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We study the hadronic and radiative couplings of the f2ð1270Þ meson within the hard- and soft-wall
models of AdS/QCD. The results for the tensor meson-nucleon-nucleon coupling (gf2NN) and tensor
meson-photon-vector meson coupling (gf2γρ) are compared to the ones obtained by using the dispersion
relations and amplitude methods, respectively. Qualitative agreement with different analyses implies the
reliability of the holographic description of the spin-2 meson.
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I. INTRODUCTION

Quantum chromodynamics (QCD) describes the strong
interaction within the Standard Model of particle physics.
The binding of quarks into nucleons (protons and neutrons)
and other hadrons, such as mesons composed of a quark-
antiquark pair, is accomplished through strong interactions.
One of the main challenges of QCD is the lack of a small
dimensionless variable that would allow for the perturba-
tive calculation of low-energy observables. Lattice QCD
simulations and effective models are alternative approaches
to studying low-energy QCD. Phenomenological bottom-
up approaches of holographic QCD are one of the effective
approaches to low energy QCD which presume that the
extra-dimensional fields propagate through a region of
anti–de Sitter (AdS) space inspired by the AdS=CFT
correspondence [1].
The holographic description of QCD observables was

originally constructed to test the hadrons, including pseu-
doscalar, vector, and axial-vector mesons within the so-
called hard-wall model (HW) of AdS/QCD [2]. Three main
experimental measurements, such as pion mass and decay
constant and the mass of ρð770Þ, were used to predict other
quantities of the mesons within the model.

Later on, the application of holographic QCD is exten-
ded to the spin-2 case within the HW model, in which
tensor mesons were introduced similarly to gravitons [3].
The equation of motion for the profile function of the
f2ð1270Þ meson was solved in this approach, and its decay
into two pions and two photons was evaluated. Higher spin
mesons, including f2ð1270Þ, were investigated within the
SW model in [4].
Nucleons within the HW model were studied in Ref. [5].

Further investigations include the coupling between mes-
ons and nucleons, such as the nucleon coupling with the
vector meson in Ref. [6], with the axial-vector meson in
Ref. [7] and with the pseudoscalar meson coupling in
Ref. [8]. Similar studies can be found in Refs. [9–12] and at
finite temperature case in Refs. [13,14].
The resonance f2ð1270Þ is the spin-2 meson with the

positive parity (P) and charge conjugation (C) and the total
spin number J ¼ 2. The lightest spin-2 mesons fa2ð1320Þ;
K⋆

2 ð1430Þ; f2ð1270Þ; f2ð1525Þg make up a multiplet
with quantum numbers JPC ¼ 2þþ and has a solid exper-
imental [15], theoretical [16] and phenomenological [17]
foundation compatible with the quark model. Recent
analyses of spin-2 mesons can be found e.g., in
Refs [18–20]. It has been studied within chiral perturbation
theory in [21]. Especially, the mass and two-photon decay
of f2ð1270Þ estimates within holographic QCD fit the
Particle Data Group (PDG) [15] very well. Gravitational
form factors of nucleons within AdS/QCD approach are
computed in Refs. [22–24] and extension to the finite
temperature see Ref. [25]. To what extent can holographic
descriptions effectively portray various couplings? We
address this question in this paper.
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We first study the tensor meson nucleon coupling
constant (gf2NN) within the hard- and soft-wall models
of AdS/QCD and compare it to other known theoretical
models, such as dispersion relation (DR). Second, we
estimate the tensor-vector-vector coupling (gf2ρρ) and the
tensor-vector-photon coupling (gf2γρ) and compare the
latter one to the results obtained from the CLAS experiment
data [26] within amplitude methods.
The organization of the paper is as follows: Holographic

formulations of mesons and nucleons are presented in
Sec. II and Sec. III, respectively. Coupling constants
between the tensor meson and nucleons are in Sec. IV.
Sec. V is devoted to tensor-vector-vector and tensor-vector-
photon couplings. Our conclusion is in Sec. VI. An
alternative derivation of the tensor meson profile function
is discussed in Appendix A, and a flavor-invariant form of
the Lagrangian is presented in Appendix B.

II. MESONS IN AdS/QCD

Background gravity for the AdS/QCD models is the 5D
AdS spacetime, and the metric of it in Poincaré coordinates
has the following form:

ds2 ¼ 1

z2
ð−dz2 þ dxμdxμÞ ðμ ¼ 0; 1; 2; 3Þ; ð1Þ

where extra z coordinate extends 0 < z ≤ zm ¼
323 GeV−1 in the HW model and 0 < z < ∞ in the SW
model. The action of the model we are interested in has four
components: free tensor field h, vector field v, spinor field
N, and their interactions:

S ¼ Sh þ Sv þ SN þ Sint: ð2Þ

In the next sections, we shall present the profile functions of
these fields and perform calculations of the couplings
within both hard- and soft-wall models.

A. Tensor and vector mesons in the HW model

Tensor mesons in AdS/QCD were introduced in an
analogy with the graviton field in the bulk of the AdS
spacetime [3], and here we present this solution briefly. Let
us consider the 5D extension of the massive spin-2 field
hMNðx; zÞ ðM;N ¼ 0; 1; 2; 3; 5Þ. The gauge condition on
fifth components of hMN implies

hMN ¼
�
0; if M or N ¼ 5

hμν; otherwise
ð3Þ

The linear perturbation of gravity around the AdS back-
ground is given by the hμνðx; zÞ field:

ds2 ¼ 1

z2
ðημν þ hμνÞdxμdxν −

1

z2
dz2; ð4Þ

leading to the following action:

SHWh ¼ −
1

4

Z
d5x

1

z3
�ð∂zhμνÞð∂zhμνÞ þ hμν□hμν

þ higher order terms
�
: ð5Þ

The UV boundary value of hμν corresponds to the wave
function of the graviton. The first mode in the Kaluza-Klein
(KK) decomposition of hμν will be the lightest tensor
meson listed in the introduction, i.e., the f2ð1270Þ meson.
QCD predicts the existence of multiple isospin singlets
spin-2 particles,1 such as glueballs. Therefore, a compre-
hensive formulation of the spin-2 particles should contain
various bulk spin-2 fields. Each spin-2 particle appears as a

KK mode ðhμνðx; zÞ ¼
P

n h
ðnÞ
μν ðxÞhHWn ðzÞÞ where the pro-

file function hHWn ðzÞ satisfy the following equation of
motion:

∂
2
zhHWn ðzÞ −

3

z
∂zhHWn ðzÞ þ ðmh

nÞ2hHWn ðzÞ ¼ 0: ð6Þ

The generic solution to this equation is expressed in
terms of Bessel functions of the first kind J2 and the second
kind Y2 [3]:

hHWn ðzÞ ¼ Nnz2
�
J2ðmh

nzÞ þ βnY2ðmh
nzÞ

�
: ð7Þ

UV boundary condition hHWð0Þ ¼ 0 implies βn ¼ 0 and
the IR boundary condition hHW0ðzmÞ ¼ 0 quantize the
tensor meson masses according to J1ðmh

nzmÞ ¼ 0. Thus
the profile function for the f2ð1270Þ meson is

hHWðzÞ ¼ 3.51
z2

zm
J2

�
3.83

z
zm

�
with the normalizationZ

zm

0

dz
�
hHWn ðzÞ

�
2=z3 ¼ 1: ð8Þ

The f2ð1270Þ mass is predicted by the IR boundary
condition of this solution and equals to 3.83=zm ¼
1236 MeV, which is only 3% off of the observed mass
in [15]. However, predictions for the two pion decays are
underestimated compared to the PDG [15].
Vector mesons in the HW AdS/QCD are introduced

using a 5D vector field composed of the left and right gauge
fields. The action for the VM vector field is

SHWv ¼ −
1

4g25

Z
d5x

ffiffiffi
g
p

VMNVMN

¼ −
1

4g25

Z
d5x

�
V2
μν − 2V2

μ5

�
=z; ð9Þ

1See for instance Ref. [27] for the recent detailed discussion
about spin-2 isoscalars.

MAMEDOV, HASHIMLI, and JAFARZADE PHYS. REV. D 108, 114032 (2023)

114032-2



where Vμν ≔ ∂μVν − ∂νVμ − i½Vμ; Vν�, Vμ ≔ Va
μta and the

coupling g5 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
4π2Nf=Nc

q
was obtained in Ref. [2]. The

equation of motion for KK modes ðVμðx; zÞ ¼P
n V
ðnÞ
μ ðxÞvHWn ðzÞÞ of the vector field in the HW model

has the following form

∂
2
zvHWn ðzÞ −

1

z
∂zvHWn ðzÞ þ ðmv

nÞ2vHWn ðzÞ ¼ 0; ð10Þ

and solution to this equation is also expressed in terms of
Bessel functions:

vHWn ðzÞ ¼ Nnz
�
J1ðmv

nzÞ þ βnY1ðmv
nzÞ

�
: ð11Þ

One can use boundary conditions vHW0ðzmÞ ¼ vHWð0Þ ¼ 0,
which sets βn ¼ 0 and quantize the masses of the vector
mesons according to the IR condition J0ðmV

n zmÞ ¼ 0.
Normalization is set byZ

zm

0

dz
z

�
vHWn ðzÞ

�
2 ¼ 1; ð12Þ

and the ground state profile function of ρ meson reads

vHWðzÞ≡ vHW0 ðzÞ ¼ 2.72
z
zm

J1

�
2.4

z
zm

�
; ð13Þ

where zm ¼ ð323 MeVÞ−1 is fixed with experimental mass
of ρð770Þ meson.

B. Tensor and vector meson profile functions
in the SW model

In the SWmodel, the spin-Smesons are described by the
rank-S tensor field ϕμ1…μSðx; zÞ in the bulk of the 5D AdS
space and the quadratic part of the gauge and coordinate
invariant action for this field is written in the form [4]:

SSWv=h ¼
1

2

Z
d5x exp



−
�
ΦðzÞ − AðzÞð2S − 1Þ��

× ∂Nϕμ1…μS∂
Nϕμ1…μS : ð14Þ

Here A denotes AðzÞ ¼ − log kz and the dilaton field
ΦðzÞ ¼ k2z2 is introduced to regulate the integral over
the extra dimension z and to give a meson spectra agreeing
with Regge trajectory. The 5D equation of motion for
the KK modes ϕn of the transverse traceless part of the

ϕμ1…μS field ðϕμ1…μSðx; zÞ ¼
P

n ϕnðx; zÞϕðnÞμ1…μSðxÞÞ can
be easily derived from this action by considering

□ϕðnÞμ1…μSðxÞ ¼ m2
nϕ
ðnÞ
μ1…μSðxÞ:

∂z

�
e−ðΦðzÞ−AðzÞð2S−1ÞÞ∂zϕnðzÞ

�
þm2

ne−ðΦðzÞ−AðzÞð2S−1ÞÞϕnðzÞ ¼ 0: ð15Þ

By making substitution ϕnðzÞ ¼ e−ðΦðzÞ−AðzÞð2S−1ÞÞ=2ϕ̃nðzÞ
in the equation it gives the Schrödinger-like equation
form for ϕ̃

−ϕ̃00nðzÞ þ
�
k4z2 þ 2ðS − 1Þk2 þ 4S2 − 1

4z2



ϕ̃nðzÞ ¼ Eϕ̃nðzÞ:

ð16Þ

Solving the Eq. (16) will give the eigenfunctions, which are
so-called the profile functions for the spin-S mesons, and
the corresponding eigenvalues are

E ¼ 4n − 2Sþ 2; ð17Þ

with the mass spectrum

m2
n;S ¼ 4k2ðnþ SÞ: ð18Þ

(1) For the vector meson (S ¼ 1) the equation of motion
(16) gets a form:

−ϕ̃00nðzÞ þ
�
k4z2 þ 3

4z2



ϕ̃nðzÞ ¼ m2

nϕ̃nðzÞ: ð19Þ

By solving this equation with the substitution
vSWn ðzÞ ¼

ffiffiffiffiffi
kz
p

ek
2z2=2ϕ̃nðzÞ the profile function in

terms of Laguerre polynomials (L1
nðxÞ) reads:

vSWn ðzÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2n!
ðnþ 1Þ!

s
k2z2L1

nðk2z2Þ: ð20Þ

Note that, parameter k is fixed according to the mass
of ρð770Þ which leads k ¼ 0.388 GeV.

(2) For the tensor meson (S ¼ 2) the equation of motion
(16) becomes

−ϕ̃00nðzÞ þ
�
2k2 þ k4z2 þ 15

4z2



ϕ̃nðzÞ ¼ m2

nϕ̃nðzÞ;

ð21Þ

and the substitution hSWn ðzÞ ¼
ffiffiffiffiffiffiffiffiffiffiffi
ðkzÞ3

p
ek

2z2=2ϕ̃nðzÞ
leads to the following profile function:

hSWn ðzÞ ¼ ðkzÞ4
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2n!
ðnþ 2Þ!

s
L2
nðk2z2Þ; ð22Þ

which has the normalization:

Z
∞

0

dze−k
2z2
�
hSWn ðzÞ

�
2=z3 ¼ 1: ð23Þ
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In the appendix A, we show that the solution for the
tensor meson profile function in (22) is the same
as the one derived in [22] if one approximates the
spin-2 tensor meson as a graviton.

III. NUCLEONS IN AdS/QCD

A. Nucleon profile function in the HW model

Two bulk fermion fields, NHW
1 and NHW

2 are required in
the AdS space-time to describe the independent left and
right chiral components of the boundary nucleon [5]. The
Lagrangian for these spinors has different signs for the
“5-dimensional mass”m5, which is related to the conformal
dimension of the spinor: m5 ¼ 5

2
for NHW

1 and m5 ¼ − 5
2
for

NHW
2 . In light of the normalizability and chirality analyses,

NHW
1 describes the left-handed component of the boundary

nucleon, while NHW
2 describes the right-handed one. The

IR boundary condition eliminates the remaining compo-
nents of the spinors and gives the mass spectrum of the
nucleonmn. The bulk action for the Dirac spinors NHW

1 and
NHW

2 is given by [5]:

SHWN ¼
Z

d5x
ffiffiffi
g
p �

i
2
N̄HW

1 eMA ΓA∇MNHW
1

−
i
2

�∇†
MN̄

HW
1

�
eMA ΓANHW

1 −m5N̄HW
1 NHW

1

þ �
NHW

1 → NHW
2 ; m5 → −m5

�

; ð24Þ

where eAM ¼ 1
z η

A
M is the vielbein and the Dirac matrices

ΓA ¼ ðγμ;−iγ5Þ satisfy the Clifford algebra fΓA;ΓBg ¼
2ηAB. The Lorentz and gauge covariant derivative is

∇M ¼ ∂M þ
i
4
ωAB
M ΓAB; ð25Þ

where the Lorentz generator ΓAB is defined as ΓAB ≔
1
2i ½ΓA;ΓB� and the nonvanishing components of the spin
connection ωAB

M equal to ω5A
M ¼ −ωA5

M ¼ 1
z δ

A
M. Extremizing

the action (24) with respect to N̄HW
1 , we get 5D Dirac

equation for NHW
1 :

�
ieMA ΓA∇M −m5

�
NHW

1 ¼ 0; ð26Þ

with the boundary condition�
δN̄HW

1 e5AΓANHW
1

�
zm
ϵ ¼ 0: ð27Þ

Similarly, for the field of NHW
2 . Since the AdS=CFT

correspondence relates the classical solution to the bulk
equation of motion with the corresponding boundary
operator, it is useful to decompose the bulk spinor into

left and right components, similar to the 4D chirality
projectors, when evaluated at the UV brane:

NHW
1 ðx; zÞ ¼ NHW

1L ðx; zÞ þ NHW
1R ðx; zÞ;

NHW
2 ðx; zÞ ¼ NHW

2L ðx; zÞ þ NHW
2R ðx; zÞ; ð28Þ

where NHW
1;2L=R ¼ 1∓iΓ5

2
NHW

1;2 are chiral spinors. In momen-
tum space, they are written in terms of the left (right) 4D
spinors uL;RðpÞ satisfying the 4D Dirac equation

NHW
1 ðp; zÞ ¼ FHW

1L ðp; zÞuLðpÞ þ FHW
1R ðp; zÞuRðpÞ;

NHW
2 ðp; zÞ ¼ FHW

2L ðp; zÞuLðpÞ þ FHW
2R ðp; zÞuRðpÞ: ð29Þ

We perform KK decomposition for the fermion fields as
follows:

NHW
1;2L=Rðp; zÞ ¼

X
n

Nn
1;2L=RðpÞFnHW

1;2L=Rðp; zÞ: ð30Þ

Mode functions for ground state nucleons FHW
L;RðzÞ≡

F0 HW
L;R ðzÞ are the solutions of the Dirac equation (26) [5]

FHW
1L ðp; zÞ ¼ c1z5=2J2ðmnzÞ;

FHW
1R ðp; zÞ ¼ c1z5=2J3ðmnzÞ; ð31Þ

FHW
2L ðp; zÞ ¼ −c2z5=2J3ðmnzÞ;

FHW
2R ðp; zÞ ¼ c2z5=2J2ðmnzÞ; ð32Þ

with the normalization constants [6]:

jc1;2j ¼
ffiffiffi
2
p

zmJ2ðmnzÞ
: ð33Þ

B. Nucleon profile function in the SW model

In the SW model with the negative dilaton field Φ the
action for the 5D N1 spinor fields withm5 ¼ 5=2 (similarly
for N2 with m5 ¼ −5=2) is written as [28]:

SSWN1
¼

Z
d4xdz

ffiffiffi
g
p

e−ΦðzÞ
�
i
2
N̄SW

1 ðx; zÞeMA ΓA∇MNSW
1 ðx; zÞ

−
i
2

�∇MNSW
1 ðx; zÞ

�†Γ0eMA ΓANSW
1 ðx; zÞ

− N̄SW
1 ðx; zÞ

�
m5 þΦðzÞ�NSW

1 ðx; zÞ


: ð34Þ

For removing the dilaton field from the overall exponential,
the fermionic fields are rescaled as NSW

1;2 ðx; zÞ →
ek

2z2=2NSW
1;2 ðx; zÞ. We decompose the fermion field in
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left- and right-chirality components (28) and KK modes.2

To obtain the equation of motion, we use the following
substitution:

FnSW
L=R ðzÞ ¼ z2fn SWL=R ðzÞ: ð35Þ

The equation of motion for fermions can be represented as a
Schrödinger-type equation

�
−∂2z þ k4z2 þ 2k2

�
m ∓ 1

2

�
þmðm� 1Þ

z2



fn SWL=R ðzÞ

¼ m2
nfnSWL=R ðzÞ: ð36Þ

The solution of the Eq. (36) gives the mode functions for
nucleons in the SW model:

fn SWL ðzÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Γðnþ 1Þ
Γðnþ 3Þ

s
k3z5=2e−k

2z2=2L2
nðk2z2Þ;

fn SWR ðzÞ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Γðnþ 1Þ
Γðnþ 2Þ

s
k2z3=2e−k

2z2=2L1
nðk2z2Þ: ð37Þ

Undoing the change of variables, we get the original mode
functions

Fn SW
L ðzÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Γðnþ 1Þ
Γðnþ 3Þ

s
k3z9=2L2

nðk2z2Þ;

Fn SW
R ðzÞ ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2Γðnþ 1Þ
Γðnþ 2Þ

s
k2z7=2L1

nðk2z2Þ: ð38Þ

The normalization is set by

Z
∞

0

ek
2z2

z4
Fn SW
L=R ðzÞFmSW

L=R ðzÞ ¼ δmn; ð39Þ

and the mass spectrum of the nucleon will be given by

m2
n ¼ 4k2ðnþ 2Þ: ð40Þ

Note that we will consider the interaction only for the
ground states n ¼ 0 and will use the shorthand notation for
the SW profile functions as

FSW
L=RðzÞ≡ F0 SW

L=R ðzÞ: ð41Þ

IV. TENSOR-NUCLEON COUPLINGS

In order to derive the tensor meson-nucleon coupling
constant gf2NN within the holographic QCD, we have to

write down the interaction Lagrangian L5D
f2NN for the

corresponding fields in the bulk of the 5D AdS space.
The interaction Lagrangian between the tensor meson and
nucleons in 4D theory is given in Ref. [29]:

Lf2NN ¼ −2i
gð1Þf2NN

mn
N̄ðxÞ�γμ ∂↔ν þ γν ∂

↔μ�
NðxÞhμνðxÞ

þ 4
gð2Þf2NN

m2
n

∂
μN̄ðxÞ∂νNðxÞhμνðxÞ; ð42Þ

where ∂

↔ ¼ ∂
 − ∂

!
and MN denote the mass of nucleon. It

is reasonable to write 4D action in momentum space using
Fourier transforms of the nucleon NðxÞ and tensor meson
hμνðxÞ fields:

N̄ðxÞ ¼
Z

d4p0N̄ðp0Þeip0x; NðxÞ ¼
Z

d4pNðpÞe−ipx;

hμνðxÞ ¼
Z

d4qhμνðqÞe−iqx: ð43Þ

The action for the interaction of these fields in momentum
space has two terms:

S4Dint ¼ 4
gð1Þf2NN

mn

Z
d4p0d4pðp0 þpÞνN̄ðp0ÞγμNðpÞhμνðqÞ

þ 4
gð2Þf2NN

m2
n

Z
d4p0d4pp0μpνN̄ðp0ÞNðpÞhμνðqÞ; ð44Þ

which are proportional to ðp0 þ pÞνγμ and p0μpν in the
tensor current of the nucleon. In 5D space-time (1), the
interaction Lagrangian between the bulk tensor hMN and
fermionic fields N is the extension of the Lagrangian (42).
To this end, we should replace partial derivatives with the
covariant derivatives (25) of the spinor field and construct
hermitian Lagrangian. Thus, we can write the 5D action

S5Dint ¼
Z

d5x
ffiffiffi
g
p

L5D
f2NN; ð45Þ

based on the following interaction Lagrangian:

L5D
f2NN ¼ 2iN̄ðx; zÞ�ΓM∇↔N þ ΓN∇↔M�

Nðx; zÞhMNðx; zÞ
þ 4

�
Nðx; zÞ†Γ0∇M∇NNðx; zÞ

þ �
Nðx; zÞ†Γ0∇M∇NNðx; zÞ�†�hMNðx; zÞ; ð46Þ

where ∇↔ ¼ ∇ − ∇!. Note that the second term with two
derivatives is written in such a way as to ensure the
Hermiticity of the Lagrangian. One can show that it is a
correct 5D generalization of the corresponding 4D term,

2Since indices 1 and 2 follow the same analogical structure as
the HW model, we shall omit them in order to avoid repetition.
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and it looks like to the 4D Lagrangian upon replacing
ðμ; ν → M;NÞ

L5D
f2NN ¼ 2iN̄ðx; zÞ

�
ΓM

∂

↔N þ ΓN
∂

↔M�
Nðx; zÞhMNðx; zÞ

þ 4∂MN̄ðx; zÞ∂NNðx; zÞhMNðx; zÞ: ð47Þ

In momentum space, 5D action in the HW model reads:

SHWint ¼ 2

Z
zm

0

dz
z4


�
FHW
1L ðzÞ

�
2 þ �

FHW
1R ðzÞ

�
2
�
hHWðzÞ

×
Z

d4p0d4pðpν0 þ pνÞūðp0ÞγμuðpÞhμνðqÞ

þ 2

Z
zm

0

dz
z5


�
FHW
1L ðzÞ

�
2 −

�
FHW
1R ðzÞ

�
2
�
hHWðzÞ

×
Z

d4p0d4ppμ0pνūðp0ÞuðpÞhμνðqÞ: ð48Þ

Comparing Eqs. (44) and (48), we find the coupling

constants gð1Þf2NN and gð2Þf2NN for the interaction between the
ground state nucleon and the tensor meson. In the HW
model, we find the following integral representations for
these couplings:

gð1ÞHWf2NN ¼
mn

2

Z
zm

0

dz
z4


�
FHW
1L ðzÞ

�
2 þ �

FHW
1R ðzÞ

�
2
�
hHWðzÞ;

ð49Þ

gð2ÞHWf2NN ¼
m2

n

2

Z
zm

0

dz
z5


�
FHW
1L ðzÞ

�
2 −

�
FHW
1R ðzÞ

�
2
�
hHWðzÞ:

ð50Þ

Action in the SW model gets the following form:

SSWint ¼ 2

Z
∞

0

dz
e−k

2z2

z4

�

FSW
L ðzÞ

�
2 þ �

FSW
R ðzÞ

�
2
�
hSWðzÞ

×
Z

d4p0d4pðpþ p0Þνūðp0ÞγμuðpÞhμνðqÞ

þ 2

Z
∞

0

dz
e−k

2z2

z5

�

FSW
L ðzÞ

�
2 −

�
FSW
R ðzÞ

�
2
�
hSWðzÞ

×
Z

d4p0d4pp0μpνūðp0ÞuðpÞhμνðqÞ: ð51Þ

The couplings are as follows:

gð1ÞSWf2NN ¼
mn

2

Z
∞

0

dz
e−k

2z2

z4

�

FSW
L ðzÞ

�
2

þ �
FSW
R ðzÞ

�
2
�
hSWðzÞ; ð52Þ

gð2ÞSWf2NN ¼
m2

n

2

Z
∞

0

dz
e−k

2z2

z5

�

FSW
L ðzÞ

�
2

−
�
FSW
R ðzÞ

�
2
�
hSWðzÞ: ð53Þ

In Table I, we present the results of our numerical
calculations compared to the analyses performed in various
works.
It is interesting to know the sensitivity of the couplings to

the value of the cutoff parameter zm. To this end, we plot in

Fig. 1 the dependencies of the gðiÞf2NN constants on zm. These
plots are obtained by interpolating the points (black dots)
corresponding to the different cutoff values. It is seen from
Fig. 1, in the domain approximately 0 < zm < 0.24 GeV−1,
the result for the couplings is susceptible to the cutoff
values zm. In the domain 0.24 GeV−1 < zm < ∞ the
couplings weakly depend on this parameter. In the case
of the zm ¼ 0.322 GeV−1 in which the masses of mesons
are fixed to the experiment, we observe some deviation
from other results. While in the case of zm ¼ 0.205 GeV−1

in which nucleons are well described, we get gð1Þf2NN ≈ 15.
Therefore, all results obtained by different groups can be
described within the HW model in the domain of
zm ∈ ½0.205; 0.322� GeV−1. Note that some underestimate
for tensor-nucleon coupling can be understood in the
context of tensor meson dominance (TMD) since the AdS/
QCD prediction for gHWf2ππ ¼ 0.009 is two times less than the

SUð3Þ effective model prediction gSUð3Þf2ππ
¼ 0.019 [30]. If

we set gð2Þf2NN ¼ 0 in the following relation (see derivation in
the appendix of Ref. [29]),

2

mn
ðgð1Þf2NN þ gð2Þf2NNÞ ¼

gf2ππ
mf2

ð54Þ

we get gð1Þf2NN ¼ 1.06, which is approximately two times
less than in the Ref. [30].

TABLE I. Predictions for the couplings compared to the Refs. [30–34].

Couplings Hard Wall Soft Wall TMD [30] DR [31] DR [32] DR [33] DR [34]��gð1Þf2NN

�� 1.06 8.46 2.18� 0.12 6.44� 0.60 3.75 5.16 5.26� 2.15��gð2Þf2NN

�� 0.23 0.42 ≈0 0.39� 1.10 � � � ≈0 3.15� 4.73
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V. TENSOR MESON DECAY CONSTANTS
gf 2ρρ AND gf 2γρ

The tensor meson-vector meson interaction, which
includes f2 decays to the vector particles ρ and γ (f2 → ρρ,
f2 → γρ, and f2 → γγ) lies in the bulk action for the vector
field in the background of Eq. (9). The action containing
the first order of the hμν and the second order of Vμ is
written as:

S ¼ 1

2g25

Z
dz
z
d4xhμα

h
∂μV

ð1Þ
ν ∂αVð2Þν − ∂μV

ð1Þ
ν ∂

νVð2Þα

− ∂νV
ð1Þ
μ ∂αVð2Þν þ ∂νV

ð1Þ
μ ∂

νVð2Þα − ∂zV
ð1Þ
μ ∂zV

ð2Þ
α

i
: ð55Þ

Using KK decomposition and Fourier transformation, we
can write the action in momentum space:

S ¼ −
1

2g25

Z
dz
z
d4p1d4p2

n
hðq; zÞVð1Þðp1; zÞVð2Þðp2; zÞhμαðqÞ

h
p1νpν

2V
ð1Þ
μ ðp1ÞVð2Þα ðp2Þ − p1μpν

2V
ð1Þ
ν ðp1ÞVð2Þα ðp2Þ

− p1νp2αV
ð1Þ
μ ðp1ÞVð2Þνðp2Þ þ p1μp2αV

ð1Þ
ν ðp1ÞVð2Þνðp2Þ

i
− hðq; zÞ∂zVð1Þðp1; zÞ∂zVð2Þðp2; zÞhμαðqÞVð1Þμ ðp1ÞVð2Þα ðp2Þ

o
;

ð56Þ

where q ¼ −ðp1 þ p2Þ due to δðqþ ðp1 þ p2ÞÞ-function
arising on x integration. Here p1, p2 are the four-momenta
of the ρð1Þ; ρð2Þ mesons. As is known from earlier works on
tensor meson couplings [18,30,36], the tensor-vector vector
meson interaction amplitude contains five independent
couplings due to the tensor structure of the tensor-meson
current [36]:

ATV1V2
¼ gf2V1V2

m2
f2

τμν
n
β0ϵ
ð1Þ
μ ϵð2Þν þ β1

�
ϵð1Þ · p2

�
ϵð2Þμ p1ν

þ β2
�
ϵð2Þ · p1

�
ϵð1Þμ p2ν þ β3

�
ϵð1Þ · ϵð2

�
p1μp2ν

þ δ
�
ϵð1Þ · p2

��
ϵð2Þ · p1

�
p1μp2ν

o
; ð57Þ

with the polarization tensor τμν for spin-2 field and ϵð1;2Þμ -
polarization vectors for massive vector fields.
The first scenario, the so-called TMD model in which

β0 ¼ p1 · p2, β1 ¼ β2 ¼ −β3 ¼ −1, and δ ¼ 0 leads to the
following Lagrangian

LTMD
f2ρρ
¼ gð1Þf2ρρ

hμαVμνVν
α ¼ gð1Þf2ρρ

hμα
�
∂μV

ð1Þ
ν ∂αVð2Þν

− ∂νV
ð1Þ
μ ∂αVð2Þν − ∂μV

ð1Þ
ν ∂

νVð2Þα þ ∂νV
ð1Þ
μ ∂

νVð2Þα

�
;

ð58Þ

where the coupling gð1Þf2ρρ
is evaluated as follows

��gð1ÞHWf2ρρ

�� ¼ 4πm2
f2

2g25
ffiffiffi
5
p

Z
zm

0

dz
z

�
hHWðzÞ�vHWðzÞ�2�

¼ 0.31 GeV; ð59Þ

��gð1ÞSWf2ρρ

�� ¼ 4πm2
f2

2g25
ffiffiffi
5
p

Z
∞

0

dz
z
e−k

2z2
�
hSWðzÞ�vSWðzÞ�2�

¼ 0.68 GeV: ð60Þ

Here the factor 4πffiffi
5
p is inserted to do a compatible matching

with 4-dimensional theory [3].
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0.16

0.18

0.20

0.22
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g f
2
N
N

(2
)

m

FIG. 1. Dependence of the couplings on the cutoff value zm within the HW model.
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In the case of the so-called minimal model [18], where
all momentum dependent terms are neglected ðβ0 ¼ m2

f2
;

β1 ¼ β2 ¼ β3 ¼ δ ¼ 0Þ, the 4D Lagrangian has a simple
form

Lmin
f2ρρ
¼ gð0Þf2ρρ

hμαVμVα: ð61Þ

Numerical estimation of the minimal coupling constant
within the HW model reads from the last term of Eq. (56):

��gð0ÞHWf2ρρ

�� ¼ 4π

2g25
ffiffiffi
5
p

Z
zm

0

dz
z

�
hHWðzÞ�∂zvHWðzÞ�2�

¼ 0.04 GeV; ð62Þ

Similarly, within the SW model:

��gð0ÞSWf2ρρ

�� ¼ 4π

2g25
ffiffiffi
5
p

Z
∞

0

dz
z
e−k

2z2
�
hSWðzÞ�∂zvSWðzÞ�2�

¼ 0.08 GeV: ð63Þ

Note that the Lagrangian describing the minimal model
(61) can be extended to the following 5D form:

Lmin−5D
f2ρρ

¼ gð0Þ0f2ρρ
hMNVMVN: ð64Þ

Numerical results for the coupling of the gð0Þ0f2ρρ
in the HW

and SW models are gð0Þ0HWf2ρρ
¼ 0.38 GeV and gð0Þ0SWf2ρρ

¼
0.84 GeV, respectively.
We move on to the next action describing the decay of

the tensor meson into a vector meson and a photon. In this
case, the action consists of the convolution of two field
stress tensors VMN and FMN ¼ ∂MAN − ∂NAM correspond-
ing to vector meson and photon fields’ stress tensors in the
boundary3:

S ¼
Z

d5x
ffiffiffi
g
p

FMNVMN: ð66Þ

The KK decomposition for the AM field will contain the
photon profile function [3]

Aðp; zÞ ≔ γðzÞ ¼ effiffiffiffiffiffiffi
3π2
p : ð67Þ

In the first order of the hμν, Eq. (66) contains the tensor-
vector-photon interaction terms similar to tensor-vector-
vector coupling case and has the following explicit form:

S ¼
Z

dz
z
d4pd4p0hðq; zÞAðp; zÞVðp0; zÞhμαðqÞ

×
�
pνp0νAμðpÞVαðp0Þ − pμp0νAνðpÞVαðp0Þ

− pνp0αAμðpÞVνðp0Þ þ pμp0αAνðpÞVνðp0Þ�: ð68Þ

The 5D action, which describes tensor meson coupling
to two photons in the 4D boundary, is written in the
same way:

S ¼
Z

d5x
ffiffiffi
g
p

FMNFMN

¼
Z

dz
z
d4pd4p0hðq; zÞAðp; zÞAðp0; zÞhμαðqÞ

×
�
pνp0νAμðpÞAαðp0Þ − pμp0νAνðpÞAαðp0Þ

− pνp0αAμðpÞAνðp0Þ þ pμp0αAνðpÞAνðp0Þ�: ð69Þ

In an analogous way to the gð1Þf2ρρ
coupling, from the actions

(68) and (69) we write the integral representations for the

gð1Þf2γρ
and gð1Þf2γγ

gð1ÞHWf2γρ
¼ 4πm2

f2ffiffiffi
5
p

Z
dz
z

�
hHWðzÞγðzÞvHWðzÞ� ¼ 1.16 GeV;

ð70Þ
while the holographic model result for the two-photon
coupling of the tensor meson [3] reads

gð1ÞHWf2γγ
¼ 4πm2

f2ffiffiffi
5
p

Z
dz
z

�
hHWðzÞ�γðzÞ�2�¼ 0.06 GeV: ð71Þ

Considering the following experimental results given
in PDG [15]

Γf2ð1270Þ→ρ0ρ0þ2ρ−ρþ ≃ Γf2ð1270Þ→πþπ−2π0 ≈ 19.5 MeV;

Γf2→γγ ¼ 2.6� 0.5 keV;

authors in Ref. [18] extract the coupling gf2γρ in Table II
using the following relation derived under the vector meson
dominance (VMD) assumption:

gf2ρρ ¼
mρ

gρ

gf2γρffiffiffiffiffiffiffiffi
4πα
p : ð72Þ

The following relation for the couplings of the radiative
decays is valid within the quark model

34D analogous of the action Eq. (66) can be obtained via VMD
[37,38] by applying the following shift in the Lagrangian (58)

Vμν → Vμν þ
e
gρ

0
BB@

2
3

0 0

0 − 1
3

0

0 0 − 1
3

1
CCAFμν: ð65Þ

The electromagnetic field tensor is represented by Fμν. The
electric coupling constant is denoted by e and is equal to

ffiffiffiffiffiffiffiffi
4πα
p

.
The photon-vector-meson transition is parameterized by gρ,
which is approximately equal to 5.5. The holographic description
of VMD is studied in [39].
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gf2γρ ¼
gf2γγ
4πα

1� gρ
mρ
þ 1

3
gω
mω

� ð73Þ

the decay constants for the vector fields ρð770Þ and ωð782Þ
are obtained from the experiment

gV ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
3mVΓV→e−þeþ

4πα2

r
ð74Þ

Decay rate Γf2→γγ ¼ 2.6 keV implies

gf2γγ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
320πΓf2→γγ

mf2

s
¼ 0.045 ð75Þ

which coincides with the HWAdS/QCD model in Ref. [3].
Considering the relation between the radiative decays of
the tensor meson in Eq. (A.46) of Ref. [33], we obtain
Γf2→ργ ¼ 0.6 MeV which is compatible with the prediction
of the chiral model 0.7� 1.7 MeV in Ref. [35].

VI. CONCLUSION AND FUTURE DIRECTIONS

We studied the holographic description of the tensor
meson by exploring its hadronic and radiative coupling
constants. The results are consistent with those obtained
from dispersion relations and amplitude methods, and the
holographic approach still remains effective in describing
the couplings of tensor mesons. Our results show that the
coupling for tensor meson-nucleon interaction coupling
with one derivative term is the dominant one compared to
the two-derivative case. The formalism presented here can
be extended to describe the tensor glueball, which could
be tested in the future Panda experiment [40]. Motivated
by the experimental observation of the 4-pion decay of
f2ð1270Þ (the second dominant decay channel after the

two-pion channel), we have computed the coupling (gðiÞf2ρρ)
within the holographic model. Radiative decay channels
such as f2ð1270Þ → ρð770Þγ, which is obtained via the
VMD of the tensor-vector interaction Lagrangian, can be
interesting for future experiment measurements, such as the
GlueX experiment [41] at Jefferson Lab, to effectively test
our prediction for the coupling. We predict the decay width
for this channel to be around 0.6 MeV, which is consistent
with the prediction presented in Ref. [35]. One can study
the finite temperature effects [13,14], the tensor form

factors of nucleons given in Refs. [42–44] and the tensor
meson decay constant [45] within our model.
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APPENDIX A: THE SW TENSOR MESON
PROFILE FUNCTION REVISITED

In the SW model, the gravity action in the second-order
perturbation hμν contains an additional exponential warping
factor [22]

SSWh ¼ −
Z

d5x
e−2κ

2
1
z2

4z3
�
hμν;zh

μν
;z þ hμν□hμν

�
; ðA1Þ

where the transverse-traceless gauge conditions ∂μhμν ¼ 0,
and hμμ ¼ 0 have been imposed. Solution for the perturba-
tion can be found in the form hμνðx; zÞ ¼ hμνðxÞhðx; zÞ, and
the linearized Einstein equation for the Fourier-transformed
profile function hðp; zÞ takes the form:

�
∂z

�
e−2κ

2
1
z2

z3
∂z

�
þ e−2κ

2
1
z2

z3
p2



hðp; zÞ ¼ 0: ðA2Þ

We get the solution to this equation expressed in terms of
the hypergeometric function:

hðzÞ ¼ N1ðκ1zÞ41F1

�
2 −

m2

8κ21
; 3; 2κ21z

2




þ N2G
2;0
1;2

�− m
8κ2

1

þ 1

0; 2

���� − 2κ21z
2

�
; ðA3Þ

where p2 ¼ m2 has been taken which implies m ¼ 4κ1 for
the mass of spin-2 tensor meson in the SW model. The
second term of the solution is non-normalizable, so, N2

should vanish. To relate this solution with one in Eq. (21), it
is preferred to express the profile function in terms of the
generalized Laguerre polynomials by taking into account
the following relation between the hypergeometric function
and Laguerre polynomial:

1F1ð−n; αþ 1; xÞ ¼ α!n!
ðnþ αÞ!L

α
nðxÞ: ðA4Þ

TABLE II. The HW model estimation for the coupling vs
results derived from Refs. [18,35].

Coupling
Γf2ð1270Þ→πþπ−2π0

[18]
Γf2→γγ

[18]

Chiral
model
[35]

Our
Result
(HW)

gð1Þf2γρ
=mf2

3.32 0.68 2.93 0.90
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For our solution α ¼ 2 and n ¼ − m2

2−8κ2
1

. By taking into

account these values the solution (A3) will be written in
terms of Laguerre polynomials

hSWn ðzÞ ¼ Nðκ1zÞ4
2n!
ðnþ 2Þ!L

2
nð2k21z2Þ: ðA5Þ

The given solution can be interpreted as the nth KK mode,
and the mass spectrum of the modes can be found from
m2

n ¼ 8κ21ð2þ nÞ. We observe that the profile function in
(A5) coincides with one in (22) with redefinition 2κ21 ¼ κ2.

APPENDIX B: THE FLAVOR INVARIANT FORM
OF THE LAGRANGIAN

This appendix shows the flavor invariant form of the
Lagrangian studied in Sec. V. In the case of Nf ¼ 2, the
adjoint representation of Uð2Þf can be written as

2̄ ⊗ 2 ¼ 3 ⊕ 1: ðB1Þ

Considering the vector mesons as quark-antiquark objects,
we have triplets ðρ0μ; ρþμ ; ρ−μ Þ and the singlet ðωμÞ within the
following nonet Vμ:

Vj
μi ¼ q̄jγμqi ¼

� ūγμu ūγμd

d̄γμu d̄γμd

�

≡ 1ffiffiffi
2
p

�
ρ0 þ ω

ffiffiffi
2
p

ρ−ffiffiffi
2
p

ρþ −ρ0 þ ω

�
μ

¼ ρ⃗μτ⃗ þ ωμ12×2; ðB2Þ

where τ⃗’s are the three Pauli matrices. We have used the
following substitutions:

ρ0μ ¼
1ffiffiffi
2
p �

ūγμu − d̄γμd
�
; ρþμ ¼ −id̄γμu;

ρ−μ ¼ iūγμd; ω0
μ ¼

1ffiffiffi
2
p �

ūγμuþ d̄γμd
�
: ðB3Þ

Thus, we can write Vμ ≔ Va
μta where Va

μ ¼ fρ⃗;ωg and
ta ¼ fτ⃗; 12×2g. A matrix containing the vector fields is
invariant under the flavor symmetry Uð2Þf such that

Vμ → UVμU†; ðB4Þ

where U’s are the elements of the unitary group Uð2Þf
satisfy the condition

U†U ¼ 12×2: ðB5Þ

Similarly, for the tensor fields, construct the flavor invariant
matrix hμν

hμν ¼
1ffiffiffi
2
p

�
a02 þ f2

ffiffiffi
2
p

a−2ffiffiffi
2
p

aþ2 −a02 þ f2

�
μν

¼ a⃗2μντ⃗ þ f2μ12×2

ðB6Þ

which is invariant under Uð2Þf

hμν → UhμνU†: ðB7Þ

The following Lagrangian describes the interaction
between the tensor and vector meson and is invariant
under flavor symmetry Uð2Þf

L ¼ gð0ÞTr½hμνVμVν� þ gð1ÞTr½hμνVμαVα
ν �

¼ gð0Þf2ρρffiffiffi
2
p fμν2

�
ρ0μρ

0
ν þ 2ρþμ ρ−ν

�

þ gð1Þf2ρρffiffiffi
2
p fμν2

�
ρ0μαρ

0α
ν þ 2ρþμαρ−αν

�þ � � � : ðB8Þ
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