Published by Institute of Physics Publishing for SISSA/ISAS Received: July 29, 2002 Accepted: October 1, 2002

Holographic RG flow on the defect and g-Theorem

Satoshi Yamaguchi

Department of Physics, Faculty of Science, University of Tokyo Tokyo 113-0033, Japan E-mail: yamaguch@hep-th.phys.s.u-tokyo.ac.jp

Abstract: We investigate relevant deformation and the renormalization group flow in a defect conformal field theory from the point of view of the holography. We propose a candidate of g-function in the context of the holography, and prove the g-theorem: the g-function is monotonically non-increasing along the RG flow. We apply this g-theorem to the D5-brane solution which is an asymptotically AdS_4 × S^2 brane in AdS_5 × S^5. This solution corresponds to the mass deformation of the defect CFT. We checked that the g-function is monotonically non-increasing in this solution.

Keywords: D-branes, Brane Dynamics in Gauge Theories, AdS-CFT and dS-CFT Correspondence.

© SISSA/ISAS 2002 http://jhep.sissa.it/archive/papers/jhep102002002 /jhep102002002 .pdf

Contents

1. Introduction 1

2. The solution representing the flow 2 2.1 Setting 2 2.2 Mass deformation and D-brane solution representing the flow 3 2.3 Supersymmetry of the solution 6

3. g-theorem 8 3.1 g-function in higher dimensional defect CFT 8 3.2 Holographic g-function 8

4. Conclusion 10

1. Introduction

Quantum field theories with defects (domain walls) appear in various fields of physics. This class of theories includes boundary conformal field theory, and provide the excellent worldsheet description of D-branes [1]. Defect quantum field theories are also useful in impurity problem in condensed matter physics [2]–[4].

Some defect conformal field theories have been considered [5]–[10] in the framework of AdS/CFT correspondence [11, 12]. In this context, branes on AdS correspond to defects in CFT. The defects which do not break the scale invariance correspond to AdS shaped branes. In AdS_5 × S^5 for example, a D5-brane wrapped on AdS_4 × S^2 corresponds to a defect which preserves the scale invariance of 4-dimensional N = 4 super Yang-Mills theory.

In ordinary AdS/CFT correspondence, some relevant deformation and renormalization group flow (holographic RG flow) have been considered by the deformation of the geometry of AdS [13]–[22]. The coupling constants for relevant operators in field theory correspond to tachyonic fields (satisfying Breitenlohner-Freedman bound [23]) in AdS, and energy scale corresponds to the radial coordinate of AdS. Especially, the c-function is defined in gravity side and proven to be monotonically non-increasing along the flow.

It is also essential to consider relevant deformation on the defect and the renormalization group flow. We investigate this relevant deformation on defect in the framework of the holography. A solution of an flow has been constructed in [24]. Another type of solution is obtained in [9].

First, we consider the mass deformation of the fields on the defect. We consider the deformation of the AdS_4 ×S^2 D5-brane in AdS_5 ×S^5, whose holography to defect conformal

– 1 – field theory is considered in [6]. We explain the solution of the field theory on the brane [9]. The IR theory on the defect turns out to be massive as expected. This means that the defect decouples from the ambient theory and vanishes in IR.

Next, we propose a candidate of the g-function in the holography, and prove the g-theorem. g-function (boundary entropy)[25] in defect field theory is an analogue of cfunction in ambient field theory. It has been conjectured in [25] that the g-function is monotonically non-increasing in the flow (g-theorem), which mean g_{UV} ≥ g_{IR}.

Let us note here about the terminology. The words “boundary” and “bulk” are very confusing in this context. Therefore we use the following words in this paper. We call each side of the duality “gauge theory” and “string theory”. As for the gauge theory side, we use “defect” and “ambient”. In the string theory side, we use “brane” and “gravity”.

2. The solution representing the flow

In this section, we explain a D5-brane solution, which represents the mass deformation on the defect. This solution has been first obtained by Karch and Katz [9].^1Some features of this solution has been also discussed in [10].^2

2.1 Setting

We consider the near-horizon geometry of N D3-branes. This background is AdS_5 × S^5 with RR 5-form flux. Let us denote the coordinates of AdS_5 by (ρ, x^μ), (μ = 0, 1, 2, 3) and the coordinates of S^5 by (ψ, θ_1, φ_1, θ_2, φ_2). The near-horizon metric can be written as

ds^2 = R^2 [ dρ^2 + e^{−2ρ}η_{μν} dx^μdx^ν + dψ^2 + cos^2 ψ ( dθ^2_1 + sin^2 θ_1dφ^2_1 ) + + sin^2 ψ ( dθ^2 + sin^2 θ_2dφ^2 )] , (2.1)

where R = (4πα^{′2}g_sN)^{1/4}, and η_{μν} = diag(−1, 1, 1, 1). The RR 5-form flux F_{(5)} is expressed as

F_{(5)} =

4R^4 g_s ( e^{−4ρ}dx^0dx^1dx^2dx^3dρ + cos^2 ψ sin^2 ψ sin θ_1 sin θ_2dψdθ_1dφ_1dθ_2dφ_2 ) . (2.2)

The RR 4-form potential reads

C_{(4)} =

4R^4 g_s ( −x^3e^{−4ρ}dx^0dx^1dx^2dρ + φ_2 cos^2 ψ sin^2 ψ sin θ_1 sin θ_2dψdθ_1dφ_1dθ_2 ) . (2.3)

We explore a single D5-brane in this background by considering the theory on D5- brane: Dirac-Born-Infeld term + Chern-Simons term. In our convention, the bosonic part

1Although we independently obtained the result explained in this section, after submitted this paper to e-print archive, we become aware of the earlier paper [9] in which the same result appeared. I would like to thank Andreas Karch for letting me know this.

2After submitted this paper to e-print archive, we also become aware that some result in this section has been obtained in [10]. I would like to thank David Mateos and Selena Ng for letting me know this.

– 2 – of this D5-brane action in this background becomes

I_5 = − μ_5 g_s ∫ d^6ξ √ − det(G_{ab} + 2πα^′F_{ab}) − μ_3 2π ∫ F ∧ C_{(4)}, a, b = 0, . . . , 5, (2.4)

where μ_p := (2π)^{−p}(α^′)^{−(p+1)/2}, F_{ab} is the U(1) gauge field strength on the brane, G_{ab} is the pullback of the spacetime metric (2.1), and C_{(4)} is pullback of the RR 4-form potential (2.3).

A simple solution of the system (2.4) is the AdS_4 × S^2 brane expressed as

x^j = ξ^j , j = 0, 1, 2 , ρ = ξ^4 , θ_1 = ξ^5 , φ_1 = ξ^6 , x^3 = ψ = θ_2 = φ_2 = 0 , F_{ab} = 0 . (2.5)

Let us make a few comments about this solution. First, this solution is the simplest one among the solutions constructed in [5], and the two ambient theory living in left and right of the defect in associated gauge theory are the same theory. The associated defect CFT has been investigated in detail in [6]. In this paper, we mainly consider this simplest case.

Secondly, this solution is BPS as shown in [24], and has a tachyonic mode ψ [5], which satisfies the Breitenlohner-Freedman bound [23]. We consider next the deformation of this solution by this tachyonic mode.

2.2 Mass deformation and D-brane solution representing the flow

Now, let us consider the deformation of AdS_4 ×S^2 brane mentioned in the previous section. First, we consider the meaning of the field ψ in the gauge theory. In [6], it is claimed from the conformal dimension and the R charge that the operator which correspond to ψ is the mass term on the defect ∫ d^3xd^2Θmσ^1_{ij}Q̄^iQ^j , (2.6)

where m is the coupling constant (mass) and σ^1 is one of the Pauli matrices, and Q^i, Q̄^i, i = 1, 2 are the superfield on the defect

Q^i(x, Θ̄, Θ) = q^i(x) + Θ̄Ψ^i(x) + 1 2 Θ̄Θf^i(x) ,

Q̄^i(x, Θ̄, Θ) = q̄^i(x) + Ψ̄^i(x)Θ + 1 2 Θ̄Θf̄^i(x) , (2.7)

and Θ, Θ̄ are the fermionic coordinates of the superspace. The deformation (2.6) is relevant, and the conformal dimension shows that the leading term of the flow equation are expressed as Λ d dΛ m = −m + · · · , (2.8)

where Λ is the energy cut-off.

Next, let us turn to the string theory side and solve the flow. Since we deform the theory by the operator on the defect, the bulk theory does not flow. This means in string theory side that only the AdS_4 × S^2 brane is deformed, but the background geometry

– 3 –

AdS_5 × S^5 is not deformed. Consequently, the theory governs this flow is the one expressed by the brane action (2.4).^3

In the region of negative large ρ (UV in gauge theory side), we add a small perturbation to ψ (independent of x^a, a = 0, 1, 2). Then ψ varies along ρ according to the action (2.4). In gauge theory side, this motion is renormalization group flow. We make ψ dependent on ξ^4 = ρ, that is, ψ = ψ(ρ), and other fields are the same as eq. (2.5). Since we want to find a solution asymptotically AdS_4 × S^2, we impose the boundary condition ψ → 0 when ρ → −∞. If we insert this anzats to the D5-brane action (2.4), the action becomes

I_5 = −T_5 ∫ d^3x ∫ dρ ∫_π 0 dθ_1 ∫_{2π} 0 dφ_1R^6e^{−3ρ} cos^2 ψ sin θ_1 √ 1 + (ψ^′)^2

= −4πR^6T_5 ∫ d^3x ∫ dρe^{−3ρ} cos^2 ψ √ 1 + (ψ^′)^2 , (2.9)

where T_5 := μ_5/g_s is the D5-brane tension, and ψ^′ := dψ/dρ.

We can derive the equation of motion of ψ from the action (2.9). However, in this method, the relation between equation of motion and RG flow equation is not clear; the equation of motion is a second order differential equation, while the RG flow equation is a first order one. We can derive the first order differential equation from the action (2.9) by considering the Bogomolnyi-like bound. In this case, we are considering the supersymmetric flow.

To derive Bogomolnyi-like equation, we denote the relevant factor of (2.9) as I_ψ, and rewrite it as

I_ψ := ∫ dρe^{−3ρ} cos^2 ψ √ 1 + (ψ^′)^2 = ∫ dρe^{−3ρ} cos^2 ψ √ (cos ψ + ψ^′ sin ψ)^2 + (sin ψ − ψ^′ cos ψ)^2 ≥ ∫ dρe^{−3ρ} cos^2 ψ √ (cos ψ + ψ^′ sin ψ)^2 = 1 3 [ e^{−3A} cos^3 ψ(A) − e^{−3B} cos^3 ψ(B) ] . (2.10)

In the last equality, we denote the range of integration A ≤ ρ ≤ B. The condition to saturate the inequality (2.10) leads to the Bogomolnyi-like equation

sin ψ − ψ^′ cos ψ = 0 . (2.11)

It can be checked that if ψ satisfies eq. (2.11), then this ψ satisfies the equation of motion derived from eq. (2.9).

We claim that eq. (2.11) represents the flow equation in the gauge theory and ψ is proportional to m. In order to see the asymptotic consistency, we write the relation

3Since we consider the configuration with 3-dimensional Poincare symmetry, the fermion fields do not have vacuum expectation value.

– 4 – between the energy cut-off Λ and radial coordinate ρ. This relation can be read from the coefficient of η_{μν} dx^μdx^ν in the metric (2.1) as

Λ = Λ_0e^{−ρ}, (Λ_0 : constant) . (2.12)

If we take this relation into account, we can rewrite eq. (2.11) as Λ d dΛ ψ = − tan ψ = −ψ + · · · . (2.13)

This is consistent with eq. (2.8).

The flow equation (2.11) can be easily solved. The so-

Figure 1: The form of the brane. There are no singularity on the brane at ρ → 0.

lution becomes ψ = arcsin e^ρ , (2.14)

where we suppress the irrelevant integral constant. The branch of arcsin is taken to 0 ≤ ψ ≤ π/2. Let us make a few comments on the solution (2.14).

First, the solution (2.14) is only valid in ρ ≤ 0. In ρ > 0, there is no brane. This fact shows that in IR region in the gauge theory, the fields on the defect becomes massive, and decouple from ambient. This means, in IR region, the defect vanishes and the CFT without defect is realized.

Secondly, the solution (2.14) looks singular at ρ = 0, but this brane is not singular when we consider the whole brane as illustrated in figure 1. In order to see this, we write the induced metric on the brane of this solution

R^{−2}ds^2_{brane} = e^{−2ρ}η_{ij} dx^idx^j + [ 1 + (ψ^′(ρ))^2 ] dρ^2 + cos^2 ψ(ρ) ( dθ^2_1 + sin^2 θ_1dφ^2_1 ) . (2.15)

In ρ → 0, the first term is not singular, but the second and third term might be singular. If we introduce the new coordinate ℓ = √ −2ρ, the second and the third term can be rewritten in ℓ → 0 as dℓ^2 + ℓ^2(dθ^2 + sin^2 θdφ^2) . (2.16)

This metric is smooth in ℓ → 0.

Thirdly, the deformation we have done here is correspond to separating the D3-branes and the D5-brane in the D3-D5 system as illustrated in figure 2 and figure 3. If we separate the D3-branes and the D5-brane, the 3-5 string (the fields on the defect) becomes massive. Also, the D5-brane comes to stop in the halfway of the throat. These facts agrees with the solution we obtained here.

Finally, we expect this configuration preserves some supersymmetry since this configuration is the solution of the Bogomolnyi-like equation. It is also expected from the operator (2.6) in gauge theory side. In the next subsection, we will see this fact in detail by considering the Killing spinor and kappa symmetry projection on the brane.

– 5 –

=⇒

Figure 2: The configuration of the D3-branes and the D5-brane. In the left picture, 3-5 string have massless mode and the defect preserves the scale invariance in the gauge theory. In the deformation we done here, the D5-brane and the D3-branes are separated, the 3-5 string become massive, and the scale invariance is violated.

=⇒

Figure 3: Another picture of separating the D3-branes and the D5-brane. The surface represents the geometry around the D3-branes and the bold line represents the D5-brane. If we add the mass to the fields on the defect, the D5-brane vanishes in the halfway of the throat.

2.3 Supersymmetry of the solution Let us consider here the supersymmetry of the solution obtained in the previous subsection. The surviving supersymmetry in the situation of D-branes embedded in supersymmetric vacuum is expressed by Killing spinors consistent with kappa symmetry projections of D-branes (see for example, [24]). In this subsection, we set R = g_s = 1 for simplicity.

First, we write down the Killing spinors of AdS_5 × S^5. We use the vielbein of metric (2.1)

e^a = e^{−ρ}dx^a , (a = 0, 1, 2, 3) , e^4 = dρ , e^5 = dψ , e^6 = cos ψdθ_1 , e^7 = cos ψ sin θ_1dφ_1 , e^8 = sin ψdθ_2 , e^9 = sin ψ sin θ_2dφ_2 .

We also use the gamma matrices γ^A, A = 0, . . . , 9 which satisfies

{γ^A, γ^B } = 2η^{AB} , η^{AB} = diag(−1, 1, . . . , 1) , A, B = 0, 1, . . . , 9 . (2.17)

In order to represent the two Majorana-Weyl spinor in IIB theory, we use one Weyl spinor ϵ = ϵ_1 + iϵ_2, where ϵ_1 and ϵ_2 are Majorana-Weyl spinor. The Killing spinor equation (invariance of gravitino) can be written as ( ∂_A + 1 2 ω_A^{BC} γ_{BC} + i 2 γ^{01234}γ_A ) ϵ = 0 , ∂_A := e^M_A ∂ ∂x^M . (2.18)

This equation can be solved as

ϵ = e^{12 ρ}γ_4e^{− 12 γ45ψ}hη_− + e^{− 12 ρ}e^{− 12 γ45ψ}h ( η_+ + 3∑ a=0 x^aγ_aη_− ) , (2.19)

– 6 – where h = h(θ_1, φ_1, θ_2, φ_2) is an unitary matrix dependent only on θ_1, φ_1, θ_2, φ_2. This h satisfies the following differential equation. ∂h ∂θ_1 = − 1 2 γ_{46}h , ∂h ∂φ_1 = − 1 2 (γ_6 cos θ_1 − γ_4 sin θ_1) γ_7h , ∂h ∂θ_2 = − 1 2 γ_{48}h , ∂h ∂φ_2 = − 1 2 (γ_8 cos θ_2 − γ_4 sin θ_1) γ_9h .

(2.20)

We need the concrete form of h with θ_2 = φ_2 = 0 (on the brane world volume) afterwards. This can be easily obtained as

h(θ_1, φ_1, θ_2 = 0, φ_2 = 0) = exp ( − 1 2 γ_{46}θ_1 ) exp ( 1 2 γ_{67}φ_1 ) . (2.21)

In eq. (2.19), η_± are constant spinors which satisfy

iγ^{0123}η_± = ±η_± . (2.22)

These constant complex spinors can be expressed by two Majorana-Weyl spinors λ and χ as η_− = ( 1 − iγ^{0123} ) λ , η_+ = ( 1 + iγ^{0123} ) χ . (2.23)

This shows that there are total 32 linearly independent Killing spinors.

Next, we consider the kappa symmetry projection. If we put some D-branes in this background, the surviving supersymmetry corresponds to the Killing spinors consistent with kappa projection on the D-brane world volume

Γϵ = ϵ , (2.24)

for the operator Γ determined by the D-brane configuration.

In our solution obtained in the previous subsection, Γ can be written as

Γ = −iγ_{0124}e^{γ45 ψ}γ_{67}K , (2.25)

where K is an anti-unitary operator which act on a spinor as Kϵ = ϵ^∗ (charge conjugation) and commute with gamma matrices. If we impose the condition (2.24) with (2.25) on the brane world volume to the Killing spinors (2.19) with (2.23), we obtain the condition on λ and χ λ = 0 , γ_{3467}χ = χ . (2.26)

As a result, there are 8 linearly independent Killing spinors surviving in the solution obtained in the previous subsection. This is the same amount as the supercharges of 3- dimensional N = 4 super Poincare symmetry, and consistent to the picture in the gauge theory side.

– 7 –

3. g-theorem

In this section, we consider the g-function and the g-theorem (analogue of c-function and c-theorem in ambient field theory) in defect CFT. First, we extend the definition of gfunction to higher dimensional CFT. Next, we define the g-function from the point of view of the holography, and prove this g-function is monotonically non-increasing.

In this section, we consider n-dimensional ambient CFT and (n − 1)-dimensional defects. This means in string theory side AdS_n brane in AdS_{n+1}.

3.1 g-function in higher dimensional defect CFT Let us consider the n-dimensional CFT with (n − 1)-dimensional defect at finite temperature. In high temperature and large volume, the total free energy can be written as

F = F_{ambient} + F_{defect} . (3.1)

The conformal symmetry implies the temperature dependences of F_{ambient} and F_{defect} are determined as F_{ambient} = −av_{n−1}T^n , F_{defect} = −bv_{n−2}T^{n−1} , (3.2) where T is the temperature, v_{n−1} is the (n − 1)-volume of the ambient space, v_{n−2} is the (n − 2)-volume of the defect, and a and b are dimensionless constants. Note that the coefficient b represents the degrees of freedom on the defect. By using this b, we define g in higher dimensional CFT by the equation

ln g := b . (3.3)

This is a natural extension of n = 2 case [25].^4

Let us consider the RG flow from UV defect to IR defect in the same ambient. Philosophically, the degrees of freedom decreases along the RG flow. Thus, we expect the g-theorem: The g-function of UV defect is larger than that of IR defect.

3.2 Holographic g-function In this subsection, we consider g-theorem from the point of view of the holography. The convenient metric of AdS_{n+1} brane to treat the g-function is

ds^2 = dr^2 + exp ( − 2r R ) η_{μν} x^μx^ν , μ, ν = 0, . . . , (n − 1) . (3.4) The AdS_n brane is sitting at x^{n−1} = 0.

We propose a candidate of g-function in the string theory side as follows

ln g = −αT_{rr} . (3.5)

In above equation, T_{rr} is the rr element of the energy momentum tensor of the brane. α is an positive constant which might depend on R and parameters of the ambient theory. But α is independent of the energy scale and parameters of the defect theory. Now, we will see this function has the following two properties

4In n = 2 case, v0 is interpreted as 1, and b is the defect entropy. That is b = S_{defect} := −∂F_{defect}/∂T .

– 8 –

• At the conformal point, this ln g agrees with the definition of the previous subsection.

• g is monotonically non-increasing.

Let us first consider the following simple example. In this model, a single scalar ϕ lives on the brane. We set the action of the brane as

I_{brane} = − ∫ d^nξ √ −G [ 1 2 G^{ab}∂_aϕ∂_bϕ + V (ϕ) ] , (3.6)

where we set ξ^j = x^j, j = 0, . . . , (n − 2), ξ^{n−1} = r, G_{ab} is the induced metric of (3.4), and V (ϕ) is the scalar potential. The rr element of the energy momentum tensor of this theory takes the value T_{rr} = 1 2 ( dϕ dr )_2

− V (ϕ) . (3.7)

For each critical point ϕ_0,^{dV}_{dϕ} (ϕ_0) = 0, we obtain SO(n − 1, 2) symmetric solution ϕ(r) = ϕ_0, (constant), where conformal symmetry is realized in the gauge theory side. The contribution of free energy from the defect is expressed as the brane action (in some regularization)

F_{defect} ∝ I_{brane} = ∫ √ GV (ϕ_0) = V (ϕ_0) × (universal factor) , (3.8)

where the (universal factor) do not depend on ϕ_0. Above equation shows that the free energy of the defect and the factor b in eq. (3.2) is proportional to V (ϕ_0). On the other hand, T_{rr} = −V (ϕ_0) is satisfied at conformal point. Therefore, ln g of eq. (3.5) is identical to b in eq. (3.2) at conformal points if we set appropriately the constant α in eq. (3.5).

We can also show T_{rr} in (3.7) is monotonically non-decreasing (that is, g is monotonically non-increasing) as a function of r. Actually, the r derivative of T_{rr} reads d dr T_{rr} = dϕ dr ( d^2ϕ dr^2 − dV dϕ (ϕ) ) = (n − 1) ( dϕ dr )_2 ≥ 0 , (3.9)

where we use the equation of motion in the second equality.

This g-theorem can be proven not only in the model (3.6), but also in rather general system of brane in which the conservation of energy-momentum and the weaker energy condition are satisfied. Actually, conservation of energy momentum and (n−1) dimensional Poincare invariance imply d dr T_{rr} = n − 1 R ( T^r_r − T^0_0 ) . (3.10)

The left-hand side of this equation is positive if we impose the weaker energy condition. Note that the weaker energy condition is also essential to prove c-theorem in the holography [17].

Let us see the g-function of the flow obtained in section 2. By using the relation Rρ = r, the rr element of the energy momentum tensor reads

T_{rr} = −4πR^2T_5 cos^2 ψ [ 1 + R^2 ( dψ dr )_2]−1/2 . (3.11)

– 9 –

If we insert the solution (2.14), T_{rr} becomes

T_{rr} = −4πR^2T_5 cos^3 ψ, ψ = arcsin exp(r/R) . (3.12)

This T_{rr} is actually monotonically increasing as the function of r.

4. Conclusion

In this paper, we investigated the RG flow on the defect from the point of view of the holography.

First, we construct the solution of the D5-brane action which represents the RG flow of relevant deformation. We check that this deformation preserves right amount of supersymmetry.

Next, we propose a candidate of g-function in brane theory. We prove that this gfunction is monotonically non-increasing along the RG-flow by using the weaker energy condition. It is also checked that the g-function of the solution we obtained in this paper is actually monotonically non-increasing.

One of the most important future problem is to find a flow from CFT to CFT. One simple realization of this kind of flow is adding flavour to the defect fields. This correspond to preparing the multiple D5-branes. Another way is to consider the defect connecting two different CFTs. This correspond to considering bent D5-branes [5].

It is also an interesting problem to consider the deformation of AdS_2 brane in AdS_3. The corresponding defect CFT becomes two dimensional one (with one dimensional defect) and close to the setting of the original g-theorem. In this AdS_3 case, the string worldsheet approach is also useful [26]–[34]. This makes it possible to analyse the correspondence including the stringy corrections.

Acknowledgments

I would like to thank Tohru Eguchi, Yasuaki Hikida, Yosuke Imamura, Yuji Sugawara and Tadashi Takayanagi for useful discussions and comments.

This work is supported in part by Soryushi Shogakukai.

References

[1] J. Polchinski, Dirichlet-branes and Ramond-Ramond charges, Phys. Rev. Lett. 75 (1995) 4724 [hep-th/9510017].

[2] D.M. McAvity and H. Osborn, Conformal field theories near a boundary in general dimensions, Nucl. Phys. B 455 (1995) 522 [cond-mat/9505127].

[3] M. Oshikawa and I. Affleck, Boundary conformal field theory approach to the critical two-dimensional Ising model with a defect line, Nucl. Phys. B 495 (1997) 533 [cond-mat/9612187].

[4] H. Saleur, Lectures on non perturbative field theory and quantum impurity problems,

cond-mat/9812110.

– 10 –

[5] A. Karch and L. Randall, Open and closed string interpretation of SUSY CFT’s on branes with boundaries, J. High Energy Phys. 06 (2001) 063 [hep-th/0105132].

[6] O. DeWolfe, D.Z. Freedman and H. Ooguri, Holography and defect conformal field theories, Phys. Rev. D 66 (2002) 025009 [hep-th/0111135].

[7] C. Bachas, J. de Boer, R. Dijkgraaf and H. Ooguri, Permeable conformal walls and holography, J. High Energy Phys. 06 (2002) 027 [hep-th/0111210].

[8] J. Erdmenger, Z. Guralnik and I. Kirsch, Four-dimensional superconformal theories with interacting boundaries or defects, Phys. Rev. D 66 (2002) 025020 [hep-th/0203020].

[9] A. Karch and E. Katz, Adding flavor to AdS/CFT, J. High Energy Phys. 06 (2002) 043 [hep-th/0205236].

[10] D. Mateos, S. Ng and P.K. Townsend, Supersymmetric defect expansion in CFT from AdS supertubes, J. High Energy Phys. 07 (2002) 048 [hep-th/0207136].

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

Theor. Math. Phys. 2 (1998) 231 [hep-th/9711200].

[12] O. Aharony, S.S. Gubser, J.M. Maldacena, H. Ooguri and Y. Oz, Large-N field theories, string theory and gravity, Phys. Rept. 323 (2000) 183 [hep-th/9905111].

[13] M. Henningson and K. Skenderis, The holographic Weyl anomaly, J. High Energy Phys. 07 (1998) 023 [hep-th/9806087].

[14] E. Alvarez and C. Gomez, Geometric holography, the renormalization group and the c-theorem, Nucl. Phys. B 541 (1999) 441 [hep-th/9807226].

[15] L. Girardello, M. Petrini, M. Porrati and A. Zaffaroni, Novel local CFT and exact results on perturbations of N = 4 super Yang-Mills from AdS dynamics, J. High Energy Phys. 12 (1998) 022 [hep-th/9810126].

[16] V. Balasubramanian and P. Kraus, Spacetime and the holographic renormalization group, Phys. Rev. Lett. 83 (1999) 3605 [hep-th/9903190].

[17] D.Z. Freedman, S.S. Gubser, K. Pilch and N.P. Warner, Renormalization group flows from holography supersymmetry and a c-theorem, Adv. Theor. Math. Phys. 3 (1999) 363 [hep-th/9904017].

[18] L. Girardello, M. Petrini, M. Porrati and A. Zaffaroni, The supergravity dual of N = 1 super Yang-Mills theory, Nucl. Phys. B 569 (2000) 451 [hep-th/9909047].

[19] K. Skenderis and P.K. Townsend, Gravitational stability and renormalization-group flow, Phys. Lett. B 468 (1999) 46 [hep-th/9909070].

[20] J. de Boer, E. Verlinde and H. Verlinde, On the holographic renormalization group, J. High Energy Phys. 08 (2000) 003 [hep-th/9912012].

[21] S. Nojiri, S.D. Odintsov and S. Ogushi, Conformal anomaly from d5 gauged supergravity and c-function away from conformity, Grav. Cosmol. 6 (2000) 271 [hep-th/9912191].

[22] M. Fukuma, S. Matsuura and T. Sakai, A note on the Weyl anomaly in the holographic renormalization group, Prog. Theor. Phys. 104 (2000) 1089 [hep-th/0007062].

[23] P. Breitenlohner and D.Z. Freedman, Positive energy in anti-de Sitter backgrounds and gauged extended supergravity, Phys. Lett. B 115 (1982) 197.

– 11 –

[24] K. Skenderis and M. Taylor, Branes in AdS and PP-wave spacetimes, J. High Energy Phys.

06 (2002) 025 [hep-th/0204054].

[25] I. Affleck and A.W.W. Ludwig, Universal noninteger ‘ground state degeneracy’ in critical quantum systems, Phys. Rev. Lett. 67 (1991) 161.

[26] C. Bachas and M. Petropoulos, Anti-de-sitter D-branes, J. High Energy Phys. 02 (2001) 025 [hep-th/0012234].

[27] A. Giveon, D. Kutasov and A. Schwimmer, Comments on D-branes in AdS_3, Nucl. Phys. B 615 (2001) 133 [hep-th/0106005].

[28] P. Lee, H. Ooguri, J. w. Park and J. Tannenhauser, Open strings on AdS_2 branes, Nucl.

Phys. B 610 (2001) 3 [hep-th/0106129].

[29] Y. Hikida and Y. Sugawara, Boundary states of D-branes in AdS_3 based on discrete series, Prog. Theor. Phys. 107 (2002) 1245 [hep-th/0107189].

[30] A. Rajaraman and M. Rozali, Boundary states for D-branes in AdS_3, Phys. Rev. D 66 (2002) 026006 [hep-th/0108001].

[31] A. Parnachev and D.A. Sahakyan, Some remarks on D-branes in AdS_3, J. High Energy Phys.

10 (2001) 022 [hep-th/0109150].

[32] P. Lee, H. Ooguri and J.-w. Park, Boundary states for AdS_2 branes in AdS_3, Nucl. Phys. B 632 (2002) 283 [hep-th/0112188].

[33] B. Ponsot, V. Schomerus and J. Teschner, Branes in the euclidean AdS_3, J. High Energy Phys. 02 (2002) 016 [hep-th/0112198].

[34] Y. Hikida, Crosscap states for orientifolds of euclidean AdS_3, J. High Energy Phys. 05 (2002) 021 [hep-th/0203030].

– 12 –