Published by Institute of Physics Publishing for SISSA/ISAS Received: March 23, 2004 Revised: May 15, 2004 Accepted: June 14, 2004

The non-perturbative N = 2 SUSY Yang-Mills theory from semiclassical absorption of supergravity by wrapped D branes

Satchidananda Naik

Harish-chandra Research Institute Chhatnag Road, Jhusi, Allahabad-211 019, India E-mail: naik@mri.ernet.in

Abstract: The imaginary part of the two point functions of the super conformal anomalous currents are extracted from the cross-sections of semiclassical absorption of dilaton, RR-2 form and gravitino by the wrapped D5 branes. From the central terms of the two point functions anomalous Ward identity is established which relates the exact pre-potential of the N = 2 SUSY Yang-Mills theory with the vacuum expectation value of the anomaly multiplet. From the Ward identity, WDVV (Witten-Dijkgraaf-Verlinde-Verlinde) equation can be derived which is solved for the exact pre-potential.

Keywords: String Duality, Brane Dynamics in Gauge Theories, AdS-CFT and dS-CFT Correspondence, Anomalies in Field and String Theories.

© SISSA/ISAS 2004 http://jhep.sissa.it/archive/papers/jhep062004022 /jhep062004022 .pdf

Contents

1. Introduction 1

2. The preliminaries 2

3. The absorption of dilaton 3

4. The U(1)_R anomaly 5

5. The γ trace of the super current and anomaly 6

6. The exact pre-potential 6

7. The conclusion 7

1. Introduction

Recently the gauge theory/gravity duality, which is commonly known as AdS/CFT duality is extended to non-conformal pure N = 1 or N = 2 supersymmetric Yang -Mills (SYM) theories [1]. So far the perturbative behavior of the N = 2 SYM is produced by this duality. The conventional folklore is that the instantons which are responsible for the nonperturbative part of the pre-potential are suppressed in the large N limit (since the gauge gravity duality is valid only in the large N limit). Since the wrapped D5 branes are far from being conformal, the usual holographic description of bulk-boundary connection is quite subtle to extract all the properties of SUSY Yang-Mills theories. This fact led us to wonder about other ways of getting complete picture of the non-perturbative solution of the SUSY Yang-Mills from gravity. It is a fact in quantum field theory that the absorption/emission cross section of particles is always given by the discontinuities of the two point functions of the currents to which the field couples. To be precise, if the interaction lagrangian is S_{int} = ∫ d^4xφ(x)J (x) then the cross section is σ = 1 2iω Disc Π(p) | | |_{p0=ω⃗p=0} , (1.1)

where Π(p) = ∫ d^4x e^{ip·x}⟨J (x)J (0)⟩ . (1.2) The connection between the central charge of four dimensional energy momentum tensor and the absorption of gravitons/dilatons by the world volume theory of D branes is first explored by Gubser and Klebanov [2]. The trace of the energy-momentum tensor, the γ

– 1 – trace of the super current and the divergence of U(1) axial current due to the R-symmetry form different components of the superconformal anomalous current J_{αα̇} and its super divergence D̄^{α̇}J_{αα̇} is classically zero however possesses anomaly. More explicitly ⟨ √ g θ^μ⟩ = 1 2 β(g) g^3 ( F^a_{μν} )_2 + c(g^2) 16π^2 (W_{μνρσ})^2 − a(g^2) 16π^2 ( R̃_{μνρσ} )_2

⟨∂^μ √ gR_μ⟩ = − β(g) 3g^3 ( F^a_{μν}F̃^{a μν} ) + c(g^2) − a(g^2) 24π^2 ( R̃R ) (1.3) ⟨ √ gγ^μS_μ⟩ = 1 2 β(g) g^3 [ (σ_{μν} λ^aF^{aμν} ) + 1 2 R^{μνρσ} σ_{ρσ} (D_μψ_ν − D_ν ψ_μ) − ( ϵ^{μνρσ}γ_5ψ_μA^a_ν F^a_{ρσ} )] , where β(g) is the beta function of SYM, a(g) and c(g) are central functions near the criticality, W_{μνρσ} is the Weyl tensor and R̃_{μνρσ} is the dual of the curvature tensor and ψ_μ is the gravitino field. We first derive the world volume action of the wrapped D5 brane where these currents are minimally coupled to the ten dimensional supergravity fields. Then we calculate the absorption cross-section of these fields by the brane which give us the central functions of these correlators. The organization of this paper is as follows. First we describe briefly the preliminaries of the wrapped D5 brane which gives the N = 2 SUSY Yang-Mills theory [9, 10]. Then we show the absorption of dilaton, fluctuating part of RR-2 forms and the gravitino by the world volume of wrapped D5 branes and evaluate the central functions. Consequently we derive the equation relating the pre-potential with the vacuum expectation of the anomaly multiplet and then conclude.

2. The preliminaries

We start with type IIB little string theory which is obtained as a collection of a large number of NS5 brane in the vanishing string coupling limit. This gives rise to D = 6 SYM [8]. Then we dimensionally reduce two of its spatial world volume in such a way that we retain N = 2 SYM in the low energy limit [11]. The NS5 brane has SO(4) R-symmetry as the normal bundle. When one identifies the U(1) subgroup of the SO(4) R-symmetry with the U(1) spin connection of the two cycle which is compactified, one gets a covariant constant spinor and SUSY is retained, which is commonly known as twisting [1]. This is called wrapping of NS5 brane on a supersymmetric two cycles. If the compact space is a two-sphere, then there will be no extra hyper- multiplet and in the low energy limit i.e. in the scale much lower than the radius of the sphere we will get pure N = 2 SYM. Thus it amounts to consider a gauged D = 7 supergravity solution and then lift it to get the solutions in ten dimensions. In recent past many relevant classical solutions have been obtained by authors of ref. [9, 10] which we don’t want to repeat instead use their results. The classical solutions of D = 7 gauged supergravity is properly lifted to ten dimensional string theory. Using S-duality we obtain the metric of the D5 brane as

ds^2_{10} = e^Φ [ dx^2_{1,3} + z λ^2 ( dθ^2 + sin^2 θ dφ^2 ) + 1 λ^2 e^{2x} dz^2 + + 1 λ^2 ( dθ^2_1 + e^{−x} f(x) cos^2 θ_1 (dθ_2 + cos θ dφ)^2 + e^x f(x) sin^2 θ_1 dθ^2_3 )] , (2.1)

– 2 – where the dilaton is e^{2Φ} = e^{2z} [ 1 − sin^2 θ_1

1 + c e^{−2z} 2z ] (2.2) and f(x) = e^x cos^2 θ_1 + e^{−x} sin^2 θ_1 , (2.3)

also e^{−2x} = 1 −

1 + c e^{−2z} 2z , (2.4)

where λ is the gauge coupling constant of seven dimensional gauged supergravity and c is a parameter as the integration constant of the classical solution. For c ≥ −1 the range of the radial variable is z_0 ≤ z ≤ ∞ where z_0 is the solution for e^{−2x(z0 )} = 0. Here θ and φ are the angles of compact two-sphere with radius of compactification as^z_{λ2} and θ_1, θ_2 and θ_3 are angles of transverse three-sphere. The conservation of the RR-charge on the transverse sphere S_3 fixes^1_{λ2} = N g_s α^′ for large N number of D5 branes with string coupling g_s. The R-R- 2 Form is given by

C^{(2)} = 1 λ^2 θ_3 d [ sin^2 θ_1 f(x) e^x (dθ_2 + cos θ dφ) ] . (2.5)

The D5 brane action is given by S = −τ_5 ∫ d^6ξ e^{−Φ} √ − det (G + 2πα^′F ) + τ_5 ∫ (∑ n C^{(n)} ∧ e^{2πα′ F} ) 6−form

, (2.6)

where F is the world volume gauge field and τ_5 is the brane tension. The BPS condition is fixed from the condition of the vanishing of the potential between two branes which gives θ_1 to be π/2. This condition makes the transverse boundary of the D brane to be a two dimensional space consisting z and θ_3 which is eventually the moduli space of N = 2 SYM.

3. The absorption of dilaton

To evaluate the central terms for the correlation function of stress tensor we need to calculate the absorption of the fluctuating dilaton coupled to the world volume of the wrapped D5 brane. If we denote the fluctuation of dilaton by η then the world volume action is given by

S_{int} = τ_5 ∫ dΩ_2 ∫ d^4xe^{−Φ} √ − det G η(x, ξ) { 1 4 F^a_{αβ} F^{aαβ} + 1 2 λ^aγ^αD_αλ^a + 1 2 D_αΨ^aD^αΨ^a } . (3.1) Here F^{aαβ} is the field strength of the SUSY Yang-Mills, λ^a are the fermions and Ψ^a are the scalars of N = 2 multiplet in the adjoint representation of the U(N) gauge group. Here Ψ^a = T^a e^{(z+iθ3)} is the complex scalar which belongs to the transverse space of the D5 brane which eventually forms the moduli space of the N = 2 SUSY Yang-Mills vacua and T^a’s are the generators of the color U(N) group . It has been shown by Klebanov [4] and Gubser et al. [3] that the string theoretic absorption cross-section and the classical

– 3 – absorption cross-section given by the classical equation of motion of dilaton by the D3 brane are in exact agreement. The classical absorption probability is given as the ratio of the flux at infinity to the flux where the brane is sitting [5]. The classical equation of motion by the dilaton is ∂_a √ GG^{ab}∂_bφ = 0 . (3.2)

where G^{ab} is the metric given in eq. (2.1). If we define the transverse coordinate e^z = ρ then for large ρ, G^{ρρ} = ρ and √ G = ρ^2 R^4 where R^2 is the square of the compactified volume which is identified with^1_{λ2} . The equation of motion for the dilaton is

∂^2_ρ φ + 3 ρ ∂_ρφ + R^2ω^2 ρ^2 φ = 0 . (3.3)

We take the ratio of the flux φ^∗ G^{ρρ}∂_ρφ for ρ ≫ ωR to that for ρ ≤ ωR. This is the probability of absorption which multiplied with the proper phase space gives the cross section. This is also same as quantum cross section of the world volume theory by the normalized dilaton fluctuation η c.f. eq. (3.1). The cross -section is dσ = 1 2ω d^5p_1 (2π)^52E_1 d^5p_2 (2π)^52E_2

(2π)^6 δ^6 (p_1 + p_2 − q) |M|^2_fi (3.4)

where M_{fi} is the matrix element for the dilaton with momentum q going to two gluons, two gluinos and two scalars with momenta p_1 and p_2. We take the vector component of the momenta to be zero and the zeroth component of the dilaton to be ω. The momentum conservation gives E_1 + E_2 = ω. After the integration of the phase space the cross-section is found to be σ = V_2 16 κ^2_{10} 32α^′π ω^3 , (3.5)

where V_2 is the volume of the compact two dimensional space which arises due to the delta function in these directions. Here V_2 = 4πR^2 ln ρ. We identify the string coupling 2πg_s = g^2_0 , the Yang-Mills coupling. Then σ = κ^2_{10} 32π ω^3 ( g^2_0 N ln ρ

8π^2 ) . (3.6)

This gives the imaginary part of the polarization Π(p) (c.f. eq. (1.2)). It has been shown by Anselmi et al.[12] how to get all the central functions of eq. (1.3) from the two point correlation functions. Any two point function of currents G(x) = ⟨J (x)J (0)⟩ = b(ln(xμ)) x^{2d0} , (3.7)

where d_0 is the engineering dimension of the current J and μ is a scale parameter. The two point function of the local operators ought to satisfy the Callan-Symanzik equation, ( x ∂ ∂x + 2d_0 + 2γ_0 + β(g) ∂ ∂g ) G(x) = 0 , (3.8)

– 4 – where γ is the anomalous dimension of the operator and β(g) is the beta function of the renormalization group. From eq. (3.6), eq. (3.7) and eq. (3.8) we get

β(g_{YM}) = − N 8π^2 g^3_{YM} . (3.9)

4. The U(1)_R anomaly

The gaugino and the scalars of N = 2 SUSY Yang-Mills theory possess U(1) R-Symmetry. For the wrapped branes it is realized as the rotations in the transverse space mainly by the angle θ_3. However this is periodic and any change of it needs to be discrete like^π_N k since R-R 2-Form flux should be quantized on the vanishing compact two sphere. One realizes the chiral anomaly due to this fact in the gravity dual picture. We want here to calculate explicitly the two point function of the chiral R-current in the world volume theory of wrapped D5 branes. The fermionic partner of the Chern-Simon’s term of the second part of eq. (2.6) is S_{int} = τ_5 ∫ d^6ξ ω_2 ∧ ϵ^{μνλσ} Π^a_μ Π^b_ν Π^c_λ λ Γ_{abc} λ∂_σ c(x) , (4.1)

where we have used RR-2 form C^2 = ω_2 c(x) and c(x) is the fluctuation of C^2. Here Π^a_μ(x) = ∂_μX^a − iθΓ^a∂_μθ is like vielbein in the Green-Schwarz variable and {a, b = 0, . . . , 10} and {μ, ν = 0, . . . , 3} . Integrating over ω_2 and using the properties of the Γ matrices we get

S_{int} = N ∫ d^4x λi γ_5 γ_μ λ∂^μc(x) . (4.2)

The classical solution of c(x) is θ_3. We want to calculate the semi-classical absorption crosssection of c(x) by the wrapped D5 brane. The classical action for this field is extracted from the low energy limit of the type IIB super string action. S = 1 2k^2_{10} ∫ d^{10}x ( √ −g_{10} [ R − 1 2 (∂ϕ)^2 − 1 12 e^{−ϕ}(∂B_2)^2 − 1 2 e^{2ϕ}(∂C)^2 − − 1 12 e^ϕ(∂C_2 − C∂B_2)^2 − 1 4 · 5!

F^2_5 ]) . (4.3)

Here B_n and C_n are n-Form potential due to NS-NS and R-R sectors respectively. We set C_0 = C and F_5 to zero and also C_2 = −B_2. Substituting F^{θ φ} = sin θ from eq. (2.5) in eq. (3.3) and integrating over θ and φ coordinates we get the action for c(x) which effectively moves in six dimension as S = 1 6 1 R^2 ln ρ_0k^2_{10} ∫ d^6x (√ −g_6∂_ac(x) g^{ab}∂_bc(x) ) . (4.4)

The classical absorption probability can be calculated as the ratio of the in coming flux for ρ at infinity to the outgoing flux from ρ < Rω. Also from the world volume action the absorption cross-section is σ = ∫ d^3p_1 (2π)^32E_1 d^3p_2 (2π)^32E_2

(2π)^4 δ^4 (p_1 + p_2 − q) |M|^2_fi , (4.5)

– 5 – where M_fi is given as

M_fi = − 1 2 √ 2 κ̃^2_{10}q^μv̄(−p_1)(iγ_5γ_μ)u(p_2) , (4.6)

where κ̃_{10} is the normalization for c(x) given as

κ̃^2_{10} = R^2 ln ρ_0k^2_{10} . (4.7)

This gives the cross-section σ = κ^2_{10} 32π N^2ω^3 ( g^2_0 N ln ρ 24π^2 ) . (4.8)

Here again the Callan-Symanzik equation gives the correct β function.

5. The γ trace of the super current and anomaly

The world volume action of the minimally coupled gravitino ψ_μ to the wrapped D5 brane is

S_{int} = τ_5 ∫ dΩ_2 ∫ d^4x e^{−Φ} √ − det G { 1 4 ψ_μ γ^μ σ_{αβ}λ^a F^{aαβ} } . (5.1)

The gravitino part of the low energy effective action for the type IIB string theory is

S_{gravitino} = 1 2k^2_{10} ∫ d^{10}x ( √ −g_{10} 1 2 ψ_μ iΓ^{μνρ}D_ν ψ_ρ ) . (5.2)

Due to twisting, the covariant derivative D_ν is like ordinary one here. For the classical equation of motion of the gravitino we choose a gauge ψ_μ = γ_μχ which simplifies the equation of motion for the gravitino as

ργ_5 ∂_ρχ + Rγ_0∂_0χ = 0 . (5.3)

The probability of absorption is the ratio of the flux χγ_5χ at ρ ≫ Rω to ρ < Rω. The absorption cross-section from the world volume theory of minimally coupled gravitino gives the same result. The phase space volume which comprise the compact two dimensional sphere gives the ln ρ_0 as the pre-factor which eventually provides the running coupling and the β function. We get the same beta function as the other cases.

6. The exact pre-potential

The low energy effective action for N = 2 SUSY Yang-Mills theory is

Γ (Φ) = ∫ d^4xd^4θF (Φ) , (6.1)

where F is the pre-potential and Φ is the chiral super field of the N = 2 SUSY Yang- Mills theory. To realize the superconformal invariance a supergravity pre-potential H^{αα̇} is coupled to the superconformal current J_{αα̇}. The invariance of the effective potential under superconformal transformation up to first order gives the anomalous superconformal Ward

– 6 – identity [13] ∫ d^4x d^4θ δΓ(Φ) δΦ ⟨δΦ⟩ = ∫ d^4x d^4θδH^{αα̇}⟨J_{αα̇}⟩ . (6.2) The righthand side of this equation gives D^{α̇}J_{αα̇} which is the divergence of the anomalous superconformal current and its vacuum expectation gives the anomaly, 2F − F(A)^′A = N 8π^2

⟨tr υ^2⟩ , (6.3)

where A is the vacuum expectation value of Φ and trυ^2 is the anomaly multiplet for example trF^2 will correspond to θ^μ etc. Indeed the second order variation of the infinitesimal superconformal parameter ϵ^α will relate the two point function of the derivative of the anomalous currents which has been obtained in the last sections to the two point function of the Φ with the derivatives of the pre-potential as the pre factor. This identity is difficult to realize in the coulomb phase when Φ has a vacuum expectation value. So we resort here to the Ward identity for our purpose. We assume here that all the D branes are distributed on a circle with N points in the θ_3 directions. So ⟨Ψ_i⟩ = ρe^{iθi3} which is denoted as A_i. In this phase the Ward identity 2F − ∑ i ∂F ∂A_i A_i = N 8π^2

⟨tr υ^2⟩ , (6.4)

which is same as eq. (1.3) in the flat space. This equation can be rewritten as WDVV equation [7]. This is also same as the renormalization group equation of D’ Hoker et al. [14] where the right hand side is given as μ^∂_{∂μ} of F. To solve for F the usual ansatz is to assume F as a genus N − 1 hyper-elliptic curve,

y^2 = P (x)^2 − Λ^N (6.5)

with canonical homology basis {a_i, b_i} and the differential form S_{SW} =^{x dP}_{2i π y} . The large N solution of this equation was first solved by Douglas and Shenker [15] and recently many subtleties are addressed by Ferrari [16]. The non-perturbative nature of the theory will be studied from the distribution of the roots of eq. (6.5). The singularity occurs when any two of the roots coincide, where a dyon becomes massless. Our moduli space coordinates are A_i = ρe^{iθi3} and θ^k_3 = 2π^k_N . The difference of A_i is the W-meson mass and in their vanishing limit mass less particle emerges signaling phase transition. The integration over the homology cycle for example a gives iπ a N = − ρ − 1 ρ + ln ρ + 1 N ( − ln ρ + ρ − 1 ρ ln 2 +

(ρ − 1) ln(ρ − 1) ρ ) , (6.6)

which shows clearly the singularity for ρ → 1. Indeed in our supergravity picture the radius of the wrapped two sphere z = ln ρ vanishes and signals “enhancons” [6].

7. The conclusion

Here we tried to analyze the non-perturbative effects of N = 2 SUSY Yang-Mills theory starting from the absorption of minimally coupled Supergravity fields by the wrapped D5 branes. The absorption cross-section gives the two point correlators of the currents. This

– 7 – is very crucial for our entire analysis which provides the central functions. This encodes the entire evolution of the coupling dictated by the renormalization group. Once we get the beta function correctly we can use it to establish the anomalous Ward identity. It is the consistency of the renormalization group which gives one point function from two point function. This analysis perhaps can be obtained by renormalization group flow of N = 4 to N = 2 [17] which we found to be quite non-trivial.

References

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

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

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].

[2] S.S. Gubser and I.R. Klebanov, Absorption by branes and Schwinger terms in the world volume theory, Phys. Lett. B 413 (1997) 41 [hep-th/9708005].

[3] S.S. Gubser, I.R. Klebanov and A.A. Tseytlin, String theory and classical absorption by three-branes, Nucl. Phys. B 499 (1997) 217 [hep-th/9703040].

[4] I.R. Klebanov, World-volume approach to absorption by non-dilatonic branes, Nucl. Phys. B 496 (1997) 231 [hep-th/9702076].

[5] S.R. Das, G.W. Gibbons and S.D. Mathur, Universality of low energy absorption cross sections for black holes, Phys. Rev. Lett. 78 (1997) 417 [hep-th/9609052]; S.S. Gubser, A. Hashimoto, I.R. Klebanov and M. Krasnitz, Scalar absorption and the breaking of the world volume conformal invariance, Nucl. Phys. B 526 (1998) 393 [hep-th/9803023];

Correlation functions in a cascading N = 1 gauge theory from supergravity, J. High Energy Phys. 0212 (2002) 048 [hep-th/0209163].

[6] C.V. Johnson, A.W. Peet and J. Polchinski, Gauge theory and the excision of repulson singularities, Phys. Rev. D 61 (2000) 086001 [hep-th/9911161].

[7] E. Witten, On the structure of the topological phase of two-dimensional gravity, Nucl. Phys.

B 340 (1990) 281;

R. Dijkgraaf,E.Verlinde and H. Verlinde, Topological strings in D < 1, Nucl. Phys. B 352 (1991) 59;

B. Dubrovin, Geometry of 2d topological field theories, Lecture notes, hep-th/9407018.

[8] N. Seiberg, New theories in six dimensions and matrix description of M-theory on T^5 and T^5/Z_2, Phys. Lett. B 408 (1997) 98 [hep-th/9705221].

[9] J.P. Gauntlett, N. Kim, D. Martelli and D. Waldram, Wrapped fivebranes and N = 2 super Yang-Mills theory, Phys. Rev. D 64 (2001) 106008 [hep-th/0106117]; F. Bigazzi, A.L. Cotrone and A. Zaffaroni, N = 2 gauge theories from wrapped five-branes, Phys. Lett. B 519 (2001) 269 [hep-th/0106160].

[10] M. Bertolini et al., Fractional D-branes and their gauge duals, J. High Energy Phys. 02 (2001) 014 [hep-th/0011077];

P. Di Vecchia, A. Lerda and P. Merlatti, N = 1 and N = 2 super Yang-Mills theories from wrapped branes, Nucl. Phys. B 646 (2002) 43 [hep-th/0205204]; P. Di Vecchia, Non conformal gauge theories from D-branes, hep-th/0212162.

– 8 –

[11] M. Cvetič, H. Lu and C.N. Pope, Consistent Kaluza-Klein sphere reductions, Phys. Rev. D 62 (2000) 064028 [hep-th/0003286].

[12] D. Anselmi, Central functions and their physical implications, J. High Energy Phys. 05 (1998) 005 [hep-th/9702056];

D. Anselmi, D.Z. Freedman, M.T. Grisaru and A.A. Johansen, Nonperturbative formulas for central functions of supersymmetric gauge theories, Nucl. Phys. B 526 (1998) 543 [hep-th/9708042].

[13] M. Matone, Instantons and recursion relations in N = 2 SUSY gauge theory, Phys. Lett. B 357 (1995) 342 [hep-th/9506102];

G. Bonelli and M. Matone, Nonperturbative relations in N = 2 SUSY Yang-Mills and WDVV equation, Phys. Rev. Lett. 77 (1996) 4712 [hep-th/9605090];

F. Fucito and G. Travaglini, Instanton calculus and nonperturbative relations in N = 2 supersymmetric gauge theories, Phys. Rev. D 55 (1997) 1099 [hep-th/9605215]; N.Dorey, V. Khoze, M. Mattis, Multi-instanton check of the relation between the prepotential F and the modulus U in N = 2 SUSY Yang-Mills theory, Phys. Lett. B 390 (1997) 205 [hep-th/9606199];

P.S. Howe, P.C. West, Superconformal invariants and extended supersymmetry, Phys. Lett. B 400 (1997) 307 [hep-th/9611075].

[14] E. D’Hoker, I.M. Krichever and D.H. Phong, The renormalization group equation in N = 2 supersymmetric gauge theories, Nucl. Phys. B 494 (1997) 89 [hep-th/9610156]; The effective prepotential of N = 2 supersymmetric SO(N_c) and Sp(N_c) gauge theories, Nucl. Phys. B 489 (1997) 211 [hep-th/9609145];

A. Gorsky, I. Krichever, A. Marshakov, A. Mironov and A. Morozov, Integrability and Seiberg-Witten exact solution, Phys. Lett. B 355 (1995) 466 [hep-th/9505035].

[15] M.R. Douglas and S.H. Shenker, Dynamics of SU(N) supersymmetric gauge theory, Nucl.

Phys. B 447 (1995) 271 [hep-th/9503163].

[16] F. Ferrari, The large-N limit of N = 2 super Yang-Mills, fractional instantons and infrared divergences, Nucl. Phys. B 612 (2001) 151 [hep-th/0106192].

[17] K. Pilch and N.P. Warner, Generalizing the N = 2 supersymmetric RG flow solution of IIB supergravity, Nucl. Phys. B 675 (2003) 99 [hep-th/0306098].

– 9 –