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1. Quantum ohromodynam:1c s p r ovides a regular computat ional s cb em e 

f or hadron physics in the domain of asympto t ic f re edom wher e the p er

turbation t heory is applicabl e. I n a l ow energy region suoh a reVllar 

scheme at present i s absent. At the s ame t ime, it has been known for 

a long time that l ow en ergy hadron physics can be descri bed by effec

tive ch1raJ. LaFangj.an giving a dynamical :realization of curren t 
algebra 	/ 1, 2,3 • 

There is a challenge to give n micro soopic dcrivation of the 

ch1ral Lagrangian iTom QeD and to s how in what precise s ense it can 

be oonsidered a n A 1 0w energy a pproximat i on to r hromodynami c s . If 

this program is suoeessful it would mean also tbat we succeeded to 

sew together the domain of asymp t otic freedom and the low energy do

main, both being deso:ribed by the samo fundamental QeD Lagr angian. 

I n t111 s paper we show that t he nonli~ear chiral Lagrangian 

incl ud inB the anomalous Wess-Zumino torm 4/ and t he term respon

sible for t he '}" -JrL mass splitting /5, 6, 7/ can be d erived as 11 

low energy approxima tion t o l arge Ii Qe D if one assumes t hat t he 

flavour ohiral s;y1lwct ry is sponl ftlJl,ousl y broken. 

Me s on fi elds j/" are describ ed in t his approach by the chir al 

pha.se 0:1,' quark field . This phase happeos t o be the only impor t ant 

dynamical variable in the low energy reeion . Al l cololtr uegrccll of 

freerlom CM be C!7.T'llci t1y 1nt r 'r.r'l tetl ou t rCRul tlng in the cffecti ve 

nonlincn.r chiTal Lagrang1;;t.n fllr th e phases . 

Technically it 15 a chieved lJy the ohanne of variable:; in the 

path in t egral over quark and cJ uoo fie l d s, whj eh separate the degrees 

of fr e edom responsibl e f or the r. pon t aneous chiral symmet r y br eaking 

and correspondin~ t o the p se udoscalax me s ons. The J acobian of th1 s 

ohango produ oes the Wess-Zumino and Adl er- Bell-Jaoklw anomalous 

terma. ~ter thi s ohange we ]lerfoTlll explioit integration over all 

col our f i elds and derive an effe otive aotion for meson field e . Under 

the assumption of spontaneou s objral symmetry breaking t h e low 

energy I 1m.1 t of this action is ae3cri bed by the LloIll inear chiral 

L:tgrang1an i nclud i ng the Wess-Zumino term ana p' - J/() mas s 

spl itting. 

OUl' fincl. rcsul) 70incioos ~herefore with the results of 
lle1aohandran et al . 8 and WitLen / 9/, We Vlould like t o 3 t re3:J how

ever t hat c ontrary to these authors who oonstruct ed effective oh1r al 

I.."\grangj.t'n using symmetry consideration, our paper presents a mioro

s copic derivation of chiral dynamios from QeD. Apart from heuri sti o 

_, ... ~. i. ! ; ~ I :. l L'tJ ':I" t 
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interest it allows in principle to express low energy parameters in 
terms of quark-gluon interaction. It needs however more elaborated 
technics and will not be discussed here. 

Our paper is close in the spirit to the papers 110,11/. However 
these authors started in theH deriva tion of chiral dynamics from 
some effective Lagrangian (l ike Narnbu-I ona Lasinio model i n 1101 
or nonlinear Lagrangian inoluding explic~tly meson fields in /111 ) 
assuming that it de scribes 10Vi energy QeD. On t he cont r ary we start 
directly fr om the f undamental (J.\UU'k-gluon OC D Lae-rangian and trans 
form it identically i n the f ramework of liN expansion soheme . Th o 
only ad hoc assumpt i on (althOUgh a very important ono) we made io 
the hypo the;3 in of spontaneous cltlr al symmotry breaking. 

2. We proceed from the standard Lagranginn of OCD , w~th SU(N) 

gauge group of colour symmetry and Uen)( uell) of obira.! oymme try 


(1)Z(x)= -9;:;:;' '''''' (x ) 1-:'. '"(X) r, 0 x)( I!J -,/1... (:XJ)if(.~) 

where the strengths f:' (x ) arc oonst ruoted from the veo Lor r.o.uge v • 

fields A... := A; T ~ 

Let Us deno te With t~ the matrioes representi ng tho gouer a t ors 
( ) "I ",<16' ""of Ungr oup with trt. t = 20 • ~J1e oompo site operat ors 

- - <1
Y(X)t't VIX) are related to mesons field s, BO it is natuxa.! to 
consider the generating functional 

Z( 'P) ==-Z/j/u(II)jifd'1f'eXr/P(X) f ~(x)f? 4?!'IX/?t:":jtlj,( 2) 

where # fA ) is a standard measure for the Yang-Mill s field inolu
ding gauge fixing and ghost terms. 

To separate explicitly the chiral phase factor of quark fields 
it is convenient to follow the Faddeev-Popov procedure. For that 
purpose t he integral (2) must be mul tiplied by ·one·, where 

eJ)/ == L1 (if If') / S/P '(Y Si
, Y"SlJ) # (Q) 

yQo; (Q+~ ~f!) r yfl 1f(Q~ f 1;). ( if) 

/ .. y'!>
-. - - - q ~ Here Q(x)~e:x.pJ'JI(X)j) Jr(x)- R7iY , Il,R= 2 

and }~Q (y/ ¥) are colour i nvari ant conditions imposed on the 

quark fields. For simpliuity we choose them in the form F"; 1Vr'i- q V, 

2 

Introducing variables 

y2_ ¥ (5) 

1I'e obtain 

z(~)== Zo~(,1/clFdf'ajv(Q) J ~ (ij, lY) < (6) 

ex-p/j/2"(X)r t ¥(x;[.4. (X);: V (xj Vix; Y(x)tf? qr(x j1- t

y>r{x) 6 >1 a P-S2-(Xj p q(:xd/.i:cJ, 
Here we used the exponenti al representation f or 

r q
with the help of Lagrange multiplier , and 
The Faddeev-Popov determinant can be rewrit t en, 
It'r~ 11 ~ ... 0 , in the form 

t he S -function 
.J is the Jaoobian. 

on the surface 

Ll (V; If') =-fo-ck e.x?/ifPiI)f'tx)(/l~ ~Y tj/,ftJ)crX) ?r(X) , (7) 

Here, as usual, Cand Care anti commuting ghost fields. 
Making use of the explicit form of the t r ansformation ( 4) and 

~ -function, the source term can be represented in the form 

-j y jj;-;t7, r 2 q r (8) 

-4
where ••• denotes the terms of higher order of fields J/ . 

whioh give no contribution in leading order of the liN expansion. 

Farther on, we Will integrate over all colour f i elds in (6). 
For the functional Z( P ) we will obtain 

z('~) = Jc/fl(fl) eXf>f//~ (v/; ?)r/!z /, (9) 

where the effective Lagrangian .tell' ' whi ch depend s on the, mesons 
fields only , will be computed i n leading order of liN and in low 
energy limi t. 

J. To oalculate the Jacobi an of the transformation (5) we make 
the following observation . The differ ence betwe en the Jacobiana 
of transformation yQ.....,. y , and t he transformation y~' -'" y, 
where Q' = Q (1-+ dg), IIIaT be prellented in the fo rm 

A A 

tn J(Q'j- tn )(Q) = &'ckf2}(Q) - f3n~/XJ(2') 
(10) 

3 
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where 

A ;1 "" ,,"o d ' L t~ -01 -c if' (l/~r,, - ,j { Y~L;/tY~i/'~t~~ Jet:0 

Making u se of the expl1 0i t fo rm of the operator x) we get 

(11) 

(12 )?;tnJ= -S8nc6.t-V(Q); -£ft1: Ii S'Q rx)./I(x) 

The right-hand side of t he~. (1 2) i s not hi ng bu t t he well- known 
axial anomaly , which has been calculat ed in 112,1 3/ • 

Integrati ng the c q. (12 ) accordi ng t o 14 ,141 one obtains £o~ 
the t opologically nontrivial part 

fk :::t Z Ic,'-Z -tl2 t ';:V / x)r -:;' hj[AV!l~T(X) tl!c (D) 

where is Weas_Zurni no termt:v-z 
v /.{ / (14)

/ w-z ~ fJ'7~/clz/c/J: C /-<v~7-;~_ 'C)4, 17:') L .,(2") ~ /l)L;- (r) , 
6/ , / 

f ) n -' /)Q (L/< , z') = Q -if-x, ~)£Q ( 'C,t) I ~ l =- }c /.x,t)c{:J (x , c/ 15) 

Q lx, '() = exp j , ;:- Ji/X ) / _ 

Th e se cond t erm i n eq. ( lJ ) i s due to t he Abel ian anomal y, J(0 

is the component of the multiplet .II 
~Q 

, corres ponding to the 

generat or t o ::.1 fi _ 
4 . Let us cOllsiuer again t he representation (6 ) f or t h e f un c tio

nal Z ( ~/ . We r eminrl t he -readEr t hat our Goal is to integrate 
out all the col our variables and obtain the effective action in 
terms 01' t he f ields J(Q • F or t his purpose we integrate firstly 

over gl uon fiel ds. The gluons i nter act with the other fields via 
the terms 11 r;;:, ~A; and 'f/:o!. poIt I;.,-v I-~ r C .... v<J,;"" • Therefc. e 

'-he integrat10n over the gluo n fields produces the faotor 

e~;:> It ,5; (V T".r~r) y/j (16) 

whioh 1 s no t hing but t he generati ng functional for the Green funct

i ons of t he ficlda A: (x ) , j l X ) 

~ IX) ==' @ It J-;" Ix);:: (:xl C Mde;- (17)
I" .In" v, ~c-

in pure gluodynami cs. 

... 

The invari nnc e proper tie s of S~w1th resp eot to t h e colour rota

t i ons giv e u s t he informat i on whi ch all ows to perf orm e:-:pl ici tly 

t he int egrat i on over quark field s V, Y and to d evelop for t h e 

remainin g int e/p'al the l ill expansifln resul ting the 1 cndin.: 
a

order in the nonlinear chiral Lagrangian for t hc meson f i el ds .-,V 
The important pr operty of t he func tional S< i s t ha t i t ucpend!J 

in f a ct ouly on c olour s i nglet bi local oombina tion of f i elds 

¥..; tr ) If-;/(JI) I l'I11e r c .~ is a colour index and i , J are D avour 

indices . 
To es t ablish thi n fac t i t is convenient to introduce a ui,~am 

t eclutlq ue i ndicat ing explicitly the flow of col our i ndices /1~1 
A"'" ~ )'T''''Bccauco 0. gl uon carries two colour indices ,.. 14/ = It", (X f , 

t h !' Gluon propagat or is represonted by two l ines with differ ent 
ilirer:ti on and o.n analogous representation hold s f or the chos t field 

propagator as well . 
To spe where t h e 1ndices /fo it is enough to fol low t he arrows 

Th e 1nd f'X lines flow continuousl y and they ei t her close to mak e a 

looTl , or beginrdng i r om !'ome 1o'l:' t<- ) they end in some Vi- ' ('I 

To every such line oorrespond s b.l! ~' • 5wmni ng over the colour 
i ndioes lvill give N, for every i nnex l oop, and colour singl et combi 
nati on of f ermion fi elds l' <J! p--) !-'~ (!f) i n the oth er case. So t hat 

t he ?jr:><-f> )and ~~ . ('! / rl ep end ence of ,\ is only t b r ough sinel e t 

combinati on s . 

For the s ak e of convenience we i nt roduc e a oolour singlet bl 


l ocal coll ectiv e co c=dinates 116,17/ by t h e r el a t i on 


e ::tp , S~ ~ ~fJ (,Ff/~'i/ - ii;,'{ z ) Y;'r~))f:-D-pjt VfJ J1 (IS) 

Subs t itu tln C thi n cKIlressi on i nt o (6) and u~ i nr. ~gain t he exponential 

repre s entation for thl' [; - fun cU nn 

o(4/j .... ") 1_ ~~'it l ~1.!1_ I/ -- (19) 

//;/;; t: '-XI:)!j/ltl) /1 '7;r:, 1//#J'f.T'l/ - ~'rX) If:lt))j , 
TIe can inter,rate ",vel' the fermion fields 1?, ~ . Th e result is 

!i 



z(p) -= Z//d?(s2Jc/Jc/rldec/c cIv e!X~I if-I1: //"1 -r 

( 20) 
-t A/ 1i: r?J .-f- 2'"w- z + 

+ (-t )A/h ~/c'//'J d'j 
+- Rid 

where 

R 'J - -L' }) {p 0 yJ"./ 9 J (21)- L 'J ' fR + T J £ 'i - ;r'd --t- , 

+ f CQ(rrll;tJrfl,~/~~ c" 

The f unctional V ( J I " ) can be deoomposed into two parts 

( 22 )v(~ JT~ = V ('J, {)) -t V /J;J1 j1 ~ 
I 

where V11:.771 i ncludes at least one J7" •source 
We can draw up Feynman diagrams for any t erm in V( S, y O; 

just as in QCD. The only difference is that we have t o associate 
with every fermion line h.k ae' J , instead of the free fennion pro
pagator. 

As a re sult of this, to determine the N-dependence of V!"5,J (J 
we have t o follow the well -know considerations in QCD /15/ The 
leading ord er in N oorresponds to pure gluoIde planar diagrams 
and every quark loo~ i ntroduces a fac t or U-l • Therefore, the large 
N behaviour of V (! , J1 

P
/ is determined by the pure Yang~llls 

theory and does not depend of S) V!('5 ,J11 :: Vol.17"/ -r O(f ..,,-j, 
The diagrams, co rresponding to the potenti al ~(S, O), contain 

at least one fermion loop, so that the leading ones are of or der N. 
By this reason V (5 0) ma,y be eXllanded i n term of rrl 

V(.5 ,0) =A//}~ IJ) -r~ V It) + - - -]. ( 23) 

To integrate over the fields J ' ? , C, C and l.(' in the 
leading order of N, one must eXlland the action in exponent (20) 
around the stationary pOint. The last one is defined by the equations 

6 

'Y, IJ (x.y-):::::. -I..;. " / ) ' I (er: -:jY) ) (24) 
, SI · ( (3 - ;7,/ 

J '.I (::X - II - (~Vo )'(X-y) (25)jiSt- (j , - S It 

Q IfQ=y q= o · (26)c :: C"l 

Since we have a ssume d that U(n) x U(n) symmetry 1s broken down 

to the diagonal U(n), the stationary solutions /ls: ,J,~ have a 
structure 

J. IJ S'd 'c ) 'I r:- '-. ) ( 27) 
fi J I 0 /(ff • 

.sr J .s r 

We are not able to obt ain explicit s~l ution of the eq. (24)
(25) be caus e we do not know the potential ~ (3:) . However, fo r 
our purpo ses it is suffi cient t o assume that the Fourier transform 

of the functi on .11.1/ /~f (P.J at small mom enta P is a constantI 

different from zero /?s~t (P) p --o C 7' 0 , 
This assumption is the precise form of the hypothesis of 

spontaneou s ahiTal symmetry br eaking we use. As one can show, J5 • (p) 

15 equal to the quark propagator to the leading order in N. Therefo

r e, ) /p) - C ::f 0 means that quark s acqui re dynamical masses 
, ~, I'~O 

violating ohiral symmetr y. 
We start wit h the oaloulation of quadrat ic in the current s L,." 

terms as the most important in t he low ener87 region. 
In the T1c1n1tT of t he stutione.ry point t he exponent i n eq. 

(20) has t he form 

i'w-zT Vo 'r.7l7 -r / h·If I if; ~t i I?t -r f if'/5 <P rfr~ 1

I I · A D fTl t" " (28)
Z ;; cPd - ;2 / L 0i 'f-'/1 -z .J CPt L ;; "t

jt i~ Py'r + j If" ({J ,L Ii - f) P 1'-1f 

i 'fr~- rp) r ~J -r f 'S K 5 j -t - - - ) 


7 
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wher e the coeffioient funotions of quadratic terms in the expansion 
at trln C••• ) and v., (5) are denoted as c:P and K respeotively. 
We WTot e explic .LL, ~r onlY' terms of the second order in variables Y, 

/7 , .5 ,because all higher order terms, after integration over 
the fields 'f ,; J will produoe oorrections of order 
O(l/H) and can be omitted in the limit N - O<? • nr the salDe 
reasons the s ouroe term i s reduoed t o - 4/J"l:"r/ ? ~-<::/ hr loj . 
Up to normalization faotor it is simply the source for the field ~q 

It i s important to mention, that , the only term in quadratic f orm 
wit h ghost f ields Cand C is the term of t he form CrC. Therefor e, 
after 1ntegration aver the f1elds Cand C this gives no oontribution 
in the l eading order of N and we drop it. 

Integrat1ng over the fields j we obtain for the ft - f1eld 
quadratio form 

- G -i = l rp - )f -:/ . 

Straightforward oomput a ti ons l ead to the large-N Bethe- Salpeter 
equat iDn for G. For simplicity reasons we w111 r epresent i t only 
grallhicall y 

-:::Ii) o t /0=8
Fi g. l 

To every fermio n line corresponds J:, (:Jc. -,f) (the quark 
propagator to the l eading orde r in N). 

The pol es in t ho solution G(x, x';y , y' ) determine the l' e mLlO I1 
antifermion bOtm o.l ntu t es, 50 it is clear that the bilocal fields 
describe composite particles. 

As the ohiral symmetry i s spontaneously broken, there exist 
ma ssl ess boundstat e associ ated with the pseudo s calar Goldstone boson . 
We assume that it is the only massles s state in the theory and al l 
s ingt1lari t i es at small momenta are due to the exohange by the Gold
stone bosons. 

Performing the integration over the field jI. , we obtain fo r the 
new Lagrangian densi ty the eA~ression 

}:W-2 IL) T It (J7'l of l' It /til) (rp r PC rp}t i/l ~ 
if(>(CP~ PGP)/'Vr/l';; ( <p T 9r;p)y' V +

yt'/rp-t cp(7tp)!if;/-r ---
(29) 

8 

Le t us i nt roduce t he deai grlltion s 

Tz; j /'>i? P + cpr; P) 1'1 ~= /, Q'(x -I', J 

'T& /,;;:'8! ~( rp f- 9C rp)j'>/~= ;;: (.f(x -it) 
(Jo) 

Tc /~I}t?( rp + PC P)rJ; /; I" = C 0((.<: -j,/ 

Using the it erat ive solution of the Bethe-Salpeter equation, one 
"t? )can see that /~ (x-y is a sum of dlag:ramms 

<=> <0> <GI@>T"
+ T 

Fig.2 

It is evi dent, that 

,'> ,4//7 {J(X:)I/ =t< T V/x/cY "'l,V(.x) V(Ylf'lI'Vt /lc; 
(1) 

where z... >fC) denotes the leading order of liN". 
In analogy, we obtain for the other functions 

,4/;;: "'(:x -jt'J = C· < TV(::r:)IJ;.1} t q¥/~j i?fj)r2 Cf1")~; (n) 

;:¥ of(x ~J = t <. Tlj7l.rj{ J;li lq~!x) ¥t!!f/: ;J Iff/fY;;?,:,' 
Due to the exis tence of the Goldstone pole in the 3ethe-Salpe t er 

ampli tudes the functions !~ al 50 have pole singularities. Therefore, 
the small momenta behaviour of the ~ functions has the fom 

.~x -r Q t'(oc) j x e /.-v-v L -<s· tl_ tJ- -+ £. P.,) + O//')
7' j'/'v j>.:! OJ) 

/d'i- e ,p :>c 1;/d(X) = t 13/6"~,e. 
,c ?~ 


iI~ e (P x. / ,ol'/x B< 80.t .-L r- 0 0 ) · 
/'< {/ 

To r eoeive the final ~xpressi on f o:r the effec t ive Lagrangian it 
r ema1na to integrate over the fields Y. The rest1l t is 

9 



oM /~ "(Lvt w.z (L) .. ~ '(.]To) + :: Q ...... ~ If~~ 
A/l. " /-r""(If' f / , VLe (J4-) 
;2 .... '" C /( c' C't' v 

From the smal l mom ent a behaviour of / ' f unotions (JJ) we 
obtain 

I'r ./-,
-< 

7'A.e/l = ..... /! Ie L.v L ..... -t- k' / J7o) 
CJ5 ) 

~ 0
./ 

c! M'vs:- ;r1.. /v'i.", (t)i " It/Lg( r) La (f)
fj'/l;' '/ [c ~ 

c 
where J;, <= # /~ ;-;; - is a meson deca,r constant ( J-;; = 190 !.ie V). 

We must mention, t hat because of the dynamioall y generat ed 
quark mass, the coefficIent functions i o the expansi on of the fun ctio
nal t r In ( • • • ) have a smoo th properties near the zer o momenta. 
Therefore, there is uo possibil I t y to obtain a term of Wess- Zumino 
type f r om this f unct ional. The only possibl e terms are t ho se of 
higher oreer of the moment a. But they are droped in low energy appro
ximati on . 

Let us make f ew oomment s concerning the ~. (J5) . We kept in this 
formula only the term s quadratic in L becau s e they are l eading at 
small momenta. However, it i s t rue only if t h e coeffici ent func tions 
in t he expansion of t he effective a ction with re spe ct to L are oon
singular at z ero momenta. Thi s is no t obvi ou s beoause the Goldst one 
bosons do generate s i ngulari ties at small moment a . Above we showed 
explicitly that in the ooefficient f uncti on of the quart ic in L 
term theBe poles canoel. We emphasize that this canoelat ion ari s e s 
after the integration over the field ~ i.e., 1 B due to the explici t 
aooount of the oons traint on the fi elds ( see e q. (J) and sq. ( 6) ). 

Now we shall give the argument s showing that analogous canoela
tion occurs also in the higher order t erms. 

If we are interest ed in the hi gher order terms, we cannot 
use any more the eq. (28) and should t ake into a ccount next terms 
in the expansion near st a t i onary pOints ( 24-27). In partioular the 
terms depending on 5 have a form 

(J6)#//J )(J .,. Jo~ K", J" -r ;;5J. 
10 

Integrating over J in the limit N - = we get 

eXjJf 1"eflJ =-/~l,(f' e~/#4_L (L) + Va (./TO; +- (37) 

# h:/ -j/?C'//l :6 " K .. (K-'/} )""-r 

i r r" cP JH Cf - f ;r qJ/"' I{ ..... f l(j~;P/? +.7[? ~ y, L flj 
In t hi s formula we wrote explicitly the t erms quadratic in ./7 

and 'f in the expansion of the trln C •• • ) , and the remaining 
terms were denoted by J / '(t- A ,L). The propagator of the field 
/7 Is the Beth e-Salpeter ampl Itud e G, which ha s a pol e oorrespond

i ng to t h e p seudoscalar Golds ton e boson. Ther efore we can separate 
the t erm responsi ble for t hi s pole and replace t he int egration over 
fl (x,y) by the integra tion over the local fiel d s fi<l:( x) with 

propa gator t5 Q I' ~/(''?' , and the bilocal field .ff (x ,y) with the 
propagator regular at zero momenta. This corresponds to the fol lowIng 
change: 

-/
-j ;Ux.:f) C (x.,y; X ,'j / /?Ix ,'J I) ~ 

(J8) 
I Q. Q I" ~-I 

-;Z (7 Ix) 0;:; (X) ..... ;Z (? (x.J) C (x, j I x,'J ) x/x,' )f ) 
and 

Q (J9) 
;? (x,y) 6 (X-.t) r>~? (x) -t d (:x, } 

in the r emaining terms 

Now we oan perform a change of variables 

(40)If't(:x) .....,. lfO(x} - ;rq(:x} 


.. 
el iminat1ng d dependence of J-

The result looks as follows 

exfY/ , Zeflj ;jdJCii olf( e~;o/:lf4-2 (I) -r r{f/7j! -t 

,#(i ;; Q( aJQ (+ h I qtf '-CP! t'!'}) .J ~ 
(41 ) 

II 



it Ij /1 c.: - ~/ ~ L (-I) "!'\" [)\ - i(? ';r l~ ,?) 1'" -r (41 ) 
I '" ?.., 	 , 

l{ l' >- y ,\ ' r J ~ J' (tf, L))jj 
Thi 5 f ormul a snows t ha.t t he i nt eeral over /? 

Q 

, 'IIhl..oh produced 
before t he po le singul ari ti e s a t zero momenta, after t he cbange 
(40) ,I')'.':' :1-) t 111'0uuce ;:J i n,;nlnr i ti <' :J IlJ1Ylnorc , bt:'c~u' " 

( 42)
Q fl') .1-' ,-,./ t! ,," '" L":> 0C ,r .>{ Y---"1 < !t , ~ c "- (':) -) ~ ./ 

where the co nsli'wt B was def i n ed in the eq' s (JO,JJ). 
Therefore, we see that onc-?art icle singulari tie s a t &ero 

momenta di"apflear from the ef f ective acti on ( 41 ) . 
Th~t means tha t the coeffi cient funct i ons mas be ~XIlanded nea r 

th e or i gt n and t he higher orde r t erms a re smal l i n comparison wi th 

t h e q'!adrati C' t erm. 
, '( ,, ' 5. Let us cons i der the f tU1c1.ioTIal V ./7 .• It i s generatinr. 

func t ional f or connected Gyepn' ~ funct ion s 

, {~J _. -y ... . ·(;::rl< "P, 	 .
in lead ing order of liN. Its expansi on i n pow er of has th" f'n") ! 

~~? LJ c :>r '< Tj}('()J(!I/~ /l'iy/cll {/j ~' (43 )
c "c, '" 

I f 	 we a s sume, t hat 

~/~y < 'f(:I')j?(t/ /:0 =- 4 ~ {J, 

t hen , fr om ( 43) follows , t hat J7 part i cle ( ?' -meson) receivesI 

mass 

~ j,'Ir. < .,. -!:- Q < :r...!!... 11 / ,' i./f I 7(",/ )-/,'>. ,; ~ Ilr JlioQ (44) 
,~' i.//1 I .J" <. .' /i /1 <, ~ IcY .x <: It 	 (,-/ 

. 	 - ( Ill l
which coinc i de s with Wit t en's expression [ 5) see al so ). 


Th e constant of J7 meson decay i s propo r ti onal t o ~ and 

,. 'II C "'~ 	 f<TrY F TrF F /", ~ 11 , so 'iY'r ~ l i N. Henoe , the C' ~n"son mas s 

gene r at ion ( t h e r estoration of lI(l ) syIlllDetry) 1s not in oontrad1.o
t i on with t he a ssumption of u(n);< Uen) symmetry breaJdng i n 

l ead ing ord er of H. 
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6. So we succed t o show t hat the l ow energy oh.i ral Lagrangian 
can be obtain from the fundament al QCD lagr angian by the direct 
i ntegration of oolour degrees of fr eedom in t he :U.JIIj,t H - = 
provided the Qhiral symmetry is spontaneously broken. 

We oonsider here onll quadr atiC t erm iA t he effeotive ao t ion 
whioh defines the low ener gy J7 -dynamios. One may be iAterested 
in the oaloulation of next order term s , in particular the ~e 
term tr L,

L,L} 
2 

• This term present a speci al i nt erest beoause the 
chiral Lagrangian i ncluding the ~e term admits stable sol uti ons , 
whiQh may be interpreted as baryons 8,91 • In our approach such 
t erms wi ll arise aut omatioally as next ord er terms generat ed by t he 
effective aotion (41). In prinoiple the microscopio derivation pro
posed here allows to oaloulate any t erm in t he eff eotive Lagrangian 
and to express phenomenologioal parametel's like J n , the Skyrm.e 
cono tnnt, etc. , in t erms of fundamental quark-gluon paramet ers. 

However to do it in praoti ce one must know the functional ~ (f) . 
Preoise determination of t his funot i onal requires the exact summa
t i on of planar diagrams iA gluo~os, and i s a t the moment beyond 
our possibilities. 

I n t he case of the leading quadr at i c term we :mccccue<l t o avoid 
the se probl em8 by approximation of the exaot Bethe-Salpeter ampl i t ude 
by the pol e t erm. It allowed us t o cons t ruot the eff e o~ve Lagrangian 
in terms of low energy paramet ers like h 

I t i s worthwhile to emphasiz e t hat to caloulate the Skyrme 
teI'lll one needs to know no t only singular t er ms in the Bl>the..Balpeter 
amplitude, but also r egular ones and the pole apprOximation does not 
work i n this case. At present to make some definite prediotions oon
cerning this term one needs some additional model assumption. 
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