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The strong-coupling theory in static models is formulated in terms of functional integra-
tions. The method is demonstrated for the charged-scalar model. The expression of elastic
and inelastic meson-nucleon scattering amplitudes is obtained to leading order in the strong-
coupling expansion (1/g expansion), while the isobar energy levels are obtained up to the next

to the leading order.

I. INTRODUCTION

There are two distinct approaches to the strong-
coupling theory in static models: the canonical
field-theoretical method and the S-matrix method.

In the field-theory approach, which has a long
history' since the first work of Wentzel,? one ap-
plies successive canonical transformations in the
Hamiltonian formalism. On the other hand, in the
S-matrix approach,® one starts with a set of Chew-
Low equations for scattering amplitudes and
solves them in the strong-coupling limit, pre-
supposing various properties of the strong-cou-
pling results, known from the field-theoretical
method, such as the absence of production am-
plitudes in the strong-coupling limit. It is re-
markable, however, that the final results are ex-
pressed in terms of operators in the isobar space
which obey relatively simple algebraic equations.

We investigate the strong-coupling theory using
the method of functional integration, with the in-
tent of clarifying the perturbative nature of the
strong-coupling theory (1/g? expansion). In this
method, a canonical transformation is described

by a corresponding change of variables of the
phase-space functional integration, and a subsid-
iary condition on the state vector in the conven-
tional formalism is described by a restriction of
the Feynman integration path, which can be real-
ized easily by inserting an appropriate 6 function-
al in the integrand.® Thus, this method would be
suitable for the description of strong-coupling the-
ory.

In this paper we show the essence of the method
using the charged-scalar model as an example
and leave the general case to the following paper.

II. FUNCTIONAL-INTEGRAL REPRESENTATION
OF GENERATING FUNCTIONAL OF GREEN’S
FUNCTION IN STATIC MODEL
We define the generating functional by

Z() =(ngdS,iny) (1)

where |n;) and |ny) are initial and final nucleon
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states, respectively, and S, is the S operator
with the meson external-source function n,(X, )
(a=1,2). The reaction amplitudes are obtained
by taking functional derivatives of Z(n) with re-

J

Lag(K", Kingm) = [ dix diy(0, - u3)(@, - )

Z(n) can be expressed in terms of the Feynman
path integral as

Z(n)= [Dipath) ¥} exp [ifdtL(l):I\Il,-, 3)
where
L) =Ly+ Ly, + [ 0 0%, 0 dR, 4)

L=} [T Fo-igp)d%,  (5)

L, =8T7{)aq.(), (6)

and

4= [ 0(R) (%, 1) d5%. m

¥; and ¥, are the initial and final nucleon wave
functions, respectively.

1II. FREEZING OF THE NUCLEON ISOSPIN IN
THE STRONG-COUPLING LIMIT

In Eq. (3) the Feynman integration path should
be taken both in the field variable gy(X, {) and the
nucleon isospin variable. The latter path can be
specified in terms of two eigenvalues of L;, for
all £. However, only one path will contribute in
the strong-coupling limit, the path due to the posi-
tive eigenvalue of L, for all £, On this path, the
bare nucleon isospin is always parallel to the (iso-
topic) direction of the meson cloud. Since any
switch from one eigenvalue to another involves a
phase change of order g, one can show as in Ap-
pendix A that the contributions of other paths to
reaction amplitudes are at most of order g 3,
while the contributions to energy levels are at
most of order g=¢.

Thus, we replace L, in (4) by

{' ~ 22 1/2
g4t =g L(_/p%,d X> } ; (8)
and integrate only on the paths in ¢(ZX, ¢) space:

zw= | JT 1aas oty exo(i [ L0 a) v,

(9)

0Mex)0M5(y)

spect to 71, in the appropriate manner and by us-
ing the Lehmann-Symanzik-Zimmermann (LSZ)
reduction formalism. For example, the elastic
scattering amplitude is given by

6?2 (n) @)

Ny =0

r

where H;,:,a is the product symbol,
L=} [[@2F, 0 - Vig)dR

+fna(§,t)<pa(§, t)dax, (10)

and V(¢) is the effective potential energy of the
meson cloud (including the coupling to the nucle-
on):

Vio)=4 [dRFaf + w20l -ga(t). (11)

This replacement is equivalent to the following

condition on the Schrodinger state vector |¥) of
the system in the conventional operator formal-
ism:

Ta Qo ¥ (EN=a(OIF(@)) . (12)
IV. EXPANSION OF POTENTIAL ENERGY AROUND
MINIMUM

Following Ref. 1, we first evaluate the value of
the field strength ¢2 for which the potential energy
of the system is minimum. ¢ is determined by

0Vig) _ (13)

00l X, 1) [, =00
and expressed as

P X, ) =guA,, (14)
where u is the solution of

(V2 =puPu=p, (15)

and A, (@ =1,2) are the components of a unit vec-
tor. The corresponding ¢ is therefore given by

qd{t) =galt), (16)
where
a= fpu ax. (1m

The minimum of V has a symmetry, since A, in
(14) is arbitrary. We change the integration vari-
ables ¢, into the variables of the symmetry and
the variables orthogonal to them. For this pur-
pose, in what follows, we use a method similar
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to that of Popov and Faddeev.’
We insert the identity

f [TtaeuoI ] o (@utt) - [ vz, na% )=1
' (18)

[the function v(X) being arbitrary| into Eq. (9) and
make the following change of variables:

Lim(t) =g(1(l)

G ™ V0= P = Par (19)
where @), is given by Eq. (14), with A, given by
A, = % . (20)

We then expand the interaction term around ¢ =¢°.

Since ¢° is of order g, it is an expansion in powers
of 1/g:

9¢q 1 3% 1 a%g
= o, =% [ rqre L 99 ) /)
8 < q 99, ™ =ad a™ 9 99,994 P} 9o 4s 6 3q, aqﬂaqy ) 90934y
1 1 = 1oyt 1
=8%a+gAD)4alD) + 5 Nagdalt) a5(t) - Gaty Zaey % asal + O(?) , 1)
r
where y 2% }
-qf —— =E o
8q g, quaq =0 y
371: a _ao =Aa(t), (22) Y le=agy
o ~Ya
=AaﬂAy +AB‘Y AO‘+A7(1 AB .
q 2% =Agp=0 A A (23)
98¢ 39 [qy =40 o =0ag —AgAg, Thus we obfain (24)
J
X vtz A, A X A r 3T 1 - [ -
Lit)=2g@ + Ly + fdx"a 9u+28%b Ay Ag +g fdxnaAau +ngau Qo dx + o Aaa(A)fmp& dxfpwédy
_1 = f ’ d" Id"f ’ d"
- 6a2g =agy | PPa AKX |PPgay | PPy aZ, 25)
where
b= fuzdi. (26)

Since the first term is a constant, we will omit it in the following discussion.

V. SUBSIDIARY CONDITIONS

Introducing a vector B such that B, A, =0, we write the 5 functional of Eq. (18) as

I;L dQy(t) 6 <Qa(t) - fv%(ﬁ, t) di) =I:[ Q(t)dQ(t) 6 <Q(t) —Ay JvoX, t)di) de(t) 6 (Ba(t)qu:a( X, t)di) .

(27)

Since L(t) is independent of @, we can integrate over @. Inserting @,= % + ¢/ into (27) we obtain the follow-

ing effective integration measure:

t

Notice that A, is a function of 6; accordingly B,
is also.

VI. CHOICE OF »(X’)

Next we choose v(X) so that A, [u ¢} dX in (25)
can be neglected in the strong-coupling limit, thus
decoupling the kinetic-energy terms of ¢, and
A,. The choice® is

II 290 [g fvu dR+At) f Vol %, t)di]é(Ba(t) vl ) d§> . (28)

r

v(X)=u(X). (29)
Then, because of the 6 function in (28), i.e.,
B, [vgl, d%=0, we can write

. d . . d R
gAq ar (f“‘p& dx> =8 Aq ar [Aa (Aﬁfu¢édx>]
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since A, A =0. Thus, this term is neghglble in
the strong coupling limit compared to 3 28 bA A
But, since we are interested in the next-order
term in 1/g, we keep (30). Combining with the
fourth term in (25) we obtain

%gsza;la<l+ﬁ)Ad ugo&di). (31)

We neglect the term gn, A, u of (25), since it
cannot produce poles in the external lines of
Green’s functions, so that it does not contribute
to the reaction amplitudes.”

Thus we obtain the following Z(n) in the strong-
coupling limit:

Zn)= [ +es f U {de(t) [gbmafu(p&(i, t)di] II ol (%, )6 (Bafuq)&(i,t)dﬁ)t

X eXp [i f_: L(t) dt] V(A=) ¥ A (-)),

where

L(t)=LA+L¢,+L,’+/na(§,t)(p,;(i,t)di,

5—5 Aafuwl;()’c, t)di] ,

1 x = e .
Li=57 Aaafdxp(X) Pu%, t)fdyp(y) ?8(¥,0),

L,,:égaAaAa[u

Lj=-~ ('5_ = oy fdxp(x) VU X, t)fdyp ) 9a(¥, 1)

x fdz p(B) (%, 1). (33)

This Lagrangian represents an interacting sys-

tem of a nucleon, described by the dynamical vari-
J

(32)

r

able A,, with the meson field ¢/. In the strong-
coupling limit, the Lagrangian of the nucleon sys-
tem, L,, has the same form as a rod rotator in a
plane with moment of inertia g2b, so that there
exist many excited states (isobars). The initial
and final nucleon states are assumed to be these,
so ¥; and ¥; in (32) are functions of A, alone.

VII. GENERATING FUNCTIONAL IN OPERATOR
FORMALISM

In order to go over to the operator formalism it
is necessary to make a transition to phase-space
functional integration. The momenta conjugates to
6 and ¢ are introduced by inserting the following
two identities into (32):

Ugb(l +P4) = fexp [— 2—;%-[(—1%%27 dt] H Vo dpgt), 34)
fg [\/b—I;I dml %, l)}I;I G(Ba fu(i) Ty X, t)di) exp <- -12- fﬂ& m d“x) -1, (35)

Then we change variables as follows:

Po~be—0g2b(1+p,)7,

(36)
nclt - ‘”t;_ 90(; ’
where
1 ve
pA:tg—b Ajupl(x,t)dx. (37)
From the 6 functional in (32) one sees that
ugld®=A, 6 [upldX. (38)

In order to isolate the 6 dependence from the
meson wave functions, we write them in the body-
fixed coordinate system:

r

oy =Aq 94,
@5 =By p¢
T =Aqg T,

=B, 7w} .

At this stage, in addition to peé, there still re-
main undesired terms containing § in both the ac-
tion integral and the subsidiary condition. These
are eliminated by performing the change of vari-
ables

ny=my+ 6 28 [u oz, 0 ax
b
(40)
pe~Pe—-T",
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with

7= [(af ot =n! 9 d%.

(41)

The final result of all the manipulations described above is the following expression for the generating

functional (we drop the double primes):

Z(n,e):f--'fl:I {de(t)dpe(t)[nd(pu(i,t)dna(i,t)]b(fuq;zdi>5(fungii)l

{

X exp { i fdt [peé+ fd}’ura @—H+f(na €q + Pq ﬁd)dﬁ] } , (42)
m
where and
1 (pg=TF ~
H=EW+H‘P—ZI_III’ M =AgNa
) (44)
= jg—l; u(pl(i, t)dx, My =By N -
- = We have introduced the source functions €, for
— (i 1 . 12 o
H,= fdx(z To o+ 2 Vo Vo +2 1% G )y (43) the momenta 7, in order to be able to perform a
1 2 perturbative expansion.
L= = [fd;{p(;() 0,(X, t):| , We need also to rewrite (42) in a form more
a suitable for a perturbative treatment:
- 1
’

- gz Jo@ 00| [a3emen0 ],

. 2
zn, €)= [ -+ fﬂ[d«t)dp&t)lﬁexp[ifdt (pod- 255
. ) . = o
Xexpl:_‘l/dtH; <p67 =1 G_'F'o:, -1 _.—-—)] Z("I,e)‘l’i ’ (45)
where
, _ 1 ToapT 3 L g (1
Hi{(P g, Pos Ta) = 266 (1+p)? + 227% Pe pz_LI+O<g5> s (46)
T, =Tz,

2
’F)1=ﬁ’_+£'3eb—zu,

and

(47)

Z(ﬁ,e):f-.f;ga[d¢a(§, t)dny( X, t)]uﬁ(fu¢2d§)6(fuu2di>

r I
xexp%ifdt L-H¢+Z,+f(1ra € + Pullo) dX | % (48)

If we use the connection between Feynman path integrals and the standard operator formalism of quan-

tum mechanics,® we obtain

Z(n, €)= <n, d

Performing the integration over 7, in (48), we get

Texp[-z_[dtH,(pe,-z '5;_’;,—1 G_E:‘-

ﬂ Z(#, €)

ni> . (49)
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Z'(ﬁ,e)=f’H laa%, 0] T é(fuqozdi>

x,t,a

27

X exp {ifdt[L¢+'E,+fdi[%(ﬁa—éq)+%€a€a]—%<fu€2d§> JS . (50)

Since the action in (50) is quadratic in ¢,, the
(no— €,) dependence can be factored out if one
knows the solution of the equations of motion de-
rived from this action with subsidiary conditions

(71&=71a _Eo():

@-u2 3%, 0+ & p(® [o(%) (%, v ax

+M#u +n5(%,t)=0, (51a)

@O=-p?) @y(X, ) +n(X, ) =0, (51b)
and
Jugy(% nax=0, (52)

where A(¢) is a Lagrange multiplier. Making the
change of variables ¢,=@, + ¢/ in (50) we obtain

Z(ﬁ; €) =constXx exp % ;_ [[déx[(ﬁa 'éa)¢a+€a €l

-%fdt(fuezdiﬂ}.

(53)

Using the Green’s functions of the integro-differ-
ential equations (51) one can write

6% 0= [ a0, b -4 0] d%y,
(54)

Ga(%, 0= [Glx, 9 - &) ddy .

The solution of (51) is discussed in Appendix B.

VIII. ENERGY LEVELS (ISOBARS)

The effective Hamiltonian which determines the
isobar energy levels is obtained from the expo-
nent of (45) by setting the external source func-
tions 1, and €, equal to zero. The leading term
is of course

b
H,= @ez_b , (55)

which is of order 1/g2. The next corrections are
obtained from

r

exp [— i fdtH,']Z(ﬁ, €).

The outline of the calculation is given in Appen-
dix C. The result agrees with relation (49) of
Nickle and Serbers®:

Hy.= 22_L2b {1+§12?)[J; dwR(w)+jo. de(w)]% )
(56)
b (d/dw®)H(w) - H(0))

Rl)=Im gy —5®) * ~ H(w) - HO ;. (6D
s()= Z2ALA TG L) - HO) (58)
and

P = [a% e F 3 p(5). (60)

IX. ELASTIC SCATTERING AMPLITUDE

In the strong-coupling limit 9,=7, and H; =0,
so that Z(n, € =0) is the exponential of a bilinear
functional of 7,. Thus, it is obvious that meson
multiproduction amplitudes vanish in the strong-
coupling limit. In the next section we obtain the
multiproduction amplitudes from the higher order
terms in 1/g expansion of (49).

Using Eqs. (2) and (44), we obtain the elastic
scattering amplitude

Tod &', K3y, ;) =fe“"”"'”’d"x dty(C,- )@, - u?)
x<nfchxB(x) y;A)ln(> ’ (61)

Gaplx, y; A)=A A A(x, y) + By BgGlx, y) . (62)

Using the expression of Green’s function given
in Appendix A, we obtain

. - T2
(R K ) =0 -0") S g

(63)

with A,g given by (23). Formula (63) agrees with
the known result.®
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X. PRODUCTION AMPLITUDES

The meson production processes are treated as
perturbation corrections in the strong-coupling
theory. In the computation of Z(n) we kept the
terms correctly up to the order of 1/g. There-
fore we can compute the one-meson production
amplitude from Z(n) given by (49). The leading
term is due to the presence of L; in (49). For

—J

TaBy(pl,pZ’pa; ny, nf) =fei(0121-p2x2-#3x3)d4x1 d4x2 d4x3(D1- U‘z)(Dz - “-2)([:'3 - l-‘z)

the two-meson production amplitude one has to
keep the 1/g? term in the expansion (21). Since
this calculation is a straightforward extension of
the one-meson production process we do not de-
scribe it here.

Let p, be the four-momentum of the initial me-
son, and p, and p, be that of the final meson. The
LSZ reduction formula for the production ampli-
tude is then

63Z(m)
81 (%) Gns(xz) 5717(963) n=0 '

(64)

If we compute the functional derivative using (49), (43), and (44), we obtain several terms. However, only
one term contributes to (64) because of the kinematics. We obtain

1
Togy=- 52- je‘(’lxl'pzxz"’s"s) dix) d*x, d*xg (0, = p®)(O, = p?) (05 = 1)

X fdt<nflzéen Kérx(xu t)Kgﬂ(xz; t)K-,,y(xs, t)|n£> ) (65)

‘where

K5a<x1,t>=fd?p(s’r)csa(xl,y;A)\ ‘
¥o=

The rest of the calculation is straightforward:

TaBy(Pupzyps; ni, nf)

g

e CAR AR A

XI. DISCUSSION

We formulated the strong-coupling theory in
terms of the Feynman path integral for the
charged-scalar static model. We then separated
the mesonfield into two parts, the part of the meson
cloud attached to the nucleon which is described in
terms of A, and the scatteringpartof ¢;. Inthe
strong-coupling limit we showed that the ¢/, inte-
gration canbe performed and the higher order cor-
rections in 1/g 2 canbe treated by the perturbation

method.
The resulting expressions for reaction ampli-

tudes and the isobar energy levels are then writ-
ten in the form of operator expressions in which
only A, and the third component of isospin pg4

(or I,) appear. From the definition of operators
pell;) and A, it is obvious that they satisfy the
following commutation relations:

(el Ay Agylny (nplAgAg ing)

(@) - HO)[[H(w,) —H(©0)] * [H(w,) - H(0)[[H(w,) - H(0)]

* [Hwy) - HO)H(w,) - HO)]

(nflA')' Aaﬂl”l) } i (67)

[I,,A,]=14,; [I,,4,]=iA,; [A,A,]=0,

which are just the commutation relations of the
strong-coupling group.* One can then use the re-
sults based on the group representation to eval-
uate physical quantities such as scattering ampli-
tudes and isobar energy levels.

The extension of the present method to more
cormaplicated static models, such as the charge-
symmetric pseudoscalar model can be done with
a relatively small additional effort. We shall dis-
cuss the general static model in the following
paper.
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APPENDIX A

We calculate here the leading-order contribu-
tion from other paths of nucleon isospin. This
contribution is due to the paths on which

J

2'm= (n,

L3 ty . ‘2 ©
f dtzf dt, H do(X, t) exp [—Zigf‘ q(t)dt] exp[if L(t) dt}
- 0O -0 _;",a 1 - 00

Ta qal‘l’(t»‘_'q(t)l‘l’(t» for ¢<t, and £>4,,

(A1)
Tado| ¥ ()= =g ¥ (t) for t,>t>¢, .

The contribution from these paths to the total gen-
erating functional is given by

We perform the integration over ¢, by performing a change of variable:

2
tl-’y(txytz):f' q(t)dt .
t

1

We can now perform successive partial integrations in y to get

2/ = <n,

I: [ 2; q(t,

o) s

We get then for the total generating functional

2w) = 2n) + 20 = (s

J: L() dt}

e"p\f (105 7 )¢ ;

where we have neglected a constant term of order 1/g*.

m) . (a2)

(a3)

m). (a4)
O (A5)

Expanding now around ¢}, we obtain the expansion of L(¢) described in the paper and in addition terms

arising from the expansion of 1/¢(¢):

-1 11
22q(t) 2g%  2g3%?

4, [o® our na%- s

1 * ooz -
v (GaB-AaAe)fptp&(x, t)dx fmpé(y, H)dy

The first term contributes just with a constant
shift of the energy levels. The other terms pro-
duce calculable corrections (by the perturbation
method) to production amplitudes of order 1/g2
and higher, and to energy levels of order 1/g°®
and higher.

APPENDIX B

Equation (51b) is trivially solved. A(x,y) in (54)
is given by

1 (dkdwe'o® - -k G

A(x’y)=_ (211_)4 wg_w‘ﬁz_*_i‘e

. (B1)

Taking the Fourier transform of (51a) we get

F( k)

g

+15(k, w)=0, (B2)

(@ = wg?) @a(k, @)+ = F(R) p(w) +

where ¢,(k, w) and 7;(k, w) are the Fourier trans-
form of ¢,(X, t) and nj(X, t), respectively, while
AMw) is the Fourier transform of A(¢) and ¢(w) is
defined by

2g43

4 Aefp ) 9%, t)dXIp(y)%(y, t)dy

(A6)

1 - - - g
0@)= G J 5x(3, ) F-Dag. (83)

Multiplying (B2) by [1/(27)°] F(K)/(w* - ;?) and
integrating over k we obtain a simple linear equa-
tion for ¢(w), the solution of which is given by

HO) (M)
0@)= g (242 ) - O} (@)

(B4)
where
1 '(q, w) F(=q) ,»
T’(w) = (217)3 nz(gz ‘j)wqg q) dq , (B5)
and H(w) is given by (59).
We substitute (B4) into (B2) and obtain
-, A F k k,
- 200 i
n(w) F(k) (B6)

(@ - w)H(w) -HO)]
We then use the subsidiary condition (52) to obtain
Mw):

1 F(- (k w) (B7)
Mw)= b (21r)3 .[
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If we define the Fourier transform of Green’s function G(x, y) by
G(& &, w)= [ M5k Tutwt gy y) dtdxdy, (B8)
xo-yo=t
G is given by
- —@TP 6Ok -k) = = 1 1
’ = Sl 4 . . 9
Ok w)= == +FRFK) ) 55007 * @) —HON@ — o) = o) | (B9)
m
APPENDIX C

The starting point of the calculation are for-
mulas (45), (46), (47), (53), and (54). One then
expands

exp(—ifdtH,’) ,
takes the functional derivatives, and sets 1, =€,
=0 at the end. The term 7T'2/2g2%b(1 +p)? in (46)
is found to contribute only an ignorable constant
term to order 1/g*, while the term poT(2p - 3p?)/
g2b is found not to contribute to this order. In
the expansion of

2

. 2
‘ZIAH1dt= ?F fp62d4xd4y A(x —y) 8%°0y° G(x,y)

exp (i fdt peT/g2b>

the term i | dtp,T/g?b gives a zero contribution,
while the term

- [atar pg (0 (') /28 4*

produces a correction to energy levels of order
1/g*, the derivation of which is described below.

The first step of this calculation produces the
expression

1 1 N - g
ryoa fpezll-‘-(x-y)+G(x,y)]5‘“(x—y)d4xd“y— z—gqu—afpezdtu(X)u(y)A(x—y,O)dxdy-

(C1)

Using (B1) and (B9), we have, apart from terms that cancel among themselves, the following three terms

[which we denote by (a), (b), and (c)]:

j Dgp= —L 1 (i e 1 1 11
(a) —zfAH§ )dt = 2 57 fdtp(,2 @ fdkazwlF(k)la[H(w)_H(O)(wz_wﬁzﬂ.e)2 o %4}
- pe® (. (d/dw?)H(w) = H(0)]
“if U g5 ), H(w) - H(0) : (€2)

(The last step follows by deforming the contour of integration in w and picking up the discontinuity across

the cut from p to «.)

| F(k)|?

1

. -2 1 -
- (2) Jt = —— —_
) i [ar®a P fatp? o fdkdw[

w? = W,

» 14%/[dw®P} A w) = H(0)]

+i€]® H(w)-H(0)

2 ©
i Do’ f
Zfdt g 5 ), dw w Hliw) -

where the second step follows by deforming the
countour of integration to lie along the imaginary
axis and noting that the integrand is even in w.
The reason for this peculiar choice of contour be-
comes obvious if one analyzes the point source
limit of (C3).

H(0) ’

—

(e) -1 J AH® dt

3
= Wfpezdt fdidﬁu(i)u(?)A(i—ﬁ,O)-
(cq)
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(C4) cancels the contribution of the term 3p42p?/
2g2b in (46). It is rather straightforward to de-
termine the contribution of ~ I} in (46). It is
found to be

_zfAHdt=—z 1’ dtfdwl 111(0)

(C5)

Adding (C2), (C3), and (C5), exponentiating by
means of the identity

1—ifthH=exp(—ifthH>, (C6)

and combining with (55), we find (56). (56) agrees
with the final result (49) of Ref. 6. The way to
see that is to expand in powers of 1/g the integral
form of their result (30), which produces (C5). If
one evaluates (C2) and (C3) in the point source
limit, which is a straightforward exercise, one
finds that their sum is the same as the sum of
(47) and (48) in Ref. 6.
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The functional approach to strong-coupling theory is extended to the general case. The nec-
essary mathematical techniques are discussed. Properties of the matrix Ap, which appears

in scattering amplitudes are analyzed.

I. INTRODUCTION

In the preceding paper' we described the func-
tional-integral approach to the strong-coupling
theory of the static model, taking the charged-
scalar model as an example. In this paper we
extend this method to the study of the strong-
coupling limit in the general case, i.e., the static
model of an arbitrary partial wave and internal
symmetry. This can be achieved with relatively
small effort by introducing appropriate mathemat-
ical techniques to deal with orbit invariants and
generalized angles for the representation of the
symmetry group of the theory.

We use the same definition of the generating
functional Z(n) of the isobar matrix elements of
time-ordered products of pion fields, as in Ref. 1.

The interaction Lagrangian in this case is written
as

Liw=8 Dz: Spdp , (1)
=1

where Sp’s are tensor operators of the space and
internal group, and ¢, is given by

4= [ (o0, )]pd . @

The actual content of the index D is rich, and it
may contain both the internal-symmetry-group
index 6 and the space-group index d. For example,
the charge-symmetric pseudoscalar-pseudovector
model is described as

=(6vd)7 SﬁdzTBUd (6—_—1‘253; d=17273),

3
q5,,=f[Vdp(§)]<p5(§,t)d§. ®



