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where the L, are matrices satisfying (48). Thus the problem of finding the possible equations for ele-
mentary particles reduces to the problem of finding the possible non-completely-reducible representa-
tions of type (44) with M‘(L‘,), = M‘(fz
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Green’s functions for fundamental particles are introduced. On the basis of Lagrangians de-
scribing all strong interactions of mesons and baryons, closed systems of equations for the
Green’s functions are obtained in variational derivatives with respect to the external currents,
in both three-dimensional and four-dimensional isotopic spin space.

THE scheme of Gell-Mann' for the description of heavy mesons and hyperons is well confirmed by the
experimental data. On the basis of this scheme d’Espagnat and Prentki, 23 Salam,! Matthews and Salam,’
and others have constructed Lagrangians that describe all the strong interactions of the fundamental

particles. _
The purpose of the present work is to obtain a complete system of equations for the Green’s functions

of the fundamental particles.

1. THE INTERACTION LAGRANGIAN. THE GREEN’S FUNCTIONS

Let us consider all the strong interactions of mesons and baryons. Let the spinors A (x), Z (x),
E(x), and N (x) describe A, Z, and E hyperons and nucleons, and let the pseudoscalar ¢ (x) and
the scalar ky(x) describe m and K mesons, respectively. Furthermore we assume that in the isotopic

P1 Zy P kt
spin space A is a scalar, ¢=( ¢, | and T = Z, | are pseudovectors, N = (n> and ky = (ko) are
@3 Zg
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spinors of the first kind, and E = ( E.‘) are spinors of the second kind.?

On the basis of Ref. 4 we write the interaction Lagrangian in the following form:

L (x)=g1: N"(x) 15¥0! (x) N (%):+ga: A (x) 750" (1) I (%) ++ B'(%) 0 (0015 A(x):+ s 2t Tr (vivh)) 1 B (%) 159" (%) £ (x) :
L g B e (EM): 4+ g N (1) 0(x) Ax)+ A ()67 ()N (x): + go: NT(x) 7' (%) 0 (x) + 07 (x) B () <NV (x):
gyt ET ()" () A (x) + A (x) 07 (1) %E (x) 1 g5t ET (%) D (x) 07 (x) + 07 (x) 7 E (%) ©Z ()2, (1)

where ¥ = \Ir+'y4, the sign T means transposition in the isotopic spin space, * means the complex con-
jugitoe, and the matrices y are those of Feynman; 6 and 6* are constructed from k, = ( t:) and %1

= 'IL:_ . The summation over Latin indices is taken from 1 to 3, that over Greek indices from 1 to 4.
The sign Sp means that the trace of the Dirac matrices is to be taken, and Tr means the trace of the iso-
topic spin matrices.

Let us also add to the Lagrangian (1) terms containing external currents, I£(x) for the T-meson
field, and 7n(x) and 7* (x) for the K-meson field, namely the terms

L'(x)=1"(x)3" (x) + 07 (1) 1 (x) + 1" (x) 0 (x). (2)
Besides the ordinary Green’s functions
Gn (%, y) = i TN (x) N () S} o/<Ss (3)

and so on, let us introduce generalized Green’s functions in which the external lines belong to different
particles, namely

Gna (%, y) = i KT {N (x) A (4) S}/ (S (4)

and so on.

The variational derivatives of these generalized Green’s functions with respect to the external fields
determine the cross-sections for the corresponding processes. For example, the transition amplitude
for the process 7~ + p — A+ K, is proportional tob

\ant dpiU (po) { S PP

U ’
G G 3D* (—k1)30 (ko) }d>=0:-o (P1) (5)

where the integration with respect to p‘,’ and pg is carried out along closed contours enclosing the points

1 —
p; = [P + m%l 12 and p, = [p% + m"}\]% and U =U"y, and U are spinor functions. The variational deriv-
atives are taken with respect to the external fields, which we define as follows:

D (1) = (T {5 (1) S0/ (So, (6)
0 (x) = LT {1 (x) S}/ (S, - (6")

2. THE COMPLETE SYSTEM OF EQUATIONS FOR THE GREEN’S FUNCTIONS

In the derivation of the equations for the Green’s functions we use the generalization given by N. N.
Bogoliubov of Wick’s theorem on the development of T-products of field operators. We assume that the
spinors describing different fields anticommute. Confining ourselves to the strong interactions given by
Eq. (1), we find the following system of equations for the Green’s functions in variational derivatives with
respect to the external currents:

{-m % +my— g (O (1) — i —8—>} Gn(x,y) =3 (x—y)

a7t (x)
= s (H0) — i o) G (60 9) — ! (B08) — b= ) Gl (1,0)

3

o™ (%) (7)
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(it gy me— gt (0 (0 — i i ) Ge () = 3 (x— )

— g% (9' (%) 4 i vis(x)> G.z (%, Y) — gy=or! (9' (%) +18 a7 )) Gz (x, y);

. a S imMe m
{<—~t‘{p. ax—p + mg> Oi1 — —Tf (=f=m<t) y <(D (x) — 81”‘ (),)

3 ink T
— 6 (87 () + i 505) Gz (v, ) — 8 (07 () — i o) WGl (x, 0);

{ lp aa —l—-m\} :x(x»y)=3(X—y)+g'275(®l(x) 2 ))(zz\(x Y)

wa
*T o 8
+ (9 (%) + W) [g:Gna (%, Y) + g77Gen (%, 9));

{ t(uax -+ my ‘—gl/'l<¢’l (%) "l—>} GN\(X Y)

81 (x)
(@()_lﬂ8 ) N y)+g61’<6(x)—-t i +—) GEalx, o));

() )

. ad o R . 3 1
{~—l.u07p+mzv—gﬂs~"(¢’ (x) —i W)}GNE(xy Y)

_ .8 L . .8 G
=25 (B (0 — i fr =) Ghs (v.9) + €6 () — i 17 ) G¥ (5,9

{—41u -F'n\}GAz(x y)—"g2m<q)( ) —i )Gx(x y)+—g5(9 @) +ig )Ghs(x,y)

81" (%)

T .3
— & (9 (x) — i W) ’--zGéz (x,y);

3
31 (x ))} Gea (x 4)

)G (5 9) + et (87 () + 525 ) O (0,0

{_iTu ai + mz — G475t {(Dl (x)—i

= g7~ 2(6 (x)+l

{~ it a + ma — gyt (O () —i éﬁ(—)-)} Gls (1, )

gra (8 (0 + i ) Ghs () + gt (8000 + 1 52 5) OF' (v

(O —ul) O (x) = — 1 (x) + ig, Sp Tr45<'Gy (x, x) — ig, Sp Tr 75621;,\ (x,x)—ig,SpTr 1505\2 (x, x)
L3 Tr(xiclk) Sp Tr vsG% (x, x) — igy Sp Tr157!Gs (x, x) ;

(O — 1k (%) = — 7 (x) — igs Sp Gna (¥, x) — igy Sp~'Givs (x, x) — igs Sp GYE (x, x) + igs Spwt'GER (x, %).

937

(8)

1 0¥ (1 9)= 8 — ) + s (V' (0) — i 7= Glu (6, 9)

(9)

(10)

(11)

(12)

(13)

(14)

(15)

(18)

(17)

The equations for GAN(x, y), G%E(x, ), G%A(x, y), GAE(X, y), and G%'JE(X’ y) are analogous to

Egs. (11), (12), (13), (14), and (15). It is not hard to obtain them if we apply the appropriate operators
acting from the right on the variable y; for example, we find the equation for G AN(x, y) in the form

<

Gan (e, 9) {1 gy + mv— tss () — 5705 )} =(877) + i) 1866 (5,9) + 47'Ghs (3, )

(11")

The functions G} (x, y) = i<T{ ET (x) A(y)S} >0/<8>0, GS\TE)(X, ), GED(x, y), and G’g?:)( X, )
satisfy equations obtained from Egs. (14) and ( 15) by carrying out transpositions in the isotopic spin

space.
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The system of equations (7)— (17) is a closed one. This system of equations is exact; it does not in-
volve any approximations.

The system (7)— (17) must be supplemented if in addition to the scalar 6 mesons there are also
pseudoscalar 7 mesons. Some of the equations are considerably changed in case the hyperons (for ex-
ample Z) turn out to have spin greater than 1.

It is easy to obtain from the complete system of equations (7) — (17) the partial closed system essen-
tial to the treatment of any given concrete process, if one confines oneself to part of the terms of the
Lagrangian (1).

3. THE EQUATIONS FOR THE GREEN’S FUNCTIONS IN
THE FOUR-DIMENSIONAL ISOTOPIC SPIN SPACE

The system of equations (7)~— (17) for the Green’s functions not only is very cumbersome, but also
contains eight independent interaction constants. To reduce the number of coupling constants, Matthews
and Salam® have formally expressed all the strong interactions in a four-dimensional isotopic spin space,
without making any essential change in the d’Espagnat-Prenkti formulation of the Gell-Mann scheme. We
shall use the interaction Lagrangian obtained in Ref. 5 to find the equations for the Green’s functions in
a compact form containing only three independent coupling constants.

For this purpose we introduce the following isotopic spinors

e-(t). w=f)

A —i%; %, O
v A —iL; O
and tensors L,, = l,-sz ;z lAl (O
— %, L
0 0 0 A
0 —ipy gy O\
o = lCP3 0 "‘“Pl 0
By —ig, e 0 O]
0 0 0 O

_ (61 5 _ (6
where 6 = <92>, 0 —<6’;">'

We write the interaction Lagrangian in the form
L(x) =1 () DTy o (1) By (0) + B (1) 02" (1) DOWTLW (1) BT (1) DLW Dye ¥ (1) ¢ s ()

+ % SP 1w vTeToTaTe v (%) 1500 (%) map (X) 1 - % oy (%) 7y (%) + H*T (x) o7 (%) + 02" (x) H (x). (18)

Here the T' are matrices in the four-dimensional isotopic spin space, and

0 I 0
Py + Tl =8 D= o o), Ta={,_;)-

We determine the Green’s functions from

. wr R N@N (@) N®E W)l .

66,0) =1 T EWF 6 S/ =i oo r|(F N0 ¥ OZ W, (19)
Gvioa (> ) = i <T (B (%) Toa () S0 (S (20)
G¥s (%, y) = i KT {¥ (%) S () S)o, <S03 (21)
G (%, ) = i <T {Zy () ¥ () S}o.” (S5 (21")

[T () = <T {mp (1) 10, <S03

(22)
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K (x) = (T {57 (x) S}>o /{03 (23)
K* (x) = (T {=" (x) 830,/ (S, (23")

We obtain the complete system of equations for the Green’s functions of the fundamental particles in
the following form:

) a A . .8 . v
{_ U ox,, +M— iz- LIy (n;w (%) — 24 W\} (x, y)=5(x—y) ——' r,r,r, (K (%) —1 W) Gt¥ (x, y); (24)
. 0 . v . 3
[~ it go T M~ B T ts (Moo (1) — 20 ﬁ)} G¥s (x, 9)="5 TuITs (K () — gy Gomo (0 (25)
-
G (5,) fit g+ M — B Tt (T () — 265725} = 5 (K7 ) £ gy | TRl G ()i (25)
z ’ “ayw H 2 4t et als po (y) SH() 4 v oo ’
(= e g+ M) s — 50 (et o (Thee () — 20 7255 Gaoolo0)
AR . . . 3 .
= 48,40 (x — y) + 8f, (K (x) 4 m) I.G¥s (x, y); (26)
([ #ter o + My ) (0aTlp —320) + 5 (CaTu—n) P [t — Dttt ( Tlee (9)— 21,5725 )} Gol:9)
2 (oo — ToT) 8 (x — ) — 21T (K" (x) + i g ) TaGs (5, 1), (26")
(D - l-"rzt) I-Imn (x) = - Imn (x) - ifz SpTr I-‘4I1ml-‘n']'5G (x) x) + &3 f3 Sp TGYBTPTOTWT"'SP Tr TSGPU;aQ (x’ x); ( 27)
(0 — s K () = — H (x) — i L Sp TP, TuG¥s (x, %) (28)

On going over from the four-dimensional to the three-dimensional isotopic spin space the system of
equations (24) — (28) goes over into a system closely similar to Eqs. (7) — (17), if in the latter we ex-
press the interaction constants gji in terms of the fj by the formulas:

285 = —=2g1=8=—g=I1n &1=—gi=fo =8 =1/
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