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Objectives

The conjecture of this correspon-
dence involves different observations
of N Ds-branes, leading to two inter-
pretations of the same physics. The
argument would be present in fol-
lowing order:

e Simple Summary of Conditions
and Physical Spaces

e First Perspective on Physics:

e Second Perspective on Physics:

o Deriving the AdS/CFT

Correspondence from Equivalence

and remarks on Interpretation
and Limits

Introduction

When we see N D3 Branes coincide
with each other in 10D spacetime, we
have two ways to describe this system.
1 is called open string point of view
which is field side. 2 is a description in
closed string which is the gravity side.
We only consider energy scale B < é
and o — 0 in our discussion.

Open String View

The D-brane is dynamical, and
quantum fluctuations on it excite open
strings. Considering the interaction be-
tween the brane and the closed strings
of the background spacetime, the total
action for the system should be written
as

S = Sbulk =+ Sbrane =+ Sint- (1)

® Shulk:

The bulk part describes the dy-
namics of closed strings in a space-
And the low
energy effective action is the same
SUGRA (Supergravity) action.

Since we consider an energy range

time without branes.

where only massless fields are excited,
we obtain the low-energy coupling of
strings with the back ground fields. To
preserve Weyl symmetry, we can de-
rive three 5 functions from the energy-
momentum tensor, which can serve as
the equations of motion for this action.
Thus, the dynamics of closed strings
in Spyy is described by the low-energy
effective action for closed strings.

1
Shulk =55 / XV —-Ge ™
2/4]0

1
(R — 5 Hw AHPA + 40,0 a/@)

(2)

® Sbrane =+ Sint :

The DBI (Dirac-Born-Infeld) action

describes the action of a single brane
itself, along with its interaction with
the background spacetime, using a low-
energy effective form:

Y T
\/ — det(vep + 2m’ Fyp + Bap))
Expanding with ¢ — n + kh, fo-
cusing on the metric perturbation term
> 0, we obtain
free gravity theory, and any couplings

and when kK ~ g;«

involving h terms are suppressed by &,
so gravity decouples from the back-
oround fields in the system.

~ [(Oh)* + K(Oh)h + - -
The excitations of open strings on
the D-brane at this energy scale cor-

respond to massless gauge fields A,.
Expanding the DBI action gives the

following form, where for p = 3 we
can eliminate all o’ suppression fac-

tors and obtain a free gauge field, where
y_ptl

T, = (2m)Pa' >

Shrane = —(2ma’ )=
(Fy Fi+ .. )

With N overlapping Ds-branes, the
position of open string endpoints on
different branes is described by Chan
Paton factors, which act as labels for
This

leads to a reshuffling of brane in-

the endpoints of open strings.

dices corresponding to global symme-
try, which is associated with local sym-
By substituting
the indices into the fields, replacing 0,

metry in spacetime.

with D, and Introducing a potential
term, we obtain the Yang-Mills action

part.
1 +1
S = —Q—/dp xr
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The interaction term corresponds to
the coupling between the gauge field
and the dilaton, Kalb-Ramond field,
or the metric field. Through the ex-
pansion e ¥ — g, x e ?
ization, we need to rescale ® by a k
factor. In the limit o/ — 0, the in-
teraction terms vanish, meaning that
the brane decouples from the back
oround spacetime.

and regular-

Closed String View

o = [ — 0 indicates that the
string scale is much smaller than the
spacetime curvature, allowing us to
treat the N Ds-branes as a source in
— 0,
we neglect string interactions, and the

spacetime. In the limit g,
system can be described using semi-
classical gravity:.

Requiring translation symmetry on
the brane leads to the following ansatz:

ds* =H (r)"?n,, datda”+
H(r)Y26;; da'da’,

where p, v are brane direction and
1, 7 are direction perpendicular to the
2 = % 7% represents the dis-
tance to the bi”_aile.

Substituting this into the equations
of motion of type IIB SUGRA, we ob-

tain the solution

brane . r

Hr)=1+(L)"

The parameter L is determined
byL* = 4wg, No'.

When r > L, we have the space-
time structure far from the branes,
which is Minkowski space.

When r <« L, we obtain the near-
horizon geometry, also known as the
throat:

ds? = i drtdr” + %&ﬂxldx] .
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Letting z = =, we have

L2

ds* = = (nu, dzt dz” + d2°) + L* ds;
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This is the spacetime structure of
AdS5 X 55.

When discussing the energy of a
oravitational system, we need to spec-
ify an observer. The energy E corre-
sponds to 0;, where t is the proper time
of an observer at infinity. Using a red-
shift factor, we describe the observer’s
energy as F = H™V/ ‘E,. For a finite-
sized system at r, in the limit r — 0, E/
remains in the low-energy regime and
E — 0. Thus, under a given energy
scale, the physics naturally decouples

at r — 0 and r — oc.

Summary

We understand the same system us-
ing two different approaches and obtain
two decoupled systems in the limit of
o/ — 0. From the first perspective, we

get free gravity in the bulk and N =4

cauge fields on the Ds-brane. From the
second perspective, we get free gravity
at large distances and a gravitational
theory at r — 0 close to the brane.
Therefore, we consider N' = 4 SYM
and AdS spacetime gravity to be two
descriptions of the same physical sys-
tem.

o Geometry Interpretation:

Our previous description of the
cauge theory was in the context of flat
spacetime. Now, in the limit r — 0,
we obtain the spacetime structure of
AdSs x S°, and only by moving away
from the throat do we return to a
flat spacetime background. Therefore,
we consider the gravity theory to live
in AdSs; x S°, while the Super Yang-
Mills theory lives on the 4-dimensional
Minkowski space, which is the bound-

ary of AdSs x S°.
o Limits of Validity

When discussing supergravity, we
need the curvature of the background
spacetime to be much larger than the
string scale, which means

R=Va'(g. N> Vo =1,

resulting in g.N > 1.
ment for classical gravity solutions is

The require-

that quantum corrections are small,
corresponding to g, — 0.Therefore, we
require gs—,0 N—soo With gs/N being large
but finite.
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