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Let us consider pseudo-Euclidean space RP9, n = p + g or Euclidean space R" of

arbitrary finite dimension n. We denote Cartesian coordinates by x*, u=1,...,n
and partial derivatives by 9,, = 0/0x*. The metric tensor of RP:9 is given by the
diagonal matrix n = (1,,) = (") = diag(1,...,1,—1,...,—1) with p ones and

g minus ones on the diagonal. We can raise or lower indices of components of
tensor fields using metric tensor, for example, F** = nton A F, .
Let us consider

G =8SU(2) = {S € Mat(2,C) | STS = /,det S = 1},
g=su(2) = {S€Mat(2,C)|ST = -5, trS =0}, dimg=3.

Let us consider the Yang—Mills equations

auAV - 8I/A/L - [A;L7Al/] = F;u/a (1)
B F™ — [Au, F'] = J, 2)

where A, : RP9 — g is the potential, J : RP"9 — g is the non-Abelian current,
Fu = —F,, : RP9 — g is the strength of the Yang-Mills field.
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-
Let us substitute the components of the tensor F* from (1) into (2):
Ou(OMA” — OV AP — [AH AY]) — [AL, OHAY — OV AF — [AR A = U7 (3)
We may verify that the current J¥ satisfies the non-Abelian conservation law
o,J" —[A,, ] =0. (4)
The Yang—Mills equations are gauge invariant w.r.t. the transformations
A,—S*AS-S19,S,  F., —S'F.,S,  J =SS, (5)
where S=5(x): R - G.
Particular classes of solutions (monopoles, instantons, merons, etc.):
Wu T.T., Yang C.N. (1968), 't Hooft G. (1974), Polyakov A.M. (1975), Belavin
A.A., Polyakov A.M., Schwartz A.S., Tyupkin Yu.S. (1975), Witten E. (1977),

Atiyah M., Drinfeld V., Hitchin N., Manin Yu. (1978), de Alfaro V., Fubini S.,
Furlan G. (1976), ...

The well-known classes of solutions of the Yang—Mills equations are described in
reviews:

@ Actor A., Classical solutions of SU(2) Yang-Mills theories, Rev.Mod.Phys.
51(1979).
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Suppose that A* and J* do not depend on x € RP:9. We obtain the following
algebraic system of equations

[A, [A* AY]] = U7, v=1,...,n (6)
We have the following expression for the strength of the Yang—Mills field
Frv = (A, &) ™)

We want to obtain all solutions A* € su(2) of (6) for arbitrary J* € su(2).
Constant solutions of the Yang—Mills equations with zero current J¥ = 0 were
considered in the following papers:

@ Schimming R.: On constant solutions of the Yang—Mills equations. Arch. Math.
24:2, 65-73 (1988).

@ Schimming R., Mundt E.: Constant potential solutions of the Yang—Mills equation.
J. Math. Phys. 33, 4250 (1992).
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Let us consider the Pauli matrices 02, a=1,2,3

, (01 o (0 —i ;
Ae(1e) (0 9)

We can take the following basis of the Lie algebra su(2)

Il
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1 2 3
1 g 2 o 3 o
_o _o _o 9
2i’ g 2i’ T 2/ (9)
with (7)1 = —72, tr7? =0, [72,7°] = e*b.7°,

where the structural constants of the Lie algebra su(2) are the antisymmetric
Levi-Civita symbol, €!2> = 1. For the potential and the current, we have

AR = AR R =it AR JER, (10)

Latin indices take values a = 1,2, 3 and Greek indices take values p =1,2,...,n.
Substituting (10) into (6), we get

AL AL A el = v=1,...,n, k=1,2,3. (11)

PR

We obtain 3n equations (k =1,2,3, v =1,2,...,n) for 3n unknown A", and 3n
known J%. We can consider (11) as a system of equations for elements of two
matrices Apx3 = (A%) and Jyx3 = (J%).
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Lemma

The system of equations | A,c A% A e e = J%, v =1

P

)

=1,2,3,

is invariant under the following transformations

1) Ay = A, Sy Sk,
ie. A— AP, J— JP, P=(pp) €
where A, —S'A,S,  J' = ST1JS,

S71r7S = pirb, +S € SU(2) ~ Spin(3),

2) A", = gAY, I, = aqnJh,

SO(3),

ie. A— QA, J = QJ, Q= (g") € O(p, q),

" sV
where x* — gbx”.

v

Combining gauge and orthogonal transformations, we conclude that the system is

invariant under the transformation

AU — q#A apb7 Jb — qﬂJapb7
ie. A= QAP,  J— QJP, P eSO@3),
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Theorem (Singular Value Decomposition (SVD))

For an arbitrary real matrix A,«n of the size n x N, there exist orthogonal
matrices Ly, € O(n) and Ryxn € O(N) such that
Loy nAnxNRNxN = Dnxn, (12)

where

Dpxn = diag(pa, - - -, iis), s = min(n, N), 1> pp > > s > 0.

The numbers pg, ..., us are called the singular values, the columns /; of the
matrix L are called the left singular vectors, the columns r; of the matrix R are
called the right singular vectors.

The columns of the matrix L are eigenvectors of the matrix AAT, and the columns
of the matrix R are eigenvectors of the matrix ATA.

The squares of singular values are eigenvalues of the corresponding matrices.
From this fact, it follows that singular values are uniquely determined.
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Theorem (for Euclidean case)

Let A= (A"), J = (J%) satisfy the system of 3n cubic equations

n

AL AL A e e =0, v =1 : k=1,2,3. (13)

geeey

Then there exist matrices P € SO(3) and Q € O(n) such that QAP is diagonal.
For all such matrices P and Q, the matrix QJP is diagonal too and the system
(13) takes the following form under the transformation A — QAP,J — QJP:

in the case n = 2: — 31(32)2 = Jj1 (14)
—a(a1)? = jo,
in the cases n > 3 : fal((az)z + (33)2) = Ji
—a((a1)? + (a3)%) = o, (15)
—a3((a1)’ + (a2)°) = s

We denote diagonal elements of the matrix QAP by a1, az, a3 (or a1, a2) and
diagonal elements of the matrix QJP by ji, j2, j3 (or j1, j2)-

v

g = AL
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Suppose we have known matrix J and want to obtain all solutions A of the system
(13). We can always calculate singular values ji, j2, j3 of J and solve the system
(15). Finally, we obtain all solutions Ap = diag(a1, a2, a3) of the system (13) but
in some other system of coordinates depending on @ € O(n) and with gauge
fixing depending on P € SO(3). The matrix A= Q 'ApP~! will be solution of
the system (13) in the original system of coordinates and with the original gauge
fixing.

Note that Q1 Q; *ApP; 1P, for all @ € O(n) and P; € SO(3) such that
@1JpP1 = Jp, Jp = diag(j1, j2, j3), will be also solutions of the system (13) in the
original system of coordinates and with the original gauge fixing because of
Lemma.

Example. If the matrix J = 0, then all singular values of this matrix equal zero
and we can take Q = P =/ for its SVD. We solve the system (15) for

J1 = j» = j3 = 0 and obtain all solutions Ap = diag(ay, a,, a3) of this system. We
have Q1 JpPy = Jp for Jp =0 and any @Q; € O(n), P1 € SO(3). Therefore, the
matrices Q1 ApP; for all Q; € O(n) and P; € SO(3) will be solutions of the
system (13) because of Lemma.
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The systems (14), (15) can be rewritten in the following way using by := —

n=2: bib}=ji, bb?=j, (16)
n>3: by(b2+b32)=j1, by(b?+b3)=jo, bs(b?+ b3) =5 (17)

The system (17) has the following symmetry (similarly for (16)): if we change the
sign of some jx, k = 1,2,3, then we must change the sign of the corresponding
bk, k =1,2,3. Using SVD, we can always get nonnegative ji, k = 1,2, 3.
Lemma. The system of equations (16) has the following general solution:

@ in the case j1 = jo = 0, has solutions (b1, 0), (0, by) for all by, by € R;

@ inthecases j1 =0, jo #0; j1 #0, j» =0, has no solutions;
@ in the case j1 # 0, jo # 0, has a unique solution

2 2
b={[2, b=t
J1 J2
Lemma. If the system (17) has a solution (b1, ba, b3), where by # 0, by # 0,

bz # 0, then this system has also a solution (bﬁ % K) where K = (bybybs)3.

Example. Let us take j; = 13, j» =20, j3 = 15. Then ’the system (17) has

solutions (by, by, b3) = (1,2,3) and (63, &%),
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Lemma. The system of equations
bi(b3+b3) =1, ba(b} + b3) =jo, bs(b3 + b3) = J3

has the following general solution:
1) in the case j1 = j» = j3 = 0, has solutions

(b17070)a (07 b2u0)7 and (0707 b3)7 blab2ub3 S Rv

2) in the cases j;1 = j» = 0, j3 # 0 (or similar cases with circular permutation), has
no solutions;
3) in the case j; # 0, j» # 0, j3 = 0 (or similar cases with circular permutation),

has a unique solution
2 2
b1:3J—£’ b2:3-/-ia b3:0v
1 J2

4) in the case j; = j» = j3 # 0, has a unique solution

b= by = by = {2
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5) in the case of not all the same jy, j>, j3 > 0, has two solutions

(b1+ab2+7b3+)7 (b1—7b2—7b3—)
with the following expression for K from the previous lemma
K= bibi_ = by by = byibs_ = (biiboibsy)® = (bi_bp_bs_)5 :
5a) in the case ji = j > j3 > 0 (or similar cases with circular permutation)
, _aEVE-A
53 '

3
b1y = boy = 2127 bzt = Zibli; Z+

Moreover, ziz_ =1, K= (-’§3)§
5b) in the case j3 > j; = j» > 0 (or similar cases with circular permutation):
1 /J
bie = ——bs, bpr =wybs, bsy=bs=1¢/",
w4y S

_sEVS -4 VB8R

" 2 2

Moreover, wiw_ =1, bt =by, K= (J*l)g
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5¢) in the case of all different ji, jo, j3 > 0:

;3
by =¢ , box =yibiy, b3y = zybis,
toy+z+

(= Jays) okt —4
zy = | Y, = ——
J2—hys 2

where ty > 2 is the solution (it always exists, moreover, it is bigger than ﬁ + j—:)
of the cubic equation et —(E+E+3)+42=0.

JE

Moreover, y.y =1, z;z =1, K= (t—)§
0
We can use the explicit Vieta or Cardano formulas for ty:
1 2

to = Q+2Q cos(§ arccos(1 — £))’
a+f 1 B? )2 J3
Q.= , a:=A+—>2 =— A="=, B ==,
3 A P A 2 J1

2
t0:Q+L+QT, L= \3/93725+2\/5(57§23).
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Consequences for the strength of the Yang—Mills field.
In the case of the constant potential A" of the Yang—Mills field, we have the
following expression for the strength

Fro = —[Af A] = —[AL T2, ATl = — AR AYe®P 7€ = FIre., (18)

We take a system of coordinates depending on @ € O(n) and a gauge fixing
depending on P € SO(3) such that the matrices A and J are diagonal.

In the case of dimension n = 2:

(1) InthecaseJ:O,wehaveA:OorA:(8 8 8),36R\{0},F:0.

@ In the case rank(J) = 1, we have no constant solutions.
@ In the case rank(J) = 2, we have a unique solution

2 2
A— ag 0 O ’ 81:—3'1%, 32:34.
0 an 0 n 2

For the strength, we have the following nonzero components of the strength

F2 = —F* = =¥/ j1po7>. (19)
We have the following expression for the invariant:
v 1, —
F2 = Fu P = 2 /Gl (20)
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In the cases of dimension n > 3:

© 00O

In the case rank(J) = 1, we have no constant solutions.

In the case rank(J) = 3, we have one or two solutions.

In the case J = 0, we have nonzero potential A* but zero strength F*” = 0.

In the case rank(J) = 2, we have a unique solution. We have again (19) and
(20), where ji1, j», and jz3 = 0 are singular values of the matrix J.

1) In the case of all the same singular values j := j; = jo = j3 # 0, we have a

unique solution

OO OoOuw

0

O oOoOwn O

0

O v OO

0

F12:—F21:—3ET3 F23:—F32:—3E7_1 F31:
\/4 ) ’

In this case, we have F2 = F,, F*
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2) In the case of not all the same singular values ji, j», j3 of the matrix J, we have
two different solutions

—bix 0 0
0 —by O
| o 0 —bss
A=1 0 o (22)
0 0 0

where biy, k =1,2,3 are from Case (v) of Lemma. We have
FY¥? = —F3' = —b1ibpy7?, FP = —F3* = —bpibsst!,
FE = —FP = —bssbiypr?,

1
F2 = _5((b1ibzi)2 + (baabsx)? + (bsbis)?)l # 0.
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Lemma. In the case of not all the same ji, j», j3, the invariant Fi takes the form:
Q in the case j1 = jo > j3 > 0 (or similar cases with circular permutation):

F2 —K?(1+222)
r=——=

/ F? #F2, (23)

3
2Zﬂi

. :t .2 _ .2 . 2
where zp = A=VA TS M, K= (%3)5
J3

@ in the case jz > j1 = j» > 0 (or similar cases with circular permutation):

P2 —K?(s%2 - 1)

5 l, F2 =F2, (24)
. .2 8.2 . 2
where s = BE VIO ”2113—1—11 >2, K= (le)g
1

@ in the case of all different ji, j», j3 > 0:

CK2(y2 4 22 2 2
F2 - (vi+2zi t}/:l:z:t)l, F2 4 F2, (25)
2(y+zi)3

where K = (JtT,)% and yy, z4, to are from Case 5¢) of previous Lemma.
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Hyperbolic singular value decomposition

[@ Bojanczyk A.W., Onn R., Steinhardt A.O. Existence of the hyperbolic
singular value decomposition // Linear Algebra and its Applications. 1993.
185: 21-30.

ﬁ Zha H. A note on the existence of the hyperbolic singular value
decomposition // Linear Algebra and its Applications. 1996. 240: 199-205.

Levy B.C. A note on the hyperbolic singular value decomposition // Linear
Algebra and its Applications. 1998. 277: 135-142.

ﬁ Shirokov D.S. A note on the hyperbolic singular value decomposition without
hyperexchange matrices // Journal of Computational and Applied
Mathematics. 2021. 391, 113450.
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Theorem (HSVD)

For arbitrary matrix Apxn € Mat(R), there exist matrices R € O(N) and
L € O(p, q) such that

X 0 0 0
0 0 Iy 0
0 0 0 0

T _5A A _

LTAR = T4, = Y, 0 0 € Mat,xn(R), (26)
0 0 Iy 0
0 0 0 0

where the first block of the matrix ¥” has p rows and the second block has q
rows, Xy and Y, are diagonal matrices of the corresponding sizes x and y with all
positive uniquely determined diagonal elements, 1, is the identity matrix of size d.
Here we have

d = rank(A) — rank(ATnA), x +y = rank(ATnA),

X is the number of positive eigenvalues of the matrix ATnA, y is the number of
negative eigenvalues of the matrix ATnA.

— = = = Ty
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Moreover, choosing L and R, we can change the order of all columns of the matrix
YA, Also we can change the order of rows in each of two blocks of the matrix ¥4,
but we can not change the order of two rows in different blocks. Thus we can
always arrange diagonal elements of the matrices X, and Y, in decreasing order.

Let us call ¥* (26), where all diagonal elements of the matrices X, and Y, are
positive and in decreasing order, the canonical form of the matrix A. The
canonical form is uniquely determined for any matrix A, the corresponding
matrices L and R are not uniquely determined.

The hyperbolic singular values (elements of the diagonal matrices X, and Y, ) of
the matrix A are square roots of the modules of the eigenvalues of the matrix
ATnA. The columns of the matrix R are eigenvectors of the matrix ATpA. The
columns of the matrix L are eigenvectors of the matrix nAAT (in the case d = 0)
or eigenvectors and generalized eigenvectors of the matrix nAAT (in the case

d #0).

The ordinary singular value decomposition (SVD) is the particular case of the
hyperbolic singular value decomposition (HSVD). In the case n = p and g =0,
the parameter d is equal to zero d = rank(A) — rank(ATA) = 0.

Dmitry Shirokov (dm.shirokov@gmail.com) 20/ 30



Theorem. Let A = (A%,), J = (J%) satisfy the system of 3n cubic equations

Auc AR AY, ¢ el = JY

v=1

3o

)

n,

k=1,23.

(27)

Then: 1) There exist matrices P € SO(3) and Q € O(p, q) such that the matrix QAP is in the
canonical form (with parameters xa, ya, da)

A= QAP =

X, 0 0 0
0 0 Iy O
0 0 0 0
0 Y, 0 0
0 0 Iy O
0 0 0 0

For all such matrices P and Q, the matrix QJP has the following form

QP =

Zy 0O 0 0
0 0 aly O
0 0 0 o0
0 W, 0 0
0 0 aly O
0o 0o 0 o0

where elements of the diagonal matrices Z and W are real numbers (can be zero), a € R (can

be zero).

2) For parameters of the matrices A and J, we have:

xy < Xa, Ys < ya,

Dmitry Shirokov (dm.shirokov@gmail.com)
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3) There exist matrices P € SO(3) and Q € O(p, q) such that the matrix QJP is in the
canonical form (with parameters x;, y,, d;)

X, 0 0 0
0 0 Iy O
0 0 0 0
J_ _

Y=QP= 0 Yy, 0 0 |’

0 0 Iy O

0 0 0 0

and QAP has the following form
Kqg 0 0 0 0 0 0
0 0 Bld, 0 0 0 0
0 0 0 Ly O 0 0
0 0 0 0 0 0 lgy—d,
0 0 0 0 0 0 0
QAP =1—%—m, o 0 0 0 o0 ’

0 0 Bla, 0 0 0 0
0 0 0 0 Ny, 0 0
0 o 0 0 0 0 lyyd,
0 0 0 0 0 0

where 8 € R\ {0}; elements of the diagonal matrices K, L, M, N are arbitrary nonzero real

numbers.
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Summary for the case RV

[ [ [y [[da]xa]val A | F ] F ]
0 1 1 0 1 1 1: see (28) | 1: see (29) | 1: see (30)
0| 1]0 2] 2] 2]
0|01 ] ] 2]
o[o]o ol o0]o A=0 F=0 FZ=0
0 | 1 | 0 | co: see(31) F=0 F2=0
0 | 0 | 1 | cor see(32) F=0 F2=0
1] 0| 0| 1: see(33) F=0 F2=0
100 2] 2] 2]
(& 0 0 _s[3 _ 5|7
Fl2 = g2l _ 3/;5.3
1
2 py =3[ s \2
F= = Fuw P = 54/ (12)?k # 0.
_ aa 0 O
A_(O 0 0), a1 € R\ {0}.
0 0 0
Ai(al 0 0), a1€R\{0}.
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Summary for the case RP9, p+ g > 2:

Let we have the Yang-Mills equations (11) in pseudo-Euclidean space R”9, p > 1,
q > 1, with the known constant current J# = J¥ 72, the unknown constant
potential A* = A 72, and the corresponding unknown strength F*V.

@ For the matrix J = (J#), we calculate three parameters d;, x;, y;, which are
uniquely determined, d; 4+ x; + y; = rank(J), x4 is the number of positive
eigenvalues of the matrix JTnJ, ya is the number of negative eigenvalues of
the matrix JTnJ, d; = rank(J) — rank(JTnJ).

@ We calculate the hyperbolic singular values ji, j2, j3 of the matrix J, which
are uniquely determined. The corresponding matrices Q € O(p, q),

P € SO(3) related to the HSVD are not uniquely determined.
@ For the corresponding p, q, dj, xJ, ¥J, j1, 2. j3, we get all solutions of (11).

@ For each current J, the explicit form of these solutions in terms of the
potential A and the strength F is given in specific coordinate system (which is
determined by the matrix Q € O(p, q) related to the HSVD) and with specific
gauge fixing (which is determined by the matrix P € SO(3) related to the
HSVD). The connection S € SU(2), which we use in the gauge fixing, is the
two-sheeted covering of the matrix P € SO(3).

@ We calculate the invariant F? for all constant solutions, which is important
from a physical point of view. The expression F2 is gauge invariant and is
invariant under pseudo-orthogonal transformations of coordinates. It is present

in the Lagrangian of the Yang-Mills field.
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We summarize the results for the case of arbitrary pseudo-Euclidean space R9 in
the tables. We remind that we consider only the cases with positive numbers
(hyperbolic singular values of J) ji, j2, j3. In the columns “A”, “F", and “F?", we
indicate the number of solutions in terms of A, F, and F2. In the column
“add.cond.”, the additional conditions on the hyperbolic singular values ji, j», and
J3 are indicated.

We use the notation B* := (s*s)f+2 ~ 7.66486 > 2+/2, where

i . 5362
s =, |13+ V193 — 63 + /3864 63 + ——— ~ 7.39438.
193 — 63
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[ P, q [ d_j[ x_,[ yJ[ add.cond. “ dA[ xA[ yA[ A F F?
p>3,gq>1 0| 3|0 A =j=/3 03|01 1 1
p>3,gq>1| 0| 3|0 1=42>]3 0|3|0] 2 2 2
p>3,gq>1|0| 3|0 3> =) 0|3|0]2 2 1
p>3,g>1 03| 0 all different jq, j2, ja 0[3|0|2 2 2
p>1,g>3 10| 0] 3 h=J2=J3 0j0]3]1 1 1
p>1,9g>3 | 0] 0] 3 =j2>]3 0|0]| 3|2 2 2
p>1,9q>3 | 0] 0] 3 3> = 0|0]| 3|2 2 1
p>1,q>3 | 0| 0] 3 all different ji, jo, ja 0| 0| 3|2 2 2

o= ] 43 13 _ B*
p>2,qg>1 0] 2|1 J1—Jz<2f /1_B 0|2|1]6 6 3
o Jj3
p>2,qg>1 0] 2|1 =2 <35, 11# 0|2|1]|6 6 . 4
p>2,qg2>1 0| 2|1 11_12_% o[ 2| 1| 4 4 F*=0and 2
= I3
p>2g>1 0] 2|1 117122>22ﬁ . 02112 2 2
p>2,g>1 | 0| 2| 1| j1#jjs >j23 +j13 0|2|1|6 6 2-6
2 2
p>2,qg>1 0| 2|1 jl;éjz,j;‘ :j2 +_]13 0| 2|1| 4 4 =0and 3
2
p>2g>1]0]2|1 11#12,13 <Jz +J 0] 2)1]2 2 2
2_ 2 _ pg*
p>1l,gq>2 | 0| 1] 2 J3—j1<2\[,1.3 B 0|1]|2]|6 6 3
p>1l,g>2 o 1] 2 J;=j1<2f,13;é8 0O|1|2]|6 6 4
p>1,g>2 |0 1|2 js=i= 2 o|1]|2] a4 4 F2=0and2
p>1l,g>2 | 0] 1] 2 j3:j1>2ji2 0|1]2]|2 2 2
2 2 2
p>lqg>2 | 0| 1] 2| j3 #J‘LJ'; >3 +ig 0| 1]2]6 6 2-6
2 2
p>1,g>2 | 0| 1] 2 j3;£j1,j2 —_]3 +j2 ol1]|2]4 4 2=0and3
2
p>1,9g>2 0] 1]2 .j35£j1;_j2 <Jjd +jd 0j1]2}2 2 2
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Nonconstant solutions in form of perturbation theory series

Let us consider nonconstant solutions of the Yang—Mills equations

Ou(OHAY — VAl — [AH,AY]) — [AL, OHAY — OV AR — [AF AV = JV. (34)
in the form of series of perturbation theory near the constant solutions.
Denote the known constant solutions by AO“. We can take the small parameter
e << 1 ans substitute the expression A* = "2 &k /((“ into (34) with constant
JV. We get Zk k = J¥, where (5” are some differential expressions that

depend on A“ A“ for each k =0,1,.... For the first approximation, we get
the system of I|near partial differential equations with constant coefficients

1 0 1 1
Qv (A", A*) = 0. We can take some solution of this system A" and substitute it

0 2 0 1 2
and the constant solution A" into the system Q¥ (A*, A¥, A*) = 0. We get a
system of linear partial differential equations with variable coefficients (dependent

on x € RY3) for variables Az”. In the same way, we can get Ak“ for any
k=10,1,2,... This procedure allow us to obtain approximate solutions of the
SU(2) Yang-Mills equations up to terms of order k.
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@ We obtain all constant solutions of SU(2) Yang—Mills equations in R" for
arbitrary current.

@ We prove that the number (0, 1, or 2) of solutions in terms of the strength F
depends on the singular values of the matrix J. The explicit form of these
solutions and the invariant F2 can always be written using these singular
values.

@ We solve the same problem in the case of pseudo-Euclidean space RP9 of
arbitrary finite dimension n = p + g, in particular, for the case of Minkowski
space R13. We use HSVD.

@ We obtain all constant solutions of Yang—Mills—Dirac equations and
Yang—Mills—Proca equations in the case of the Lie group SU(2).

@ We can consider nonconstant solutions of the Yang—Mills equations in the
form of series of perturbation theory using all constant solutions as a zeroth
approximation. The problem reduces to solving systems of linear partial
differential equations.

@ We obtain all plane-wave solutions of the Yang—Mills equations with SU(2)
gauge symmetry and zero current in (pseudo)Euclidean space of arbitrary
dimension.

@ We hope that the results can be useful for solving some problems in Particle
physics, in particular, in describing physical vacuum.
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