arXiv:hep-th/0605296 v2 1 Jun 2006

hep-th/0605296 May 2006

Enhancing the Jet Quenching Parameter from Marginal Deformations

J.F. Vázquez-Poritz

Department of Physics University of Cincinnati Cincinnati OH 45221-0011, USA

jporitz@physics.uc.edu

ABSTRACT

A number of recent papers have applied the AdS/CFT correspondence to a strongcoupling calculation of the medium-induced radiative parton energy loss in nucleusnucleus collisions at RHIC. The predicted value of the “jet quenching parameter” q̂, however, is rather small compared to the experimental results. For hot N = 4 supersymmetric Yang-Mills theory, certain marginal deformations can have the effect of enhancing q̂. This result is highly sensitive to the location of the fundamental string’s endpoints in the internal space.

1 Introduction

Collisions of nuclei at RHIC may shed light on the properties of hot and dense QCD matter. In particular, the plasmic medium modifies the fragmentation of partons that are produced with high transverse momentum [1, 2, 3, 4]. This medium-dependent effect is described by the “jet quenching parameter” q̂. The so-called dipole approximation which is frequently used in jet quenching calculations is given by

⟨W^A(C)⟩ ≈ exp[−^1_4q̂L^−L^2] , (1)

where ⟨W^A(C)⟩ is the expectation value of the light-like Wilson loop in the adjoint representation whose contour C is a rectangle with large extension L^− in the x^− direction and small extension L in a transverse direction [5]. It has been proposed that (1) can be taken to be a nonperturbative definition of q̂ [6].

Furthermore, since the quark-gluon plasma produced at RHIC is believed to be strongly-coupled, it has been argued that the AdS/CFT correspondence [7] is a suitable framework with which to calculate the energy loss of quarks [8, 6, 9, 10, 11, 12, 13]. On the supergravity side, it is more convenient to calculate the thermal expectation value of a Wilson loop in the fundamental representation ⟨W^F (C)⟩. In the planar limit, ⟨W^F (C)⟩ and ⟨W^A(C)⟩ are related by

⟨W^A(C)⟩ = ⟨W^F (C)⟩^2 . (2)

According to the AdS/CFT correspondence, ⟨W^F (C)⟩ is given by

⟨W^F (C)⟩ = exp[−S(C)] , (3)

where S is the regularized action of the extremal surface of a fundamental string whose large-distance boundary is the contour C in Minkowski spacetime R^{3,1} [14, 15, 16, 17, 18]. In principle, the ⟨W^A(C)⟩ found with (2) and (3) via the AdS/CFT correspondence can then be equated with its proposed nonperturbative definition in (1) in order to give a theoretical prediction for q̂ which can then be compared the RHIC measurements.

Although we do not yet have a supergravity description of strongly-coupled QCD, we are able to study various gauge theories at large N_c from the supergravity point of view. The most-studied example is the N = 4 SU(N_c) supersymmetric Yang-Mills theory which in the planar limit at large ’t Hooft coupling is described by type IIB supergravity on AdS_5 × S^5 [7]. In fact, it is for this case that the calculation of the jet quenching parameter was done in [6]. However, the predicted value is rather small compared to the experimental results. This need not be worrisome, since this calculation was done for a superconformal field theory as a preliminary demonstration.

In fact, it has been found that the jet quenching parameter is gauge theory specific and not universal [10]. Therefore, it is of interest to consider the predictions for the value of q̂ in theories which are more realistic, such as those that are non-conformal at zero temperature and have less supersymmetry. This was done in [10], for example, in the case of a strongly-coupled non-conformal gauge theory plasma. However, the resulting q̂ was found to decrease, rather than increase, as one goes away from the conformal gauge theory.

One way in which the supersymmetry of the theory in the zero temperature limit can be reduced to N = 1 is to replace the 5-sphere with other Sasaki-Einstein spaces, such as T^{1,1} [25] or one of the countably infinite Y^{p,q} [26] or L^{p,q,r} spaces [27]. One could also replace the 5-sphere by an Einstein space which does not support Killing spinors, such as the T^{pq} spaces, in order to have a nonsupersymmetric theory at zero temperature [28]. However, since the Wilson loop of a purely radial string configuration is independent of the internal space, this will not affect the calculation for q̂. We will consider an alternative way by which the supersymmetry can be reduced down to N = 1, which is to have the theory undergo marginal deformations. Since the theory has an isometry group which includes U(1) × U(1), one to use U-duality to find the gravity dual of the deformed theory. The deformation on the gravity side can be matched to an exactly marginal operator in the field theory, providing a holographic test of the methods of Leigh and Strassler [30]. In particular, the deformed superpotential is given by

W = T r(e^{iπβ} Φ_1Φ_2Φ_3 − e^{−iπβ} Φ_1Φ_3Φ_2) , (4)

where β = γ −τ_sσ, γ and σ are real deformation parameters and τ_s is a complex structure parameter related to the gauge coupling and theta parameter of the dual gauge theory. The resulting geometry of the gravity dual is a warped product of AdS_5 with the deformed internal space, where the warp factor depends on the internal directions. As shown in Figure 1, when temperature is added to the theory, these deformations can ultimately have the effect of enhancing the “jet quenching parameter” q̂.

Figure 1: Marginal deformations of conformal field theories can change the properties of the theories at finite temperature. In particular, σ deformations can lead to an enhancement of the ”jet quenching parameter” q̂.

This is actually one of the less dramatic effects that marginal deformations can have on a theory as it is moved away from its conformal limit. For example, σ deformations of the Coulomb branch of N = 4 super Yang-Mills theory can induce a transition from Coulombic attraction between quarks and anti-quarks to that of linear confinement. This was studied from the point of view of type IIB supergravity in [33, 34, 35]. Similar phenomena were discussed on the gauge theory side in [37, 38, 39].

This paper is organized as follows. In section 2, we will review the gravity dual of marginal deformations of N = 4 supersymmetric Yang-Mills theory which reduce the supersymmetry down to N = 1. We will show how σ deformations can enhance the q̂ parameter, depending on the location of the fundamental string endpoints in the internal space. In section 3, we will generalize this to a more general class of marginal deformations which do not preserve any supersymmetry. We discuss various issues and further directions in section 4.

2 From N = 1 supersymmetric deformations

Figure 2 shows the steps involved in a solution-generating technique which can be employed to find the type IIB supergravity duals of marginally-deformed field theories. The procedure can be outlined as follows. First, T-dualize along one of the U(1) directions to type IIA theory. Lifting the solution to eleven dimensions provides a third direction which is associated with a U(1) symmetry. One can now apply an SL(3, R) transformation along these U(1)^3 directions. Dimensionally reducing and T-dualizing along shifted directions yields a new type IIB solution. Of course, instead of lifting to eleven dimensions, one could apply an SL(2, R) transformation to the type IIA solution. However, this corresponds to γ deformations with σ = 0 which, as we will see, do not effect the Wilson loop calculation for purely radial strings.

Figure 2: Generating new solutions via U-dualities.

This procedure can be applied to any solution that has an isometry group which contains U(1) × U(1). If in addition to this symmetry there is a U(1) R-symmetry, then the deformed solution preserves N = 1 supersymmetry. This has been applied to finding the type IIB supergravity background corresponding to marginal deformations of N = 4 super Yang-Mills theory [29], as well as the marginal deoformations of the superconformal field theories associated with the Y^{p,q} spaces [29] and the L^{p,q,r} spaces [36].

One can also apply this solution-generating technique to the gravity duals of nonsupersymmetric field theories. Here we will consider the near-horizon of a nonextremal

D3-brane. This corresponds to a Yang-Mills theory at finite temperature, which is an N = 4 superconformal field theory in the zero temperature limit [7]. The metric can be expressed in light-cone coordinates^1 as

ds^2_{10} = ds^2_5 + R^2dΩ^2_5 , (5)

where

ds^2_5 = r^2 R^2 ( − (1 + f)dx^+dx^− + dx^2 + dx^2_3 +^1_2 (1 − f)[(dx^+)^2 + (dx^−)^2] ) + R^2 r^2f dr^2 . (6)

where f = 1 −^{r40}_{r4} and R^4 = α^{′2}α_{SYM}N_c. The metric on the unit 5-sphere can be written as dΩ^2_5 = 3∑ i=1 (dμ^2_i + μ^2_i dϕ^2_i ) , with ∑ i μ^2_i = 1 . (7)

We can parameterize the 5-sphere metric as

μ_1 = cos α , μ_2 = sin α cos θ , μ_3 = sin α cos θ . (8)

The temperature of the dual field theory is equal to the Hawking temperature of the black hole, which is T =^{r0}_{πR2} .

The β deformation of nonextremal D3-branes in the near-horizon region has the string-frame metric ds^2_{str} = √ H(ds^2_5 + R^2dΩ̃^2_5) , (9) where dΩ̃^2_5 = ∑ i (dμ^2_i + Gμ^2_i dϕ^2_i ) + |β̂|^2μ^2_1μ^2μ^2_3( ∑ i dϕ_i)^2 . (10)

The functions G and H are given by

G^{−1} = 1 + |β̂|^2 s^2_α(c^2_α + s^2_αs^2_θ c^2_θ ) , H = 1 + σ̂^2 s^2_α(c^2_α + s^2_αs^2_θc^2_θ ) , (11)

where γ̂ ≡ γR^2, σ̂ ≡ σR^2 and β̂ ≡ βR^2.

If we begin with N D3-branes, then the deformed solution includes γN D5-branes and σN NS5-branes wrapped on a two-torus. Charge quantization implies that γ and

1We are using light-cone coordinates because this will lead to a light-like string configuration, which ensures that the corresponding quarks are ultrarelativistic.

σ must take on rational values. There are also flux and scalar fields turned on by the deformations but these are not important for our purposes. What is important is the conformal factor H, which renders the solution implicitly higher dimensional. Note that H depends on σ but not γ. Also, note that H ≥ 1 which, as we will see shortly, is why the value of the jet quenching parameter q̂ is enhanced rather than diminished.

The classical supergravity description is valid as long as the curvature is small relative to the string scale, the two-torus corresponding to the U(1)^2 global symmetry is larger than the string scale, and the metric does not degenerate at arbitrary points. These conditions can be met for [29] R >> 1 , γ̂ << R , σ̂ << R . (12) The action for the Euclideanized string worldsheet is given by S = 1 2πα^′ ∫ dτ dσ √ det G_{M N} ∂_αX^M ∂_βX^N . (13)

We will set τ = x^− and σ = x_2, so that the string lies at constant x_3 and x^+. Also, we are interested in a purely radial string which is lies on a single point in the internal space. Therefore, the effective metric is

ds^2_{eff} = √ H [ r2 R^2 dσ^2 + r^2 2R^2

(1 − f)dτ^2 +

R^2 r^2f dr^2 ] . (14)

In order for such a string configuration to solve the equations of motion, it is required that ∂_αH = ∂_θH = 0. This only occurs at several particular points in the internal space. The solutions for which H ≥ 1 are:

sin^2 α sin^2 θ H 1^1_2 1 +^1_4σ̂^2 1 2 0, 1 2 3 1 2 1 +^1_3σ̂^2

We are interested in the latter cases for which H > 1, since only then will the thermal expectation value for purely radial string configurations differ from that on the undeformed background. Then S = √ H r^2_0L^− √ 2πα^′R^2 ∫^L_2 0 dσ √ 1 + (∂_σr)^2R^4 fr^4 . (15)

Since H is a constant, the Wilson loop calculation proceeds as in [6]. For completeness, we will show some of the details. The radial equation of motion is

(∂_σr)^2 = c^2 r^4f R^4

, (16)

where c is an integration constant. For the nontrivial solution with nonvanishing c, the turning point occurs at the black hole horizon where f = 0, for all values of L. A rough picture of this is given by Figure 3. This is to be expected, since q̂ describes the thermal medium and not the ultraviolet physics [6]. The previous condition R >> 1 ensures that the horizon is far enough from the black hole singularity so that the curvature is small and classical gravity can be trusted there.

Figure 3: The thermal expectation value of a Wilson loop can be calculated on the supergravity side by considering a fundamental string in the background of an AdS black hole. The string endpoints lie on a probe brane at large distance and the string’s turning point is on the black hole horizon. However, this picture is slightly misleading because the directions along the probe brane are actually orthogonal to those along the horizon.

Integrating (16) yields L = 2 √ πΓ(^5_4 )/(Γ(^3_4 )R^2cr_0) and S = √ H π √ α_{SYM}N_cL^−LT^2 2 √ 2 √ 1 + 4Γ^2(^5_4 ) πΓ^2(^3_4 )L^2T^2 − √ H √ πΓ(^5_4 ) √ 2Γ(^3_4 ) √ α_{SYM}L^−T . (17) where we have subtracted the “self-energy” of the quark and antiquark. We can now use (1), (2) and (3) to obtain an expression for the jet quenching parameter q̂ from the above string action in the limit LT << 1. The q̂ for the marginally deformed theory can be written in terms of that for the undeformed theory:

q̂_{deformed} = √ H q̂ , (18)

where q̂ was found in [6] to be

q̂ = π^{3/2}Γ(^3_4 ) √ 2Γ(^5_4 ) √ α_{SYM}N_c T^3 . (19)

Therefore, the value of the jet quenching parameter is increased by a factor of √ H by the σ deformations. The γ deformations do not have any effect in this regard.

One can also consider the β deformations of finite-temperature theories which reduce, in the zero temperature limit, to the theories associated with the Y^{p,q} spaces and the L^{p,q,r} spaces. The corresponding gravity dual has the string-frame metric of the form (9) with dΩ̃^2_5 replaced by the deformed L^{p,q,r} metric. As before, for a purely radial string configuration it is the warp factor H which is important, rather than the exact form of the deformed internal metric. Consider the theory associated with T^{1,1} as an example. After the β deformations, the resulting H is given by

H = 1 + σ̂^2 ( 1 54 (cos^2 θ_2 sin^2 θ_1 + cos^2 θ_1 sin^2 θ_2) + 1 36 sin^2 θ_1 sin^2 θ_2 ) , (20)

where θ_1 and θ_2 are two coordinates in T^{1,1} [29]. For a purely radial string configuration, we must have ∂_{θ1} H = ∂_{θ2} H = 0. The solutions for which H ≥ 1 are:

sin^2 ϕ_1 sin^2 ϕ_2 H 1 0 1 +^2_{27}σ̂^2 0 1 1 1 1 +^1_9σ̂^2

3 From nonsupersymmetric deformations

In the previous section, we considered marginally deformed theories which were supersymmetric in their zero temperature limits. We found that, for the σ deformations, purely radial string configurations can only exist at particular points in the internal space. Since there are just a handful of such points for which there is an enhancement of the q̂ parameter, it is important to see if more general backgrounds can yield more examples for which this enhancement occurs.

We will now consider dropping the condition that our deformed backgrounds preserve supersymmetry. We will focus on the case in which the undeformed theory is hot N = 4 super Yang-Mills. In particular, since the 5-sphere of the initial geometry has three directions which associated with a U(1) isometry, the steps described in Figure 2 can be applied three consecutive times to three different pairs of U(1) directions. The resulting 6-parameter deformed metric has the form (9) with [31, 32]

dΩ̃^2_5 = ∑ i (dμ^2_i + Gμ^2_i dϕ^2_i ) + Gμ^2_1μ^2μ^2_3| ∑ i β_iR^2dϕ_i|^2 , (21)

where

G^{−1} = 1 + |β̂_1|^2μ^2μ^2_3 + |β̂_2|^2μ^2_1μ^2_3 + |β̂_3|^2μ^2_1μ^2 , H = 1 + σ̂^2_1μ^2μ^2_3 + σ̂^2μ^2_1μ^2_3 + σ̂^2_3μ^2_1μ^2 . (22)

Various tests of the AdS/CFT correspondence have been successfully carried out for this background [31, 32].

The conditions for a purely radial string, namely ∂_αH = ∂_θH = 0, imply that

0 = [σ̂^2_1s^2_αs^2_θ + 2c_{2α}(σ̂^2 s^2_θ + σ̂^2_3 c^2_θ)]s_{2α} , 0 = [σ̂^2_1s^2_αc_{2θ} + (σ̂^2 − σ̂^2_3)c^2_α]s^2_αs_{2θ} . (23)

It is straightforward but not very illuminating to solve for the most general solutions. Here, we present some simple solutions for which H > 1, along with the conditions imposed on σ_i:

conditions sin^2 α sin^2 θ H none 1^1_2 1 +^1_4σ̂^2_1 none^1_2 1 1 +^1_4σ̂^2 σ̂_1 = 0, σ̂_2 = σ̂_3^1_2 not specified none^1_2 0 1 +^1_4σ̂^2_3 σ̂_2 = σ̂_3^{2σ̂2}_{4σ̂2 −σ̂21}^1_2 1 +^{σ̂42}_{4σ̂2 −σ̂21} σ̂_1 = σ̂_2^{3σ̂21 −σ̂23}_{4σ̂21 −σ̂23}^{2σ̂21 −σ̂23}_{3σ̂21 −σ̂23} 1 +^{σ̂41}_{4σ̂21 −σ̂23} σ̂_1 = σ̂_3^{3σ̂21 −σ̂2}_{4σ̂21 −σ̂2}^{σ̂21}_{3σ̂21 −σ̂2} 1 +^{σ̂41}_{4σ̂21 −σ̂2}

The reality conditions on α and θ put further constraints on the σ̂_i which, in turn, ensure that H > 1. As can be seen in the above table, dropping the supersymmetry condition leads to an increase in the number of string endpoints in the internal space which lead to an enhancement of the jet quenching parameter q̂. For the case of equal σ̂_i, N = 1 supersymmetry is preserved and the above solutions degenerate to those of the first example that was considered in the previous section.

4 Discussion

We have considered particular marginal deformations of N = 4 supersymmetric Yang- Mills theory which, at the level of supergravity, decrease the supersymmetry down to N = 1 or N = 0. When temperature is turned on, we have demonstrated that the σ deformations can have the effect of enhancing the jet quenching parameter q̂ as follows: q̂ → √ 1 + c^2 σ̂^2 q̂ , (24) where c is a constant which depends on the location of the fundamental string’s endpoints in the internal space. In particular, c is nonzero only when the endpoints are at particular points in the internal space. This demonstrates the that value of the jet quenching parameter q̂ can be highly sensitive to certain deformations of the theory. Probing more realistic theories with less degrees of freedom might lead to greater predictive power.

For instance, one can generalize the results of [6] to theories which exhibit a confining phase [40, 41, 42] or contain fundamental matter [43, 44]. A step in the former direction was done in [10]. However, the jet quenching parameter was found to decrease as one goes from the conformal gauge theory to a confining gauge theory, thereby increasing the discrepancy between the predicted value and the experimental measurements at RHIC. One might wonder if σ deformations could help solve this problem. Unfortunately, such deformations would not lead to a well-defined supergravity solution, due to the presence of the RR-flux on the 3-sphere [29]. On the other hand, the background used in [10] is perturbative in the deformation away from the conformal gauge theory [45, 46]. In fact, there is no clear reason to expect that the q̂ parameter monotonically increases as one goes from the conformal phase to QCD. Recently, a numerical numerical solution was found which might include a nonextremal generalization of the Klebanov-Strassler solution [47]. Since this solution works for all temperatures, it would be interesting to see if the jet quenching parameter increases as one gets closer to QCD.

We have only considered purely radial string configurations. One could also consider strings whose endpoints lie at two different locations within the internal space. Then the corresponding quarks will have different scalar charges. One might naively expect that the string action, and therefore the parameter q̂, increases if the string endpoints move away from each other within the internal space. This is because there will be additional positive terms in the action of the form (∂_σϕ)^2, where ϕ is an internal coordinate and σ is the spatial coordinate of the string worldsheet. However, at least for the simplest scenario of an (undeformed) AdS black hole background,this is more than compensated for by a decrease in the (∂_σr)^2 term. Therefore, moving the string endpoints away from each other serves to decrease the value of q̂. The result might be different in more complicated backgrounds, such as with the addition of marginal deformations.

The marginally deformed solutions discussed in this paper may provide new backgrounds on which to investigate transport phenomena such as diffusion and sound propagation. It would be interesting to see if the universal ratio between the shear viscosity and the entropy density [19, 20, 21] is obeyed. It would also be interesting to calculate the speed of sound in this background, as was done for the gravity duals of other nonconformal field theories [22, 23, 24]. Unfortunately, it might be rather difficult to apply the techniques of holographic renormalization to a background whose asymptotic geometry has a warp factor which depends on the internal directions.

Acknowledgments We would like to thank Philip Argyres and Leopoldo Pando Zayas for useful discussions, as well as Alex Buchel and Hong Liu for helpful correspondence. This research is supported by DOE grant DOE-FG02-84ER-40153.

References

[1] R. Baier, D. Schiff and B.G. Zakharov, Energy loss in perturbative QCD, Ann.

Rev. Nucl. Part. Sci. 50 (2000) 37, hep-ph/0002198.

[2] A. Kovner and U.A. Wiedemann, Gluon radiation and parton energy loss, hep-ph/0304151.

[3] M. Gyulassy, I. Vitev, X.N. Wang and B.W. Zhang, Jet quenching and radiative energy loss in dense nuclear matter, nucl-th/0302077.

[4] P. Jacobs and X.N. Wang, Matter in extremis: ultrarelativistic nuclear collisions at RHIC, Prog. Part. Nucl. Phys. 54 (2005) 443, hep-ph/0405125.

[5] B.G. Zakharov, Radiative energy loss of high energy quarks in finite-size nuclear matter and quark-gluon plasma, JETP Lett. 65 (1997) 615, hep-ph/9704255.

[6] H. Liu, K. Rajagopal and U.A. Wiedemann, Calculating the jet quenching parameter from AdS/CFT, hep-ph/0605178.

[7] J.M. Maldacena, The large N limit of superconformal field theories and supergravity, Adv. Theor. Math. Phys. 2 (1998) 231; Int. J. Theor. Phys. 38 (1999) 1113, hep-th/9711200.

[8] C.P. Herzog, A. Karch, P. Kovtun, C. Kozcaz and L.G. Yaffe, Energy loss of a heavy quark in N = 4 super Yang-Mills plasma, hep-th/0605158.

[9] J. Casalderrey-Solana and D. Teaney, Heavy quark diffusion in strongly coupled N = 4 Yang Mills, hep-ph/0605199.

[10] A. Buchel, On jet quenching parameters in strongly coupled non-conformal gauge theories, hep-th/0605178.

[11] S.S. Gubser, Drag force in AdS/CFT, hep-th/0605182.

[12] C.P. Herzog, Energy loss of heavy quarks from asymptotically AdS geometries, hep-th/0605191.

[13] E. Caceres and A. Guijosa, Drag force in charged N = 4 SYM plasma, hep-th/0605235.

[14] S. Rey and J. Yee, Macroscopic strings as heavy quarks in large N gauge theory and anti-de Sitter supergravity, Eur. Phys. J. C22 (2001) 379, hep-th/9803001.

[15] J.M. Maldacena, Wilson loops in large N field theories, Phys. Rev. Lett. 80 (1998) 4859, hep-th/9803002.

[16] S.J. Rey, S. Theisen and J.T. Yee, Wilson-Polyakov loop at finite temperature in large N gauge theory and anti-de Sitter supergravity, Nucl. Phys. B527 (1998) 171, hep-th/9803135.

[17] A. Brandhuber, N. Itzhaki, J. Sonnenschein and S. Yankielowicz, Wilson loops in the large N limit at finite temperature, Phys. Lett. B434 (1998) 36, hep-th/9803137.

[18] J. Sonnenschein, What does the string/gauge correspondence teach us about Wilson loops?, hep-th/0003032.

[19] A. Buchel and J.T. Liu, Universality of the shear viscosity in supergravity, Phys.

Rev. Lett. 93 (2004) 090602, hep-th/0311175.

[20] P. Kovtun, D.T. Son and A.O. Starinets, Viscosity in strongly interacting quantum field theories from black hole physics, Phys. Rev. Lett. 94 (2005) 111601, hep-th/0405231.

[21] A. Buchel, On universality of stress-energy tensor correlation functions in supergravity, Phys. Lett. B609 (2005) 392, hep-th/0408095.

[22] P. Benincasa, A. Buchel and A.O. Starinets, Sound waves in strongly coupled nonconformal gauge theory plasma, Nucl. Phys. B733 (2006) 160, hep-th/0507026.

[23] A. Buchel, Transport properties of cascading gauge theories, Phys. Rev. D72 (2005) 106002, hep-th/0509083.

[24] P. Benincasa and A. Buchel, Hydrodynamics of Sakai-Sugimoto model in the quenched approximation, hep-th/0605076.

[25] I.R. Klebanov and E. Witten, Superconformal field theory on three-branes at a Calabi-Yau singularity, Nucl. Phys. B536 (1998) 199, hep-th/9807080.

[26] J. P. Gauntlett, D. Martelli, J. Sparks and D. Waldram, Sasaki-Einstein metrics on S(2) x S(3), Adv. Theor. Math. Phys. 8 (2004) 711, hep-th/0403002.

[27] M. Cvetič, H. Lü, D. N. Page and C. N. Pope, New Einstein-Sasaki Spaces in Five and Higher Dimensions, Phys. Rev. Lett. 95 (2005) 071101, hep-th/0504225.

[28] S.S. Gubser, Einstein manifolds and conformal field theories, Phys. Rev. D59 (1999) 025006, hep-th/9807164.

[29] O. Lunin and J. Maldacena, Deforming field theories with U(1) × U(1) global symmetry and their gravity duals, JHEP 0505 (2005) 033, hep-th/0502086.

[30] R. G. Leigh and M. J. Strassler, Exactly marginal operators and duality in fourdimensional N=1 supersymmetric gauge theory, Nucl. Phys. B 447, 95 (1995), hep-th/9503121.

[31] S. Frolov, Lax pair for strings in Lunin-Maldacena background, JHEP 0505 (2005) 069, hep-th/0503201.

[32] S.A. Frolov, R. Roiban and A.A. Tseytlin, Gauge-string duality for (non) supersymmetric deformations of N=4 super Yang-Mills theory, Nucl. Phys. B731 (2005) 1, hep-th/0507021.

[33] C. Ahn and J.F. Vázquez-Poritz, Deformations of flows from type IIB supergravity, Class. Quant. Grav. 23 (2006) 3619, hep-th/0508075.

[34] C. Ahn and J.F. Vázquez-Poritz, From marginal deformations to confinement, to be published in JHEP, hep-th/0603142.

[35] C. Ahn, Quark-monopole potentials from supersymmetric SL(3, R) deformed IIB supergravity, hep-th/0605012.

[36] C. Ahn and J.F. Vázquez-Poritz, Marginal deformations with U(1)^3 global symmetry, JHEP 0507 (2005) 032, hep-th/0505168.

[37] N. Dorey, S-duality, deconstruction and confinement for a marginal deformation of N = 4 SUSY Yang-Mills, JHEP 0408, 043 (2004), hep-th/0310117.

[38] N. Dorey, A new deconstruction of little string theory, JHEP 0407, 016 (2004), hep-th/0406104.

[39] N. Dorey and T.J. Hollowood, On the Coulomb branch of a marginal deformation of N = 4 SUSY Yang-Mills, JHEP 0506, 036 (2005), hep-th/0411163.

[40] J. Polchinski and M.J. Strassler, The string dual of a confining four-dimensional gauge theory, hep-th/0003136.

[41] I.R. Klebanov and M.J. Strassler, Supergravity and a confining gauge theory:

duality cascades and χSB-resolution of naked singularities, JHEP 0008 (2000) 052, hep-th/0007191.

[42] J.M. Maldacena and C. Núñez, Towards the large N limit of pure N = 1 super Yang Mills, Phys. Rev. Lett. 86 (2001) 588, hep-th/0008001.

[43] A. Karch and E. Katch, Adding flavor to AdS/CFT, JHEP 0206 (2002) 043, hep-th/0205236.

[44] T. Sakai and S. Sugimoto, Low energy hadron physics in holographic QCD, Prog.

Theor. Phys. 113 (2005) 843, hep-th/0412141.

[45] A. Buchel, C.P. Herzog, I.R. Klebanov, L.A. Pando Zayas and A.A. Tseytlin, Non-extremal gravity duals for fractional D3-branes on the conifold, JHEP 0104 (2001) 033, hep-th/0102105.

[46] S.S. Gubser, C.P. Herzog, I.R. Klebanov and A.A. Tseytlin, Restoration of chiral symmetry: a supergravity perspective, JHEP 0105 (2001) 028, hep-th/0102172.

[47] L.A. Pando Zayas and C.A. Terrero-Escalante, Black holes with varying flux: a numerical approach, hep-th/0605170.