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Abstract

We consider effective interaction between small scale in-
stantons by the effective Lagrangian in Minkowski epace-time.
We present estimates of its intensity and give arguments that
it ia important ingredient of goft hadronic physice. Examples
of pseudoscalar meson spectrum and flavour dependence of quark

interactions in various hadronic reactione are conglidered in

more details.



The understanding of nunpnrtnrbntita'phhnnulnluin.QED va-
cuum is now much better than several years agos Important phe-
nomenological snalysie was made in the.frsmework of QCD sum
rules [j]. while interesting theoretical calculetions are done
by Monte~Carlo gimulations on the lattice. We atill do not un-
derstand the mogt famcus property of the QCD wacuum, quark
confinement, but it is not the only one.snd, moreover, not
even the strongest nonperturbative effect. For example, the to-
tal energy density of nonperturbative fluctuations is about one
order of magnitude larger than needed for confinement [2]. Res-
pectively, asympiotic freedom breaks down at distances ¢,
several times smaller [1,3] than confinement length
(Rt“f:é-la. 21{'“ .]- | :

These . obgervations lead to the ldea of fwo scales of non-
perturbative phenomena. [3], being .due to. strong fluctuations of
gize Ce of instanton nature. Although this small para-
meter is not so fer explained, .its applications in [3] give ve-
ry reascnable resulis. Recently, two phase transitions.sugges-
ted in [3) were discovered [4], slso in [5] 1t was shown that
instanions are guppressed at energy density one order of magni-
tude larger than that of the deconfinement transition.

In view of such promising results it is reasonable to cone
glder’ effects of small instantons in wider context. In this
letter we discuss how one can estimate them, and also give so=
me phenomenclogical. arguments that this kind of quark interac=-
tion ig really important.

As far as instantons are assumed to be emall in hadronic
scale their effecis can. be conmidered by means of local effec-
$ive Lagrangian, which cen be used not only in Buclidean, but
Minkowsky space as well. Roughly speeking, external momenta
each.component of which tende to zero equally belonge to both
formulation of the theory. Formally, taking t'Hooft zero mode
Y, [6] in eingular geuge one has in this limit Pu=r©
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which up to constent spinor coincides with the ordinary propa-
gator. It allows to "emputate" the legs of Green functions end



to write down the atfective.hagrangian[?]. We do not present
here the arizing tather long expression, giving only the sim-
plest term relevant for what follows
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Here the subscript L (R) means left (right) handed quarks and
cln(g) is the inetenton density of radius ¢

Such Legrengisn csn be used for a number of problems. In
ref. [?] its vecuum average was used in order 1o estimate the
influence of nonperturbative quark fields 1n vacuum on a given
instonton. In [3] it was used in the context in which all gquark
but one pair are due to vacuum fluctuations, producing an eati-
mate for the guark effective mass. The key parameter here ls
the instanton density, taken from empirical value of the gluon
condensate. As a result, the =imple estimate follows
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Similarly, the four (and six) quark effective interactions
follow from (2), for example there are terms such as
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As shown in [3)] , this interaction is sufficiently strong
to produce chiral symmetry breaking, the reasonalble value of
quark condensate and it is very important for correlators of
pesudoscalar currents, explaining even detalls of 3U(3) brea-
k:ing. y

But now let us loock at (4) in more simple way, in the
framework of quark models of hadrons. For the pion it is strong
local attraction between quark and antiquark, producing the
energy shift -(400¢600)MeV. So, it can presumably compensate
the constituent quark masses and bring together the two pictu-~
res of a pion, as made of two constituent quarks end as a Gold-
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Such attraction ig wesker for K, 7 , as seen from (4),
and they are indeed hea?iar by the amaunt much 1arger than
Just W~ 150 MeV. F:i.nall.?, (4) is repulsive in Y case, ma-
king it heavier?) than “normel" mesons (such as. € ) by similer
amount. We think that more wide investigation of the role of
such intersctions in hadronic spectroscopy should be made.

,fﬁha should not forget, of course, that ths couplings given

above are only spme crude estimates. They are based on the as-
gumption that elimination of a small instanton or the addlitio-
nal quark fields do not significantly change the locel vacuum
properties such as (%Y%) . As discussed in [3) s its accuracy
ig not better than up to factor 2%4Y., The polarization of a ve-
cuum by the additional quark produce a "bu..le® around it,
identified with constituent gquark [3], but at present we ere
not able to conglder these effects quantitatively.

The characteristic feature of the t'Hooft interaction con-
sidered is that it ie present maeinly for light querks, while
forr heavy onesit (5 suppressed. We note below that such
trend is consistent with what ip reslly observed in various
hadronic procesees.

We start with the discussion of the role of quark messes
in the QCD vacuum. If the chiral breaking is caused by instan-
tons, one has for each flavuur (H;ﬁ + M. J('IP '1“ ) = const,
Using the approximetion M,# ~ a"-r 4.2 one cen estimate the
magnitude of SU(3) and SU(2) violation for quark condensates

LS UU) = (14 M.f/?ﬂfeﬁ,)”’ Mel2Moy = 0.7-08 (08)

: : (5)
-ldd? = ;

R 0- L0 s ol B vy gyt (y-10°)

dau>+ddd) “May

Our estimates use lhfr = 200-300 MeV, the numbers in brackets
are taken from QCD sum rule analysis [8), so there is good
agreement with empirical information. We elso mention the ex-
pression (1]

(6)
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which in particular implies {cc)/ duu? 2-1/10.

Now, we suggest that the 4,6-quark instamnton-induced in-
teraction is reepongible for the cloud of virtual "see" quarks
in hadrons, which become ' resl in hadronic reactions. An argu-
ment for it is the etrong dependence on quark masses seen in
data. Usging {¥¥)> a8 a measure of coupling to ingtantons,

One can estimate the relative production rates of s,c quarks

to be ebout ({es)/<uud)? ~ 1/2 and (¢ee)/un>)? ~ 1/100, which
is rnu%hl,y consistent with data on soft and hard hadronic reac-
1.'.j.tl:r:|:|.a3 .

The guppreseion of the contribution of heavier guarks is
usually congidered in perturbative context, ag a simple kine-
matic effect. However, in gome cases this viewpoint is diffi-
cult to support. For example, the "gee"™ gitrange quarks in deep
inelastic leptom-hadron collisgions are similarly suppressed,
while m  1s much smaller than the typical parton transverse
momentum, 1=2 GeV.

One more example ie given by the cross sections of cons-
tituent quarks in high energy cecllisionss

] l‘ o™ P ‘-f ""J s
Qv = 36NH = 13ws Con = Sk Ed;m'zg S Fud

B S5 6y & 135t

Again, such trend is natural if heavier quarks affect the sur-
rounding vacuum weaker than the light ones. It is difficult to
to explain (7) in the framework of gluon exchange mechanism

suggeated in [9]. as well as the quark additive relations like

[10]s "
gHH /G-J'TH i 3/2 (8)

Our last comment is connected with corrections to this
relation. Experimentally this ratio is about 1.7, while all
estimates of shadowing (see e.g. [11)) give the negative mign
of the correction to (8). However we note, that the interacti-
on (4) is much more important for plom than for nucleon (e.g.
it playes quite different role in their mass values) and it is
strongly atiractive. We suggest that in pion.1t leads to clus-
tering of quarks at small distances, diminishing pion cross

LN

section. If the cross seotion of such cluster is sbout 693 ,»
its probability in pion should be as large as 1/3.

In conclusion, we propose to apply the effective Lagran-
gian (2) and the factorization estimates (3,4) to quark models
of hadrons and hadronic reactions. We demonstrate its utility
for understanding of pseudoscalar meson epectrum, as well as
flavour dependence of quark fluctuation in vacuum snd of quarks
produced in various hard and soft procesees.

The author is much indepted to V.V.Anisovich, V.L.Cherny-
ak and A.l.Vainghtein for multiple useful discussions.

Footnotes

1) These terms have the same flavour and chiral structure,

(which ig the only one important below) but vanish in the
factorization-type estimates.

2) Note, that it is exactly the solution of Weinberg U/ (1)
problem as it was suggested by t'Hooft [6].

3) We remind that the so called "intringic charm"™ of hadrons
is indeed at 1% level, see e.g. [12)
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