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‘,.w1th gs the colour couphng constant (a5 = gs/47r) and 171[) is the matn\ of‘ e

Iy current quark masses Notlce the remarkable fact tllat QCD is asymptot-‘ _:‘ X

1cally free e, 1n the sllort dlstance (r <1 fm) large momentum l;ldllS—

o -47r(bln Qz/AQ) 1/2 becomes weal\ As a consequeuce, pcrturbatmu th((nv‘ o

: “can be employed in close conceptual analogy to- quantum ele( tlo(lynann(s
(QED), the abehan gauge tlleory of electrons and l)hotons w1th gauge gloup

' ,LU(I) (cOmpare Table 1) On the other hand at low | energles the runmng con-n» :

B _work It is con_]ectured that tlns~property of QCD would e\iplaln why quall\s
.- and- gluons are not observed but bound 1nslde colour smglet qq meson 01 qqq

’ nucleon states Thus the calculatron of low energy hadron observables fro

QCD always 1nvolves the dynamlcs of. bound states wlnch are 1nt1mslcal \
nonperturbatlve a11d thus very comphcated } ‘ B l‘, ‘31' : L -

Among the most 1mportant aspects of low energy hadron physrcs is. tlle
-concept of chlral symmetry SU(3)L X SU(3)R and 1ts spont'meous bre'll\down

‘signalled by nonvanlshmg quark an(l gluon condensates < qq >, < C,“,C;',,,' r
.This mechanlsm 1s believed to be responslble for. the tlansltlon of cmrcnt :

quarks 1nto constltuent quarks as wcll as for the emelgence of the SU ('3 'f

Table 1: Conceptual similarities between QED and QCD.
QED QCD
quark field: ¢*(z)

(i— colour, a— flavour)

electron field: e(z)
local charge conservation: U(1) local colour conservation: SU(3,)

Lagrangian: Lggp(e, A,) Lagrangian: Locp(d, G})

photon A4, gluons Gj(a = 1,...8)
4 4
atoms hadrons

molecules nucleus

nonet of pseudoscalar mesons as Goldstone bosons. Thus, if QCD is the cor-
rect theory for the low-energy dynamics of the light hadrons, it must follow
the scenario that the SU(3), x SU(3)g chiral symmetry is broken down to
the SU(3)y symmetry spontaneously. It has been a challenge for the theo-
rists to construct an effective low-energy theory of hadrons that realizes these
symmetry properties and reflects the underlying composite structure of the

qd-states (Table 2).

Hadronization and Effective Chiral Lagrangians {(ECL)

To describe low-energy strong interaction processes and properties of had-
rons it is necessary to use nonperturbative calculational schemes. The most
popular ones among them are:

- the method of QCD sum rules [1],

- QCD lattice calculations [2],

- the functional integral approach to effective chiral Lagrangians [3], {4].

This talk is devoted to the ECL-method. There has recently been sig-
nificant progress in the development of this approach in which one derives
the low-energy effective Lagrangian for hadrons either directly from QCD [5]

or from some simpler QCD-motivated Nambu-Jona-Lasinio quark models [6]
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Table 2: Characteristics of perturbative and nonperturbative QCD.

Perturbative QCD
(s € 1,Q > 1GeV)

Nonperturbative QCD (a5 ~ 1,

Q<1GeV)

Hard (deep inelastic) processes
”Simple” ground state (vacuum
0>)

Asymptotic freedom & concep-

Soft processes
Complicated ground state (vac-
aum |0 >)

Spontaneous breakdown of chi-

tual similarity with QED ral symmetry (< gg ># 0,
< GG, >#0)

Confinement 7

Microscopic fields:

quarks & Composite fields: hadrons (pion

gluons as Goldstone boson)

by using functional integration techniques. That is, in the generating func-
tional of quark Green’s functions of QCD one performs a change of variables
from quark and gluon fields to the observable hadron fields. In this way,
QCD bound states, constituent quark masses and spontaneous chiral symme-
try breaking may be understood within a coherent framework. Let us discuss
this in some more detail by starting with the generating QCD functional. The

idea of hadronization is then summarized by the following relation

/DqujDG” expi/d4x[£QCD(q, G,.) + sources]
/DoDprDalDND]V eXI)i/d4$[£eff(U, T, p,a1, N) + sources](3)
or
EQCD(q,Gp) - Eeff(077rap’alaN)' (4)

Here o, 7, p, a) denote the four SU(3)-nonets of mesons with J=0+,0",1~
and 1%, and N is the nucleon field. The proof of the above equivalence is a
highly nontrivial task. For practical reasons, it requires to consider the limit

of large numbers of colours N, and to usc an expansion in field derivatives

which is valid for low energies. Note that the masses and coupling constants
of the composite mesons in L,sy are then expressed in terms of QCD param- .
cters only: quark (gluon) condensates, current quark masses and numbers of
colours.

For illustrations, let us quote the nonlinear meson Lagrangian including
higher-order derivative terms. In the following we restrict ourselves to the
sector of pseudoscalar mesons and consider the case of exact SU(3) flavour

symmetry (g = mg 1). The effective chiral meson Lagrangian L.s(7) is

conveniently represented in terms of the chiral field U and £, = (9,U)U",
8 A
U._e\pz———-, ——Zﬂ'a ) (5)
a=0

where m, is the SU(3)-nonet of 07-fields and F' = 93.3 MeV is the pion decay

constant. We have {6}

Legs(7) = LO(®) + LO(F) + Liwz(7) + Lsp(7). - (6)

Here ) )
L(Q)(‘/‘r) = %tra,‘UB/‘U* = ——FTM'L,,L“ (Ta)

is the standard kinctic part of the chiral meson Lagrangian containing ouly

sccond-order derivatives. The Lagrangian

o {12[L"»Lv][ﬂ‘ L”l——(auL")2 (L,lLu)'Z} (7b)

L) = 35

contains new interactions of fourth order in derivatives. In particular, the first
term in the curly bracket is recognized as the well-known Skyrme Lagrangian.

but now with a fixed coupling constant ¢? = 12x?/N,. Morcover,
A, =\ ZNC 5. Jivkdpy |
/(l .'l,sz(ﬂ') = W / > xet (L,.LkaL,\Lp)
B

_ —2n,
T 1572F5

vis the famous anomalous Wess-Zumino termi.

/ dxe i (70,70,7O 7O T) + O(7F7) (7¢)
Finally, Lsp(T) 1s a term de-

scribing explicit breaking of chiral symmetry,
2

F 2
———m 20U+ U —2)~ — has

Lsp(7) =

24 o). (7d)



Note that in the limit my — 0

2mg < Gq > :
m§=—~37?——_ﬁq (8)

i.e. the pion becomes a massless Goldstone boson. For the complcte La-
grangian with 07,07,17 and 1* mesons the recader is referred to [3]where
a variety of other results as well as of phenomenological applications can be
found. Let us quote among them the following ones: i) Weinberg relation
ma, = V2m,, ii) KSFR relation m2 = 29, F%, iii) vector-axialvector domi-
nance of electro-weak currents, iv) Goldberger-Treiman relation and v) pre-
dictions for CP-violation asymmetries in ' — 37 decays. In conclusion, we
mention the recent interesting approaches towards the baryon as a diquark-

quark bound state [7}.
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