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Introduction

-The basis of our development is the so called AdS/CFT correspondence also called
Maldacena’s duality or gauge /gravity duality.

-Why has it become so popular (Maldacena’s original paper as of 2020 almost
20000 citations)?

-It provides a powerful toolkit for studying strongly interacting quantum field theories.
The usefulness of the duality results from the fact that it is a strong-weak duality:
when the fields of the quantum field theory are strongly interacting, the ones in the
gravitational theory are weakly interacting and thus more mathematically tractable.

-The AdS/CFT correspondence has revived the hope that QCD can be solved.
-The correspondence establishes a relation between Anti-de-Sitter spaces formulated

in string theories and M-theory and Supersymmetric Yang-Mills theories which are
conformal.



-Motivated by this development two different approaches have been followed for QCD
thus far

a) Top-down: One starts from an N=4 Super Yang Mills theory, which
IS not asymptocially free, but realizes correctly chiral symmetry and confinement
constructs the corresponding AdS gravity and studies the resulting dynamics. In N=4
Super Yang-Mills theory fundamental quarks have been introduced using D7 AdS branes.

The mesons that appear in these theories behave in many ways similarly to the mesons
in QCD.

b) Bottom-up : Proceeds the opposite way. One starts from QCD and constructs an
AdS five-dimensional holographic dual which incorporates the properties of QCD.

We shall proceed in the bottom-up approach introducing it with a specific model.



The Graviton Soft Wall (GSW) model

The gravitational background of the model is and AdS metric:
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The particles are described by fields with a correspondence




The particles are described by fields moving in the metric background with an action given by

/ ds:z:\/ﬁe‘d’("’)ﬁ(t,b(z, z),Vy(z,z),G(x, 2), ...)

where dD(z) is a dilaton field which describes confinement. The hadronic identity, i.e. spin and parity,
of the particles is defined by each of the particles AdS bulk mass M52 which is given by

MiR* = (A +p)(A+p—4)

The equations of motion for the fields will provide the spectrum, and the mode functions (wave
fuctions) which will determine decay constants and form factors.



The GSW model is defined by
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To verify confinement, which manifests itself as Regge behavior, for mesons

3 a
=12 =12
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Thus the whole strong dynamics for light particles is governed by two parameters a and k



The scalar glueball spectrum

A peculiarity of our approach in the GSW model, which is the reason for the name, is that the scalar
glueball arises from the scalar component of the 5D graviton and is not introduced as an independel
fleld. Thus the Einstein equations associated with the metric provide the equation for the spectrum.
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This equation can be transformed into a Schrodinger type equation
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where A? = 2 This equation must be solved numerically and the experimental result depends
a

only of one energy scale \/Ek. Expanding the exponential to third order which leds to an exact

Kummer equation is not a good approximation in this case. For ak’ = 0.37 GeV? we obtain the
spectrum of the figure.
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The experimental spectrum for the glueballs is the lattice spectrum of Gluodynamics.



The scalar meson spectrum
The GSW action 1n the scalar sector 1s then defined by

- / d*x dzy/F €29 [N 9y S(x, 2)ONS(x,2) + M2, 5%(x,2)] .

In the light sector we get the following Equation of Motion (EoM):

I (vV—ge ¥ gMN oy S(z, 2)) = V—ge P —2IM2 S(z,2).
for M52R2 = — 3 we get
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where Q2 = (2/k2) M2.

This equation has to be solved numerically but it is quite unstable specially for high values of the
mode numbers. Expanding the exponential up to third order we get a Kummer equation, which can be
solved exactly leading to a good approximation. Its spectrum



02 =4(n+1)V4—6a2+4—6a, n=0,1,2,....

We have fitted the lower modes with one value of & and the upper modes with another providing in that
way a theoretical error

a=0.55x0.04

The advantage of this procedure whenever possible is that we can work with analytic mode
functions.



The experimental meson spectrum is the f, PDG spectrum excluded the f,(500).

The solid line corresponds in the figure corresponds to the central value and the dotted to the error.



What about the heavy scalar mesons?

We generalize the above equation to incorporate a heavy quark scale

M (a) = /2kQ, (a) + C

14000
where C depends on flavor. 12000
With 9 0000
C_C =2400 (~2* m- = 1270 £ 20)) MeV @ o0

and =
C_B =8700 MeV (~2(my, = 4180+30)) =
T v —20 2 4000
2000




Comments on unpublished results

We have applied the model with fixed @ = 0.55 £ 0.04 and ak* = 370 MeV? to p, a,, 7 and high
spin glueballs.
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A prediction about meson-glueball mixing
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The holographic LF representation of the EoM, in AdS space can be recast in the form of a
LF Hamiltonian [8].

HLCI\I’n = le‘I’,, > .

In the AdS/QCD LF framework the above relation becomes a Schrodinger type equation

(_;’T N vm) () = A2

W,(t) = (t|V,)
(W, |0, = / dt W0 =1

Mixing ~ Overlap probability ~ |(‘I’m “I;g.) I?'






Conclusions

- The AdS/CFT correspondence offers a procedure to treat a strong coupling field theory as a weak
AdS gravitaty theory, and viceversa.

- The Bottom-Up approach aims at defining a gravity theory in 5D which manifests the strong coupling
properties of QCD.

- The effective theory depends on a background metric, a dilaton and a free field lagrangian with an
AdS mass which characterises the QCD bound states: spin and patrity.

- The models described up to now relate large N QCD with AdS, thus our results are large N dominant.

- We have shown that one can have a 10% fit to all the light (heavy) experimental meson spectrum
and with the lattice QCD results for the glueballs with only two ( +2) parameters.

- We have seen some peculiarities worth mentioning

+the f,(500) does not fit into the scheme—> it is not a gg state

+the p(1570) does not fit into the scheme—> It has been eliminated from the PDG and it is

assumed to be an OZI decay of the p(1700)
+the a,(1260) seems to be too high mass (huge width 200-600)

+the #(1405) and #(14°75) seem to be the same particle (PDG comments)
+prediction: heavy glueballs will be pure states.

The m in this model like the 7. It requires a deeper study !
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