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Absgtract, The strong enough quark andfpr gluon fields

suppress instantons and are therefore expelled from vacuum. Argu-
ments are also given that instantons are really suppressed inside

hadrong.

Since the diecovery of instantons [1] it becomes clear that
the vacuum structure of QCD is very complicated [2, 3] « Although
instantons are shown to affect significantly the interaction of
quarks and gluons [E, 3] , the main problem of their confinement
remains open.

Recently the important step in the phenomenology of vacuum
structure has been done in £4], where the anomalous vacuum avera-
ges of fields have been introduced. The most important one, the
square of the gauge field, has been found numericelly from the

charmonium sum rules [4]:
'*’ ~ 4
{ vac Irm! ((;:v] [vac ) = 0.012 Gev (1)

Ingtantons may provide such an effect, e;g; [2, 5, 4]:
3?2 8n?
(vac -‘3— (@' ) Jvac ) = o. ﬁéj‘qs 70 ] €p 1 er’f)] (@)
where @ is the instanton size, 311?/9 (g) ['”_ 2. "{)&1(4/&“)

H¢ is the number of flavors, M= My « This integral rapidly

diverges at large'g s Where +the used dilute gas approximation
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fails, and in some unknown way (merons[3]? ) it is cut at ¢~ 1
fermi, as is seen from (1) [4] .

In this paper we show that at large enough quark density
and/or field strength the integral over the instanton size is na-
turally cut off at some smaller value (, , which gignificantly
guppress the instanton effects like (1). The ccnseduensea of this

phenomenon is far going, since due to _cnnformal anomaly of the

trace of energy-momentum tensor T,

g [5] (1) implies the nega-

tive vacuum energy density
i | : __(11- 2ng)o? fnd i iy
¢ = {f(mf}faf.fwa- —ig-s#(mr;@ﬂ];mr}——aﬁﬂﬁﬂ“ (3)

quite naturel in the tunneling picture [3]. So, as far as quarks
and gluons suppress instantons, they also suppress this energy gain,

Therefore they are expelled from vanuum” and confined inside had-

rong, being the bubbles of "normal" phasé in the "abnormal" vacuum.
We algo present arguments, that instentons are really suppressed
inside hadrons. The resulting picture is similar to MIT bag [6],
but with rather different values of the involved parameters.

Ac the first example let us consider the cold quark plasma
7, 8], a medium of quarks with momenta | |<ps. The polarization
operator provides screening at Debye length fﬂ-«. (Q(PFJPFJ-i .
Small ( g.,{{ '8 ) instentons are not affected, but for large ones
the quantum fluctuations, normally giving ultraviolet log (¢)

end leading to Cj(g') dependence, now are cut off at _?d + Therefore,

1) Note the close analogy to Meissner effect: magnetic field . is
expelled from superconductors for 11 suppresses Cooper pairing.

the tunneling probability IEIP{-S‘H’{'Q%&]J grows with ¢ no more

and +the integral (2) is rapldly convergent. The resulting esti-
mate is (ny=13)

{ plasme ]Esz(gﬂ”)?,plama) v [&{%})’Tﬂﬁp;;; .PF‘}b/"l (4)

go, with increase in density such plasma rTapidly becomes nearly
"nornal®, | |

To meke this estimate more accurate one has %o find expiici-
tely the instantons, deformed by plagma, and quantum fluctuation
near it; We have no such solution at present, but are a‘i_::le to
ghow that the action 3‘112/;33 remaing practically unchanged. The
reagson is that the for massless quarks étuch plasma preserves the
chiral invarisnce, so the instantons remains selfdual andx J—g?fé‘e&{“
term in action is directly expressed via ’qhe topological -charge.
As for the quark loops, with the help of quark Green. funcf:ion [9]
one can show that in such case they giva zero correction.

For the related problem of "hot plasma" (nonzero temperature
T eand zero charge, discussed in [8, 10, 11]) the periodic instan-
tons [12] may be used, .{Lll our conclusions remains valid with the
obvious change [y = = e

The second problem is that about instantons in external field
Gg;::} , not extended to infinity so that the topological charge
can easlly be defined. All arguments are close to those above,
the role of the cut off length ¢(, is now played by the curva-
ture of the trajectories in it, fﬂa(g Gmt)"fz_. The fact, that in
strong ennu;gh'field the ultraviolet logs are of this kind . is

knoym, see e.g. the Heisenberg-Euler effecﬁive_ action of QED.
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Again, the explicite solution for ¢ $o is absent and all
we can say ie that for selfdual Gfa";"j the action is unchanged.
This is also seen from the weak field reault [3]

?'r‘f Y £ olest) - Plext)y2 o
55 - 6g2 (Gi;u an,uu) J 6

Hl'

T‘i My TT Gﬂ {5)

Note, that the sign of this correction means the tnstanton slimula-
tion rather than their suppreasinﬁ, which is one more manifeg-
tation of the instabilit:,_l_r of "normal® p‘.hﬁse with zero or small
(6%< Jevact 621 vac> “Meierd,

Finally we come to brief discussion of hadrons., Let us take

the T"f"‘ average over the ‘one-nucleon state
H’?”L—FL% =<Vl ;/,jm}—-(var}?}/“/uar) (6)

Due to the emall light quark mass, their contribution ts

SM; %Y is emall [13]2} and the nucleon mass can be con-

Bij;irsd as due entirely to { (%) difference in vecuum and ingide
the nucleon. Taking the typical nucleon volume Vﬂf o 1(ferm:|.)3
one has the left hand part of (6) M, /v, = O. 01 GeV*, which 1is
‘quite in agreement with the last term <dvac/T, e {uar) (3). So, the -
NIGEIND
side. Note, that M/pPr is hot really small in this case, ~1/2,

term is really amaller, the nucleon is "normal™ in-

but the very strong dependence (4) explains this observation.
This picture is very close *I:o MIT bag model [6] y in terms
of which we say that the volume energy B =1 iy, ; and that

Y
B is just the vacuum energy (3) with another sign. The first con-

2] 1 one takes Top instead of Tuu , the quark term is do-
minant ahd "the nucleon is made up of quarks",

T e

T o
S —

clusion well agrees with [6], fut the values of B » Vv disagrees:
Bxsu0 o [6] ema V), =

cally large volume where "the quark wave function differs from

4 +.5 (fermi)>, the wnrealisti-

zero", Thig difference is important for barion gas - quark plasg-

ma transition [?, BJ and for the determination of the upper li-
mit of the stable star mass. Another application is hadronic col-
lisions, which produce the "normal™ excited system, expanding

against the "abnormal" vacuum pressure.
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