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1. Introduction

Pions are pseudo-Goldstone bosons associated with the approximate chiral symmetry of the
strong interactions when only the first generation of quarks is considered. Therefore, any model for
describing hadronic properties of pions should include a confinement potential that is consistent
with chiral symmetry breaking physics which is encoded in Gell-Mann-Oakes-Renner (GMOR)
relation [7]

M3 fp = =2(qGymg + O(my) . (1)

Light-front holographic QCD (LFHQCD) is a model for strong interactions in the chiral limit which
is summarized in a Schrodinger-like equation for the transverse mode of the hadronic light-front
wavefunction (LFWF)[2]:

d*> 1-4L%

ds? 472

+m@ﬂma=Mﬁ@% 2)

which results in a meson mass spectrum given as:

M?(ny,J,L) = 4> (m + (3)

J+L)
ny, L and J are the radial, orbital and total angular momenta quantum numbers, respectively.
LFHQCD correctly predicts a massless pion in the chiral limit identified as the ground-state (n, =
L = J = 0) meson. As for radially excited states, one gets m, = 4k* (n, =1, L = 0) and
mar = 8k* (n. =2, L =0), as expected since unlike pion, these states are not Nambu-Goldstone
bosons of the chiral symmetry. Please note that Eq.(1) predicts that f,- and f,~ should vanish.

The longitudinal mode of the LFWF on the other hand is extracted from matching the electro-
magnetic (or gravitational) pion form factor in AdSs and 4-D spacetime leading to [3, 4]

X(x)=+x(1-x). 4)

Moving away from chiral limit, Brodsky and de Téramond put forward the prescription that Eq.(4)
should be revised as the follwing [5]:

X(x) =+vx(1 —x)exp

&)

q
x(1—x)

(1 —x)mfl +xm2_)
where mg(z) is the quark (anti-quark) mass. However, this prescription is not consistent with
GMOR as it predicts that [6]
M} = AM? « 2m (In(k*/m) = YE) . (6)
In a series of recent papers [8—10] , we have proposed a dynamical method for obtaining

the longitudinal mode which leads to predictions for pion observables in agreement with GMOR
relation and some available experimental data.
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Table 1: Quantum numbers and masses of the pion family.

JPC) Name n, ny L M (MeV)
0~ nm(140)0 0 0 0 134
0t x(135) 0 0 0 134
1"~ p(1235 0 2 1 1087
0t  a(13000 1 2 0 1087
27t m(1670) 0 4 2 1533
0t a(1800) 2 4 0 1533
27t mp(1880) 1 6 2 1875

2. Longitudinal dynamics

Following t'Hooft’s original work on (1+1)-dimensional QCD in large N limit [11], we pro-
posed a dynamical longitudinal mode which, away from chiral limit, is a solution of a Schrédinger-
like equation

m2  m:
(7" 7 () + Uy (X () = MPx(x) ™
where the potential is given as
2 —
Uj(x)x (x) = g;f‘)/ dy% : (8)
x=y

with g being the longitudinal confinement scale and ¥ denotes the Cauchy principle value. The
longitudinal mode of the LFWF is then X(x) = 4/x(1 —x)x(x). Unlike Eq.(2), the solutions to
Eq.(7) can be found only numerically [12]. We present some of our predictions for pion and its
excited states in the following section.

3. Predictions

In this approach, the meson mass has two components, m, and m | such that

J+L
M*(ny,ny,J, L) = 4 (m + T) + Mif(ny, mg,mg, 8) . ©)
Table (1) shows our mass predictions for pion and its excited states. The assignment of quantum

numbers is according to the following prescription for parity and chrage conjugation:
P — (_1)L+1 , C — (_1)L+S+nH . (10)

Our mass predictions for pion and 7, (1800) are in reasonable agreement with data however there
are up to 15% discrepancy for other excited states. To check the consistency of our approach
with GMOR, we numerically checked the quark mass dependence of m?% f2 near the chiral limit
as illustrated in Fig(1). The linear dependence on m, indicates that our model is in agreement
with GMOR requirement and, moreover, we extract (gg) = —(0.143)3 GeV? for in-pion quark
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Figure 1: Our numerical result for M2 f2 versus m, near the chiral limit. The linear dependence is in
accordance with GMOR relation.
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Figure 2: Our prediction (solid-black curve) for pion EM form factor compared with the experimental data.

condensate. Fig(2) shows our prediction for pion electromagnetic form factor as compared with
available experimental data (See Ref[8] and the references therein).

Additionally, Table (2) shows our predictions for the decay constant of &, 77 and n”’. The near
zero results for f- and f~, which is in accordance with GMOR, is achieved via the suppresion due
to nodes in the longitudinal modes. We note from Table (1) that n), the longitudinal mode quantum
number, is zero for pion but takes higher values for the excited states in accordance with P and C

assignmentd in Eq.(10).
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Table 2: Predicted decay constants (DCs) of &, 7’ and 7”” in MeV.

DC Ourresults Experimental data
S 166.46 130.2 + 1.7
frr 1.44 -

S 0.65 -

4. Summary

Light-front holographic QCD along with a dynamical longitudinal mode derived from the ’t

Hooft equation can describe the spectroscopy as well as other observables for the pion and its excited

states in a reasonably good agreement with experimental data. This approach is also consistent with

the chiral limit requirements encoded in the GMOR relation.
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