arXiv:0910.2661v5 [hep-th] 2 Mar 2010

Note on a noncritical holographic model with a magnetic field

Sheng-liang Cui,^1 Yi-hong Gao,^1 Yunseok Seo,^2 Sang-jin Sin^3 and Wei-shui Xu^{2,3}

1Key Laboratory of Frontiers in Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of Sciences, P.O. Box 2735, Beijing 100190, China 2Center for Quantum Spacetime, Sogang University, Seoul 121-742, Korea 3Physics Department, Hanyang University, Seoul 133-791, Korea E-mail: shlcui, gaoyh@itp.ac.cn, yseo, sjsin@hanyang.ac.kr, wsxuitp@gmail.com

Abstract We consider a noncritical holographic model constructed from an intersecting brane configuration D4/D4-D4 with an external magnetic field. We investigate the influences of this magnetic field on strongly coupled dynamics by the gauge/gravity correspondence.

October 2009

1 Introduction

The AdS/CFT correspondence [1]-[5] is a useful method to study strongly coupled dynamics in gauge theory. In string theory, some effective QCD-like theories can be constructed through intersecting brane configurations. Then strongly coupled physics in gauge theories can be investigated by the supergravity approximation. Recently, there are many studies, such as [7]-[16]. For reviews, one can see [6].

Through studying some holographic models in critical string theory, we get some better understandings on strongly coupled physics in the QCD-like effective theories. But there still exists many faults for the critical holographic models. An important one is that color brane backgrounds are ten-dimensional, so some part of such backgrounds need to be compactified on some compact manifolds. It will produce some Kaluza-Klein(KK) tower modes. However, in real QCD theory, there doesn’t exist such KK modes. Also some KK modes are at the same order as hadronic modes in the QCD-like effective theory. So it is difficult to distinguish hadronic modes from these KK modes. In order to overcome this point, one can consider some intersecting brane configurations in noncritical string theory. The reason is now gravity backgrounds lie at low dimension. In the Refs. [17]-[21], such noncritical holographic models were investigated, for example, the D4/D4-D4 brane configuration. However, the D-brane gravity backgrounds in noncritical string theory have some shortcomings. The string coupling constants of these gravity backgrounds are proportional to 1/N_c. It means small string coupling constant corresponds to large color number N_c. In the large N_c limit, the ’t Hooft coupling constant g^2_{Y M} N_c is order one. The scalar curvature of gravity background is also order one. Thus, the gauge/gravity correspondence is not very reliable in noncritical string theory. But noncritical string models are still deserved to study. It will deepen our understandings on some universal properties of general holographic models.

In [20], the authors consider an intersecting brane configuration, which is composed of D4 and anti-D4 brane in six-dimensional noncritical string theory. The color brane is D4, which extends along the directions t, x_1, · · · , x_4. The worldvolume coordinates of N_f flavor D4-D4 brane are t, x_1, · · · , x_3 and u. Under the quenched approximation N_c ≫ N_f , the backreaction of the flavor D4-D4 on the color gravity background can be omitted. Just like the Sakai-Sugimoto (SS) model [10], we choose the coordinate x_4 to be periodic, then the adjoint fermion on the color D4 brane satisfies an anti-periodic condition on the x_4 circle. At low energy, they get mass and are decoupled. So the final low energy effective theory on this intersecting brane configuration is a four-dimensional QCD-like effective theory with a global chiral symmetry U(N_f )_L × U(N_f )_R induced by N_f D4-D4 flavor brane pairs.

From the Refs. [17]-[20], the near-horizon gravity background of D4 branes with a periodic coordinate x_4 at low temperature is

ds^2 = ( u R )_2

( dt^2_E + dx_idx_i + f(u)dx^2_4 ) + ( R u )_2 1 f(u) du^2, F_6 = Q_c ( u R )_4 dt ∧ dx_1 ∧ dx_2 ∧ dx_3 ∧ du ∧ dx_4, (1.1) e^ϕ = 2 √ 2 √ 3Q_c , R^2 = 15/2, f(u) = 1 − (u_{KK} u )_5 , where i, j = 1, · · · , 3 and the parameter Q_c is proportional to the color brane number N_c. The Euclidean time is periodic t_E ∼ t_E + β. Since β is arbitrary, the temperature 1/β of this background is undetermined. In order to void a singularity, the coordinate x_4 needs to satisfy a periodic condition

x_4 ∼ x_4 + δx_4 = x_4 + 4πR^2 5u_{KK} . (1.2)

It corresponds to a KK mass scale m_{KK} = 2π δx_4 = 5u_{KK} 2R^2

. (1.3)

By a double wick rotation, we get a black hole solution. It reads

ds^2 = ( u R )_2

(f(u)dt^2_E + dx_idx_i + dx^2_4 ) + ( R u )_2 1 f(u) du^2, f(u) = 1 − (u_T u )_5 , (1.4)

where the Euclidean time satisfies a periodic condition

t_E ∼ t_E + δt_E = t_E + 4πR^2 5u_T , (1.5)

and now the radius of the coordinate x_4 is arbitrary. By comparing the free energy between the gravity background (1.1) and (1.4), we find there exists a first order Hawking-Page phase transition (corresponding to the confinement/deconfinement phase transition in the boundary theory) at critical temperature β = δx_4. Below this temperature, the background (1.1) is dominated. Otherwise, the background (1.4) will be dominated.

These results are similar to the cases [11] in the Sakai-Sugimoto model. From the gravity backgrounds (1.1) and (1.4), it is clear that the ’t Hooft coupling constant is order one, and the curvature scalar is also order one. Thus, it is not very reliable to use AdS/CFT correspondence to study some strong coupled physics in this holographic model. In the following, we ignore this point and perform some investigations by using the usual method.

In this paper, we consider to turn on an external magnetic field on the flavor D4-D4 branes just like the critical string cases [22]-[26], and study its influences on strongly coupled dynamics. Some effects of external magnetic field on the dynamics of QCD theory were extensively studied in references, for example [27]. Here we investigate its influences in a noncritical string model by the gauge/gravity correspondence. We choose this magnetic field along the directions x_2 and x_3 on the worldvolume of D4 brane as follows 2πα^′F_{23} = B. (1.6) Since there exists gauge invariance on the flavor D4-brane worldvolume, this magnetic field is equivalent to a constant Neveu-Schwarz–Neveu-Schwarz (NS-NS) field. So to investigate the D4-brane classical dynamics with an external magnetic field becomes to study the flavor D4-brane dynamics in the gravity background with a constant NS-NS field.

The organizations of this paper is as follows. In section two and three, we investigate the flavor D4-brane dynamics in the low temperature background (1.1) and high temperature phase (1.4), respectively. In section four, we study a spinning fundamental string in the gravity background (1.4) and calculate the Regge trajectory behaviors. The last section is a summary.

2 Low temperature

In the low temperature phase, the gravity background is the equation (1.1). And we assume the worldvolume coordinate u of flavor D4-D4 brane is depended on the background coordinate x_4. Then the induced metric on the worldvolume of flavor D4 brane is

ds^2 = u^2 R^2

(dt^2_E + 3∑ i=1 dx_idx_i) + u^2 R^2 ( f(u)(∂_ux_4)^2 +

R^4 f(u)u^4 ) du^2. (2.1)

With the magnetic field (1.6), the DBI action for the flavor D4 brane is^1 S ∼ ∫ du u^3 R^3 √( u^4 R^4

+ B^2 ) ( f(u)(∂_ux_4)^2 +

R^4 f(u)u^4 ) . (2.2)

So the equation of motion is derived as ∂ ∂x_4 u^5 R^5 f(u) √ 1 + B^{2 R4}_{u4} √ f(u) +^{R4}_{u4f(u)} (∂_{x4} u)^2

= 0. (2.3)

We choose a boundary condition as u^′ = 0 at u = u_0 (where^′ = ∂_{x4} ). It means u_0 is a connected point between the flavor D4 and anti-D4 branes. After an integration, the equation (2.3) becomes

u^5 R^5 f(u) √ 1 + B^{2 R4}_{u4} √ f(u) +^{R4}_{u4f(u)} (∂_{x4} u)^2

= u^{50}

R^5 √ f(u_0)(1 + B^2

R^4 u^4_0

). (2.4)

Define y ≡^u_{u0} , y_{KK} ≡^{uKK}_{u0} and f(y) = 1 −^{y5KK}_{y5} , we get

u^′ = u^2f(y) R^2 f(y)(1 + B^{2 R4}_{u40} y^{−4})y^{10} (1 + B^{2 R4}_{u40} )f(1)

− 1. (2.5)

Then the asymptotic distance between the D4 and anti-D4 brane is

L = 2 ∫_∞ u_0 du u^′ = 2R^2 5u_0

∫_1 0 dz z^{1/5} √ (1 − y^5_{KK})(1 + B^{2 R4}_{u40} )

(1 − y^5_{KK}z) √ (1 + B^{2 R4}_{u40} z^{4/5})(1 − y^5_{KK}z) − z^2(1 − y^5_{KK})(1 + B^{2 R4}_{u40} )

,(2.6)

where z = y^{−5}. So the connected point u_0 satisfies the equation

u_0 =

2R^2 5L ∫_1 0 dz z^{1/5} √ (1 − y^5_{KK} )(1 + B^{2 R4}_{u40} )

(1 − y^5_{KK}z) √ (1 + B^{2 R4}_{u40} z^{4/5})(1 − y^5_{KK}z) − z^2(1 − y^5_{KK})(1 + B^{2 R4}_{u40} ) . (2.7) So u_0 depends on the parameters B and L. Its dependence is plotted in Fig. 1. It shows that the joint point increases with increasing the magnetic field B, and decreases as the distance L increases.

1Follow the arguments in [20], here we don’t consider the contribution of the Chern-Simons (CS) term.

Figure 1: The connected point u_0 varies with the magnetic field B at L = 1, 0.5 and 0.2 (from bottom to top). Here we choose R = 1 and u_{KK} = 0.4. . By inserting the equation (2.5) to the action (2.2) , the on-shell action of the connected solution is S_{connected} ∼ ∫_∞ 1 dy y^3(1 + B^{2 R4}_{u40} y^{−4}) √ (1 + B^{2 R4}_{u40} y^{−4})f(y) − (1 + B^{2 R4}_{u40} )f(1)y^{−10} ∼ ∫_1 0 dz 1 z^{9/5} 1 + B^{2 R4}_{u40} z^{4/5} √ (1 + B^{2 R4}_{u40} z^{4/5})(1 − y^5_{KK}z) − z^2(1 − y^5_{KK})(1 + B^{2 R4}_{u40} )

.(2.8)

In the gravity background (1.1), there doesn’t exist separated flavor D4 and D4 solution. The reason is the flavor branes don’t have any place to end in this background. If the coordinate x^4 is not periodic, and there is not f(u) factor in this background, then the separated flavor solution will be existed [16]. Thus, the global chiral symmetry U(N_f )_L × U(N_f )_R is always broken to its diagonal part at low temperature.

This connected solution corresponds to the chiral symmetry breaking phase in the gauge theory side. It means there exists a quark condensation. Its energy scale corresponds to the length of a fundamental string connected between u_{KK} and u_0 in the background (1.1). It reads

M_q = 1 2πα^′ ∫_{u0} u_{KK} du √ g_{tE tE} g_{uu} = 1 2πα^′ ∫_{u0} u_{KK} du √ f(u) = u_0 2πα^′ ∫_1 y_{KK} dy √ f(y) . (2.9)

By inserting the equation (2.7) for u_0 into the equation (2.9), we get

M_q =

2R^2 10Lα^′ ∫_1 y_{KK} dy √ f(y)

· ∫_1 0 dz z^{1/5} √ (1 − y^5_{KK})(1 + B^{2 R4}_{u40} )

(1 − y^5_{KK}z) √ (1 + B^{2 R4}_{u40} z^{4/5})(1 − y^5_{KK}z) − z^2(1 − y^5_{KK})(1 + B^{2 R4}_{u40} )

.(2.10)

For a fixed asymptotic distance L, we plot the Fig. 2 by using the same numerical way in [24]. From this figure, the condensation energy scale increases with increasing the

Figure 2: It shows the dependence of the quark condensation on the magnetic field B at u_{KK} = 0.4.

magnetic field B. Its behavior almost grows like B^{1/6}. And the scale of chiral symmetry breaking becomes large with increasing the magnetic field B.

3 high temperature

In the high temperature background (1.4), by using the same embedding ansatz as the low temperature case, the induced metric on the flavor D4-brane is

ds^2 = u^2 R^2

(f(u)dt^2 + 3∑ i=1 dx^2_i ) + u^2 R^2 (( ∂x_4 ∂u )_2 + R^4 u^4f(u) ) du^2. (3.1)

Then the D4-brane effective action is S ∼ ∫ dx_4 u^5 R^5 √ (1 + B^2

R^4 u^4

)(f(u) +

R^4 u^4 u^{′2}). (3.2)

And the equation of motion is ∂ ∂x_4 u^5 R^5 f(u) √ 1 + B^{2 R4}_{u4} √ f(u) +^{R4}_{u4} u^{′2}

= 0. (3.3)

Like as the low temperature case, we choose a boundary condition u^′ = 0 at u = u_0. Then we get a first derivative equation of motion

u^5 R^5 f(u) √ 1 + B^{2 R4}_{u4} √ f(u) +^{R4}_{u4} u^{′2} = u^5_0 R^5 √ f(u_0)(1 + B^2

R^4 u^4_0

). (3.4)

With the definition y ≡^u_{u0} , the above equation becomes

y^′ = u_0 y^2 R^2 √ f(y) (1 + B^{2 R4}_{u40} y^{−4})y^{10}f(y)

(1 + B^{2 R4}_{u40} )f(1)

− 1. (3.5)

Similarly, the asymptotic distance L between the D4 and anti-D4 brane reads

L = 2 ∫_∞ u_0 du u^′ = u_0 R^2 ∫_∞ 1 dy √ (1 + B^{2 R4}_{u40} )f(1)

y^2 √ f(y) √ (1 + B^{2 R4}_{u40} y^{−4})y^{10}f(y) − (1 + B^{2 R4}_{u40} )f(1)

. (3.6)

It can be written as

u_0 =

2R^2 5L √ (1 + B^2

R^4 u^4_0

)(1 − y^5_T ) · ∫_1 0 dz z^{1/5} √ (1 − y^5_T ) ( (1 + B^{2 R4}_{u40} z^{4/5})(1 − y^5_T z) − z^2(1 + B^{2 R4}_{u40} )(1 − y^5_T )

), (3.7)

Some numerical results of u_0(B, L) are shown in Fig. 3. It is clear that the point u_0 de-

Figure 3: The joint point u_0 depends on the magnetic field B at L = 1, 0.5 and 0.2 (from bottom to top). We set u_T = 0.3 and R = 1.

creases by increasing the asymptotic distance L. And this point increases as the magnetic field B increases. These results are similar to the cases at zero temperature.

After substituting the equation (3.4) into the action (3.2), we get the on-shell energy of the connected D4-D4 brane solution as follows

S_{connected} ∼ ∫_∞ 1 dy y^3(1 + B^{2 R4}_{u40} y^{−4}) √ f(y) √ (1 + B^{2 R4}_{u40} y^{−4})f(y) − (1 + B^{2 R4}_{u40} )f(1)y^{−10}

. (3.8)

Now the gravity background is a black hole background (1.1), so there exists a separated D4 and anti-D4 brane solution u^′ → ∞. Its on-shell energy is

S_{separated} ∼ ∫_∞ 0 dyy^3 √ 1 + B^2

R^4 u^4_0 y^{−4}. (3.9)

Then the energy difference between the connected and separated solution is

δS ∼ ∫_∞ 1 dy y^3(1 + B^{2 R4}_{u40} y^{−4}) √ f(y) √ (1 + B^{2 R4}_{u40} y^{−4})f(y) − (1 + B^{2 R4}_{u40} )f(1)y^{−10} − y^3 √ 1 + B^2

R^4 u^4_0 y^{−4}

− ∫_1 y_T dyy^3 √ 1 + B^2

R^4 u^4_0 y^{−4}. (3.10)

Its numerical result is shown in Fig. 4. The energy difference has two branches. Below

Figure 4: The energy difference depends on y_T at different values B = 0, 1, 3, 8 and 12 (from red to blue, or the length of dashed line segment is increased).

some critical temperatures, the difference is negative. Now the connected solution is dominated, and means that the chiral symmetry in the gauge theory is broken. Above this critical temperature, the energy difference is positive, the separated solution is dominated and the chiral symmetry is restored. Also the critical point y_T decreases with increasing

Figure 5: The critical temperature of chiral phase transition depends on the magnetic field B.

the magnetic field B. In the unit of 1/L, we draw the Fig. 5, which shows how the critical temperature to vary with the magnetic field B. Above this curve, it denotes the chiral restoration phase. Below it, this is the chiral symmetry breaking phase. The critical temperature of chiral symmetry restoration increases as the magnetic field B increases. Here these results are also similar to some results in [24] and [26]. It is also consist with some already known results in field theory with a magnetic background field [27].

In the chiral symmetry broken phase, there exists a quark condensation in gauge theory side. The condensation energy scale corresponds to the string length between the connected point u_0 and the horizon of black hole. By using the equation (3.7), the energy scale of quark condensation is derived as

M_q = 1 2πα^′ ∫_{u0} u_T du = u_0 2πα^′ (1 − y_T ). (3.11)

Its dependence on the magnetic field B is plotted in Fig. 6. Just like the low temperature cases, now the condensation also increases with increasing the magnetic field B. When the magnetic field is located around the region (0, 0.5), its dependence is almost linear. But above this region, the dependence is similar to the low temperature case. From the equation (3.11), this quark condensation vanishes at y_T = 1. It corresponds to a chiral phase transition point.

4 Quark and Meson in hot QGP

In the introduction, we already discussed that turn on a magnetic field on the flavor D4- brane is equivalent to add a NS-NS field into the gravity backgrounds (1.1) and (1.4).

Figure 6: The quark condensation M_q varies with the magnetic field B at u_T = 0.3.

From the supergravity action of noncritical string action [17], this new background is still a solution. In the following, we mainly consider a fundamental sting in this new gravity background with a NS-NS field (1.6).

Firstly, we consider a quark moving into the hot plasma. The quark corresponds to one endpoint of fundamental string on the flavor brane. By using the method in [28], we parametrize the world-sheet coordinates of this fundamental string as τ = t and σ = u, and assume the endpoint (quark) on the flavor brane moving along the direction x_2 with

x_2 = vt + ξ(u), (4.1)

where v is the velocity. Because of a rotational symmetry in x_2 and x_3 plane, it is equivalent to let quark move along the direction x_3. It is easy to see the Wess-Zumino term in the string action vanishes. So this NS-NS field (1.6) doesn’t produce any contributions on the drag force and energy loss for quark moving through this hot plasma. But in the non-trivial NS-NS background, the influence of the NS-NS background field is investigated in [26] and [29]. Usually, a NS-NS background field will decrease the drag force and energy loss of a quark moving through the hot-QGP (quark-gluon-plasma).

Now we turn to consider high spin mesons. We mainly focus on the chiral symmetry breaking phase at high temperature. Now the flavor D4 and D4 are connected each other through a wormhole. The bound state of two endpoints of a spinning fundamental string on the flavor D4-D4 brane pairs corresponds to a high spin meson in the boundary effective theory. Define ρ^2 = x^2 + x^2_3, we rewrite the background (1.4) as

ds^2 = ( u R )_2 ( f(u)dt^2_E + dx^2_1 + dρ^2 + ρ^2dϕ^2 + dx^2_4 ) + ( R u )_2 1 f(u) du^2, f(u) = 1 − (u_T u )_5

, (4.2)

and the NS-NS background field is Bdx_2 ∧ dx_3 = Bρdρ ∧ dϕ. (4.3) We choose the string worldsheet coordinates as τ = t_E , σ = ρ, u(σ), ϕ = ωτ. (4.4) So the Nambu-Goto action of this spinning fundamental string is

S_{NG} = − 1 2πα^′ ∫ dτdσ ( u R )_2 (f(u) − ρ2ω2) ( 1 + 1 f(u) ( R u )_4 u^{′2} ) + 1 2πα^′ ∫ dτdσBρω, (4.5) where^′ = ∂_ρ. Then we can obtain the equations of motion for u. For simplicity, we don’t show those equations here. Set the boundary conditions as u^′ → ∞ at the boundary and u^′ = 0 at u = u_0, we plot the shape of this spinning string in the Fig. 7 and Fig. 8 (Here we only plot the zero-node cases. )^2. It shows the asymptotic distance for two endpoints of fundamental string decreases as the angular velocity ω increases. And the turning point of fundamental string becomes large with increasing this angular velocity. But the influences of the NS-NS field on the string shape are not very sensitive.

From the string action (4.5), it is clear there exists two conserved quantities for this spinning string. One is the energy E, the other one is the angular momentum J. Their expressions are derived as

E = 1 2πα^′ ∫ dτdσ ( u R )_2 f(u) √ 1 +^1_{f(u)} (_R u )_4 u^{′2} √ f(u) − ρ^2ω^2

, (4.6)

J = 1 2πα^′ ∫ dτdσ ωρ^2 ( u R )_2 √ 1 +^1_{f(u)} (_R u )_4 u^{′2} √ f(u) − ρ^2ω^2 + 1 2πα^′ ∫ dτdσBρ. (4.7) By doing some numerical calculations, we plot some figures to show the relations E^2(ω), J(ω) and E^2(J). The energy E^2 decreases as the angular velocity ω increases, and it is not sensitive to different NS-NS background field value B. For all the different magnetic field B, the Fig. 9(a) shows that the energy of spinning string has a similar dependence on the angular velocity ω. From the Fig. 9(b), the angular momentum J

2In plotting all the following figures, we choose u_0 = 20 and R = u_T = 1.

Figure 7: It is the string shape at B = 0 and w = 1, 1.5 and 3 (red, blue and green) from left to right.

(a) (b)

Figure 8: It is the string shape at w = 1, 1.5 and 3 (red, blue and green) from left to right. (a) B = 3; (b) B = 5.

have maximums at some particular points ω. As the angular velocity increases, the angular momentum J also increases. However, after maximum points, it will decreases. For a larger NS-NS field B, the angular momentum J becomes large. In Fig. 10, it is the Regge trajectory behavior E^2(J), which has two branches relative to the angular momentum J. With increasing the angular momentum (increasing the angular velocity), the energy square E^2 decreases. Beyond maximums, the value E^2 also decreases as the angular momentum J (still increasing the angular velocity) decreases. These behaviors have some differences with some results in some critical string holographic models [15], [25] and [26].

(a) (b)

Figure 9: (a) E^2 varies with the angular velocity ω at B = 0, 3 and 5. These three curves are totally overlapped; (b) angular momentum J varies with the angular velocity ω at B = 0, 3 and 5 (red, purple, blue) from bottom to top.

Figure 10: The energy E^2 varies with the angular momentum J at B = 0, 3 and 5 from left to right (red, purple, blue).

5 Summaries

In this paper, we mainly consider a noncritical string holographic model with an external magnetic background field. We investigate the influences of this magnetic field on the underlying dynamics by using the gauge/gravity correspondence. In section two and three, we mainly consider the chiral symmetry breaking in low temperature and high temperature phase. The scale of the chiral symmetry breaking increases as the magnetic field increases. At high temperature, the critical temperature of the chiral phase transition is different at a different magnetic field. In the unit of 1/L, this phase transition temperature increases as the magnetic field increases. Finally, we investigate high spin mesons in the chiral symmetry broken phase at high temperature. Our results here, except for the Regge behavior, are similar to the cases in some other critical string holographic model. It confirms some universal properties of holographic models constructed through intersecting brane configurations in string theory.

Acknowledgments

This work of Yunseok was supported by the Korea Science and Engineering Foundation (KOSEF) grant funded by the Korea government(MEST) through the Center for Quantum Spacetime(CQUeST) of Sogang University with grant number R11-2005-021. The work of SJS and Weishui is supported by KOSEF Grant R01-2007-000-10214-0 and also by the SRC Program of the KOSEF through the Center for Quantum SpaceTime (CQUeST) of Sogang University with grant number R11-2005-021.

References

[1] J. M. Maldacena, “The large N limit of superconformal field theories and supergravity,” Adv. Theor. Math. Phys. 2, 231 (1998) [Int. J. Theor. Phys. 38, 1113 (1999)] [arXiv: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, 105 (1998) [arXiv:hep-th/9802109].

[3] E. Witten, “Anti-de Sitter space and holography,” Adv. Theor. Math. Phys. 2, 253 (1998) [arXiv:hep-th/9802150].

[4] E. Witten, “Anti-de Sitter space, thermal phase transition, and confinement in gauge theories,” Adv. Theor. Math. Phys. 2, 505 (1998) [arXiv:hep-th/9803131].

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

[6] D. Mateos, “String Theory and Quantum Chromodynamics,” Class. Quant. Grav.

24, S713 (2007) [arXiv:0709.1523 [hep-th]]; J. Erdmenger, N. Evans, I. Kirsch and E. Threlfall, “Mesons in Gauge/Gravity Duals - A Review,” Eur. Phys. J. A 35, 81 (2008) [arXiv:0711.4467 [hep-th]].

[7] M. Kruczenski, D. Mateos, R. C. Myers and D. J. Winters, “Meson spectroscopy in AdS/CFT with flavour,” JHEP 0307, 049 (2003) [arXiv:hep-th/0304032].

[8] J. Babington, J. Erdmenger, N. J. Evans, Z. Guralnik and I. Kirsch, “Chiral symmetry breaking and pions in non-supersymmetric gauge / gravity duals,” Phys. Rev. D 69, 066007 (2004) [arXiv:hep-th/0306018].

[9] M. Kruczenski, D. Mateos, R. C. Myers and D. J. Winters, “Towards a holographic dual of large-N(c) QCD,” JHEP 0405, 041 (2004) [arXiv:hep-th/0311270].

[10] T. Sakai and S. Sugimoto, Prog. Theor. Phys. 113, 843 (2005) [arXiv:hepth/0412141]; “More on a holographic dual of QCD,” Prog. Theor. Phys. 114, 1083 (2005) [arXiv:hep-th/0507073].

[11] O. Aharony, J. Sonnenschein and S. Yankielowicz, “A holographic model of deconfinement and chiral symmetry restoration,” Annals Phys. 322, 1420 (2007) [arXiv:hepth/0604161]; A. Parnachev and D. A. Sahakyan, “Chiral phase transition from string theory,” Phys. Rev. Lett. 97, 111601 (2006) [arXiv:hep-th/0604173].

[12] D. Mateos, R. C. Myers and R. M. Thomson, “Holographic phase transitions with fundamental matter,” Phys. Rev. Lett. 97, 091601 (2006) [arXiv:hep-th/0605046].

[13] S. Kobayashi, D. Mateos, S. Matsuura, R. C. Myers and R. M. Thomson, “Holographic phase transitions at finite baryon density,” JHEP 0702, 016 (2007) [arXiv:hep-th/0611099].

[14] N. Horigome and Y. Tanii, “Holographic chiral phase transition with chemical potential,” JHEP 0701, 072 (2007) [arXiv:hep-th/0608198].

[15] K. Peeters, J. Sonnenschein and M. Zamaklar, “Holographic melting and related properties of mesons in a quark gluon plasma,” Phys. Rev. D 74, 106008 (2006) [arXiv:hep-th/0606195].

[16] E. Antonyan, J. A. Harvey, S. Jensen and D. Kutasov, “NJL and QCD from string theory,” arXiv:hep-th/0604017; E. Antonyan, J. A. Harvey and D. Kutasov, “The Gross-Neveu model from string theory,” Nucl. Phys. B 776, 93 (2007) [arXiv:hepth/0608149]; E. Antonyan, J. A. Harvey and D. Kutasov, “Chiral symmetry breaking from intersecting D-branes,” Nucl. Phys. B 784, 1 (2007) [arXiv:hep-th/0608177];

Y. h. Gao, W. s. Xu and D. f. Zeng, “NGN, QCD(2) and chiral phase transition from string theory,” JHEP 0608, 018 (2006) [arXiv:hep-th/0605138].

[17] S. Kuperstein and J. Sonnenschein, “Non-critical supergravity (d > 1) and holography,” JHEP 0407, 049 (2004) [arXiv:hep-th/0403254].

[18] S. Kuperstein and J. Sonnenschein, “Non-critical, near extremal AdS(6) background as a holographic laboratory of four dimensional YM theory,” JHEP 0411, 026 (2004) [arXiv:hep-th/0411009].

[19] R. Casero, A. Paredes and J. Sonnenschein, “Fundamental matter, meson spectroscopy and non-critical string / gauge duality,” JHEP 0601, 127 (2006) [arXiv:hepth/0510110].

[20] V. Mazu and J. Sonnenschein, “Non critical holographic models of the thermal phases of QCD,” JHEP 0806, 091 (2008) [arXiv:0711.4273 [hep-th]].

[21] S. l. Cui, Y. h. Gao and W. s. Xu, “Holographic phase transition in a noncritical holographic model,” Phys. Rev. D 81, 026008 (2010)

[22] T. Albash, V. G. Filev, C. V. Johnson and A. Kundu, “Global Currents, Phase Transitions, and Chiral Symmetry Breaking in Large N_c Gauge Theory,” JHEP 0812, 033 (2008) [arXiv:hep-th/0605175]; V. G. Filev, C. V. Johnson, R. C. Rashkov and K. S. Viswanathan, “Flavoured large N gauge theory in an external magnetic field,” JHEP 0710, 019 (2007) [arXiv:hep-th/0701001]; T. Albash, V. G. Filev, C. V. Johnson and A. Kundu, “Finite Temperature Large N Gauge Theory with Quarks in an External Magnetic Field,” JHEP 0807, 080 (2008) [arXiv:0709.1547 [hep-th]]; T. Albash, V. G. Filev, C. V. Johnson and A. Kundu, “Quarks in an External Electric Field in Finite Temperature Large N Gauge Theory,” JHEP 0808, 092 (2008) [arXiv:0709.1554 [hep-th]]; J. Erdmenger, R. Meyer and J. P. Shock, “AdS/CFT with Flavour in Electric and Magnetic Kalb-Ramond Fields,” JHEP 0712, 091 (2007) [arXiv:0709.1551 [hep-th]]; V. G. Filev and C. V. Johnson, “Universality in the Large N_c Dynamics of Flavour: Thermal Vs. Quantum Induced Phase Transitions,” JHEP 0810, 058 (2008) [arXiv:0805.1950 [hep-th]]; A. V. Zayakin, “QCD Vacuum Properties in a Magnetic Field from AdS/CFT: Chiral Condensate and Goldstone Mass,” JHEP 0807, 116 (2008) [arXiv:0807.2917 [hep-th]]; V. G. Filev, C. V. Johnson and J. P. Shock, “Universal Holographic Chiral Dynamics in an External Magnetic Field,” arXiv:0903.5345 [hep-th]; V. G. Filev, “Hot Defect Superconformal Field Theory in an External Magnetic Field,” arXiv:0910.0554 [hep-th].

[23] O. Bergman, G. Lifschytz and M. Lippert, “Response of Holographic QCD to Electric and Magnetic Fields,” JHEP 0805, 007 (2008) [arXiv:0802.3720 [hep-th]].

[24] C. V. Johnson and A. Kundu, “External Fields and Chiral Symmetry Breaking in the Sakai-Sugimoto Model,” JHEP 0812, 053 (2008) [arXiv:0803.0038 [hep-th]].

[25] C. V. Johnson and A. Kundu, “Meson Spectra and Magnetic Fields in the Sakai- Sugimoto Model,” arXiv:0904.4320 [hep-th].

[26] Y. Seo, S. j. Sin and W. s. Xu, Phys. Rev. D 80, 106001 (2009) [arXiv:0906.2964 [hep-th]].

[27] V. A. Miransky, “Dynamics of QCD in a strong magnetic field,” arXiv:hepph/0208180; G. W. Semenoff, I. A. Shovkovy and L. C. R. Wijewardhana, “Universality and the magnetic catalysis of chiral symmetry breaking,” Phys. Rev. D 60, 105024 (1999) [arXiv:hep-th/9905116]; V. P. Gusynin, V. A. Miransky and I. A. Shovkovy, “Dimensional reduction and catalysis of dynamical symmetry breaking by a magnetic field,” Nucl. Phys. B 462, 249 (1996) [arXiv:hep-ph/9509320]; K.G. Klimenko “Three-dimensional Gross-Neveu model at nonzero temperature and in an external magnetic field,” Z. Phys. C54: 323-330 (1992).

[28] S. S. Gubser, “Drag force in AdS/CFT,” Phys. Rev. D 74, 126005 (2006) [arXiv:hepth/0605182].

[29] T. Matsuo, D. Tomino and W. Y. Wen, “Drag force in SYM plasma with B field from AdS/CFT,” JHEP 0610, 055 (2006) [arXiv:hep-th/0607178].