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Quarternion-spin-isospin model for the standard-model parameters

Y. Akiba ∗1

The standard model (SM) successully describes the
nature, but it has at least 25 free parameters. In
the preceding article1) we reported empirical formu-
las with no free parameter for 24 SM parameters: 15
particle masses, four Cabbibo-Kobayashi-Masukawa
(CKM) quark mixing parameters, three neutrino mix-
ing angles, the fine structure constant, and the strong
coupling constant.
The pattern of the formulas suggests that there is

an algebraic model underpinning them and that the
numbers 6π and ϵ0 = 2 × (6π)−48 play key roles in
this model. The fact that ϵ0 agrees with the Hubble
constant H0 times the Planck time tpl, ϵ0 ≃ H0tpl,
suggests that there is a relation between the mass of
the SM particles and the metric of spacetime.
In this article, we introduce the quarternion-spin-

isospin (QST) model, which explains these formulas
and the relation H0tpl = ϵ0. The QST model is so
named because it is based on operators that are prod-
ucts of unit quarternions and operators of spin and
weak isospin.
The QST model is based on the following 64 opera-

tors that are introduced here as normalized primordial
action (NPA):
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The QST model has five primary ansatzes.
(A1) The Planck time tpl = 5.3912 × 10−44 s is the
minimum duration of time in nature. The time t is
an integer n in the unit of tpl, and the physics state
at t = n is represented as |n⟩. tpl is a fundamental
constant of nature, as are the speed of light in vacuum
c and the Planck constant h̄.
(A2) The change of |n⟩ for tpl is represented by a set

of 49 operators L̂EAD
p we name as elementary action

density (EAD). An EAD corresponds to a term of the
SM Lagrangian.
(A3) An EAD is a sum of the equivalent vee product
P48(S48, σ) of 48 NPAs,

L̂EAD
p =

∑
P48(S

NPA
48 , σ)=

∑
∂̂σ(p1) ∨ · · · ∨ ∂̂σ(p48),

where SNPA
48 = {∂̂p1 , · · · , ∂̂p48} is a set of 48 NPAs and

σ is a permutation (k → σ(k), 1 ≤ k ≤ 48).
(A4) All 49 EADs are invariant for the following per-
mutations:

(I1, I2, I3) → (I1, I2, I3), (I2, I3, I1), (I3, I1, I2),

(σ1, σ2, σ3) → (σ1, σ2, σ3), (σ2, σ3, σ1), (σ3, σ1, σ2).

There are 12 EADs that are invariant for permutations:
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Table 1. Values of elementary action densities.

(6π)2ϵ0iτ3 (6π)2ϵ0i (6π)ϵ0iτ3 (6πϵ0i) (6π)ϵ0 ϵ0iτ3 ϵ0i ϵ0
L̂g3D 3∗a
L̂g2D 2a
L̂GG 24∗a
L̂uG 8a
L̂cG 24∗b
L̂tG 8b
L̂m
B 18b

e 4a 1 3∗b
µ 4a −12a 27a 3∗c
τ 4a −3 3∗a 1 + 4
ν1 12a 12 2b
ν2 −4a 4 2b
ν3 12a 12 2
ν′3 12a 12 −2
U15 −12a 2a
U17 3× (−4) −12b 2b
D −12a 1
u 4b −8a
c 4b + 4c −24∗

t 4c −8b
d −12a −12a −3∗

s −12b 3∗d
b 4d 6 3∗b 27b 18a
Z 12∗b 1 1
H −4 −6 18c
W 12∗b −18∗ −27

(τ1, τ2, τ3) → (τ1, τ2, τ3), (τ2, τ3, τ1), (τ3, τ1, τ2).

(1)

(A5) The SM emerges as a continuous approximation
of the QST model as each EAD becomes a term of the
SM Lagrangian in the limit of tpl → 0.
We found 49 EADs that correspond to the elemen-

tary particles of the SM, which are summarized in Ta-
ble 1. All of the 24 formulas of the parameters of the
standard model can be derived from the 49 EADs in
the table. The model also predicts that the CP vi-
olation in the neutrino sector is 100%. Thus, all of
the 25 free parameters of the standard model are de-
rived from the QST model. In additon, the model pre-
dicts that the Hubble constant times the Planck time
is H0tpl = 2×(6π)−48. We discuss the implications for
general relativity and cosmology in the next article.2)
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R = 12H2
0 and its implications to gravity and cosmology

Y. Akiba ∗1

In the preceding article,1) I report a model (QST
model) that can yield the formulas of the standard
model (SM) parameters. The model implies that the
product of the Hubble constant H0 and the Planck
time tpl is H0tpl = 2 × (6π)−48 = ϵ0. This relation is
derived as follows.
The spacetime metric of the Hubble expansion is

ds2 = −dt2 + e2H0t(dx2 + dy2 + dz2).

The Ricci scalar curvature R and
√
−g of this metric

are

R = 12H2
0 ,√

−g = e3H0t.

For t = tpl, we have
√
−g = e3H0t ≃ 1+3H0tpl. In the

QST model, the correspondence relation is

√
−g ↔ 1 + L̂g3D = 1 + 3ϵ0.

Thus, we have H0tpl = ϵ0. Because H0 = ϵ0/tpl is
a constant, R is a constant. The QST model implies
that R = 12H2

0 (constant). We discuss the implication
of this equation in general relativity and cosmology
below.
We can generalize the metric to allow local changes

of the scale with a constraint R = 12H2
0 :

ds2 = −e2u(x,y,z)dt2 + e2H0t(dx2 + dy2 + dz2).

The R of this metric is

R = −(2∆u+ 3(∇u)2)e−2H0t + 12H2
0e

−2u

= 12H2
0 .

We can show that Coulomb gravity can be derived from
this metric. When we take the approximation H0 ≃ 0,
we have

R = −2∆u− 3(∇u)2 = 0.

If u is small, we can ignore the (∇u)2 term, and we
have ∆u = 0. In general relativity, g00 ≃ −1 − 2ϕG,
where ϕG is the gravitational potential. As e2u = −g00
and e2u ≃ 1 + 2u, u ≃ ϕG. Therefore,

∆ϕG ≃ ∆u = 0.

Thus, the relation R = 0 implies Coulombic gravita-
tional potential under the weak gravity approximation.
If we take into account the fact that H0 ̸= 0, the po-
tential equation for gravity becomes non-linear.
Next, we discuss the effect of R = 12H2

0 for the mo-
tion of an astronomical object. Consider the following
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metric (Sp-metric):

ds2=−dt2+e2H0t

(
dr2

1− 2rs
r

+r2(dθ2+sin2 θdϕ2)

)
.

One can show that the Ricci tensor Rµν and the Ricci
scalar curvature R of this metric are

Rt
t = 3H2

0 , R
r
r = 3H2

0 − 2rs
r3

e−2H0t,

Rθ
θ = Rϕ

ϕ = 3H2
0 +

rs
r3

e−2H0t,

R = Rt
t +Rr

r +Rθ
θ +Rϕ

ϕ = 12H2
0 .

This metric describes the spacetime metric outside a
very large spherical mass, e.g., a star or a planet. It is a
metric with spherical symmetry, like the Schwartzchild
metric, but with R = 12H2

0 . Note that Rµν = 0 and
R = 0 for the Schwartzchild metic.
One can solve Keplerian moton in this metric. The

solution implies that the radius r of a circular orbit of
an object around the large mass at the origin increases
with time as

ṙ/r =
√
2H0 = 1.0104× 10−10/yr.

The factor
√
2 arises from the fact that the Keplerian

motion is a two dimensional motion. One can show
that the scale expansion rate of two-dimensional radius
ρ with R = 12H2

0 is
√
2H0.

This prediction agrees with the observed rate of ex-
pansion of the the Moon’s orbit radius rMoon around
the Earth2) within the uncertainty of the data.

ṙMoon = 3.82± 0.07cm/yr,

ṙMoon/rMoon = (0.994± 0.0182)× 10−10/yr.

This good agreement indicates that the expansion of
the lunar-orbit radius is due to Hubble expansion.
We found a few emprical formulas of cosmological

parameters that are similar to those of the SM param-
eters. For CMB temperature, we found

T =
1

(6π)2
ϵ0

1/2

(
1 +

1

4π
− 1

(6π)2

)1/2

.

This formula yields T calc
CMB = 2.7249 K, which agrees

with the obsrved value TCMB = 2.7255 ± 0.0006 K
within the uncertainty of the data. The QST model
can explain the emprical formula.
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