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Summary. — In this paper the main predictions of the holographic graviton soft-
wall model have been discussed. In particular, the glueball and meson spectra
have been shown. Results are in very good agreement with lattice calculations and
experimental data. Moreover, the model has been minimally modified to take into
account the chiral symmetry-breaking mechanism to describe the pion.

1. — Introduction

In this contribution we summarize the results of the calculations of meson and glueball
spectra within the graviton soft-wall (GSW) model [1-4]. Holographic approaches rely
on a correspondence between a five-dimensional classical theory with an AdS metric and
a supersymmetric conformal quantum field theory. Since the latter is not QCD, the five-
dimensional classical theory is properly modified to try to reproduce non-perturbative
properties of QCD [5-8]. In our model, the original soft-wall (SW) metric is properly
modified to describe the glueball spectrum as a graviton propagating in this space. We
also calculated the spectra of light and heavy scalar mesons. The results, obtained
with only two fixed parameters are in good agreement with data and lattice analyses.
The model has been also properly modified to describe the pion spectrum and its static
properties [9]. Recently, the dependence of the glueball spectrum on the temperature
has been also investigated [10, 11].

2. — The graviton soft-wall model

The most relevant difference between the GSW model and the well-known SW one is
the background metric of the theory in the gravity sector. Similar approaches are those
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of refs. [12-19]. In the present case the metric reads

RQ
(1) ds® = e gy vdaMdaN = eo‘kQZz?(nwdx”dx” —dz?),
where gpy is the usual AdSs metric used in the SW model [1,8,13,20,21]. For fields

propagating in this new space, where a dilaton is included, the action is
(2) S = /dsa:ekzzz(go‘_ﬁﬂ)ef‘ﬁ"(z)\/—ige*‘z’”(z)ﬁ(xu,z).

The parameter a measures the modification of the metric and 3, not a free parameter,
is fixed to get the SW kinematic term in the action [1,3,4]. For scalar fields § = s =
1+ %a and for a vector = 3, =1+ %oz. An additional dilaton ¢,, has been included [2]
to guarantee that the corresponding equations of motions lead to bound states. This
quantity does not contain any free parameter.

3. — The glueball spectra within the GSW model

In our model [1] we calculated the spectrum of the scalar glueball from that of a
graviton propagating in the space eq. (1). The linearized Einstein’s equation can be
rearranged in a Schrodinger like equation,

d?o(t 8 o2 17
(3) - d‘ig ) + (tZth —15t% + 14 — 4t2) o(t) = A2p(t).

Here t = \/ak?/2 z and A? = (2/ak?) M?, being M the mode mass. The potential is
uniquely determined by the modified metric. The only free parameter is the scale factor
ak? ~ (0.37 GeV)? fixed from the comparison with lattice QCD. As one can see in the
left panel of fig. 1, the linear glueball spectrum is well reproduced. The predicted ground
state is in agreement with the BESIII data of the J/U decays [22,23]. The model [4]
also reproduces the lattice predictions of the Regge trajectories for even and odd glueball
spin [24-26] if we consider the approach of refs. [13,27,28] to describe the spin-dependent
spectrum of glueballs.

4. — The spectra of mesons

4'1. Light and heavy scalar mesons. — For scalar mesons the action is
(4) S = /d% V=ge ¥ gMNOn S(2)On S () + eo‘kzzzMgRQS(x) )

with M2R? = —3. Since the relative potential is not binding, an additional dilaton
must be included exp[—k?2?] — exp[—k%2% — ¢,,(2)], see details in ref. [2]. By keeping
fixed ak? = 0.37 GeV?, we found a reasonable good fit, see the left panel of fig. 1,
for 0.51 < a < 0.59 (this represents the theoretical uncertainty in the calculations).
For heavy mesons we added the quark mass contribution to the light scalar masses
(M;) [2,4] in order to effectively include the heavy quark mass (M}) dynamics [29-31]:
M;, = Mj, + C. We found that C, = 2400 MeV, for the ¢ mesons, and for the bb mesons
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Fig. 1. — Left panel: GSW fit to the scalar lattice glueball spectrum and to the experimental
scalar meson spectrum. Right panel: the scalar meson spectrum GSW fit to the data shown for
all quark sectors. Data included in refs. [1,4].

Cy = 8700 MeV. The successful comparison with data [4] is displayed in the right panels
of fig. 1. One should notice that C. ~ 2m, and C}, ~ 2m,;, as expected.

4'2. The aq axial meson and p spectra. — For a vector field one can assume the following
action:

1
5gMPgQNF]V[NFPQ]\452RngMAPA]\/[eak2.z2

(5) S= —%/d5x\/jge_k2 F=on
Here M2 R?* = —1 [32,33]. Also in this case a modification of the dilaton is required [2].
With the above parameters we get the spectrum shown in the (a) panel of fig. 2. Our
calculation favors that the a1 (1930), a1(2095) and a1(2270) are axial resonances [34]. In
the case of the p meson M2R? = 0, as one can see in the (b) panel of fig. 2, the agreement
is good, exception is p(770).

4'3. The n pseudo-scalar meson. — For this system the EoM is formally equal to that
of the scalar meson but with M2R? = —4 [33]. As shown in the (c) panel of fig. 2, the
comparison with the experimental data is very good. The GSW model predicts that
i) n(1405) and n(1475) are degenerate, as discussed in PDG review; ii) two resonances
between the 7(1760) and the 7(2225) could exist.

5. — The pion structure

In order to describe the pion structure, the GSW model must be properly modified
to take into account the chiral symmetry-breaking mechanism. We propose the following
strategy [9]: i) the additional dilaton ¢, leads to a massless pion by introducing a new
parameter v,; ii) in order to break this symmetry the longitudinal dynamics has been
introduced [9,35]. At the end two free parameters are requested, v, and the quark mass
mg. We proposed two ansatz: v, = —0.6 (—0.17) and m, = 45 (52) MeV called GSWL1
(GSWL2). Both parametrizations lead to very good description of, e.g., the spectrum,
the decay constant and the mean pion radius [9]. In fig. 2 we show the calculations of
i) the form factor (FF), (d) panel; ii) the distribution amplitude (DA), (e) panel and the
transition form factor (TFF), (f) panel. As one can see very good agreement was found.
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Fig. 2. — (a) The a; spectrum. (b) The p mass plot as a function of mode number. (c) The
n spectrum. (d) The pion ff. Full line for GSWL2 and the dashed one for GSWLI1. (e) The
pion DA at = 3.16 GeV. (f) The pion TFF. Dashed line for GSWL2 and dot-dashed line for
GSWLI1. All data included in refs. [2,9].

6. — Conclusions

In this contribution we presented the main predictions of the GSW model. A several
amount of experimental data of different observables for different hadrons have been
described with few fixed parameters. For the pion, the model has been modified and
also in this case the comparison with data is quite good. We conclude by remarking the
predicting power of the model.



THE DESCRIPTION OF MESON AND GLUEBALL SPECTRA ETC. 5

* ok ok

This work was supported by the STRONG-2020 project of the European Unions Hori-
zon 2020 research and innovation programme under grant agreement No. 824093. The
author thanks the organizers of the “20th International Conference on Hadron Spec-
troscopy and Structure (HADRON 2023)”.

REFERENCES

0, N 0 i W

SO0 XN DT W OO

N = = e e e

RINALDI M. and VENTO V., Eur. Phys. J. A, 54 (2018) 151.

RINALDI M. and VENTO V., Phys. Rev. D, 104 (2021) 034016.

RINALDI M. and VENTO V., J. Phys. G, 47 (2020) 055104.

RINALDI M. and VENTO V., J. Phys. G, 47 (2020) 125003.

BRODSKY S. J. and DE TERAMOND G. F., Phys. Lett. B, 582 (2004) 211.

DA RoLD L. and POMAROL A., Nucl. Phys. B, 721 (2005) 79.

KARcH A., Katz E., SON D. T. and STEPHANOV M. A., Phys. Rev. D, 74 (2006) 015005.
ErrLICH J., KaTz E., SON D. T. and STEPHANOV M. A., Phys. Rev. Lett., 95 (2005)
261602.

RiINALDI M., CECccOPIERI F. A. and VENTO V., Eur. Phys. J. C, 82 (2022) 626.
RINALDI M. and VENTO V., Eur. Phys. J. C, 82 (2022) 140.

RINALDI M. and VENTO V., Phys. Rev. D, 108 (2023) 114020.

COLANGELO P., DE Fazio F., JuGeau F. and NICOTRI S., Phys. Lett. B, 652 (2007) 73.
ForLco CapossoLl E. and BoscHI-FILHO H., Phys. Lett. B, 753 (2016) 419.

VEGA A. and CABRERA P., Phys. Rev. D, 93 (2016) 114026.

AKUTAGAWA T., HasuimoTo K. and SuMiMOTO T., Phys. Rev. D, 102 (2020) 026020.
KLEBANOV I. R. and MALDACENA J. M., Int. J. Mod. Phys. A, 19 (2004) 5003.
MARTIN CONTRERAS M. A. and VEGA A., Phys. Rev. D, 101 (2020) 046009.
BERNARDINI A. E., BRaAGA N. R. F. and DA RocHA R., Phys. Lett. B, 765 (2017) 81.
L1 D. and HuaNG M., JHEP, 11 (2013) 088.

CoLANGELO P., DE Fazio F., Giannuzzi F., JUGEAU F. and NICOTRI S., Phys. Rev. D,
78 (2008) 055009.

DE TERAMOND G. F. and BRODSKY S. J., Phys. Rev. Lett., 94 (2005) 201601.
SARANTSEV A. V., DENISENKO I., THOMA U. and KLEMPT E., Phys. Lett. B, 816 (2021)
136227.

KLEMPT E., Phys. Lett. B, 820 (2021) 136512.

LraNEs-EsTrRADA F. J., Bicunpo P. and COTANCH S. R., Phys. Rev. Lett., 96 (2006)
081601.

LANDSHOFF P. V., Pomerons, in Proceedings of Elastic and diffractive scattering.
Proceedings, 9th Blois Workshop, Pruhonice, Czech Republic, June 9-15, 2001, arXiv:hep-
ph/0108156 (2001).

MEYER H. B. and TEPER M. J., Phys. Lett. B, 605 (2005) 344.

BoscHI-FILHO H., BRAGA N. R. F. and CARRION H. L., Phys. Rev. D, 73 (2006) 047901.
FoLco CarossoLl E.;, MARTIN CONTRERAS M. A., L1 D., VEGA A. and BoscHI-FILHO
H., Chin. Phys. C, 44 (2020) 064104.

Branz T., GurscHE T., LyuBovIiTSKL) V. E.; SCHMIDT I. and VEGA A., Phys. Rev. D,
82 (2010) 074022.

KM Y., LEE J.-P. and LEE S. H., Phys. Rev. D, 75 (2007) 114008.

AFONIN S. S. and PuseNkov 1. V., Phys. Lett. B, 726 (2013) 283.

HE S., HuaNG M., YAN Q.-S. and YANG Y., Eur. Phys. J. C, 66 (2010) 187.

MARTIN CONTRERAS M. A., VEGA A. and CORTES S., Chin. J. Phys., 66 (2020) 715.
ANISOVICH A. V., BAKER C. A., BarTy C. J., Buca D. V., NIKONOV V. A., SARANTSEV
A. V., SARANTSEV V. V. and Zou B. S., Phys. Lett. B, 517 (2001) 261.

L1 Y. and VARY J. P., Phys. Lett. B, 825 (2022) 136860.



