
Meson Observables from AdS/QCD via the Segrè Formula
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General Ideas about AdS/QCD Models

⋆ Basic ideas about AdS/QCD models.

• Gauge/Gravity duality can be used to study hadron properties
• There are two main ways to extend AdS/CFT through to QCD:

◦ Top-Down Approach.
Starting from string theory, taking a low-energy limit, and compactifying
extra dimensions, one tries to obtain a QCD-like theory at the boundary.

◦ Bottom-Up Approach.
Hadron properties are used to construct a model in a higher-dimensional
gravitational background.

• A dictionary exists that relates quantities on both sides of the holo-
graphic correspondence.

• In the bottom-up approach, we consider

S =
∫
dd+1x

√
ge−Φ(z)

(
LPart + LInt

)
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Masses and Decay Constants in AdS/QCD Models

S =
∫
dd+1x

√
ge−Φ(z)LPart +

∫
dd+1x

√
ge−Φ(z)LInt

Example: Scalar hadrons case 1

L = gMN ∂Mψ (x , z) ∂Nψ (x , z) +m2
5ψ

2 (x , z) ,

with M,N = 0, 1, 2, 3, z .

• z corresponds to the holographic coordinate.
• ϕ (z) is a dilaton field introduced to discretize the spectrum (you
can use a hard cut-off also).

• m5 is the bulk mass. It is related to the dimension of operators that
create hadrons. For scalars m2

5R
2 = ∆(∆− 4)

1
e.g., see A. V and I. Schmidt Phys.Rev.D 78 (2008) 017703
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Masses and Decay Constants in AdS/QCD Models

S =
∫
dd+1x

√
ge−Φ(z)LPart +

∫
dd+1x

√
ge−Φ(z)LInt

Example: Scalar hadrons case

L = gMN ∂MΨ(x , z) ∂NΨ(x , z) +m2
5Ψ

2 (x , z) ,

A usual choice for hadrons in vacuum at zero temperature is

d2s = e2A(z) (z) ηMNdx
MdxN ,

where e2A(z) is a warp factor and ηMN = diag(−1, 1, 1, 1, 1).
From this action we obtain an equation of motion in 5 dimensions for
scalars, and we use the transformation Ψ (X , z) = e−iPX f (z), where
P and X correspond to momentum and position on the 4D boundary.

−f ′′ (z) + B ′(z)f ′ (z) + e2A(z)m2
5f (z) = M2f (z) ,

where B(z) = ϕ(z)− 3A(z) and P2 = M2, i.e., M is the mass of the
hadron studied in these kinds of models.
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Masses and Decay Constants in AdS/QCD Models

Considering the transformation

f (z) = e
1
2
B(z)ψ (z) ,

we obtain a Schrödinger like equation(
−∂2z + V (z)

)
ψ (z) = M2ψ (z) .

In terms of AdS metric (A(z) = Ln(1/z)), ϕ(z) and m5, potential is

V (z) = 15
4z2 +

m2
5R

2

z2 − 3
2z ϕ

′(z) + 1
4ϕ

′2(z)− 1
2ϕ

′′(z).

In vector the sector, the procedure is similar, but potential for vector
mesons is

V (z) = 3
4z2 +

1
2z ϕ

′(z) + 1
4ϕ

′2(z)− 1
2ϕ

′′(z).
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Masses and Decay Constants in AdS/QCD Models

• ϕ(z) = cte with a hard cutoff at z0. (Hard Wall model)
• ϕ(z) = cz2 (Traditional Soft Wall Model)
• ϕ(z) = (κz)2−α (Non quadratic dilaton) 2

2
M. A. Mart́ın and A. V, Phys.Rev.D 102 (2020) 4, 046007
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Masses and Decay Constants in AdS/QCD Models

Let us consider the holographic calculation of decay constants.
If we have AdS modes that satisfy

−ψ′′ (z) + B ′(z)ψ′ (z) + e2A(z)m2
5ψ (z) = M2ψ (z) ,

where B(z) = ϕ(z) − A(z) for vector mesons. The bulk-to-boundary
propagator can be decomposed in terms of the bulk normalizable modes
ψn(z , q) as poles and residues as

ΠV

(
−q2

)
=

∑∞
n=1

f 2n
p2−m2

n+iϵ
.

corresponding to the vector meson mass spectrum, and the holographic
decay constants fn, defined as

f 2n = 1
g2
5 M2

n
limε→0 e−2B(ε) |ψn(ε, q)|2 .
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Masses and Decay Constants in AdS/QCD Models

Previously we present a dilaton that reproduce well the mass spectrum,
but unfortunately, they are not able to reproduce the behavior of the
decay constant. A dilaton that reproduces the decay-constant behavior
is

ϕ(z) = k2z2 + Tanh

(
1
Mz − k√

Γ

)
,

where k ,M and Γ are parameters 3.
3
N.R.F.Braga et al. PhysicsLettersB774(2017)476–481
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Masses and Decay Constants in AdS/QCD Models

We consider 4,

ϕ(z) = (κz)2−α +Mz + Tanh

(
1
Mz − κ√

Γ

)
,

4
M. A. Mart́ın, S. Diles and A. V, PRD 103, 086008 (2021)
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Masses and Decay Constants in AdS/QCD Models

We consider 5,

ϕ(z) = (κz)2−α +Mz + Tanh

(
1
Mz − κ√

Γ

)
,

5
M. A. Mart́ın, S. Diles and A. V, PRD 103, 086008 (2021)
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Segrè Formula and AdS/QCD
models 6

6
S. Diles, M. A. Mart́ın and A. V, Phys. Rev. D 112, 056010 (2025).
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Segrè Formula and AdS/QCD models

In the context of non-relativistic quantum mechanical modeling of
heavy quarkonium, we identify a relationship, referred to as the Segrè
formula, between the radial wave function at the origin for a radial ex-
citation of the s-wave state Ψn(0) and the dependence of the binding
energy on the excitation level En. This relationship establishes that 7:

|Ψn(0)|2 = (2µ)
3
2

4π2 E
1
2
n

d
dnEn.

Considering

f 2n =
12πQq

Mn
|Ψn(0)|2 and Mn = 2mq + En.

These expressions involve quantities that can be calculated in AdS if
you have a good dilaton. In our case, we consider the Braga non-
quadratic dilaton

ϕ(z) = (κz)2−α +Mz + Tanh

(
1
Mz − κ√

Γ

)
,

7
C. Quigg and J. L. Rosner, PRD 17, 2364 (1978).
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Segrè Formula and AdS/QCD models

⋆ Calculation of constituent quark masses

|Ψn1
(0)|2

|Ψn2
(0)|2 =

Mn1
f 2n1

Mn2
f 2n2

=
(Mn1

−2mq)
1/2

(Mn2
−2mq)

1/2

d Mn
d n |n=n1

d Mn
d n |n=n2

.

mc = 1.97± 0.28 GeV and mb = 5.21± 0.36 GeV.

⋆ Three-gluons decay and the fine structure constant of the strong
interaction

ΓVn→ggg = 40(π2−9)
81m2

q
α3
s |Ψn(0)|2 = 10(π2−9) f 21 M1

243πm2
q Qq

αs(q)
3.

αs(c) = 0.293± 0.008 and αs(b) = 0.192± 0.009.

16 of 21



Segre Formula and AdS/QCD models

⋆ The first-order corrections on αs

ΓV1→ggg =
10(π2−9) f 21 M1

243πm2
q Qq

α3
s

[
1 + αs

π

(
16
3 − λq

)]
,

where λq encodes a characteristic energy associated with each meson family
and depends only on the number of lighter quark flavors. For charmonium
λc = 3.7, and for bottomonium λb = 4.9. Next, we obtain the first-order αs

for the charm and bottom quark families as:

α1
s (c) = 0.280± 0.007 and α1

s (b) = 0.191± 0.009.
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Segre Formula and AdS/QCD models
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Final Comments
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Final Comments

• Constituent Quark models give an opportunity to access a more hadronic
phenomenology with AdS/QCD models. In the cases considered, the key
was the use of Segrè Formula as a complement to AdS/QCD results.

• With the help of the Segrè Formula, it was possible to calculate new
properties and to do some predictions (constituent quark masses, three-
photon decay widths, αs from the three-gluon channel, three-gluon and
mixed γgg decay widths for ground and excited heavy-quarkonium states.

• Results are not highly accurate, but they are consistent and of the cor-
rect order of magnitude, and shows that holographic phenomenology now
extends to decay widths, strong-coupling extraction, and quark-mass de-
termination.

• Non-relativistic quantum mechanics provides a useful bridge for deriving
new holographic observables.
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