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1. Introduction 

At the present time the current algebra - PCAC approach to low 

energy hadronic interactions based on the idea of chiral symmetry and 

spontaneous breakdown of chiral invariance is in a remarkably satis­

factory shape/ 1 • 21. A lot of work has been done in the last years to 

extend these ideas from the hadronic level down to the world of quarks 

in orner to understand the implications of chiral symmetry for qua­

rks/1,3/. In particular, we want to understand much better such im­

portant issues like the origin of PCAC (partially conservation of 

axial current) which should be directly derived at the quark level, 

or the connection between the current quark masses in the Lagrangian 

and the constituent quark mass parameters used in nonrelativistic 

quark models. An ultimate goal is,of course, to emhe~ the entire app-
1 .co• , , i1 ' 
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with approximate chiral symmetry that is,according to the present 

paradigm, QCD. 

From the microscopic side many attempts have already been made 

in order to clarify the relation between the quark and hadron levels. 

This concerns,e.g.,1/N expansions in QCD2 /4~ sum rule approache~ 5/or 
QCD lattice calculations of condensate and hadron parameters /GI. 
Nevertheless, there remain many important problems that have yet to 

be better understood like that of the exact nature of the nonpertur­

bative mechanism of flavour symmetry breaking, the connection between 

current and constituent quark masses or the construction of phenome­

nological chiral Lagrangians out of the functional integral of QCD. 

Waiting for an answer to these important questions we recall to the 

reader that there exists another much simpler approach to dynamical 

breakin' of chiral symmetry proposed many years ago by Nambu-Jona 

Lasinio ?1. The simplicity of this model stems from the fact that the 

effective interaction of fermions is a local four-fermion coupling. 

That is, of course, not the case for QCD but there have been recently 

given arguments that a separable quark interaction could be a reaso-



nable approximation to gluon and instanton mediated interactions/Sf. 
Besides this, nonlinear quark models of this type are interesting by 
themselves and worth to be explored further in order to test new non­
perturbative ideas and techniques. 

In particular, as has been demonstrated some years ago/9/, non­
linear fermion theories lead to effective composite-meson Lagrangians 
exhibiting a remarkable resemblance to standard Yukawa or gauge theo­
ries. In a recent paper denoted by I/ 10/ we derived a composite-me­
son model containing G"

1 
'Ji', 5' and W mesons starting from a U(2) inva­

riant nonlinear quark theory. This model provides us with a dynamical 
explanation of vector~eson dominance of electroweak interactions, 
PCAC relations and interesting estimates for the bare and total mass­
es of light quarks,m~~5 MeV,I'n1,.'~<233 MeV, close to or resembling 
the estimates for current and constituent quark masses of other ap -
proaches.In ref./ 11 / this type of model has been further extended to 
flavour SU(3) symmetry. The main purpose of this paper is to extend 
the analysis of quark and meson masses initiated in I to a suitably 
generalized SU(4) model in order to teat some of the ideas mentioned 
in the first part of this introduction. In particular, we shall es­
timate and relate the bare and total masses of u d s and C quarks 

I I 

and compare them with those obtained in other approaches. Moreover, 
there will arise numerous predictions for coupling constants, decay 
constants and masses of the composite paeudoacalar 15-olet of SU(4). 

The paper is organized as follows. In Sect. 2 we define the 
nonlinear quark Lagrangian and derive an 1/N expansion (N - number 
of colours) of the effective composite-meson Lagrangian by standard 
path-integral methods. Sect. 3 and 4 contain the meson mass formulae 
and a short derivation of the relevant PCAC and Goldberger-Treiman 
relations, respectively. Finally, Sects. 5 and 6 are devoted to nu­
merical discussions and a summary of results. 

2. Effective Quark and Meson Lagrengiana 

Let us consider the following effective quark Lagrangian with 
a global flavour symmetry SU(4)f broken by quark masses and a glo­
bal colour group SU(N) 
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Here the quark field ~(x-)={ qf()l:)} (O..=A,Z, ... N; .<.::>.1 1 -Z.,- .. '+ ) is a 
N-dimensional vector in colour apace and a quartet in flavour apace, 
reapectively(quark indices will be omitted henceforth) ~0 is the di-

"' ,J" ( 0 0 0 ()) "\ agonal maSS matriX I'Yio=UI0.8 WJ.._ 1 Wll<-l lit'ls I Wlc t /\;. are Gell-Mann 
SU(4)f-matricea and 'z:;. are diagonal matrices defined by t.;=ar·ag(-1

1
-t,op), 

t;.=dia~(o,ol tz.o) and lj=dias(o,o,o, Vi) • The special scalar terms in 
eq.(1) have been introduced to break chiral symmetry both explicitly 
(by Wt0 ) and dynamically (b)'('fs;q)~O). *) G is a universal four-quark 
coupling strength with dimension (length)~ For s implicit.y, we have 
also disregarded nondiagonal terms in :i;.,_t responsible for ainglet­
octet-15 plet mixing. 

To derive Goldberger-Treiman relations for the 15-plet of pseu­
doscalar composite~esons of SU(4)f we must further introduce elect­
ro-weak interactions into (1) by replacing a,... by the covariant de­
rivative ~~ of the electro-weak gauge group SU(2)LxU(1), i.e., 

o,... ~ CZ>r = dr + [/,;; t1~(s= [ Ge:>(tc ( A-1+-<Z + ). 43-,d'f) 

+- sint:tc. ( >.'~+.ts- ~~-u-..:~zjw; + t..c. J (2) 

+ ~ [ (1+(5)'1;-l sinze~..~ Q }c~ + ieQ A_,.. 
Z C«.ew 1 

In eq. (2) K) e.., I ec. are the gauge coupling constant, Weinberg an­
~le and Cabibbo an~le. reAner.tivelv! (,) ~. g~~ +he ~n~~o+~~~ ~~ 

weak isos~in and ~±, electromagnetic charge and third component of 

:2:1" , At' are the electro-weak gauge bosons. 
The dynamical content of the nonlinear quark model (1) can be 

best analyzed by applying path-integral techniques which are now 
widely used for deriving mean-field perturbation theories or 1/N ex­
pansions/9,121. The idea is to introduce colour-singlet composite 
fields for the mesons in such a way that the action is bilinear in 
the quark fields. One can then do the path integral over quark fie­
lds leaving a nonpolynomial action in the meson fields that can be 
expanded in perturbation theory. To this end, let us introduce the 
generating functional l(~,"f,-)of the theory defined by 

l ( ~~~---) =f J [D~ ]q ... ] e~tp iS d'x-( cl(~,l[iA,w~~) + f1 + q~+ .. ). 
(3) ., 

As we are mainly interested in the 15-plet of composite pae­
udoscaler mesons we omitted other possible scalar interaction terms 
in (1). The inclusion of such terms would lead to additional scalar 
mesons and does not change our main results. We-neglect also isospin 
breaking. 



where g 1 3" are quark sources and Jf is a normalization factor. In­
tegration over gauge fields as well as the inclusion of suitable ga­
uge field Lagrangiane and source terms is implicitly understood in 
eq. (3). Introducing a convenient set of colour-singlet composite sca-

lar or peeudoecalar fields, f~! "'Uft:cp , (<P..:j -v(aA.fsA-i~) 
where I 

[0..:3 =t~.G;.,G;} 
[~.:} =-[11, K,~£..r, ]), F, rzAs-} 

and performing the integration over the quark fields in (3), we get 
the following effective meson Lagrangian 

2, 3 -tS z. ) ( --1 l) :£ ({o}.{4?J)=-~(~~z.+~cf>,: -,LNT'r i11.{-S(x;y) x-=>'' 
ej .<.=4 """" 

S is the quark propagator which is defined by the equation 
(4) 
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SC x-, y) = - { .t0t2>- ~o- ~ ( ~ c;:-r;_ + i(s f ~ >.,.:)] 6(j.(K-J) <5> 

and the trace rune over Dirac and flavour indices. 
In eq. (5) we have introduced a dimensionless coupling constant 

I} , f/'1-11 playing the role of a (bare)"fine structure constant" of 
t't!e model, by setting G = 3'iA:z.. In the following we shall treat the 
distance scale /\-~ as a measure characterizing the range of the 

,;,ur•-range "('1 rorcee responsible 1'or dynamical breaking of chiral 
symmetry (compare eq. (7) and remarks after eq. (~~. This implies 
that all momentum apace integrals arising in the loop expansion of 
the quark determinant of (4) should also be cut off at A . 

Let us recall that the bare quark masses h1o appearing in the 
Lagrangian (1) break chiral symmetry explicitly. Additional dynamical 
breaking occurs when the scalar fJ fields get nonvaniehing vacuum 
expectation values <cr;; ):fO. To fin.d the corresponding expressions 
one has to examine the stationarity condition fJ;t'-jdff: =0 for 

{~\ ~ ~ ~ 
~J =0. Introducing the matrix~ of total quark masses defined 

as the sum of bare and dynamical masses 
A A ~ ~ ~ 

m = Wl 0 + Wl~y.,:: Wl0 +~ ~ (G_:>'S: (6) 

the above stationarity condition takes the form of a self-consistent 
Hartree-Fock equation 

m ... :::. Wl% + 8 w..._ G ~(WI.;.) (7) 

where IA (WI;.) is the regularized integral 

,I 
I 

. N s'· a'~k N 2.[ WI~ l· 1 lJm . .J = ~y~ (k'=-»~;.z; = (4Jri·/\ 1.- -xt-111. (1 + W1f)) 

and we used the notation ( Wt~ 1 WI, 
1 
1'113) :.: ( V!1u, h1s, Wlc) 

Recalling ~= £-j/1.2 we find from eq. (7) 

t = 71(1- »1~fM,.:)j2N [ 1- ~z. fv,{ll<--%~) J 

(8) 

(9) 

0 
As one decreases the mass h1.~ to zero (with M..:/1<1~ ..,o), the interac-
tion strength Cl'/lprneeded to give that mass goes to a critical va-

2.;. (c ri7:) 1..~, . 
lue, ~/'lr =- ::'fi2N. ThJ.s is just the value at which dynamical brea-
king of chiral symmetrl seta in. To get finite quark masses, we must 
then have V451> cj74-~.,.;: Notice, that in the presence of bare quark 
masses which break chiral symmetry explicitly the required value of 

32/'JTI needed for a g~ven WI,.: will be closer to the critical value than 
in the case with m,..:: 0. 

Proceeding further as in ref./10/, we next perform a shift in 
the 0"'-fields, ~...,.0::,=61-<G:>and expand the quark determinant in 
(4) in powers of {cr-.:'] and [ <P.i j (The prime on G:' will henceforth 
be omitted). Performing necessary renormalizations the resulting 
loop expansion ~ill easily be recognized as an 1/N expansion with 

32. N fixed. 

J, Jllass l"ormulae 

In order to derive mass formulae for scalar and pseudoscalar 
mesons, we have to evaluate the quark loop diagram of Fig. 1a with 
two external meson lege. 

m I 

Fig. 1 

~nis yields the following quadratic pert of our composite-meson theo-
ry 3 

1- ~ { (()~~)2- fv1~2. ~2} 
~=A & 

AS fu [ (a~¢~ t- M(J~ ¢/} , (j.O) 
i-1.. 

L 

,) 



where we have performed the field renormalizations 

l:.11z { 4 2. r. ( }-1/z G:; ~ (f.; 5:;; = ~ z WI,.: /VI .i ) 6:;; 

Jf ~ 4/z if = { lf~Z Tz (w.1, WI-I) rl/z ff 

cp __,i_;l.¢ =['+3zL(m~.~j)T
1

tz<P iUP=J<,]),F=) 

1g ~ l;~z7g = { }32 [~CWI1,~A) +2Iz(YV!z.v~-,z)]F
1

~~9 
2: ~/z 5 -t z[ }--1/z.. 

?As-7> i15 ?AS-::: l 3~ 2~(~~v~A) +~(l'vlz,~) + :JJ"_/~,m3)J ?As 

It is straightforward to get follow~ng mass formulae for scalar and 
pseudoscalar mesons, 

M-
().· ... 

Mz. 
:Jr 

~ " VVI .· = ~ ~ + Lf Wl,i-
Yvl,.; G 
mo 2.. 

=. ~ g.n/(; 
J.v1A 

0 

= 1..(~ + 
2. WI; 

0 2. 

~ ) 21~/G + ( rn(- rnj { ; ( ¢ = k, n, F) 

Mi"z J;(N~-(~1-W!z{")(8~~J-- S M;(3~;rf· 
tv\~ = t (M: -(»krnz/)(8~~~~f + j-(tvt;-(~-~3 )2)(8~~J>t 

- .t tvt/( 8"SfeJf) 2. • 

( 1 J) 

In deriving (13) use has been made of the Hartree-F'ock equations 
(7). Moreover, 9tJ.; and 9cp are induced renormalized meson-quark coup­
ling constants ~efined ~y 

1/z 
Ho.: = 2cr;; ~ = o ('!Vi:i) ( 14) 

Noeice that the nonperturbative SU(4) breaking in the total quark 
masses of (7) bas its sole origin in the bare masses mJ. Thus, in 

,I 

0 
the chiral limit WI,.:-? 0 , 111,.:/Wl:i ~ i , and the 15-plet of 0- -mesons 
will indeed become the expected multiplet of massless Goldstone bo-

sons. 1 
It is worth mentioning that in composite-meson theories l = Yo(gl.) 

due to the lack of a free kinetic part in the meson Lagrangian. The­
refore, in contrast to field theories with elementary particles, the 
bare coupling constant ~ drops out in the renorrnslizsd coupling 
constants and the lat~er become calculable functions of the quark 
masses Yrl,i, and the intrinsic cut-off scale 1\ • In the following 
we shall take the length scale /\-1 characterizing the range of chi­
ral symmetry breaking qtj forces approximately equal for all quark 
flavours*). 1\ was determined in I by fitting the experimental 

width r(g..,br) through the induced gJr:rr -coupling constant. 

As is obvious from the explicit expressions for the C -factors, 
SU(4)f breaking of quark masses will induce a corresponding symmetry 
breaking pattern of renormalized meson-quark coupling constants. 
This question will be explored in more detail in Sect. 5. 

4. PCAC and Goldberger-Treiman Relations 

For a subsequent discussion of the quark and meson mass for­
mulae we need also the explicit expressions for the meson decay cons­
tants F4>. To this end, let us consider the weak transition diagrams 
shown in Fig. 1b. Straightforward evaluation and renormalization 

leads to the interaction Lagrangians 

~:; = 2~ ~~-r{ ~ec [vzF;-;:Y·ff +rZF,_-(Y·F-] (15a> 

+ SihBc [ fi Fk Ct'K-- (if; (Y"]T JJ +it c. 

( 15b) 

where 

t="TJ = YVI'-'-/fj:Jr Fk. =(m,.. +-W15)/-zgK 

~]) =- ( h-1 .. +-h1c);2 ~J) FF ==- ( Wls t- Yvrc)/2jF (16a) 

*J The flavour-independence of the distance scale A-~ suggests 
itself if one identifies it, for example, with the short-range core 
of gluon exchange. This can be compared with the flavour-indepen­
dence of !_qe bag radii of 'Jr , F and ]) mesons, 1?1r"" RDz R.F = 
,. 3.5 GeV /13/. Note RcloiY = (\-~ < Ru, .. f. = 2 1(31 . 

7 



and 

Fa == h1.s ~~ ~~~ 

F-~s~ ~rns~As-/g~ +! rnc~As-1~ (16b) 

Note that ~ == O(r;:J). As required, the charged and neutral axial 
currents in (15) have a form respecting PCAC with decay constants 
satisfying the usual Goldberger-Treiman relations (16a) or a slight­
ly modified version of it , as given by (16b). Clearly the above ex­
pressions for the decay constants include SU(4)f-breaking effects 
from both quark masses and induced meson-quark coupling constants. 

Concluding we mention that the quark determinant in eq. (4) 
leads also to self-interacting meson terms which can easily be evalu­

ated along the lines of I. One gets the interesting result that int­
eraction vertices with f meson lines <f~3) are suppressed in the 
large N limit by a factor (o/&)p-~{"/~)P-2 resembling the 1/F expan­
sion of phenomenological chiral meson Lagrangians/2,41. 

In the next subsection we shall discuss the mass formulae of the 
model in ~ore ~etail in order to get estimates for bare (current) and 
total (rn~ +-WI~y.,) quark masses, as well as predictions for meson 
masses and decay constants. 

5. Numerical Discussion 

Let us recall at the beginning that our model contains five free 
parameters: G, 1\, W1~ 1 WI£ and WI~ (from now on we restrict us to 
the physical value 1\/=3). To fix them it will be convenient to take 

2. • 
the following input quantities from experiment: ggmr/'I:Jr::::J, f..111 , 

~r "" 93 MeV, r::-1<::= 1.2 E=;- and W:c::::.f f.!~ :1.6 GeY. With these valu­
es we then get predictions for the other 4uark masses and the masses, 
coupling and decay constants of the 15-plet of pseudoscalar mesons. 

i) Light particles 

Let us shortly recapitulate some results of the composite-meson 
model I and recall how the parameters 1\' G and m~ I .¥11u. have been 
fixed there. In this paper we investigated a slightly extended ver­
sion of nonlinear quark models containing besides scalar and pseu­
doscalar mesons also vector mesons. This allows one to derive an in­
teresting relation between pion-quark and measurable ~-coupling 
constants, i.e., 

( 17) 

H 

2. 
Taking Bf.nr /lf11 as determined from the experimental value of r(S'-"?2.rr) 
then yields fjlfq..,.::!z. With (16a) and f;r= 93 lleV we then estima­
ted the total U -quark mass as 233 lleV which is somewhat smaller than 
the usual constituent quark mass (mu) ~ 330 MeV derived from magnetic 
moments of hadrons or by setting (m ... C~ "'4r;§1 •}./. lloreo;er, from ( 141 
the intrinsic cut-off 1\ has been fixed as 1\ ~ 22 mL< = (1093 lleV). 
Finally, taking into account the experimental value of Hli' we es­
timated Yrl~ and G from eqs. (7), (13) as 

WI~ = mu. ( 1 + g 3: IJw,,._)/Mf. T..f ~ S MeV (18) 

G/4Jr ~ 0. b I /\2.. 

0 
The above value for Vnu is in agreement with a corresponding esti-
mate of the current-quark mass, (Vvlu)c,.~-r~5 HeV, obtained in a cur­
rent-algebra approach supplemented by linear baryon mass formulae 
/1 '3/. 

ii) Strange particles 
Let us next discuss the case of strange quarks and mesons. The 

ratio of total quark masses Wls/m "'- can be determined from the re­
lation 

Wls/mu = ( 2 F;;/fi) 8~cl8:11· -1.. 
,.,.. /'. . ·"''-

'/ l~l"""r..,«/ ,._ Using t-1<:. s;_~1.2and considering g,:.f[jrr= z(k1u,,..s)J as 
on of 1'11s/ltt~.< we have solved the transcendental equst ion ( 19) 
cally. This yields 

m5 jm"' = 1. K5 1 

( 19) 

a functi­
numeri-

(20) 

and thus, using Wlt.<"'23~ Me~ W!s = 430HeV. Notice, that this value of 
I'Yls is not too different from the"symmetric" estimate, m5 ~ lj.(,O Mev, 
obtained by setting ~IC"'~xin (19) nnd using the standard vslue(h1L<)co., 
= 330 f..feV • Both these values agree within 10-15% with the consti­
tuent mess(Wls)c:o11 ~510 MeV obtained from magnetic moment conside­
rations or by setting (htls~lv. .. ~:: fl-1r~f1-k~ Finally, the bare quark mass 

Wlf ctsn be calculated from the Hartree-li'ock equation (7) as WJ5°~ 
10S lleV. Taking the estimate fjl/ffr=1·2 we can then predict the 

masses of the K and ~ g mesons as well as Fg J 

fvl k. = lfgo MeV M16 = S'oo Mev 
(21) 

Fg = 1.2 F"~. 

9 



These masses correspond within an uncertainty of about 10% to the 
K mass and the value H78 determined from 1~1; mixing*). Moreover, 
the value for l="g is comparable with the estimate f:"~/~= 1.1J of 
ref./ 14/ obtained for the physical~ meson. Alternatively, we could 
insert the experimental value of the K meson mass into (13) and try 
to fit 111~. This yields 2. 

01 0 [ [ 2.. ( 2.] a:JI" 1} h1./ "'2.5 (22) Wls l'l-1w = 2MI<.-2 h1~..<-Y11s) gl11; - :s;fl.1t.<-

and thus m;::d25MeV. Again this is close to the standard value of 
the strange current quark mass, m~"~ 150 Mev/1 • 31. In this case 
we get also M7A~520 MeV. It is worth remarking that the ratio(.lZ) 
which includes SU(4) breaking via masses and coupling constants co­
incides with the PCAC result for the current-quark mass ratio 

( ms/W1(Af'rr = 2 (M:;M_:.) -1.. ~ 25 (23) 

derived from linear mass relations (cf. ref./ 1/) 

M 2. { cc..rl'" 
1<. =. Yv!(< + h1.s) 5 (24) 

In (24) the scale factor .S=-/fi(O/V"11/JJ) =-2~1<.(0/?Jk/K> 
is assumed to be SU(J) invariant, tT~ being pseudoscalar quark den-
sities. 

iii) Charmed Particles 
Next, we shall evaluate the relevant parameters of charmed par­

ticles. As the decay constants of ]) - and {:"" mesons are not yet 
measured, we cannot parallel the case of strange quarks and calcu­
late, say, I'Yic/Wiu, as a function of 2 f:;/f:;r . On the contrary, we 
will estimate instead F; or F;: by taking some standard value of 

lYle, say Vvlc"'fM,.==t6Cev. Using the formulae 

r;/t:;- = i- ( 1 +- :~) 3Jr/3:r> 

FF/Sr- = 1- ( ~~ +- ~~) ~Jf 13r: 
( 25) 

*) This uncertainty arises mainly from the corresponding uncer­
tainties in the values of the bare and dynamical quark masses. Notice, 
that the relation (17) which was used for determining 1\ and h-lu 
has been derived using an off-shell renormalization procedure. There­
fore, the identification CJ/;rr(O)/lJ.rr z gfr,r;q.;r is only a crude approxi-
mation. Further uncertain¥ies are related to the approximate charac­
ter of the Goldberger-Treiman relation. 

Ill 

\ 

1 

and inserting the coupling constant ratios evaluated with the above 
value of Yvlc , 

3:D/~:Jr = 2.6 9F/ff:Jf = 2. 9 
we finally get 

(26) 

r ,_.r "'J5F-. =1110 fvfeV r:D - rF - ~. :Jr T 
(27) 

As expected, the symmetry breaking in coupling and decay constants 
of charm mesons is larger than in the case of K or 7a mesons. In 
particular, we find that our values of F;, FF are comparable to 
recent estimates from QCD sum rules/151, and potential models/161. 
Finally, the bare mass of charm quarks is evaluated from (7) as 

m; = 12SO fvfeV, (28) 

which is close to the estimate by QCD sum rules,/3/ for the running 

mass Wlc {;-<) , W1c (k1c) ~ 1. 21 Gel! and not too different from the con­
stituent quark mass Wlc::::1.6GeV. *) 

Taking together the values for n1Z, Ync and the ratios of coup­
ling constants (26), we predict the following values of ]) and F 
meson masses 

M]) = 21 '+ 0 /v'le V • 

fvfF = 2_3go MeV. 
(29) 

which deviate bv about 1'i" f'.,.nm th<> <>Tn~>-..im .. ,.,+ .. l ,..,,, .... 

1Bb9 MeV, M~"f>:::: l0l1 MeV. 
For completeness, let us also quote the values of the masses 

and coupling constants of the ~AS -meson and the scalar mesons. We 
find 

and 

M(_.fS = 4~lfO fvteV. 

8As/fj:n- = 2.1.. 

fv161 = 490 MeV 

1• ::1100 MeV JVlOz 

lA = lf'f00 /vfe.V 1"16":?> 

8~ lg:Jr ::: 1._ ' 

~6z/fj7r ::: 1. 4-, 

863/3jf" ~ 4 . 

*J 0 0 0 

{JO) 

(31) 

Note that in contrast lfith i'l'l~.t 1 Wls the mass me is not small 
in comparison •ith the characteristic scale of bound states. The ra­
tio C::.(lvlt-h1~)/(h4f-~J')•hich measures the size of SU(4) splitting in 
comparison lfith SU(J) splitting is rather large, C<l:: 10, and coincides 
with the value of ref. /3/. 

II 



The value of MYJ~c:- is smaller than the estimate H11,:::. 2.293 MeV obtai-
( - u 2. -1 2. z. ) rs ned from the mass fonnula lyl·g :::: ~-(H~:;o +9 ~ of a chiral SU(4 )xSU{4) 
/2/ 45" breaking scheme • Anyway, ne should keep in mind that to compare 

this mass with the mass of the physical ?_c -meson,M?c.=2980 MeV, 
would require to take into account ~o-1a-~4S mixing which is out-

"d l c s~ e the scope of this paper. By the same reaoons the scalar mesons 
6_:; ,62 ,6"2. cannot be identified with physical mesons. 

Concluding we mention that we did not try to get a better over­
all fit or fine-tuning of the various parameters of the model. The 
reason is that they were determined by using an off-shell renorma­
lization scheme and identification with physical parameter values 
cannot be but a crude approximation.To obtain a reasonable on-shell 
scheme one should probably first include a suitable confinement me­
chanism for quark propagators and/or meson wave functions into the 
model (comp. with the remarks at the end of Sect. 6). 

6. Summary and Conclusions 

In this paper we derived an 1/N expansion ( N - number of co­
lours)for a composite-meson model based on an effective nonlinear 
quark Lagrangian with approximate flavour SU(4)f symmetry. The model 
contains a variety of relations which enable one to estimate quark 

.. , -- -·· - - . ~ ... . . ' ._ •• '""' ,._...,...,...,..~ ._....., .... ._....,....,, "1"""._...._,.._ ~ ..... ..., ....... ....,...,...,jJ..._ .... ~l:> vv~~ou~~·vv ~u.v. v.~~JVUJ vv~!o..,...,.•.avoe 

Let us summarize the parameter contents of the model. It contains 
five free parameters: the four-quark coupling constant G , the int­
rinsic cut-off scale 1\ and the bare quark masses I'YI~ 1 Wlf and i'Y1c0 

• 

A convenient set of input quantities used in our calculations with 

3 colours were: g.: /'1-.Jr = .1-Cas ~etermined from the relation fJ:rr= ~ {jyrnr 
and the experimental value fj.frr//frr-z3 ), H;r, ~.::93MeV, FJ::.=1.2~ 
and mc~!M"'' =1. ~ GeV. With this set of input quantities we 
then predicted, e.g.,m1~dos--Us- MeV, WJ5 = 4-30 MeV, mZd250 MeV, 

F;~ Fr= ::d.5 FJr , B~</9rr =1.2, Cj:D1Brr=2.6, ;jF!grr=2.9· Generally spe-
aking, also in the case of strange and charm quarks our estimates for 
bare and total quark masses turn out to be reasonable and not too 
different from other estimates for current or constituent quark mas­
sea. Moreover, the estimates for the decay constants ~r= are close 
to predictions obtained in other approaches like QCD s~ rules or 
potential models. Finally, the model yields a mass pattern for the 
15-plet of peeudoscalar mesons which is in rough agreement (15% er­
ror) with experiments. These results look rather encouraging and 
support further studies in this field. 
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Future theoretical work using this type of models should, of 
course,try to incorporate some confinement mechanism in order to 
forbid the ionization of mesons into 1£1 pairs. As the Goldstone 
properties of pseudoscalar mesons are determined by the short-range 
core of the 1Zf f~rces at a scale ~i..-:::: 1\-4-::::. 1 Gev--1 (recall l<c11 ir- < 

f(Co>tf =<2 R~~ f Gev1, one expects the confining forces only to modi­
fy the long-range tail of the wave functions and to lead to small 
corrections in the meson masses. First attempts in this direction 
have been recently done by the authors of refo/8/ who postulated 
baglike confinement conditions on the q'fwave function paralleling 
closely the MIT-bag development/17/o ciearly, it is a challenging 
task to construct more sophisticated versions of separable nonlinear 
quark models with light and heavy quarks including baglike confine­
ment conditions. 
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