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У. ROSENHAUS

ON A CLASS OF SOLUTIONS OF YANG-MILLS EQUATION
V. ROSENHAUS. ÜHEST YANG-MILLSI VÕRRANDI LAHENDITE KLASSIST
В. РОЗЕИГАУЗ. ОБ ОДНОМ КЛАССЕ РЕШЕНИЙ УРАВНЕНИЯ ЯНГА—МИЛЛСА

{Presented by V. Hizhnyakov)

Since the time instantons have been discovered [/],the attempts to under-
stand their role in the vacuum of the theory have not stopped (see, e. g.

At the same time, the search of other classical comigurations of
the gauge field is also of great interest due to the possible contribution
made by these solutions or their combinations to a functional integ-
ral [6-7 J.

In tire present paper, we investigate the classical solutions of the
Yang-Mills equation which are neither self-dual nor antidual,

bo, we seek the extremum of the Yang-Mills action functional

where, keeping in mind the translational invariance, under xv we mean
{x xo )v (Хоц is the free parameter); x 2 gis the coupling constant
and т)а рл> are the t’Hooft symbols • Цатп £аяШ) Т]ац4 — Т)а4ц — ба(х,
а, т, п= 1,2, 3; р, v= 1,2, 3, 4.

Substituting expression (2) into equation (1), we find

It is convenient to introduce a new variable t= Inx2. Then S has a
simple form

65Now let us minimize S ; ———=o, hence6/

where Ci is an arbitrary constant.
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S=— fGa Ga d^x,q j (xv (xv

Qa =/{a Aa +gEabcA b Ac
,(XV V,(X |X,V 1 6 (X V ’

in the known form (H)
(2 )

94тт'2 Г dr2s=~J ur+/2 (i —/)*]• (3)
§ x

s=--r/ dtlW(l-f)!l. (4)
s

P=C+P(l-f)*, (5)
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so] f'°ns f= c=°. 1- 1/2 (the case c= 1/2 correspondsto merons [6 ]), the solutions of equation (5) can be found from

The existence of c 2— In —?= const is the reflection of the dilatational
invariance of the problem. Another kind of symmetry is also obvious

r ' af. ls invers i°n X 2/q2 ->-q2/xz {t ->-— t). Both last symmetrytransformations mean the transition to a solution with the sameaction value 5 and the opposite sign of topological charge Q =

~~32jF J 6f dt /7(1 —f).
Taking into account the symmetry discussed and introducing u=

=/ l/2 > consider the equation

is the elliptic integral of the first kind.(We have used the well-known integral relation

Note that for Ci=— l/16 the solution has a simple form

The solution with the given profile function is self-dual (the correspon-ding antidual solution: /=qY(q2_ &) , x2 Cq2 ).

±f- dl
yci+p{i-fy

(6)
t=/T C2'

f duJ ~====L=t. (6')
V(« 2 -l/4)2 +Ci

I. Cj<C — l/16.
The solution of the equation (6') is of the form

arccosi, sj=y—4ci t, (7)
where

and
* 2= 1/4+y~ s=a/yos+ft2 a2

=__ 1/4+y~.
Ф

A (<p, £) = /rfa/y 1k2 sin2 a
0

u

f dx 1J ,-■■■ F{e ,s), w>õ> 0,
ь У (*2+a2 ) (x2 ö 2 ) a2-fb 2

b
б=arccos ),

и

м=l/[У2соз (Г/У2 ) ]. (8)2. — l/16<с 1й^0,
F (arcsin {а/и), b/a)=at\ (9)

а2= 1/4+уТ^7
s b z= 1/4 __у

When c t=O, expression (9) leads to
f=x2/{x2 —q2 ) ; x2>q2 . (10)
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When Ci =O, equation (11) gives two solutions: f=x2/{x2 q 2) and f—-
=x 2/(x2-\-q 2 ) . The last solution corresponds to the instanton in the
regular gauge [s ].

The given solutions can be expressed through the Jacobi elliptic
functions

/С (s) =Т(я/2, s), (Г is the correspondence period).
Solutions {!'), {9'), (11') diverge on the boundaries of their periods.

It is not clear whether it is possible to regularize any of the given solu-
tions, for instance, by the dimensional regularization procedure. For

there exists another kind of solution

which is continuous in the interval —K{b/a)/a<it<.Kib/a)/a. Confi-
gurations (12') in this interval lead to a finite action. The instanton
corresponds to the case ci=0 and the meron, to Ci—— 1/16.
Note added in proof. Solutions were obtained in the paper by
G. Z. Baseyan and S. G. Matinyan [B ].

Acknowledgements. The author is thankful to M. Kõiv, I. I. Balitsky and
M. G. Ryskin for useful discussions.

REFERENCES
E Belavin, A. A., Polyakov, A. M., Schwartz, A. S., Tyupkin, Yu. S. Phys. Lett., 598,

№ 1, 85—87 (1975).
2. Callan. C. G„ Dashen. R„ Gross, D. J. Phys. Rev., Dl7, № 10, 2717—2763 (1978);

Shuryak. E. V. Phys. Rep., 115, № 4, 151—314 (1984).
3. Carlitz, R. D„ Creamer, D. B. Ann. Phys. (N. Y.), 118, №2, 429—476 (1979).
4. Dyakonov. D. 1., Petrov, V. Yu. Nucl. Phys., 8245, № 2, 259 (1984)
5. Вайнштейн А. И., Захаров В. И.. Новиков Ю. И., Шифман М. А. Успехи физ.

наук, 136, № 4, 553—591 (1982).
6. De Alfaro, V.. Fubini, S., Furlan. G. Phvs. Lett., 658, 163—166 (1976).
7. Irshadullah. Khan. Phys. Rev., D29, № 6, 1168—1170 (1984).
8. Басеян Г. 3., Матийян С. Г. Письма н ЖЭТФ, 31, № 1, 76—77 (1980).

Academy of Sciences of the Estonian SSR, Received
Institute of Physics March 31, 1986

3. ci^O.
F(2arctg (w/ci), p) l=2cit, (11)

cr= yVi+l/16, р=У 1/2+l/(88J).

u ±\/[bcn{rt,s)\, r= У—4ci, T—2K{s)/r\ {!')

u=ztl/[a sn {at, b/a)], T —2K{b/а)/а\ (9')
ы= ±ci tg [am {2cii, p)/2] , T=2K{p)/ci] (1Г)

( u/b ), b/a)=at, (12)

a2 =l/4-f|/—C\; 6 2=1/4 У—Ci,
or

u=±b sn {at, b/a), T=2K{b/a)/a, (12')
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