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In Ref. ~] we have hypothesized that the quantum chro­

modynamical vacuum,as considered in the perturbation theory, 

is not the true one and that the lower lying ground state is 

characterized by the non-zero strength of the gl~on field,­

the so-called "gluon condensate". This conclusion was based 

on the expression for the density of gluon field energy ob­

tained in the one-loop approximation [1] : 
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where H = < O / H / O > is the magnetic field strength , 

is the normalization point r. 2] fls 
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and C
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( G) is the Casimir operator of the gauge group 

G =Sue ( 3) , which should be replaced by C2 ( G J--fT T ( R) 

when the quark loops are taken into account. The minimum of 

(1) differs from the point H-=- 0 [1Jand is at the point 
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It is renormalization -group invariant because the expression 

for the energy density is renormalization invariant. 

Using the result obtained with the help of the renorma -

l~zation group [~] 
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where the effective char ge in the external field ~(t) is 

determined as 

da (-) df- =J3<t, j->(~)=- HCz(G) 
48 Sf 2 

~3 + .. (5) 

and assuming J dx < 0o 

MxJ 
we find 

2 · 1t { 2 J dx } (gH)"a.c= f's exp .f.>(x) (6) 

However, the total imaginary part of the effective Lag­

rangian in QCD is 
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where f1c.:: J +(.:I'+ ~faJ'/a, f: .. -J +(§a+ .ya) ~a ' 

•J 
The formula (7) follows from the expression (3.18) of Ret.p] 

when the integration contour in the compl~x range S is 

taken in the direction of ( f i. - ~ f .a) 5 • This result was 

obtained in collaboration with I.A.Bat~lin in 1978. 
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is 2 I rn':t. = ( ~ H) 2/ 4 JI in the magnetic field [4] and is 

of the same order as that in the electric field [3] 2Jm ~ 
(~E)2jf.t8jj° 2 ~The imaginary part ;;t in the magnetic 

fie id is due to the unstable mode [ 4] K
0

2 = /'(
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- ~ H , whose 

presence makes the level [1] 
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unstable and ,hence, further lowering of th~ energy takes 

place. 

To find the lower state it is necessary to introduce 

a dynamical variable all owing for the excitation of the un­

stable mode with the Higgs type Lagrangianf5J. Such a hid­

den Higgs mechanism leads to the production of magnetic do­

mains and the reduction of the energy density by the value 

C which is of the order of unity[6J 
Ha 

T < H'> (f-c) 
2 (9) 

We shall consider two kinds of ansatz: the Nielsen-Ni -

nomiya ansatz [6JwithC~ 1 = 1.18 , and the Ambjorn-Olesen 

one [
6

] with c: = 1 .16 •). The first one corresponds to the 

*)These numbers are analytically expressed[6] as: 
-i_(·~ -~n.")<?. c-1; l7f"' ~ -lf/!(n~+n~)-c'Trn,1'12. 
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production of rectangular domains, while the second one to the 

production of more stable,-the hexagonal domains. 

Thus, both the effects,- the vacuum polarization~• 2 •3] 
and the hidden Higgs mechaniem[5, 6 ] stipulated by the non-sta­

ble mode, yield that the energy density be in reality the sum 

of (9) and the second summand in (1). However, contrary to (1) 

such an expression is not renormalization group invariant and 

hence, it must be written in the form: 

t.:<H~(1-c) {1Ca(G) a2<H~[(1-c)e -19a<W>' _ _!_] (10> 
2. . t 48 s;c. <f It JUs2 C. 

rhe minimum of the latter expression is in the point 

A: exp { 
1 l ( 11 ) 2 H2 

~ < >va.c = c-1 - 1 

and is equal to 

C ( < H 2 
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H C2 (G) /\~ (1-c) exp { c1~ 1 } 192. ,,'jj 2 
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HCa (G-) ci.s < H c.>. ( 1- c ) - 48 jf Ya.c 

where c:J.
5

: .1.:. .Assuming now that, just as in the bag modelf7], 
451 

the difference of energy densities has a meaning of the cons-

tant B : 145 Mev4 and that under Lorentz transformations 

Ha 1 o.. o. 
< > - 2 < G ~v G i' v > we obtain 

B = 11 Ca ( G ) o{s < Go. Ga.. :> . ( 1 _ C } ( 13) 
36 5f . ~v fa" 

The numerical value for ol.s < Ga> =0. 012 GeV4 was obtained 
31 

from generalized sum rules for the charmonium[8]. Substituting 

to the right-hand side of (13) the numerical values for <G~ 
and Ca l G) -.3 ~ - c N f , where /I/ r is the number of flavours 
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which we take to be three, and for C 1, c we have 

B
1 

=- 151 Mev4, B = 147 Mev4 c. ( 14) 

just in a good agreement with the phenomenological value for 

B • Note that the effective constant depending on the 

field (5) [2J1n vacuum (11) is 

-a 
~ 631 - =----

I/ii 11 C 2 ( G- ) 
:;--:-~~4~ 6~ -en(~e<Ha> /Ai) : 11Ca (G). 4. (c! v~o.45(15) 
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