 7 cos? 1 cos? 020940 Py -
q=3,4

®This shape may be related to a giant Wilson loop @]

— 11 —



Defining the new variable, ¢, = cos~ cos @1 cos p2¢,, one can rewrite the quadratic part
of the bosonic DBI part as

1 g 1. 3. 1 g
5 Vsdet(gs +F) 96 92ij = /s det go [596J3i80q3j80q - 5802 + ZFlijFll]:| ;

where we have performed partial integrations.

Then let us consider the WZ part. We can start from the following expression,

3 \/si : 1\ 2
dC( ) = h9’bosonic = m 6(11---(156(11 ee® = 6a’l---at/seal e F )

and C® can be expanded as
c® =c®4....

The integration of the quadratic part is given by

/ cl® = —2/5i / volg, AF ,
by
voly, = cosh p sinh?® p cos? ¢y cos godtdpdd dpadds .

Combining the results we find the fluctuation action

1 . 3 1 iy ‘ -
Sop = t7 /d8§ v/ sdet gg [igéjaitpqaj(pq—5(,0(2]+1F12‘jF1U] — 2\/§2t7/volg5 AR . (3.13)
b
This is nothing but the non-relativistic AdS D7-brane action derived in [[LY].
Next let us consider the AdS3zxS>-brane case, which is slightly different from the
AdS;5xS3-brane case. For AdS3xS®-brane case, the classical solution is given by

(t7 P, ¢1; Y, P1, P2, L3, @4) - (t(§0)7 P(§1)7 ¢1 (52)7 7(53)7 ¥1 (54)7 902(55)7 @3(56)7 904(57)) ’

and we can derive the following action:
1 o= .- 3- 1 i ) -
SQB = t7 /dgé‘ \/ s det g0 [596]6i¢p6j¢p + 5@2512) + ZFM]'FIZ]] + 2\/§Zt7/V012/5 AF1 s (314)
%

where p = 2,3. This is also nothing but the non-relativistic AdS D7-brane action derived
in [[9]. Here it should be noted that no tachyonic mode is contained in the mass spectrum.
This fact would basically be based on the topological reason that the S part of the brane
is wrapped around the S® part of the AdS5xS® background. It should stabilize the solution
even if the supersymmetries are broken due to some effect.

3.2 Fermionic fluctuations

Next we shall consider the fermionic fluctuations. As mentioned before, the fermionic part
can be discussed in a unified way in comparison to the bosonic part, i.e., it does not almost
depend on the dimensionality of Dp-branes. Hence we will discuss the fermionic part of all
D-branes at a time.

- 12 —



Expanding about the classical solution, we can derive the quadratic action for the
fermionic variables:

Sop =T /dp+1§ Vs det go g i07;(D;0)g
T, / L'Eegh . -eépngl...Ap(J)%iag(Dﬂ)o ,
> b
where the covariant derivative is defined as
_ I U | _
(DH)O =df + 5664FA20'29 + ZwélBPABH, Yi = (eo)fFA

where subscript 0 means classical value. The quadratic action Sop + Sop is invariant under
the following fermionic symmetry

sv/—s =3 1 e A
= Fageg T o O T,
fi =1 mod 4
= /=T p=M, p= o1 orp o . (3.15)
109 for p = 3 mod 4
For F-string case, p = o3. This symmetry is inherited from the x-symmetry of Dp-brane
action
0.0 = (1+ F)
]lkl ]nknf . f
sdet (g+F) Z Q”n' Juky TS gnkn
_p=3, 1 i
XM o e D

where T'; = Lff A . Fixing the fermionic symmetry (B.15) with the condition
~ ~ ~ 1
9+:0, ai:Piei, Pizi(liM),

we obtain the gauge fixed action:
SQF = tp /derlf \ sdet 90 2igéj’l§’yi(Dj19)0,

where we have absorbed R by rescaling 6 and denoted ¥ = f_. This is the fermionic part
of non-relativistic AdS Dp-brane action derived in [Lg].
Finally we comment on the mass term contained in (Dd)y. The vielbein and spin

connection on the (p+ 1)-dimensional world-volume for our classical solutions are given by
o = XM (o), G = XM (wo)F

where « is the tangential-vector index. By using the (p+1)-dimensional spinorial derivative
defined by

1.
Vi=0i+ 4@ o5,

,13,



one can find that
1 .
(Dl’l9)0 =V;9+ 5(60)24FA’L'O'2’I9 .

So for (m,n)-branes

ii= 1 ~ . m4n ;-
gojﬂwii(eo)ffmagﬂ = g5 9TioaV ,
where we have used 76 = — 76 which follows from I'gy...98 = 6. Thus
Sor =t /dp+1£ sdet gg 2i géjzngjﬁ — mT—i_n@IiJQﬁ . (3.16)

This is the action for 8 massive fermions propagating on AdS,, xS™ for the (m,n)-branes.
Thus we have shown that the non-relativistic actions constructed in [I9] can be repro-
duced from the semiclassical limit around static 1/2 BPS D-brane configurations.

4. Gauge theory side

In the previous section we have shown that the non-relativistic limit is nothing but a
semiclassical approximation around a static configuration. In this section, we argue the
corresponding composite operators in the gauge theory side, according to the semiclassical
interpretation for the non-relativistic limit.

4.1 BMN dictionary

Before considering the non-relativistic limit, it is helpful to remember the pp-wave case [E,
[[7]. The pp-wave string can be seen as a semiclassical approximation around a BPS particle
solution rotating at the velocity of light. The solution has a U(1) charge J associated with
the rotation. Then in the gauge theory side it corresponds to a single trace operator

™(Z7), Z=¢5+igs. (4.1)

The solution is invariant under SO(4)xSO(4) and the fluctuations are represented by in-

sertions of impurities:
DMZ (/’L:0717273)7 ¢I (1:1727374)7

into the vacuum operator (.1]). Here it should be noted that D, Z has bare scaling dimen-
sion 2 but Z carries the U(1) charge 1, and hence A — J = 1.

4.2 Dictionary in non-relativistic limit

Let us consider the non-relativistic string theory. The world-sheet geometry is AdSs and
it ends on the AdS boundary. Hence a straight Wilson lineS

6
W:TrPeXp[/dt (iAO—i—(b)} , ¢:an¢z
i=1

SHere we discuss a single AdSy-brane and the representation of the corresponding Wilson line is repre-
sented by a single box in terms of Young tableau.
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is contained in the gauge theory side. This is 1/2 BPS and invariant under SO(3)xSO(5).
Hereafter we will fix the six-dimensional vector n’ as n’ = (0,...,0,1).

In analogy with the semiclassical interpretation for the Penrose limit [[[7], it is plausible
to identify the Wilson line with the vacuum operator. From the mass spectrum of the non-
relativistic string, its transverse symmetry is SO(3)xSO(5) and it should be related to the
fluctuations. Then we argue that the fluctuations would be represented by the insertions
of the following impurities:

Dods+iFyn (a=1,2,3), ¢ (d =1,...,5). (4.2)

For the AdS directions, the field strength is included in comparison to the BMN case. Here
we should note the difference of the scaling dimensions 1 between AdSs and S® directions.
It is closly related to the difference between the masses of non-relativistic string as we will
see later.

We will see some supports for the dictionary (f.9) below.

4.3 Wilson loop expansion

The dictionary (f.2) is supported also by another argument based on expanding a Wilson
loop, following the method developed in [B{].
Let us consider the Taylor expansion of Wilson line

Sf .
W(C)=Tr [P exp (/ ds (1A (x(s))aH (s) + ¢@y’(s))>]
around the straight Wilson line Cj

zd,(s) =s, Je, () = (0,0,0,0,0,1),

by considering a small deformation like W (C') = W(Cy + 6C) [BJ].
The Wilson line can be expanded as

W(C) = W(Co) + / ffdsamﬂ( ) iz((f)) L / ffdsayi( ) 552/8) »
2
/ dsl/ dsy 0xt(s1)dz” (32)536;18%(5:282) e 4o (4.3)

The zeroth order term is nothing but the straight Wilson line. Then the first order term
is evaluated as

we) T{(wﬂu(x(s)w(s) + Dybile(s)i(s)) x
Cc=Co
xP exp (L::jfds/ (1A, (2(s")i" (s") + ¢zyl(3,))>] oo
— Tr [(iFuo + D, 6) P exp (/Zdt (i4o + ¢6)>} , (4.4)
W) nfuren([Tan )]
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The fluctuations are expanded as

Szt (s) = Z Mgemns/(w—sm’ 5y-i(8): Z 5%62m‘ns/(sf_si)’

n=—oo n=—oo

and those give the following relations:
sy 5
S [ 2O
- s 0zk(s)

P O (<)
S | asaute)

e2m’ns/(8f*51') — 51-g X (@)7
C=Cy

e2rins/(s;=si) — 5y » ().
C=Cy

By letting
o' =69° =0, (4.6)

we are left with the impurities given in (.2). The condition ({.) will be supported from
a supersymmetry argument.

Supersymmetry. The straight Wilson line W(Cj) is 1/2 BPS. As one can easily see,
the supersymmetry variation” §.W (Cj) vanishes when

(&4, Ty — i, Di)e =0,
which implies the locally supersymmetric condition
. 2 .7 2
(@¢,)” — (Wg,)” = 0.

The straight Wilson line W (Cj) indeed satisfies the condition.
Then let us consider linear fluctuations around W (Cp) . The supersymmetry transfor-
mation for the fluctuations vanishes when the following relation is satisfied:

(Gt + 62T, = (i, + 03I ] € = 0.

It implies that
62" — 6y = 0.

On the other hand, one may choose as
620 +6y° =0

by using the SO(1,1) symmetry. Thus the linear fluctuations are locally supersymmetric
and 1/2 BPS when §2° = 0 and 69° = 0. The former means dz" = 0 as the Wilson line
is characterized by z#. In fact, we have just seen above that impurities (f£3J) appeared as
fluctuations satisfying 620 = 6% = 0.

“The supersymmetry transformation is given by dc A, = i\Ill"#e and §c¢; = i¥Te.
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4.4 Supergravity modes in non-relativistic limit

Next let us consider the fluctuations by focusing upon the supergravity modes. These
should be BPS and protected from quantum corrections. Then the mass dimensions of the
fluctuations can be computed following [J].

We show that the mass dimensions of the fluctuations propagating in AdSy evaluated
at the boundary are equal to the conformal dimensions of the conjectured impurities. The
masses of the fluctuations are easily derived from (8.4) with F' = 0 and (B.16) as

my =2 for ¢, m%=0 for 7, ¢ (4.7)

and m% = 1 for 9. The mass dimensions of scalars can be evaluated at the boudary as
follows [B]:

A= %(1 +V1+ 4m2> . (4.8)

By substituting ({.7) for ({.g), it follows that

AG)=2 and A(3,4) = 1.
On the other hand, the conformal dimensions of impurities are
2 for Dyge+iFy and 1 for ¢% .

Thus we find the agreement of the mass dimensions of the fluctuations and the conformal
dimensions of the impurities. This provides a further support of our conjecture.

Finally we comment on the stringy excitation modes. The quantum spectrum of the
non-relativistic string has not been obtained yet by solving the theory. The world-sheet
theory is free but the world-sheet geometry is AdSs rather than flat, and the quantization
of it is more involved. Furthermore, unlike the pp-wave string case, the U(1) charge J is not
included in the present case. Thus the BMN trick does not work and hence perturbation
theory would be useless in comparing the gauge side with the string result. Anyway, it
would be difficult to check the above dictionary at stringy level.

5. Summary and discussions

We have derived non-relativistic actions of string and D-branes on AdS5xS® from a semi-
classical approximation around static configurations. Then the AdS/CFT dictionary in the
non-relativistic limit, which is a new solvable sector pointed out in [f], has been argued
on the basis of the semiclassical interpretation and the symmetry argument. We speculate
that a state of non-relativistic string would correspond to a small deformation of 1/2 BPS
straight Wilson line.

Here it may be valuable to comment on the difference of setups between ours and [B1,
BY. In the case of [Bl, BZ a deformed Wilson loop with “long” composite operators
is considered and a large U(1)r charge is included as the length of the long operators
unlike our case. Therefore perturbation theory works in the case of [B1], B3 to check the
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correspondence even at stringy level and it is also an interesting direction to study the
deformed Wilson loops furthermore (For the works in this direction, see [B]-B4]). On the
other hand, it would be quite difficult in our case to test at the strigy level.

It would be another direction to study a semiclassical approximation of M-branes. The
non-relativistic M-brane actions have already been obtained in our previous paper [Id]. We
will report on this issue in another place in the near future [Bg).

We hope that our result could be a new clue of the study of AdS/CFT correspondence.
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A. The supervielbeins on AdS;xS®

Here we will construct the supervielbeins on the AdSsxS® background, in order to make
the manuscript self-contained and fix the notations and conventions.
First of all, let us introduce the metric of AdSsxS® background:

ds? g = — cosh? pdt* + dp* + sinh? p|d¢? + cos® ¢y (d¢3 + cos? ¢2d¢§)} , (A.1)
ds% = dy* + cos® v |dp? + cos® 1 (des + cos® oo (dgpg + cos? gogdgoi))} . (A2)

As we factor out the radii R of AdSs and S® to be an overall factor in the action, the

geometrical objects collected here are for R = 1. Then for the AdS5 part, one can read off
from ([A.d]) the vielbein €® (a = 0,1,--- ,4) as

e® = (cosh pdt, dp, sinh pdeq, sinh p cos ¢1deps, sinh p cos ¢1 cos padps) .

The spin connection is defined by de®* = —w%e®, and the non-trivial components of the
spin connection for the AdSs part, are

w% = sinh pdt w2 = cosh pdor w3 = cosh p cos ¢1dey w3y = —sin ¢1dos ,

w = cosh pcos ¢y cos pades wy = —sin ¢y cos padeps, w3 = — sin gods .

Next, for the S? part, the vielbein % (a’ =5,6,--- ,9) is seen from (A.J) as

et — (dy, cos~ydpr, cosycos p1dps,

COS 7y COS 1 €OS padps, COS Y COS Y1 COS P2 COS Y3dpy) -
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The non-zero components of the spin connection are given by

6

w’s=—sinydy , w5 =—sin~ cos 1 des w'g=—sin p1dps ,
w®5=— sin 7y cos @y cos adyps WS =—sin ¢ cos adps WSy =—sin padyps ,
w?5=—sin~y cos @1 cos py cos p3dpy, w's=—sin @] cos @a cos p3dypy

w?7 = —sin sy cos p3dea, w7 =—sin p3dyy, .

Then it is turn to consider the supervielbeins on AdSsxS®, which can be obtained via
the coset construction with the coset superspace:

PSU(2,2/4)

A 5~ -
45535 ~ S50, 4) x S00)

(A.3)

The super-AdSsxS® algebra is represented by the super Lie algebra psu(2,2|4), whose
commutation relations are given by

[Pa, ] = &*Jgp, [Po, Py] = = Jo
[Pas o) = NavPe — Nac P , [Pars Jyrer] = Narty Per — Narer Py
[Jab, Jea) = npedad + 3-terms,  [Jop, Joa] = My Jorar + 3-terms,
[Qr, Pa] = —%QJ(iUQ)JIfA, (Qr,JaB] = _%QIPABy (A.4)

{Q1,Qs} = 2iCTA6; hy Py — iaCTB (i09) 1 hy Jag

where A = (a,a’). @« =1/R is set to be 1 in the body of the paper.
Then the gamma matrix T'4 € Spin(1,9) satisfies

{4 rfy =24, T = —crict, ¢ =,

where C is the charge conjugation matrix and the Minkowski metric n4p is almost positive.
Furthermore we have introduced the following quantities:

fA = (—FGI, Pa/j) ) i_\\AB - (_FabI7 Fa’b’j) R 7T = F01234 , j — F56789 ,

1
Qrhy =Qr, hy = 5(1 +I'11), I'1=Tor.9.

LAB

Now the supervielbeins LA and L%, and super spin connection can be read from

the left-invariant Cartan one-form defined by
1
g7 ldg = LAPy + SLAP Jap + QaL®,
where g is an element of the supercoset ([A.3) and it is parametrized as

9 = gz90 , 99:6Q67 Q:(QlaQQ)a :<01> )

and g, and gy are the bosonic and the fermionic elements, respectively. Here we note that
gz should satisfy, by definition, that

_ 1
9, dg, = e Py + §wABJAB ;
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where e and wAP are the vielbein and the spin connection of AdSsxS°.
After some algebra, we finally obtain the explicit expressions of the supervielbeins and
super spin connection as follows®

_ o MZn2 p. coshM —1
A _ A . A _ A . A
LY =e“+2 g 19F (2n)! DO = e™ + 2¢0T <7M2 ) Do,

() omn .
1o _ Z M D sinh M

T __Dh= Do,
 (2n+1)! M
N >, M2n—2 _~ coshM —1
LAP = AP — 2iafT*Pioy y Tl = WP = 2iafT P ioy——=5— DY
n=1
with

~ _ 1 .

M? = ia (rAwQe or4 — 5Las0 erABz'@) ,

O AT 1 aB
DO = do + 56 T 4i090 + Zw T 4p0. (A.5)

By construction these should satisfy the following MC equations:

dLA = —npcLAPLY 4+ LTAL,
dLab — —ngLaLb — nchcaLbd — ia_ifabiUQL, (AG)
dL™Y = +0’LYLY — nug LYY —ialT"ioy L,
~ 1
dL® = —%LAFAiUQL — ZLABTABL

which are equivalent to the psu(2,2[4) algebra (A-4).

References

[1] J.M. Maldacena, The large N limit of superconformal field theories and supergravity,

Theor. Math. Phys. 2 (1998) 231| [IInt. J. Mod. Phys. A 38 (1999) 111J] [hep-th/9711200.

[2] S.S. Gubser, I.R. Klebanov and A.M. Polyakov, Gauge theory correlators from non-critical
string theory, [Phys. Lett. B 428 (1998) 105 [hep-th/9802109;
E. Witten, Anti-de Sitter space and holography, |Adv. Theor. Math. Phys. 2 (1998) 253
[hep-th/980215Q].

[3] R.R. Metsaev and A.A. Tseytlin, Type IIB superstring action in AdSs x S® background,
[Nucl. Phys. B 533 (1998) 109 [hep-th/980502§].

[4] L. Bena, J. Polchinski and R. Roiban, Hidden symmetries of the AdSs x S° superstring,

Rev. D 69 (2004) 046009 [hep-th/0305114].

[5] D. Berenstein, J.M. Maldacena and H. Nastase, Strings in flat space and pp waves from N =/
super Yang Mills, JHEP 04 (2002) 013 [hep-th/0202021].

8The differential d acts as d(F AG) = dEAG+(—1) F AdG (where f is the degree of F'), and commutes
with 6.

,20,


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=00203%2C2%2C231
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=00203%2C2%2C231
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=IMPAE%2CA38%2C1113
http://arxiv.org/abs/hep-th/9711200
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB428%2C105
http://arxiv.org/abs/hep-th/9802109
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=00203%2C2%2C253
http://arxiv.org/abs/hep-th/9802150
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB533%2C109
http://arxiv.org/abs/hep-th/9805028
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD69%2C046002
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD69%2C046002
http://arxiv.org/abs/hep-th/0305116
http://jhep.sissa.it/stdsearch?paper=04%282002%29013
http://arxiv.org/abs/hep-th/0202021

[6]

R. Penrose, Any spacetime has a plane wave as a limit, Differential geometry and relativity,
Reidel, Dordrecht (1976);

R. Gueven, Plane wave limits and T-duality, |Phys. Lett. B 482 (2000) 255 [hep—th/0005061]);
M. Blau, J. Figueroa-O’Farrill, C. Hull and G. Papadopoulos, Penrose limits and mazimal
supersymmetry, [Class. and Quant. Grav. 19 (2002) L87 [hep-th/0201081].

R.R. Metsaev, Type IIB Green-Schwarz superstring in plane wave Ramond-Ramond
background, [Nucl. Phys. B 625 (2002) 70| [hep-th/0112044].

R.R. Metsaev and A.A. Tseytlin, Ezactly solvable model of superstring in plane wave
Ramond-Ramond background, |Phys. Rev. D 65 (2002) 126004 [hep-th/0202109].

J. Gomis, J. Gomis and K. Kamimura, Non-relativistic superstrings: A new soluble sector of
AdSs x S°, UHEP 12 (2005) 024 [hep-th/0507034].

J. Gomis and H. Ooguri, Non-relativistic closed string theory, U. Math. Phys. 42 (2001) 3127
[hep-th/0009181];
U.H. Danielsson, A. Guijosa and M. Kruczenski, ITA /B, wound and wrapped, JHEP 10

(2000) 02( [hep-th/0009187].

[12]

J. Brugues, T. Curtright, J. Gomis and L. Mezincescu, Non-relativistic strings and branes as
non-linear realizations of Galilei groups, [Phys. Lett. B 594 (2004) 227 [hep-th/0404175).

J. Gomis, K. Kamimura and P.K. Townsend, Non-relativistic superbranes, JHEP 11 (2004)

051 [hep-th/0409219].

[13]

J. Gomis, F. Passerini, T. Ramirez and A. Van Proeyen, Non relativistic Dp-branes,

10 (2005) 007 [hep-th/0507134].

[14]

[15]

[16]

[17]

18]

[19]

[20]

[21]

K. Kamimura and T. Ramirez, Brane dualities in non-relativistic limit, JHEP 03 (2006) 059
[hep-th/0512146].

J. Brugues, J. Gomis and K. Kamimura, Newton-Hooke algebras, non-relativistic branes and
generalized pp-wave metrics, |[Phys. Rev. D 73 (2006) 085011| [hep-th/0603029].

G.W. Gibbons and C.E. Patricot, Newton-Hooke space-times, Hpp-waves and the
cosmological constant, [Class. and Quant. Grav. 20 (2003) 5225 [hep—-th/0308200.

S.S. Gubser, L.R. Klebanov and A.M. Polyakov, A semi-classical limit of the gauge/string
correspondence, [Nucl. Phys. B 636 (2002) 99 [hep-th/0204051].

S. Frolov and A.A. Tseytlin, Semiclassical quantization of rotating superstring in AdSs x S°,
JHEP 06 (2002) 007 [hep-th/0204226].

M. Sakaguchi and K. Yoshida, Non-relativistic AdS branes and Newton-Hooke superalgebra,
VHEP 10 (2006) 078 [hep-th/0605124].

N. Drukker, D.J. Gross and A.A. Tseytlin, Green-Schwarz string in AdSs x S°: Semiclassical
partition function, JHEP 04 (2000) 021 [hep—th/0001204].

S.J. Rey and J.T. Yee, Macroscopic strings as heavy quarks in large N gauge theory and
anti-de Sitter supergravity, |[Eur. Phys. J. C 22 (2001) 379 [hep-th/9803001];

J.M. Maldacena, Wilson loops in large N field theories, |Phys. Rev. Lett. 80 (1998) 4859
[hep-th/9803009.

— 21 —


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB482%2C255
http://arxiv.org/abs/hep-th/0005061
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C19%2CL87
http://arxiv.org/abs/hep-th/0201081
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB625%2C70
http://arxiv.org/abs/hep-th/0112044
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD65%2C126004
http://arxiv.org/abs/hep-th/0202109
http://jhep.sissa.it/stdsearch?paper=12%282005%29024
http://arxiv.org/abs/hep-th/0507036
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=JMAPA%2C42%2C3127
http://arxiv.org/abs/hep-th/0009181
http://jhep.sissa.it/stdsearch?paper=10%282000%29020
http://jhep.sissa.it/stdsearch?paper=10%282000%29020
http://arxiv.org/abs/hep-th/0009182
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB594%2C227
http://arxiv.org/abs/hep-th/0404175
http://jhep.sissa.it/stdsearch?paper=11%282004%29051
http://jhep.sissa.it/stdsearch?paper=11%282004%29051
http://arxiv.org/abs/hep-th/0409219
http://jhep.sissa.it/stdsearch?paper=10%282005%29007
http://jhep.sissa.it/stdsearch?paper=10%282005%29007
http://arxiv.org/abs/hep-th/0507135
http://jhep.sissa.it/stdsearch?paper=03%282006%29058
http://arxiv.org/abs/hep-th/0512146
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD73%2C085011
http://arxiv.org/abs/hep-th/0603023
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=CQGRD%2C20%2C5225
http://arxiv.org/abs/hep-th/0308200
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB636%2C99
http://arxiv.org/abs/hep-th/0204051
http://jhep.sissa.it/stdsearch?paper=06%282002%29007
http://arxiv.org/abs/hep-th/0204226
http://jhep.sissa.it/stdsearch?paper=10%282006%29078
http://arxiv.org/abs/hep-th/0605124
http://jhep.sissa.it/stdsearch?paper=04%282000%29021
http://arxiv.org/abs/hep-th/0001204
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=EPHJA%2CC22%2C379
http://arxiv.org/abs/hep-th/9803001
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PRLTA%2C80%2C4859
http://arxiv.org/abs/hep-th/9803002

22]

M. Cederwall, A. von Gussich, B.E.W. Nilsson, P. Sundell and A. Westerberg, The Dirichlet
super-p-branes in ten-dimensional type IIA and IIB supergravity, [Nucl. Phys. B 490 (1997)

179 fhep-th/961115d;

E. Bergshoeff and P.K. Townsend, Super D-branes, [Nucl. Phys. B 490 (1997) 14§
[hep-th/9611173.

M. Aganagic, C. Popescu and J.H. Schwarz, D-brane actions with local kappa symmetry,

[Phys. Lett. B 393 (1997) 311| [hep-th/9610249; Gauge-invariant and gauge-fized D-brane
actions, [Nucl. Phys. B 495 (1997) 99 [Eep—th/961208a].

K. Skenderis and M. Taylor, Branes in AdS and pp-wave spacetimes, |[JHEP 06 (2002) 025
[arXive:hep-th/0204054].

M. Sakaguchi and K. Yoshida, D-branes of covariant AdS superstrings, [Nucl. Phys. B 684

(2004) 10( [hep-th/031022];

For a proof in the full order of #, see Notes on D-branes of type IIB string on AdSs x S°,
[Phys. Lett. B 591 (2004) 31§ [hep—th/0403243;

For a short summary, see D-branes of covariant AdS superstrings: An overview,
hep-th/0408208.

For a generalization including gauge field condensates, see Noncommutative D-brane from
covariant AdS superstring, hep—th/0604039

R.R. Metsaev and A.A. Tseytlin, Supersymmetric D3 brane action in AdSs x S°,

B 436 (1998) 281| [hep-th/9806095].

33]

R.R. Metsaev, Supersymmetric D3 brane and N = 4 SYM actions in plane wave backgrounds,
[Nucl. Phys. B 655 (2003) 3 [hep-th/0211178].

J. McGreevy, L. Susskind and N. Toumbas, Invasion of the giant gravitons from anti-de
Sitter space, |[JHEP 06 (2000) 00§ [hep-th/0003078];

M.T. Grisaru, R.C. Myers and O. Tafjord, SUSY and Goliath, JHEP 08 (2000) 04(
[hep-th/0008015];

A. Hashimoto, S. Hirano and N. Itzhaki, Large branes in AdS and their field theory dual,
VHEP 08 (2000) 051 [hep-th/000801§].

J. Gomis and F. Passerini, Holographic Wilson loops, JHEP 08 (2006) 074 [hep—-th/0604007).

A. Miwa, BMN operators from Wilson loop, JHEP 06 (2005) 05( [hep-th/050403d].

N. Drukker and S. Kawamoto, Small deformations of supersymmetric Wilson loops and open

spin-chains, JHEP 07 (2006) 024 [hep-th/0604124].

A. Miwa and T. Yoneya, Holography of Wilson-loop expectation values with local operator
insertions, JHEP 12 (2006) 060 [nep-th/0609007].

A.A. Tseytlin and K. Zarembo, Wilson loops in N'=4 SYM theory: Rotation in S°,

Rev. D 66 (2002) 12501(] [hep-th/0207241]].

[34]
[35]

A. Tsuji, Holography of Wilson loop correlator and spinning strings, hep—th/060603(.

M. Sakaguchi and K. Yoshida, in preparation.

- 22 —


http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB490%2C179
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB490%2C179
http://arxiv.org/abs/hep-th/9611159
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB490%2C145
http://arxiv.org/abs/hep-th/9611173
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB393%2C311
http://arxiv.org/abs/hep-th/9610249
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB495%2C99
http://arxiv.org/abs/hep-th/9612080
http://jhep.sissa.it/stdsearch?paper=06%282002%29025
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB684%2C100
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB684%2C100
http://arxiv.org/abs/hep-th/0310228
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB591%2C318
http://arxiv.org/abs/hep-th/0403243
http://arxiv.org/abs/hep-th/0408208
http://arxiv.org/abs/hep-th/0604039
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB436%2C281
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHLTA%2CB436%2C281
http://arxiv.org/abs/hep-th/9806095
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=NUPHA%2CB655%2C3
http://arxiv.org/abs/hep-th/0211178
http://jhep.sissa.it/stdsearch?paper=06%282000%29008
http://arxiv.org/abs/hep-th/0003075
http://jhep.sissa.it/stdsearch?paper=08%282000%29040
http://arxiv.org/abs/hep-th/0008015
http://jhep.sissa.it/stdsearch?paper=08%282000%29051
http://arxiv.org/abs/hep-th/0008016
http://jhep.sissa.it/stdsearch?paper=08%282006%29074
http://arxiv.org/abs/hep-th/0604007
http://jhep.sissa.it/stdsearch?paper=06%282005%29050
http://arxiv.org/abs/hep-th/0504039
http://jhep.sissa.it/stdsearch?paper=07%282006%29024
http://arxiv.org/abs/hep-th/0604124
http://jhep.sissa.it/stdsearch?paper=12%282006%29060
http://arxiv.org/abs/hep-th/0609007
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD66%2C125010
http://www-spires.slac.stanford.edu/spires/find/hep/www?j=PHRVA%2CD66%2C125010
http://arxiv.org/abs/hep-th/0207241
http://arxiv.org/abs/hep-th/0606030

