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NOT ALL POSSIBLE ω–φ MIXING FORMS ARE
PHYSICALLY ACCEPTABLE∗
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Starting from the symmetric 2 × 2 mass matrix in the ω8, ω0 space
and, subsequently, by its diagonalisation into physical vector meson states
ω(782), φ(1020) by means of the orthogonal matrix in the most general
form, all possible forms of the ω–φ mixing are found. Taking into account
the quark structure of the ω8, ω0 states and exploiting the ideal mixing
angle value θ = 35.3◦, it is demonstrated that only four of the found mix-
ing forms are physically acceptable, as only they are in conformity with
experimentally observed decays of the ω(782) and φ(1020) vector mesons.
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1. Introduction

The Eightfold way, by using the SU(3) symmetry, classifies the vector
meson nonet, similarly to the pseudoscalar mesons, into an octet matrix and
a singlet [1] as

V =

 ω8/
√

6 + ρ0/
√

2 ρ+ K∗+

ρ− ω8/
√

6− ρ0/
√

2 K∗0

K∗− K̄∗0 −2ω8/
√

6

 , ω0 , (1)
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where quark representation of the corresponding vector mesons is given as

ρ0 =
1√
2

(
uū− dd̄

)
, ρ+ = ud̄ , ρ− = dū ,

K∗+ = us̄ , K∗− = sū , K̄∗0 = d̄s , K∗0 = ds̄ ,

ω8 =
1√
6

(
uū+ dd̄− 2ss̄

)
, ω0 =

1√
3

(
uū+ dd̄+ ss̄

)
. (2)

However, in the case of the vector meson nonet, an inconsistency of the
bare vector meson state ω8 mass arises with existing experimental situation.
Actually, its mass can be evaluated by the Gell-Mann–Okubo quadratic mass
formula

m2 = a0 + a1S + a2

(
I(I + 1)− 1

4
S2

)
, (3)

where S is a strangeness of a corresponding meson and I is its isospin. An
application of this formula to ω8, ρ

0 and K∗0, K̄∗0 pair gives

m2
ω8

= a0 ,

m2
ρ0(770) = a0 + 2a2 ,

m2
K∗0(892) = a0 − a1 + a2/2 ,

m2
K̄∗0(892) = a0 + a1 + a2/2 , (4)

from where one gets

m2
ω8

=
4
m2

K∗0+m2
K̄∗0

2 −m2
ρ

3
∼= (933 MeV)2 . (5)

This result indicates that ω8, ω0 do not correspond to the known physical
states ω(782), φ(1020). The latter problem has been solved by Sakurai [2]
suggesting to apply for an ω–φ mixing some value of the mixing angle θ.

2. Specification of ω–φ mixing forms

It may seem that the so-called ω–φ mixing is a well-established concept
and commonly it appears as integral part of many textbooks of the particle
physics. However, one finds e.g. that textbooks of [1, 3, 4] have different
definitions of the ω–φ mixing and so, there are at least three different in-
compatible versions of them.

Further, we show that there are actually eight possible versions of such
mixing.
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Let us denote the mixing configuration generally by means of the matrix
relation (

φ
ω

)
= RT

(
ω8

ω0

)
, (6)

where R is an orthogonal 2× 2 matrix in the most general forms

R1 =

(
−p q
q p

)
or R2 =

(
p q
−q p

)
, (7)

with
p2 + q2 = 1 . (8)

Then determinants of matrices (7) are

detR1 =

∣∣∣∣ −p q
q p

∣∣∣∣ = −1 and detR2 =

∣∣∣∣ p q
−q p

∣∣∣∣ = +1 . (9)

Next, by means of a diagonalisation of the 2 × 2 vector meson mass
matrix in the ω8, ω0 space, by orthogonal matrices (7), we derive a quadratic
mass relation among m2

ω8
, m2

φ and m2
ω, which together with condition (8),

produce just eight possible different forms of ω–φ mixing, from which not
all are physically acceptable.

The quadratic vector meson masses are defined as matrix elements of the
quadratic mass operatorM2

m2(ω8) = 〈ω8|M2|ω8〉 ,
m2(ω0) = 〈ω0|M2|ω0〉 ,
m2(ω) = 〈ω|M2|ω〉 ,
m2(φ) = 〈φ|M2|φ〉 . (10)

If |ω〉 and |φ〉 are eigenfunctions of the operator M2, then the non-
diagonal matrix elements disappear

〈ω|M2|φ〉 = 〈φ|M2|ω〉 = 0 . (11)

The symmetric 2×2 vector meson mass matrix in the ω8, ω0 space takes
then the following form:

M =

(
m2
ω8

m2
08/2

m2
08/2 m2

ω0

)
, (12)

and its diagonalisation by means of the orthogonal matrix R1 from (7) leads
to three algebraic equations for unknown p and q

p2m2
ω8
− 2pqm2

08 + q2m2
ω0

= m2
φ ,

q2m2
ω8

+ 2pqm2
08 + p2m2

ω0
= m2

ω ,

−pqm2
ω8

+
(
q2 − p2

)
m2

08 + pqm2
ω0

= 0 . (13)
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Expressing m2
08 from the third equation in (13), one obtains

m2
08 =

pq
(
m2
ω8
−m2

ω0

)
(q2 − p2)

, (14)

and a substitution of the latter into first two equations in (13) leads to the
following solutions:

m2
ω8

= p2m2
φ + q2m2

ω ,

m2
ω0

= q2m2m2
φ + p2m2

ω . (15)

The diagonalisation of matrix (12) by means of the orthogonal matrix
R2 from (7) leads to the same three algebraic equations (13) and their solu-
tion (15).

Taking the masses in the first equation of (15) from [5] and (5), and
combining it with (8), one finds four solutions p = ±0.63192, q = ±0.77500
for p and q. By substituting all combinations of these solutions into R1 and
R2, from the relation (6), one gets

1. ω = 0.63192ω8 + 0.77500ω0 , φ = −0.77500ω8 + 0.63192ω0 ,

2. ω = −0.63192ω8 + 0.77500ω0 , φ = −0.77500ω8 − 0.63192ω0 ,

3. ω = 0.63192ω8 − 0.77500ω0 , φ = 0.77500ω8 + 0.63192ω0 ,

4. ω = −0.63192ω8 − 0.77500ω0 , φ = 0.77500ω8 − 0.63192ω0 ,

5. ω = 0.63192ω8 + 0.77500ω0 , φ = 0.77500ω8 − 0.63192ω0 ,

6. ω = −0.63192ω8 + 0.77500ω0 , φ = 0.77500ω8 + 0.63192ω0 ,

7. ω = 0.63192ω8 − 0.77500ω0 , φ = −0.77500ω8 − 0.63192ω0 ,

8. ω = −0.63192ω8 − 0.77500ω0 , φ = −0.77500ω8 + 0.63192ω0 . (16)

By using a correspondence 0.63192 = sin θ and 0.77500 = cos θ with
θ = 39.19◦, one obtains generally 8 possible canonic ω–φ mixing forms

1. ω = ω8 sin θ + ω0 cos θ , φ = −ω8 cos θ + ω0 sin θ ,

2. ω = −ω8 sin θ + ω0 cos θ , φ = −ω8 cos θ − ω0 sin θ ,

3. ω = ω8 sin θ − ω0 cos θ , φ = ω8 cos θ + ω0 sin θ ,

4. ω = −ω8 sin θ − ω0 cos θ , φ = ω8 cos θ − ω0 sin θ ,

5. ω = ω8 sin θ + ω0 cos θ , φ = ω8 cos θ − ω0 sin θ ,

6. ω = −ω8 sin θ + ω0 cos θ , φ = ω8 cos θ + ω0 sin θ ,

7. ω = ω8 sin θ − ω0 cos θ , φ = −ω8 cos θ − ω0 sin θ ,

8. ω = −ω8 sin θ − ω0 cos θ , φ = −ω8 cos θ + ω0 sin θ . (17)
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3. Physically acceptable ω–φ mixing forms

Further, we demonstrate that some of the ω–φ mixing forms in (17) are
physically non-acceptable. With this aim, quark representation of the ω8

and ω0 mesons from (2) are taken into account and ideal mixing angle value
θ = 35.3◦ is used. Substituting all this into Eqs. (17), one gets an explicit
quark representation of the φ and ω mesons as follows:

1. ω = +
1√
2

(
uū+ dd̄

)
, φ = +ss̄ ,

2. ω = +
1

3
√

2

(
uū+ dd̄

)
+

4

3
√

2
ss̄ , φ = −2

3

(
uū+ dd̄

)
+

1

3
ss̄ ,

3. ω = − 1

3
√

2

(
uū+ dd̄

)
− 4

3
√

2
ss̄ , φ = +

2

3

(
uū+ dd̄

)
− 1

3
ss̄ ,

4. ω = − 1√
2

(
uū+ dd̄

)
, φ = −ss̄ ,

5. ω = +
1√
2

(
uū+ dd̄

)
, φ = −ss̄ ,

6. ω = +
1

3
√

2

(
uū+ dd̄

)
+

4

3
√

2
ss̄ , φ = +

2

3

(
uū+ dd̄

)
− 1

3
ss̄ ,

7. ω = − 1

3
√

2

(
uū+ dd̄

)
− 4

3
√

2
ss̄ , φ = −2

3

(
uū+ dd̄

)
+

1

3
ss̄ ,

8. ω = − 1√
2

(
uū+ dd̄

)
, φ = +ss̄ , (18)

from where it is transparent to see that only

1. ω0 = ω cos θ + φ sin θ ,

ω8 = ω sin θ − φ cos θ ,

4. ω0 = −ω cos θ − φ sin θ ,

ω8 = −ω sin θ + φ cos θ ,

5. ω0 = ω cos θ − φ sin θ ,

ω8 = ω sin θ + φ cos θ ,

8. ω0 = −ω cos θ + φ sin θ ,

ω8 = −ω sin θ − φ cos θ (19)

are physically acceptable.
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This result is also directly confirmed from experimentally observed PDG-
booklet decays of the ω and φ vector mesons

ω → π+π−π0 (89.2%) ,

→ π0γ (8.28%) ,

→ π+π− (1.53%) , (20)

φ → K+K− (48.9%) ,

→ K0
LK

0
S (34.2%) ,

→ ρπ + π+π−π0 (15.32%) , (21)

where one finds ω vector meson decaying dominantly into states with the u
and d quark content and φ vector meson decaying dominantly intoK mesons
with the strange quark content.

4. Conclusions

Generally, 8 possible ω–φ mixing forms have been found, starting from
the mass matrix in the ω8, ω0 space and carrying out its diagonalisation by
means of the orthogonal matrix in two most general forms.

By exploiting quark structure of ω8, ω0 and the value of the ω–φ mixing
angle to be “ideal” 35.3◦, it was demonstrated that only four, i.e. 1, 4,
5, and 8, are ω–φ mixing forms physically acceptable. Crucial in such a
classification is quark structure of ω and φ vector mesons which is also
confirmed by experimental data of their dominant decays.
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