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In this talk we study the hard wall AdS/QCD model, the simplest model
of bottom-up approach to AdS/QCD. We reveal the relations between fields
in the model and operators in QCD, fix parameters of the model and calcu-
late several quantities of interest. We underline the problems of the model
and propose the way to solve them.
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1. Introduction

In the last few years a great attention was paid to the so-called phe-
nomenological AdS/QCD theories. The essence of these models is to use
the AdS/CFT correspondence [2]| to describe QCD in large N, limit via its
5-dimensional dual theory. The exact structure of this 5D theory, describing
all specific features of QCD is not clear, but some simple models have been
proposed [3-8], which already give promising results.

In this talk we study the simplest of these settings, the so-called hard
wall AdS/QCD model (see for example [3,5], first proposed in [9]). Our goal
is to find proper relation between fields in the theory and QCD currents, fix
the free parameters of the model and study results, that this model gives
without any tuning. After that we propose some ways to tune up the model
in order to reproduce results of QCD. We will calculate vector, axial vector
and pseudoscalar two-point functions of QCD, that will allow us to find
values of meson masses and f.

This talk is mainly based on the paper by Krikun [1], so all details and
references can be found there.

* Seminar talk presented at the XLVIII Cracow School of Theoretical Physics, “Aspects
of Duality”, Zakopane, Poland, June 13-22, 2008.
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2. Description of the model

We consider the simplest holographic model of low energy QCD, pro-
posed in [3,5,7] (see also [14-16]), the so-called “Hard wall AdS/QCD model”.
In what follows we will work with conventions and notations used in [3].

In the AdS/CFT prescription, the fields in 5-dimensional space are dual
to operators in 4D, and the global flavor symmetry of the 4D field theory
corresponds to the gauge symmetry in its 5D dual. So we will study 4D
QCD with SU(2)r,x SU(2)r global symmetry via the gauge theory in AdS
with SU(2);,x SU(2)r gauge group. In this model only the fields dual to
QCD operators with the lowest dimensions are considered.

We have the SU(2)1,x SU(2)g gauge field theory in AdSs space with the

metric: )

ds? = 15—2(—dz2 +datdx,), (1)

where R is the AdS curvature radius, cut at z coordinate: 0 < z < z,,.
Later, we will denote 5-dimensional indices with A, B ... € {0,1,2,3, z},
and 4D indices with p,v,... € {0,1,2,3}.
The theory includes left- and right-handed gauge vector fields SUp (2)x
SUR(2) (Ar, and AR, respectively) and bifundamental scalar X,g. According
to AdS/CFT 5D fields correspond to operators in QCD:

Lu < @w't"qu,
Ry < @RY't"qR,

2 _
(2)x - aul, 2

with the boundary conditions imposed at z = z,:
0.V (zm) =0, 0. A(zm) =0.

The action is:
3
_ 5 2 X2 X |2 2 2

where

DpX = 0pX —1ALpX +1XAgrp,
ALw) = Afmt*,
OpAp — OpAp —1[Ap, Ap],

-
S
I

and we introduce the normalization constant A of field X.
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From the equation of motion for X we can get classical solution:
1 1
Xo(z) = §Mz + 5223.

According to AdS/CFT [17], we argue, that M corresponds to quark mass
matrix, .e. the source of operator (jﬁqg and X' to condensates, i.e. vacuum

expectation value of (jﬁqg . We can make M to be quark masses exactly

by appropriate definition of normalization A, but the relation between X
and condensates is to be ascertained. In further discussion we set X = o1,
M = ml, assuming the equality of quark masses. Hence

Xo(z) = %v(z)l, v(z) =mz + o023, (4)

We will decompose X in modulus and phase:

X = XOGZQWa(ta) _ ]_U(ZZ) eZQWata .

It is convenient to introduce vector and axial vector fields:

V = (AL+ Ar)/2,
A = (A — AR)/2.

We set A, = V. = 0, use transverse gauge for V,, and decompose A, on
longitudinal and transverse parts:

OV =0, Ay = A1, +0ud. (5)
One can relate the pseudoscalar current ¢ysq to axial vector current gvsv,q
via relation:
O (@757ua) = 2m (q759) -

So we can write out the following table of correspondence:
Vi = Y'q=Jv,

Ay = qytqa=Ja,
Q2
%QS = qv5q = Jr . (6)

With this table we can calculate two-point functions of QCD via our 5D
theory, using the AdS/CFT recipe. For example:

(JV(ql)JV(QQ)> = ﬁ(ql)ﬁ(qﬁs(v}msmﬂ%:o,

VO(Q) = Vclassic(q’ Z)|z=0- (7)
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In order to perform this calculation one needs to find classical solu-
tions, which are solutions to equations of motion, obtained by variation of

SV, Ay, 0, As):
1,0\, Cal
[az <;azvu> + VML — 0,

1o\, @ e RgA™
[az <28ZAH>+;Au—TAu ~ 0,

1
1. .\ R2@A%* .
0. (Fo.07) + It - o) = 0,
R2 2/12 2
—q%0.¢" + %aﬂa = 0. (8)

One can see that X does not interact with vector field in quadratic action, so
the equation for v is exactly solvable. This is in contrast to other equations,
which can be solved perturbatively in the limits of large or small momenta.

3. Parameter fixing

Let us calculate some two-point functions. We start with vector current,
associated with the field V' in the model. The solution for V is:

V(Q,z2) = —%(Q)WQZ[K(J(Q%)A(QZ) — bb(Qzm) K1 (Q2)]. (9)

We substitute it to the variation of metric with respect to boundary value
Vo , which can be presented in the form

5Sy = — /d%% [WM%}
95 % Jz=e

and the result for current correlator is:

(T ()T, (@) = 6" (quay — P g ) TV (¢?)

where

(0t - (Ko(Qm) = To(Q2m) m(Qe/2) + 1)) o)
1% =—— :

952, Io(Qzm)
The poles of Euclidean correlator correspond to masses of bound states.
Consequently the first pole corresponds to the p-meson mass (the meson,
associated with vector current in QCD), so we can fix the value of z,:

24 1 -
IO(ZMpZm) =0 - Zm = Mp = @Mev ! . (11)
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The masses of higher states we will obtain automatically: each one will

correspond to the zero of Bessel function. The problem here is that this

spectrum does not demonstrate the Regge behavior. In order to solve it,

one has to change form of IR boundary. If at z,, metric has a factor of

exp(—z?) instead of a simple cut, the Regge behavior will take place [15,16].
In the large Q? limit we have

R
Iy (Q?) = —2—92111@262.
5

This result has the same form as in QCD and can be compared with the
QCD sum rules leading term [18]:

Ne
2472
This fixes the 5D coupling constant gs

Iy (Q*) = In Q%€

g_§_127r2
R N,

(12)

To compute correlator of pseudoscalar current J, we find solutions for
coupled ¢ and 7 near the boundary

¢(2) = do(q)QzK1(Q2),

7(2) = —60d) L Qe (Q2). (13)

@
G2R2A%m

The variation of action with respect to ¢o(q) gives

2
5S7T = /d4113 E2 |:58u¢8zaﬂ¢:| — A2R3 |:57TU—3827T:| .
95 z z=¢€ z z=¢€
And we get for the correlator:
R 1

J=(q), Ix =2 —— Q%1 2¢2) .

(Jr(q), J=(q)) gg gngAQQ n(Q € )

One can find that this result also has the same form as in QCD and com-
parison with the sum rules leading term [18|

(ala)s Jr(@))aen = 10 5@ In (@)

gives the value of A
, 8 1 2N, 1

=== 14
3¢g2R?  9n? R3 (14)



3158 A. KRIKUN

We can also calculate the value of the chiral condensate to fix the value
of 0. As was mentioned above, it should be proportional to o but we need
to find the coefficient. In QCD the chiral condensate is defined as:

__deqep
(qq) = Sy lmy=0 -

On the AdS side this corresponds to:

2N,
32

X
() = 250 g
om

o. (15)

m=0

We see, that (gq) is proportional to o and, because chiral condensate is linear
in N., o turns out to be O(N?). For N, = 3 0 = (462MeV)3.

4. Results

After we have fixed all parameters in the model, we can write out the
action in terms of QCD values:

— NC
1272

1 4 4
5 2 2 2 2 2

We can calculate the axial two-point function. It is a little more difficult
than in vector case, because the equation of motion cannot be solved exactly.
We solve it in the limit of large Q? perturbatively and corrections of the order

of 1/Q™ in the classical solution give next to leading terms of OPE. We can
write out the result with corrections of the order of 02/Q% and (mo)/Q*:

Ne

128 02 640m
2472

15Q° 9 QF

IA(Q%) = InQ* + (17)

One can see, that coefficients here do not coincide with sum rules calculation.
We could tune this result by adding a perturbation in the metric [13]:

2
ds* = w(z) (—d2* + datdz,,) w(z) = 13—2 + Ac?z* + Bom2?

which would cause additional corrections to the classical solution to appear,
and this would change coeflicients as desired.
The interesting object is “left-right” correlator IIygr = Il4 — Iy

g =——2 =T
LR 97‘(2

N [16 0> 8om,
5Q° 3 Q*
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Note here that it has not powers of R, namely it has the order \'° because
in AdS/CFT:
R4
42

If we denote in this formula coefficients as f and p, we find that at
N — oo our calculation predicts:

FON) ~ p(N) ~ X7,

while at weak coupling regime (sum rules):

=N = Nog3y (19)

pN)~ N0 F(N) = —dmag ~ XN

The different behavior of the results is an evidence that two approaches,
AdS/QCD and sum rules, are applicable at different regimes. AdS/QCD
works at strong coupling, whereas sum rules correspond to weak coupling
regime.
One more value that we can find using AdS/QCD is f;. We use the
relation
2

Q2
We can solve the equation of motion of A in the limit Q% — 0 to obtain the
two-point function at small Q2. We find:

I4(Q)lg—0 =

f2 _ _Eaza(z)’
™ g5 - 2=0,Q=0
R N, 372 (qq) \
~ g2.1602/3 = 55216 <% <]q\?>> ~40MeV. (20

This value obviously does not coincide with expected 140 MeV. We see that
fr is related to the parameters of classical solution of X. One can introduce
additional potential for X in the 5D bulk. Consequently the classical solution
will change and the value of f; can be tuned.

5. Conclusion

The model under consideration has several free parameters but still has
some predictive power. It gives qualitatively satisfactory results but numbers
differ. Study of such simple model gives an insight to common features
of AdS/QCD and proposes modifications needed to obtain more realistic
results.
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