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E-mail: vsimulik@gmail.com

Abstract. Relativistic wave equations for the particles of arbitrary spin suggested by
Bhabha, Bargmann–Wigner, Rarita–Schwinger (for spin s = 3/2) and other authors are under
consideration. The comparison with the equations introduced recently by the author in Ukr.
J. Phys., Vol. 60, N 10. 985–1006 (2015) and J. Phys.; Conf. Ser. Vol. 670, 012047(1–16)
(2016) is given. The advantages of the new equations are considered briefly. The three level
consideration (relativistic canonical quantum mechanics, canonical Foldy–Wouthuysen type field
theory, locally covariant field theory) is presented. The operator link between the relativistic
canonical quantum mechanics and locally covariant field theory of arbitrary spin is found.
This link is given by the extended Foldy–Wouthuysen transwormation between the 2(2s+1)-
component local field theory and the corresponding relativistic canonical quantum mechanics.
The important partial example of spin s=2 case is considered in details. The 10-component
Dirac-like wave equation for the spin s=(2,2) particle-antiparticle doublet is suggested. The link
with 10-component Maxwell-like equation for this doublet is considered brifly. The hypothesis
on the spin s=5/2 particle is discussed.

1. Introduction
The investigation of a particle equations for an arbitrary spin is the interesting problem of
contemporary theoretical physics. The big zoo of known elementary particles (and corresponding
fields) prefers a systematic description, which can be given by a suitable field equation for an
arbitrary spin. Therefore, the particle equations for an arbitrary spin are the subject for careful
investigations from the start, given by Paul Dirac [1] in 1936, until today.

Of course, the first-order partial differential equations are preferable. The canonical nonlocal
pseudo-differential representations of such equations are under consideration as well. Thus, the
second order equations (like the Klein–Gordon–Fock equation) are not the subject of the given
below investigation.

Different approaches to the description of the field theory of an arbitrary spin can be found in
[1–16]. Our contribution is presented in [15, 16]. Here and in [15, 16] only the approach started
in [4] is the basis for further application. Other results given in [1–3, 5–14] are not used here.
Below we continue the investigations of [16].

Note only some general deficiencies of the known equations for arbitrary spin [1–3, 5–14]. The
consideration of the partial cases, when the substitution of the fixed value of spin is fulfilled, is
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not successful in all approaches. For example, for the spin s > 1 existing equations have the
redundant components and should be complemented by some additional conditions. Indeed,
the known equations [17, 18] for the spin s=3/2 (and their confirmation in [19]) should be
essentially complemented by the additional conditions. The main difficulty in the models of
an arbitrary spin is the interaction between the fields of higher-spin. Even the quantization of
higher-spin fields generated the questions. These and other deficiencies of the known equations
for higher-spin are considered, e. g., in [20–31] (a brief review of deficiencies see in [24]).

Even this brief analysis makes us sure in the prospects of the investigations started in [32,
33] and continued in [15, 16]. The successful description of the arbitrary spin field models is not
the solved problem today. There is a place for new approaches among the known equations for
an arbitrary spin.

Equations suggested in [32, 33] and [15, 16] are free of the mentioned above deficiencies. The
equations from [32, 33] have been derived directly from the well-defined equations of relativistic
canonical quantum mechanics. Therefore, the partial differential equations for arbitrary spin in
[15, 16, 32, 33] are without redundant components. It is the advantage of equations from [15, 16]
in comparison with equations considered in [17–31]. Indeed, the Rarita–Schwinger equation for
spin s=3/2 has 16 components, our equation for spin s=(3/2,3/2) particle-antiparticle doublet
has 8 components. The Bargman–Wigner equation in partial case s=3/2 has 12 components.
Bhabha itself [34] have analyzed the partial case s=3/2 for his equation [2]. He have found
[34] that in this case his equation [2] coincides with the Rarita–Schwinger equation, i. e. has
16 components. Therefore, in [32, 33] and [15, 16] the new equation for arbitrary spin has
been suggested. The partial case of spin s=(3/2,3/2) particle-antiparticle doublet has been
considered in [15, 16]. Below the partial case of spin s=(2,2) particle-antiparticle doublet is
under consideration.

The start of our consideration is taken from [4], where the main foundations of the relativistic
canonical quantum mechanics (RCQM) are formulated. In the articles [32, 33] and [15, 16] the
results of [4] are generalized and extended. The operator link between the results of [35] and
[4] (between the canonical Foldy–Wouthuysen type field theory and the relativistic canonical
quantum mechanics) is suggested. Note that the cases s=3/2 and s=2 are not presented in [4],
especially in explicit demonstrative forms.

The main idea and main new feature of our approach to the field theory of arbitrary spin
is the start from the arbitrary spin relativistic canonical quantum mechanics. Therefore on
every level ((i) relativistic canonical quantum mechanics, (ii) the canonical Foldy–Wouthuysen
type field theory, (iii) locally covariant field theory) we are dealing with the equations without
redundant components.

The concepts, definitions and notations here are the same as in [16]. For example, in the
Minkowski space-time

M(1, 3) = {x ≡ (xµ) = (x0 = t, −→x ≡ (xj))}; µ = 0, 3, j = 1, 2, 3, (1)

xµ denotes the Cartesian (covariant) coordinates of the points of the physical space-time in the
arbitrary-fixed inertial reference frame. We use the system of units with h̄ = c = 1. The metric
tensor is given by

gµν = gµν = gµν , (g
µ
ν ) = diag (1,−1,−1,−1) ; xµ = gµνx

µ, (2)

and summation over the twice repeated indices is implied.

Minimal necessary information on the square-root operator ω̂ ≡
√
−̂→p

2
+m2 =

√
−∆+m2 ≥

m > 0, where −̂→p ≡ (p̂j) = −i∇, ∇ ≡ (∂ℓ), has been considered in [16], see the section 2 in [16].
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2. Briefly on our equations for an arbitrary spin
This section represents main information on the three level arbitrary spin model given in [16,
33].

2.1. Level of relativistic canonical quantum mechanics
The arbitrary spin Schrödinger–Foldy equation of motion is given by

(i∂0 − ω̂)f(x) = 0, (3)

where the wave function has the form

f ≡ column(f1, f2, ..., fN), N = 2s+ 1, f ∈ H3,N. (4)

Note that here the operator ω̂ ≡
√
−∆+m2 is the relativistic analog of the energy operator

(Hamiltonian) of nonrelativistic quantum mechanics, H3,N is the Hilbert space of N-component
functions. The step from the particle singlet of arbitrary spin to the corresponding particle-
antiparticle doublet is evident.

Thus, for the arbitrary spin particle-antiparticle doublet the system of two N-component
equations (i∂0 − ω̂)f(x) = 0 and (i∂0 − ω̂)f(x) = 0 is used. Therefore, the corresponding
Schrödinger–Foldy equation is given by (3), where the 2N-component wave function is the direct
sum of the particle and antiparticle wave functions, respectively. Due to the historical tradition
of the physicists the antiparticle wave function is put in the down part of the 2N-column.

The general solution of the Schrödinger–Foldy equation of motion (3) (in the case of
particle-antiparticle arbitrary spin doublet) has the form

f(x) =
1

(2π)
3
2

∫
d3ke−ikxa2N

(−→
k
)
d2N, kx ≡ ωt−−→

k −→x , ω ≡
√
−→
k

2
+m2, (5)

where the orts of the 2N-dimensional Cartesian basis are given by

d1 =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

1
0
0
.
.
.
0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
, d2 =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

0
1
0
.
.
.
0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
, ...., d2N =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

0
0
0
.
.
.
1

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
. (6)

All necessary information on the relativistic canonical quantum mechanics of an arbitrary
spin can be found in section 4 of [16].

2.2. Level of the canonical Foldy–Wouthuysen type field theory of an arbitrary spin
The operator, which transform the relativistic canonical quantum mechanics of the arbitrary
spin particle-antiparticle multiplet into the corresponding canonical particle-antiparticle field, is
given by

v2N =

∣∣∣∣∣ IN 0

0 ĈIN

∣∣∣∣∣ , v−1
2N = v†2N = v2N, v2Nv2N = I2N, N = 2s+ 1, (7)

where ĈIN is the N × N operator of complex conjugation. Indeed, the operator (7) translates
any operator from canonical field FW representation into the relativistic canonical quantum
mechanics representation and vice versa:

v2Nq̂
anti−Herm
cf v2N = q̂anti−Herm

qm , v2Nq̂
anti−Herm
qm v2N = q̂anti−Herm

cf . (8)
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Here q̂anti−Herm
qm is an arbitrary operator from the relativistic canonical quantum mechanics of

the 2N-component particle-antiparticle doublet in the anti-Hermitian form, e. g., the operator
(∂0 + iω̂) of equation of motion (3), the operator of spin taken in anti-Hermitian form, etc.,
q̂anti−Herm
cf is an arbitrary operator from the canonical field theory of the 2N-component particle-
antiparticle doublet in the anti-Hermitian form. Thus, the only warning is that operators here
must be taken in anti-Hermitian form, see section 9 in [32] for the details and see [36, 37] for
the mathematical correctness of anti-Hermitian operators application.

Note briefly that on this basis we are able to find the general transformation, which gives the
direct relationship between the relativistic canonical quantum mechanics and the Dirac model,
see, e. g., the formulae (41)–(45) in [38] and section 6 of [38] in general. In such approach the
Dirac Hamiltonian has an anti-Hermitian form. Thus we have suggested extended non-Hermitian
Foldy–Wouthuysen transformation and not only the Foldy–Wouthuysen transformation for non-
Hermitian Hamiltonians as in [39]. For an arbitrary spin such extended non-Hermitian Foldy–
Wouthuysen transformation has been suggested in [32, 33] as well.

Further, the operator (7) translates

ϕ = v2Nf, f = v2Nϕ, (9)

the general solution (5) of the Schrödinger–Foldy equation (3) into the general solution

ϕ(x) =
1

(2π)
3
2

∫
d3k

[
e−ikxaN(

−→
k )dN + eikxa∗N̆(

−→
k )dN̆

]
, (10)

N = 1, 2, ...,N, N̆ = N + 1,N+ 2, ..., 2N, of the Foldy–Wouthuysen type equation for an
arbitrary spin

(i∂0 − Γ0
2Nω̂)ϕ(x) = 0, Γ0

2N ≡ σ32N =

∣∣∣∣ IN 0
0 −IN

∣∣∣∣ , (11)

ω̂ ≡
√
−∆+m2, N = 2s+1, and vice versa. Note that 2N-dimensional Cartesian basis is not

changed under the transformation (9). Thus, the transformation (7), (8) translates the matrices
Γ0
2N and

Γj
2N =

∣∣∣∣∣ 0 Σj
N

−Σj
N 0

∣∣∣∣∣ , j = 1, 2, 3, (12)

into the relativistic canonical quantum mechanics representation and vice versa

Γ̄µ̄
2N = v2NΓ

µ̄
2Nv2N, Γµ̄

2N = v2NΓ̄
µ̄
2Nv2N. (13)

In (12) Σj
N are the N × N Pauli matrices. Matrices Γµ

2N (11), (12) together with matrix
Γ4
2N ≡ Γ0

2NΓ
1
2NΓ

2
2NΓ

3
2N satisfy the anticommutation relations of the Clifford–Dirac algebra.

All necessary information on the canonical Foldy–Wouthuysen type field theory of an
arbitrary spin can be found in subsection 5.1 of [16].

2.3. Level of the locally covariant arbitrary spin particle-antiparticle field
The operator, which transform the canonical (Foldy–Wouthuysen type) model of the arbitrary
spin particle-antiparticle field into the corresponding locally covariant particle-antiparticle field,
is the generalized FW operator and is given by

V ∓ =
∓−→
Γ 2N · −→p + ω̂ +m√

2ω̂(ω̂ +m)
, V − = (V +)†, V −V + = V +V − = I2N, N = 2s+ 1, (14)
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where Γj
2N are known from (12) and Σj

N are the N×N Pauli matrices.
Note that in formulas (14) and in all formulas before the end of the subsection the values

of N are only even. Therefore, the canonical field equation (11) describes the larger number of
multiplets then the generalized Dirac equation (15) given below.

The formulas (15), (16) below are found from the corresponding formulas (11) and (10) of
canonical field model on the basis of the operator (14).

Thus, for the general form of arbitrary spin locally covariant particle-antiparticle field the
arbitrary spin Dirac-like equation of motion follows from the equation (11) after the
transformation (14) and is given by[

i∂0 − Γ0
2N(

−→
Γ 2N · −→p +m)

]
ψ(x) = 0. (15)

The general solution has the form

ψ(x) = V −ϕ(x) =
1

(2π)
3
2

∫
d3k

[
e−ikxaN(

−→
k )v−N(

−→
k ) + eikxa∗N̆(

−→
k )v+

N̆
(
−→
k )

]
, (16)

where amplitudes and notation N̆ are the same as in (10);
{
v−N(

−→
k ), v+

N̆
(
−→
k )

}
are 2N-component

Dirac basis spinors with properties of orthonormalisation and completeness similar to 4-
component Dirac spinors from [40].

The corresponding equations for the spin s=(3/2,3/2) particle-antiparticle doublet
are the partial cases of the equations (3), (11) and (15). This partial case has been considered
in [15, 16]. Below we presented another partial case, i. e. the explicit form of the equations for
the spin s=(2,2) particle-antiparticle doublet.

3. A brief scheme of the relativistic canonical quantum mechanics of the
10-component spin s=(2,2) particle-antiparticle bosonic doublet
The Schrödinger–Foldy equation is given by

(i∂0 − ω̂)f(x) = 0, f ≡ column(f1, f2, f3, ..., f10). (17)

The general solution of the equation (17) has the form

f(x) =

∣∣∣∣ fpartfantipart

∣∣∣∣ = 1

(2π)
3
2

∫
d3ke−ikxgA(

−→
k )dA. (18)

The orts of the 10-component Cartesian basis are given by

d1 = column(1, 0, 0, ..., 0), d2 = column(0, 1, 0, ..., 0), .... , d10 = column(0, 0, 0, ..., 1). (19)

The space of the states is the rigged Hilbert space S3,10 ⊂ H3,10 ⊂ S3,10∗. The SU(2)-spin
generators have the form

s110 = s23 =
1

2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

0 2 0 0 0 0 0 0 0 0

2 0
√
6 0 0 0 0 0 0 0

0
√
6 0

√
6 0 0 0 0 0 0

0 0
√
6 0 2 0 0 0 0 0

0 0 0 2 0 0 0 0 0 0
0 0 0 0 0 0 −2 0 0 0

0 0 0 0 0 −2 0 −
√
6 0 0

0 0 0 0 0 0 −
√
6 0 −

√
6 0

0 0 0 0 0 0 0 −
√
6 0 −2

0 0 0 0 0 0 0 0 −2 0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

,
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s210 = s31 =
i

2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

0 −2 0 0 0 0 0 0 0 0

2 0 −
√
6 0 0 0 0 0 0 0

0
√
6 0 −

√
6 0 0 0 0 0 0

0 0
√
6 0 −2 0 0 0 0 0

0 0 0 2 0 0 0 0 0 0
0 0 0 0 0 0 −2 0 0 0

0 0 0 0 0 2 0 −
√
6 0 0

0 0 0 0 0 0
√
6 0 −

√
6 0

0 0 0 0 0 0 0
√
6 0 −2

0 0 0 0 0 0 0 0 2 0

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

, (20)

s310 = s12 =

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

2 0 0 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 −1 0 0 0 0 0 0
0 0 0 0 −2 0 0 0 0 0
0 0 0 0 0 −2 0 0 0 0
0 0 0 0 0 0 −1 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 1 0
0 0 0 0 0 0 0 0 0 2

∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣

,

and satisfy the commutation relations
[
sj , sℓ

]
= iεjℓnsn of SU(2) algebra generators. The

Casimir operator of the SU(2)-algebra representation is given by −→s 2 = 6I10 = 2 (2 + 1) I10. The
stationary complete set of operators is as follows: −→p ≡ (p̂j) = −i∂j , s310 ∈ (20). The equations
on the momentum operator eigenvalues have the form

−→p e−ikxdA =
−→
k e−ikxdA, A = 1, 10, (21)

and the equations on the spin projection operator s310 (20) eigenvalues are given by

s310d1 = 2d1, s
3
10d2 = d2, s

3
10d3 = 0, s310d4 = −d4, s

3
10d5 = −2d5, (22)

s310d6 = −2d6, s
3
10d7 = −d7, s

3
10d8 = 0, s310d9 = d9, s

3
10d10 = 2d10.

The interpretation of the amplitudes in the general solution (18) follows from the equations

(21), (22). The functions g1(
−→
k ), g2(

−→
k ), g3(

−→
k ), g4(

−→
k ), g5(

−→
k ) in the solution (18) are the

momentum-spin quantum-mechanical amplitudes of the particle (boson) with the momentum
−→p and spin projection eigenvalues (+2, +1, 0, -1, -2), respectively, and the functions

g6(
−→
k ), g7(

−→
k ), g8(

−→
k ), g9(

−→
k ), g10(

−→
k ) are the momentum-spin quantum-mechanical amplitudes

of the antiparticle with the momentum −→p and spin projection eigenvalues (-2, -1, 0, +1, +2),
respectively. The generators of the reducible unitary bosonic representation of the Poincaré
group P are given by

p̂0 = ω̂ ≡
√
−∆+m2, p̂ℓ = i∂ℓ, ĵℓn = xℓp̂n − xnp̂ℓ + sln ≡ m̂ℓn + sℓn, (23)

ĵ0ℓ = −ĵℓ0 = tp̂ℓ −
1

2
{xℓ, ω̂} −

(
sℓnp̂n
ω̂ +m

≡ s̆ℓ

)
, (24)

whereas the spin s=(2,2) SU(2) generators−→s = (sℓn) have the form (20). The Schrödinger–Foldy
equation (17) (and the set {f} of its solutions (18)) is invariant with respect to the reducible
unitary fermionic representation of the Poincaré group P, whose Hermitian 10 × 10 matrix-
differential nonlocal generators are given in (23), (24). The corresponding Casimir operators

p2 = p̂µp̂µ = m2I10, W = wµwµ = m2−→s 2
10 = 2 (2 + 1)m2I10. (25)

6

ISQS                                                                                                                                                     IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 804 (2017) 012040         doi:10.1088/1742-6596/804/1/012040



4. Canonical Foldy–Wouthuysen type field model for the 10-component spin
s=(2,2) particle-antiparticle doublet
The canonical Foldy–Wouthuysen type field equation and its solution are given by

(i∂0 − Γ0
10ω̂)ϕ(x) = 0, Γ0

10 =

∣∣∣∣ I5 0
0 −I5

∣∣∣∣ , ω̂ ≡
√
−∆+m2, (26)

ϕ(x) =
1

(2π)
3
2

∫
d3k

[
e−ikxgA(

−→
k )dA + eikxg∗B(

−→
k )dB

]
, (27)

A = 1, 2, 3, 4, 5, B = 6, 7, 8, 9, 10, the Cartesian orts are known from (19). The link with the
relativistic canonical quantum mechanics is given by the operator

v10 =

∣∣∣∣ I5 0
0 CI5

∣∣∣∣ , v−1
10 = v†10 = v10, v10v10 = I10. (28)

The spin operators of the canonical field theory found from the quantum-mechanical SU(2) spin

(20) on the basis of the transformation (28) satisfy the commutation relations
[
sj , sℓ

]
= iεjℓnsn

of SU(2) algebra generators and have the following form

−→s 10 =

∣∣∣∣ −→s 5 0
0 −→s 5

∣∣∣∣ , (29)

where the spin s=2 5 × 5 SU(2) generators −→s 5 are given by the up 5 × 5 diagonal blocks in
(20). The corresponding Casimir operator is given by −→s 2

10 = 6I10 = 2(2 + 1)I10, where I10 is
the 10 × 10- unit matrix. The stationary complete set of operators is given by the operators
−→p , s310 = sz of the momentum and spin projection. The equations on the eigenvectors and
eigenvalues of the operators −→p and s310 = sz have the form

−→p e−ikxdA =
−→
k e−ikxdA, A = 1, 5, −→p eikxdB = −−→

k eikxdB, B = 6, 10,

s310d1 = 2d1, s
3
10d2 = d2, s

3
10d3 = 0, s310d4 = −d4, s

3
10d5 = −2d5, (30)

s310d6 = 2d6, s
3
10d7 = d7, s

3
10d8 = 0, s310d9 = −d9, s

3
10d10 = −2d10,

and determine the interpretation of the amplitudes in the general solution (27). Note that

the direct quantum-mechanical interpretation of the amplitudes gA(
−→
k ), gB(

−→
k ) in solution (27)

should be taken from the quantum-mechanical equations (21), (22) and is given in section 3. The
canonical field equation (26) and the set {ϕ} of its solutions (27) are invariant with respect to
the reducible unitary bosonic representation of the Poincaré group P, whose Hermitian 10× 10
matrix-differential nonlocal generators are given by

p̂0 = Γ0
10ω̂ ≡ Γ0

10

√
−∆+m2, p̂ℓ = −i∂ℓ, ĵℓn = xℓp̂n − xnp̂ℓ + sℓn10 ≡ m̂ℓn + sℓn10, (31)

ĵ0ℓ = −ĵℓ0 = x0p̂ℓ − 1

2
Γ0
10

{
xℓ, ω̂

}
+ Γ0

10

(−→s 10 ×−→p )ℓ

ω̂ +m
, (32)

where the spin s=(2,2) SU(2) generators −→s 10 = (sℓn10) have the form (29). It is easy to prove
by the direct verification that generators (31), (32) commute with the operator (i∂0 − Γ0

6ω̂) of
the canonical field equation (26) and satisfy the commutation relations of the Lie algebra of the
Poincaré group P. The corresponding Casimir operators are given by

p2 = p̂µp̂µ = m2I10, W = wµwµ = m2−→s 2
10 = 2 (2 + 1)m2I10, (33)

where I10 is the 10× 10 unit matrix.

7

ISQS                                                                                                                                                     IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 804 (2017) 012040         doi:10.1088/1742-6596/804/1/012040



5. Locally covariant field equations for spin s=(2,2) particle-antiparticle doublet
The only small difficulty is as follows. The covariant field theory equation for the spin s=(2,2)
particle-antiparticle doublet can not be presented in terms of Γ matrices. Indeed, the 10 × 10
Clifford–Dirac Γ matrices are not exist as an mathematical objects. Therefore, one need to look
for the locally covariant field equations for spin s=(2,2) particle-antiparticle doublet not in the
terms of Γ matrices.

Consider two ways of the derivation of the covariant field equations for spin s=(2,2) particle-
antiparticle doublet. The first way is based on the application of the corresponding Foldy–
Wouthuysen transformation directly to the canonical field equation (26). Note that there is a
nonzero chance to find the appropriate transformation among a big number of so-called Foldy–
Wouthuysen transformations for an arbitrary spin [41–47]. Unfortunately for our approach,
many authors considered for the spin s=1 case the 4-vector potential (see, e. g., [47]) and not

3-component wave function
−→
ψ =

−→
E − i

−→
E as it is in [15, 16] and [32, 33]. Therefore, the objects

for spin s=2 case are different as well. Indeed, our approach for arbitrary spin equations differs
from other known approaches.

Hence, below another way of the derivation of the covariant field equations for spin s=(2,2)
particle-antiparticle doublet is realized. It is easy to construct the formalism of the relativistic
canonical quantum mechanics of the spin s=(2,0,2,0) particle-antiparticle multiplet. The
corresponding procedure is similar to the above given in section 3. Further, the canonical Foldy–
Wouthuysen type model of the spin s=(2,0,2,0) particle-antiparticle field can be formulated. It
is similar to the given in section 4 consideration. Moreover, both models are presented already in
sections 16 and 26 of [32].’After that the 12×12 operator transformation (14) should be applied
for the canonical Foldy–Wouthuysen type equation of the spin s=(2,0,2,0) particle-antiparticle
multiplet.

Found by the above considered way (or found as the partial 12 × 12 case of arbitrary spin
equation (15)) covariant field equation for the spin s=(2,0,2,0) particle-antiparticle multiplet is
given by

[
i∂0 − Γ0

12(
−→
Γ 12 · −→p +m)

]
ψ(x) = 0, Γ0

12 =

∣∣∣∣ I6 0
0 −I6

∣∣∣∣ , Γj
12 =

∣∣∣∣∣ 0 Σj
6

−Σj
6 0

∣∣∣∣∣ , (34)

where Σj
6 are the 6 × 6 Pauli matrices Σ1

6 =

∣∣∣∣ 0 I3
I3 0

∣∣∣∣ , Σ2
6 =

∣∣∣∣ 0 −iI3
iI3 0

∣∣∣∣ , Σ3
6 =

∣∣∣∣ I3 0
0 −I3

∣∣∣∣ .
The general solution of the equation (34) is given by the formula (327) in [32].

In order to find the covariant field equations for spin s=(2,2) particle-antiparticle doublet
one can put equal to zero the scalar components in (34). The place of the scalar components is
evident from the corresponding quantum-mechanical consideration (section 16 of [32]).

The similar way was demonstrated in [32] (section 23) to find the covariant Maxwell-like field
equations for the spin s=(1,1) particle-antiparticle doublet from the known Dirac-like equation
(252) in [32] for the spin s=(1,0,1,0) particle-antiparticle multiplet. Similarly to equation (275)
in [32] the covariant field equation (35) (or (36)) for the spin s=(2,2) particle-antiparticle doublet
can be presented in terms of curl, div and grad operators as well.

The locally covariant field equations for 10 component spin s=(2,2) particle-antiparticle
doublet found by this way has the form

i∂0ψ
1 − p3ψ6 −mψ1 = 0,

i∂0ψ
2 − p3ψ7 + ip2ψ10 − p1ψ10 −mψ2 = 0,

i∂0ψ
3 − p3ψ8 + ip2ψ9 − p1ψ9 −mψ3 = 0,

i∂0ψ
4 + p3ψ9 − ip2ψ8 − p1ψ8 −mψ4 = 0,
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i∂0ψ
5 + p3ψ10 − ip2ψ7 − p1ψ7 −mψ5 = 0,

i∂0ψ
6 − p3ψ1 +mψ6 = 0,

i∂0ψ
7 − p3ψ2 + ip2ψ5 − p1ψ5 +mψ7 = 0, (35)

i∂0ψ
8 − p3ψ3 + ip2ψ4 − p1ψ4 +mψ8 = 0,

i∂0ψ
9 + p3ψ4 − ip2ψ3 − p1ψ3 +mψ9 = 0,

i∂0ψ
10 + p3ψ5 − ip2ψ2 − p1ψ2 +mψ10 = 0,

−ip2ψ1 − p1ψ1 = 0, −ip2ψ6 − p1ψ6 = 0,

or the Dirac-like form[
i∂0 − Γ0

8(
−→
Γ 8 · −→p +m)

]
ψ(x) = 0, (i∂0 − σ1p3 − σ3m)χ = 0, (p1 + ip2)χ = 0, (36)

where ψ = column(ψ1, ψ2, ..., ψ8), χ =

∣∣∣∣ ψ9

ψ10

∣∣∣∣ , Γ0
8 =

∣∣∣∣ I4 0
0 −I4

∣∣∣∣ , Γj
8 =

∣∣∣∣∣ 0 Σj
4

−Σj
4 0

∣∣∣∣∣ , and Σj
4

are the 4 × 4 Pauli matrices Σ1
4 =

∣∣∣∣ 0 I2
I2 0

∣∣∣∣ , Σ2
4 =

∣∣∣∣ 0 −iI2
iI2 0

∣∣∣∣ , Σ3
4 =

∣∣∣∣ I2 0
0 −I2

∣∣∣∣ . The form

similar to (275) of [32] is found by the method similar to one presented in section 23 of [32].

6. Brief conclusions
It is demonstrated that our approach for the construction of the arbitrary spin field equations is
different in comparison with other known approaches. The explicit comparison of our equation
for the particles with arbitrary spin with the Bhabha and Bargman–Wigner equations is fulfilled.

The Dirac-like locally covariant field equations for 10 component spin s=(2,2) particle-
antiparticle doublet is introduced. The found equation does not contain the redundant
components. Moreover, the equation (35) (or (36)) for the 10 component spin s=(2,2) particle-
antiparticle doublet can be interpreted as the equation for the classical gravitational field.
Furthermore, this equation can be written in the Maxwell-like form. Massless case can be
achieved very easy by putting to zero the mass term. Nevertheless, the massive case may have
some special meaning as well. Additional forces (seven components) to the Newton force (three
components) can be useful for the explanation of the tiny gravitational effects both in solar
system and in the universe in general.

Important result is in further approbation of the effective method of deriving of arbitrary
spin field equations. The three level table (relativistic canonical quantum mechanics, canonical
Foldy–Wouthuysen type field, manifestly covariant field) of arbitrary spin S=(2s+1.2s+1)
particle-antiparticle doublets is constructed. Thus, the equation for any spin can be written
down very easy. For example, the three level model (relativistic canonical quantum mechanics,
canonical field, covariant field), e. g., of the spin s=(5/2,5/2) particle-antiparticle doublet is
formulated similarly to the given in [15, 16] three level spin s=(3/2,3/2) model. In the approach
under consideration the particle with spin s=5/2 is the same theoretical reality as the particle
with spin s=1/2, or s=3/2 (the particle with spin s=2 is the same theoretical reality as the
particle with spin s=1). Hence, we can suggest the hypothesis that the particle with spin s=5/2
can exists in reality. Note that the spin s=5/2 case is considered in the article [14] as well.’The
time of life of such new particle is smaller then the time of life of spin s=3/2 hyperons.
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