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Motivated by recent results by lattice analysis[1-3], we assume that the spin-1 mesons of ( 𝜌, 𝜔, 𝑎1 , 𝜌′ , 𝜔′ , 𝑏1 , 𝑓1 , ℎ1 )
make a rep. of 16 of U(4) emergent sym. in two-flavor QCD when the chiral sym. is not broken. We study the decay
properties of the spin-1 mesons by using a chiral model with an SU(4)×U(1) hidden local symmetry (HLS). We first
show that, since the SU(4) sym. is spontaneously broken together with the chiral symmetry, each coupling of the
interaction among one pion and two spin-1 mesons is proportional to the mass difference of the relevant spin-1
mesons similarly to the Goldberger-Treiman (GT) relation. In addition, some of one-pion couplings are related with
each other by the SU(4) sym.. We further show that there is a relation among the mass of 𝜌′ meson, the 𝜌′ 𝜋𝜋
coupling and the 𝜌′ -photon mixing strength as well as the Kawarabayashi-Suzuki-Riazuddin-Fayyazuddin (KSRF)
relation for the 𝜌 meson. From the relations, we give numerical predictions such as ratios of the spin-1 meson
decay widths, which are compared with future experiments for testing the existence of the U(4) emergent sym..

SU(4) symmetry ( ≠ SU(4) flavor sym. )
“Emergent symmetry” in two flavor QCD
Rotation of

The model has the following syms.
Chiral sym.
HLS

U(1)

SU(4)

15-plet + Singlet
(in spin-1 sector)

Its chirality

Existence of the SU(4) sym.
in the spin-1 meson sector
is suggested by Refs. [1-3]
via the lattice QCD
calculation.

Refs. [1-3] (in lattice QCD cal.)
They found degeneracy of spin-1
mesons ( 𝜌, 𝜔, 𝑎1 , 𝜌′ , 𝜔′ , 𝑏1 , 𝑓1 , ℎ1 )
by removing the smallest
eigenvalues of the Dirac operator.

Chiral Model with SU(4)×U(1) HLS
We construct a chiral model with an SU(4)×U(1) hidden local symmetry (HLS).

spin-1 mesons
( 𝜌, 𝜔, 𝑎1 , 𝜌′ , 𝜔′ , 𝑏1 , 𝑓1 , ℎ1 )

The Lagrangian is written as (LO in derivative expansion)

arbitrary real coefficients

(14 independent operators)
corresponding gauge field
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𝜌 & 𝜌’

( 𝜌, 𝜔, 𝑎1 , 𝜌′ , 𝜔′ , 𝑏1 , 𝑓1 , ℎ1 )
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1-forms are expanded as (in the unitary gauge)

Isospin sym.

:Pauli matrix

We introduce the pion through 2 by 2 unitary matrix

Substituting these into
the Lagrangian, we get

Embed into 4 by 4 matrix
which transforms

To introduce HLS, let us decompose

as

Chiral sym.

Quadratic terms
Normalize

These two variables transform

Pion decay constant
Isospin
sym.

where

HLS
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sym.

𝑏1 & ℎ1
𝜌 & 𝜌’

Mass
terms

The covariantized Maurer-Cartan 1-forms are defined as

𝜔 & 𝜔’

Covariant derivatives

Mixing of 𝒂𝟏 & 𝝅 (𝑓1 & 𝜂 )
Strength of mixing

: External gauge field (e.g. photon)

Other Relations

Extended GT Relations

Due to 𝒂𝟏 - 𝝅 mixing,
interactions among 𝑉𝑉𝜋 are obtained from
included in

Extended Goldberger-Treiman (GT) relation is obtained.
The amplitude is given as

・WT-identity

Extended GT relation

・Soft momentum limit

is not large

is reasonable

The SU(4) sym. together with the chiral sym. ensures low energy theorems.

+

Thanks to existence of
the SU(4) sym.

Vertex function
where

KSRF-I relation is extended to 𝝆′ version
KSRF-I relation :
Since 𝜌 & 𝜌’ are given
from one field,

Next, we turn to make an analysis based on the present model.

=

Relations among 𝑉𝑉𝝅 coups.

𝑉𝑉𝝅 ints. are controlled by
only three : 𝑟𝑎1 , 𝜃𝜌 , 𝜃𝜔

The longitudinal parts include a massless pole:
(Pion)

Note

Mixing angle : 𝜃𝜔

𝑎1 & 𝑓1
: gauge field of HLS

SU(4) sym. exists

Mixing angle : 𝜃𝜌

Note that direct coupling
with axial current does
not exist at leading order

Table : One pion and axial couplings in the SU(4) HLS model.

We can easily confirm that these
actually satisfy the extended GT
relation.
Extended GT relation

Extended KSRF-I relation

HLS gauge field

𝜌 & 𝜌’

Using the above relations and
experimental values, we get
predictions of decay widths

Table : Predictions

Table : Experimental values

where

Summary
● We constructed a chiral model with SU(4)×U(1) HLS.
● The following relations are obtained.
1) Extended GT relation , 2) Relations among the 𝑽𝑽𝝅 couplings , 3) KSRF-I relations for 𝝆 and 𝝆’
● We gave some predictions.

Future work …
○ Clarifying the correspondence between
the Lattice QCD result and our calculation.
e.g. Partial linearization

