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Fisica. —• On the relativistically—covariant effective quark model 
of elementary particles. Nota di V. P. S h e le s t ,  presentata (,) dal Socio 
G. W ata g h in .

RIASSUNTO. — Si considera il modello relativistico degli adroni composti dai quarki 
«effettivi» (quasi indipendenti).

Si dimostra che l’interazione tra quarki effettivi porta un contributo soltanto agli ordini 
più elevati (cominciando dal terzo) nello sviluppo secondo le potenze 'dell’inverso della massa 
effettiva del quarko.

I t is well known at present the spectacular success of simple quark 
models in the theory  at elem entary particles. Particularly , it is interesting 
feature of the situation tha t even very simple (additive) models of composite 
hadrons are in a ra ther good agreem ent with the experim ent [i, 2]. A t the 
same tim e there is not at present any experim ental indication of the exist
ence of free quarks. These two facts lead to the hypothesis which we are 
to describe in this note and which is known as the concept of “ quasi-indep
endent (effective) quarks ” .

L et us consider all strongly intçrcating particles (mesons and baryons) 
as constructed of some fundam ental particles, quarks and antiquarks, possess
ing quantum  num bers which are required by sym m etry considerations.

Due to the absence of experim ental evidence as to the existence of free 
real quarks, we shall not insist on their reality, but, in w hat follows, we shall 
use the concept »of quarks as a ra ther useful construction, which need not 
reflect any  actual composition of hadron, but is only to serve as a simple 
and effective tool of investigation. Even in such cases when it seems that 
actual quarks are indispensable to be considered, as for example, in the case 
of em ploying the equation for hadron, where operators acting on separate 
quarks appear, we can treat these models as m erely useful modes of writing 
down some suppositions, following from and supported by experim ental 
evidence.

H aving in m ind this point of view, we proceed with the construction 
of the model of quasi-independent quarks, first investigated by P. N. Bo- 
go lubov [3]. The essence of this concept is the follo wing. H adrons are consider
ed as strongly-bound states of quarks (as concerns baryons) or of quarks 
and antiquarks (in the case of mesons). Q uarks and antiquarks are suppos
ed to have very large masses M, which account for m ost of the interaction 
inside hadrons. This strong interaction inside hadrons constitutes some kind 
of self-consistent field, and quarks with effective masses m  M are m ov
ing in this field in a quasi-independent way. There exists also some residual (*)

(*) Nella seduta del 19 novembre 1968.
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interaction (much weaker than  the principal) between now quasi-independent 
quarks, which for some purposes m ay be considered as completely switched off.

In  the fram ework of the above described concepts it is natu ral to charac
terize hadrons (for the sake of definiteness, say, baryons) by the following 
initial equation [4, 5]

(1) {(3(1> — M) câ(2) — M) (3(3)— M) +  V} Yabc =  O

where

(2) 3W =  X  Y«!> ) ; A  =  (i , a) ; « ' = 1 , 2 , 3  ; OC =  I , 2 , 3 , 4

mass of quark  M tends to infinity, are m om enta of quarks inside bar yon, 
'Eabc is the wave function of baryon, and the potential V  can be expanded 
in series with respect to large mass of quark  M:

(3) V  =  M 3 —  VM 2 -|-----

Then in the second order in M “ 1 we obtain from (1)

(4) [3(1) +  3(2> +  3(3) —  V] Tabc =  O .

O ur next step is to represent potential V in the form

(5) . V  =  ! > , .  + V '
(*■)

where V ' is th a t residual interaction between quasi-independent quarks, 
which was m entioned above. Indeed, when we pu t V ^ o  we see th a t 
the equation (4) is obeyed when each quark in the baryon is supposed to be 
freely m oving with effective mass m i .

We can represent the solution of equation (4) in the form:

where x (z) are Dirac spinors of z-th  quark. 
Using the notation

(7) Ï 5 =  *Yo Yi Y2 Y3
it is ,easy to get instead of (6) the expression

(8) ^ = s n  i +
(0

Yw ,<0
/(')

In  the non-relativistic limit we obtain, when substituting expression (8) into (4) 
the following -result:

(9) EBar ---^Ba, ■ V ' - £
To 2

(0
X+++ =  0

wherè under x+ + + we understand the following function:

(10) y+ + + = ( xn f xn ( x(i3)o o o
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I t is evident tha t the equation (9) is the correct equation, which describes 
composite non-relativistic particles with total mass m^ar. But here we m ust 
consider some additional question, which concerns the expansion with respect 
to inverse barion mass m ^ar.

In  order to perform  such expansion it is necessary to consider m*ar as 
a ra ther large quan tity  to m ake reasonable this expansion. Note th a t the 
subsequent taking into consideration of the terms at this expansion corresponds 
to the including of relativistic corrections at higher orders.

B ut when adopting such an ideology, we note th a t it is necessary to put

where

(12) m ^) =  — m'W =  — mBar
3 f i)  3

and W  is some finite quantity . Indeed, only in such case can we guarantee 
th a t kinetic energy of our system (baryon) is of the same order of m agnitude 
as its potential energy, and not negligible in com parison with it, because 
this latter situation can lead to appearance of non-renorm alizable solutions 
of Schröedinger equation.

But now we can see th a t our residual interaction enters into consideration 
only in the th ird  order with respect to inverse hadron mass. It can be 
checked if we begin to introduce additional term s to our approxim ate solu
tion of initial equation (4). Namely, we shall now represent baryon wave 
function in the form

(13) Y =  Y ++ + +  Y_++ +  Y+_+ „+ Y ++_ +  - • .

and try  to find the components of the type Y  
spinor structure:

( h ) xfi

From  our equation it follows im m ediately that

which have following

(is) CFabc)_ ++ =  * - - - - - - - - F t . Xs.(1) > )  7 (1)
w

2 Mi
+ + + ' Y +++

But, expanding the expression inside brackets, we get th a t it takes the form

(16) ( T abc) _ ++

+ + -

I

2 Mi
w

8 M3t
' 2 > î (0) ( T abc) + ...
\ fi) I +++

and, therefore, our previous assertion is valid. C ontributions from the
components of the type Y ___  ̂ etc. include term s containing W  even in higher
orders of m ~ x expansion.
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In  our paper (4) we constructed m atrix  elements of bar yon currents 
and cheeked (in the first order of m ^ 1) the validity of algebra of currents 
relations for them . But, as follows from the considerations of this note, 
pratically  it m eans dealing with a model of quasi-independent quarks w ithout 
any residual interaction. Results obtained in this way, will be, therefore, 
of kinem atical character. I t concerns not only our calculations bu t also 
tha t m ade by Gell-M ann and collaborators [6, 7] as far as order not higher 
than  m ~ 2 was considered.

So we constructed the re la tivistically covariant m atrix  elements of 
currents, taken in the free effective quarks brackets and succeeded in showing 
th a t the algebra at currents both for meson [8, 9] and bar yon [10] cases 
takes place for this case.

But it means th a t the algebra at currents is proved up to the second 
order (inclusive) in the expansion on inverse hadron mass.

The potential acting between effective quarks, which enters into consi
deration beginning from the th ird  order at this expansion is to be postulated 
by other model suppositions of ours and could violate the algebra at currents, 
as is indicated by some calculations of Gell-Mann, H orn and W eyers [ 11 ].

So it seems prom ising not to insist on the validity of algebra of currents 
approach in  all orders in the above-m entioned expansion but to construct 
some reasonable potentials, to indicate then the possibile classes of them  by 
com parison with experim ent. This program  is to be developed by us else
where.

A t the end I would like to thank  prof. N. N. Bogolubov for very 
helpful consultations and prof. G. W ataghin for helpful discussions.
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