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We study light scalar mesons in the AdS/QCD soft-wall modiha background dilaton field,

to investigate the features of this approach in describiG@@@roperties in the strong coupling
regime. We find that the masses and decay constants are dompath experiment and QCD
determinations iBp(980) and fp(980) are identified as the lightest scalar mesons; moreover, the
states are organized in linear Regge trajectories with dineesslope of vector mesons. Strong
couplings of scalar states to pairs of light pseudoscalaomgturn out to be small, at odds with
experiment and QCD estimates: this discrepancy is relatéuetdescription of chiral symmetry
breaking in this holographic model.
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The AdS/CFT correspondence was proposed by Maldacena [1] aslitycbetween a type
IIB string theory defined on AdSxS space (Ad$ being a 5 dimensional Anti de Sitter space
andS’ the 5d sphere) and.a =4 super Yang-Mills theory with gauge gro®(N,), for largeN.
Later on, it was supposed that the correspondence could be gepéi@dizan equivalence between
a theory defined on AdS 1 x % (% being a compact manifold) and a conformal field theory living
on the flat boundary#y of the AdS space [2]. This has provided new hints on the possibility of
describing strong interaction processes by string-inspired appreabive main ways are followed
to achieve such a result. The first one, the so-called top-down approawcsists in starting from
a string theory trying to derive a low-energy QCD-like theory.#f through compactifications of
the extra dimensions [3]. In the second one, the bottom-up approachtastefrom 4 QCD and
attempts to construct its higher dimensional dual theory [4], with phenomginal@roperties as
guidelines.

In both approaches it is necessary to break conformal invariance, ®@D is not a conformal
theory [5], and to account for confinement. In the bottom-up appraaehpossibility (hard-wall
model) is to use a five dimensional “AdS-slice” with the fifth (holographicydowatez varying up
tO Zmax Of ﬁ(ﬁ) [4, 6]. Another proposal to break conformal invariance consists induiring
in the 5d AdS space a background dilaton field (soft-wall model) [7, 8].

Here we report an analysis of light scalar mesons in the soft wall mog¢lelf9particular,
we describe the derivation of the mass spectrum, the decay constanteastobtiy couplings of
scalar mesons to pairs of light pseudoscalars. The comparison of this @stained in the AdS
framework with experiment and QCD calculations can shed light on the ésatund drawbacks of
the model. Other analyses of scalar mesons in holographic approaches fwund in [10, 11].

1. Themodd

In the & space we consider the metrids® = gyndxXMdxN = ;ﬁz (Nuvdxtdx’ +dZ) with
Nuv = diag(—1,+1,+1,+1); Ris the AdS curvature radius and the holographic coordinates
from zero to infinity. The model is characterized by a background dilagdd: fib(z) = (c2)?, the
form of which is chosen to obtain light vector mesons with linear Regge trajestf8]; c is a
dimensionful parameter setting the scale of QCD quantities. We consided teién:

Serf= —i/d5x\/fge‘¢(z) Tr{\DX|2+m§X2+ iz(FV2+ Fﬁ)} (1.1)
29¢

whereg is the determinant of the metric tensin andk a dimensionful parameter providing a
dimensionless action. This action includes fields dual to QCD operatorededirthe boundary
z=0. There is a scalar bulk field, whose mass is fixed by the AdS/CFT relationgR? = (A —
p)(A+ p—4), A being the dimension of thp—form QCD operator dual t&X. This field, written
asX = (Xo+S)€?'™, contains a fielKy(z) = %Z) the scalar fiel&(x, z) and the chiral field1(x, z).
Xo is dual to(gqq) and is responsible for chiral symmetry breaki®jncludes singlet; (x,z) and
octetS(x,z) componentsS= S*TA = §T% + T2 with TY = 1/y/2ng andT? the generators of
SUR3)r (A=0,a, anda=1,...8). S*is dual tod%(x) = q(X)TAq(x), so thatA = 3, p=0 and
méR? = —3. The fieldsA? (x,2) are introduced to gauge the chiral symmetry in tiespace.
They are dual thL,_RyuTaquR and can be written in terms of vectdrand axial-vectoA fields:
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M= 2(AM + AY), AM = Z(AM — AlY), so thatR)™N = gMVN — gNVM —j[yM YN] —i[AM AN],
N=gMAN — gNAM _jvM AN] _i[aAM vN] andDMX = gMX —i[vM X] —i{AM X}.

UsingS:ftin (1.1), we assume that the AdS/CFT duality reIatiéa‘:fdAXﬁ(x) fO(X)>QCD = St

holds, where théhs is the QCD generating functional in which the sourdg) of the 4 '(x)
operators are the bounda/ 0) limits of the corresponding (dualpSields. We then derive the
properties of light scalar mesons in the soft-wall model.

2. Spectrum of scalar mesons

Let us consider the quadratic part of the action (1.1) involving the scalds&*(x, 2):

/ dPx/—ge * (¢S S + mES'S) . 2.1)
From this term, we derive the equation of motion for the fighd
R3 R3
MN R oz N 0@
n aM(ZSe aNs)+325e S=0 (2.2)

where we dropped the flavour indéx We identify scalar meson states with the normalizable
solutions of this equation corresponding to the discrete mass spectrum-§2LF nmé = ¢?(4n+6)
with integern, and eigenfunctions expressed in terms of the generalized Lagudyrepuals

N 2 315 -
= \Ezﬁ%(zz) (we have define®(x,z) = z)).

Scalar mesons are organized in linear Regge trajectories with the samessiemtcat mesons
and scalar glueballs, the spectral condition of whichis = c?(4n+4) [8] andmg_= c?(4n+8)
[12], respectively, with the parametesetting the scale of all hadron masses.

Scalar mesons turn out to be heavier than vector mesons. This is in quamtzidement with
experiment ifap(980) and fp(980) are identified as the lightest scalar mesons, since the results in

me
AdS Ry, (a,) = =% = 3 agree withR{ "= 1.59740.033 and=g; "= 1.612--0.004. Finally, scalar
pO
mesons are lighter than scalar glueba%: = % for the lowest-lying states.
fo

3. Two-point correlation function of the scalar oper ator

Let us consider in QCD the two-point correlation function:

N&Eo(a®) = 1 [ dxd™(OT(020905(0)]0) (3.)
with 05(x) = q(x)TAq(x). The AdS/CFT method relates this correlation function to the two-point
d(2)
correlator obtained from the action (1.1)1254q?) = 5AB S( )e sz( ) -

where the bulk-to-boundary propagaft?,z) = S(0?/c2,2)S ( ) is obtalned solvmg eq. (2.2)
for all four-momentay®. We get:

I chz ) n@?)+ (-3 + o (26-1)

¢ 1 ¢ 3
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Z=Zmin
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(omitting aﬁ(ziz) contact term). This expression shows the presence of a discrete peteef
those the Euler functioy, with massesré = c?(4n+ 6) and residues? = R16c*(n+1). The
factor% can be fixed by matching (3.2) in tlpg — +oo (i.e. in the short-distance) limit, expanded
in powers of ¥¢?, with the QCD resuilt, giving% = 16 <. The residues of the two-point correlator,
related to the scalar meson decay constants, are now deterrﬁ;ﬁedﬁg ct(n+1).

We compare this result to QCD calculations. Fg(980), the following result was ob-
tainedF,, = (0|03 a9(980)%) = (0.2140.05) GeV2 [13]. The AdS prediction isFs, = @cz =
0.08 Ge\?, having fixedc from thep® mass:c = % For thefp(980) a similar result was obtained
for the matrix element of thesoperator:(0| Ss| fo(980)) = (0.18+0.015) Ge\? [14]. Considering
the uncertainties in QCD determinations, the AdS results differ by abouta fafawo.

4. Interaction of scalar mesonswith a pair of pseudoscalar mesons

In (1.1) the interaction terms involving one scatand two light pseudoscalar fieltsonly
appear in the term 'I{ﬂDX|2}. Using the equations of motion and writing the axial-vector bulk
field in terms of the transverse and longitudinal componehs= A, v + du @, we have:

h_ 2 /d5x ~ge @gM™V(2) Tr{ (0w du) (T o)} 4.1)
Defining ¢ = ¢? — ® and forng = 3 we have:
R3 1
T = [ e @ | Z s N ) )+ ™ ) o)

4.2)
If the fields are expressed in terms of their bulk-to-boundary propesyatal of the corresponding
sources, the three point function involving two pseudoscalar and afar sperator can be obtained
by functional derivation of the action with respect to the source fieldse AtS result can be
compared with the QCD three-point function:

N&&oap(P1,P2) = / d*xd*x &P+ *eP2 2 (0|T [0, (x1) 63(0) 05, (%2)]|0) . (4.3)
SlnceI'IaQbCCDaB(pl, p2) can be written in terms of the couplig pp as follows:
P1a p2[3 FnOs,pp
|—|abc P1, P2 dabc 2 (4.4)
QCDaﬁ( ) p1p2 %qz_'_n.ﬁ

with q = —(p1 + p2) and f;; the pion decay constant, comparison with the expression obtained in
AdS allows to determings,pp. For the lowest radial number= 0 we have:

VN e 2
gsopp4n_f72[RC/o dze“v(2) (4.5)

with Z= cz gs,pp depends linearly on the fieldz) introduced in Section 1, which can be obtained
solving the equation of motion which stems from the action (1.1). The numeesaltis small, of
©'(10) MeV depending on the input quark mass, while phenomenological determmsatigs,pp
indicate sizeable values. For example the experimental valg6fis: gaon = 12+ 6 GeV, while
for fo a QCD estimate givegsk+k- ~ 6—8 GeV [15]. The origin of the small value for tf&PP
couplings in the soft-wall model is related to the difficulty of correctly repi@dg chiral symmetry
breaking in this model through the non vanishing chiral condensate andjlight masses [8, 9].
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5. Conclusions

In the AdS soft-wall model the masses of scalar meson are close to experlmaeheir
decay constants differ from the available QCD determinations by aboata fzf two. The strong
couplingsgspp are smaller than in phenomenological determinations; this is related to a difficulty
in precisely describing chiral symmetry breaking within this model.
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