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This talk is devoted to the calculation of magnetic susceptibility of
quark condensate in the framework of the AdS/QCD model. This
model uses the methods of AdS/CFT correspondence in order to
describe the dynamics of QCD. The calculation concerned is a good
test of the model and demonstrates its potential power.
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The AdS/CFT conjecture

N=4 SYM ↔ type IIB string theory

on Mink4 on AdS5 × S5

global symmetries: isometries of the space:
SO(2, 4)× SU(4) ↔ SO(2, 4)× SO(6)

coupling constant: string tension:

λ′ = Ncg
2
ym = R4

4πα′2

sources of operators: boundary values of the �elds:
Ji (xµ) = Φi (xµ, 0)

generation functional classical
of correlators: action:

Z [Ji (xµ)] = iSstr [Φi cl(z , xµ)]
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Space geometry in AdS/QCD

N=4 SYM → QCD

R-symmetry breaking:
S5 → ∅

absense of conformality :
AdS5 → AdS5 with cut o� at z = zm
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Field content of the model

(
2

z

)
Xαβ ↔ q̄αRqβL scalar quark current

Aa
Lµ ↔ q̄Lγ

µtaqL left quark current

Aa
Rµ ↔ q̄Rγ

µtaqR right quark current

⇓
V a
µ ↔ q̄γµtaq vector current

Aa
µ ↔ q̄γµγ5taq axial-vector current
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Action

S5 =

zm∫
d4x dz

√
gTr

{
Λ2
(
|DX |2 +

3

R2
|X |2

)
− 1

4g2
5

(F 2
L + F 2

R)

}

DµX = ∂µX − ıLµX + ıXRµ
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Parameters

The 5D coupling constant

g2
5

R2
=

12π2

Nc
�xed by the 2-point function of vector currents

The position of the IR boundary

zm =
1

323Mev
related to the ρ-meson mass

The X �eld has a vacuum pro�le

X0(z) =
1

2
Mz +

1

2
Σz3.

M is the quark mass matrix, and Σ is proportional to 〈q̄q〉
(the coe�cient Λ is �xed by scalar 2-point function)
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Magnetic susceptibility of the quark condensate

We consider the problem of the derivation of the magnetic
susceptibility of the quark condensate, de�ned as

〈q̄σµνq〉F = χ〈q̄q〉Fµν .
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Operator Product Expansion
I Consider the correlator

Tµγν = −
∫

d4xd4y e iqx−iky 〈0|T{jµ(x )̃jγ(y)j5ν (0)}|0〉

I Multiply it by the polarization of soft photon

Tµν = eγ(k)Tµγν = i

∫
d4x e iqx−iky 〈0|T{jµ(x)j5ν (0)}|γ(k)〉

I Perform the OPE

〈0|T{jµ(x)j5ν (0)}|0〉F ∼
NC

2π2
F̃µν +

4mf 〈q̄γ5σµνq〉F
Q2

+ . . .

I Extract the susceptibility

−i〈q̄γ5σµνq〉F = εµναβ〈q̄σαβq〉F = χ〈q̄q〉F̃µν

(Vainstein: hep-ph/0212231)
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Calculation of the correlator in AdS/QCD

I

〈0|AνVµṼγ |0〉 =
δ3

δÂνδV̂µδ
ˆ̃Vγ

Scl(ÂV̂ ˆ̃V ),

I

S5 =

∫ √
gTr

{
Λ2
(
|DX |2 +

3

R2
|X |2

)
− 1

4g2
5

(F 2
L + F 2

R)

}
+∆S

I

∆S = SCS(AL)− SCS(AR),

SCS(A) =
NC

24π2

∫
Tr

(
AF 2 − 1

2
A3F +

1

10
A5

)
.
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Scl(ÂV̂ ˆ̃V ),

I

S5 =

∫ √
gTr

{
Λ2
(
|DX |2 +

3

R2
|X |2

)
− 1

4g2
5

(F 2
L + F 2

R)

}
+∆S

I

∆S = SCS(AL)− SCS(AR),

SCS(A) =
NC

24π2

∫
Tr

(
AF 2 − 1

2
A3F +

1

10
A5

)
.

A.Krikun: Magnetic susceptibility of quark condensate via holography MIPT,ITEP, Moscow



Calculation of the correlator in AdS/QCD

I

〈0|AνVµṼγ |0〉 =
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Classical solution

For the 3-point correlator one obtains:

〈A‖µ(k1)Vν(k2)Ṽρ(k3)〉 =

= −NC

π2
〈TATV TṼ 〉 δ

4(k1+k2+k3)ε‖µνρσ

∫
dz (ik2σ)ϕv ˙̃v−(ik3σ)ϕv̇ ṽ

Classical solutions are:

v(Q, z) = Qz

(
K1(Qz) +

K0(Qzm)

I0(Qzm)
I1(Qz)

)

ϕ(z) = Fαz [AI1/3(z3) + BK1/3(z3)]− 1.075
m〈q̄q〉

f 2
π

z2

in the region 200Mev � Q � 1Gev
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The result

〈A‖µ(−Q)Vν(Q − k3)Ṽρ(k3)〉 = 〈TATV TṼ 〉 ε
‖
µνρσ(ik3σ)[

NC

2π2
− 1.075

Nc

π2

m〈q̄q〉
Q2f 2

π

+ O(1/Q4)

]
In the AdS/QCD

χ = −2.15
Nc

8π2

1

f 2
π

In the pion dominance approach

χ = −2
Nc

8π2

1

f 2
π
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Conclusion

The AdS/QCD model is far from completeness, but usually gives
the results, unexpectedely close to the QCD calculations. Our result
depends weekly on the position of the boundary. Although the
model conserned is the simplest possible, the outcome can be
treated as universal.
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Equations of motion

[
∂z

(
1

z
∂zV

a
µ

)
+

q2

z
V a
µ

]
⊥

= 0[
∂z

(
1

z
∂zA

a
µ

)
+

q2

z
Aa
µ −

R2g2
5 Λ2v2

z3
Aa
µ

]
⊥

= 0

∂z

(
1

z
∂zφ

a

)
+

R2g2
5 Λ2v2

z3
(πa − φa) = 0

−q2∂zφ
a +

R2g2
5 Λ2v2

z2
∂zπ

a = 0
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Chiral symmetry breaking

The classical solution for Xαβ has the form

X0(z) =
1

2
Mz +

1

2
Σz3.

By the AdS/CFT conjecture, one relates M to the quark mass matrix, and Σ to

the VEV of operator 〈q̄q〉, i.e. quark condensates. We choose normalization

such as M = m1; Σ = σ1, assuming the equality of quark masses.

It is convenient to decompose:

X = X0e
ı2πa(ta) = 1

v(z)

2
eı2π

ata
v(z) = mz + σz3

One can see, that in the quadratic order X interacts only with axial �eld

2A = L− R and not with vector one (2V = R + L). That means X breaks

chiral symmetry.
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