UN-Sector and Compositeness Conditions in the Bronzan-Lee Model
A. L. Choudhury

Department of Mathematics, Elizabeth City State University, Elizabeth City, N.C. 27909

(Z. Naturforsch. 29a, 1531 —1542 [1974] ; received June 10, 1974)

The Lehmann-Symanzik-Zimmermann (LSZ) technique has been used to calculate all 7-func-
tions of the UN-sector of the Bronzan-Lee model. Using the prescription of Liossatos, the Zy — 0
limit has been carried out for the fourier transform of the 7-functions in the sector. These limiting
functions 7;¥ are then compared with the &% functions derived from a composite model, pro-
posed by the foregoing author, where V is considered to be a composite particle. It has been found
that when the so called composite V-particle does not appear in the initial and the final states,
these 7-functions coincide. On the other hand, the limiting values of some 7-functions differ from
those of the composite model, when such particles appear in the final or initial states.

I. Introduction

A considerable amount of work has been done to
show the usefulness of the Lehmann-Symanzik-Zim-
mermann (LSZ) technique ! in calculating relevant
scattering and production amplitudes in the Lee
model  and some extended Lee models. The signifi-
cance of such technique was first demonstrated by
Maxon and Curtis?, who have shown that the LSZ-
technique can be used to calculate all processes of
the V-sector. Since then Maxon * used the technique
to obtain the 7-functions in the VO-sector. Scar-
fone ® extended the calculation to the VN and VV-
sectors. Similar calculations have been done in the
V- and U-sectors of the Bronzan-Lee model by
Choudhury (to be referred as CI).

The Bronzan-Lee model, first proposed by Bron-
zan’, is an extension of the Lee-model, where one
allows a nontrivial vertex function renormalization.
Bronzan used a Wigner-Brillouin perturbation tech-
nique to obtain the U-propagator and UV0 vertex
functions, and the relevant renormalization con-
stants of the model. Liossatos® used these results
to perform the Zy-limit in the U-sector of the Bron-
zan-Lee model. He derived some important Zy-
limit formulae rigorously to show how such a limit-
ing procedure can be systematically carried out. He
proposed a model which he termed the composite
model of four point interaction and showed that the
results of the scattering amplitudes are identical
with the results obtained from the Zy-limit tech-
nique, at least in the U-sector of the model. How-
ever, in Liossatos” model as indicated by the author,
the equivalence breaks down in the Uf-sector.
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The question of equivalence of similar four point
interaction models has been studied by several
authors * 11 both in the Lee model and the Bronzan-
Lee model. In all these works the authors restricted
themselves to the lower sectors where the equiva-
lence worked out well. However, one can raise the
question whether the Zy-limit can give all informa-
tion a composite model can supply and vice versa.
Such questions can only be answered if we study
the problem of equivalence in the higher sectors of
the Lee or the Bronzan-Lee model.

We choose the UN-sector of Bronzan-Lee model,
where all 7-functions of relevant processes of the
sector can be easily evaluated following the tech-
nique of Maxon and Curtis. The composite model
proposed by Liossatos has been used to calculate
the processes in the corresponding UN-sector of the
model. All the processes which do not have com-
posite initial and final states have been found to
agree with the Zy-limiting value. However in some
of the t-functions the equivalence does not hold.

In Sect. II we briefly sketch the Bronzan-Lee
model. In Sect. Il we give a derivation of 7-func-
tions solving the Matthews-Salam equations in the
UN-sector. In Sect. IV we carry out the Zy— 0
limit with proper precautions emphasised in Lios-
satos’ work. In Sect. V we discuss the composite
model as described by Liossatos and use the LSZ-
technique to obtain solutions for corresponding -
functions.

1I. Bronzan-Lee Model

In this section we first briefly sketch the basic
properties of the Bronzan-Lee model. The Hamil-
tonian of the model is given by (compare for the
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details CI)
H=Hyt Hu (1)
where *
Hy=my Zy yy" wu+my Zyyv* yy
+myyxt ys+ % wai’ a; (2)
and
Hi = g1 Zy (yu* yv A+ 4" yyv* yu)
g2 (v yn A + AT yxtyy)
—=Omy Zyyy" Yy —Omy Zy yy .
A is given by the following expressions:
A= > X(w)ay, where X(w)=f(0)/V2w,
k
o =VE+ 12, (4)
The operators yy, 1y are the renormalized an-
nihilation operators of U and V particles. vy and
a; are the annihilation operators of the N and 0
particles, respectively. g, g, are the renormalized
coupling constants. dmy and Omy are the mass
renormalization constants. Zy, Zy are the wave-
function renormalizations of the U and V particles.
Z, is the vertex renormalization constant.
The commutation relations are
lvuswo'l =12y, [ywv,yv']1=1/Zy,
[wx,wn'1=1 [ag, @] =0 . (5)
It has been shown in several earlier works (Cl)
that the inverse of the V-particle propagator becomes

(3)

b (z) = (x—m) a* (z) (6)

where
ww =1+ O a0 BT
’ (6a)
Imh* () = Zi (@) Vo= 120(w—u) (6b)
m=my—my. (6c¢)

By (z,2) satisfy the following important identity
1

By(z,2) + By(x —z,2) = -h(.-.") h(z—z)
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The wave function renormalization for V-particle

becomes
1 ImA*(w)
Zy=1—- — 7
V = Sdcu T (7)
.(‘
whereas the V-particle mass renormalization is
1 g Im it ()
T 3 1 W
omy Zon) den oom (8)
“

The inverse of the U-particle propagator is given by

G(2) =Zy(x—zp) —¥2[Jn(z) = Jalzo)]  (9)
where
Di(z) = i S do Im A" () @7 (z, w)  (10)
o
D, (z, ) =Dy (x, 0 —ié) (10 a)
P T T
Pi (@, 2) = Clx,m) |z—z2—m ¥ z—m ]
(10h)
The function C (2, m) is given by
Clz,m) =Zv[1+ W (x—m) i (x—m)]. (11)

The functions I ,(z) and Bj(z,2) are given by

oo

In Eq. (9) we have also introduced the following abbreviations

Y= Z1/9’2 and

The renormalization constants in U-sectors are given by

Zy=1+ L r
¢ 2 2C(x,x)
Zy 0my=£,2 I (xy)

ZI=CI:J.’9,m) .

[h+' (2o — m)

1 1 1 1
Iyel2) = = Sdm Im [EJ,(WJ a(z—w) w—z
’ (12)
1( 1 1 1
Bu(z,z) = 7 de Im[h*(w)} M (r—w) otz—z
W
= - —Th-m]. (3)
r—m
- (.r—r2 m) ]
M (z—m)(z—z—m)(z—m) ~ (14)
Xy=my—my . (15)
—{h* (xy—m) }2 Iz, (xg—m)] (16)
(17)
(18)

* Aus satztechnischen Griinden muBte im Index immer k statt k gesetzt werden.
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TIL UN-Sector (¢, =2, ¢,=1)

The sectors of the Bronzan-Lee model are designated by the eigenvalues ¢; and ¢, of the operators Q,
and (), defined by the Eq. (6) of Cl. For the UN-sector ¢q; =2, g,=1. The 7-functions of this sector are
defined as

¥ (s) = (0| T[ywu(s)yx (s) ' ye®] 0) (19a)

Y (s,0) =X"1(@) (0]T [yv(s)px(s)ar(s)px*yu*] 0) (19b)

R (5, ) =X (@) (0T [yu(s)yx(s)arys vv*1]0) (19¢)

5 (s, 0, 0") =X (@) X1 () (0T [wx (s)px () ax(s) ap (s) wx" yu*1/0) (19d)
o (s, w0, @) = XY (@) X~ (@') (0|T [py(s)ws(s) air at wx™ wx*1]0) (19¢)
TN (5,0, ') = X7 (@) X1 (@) (0] Tlyy(s)yx(s) ap (s)ax* yx" yy*1]0) (191)
55, 0,0, ") =X H(0) X (0 ) X H0") (0] T[yx(s) wx(s)aw (s)aw (s) " wx*yy*10)  (19g)
rg}%'(s, w, 0, 0") =X w) X 1w X1 w")(0|T[yy(s) yx(s)a(s)ai e st px'10) (19 h)

¥, mo,0,0") =X )X (o) X Yo" )X (")
% (0| T [wx () px(s) ax (s) ap~(s)afar wx* wx*110)  (19i)

7 (s) = (0] T[yv(s)yy (s) px* 9u*1{0) (19)
o (s) = (0| T[yu(s)yx(s) wy" wy*1|0), (19k)
5N (s) = (0| T [wv (s)pv () wy" wv'1]0) (191)
¥ (5, 0) = X1 () (0] TLyv (5) px(s) ax(s) v wy*1] 0) (19 m)
Ry (5, @) =X"Hw) (0T [y (s) v (s)ar™ yx* wy*1]0) (19n)
T (5, 0,0') = X1 (0) X1 (') (0| TTyw () (s) ax () aw (s) wv* yy*1]0) (19p)
Tiow (s, @, @) =X (@) X71() (0| T[yv(s)yv(s) aiaiyx®wx']]0) . (19q)
The Matthews-Salam equations for these 7-functions are
Zoi g —m s ) Y 9 =i80) 40,2, T E @) (5,00 (204)
. d 0 N (s, 0) ¥ (s) o o [ T3 (s, 0, 0")
It BT SO PR b b S SOl i i
(20Db)
. ,,d, ’\ ‘rgx (39 CO,-(_U’) T;K (35 (O) + T2 N (Sa w ) }
(F3 —2me—o=0 ) B ) =206 (e ol (o e
=t (" % —mv"ﬁmxﬁw') WY (s,0,0') =i0(s) S X2(0) +g; Zy TR (5, 0)
+Zv gs e (8, @) +go > X2 ()™ (5, 0,0, ") (20d)
klf
L d ’ ’ T.pr-N (s, @, (U’, 03”) TEN (s, o, (U‘) +TEN (s, 0, C')”) }
i | I PG BT B o e Mo (200

5m. O + Opr Op'”
X(m)X(w )X(o)")X(cu"')
+ 292 [T5R (S, OJ s (0, ) ) +T:>R (31 , 0, () )] (20 f)

d ;
(L ay —2m_\;*w”—ﬂ)”’ té’N (s,(l), (t),, (UH, (UIH) —2l(§( )
$
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d W ()] I 5N (5, M)
Zoli— —2m0 =2g,2 X2(w)y Tx o
2eli g, —2me )T (0] =20 300 T 00 (20¢)
Zo(i $ —2m0 ) WY (9) = 20005) /2o 4292 S 20N (5,0) (20 h)
. 2
(od "]7.; " (s, ) | [ru (s}[ G
. T e ot
Zy (z 3~ —my—w ) ' I (5. ) [ i Zy l 5 +Zy gats” (5)
< , J‘r.; (s, ¢0) Jn'n; {.s w’) [ oy
+ s 2 X (') | 10y AL A J (201)
(_ ,d B 4 J Tlm\ (s, 0, 07) [ _9 ] T,‘,v‘\— (5,e0) +Tg;'- (s,) (207)
Fs ~2ms= 0= ) i () | =29 L (o) 4 (o) i

The solutions of the above equations are obtained by following the standard techniques of Maxon 4,

Scarfone® et al.®. We have to convert these coupled equations in terms of the fourier transform of
12~ (s,...) defined by the relation .
B gy = o | AT IEENR, ). (21)
2

—no

Then converting these coupled equations into integral equations, we have to solve them by following the
standard techmque of Maxon?*. From (20b) and (20c¢), by defining

Y 2+ 2my, )

h,~ n) = @ W) —18) = g i - 24
Dy (x, ) = Dy (x, m—ic) 9121711) @200 v s (7t 2nin) (22)
and W=x+2mx (23)
we obtain an integral equation
1 , ImH* (o
H(x—2z)Py(x,z) =1— -Sdm - (@) Dy (z, m) (24)
by 4 W +z—2

m
where we have set z—= —i¢. The function H(x —z) is the inverse of the VN-propagator and is well
known 3. It is given by

H(z) = (z—x3) D(2) (25 a)

D(z) =H'(z) + de (25 b)

(0 —ap)? (w—z) °

(z—axp) ( Im H* ()
T

&

H(z) is assumed to have a single zero for z=a = Wy~ 2m < u, where IFy; is the VN boundstate energy.
The solution of the integral Eq. (24) is*?

l [ l + D(IH)H+(I—-.'I.'};}

Dy(x,z) = -
u K(x,zp) |z—z—23 z—xp

BH(Z, x) } (26)

where Bj(z,x) is given by (13) replacing everywhere the function h by H. We also define [ .(z) by
replacing from (12) A by H and « by D of (25b).
The function By (z,x) satisfies the identity similar to (14):
i (x —2ay)
By(z,x) +Bylz —z,2) = —— - . — . (l4a)
WED B R0 = @z D) B () (27— ) (2 7a) :
Also, the function K (x, xy;) is given by

K(z,zp) =Zv[1+ D(xp) H (x — ) iz (x—28) ] . (27)
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Since @~ (x,®) is known 75~ is completely determined in terms of T¥ and 7YY,
From Eq. (20i) and (20j), defining

5 (J:+2m\,(u) _ (28)

glz, N (z+2my) + 2y g T8N (x+2my)

Py (x, ) =

we arrive at the same integral equation as (24).
From Eqgs. (20e) and (20d) we get after substituting

AT O X1 (w) . U(r,o,0)

5 (wk mst 2] = Ht(x—o) +29y° 7H?+(7.T—m) =3
U (z,m,0) =U(z,w, 0 —ic) (29 a)
an integral equation
- 1 o ImH (o )U (2, w, w )
H(r—z)U(x,a),z):P(;r,o))+I_7z_w = Sd.r T (30)
where we have put '
H* (x — w)
P(x,m) = 2 g.7 [9:Z, 5% (2 +2my,®) +Zv g TR (x+2my, w)]. (31)
The solution of the integral equation is known * ¢ and is given by
1
U(x,m,z) =L{x,0)Py(x,z) + - i —i—)
+ — —_— —
H (:rﬁ(._u) o (x—z—ap) (z—zp) (2 2(0) By (z, ) (32)
{m—.rB) (x—w —xp) (z—w)(xr—z—w)

By (x—m, x) 4 B* (w’,{)_]

=2 —it) 22—

— (w —xp) (x — w —xp) {

where
Jag (x—ap) (-2 0)

(2 —w—ap) (0 —2y) (32%)

L(z,m)=P(x,w) — [B” (x—w,z) — By (w,2) —

H*( ®)

From these results we can find out all the 7-functions by solving some simultaneous linear equations.

We get

N "

(W) = AW — 2m\)A(W 2m\ }’/2)]3 (W —2mx) o=
WY (W, 0) =T (W,0)=[g,Z,71" (W) +Zy7 (W)] (W —2my, ) (33b)
WY (W, 0,0") =738 (W,w,0") =2g, |15~ (W,w) +73~ (W, )] (33 ¢)
p— " O X% (w) 29, U™ (W —2my, o, )

™ b, ) = ke L= : 33d
w (W) HY (W —2my — o) HY (W —2myx — o) ( )
ATN v 2 [TEY (W, 0,0") +75Y (W, 0,07 ]
UN 7y “ 92 $ )l
Y (W, m,0,0") W 2mx—o —o +ie (33 e)
A (W, o, 0, 007) = 2¢, [1:4 (W, o', w) +'l.'4 (W o”,m)] (331)

W—_2my—ow - +ie

T (Wc:) w0’ 0" =2 Opi Sy + O a“*, —— )
0 X(m)X(w)Y(tu")X(r)"')[W 2m\ﬁm —o” +ie]
n 29;_[_1,-,1_{__(17 (r) E,)_(u_) +1.,R (W @ i o, w')] (33g)

(W—2my—0"—a" +ic]
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?Ju (W —2 my)

Y (W) =R (W T 33h
(W)=t F) = AW 2 m) AW — 2 my) — (22)I2 (W —2mx)] (35:h)
AYIN A(W 2 m\) 4
UN 7
W )= g AW 2 m) AW —2my) — G2 I (W —2m) ®51)
WY (W, m) h?fu? (W, ) =E(W —2my) &~(W —2my, w) (33))
AUN
N (W, 0,0 =158 (W, 0,0 = 20, (7Y (W, 0) +7" (W, )] (33k)
W—-2my—w—w +ie
In Eq. (33a) Jy(2) is given by the relation
Ju(x) = jlt Sdm Im H () @y (z, m) . (34)
In closed form ‘
il
Ju(x) = T 7K (o) [ZvK(z,2p) (x—2m+2dmy) —D(2p)H (x—28)] . (34 a)
The functions A(z) and A(z) are given by
A(x) = (r—2m+20my—Jy(z))
1
= 97y Kz 28) [ZyK(x,2p) (x+20my—2m) +D(zp)H* (x—25)] . (35)
A(z) = Zy(x—m® +mx) — (73/2)Ju(z) = Zy(z—=4) — (73/2) [u(z) —21a(zy)] . (36)

Finally in (33 j) we have defined

29, A(z) + (73/2) Jn(z)
e L oo R 37
=2y A@AE - 321 @) o
We have thus completely determined all the 7-functions in this sector. The scattering amplitudes of all
the relevant processes are related to these 7-functions as already indicated by Maxon and Curtis3. The
calculations of these amplitudes are straightforward, although very laborious. We, however, refrain from
quoting the final amplitudes.

IV. Z\’—>0 Limit

In this section we determine the 7-function in the Zy~— 0 limit. In evaluating these limits, frequent use
is made of the results obtained by Liossatos ® in the U-sector. We would quote some of the essential limit-
ing formulae of some functions derived by Liossatos. We follow him in expressing the limit by a sub-
script I. The inverse of the V-particle propagator in the limit can be expressed as

o —
1 {do' Imhk* (o
b (2) = limz,~0 b (z) =hy() + S'_ ’I# (38)
14 o —x—ic
“
| S do’ Imhi (@) :
u

hi(2) = (Zydmy);= — (39)

o' —m
From (7) we know
o -
1= 1' S do’ Im—hf(w )
a

(' —m)2 "

(40)
M
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We can also put #;*(z) in the following form

* (@) = )= @=m) (g Imhi(@)
W) = -ma* (@) = E 2 (o AT ) (41)
U
On the other hand, the inverse VN-propagator (25 a) in the Zy-limit can be expressed as

’ Im Hg+ (w')

o —z—ie

Hi* () =limz o Hi* (2) = () + Sdm

I

(42)

The function H;*(z) can be shown to vanish at least for one particular value of 2. Assuming the existence
of just one bound state of VN at x =25 < 1, we can write

H* (z) = (x—p) D;* (2) (43)
where
v M gy ImHE (@)
Dt (x) = = Sda) (o =) (@ —2—59) " (44)
W
Liossatos ® has shown the validity of an important limiting value
[Zy Iz (x—m) 1i=1/[2 lu(==)] . (45)
We note that I); (x) = — A(z) in his paper. With similar arguments we can show
[ZyIge (z—p) 11=1/[2 ()] . (45 a)

Following similar arguments for the Zy limits of B,(z,z), we can show that By(z,z) defined in (26)
has the following limit

By (z,2) =By(z,2) +1/2 b () (46)
provided we fix « between u and 2 and z lies in the domain of analyticity of By(z,7), that is, in the
complex plane cut along the real axis from — oo to 2 — u. The function By (z,7) is given by

~ 1 ; 1 1 1
Ba{mw) = }Ede Im { Hf (o) ] HY(z—w') o +z—x " (47)
Using (45 a), (46) we can show that the function @g(z,z) in (26) in the limit becomes
: 1 ~ 1
¢Hl(xsz) ghmzv—"o ¢H(Is "') :2}”(00) {(I—z—xB)D(xB) H+(x—3f]3) +BH(25 I) i hl(m) . (48)
Dy (x, z) is a solution of the integral equation
1 Im Hi () @y (x,
Hy(x—2)Pm(z,2) =1— S dw %‘iwl. (48 a)

"
Similarly, we can also show that the function U(z, ', z) defined in Eq. (32) becomes in the limit Zy— 0
U)(z, 0, z) =limz,—o U (z, @', 2)

_ : 1 HE-0)(@-20) [(roz-m) (z-m) &
—P;(x,w )QHI(IsZ) =t H1+(&J’) (:r:-ﬁz-ﬁa)') (G)’--Z'B) (:E—-ﬂ)’—-irg) (z_wf) (2:—2—(1)’) BH(Z, I)
(0" —xp) (x—w'—:c_Bl[BH(m', r)  B(r—o',x) }_ Dpy(x,z) | 1 ] (49)
(z—2w") (z— ') (r—z—w') 2hi(e) 2h2(c0) |7
The function U;(x, ®’, z) is the solution of the integral equation
; , 1 10, ImBF @), .,
Hiz = Uil @', =Pl o) + == -\ B Vg0 50)

B
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We can easily verify that U;(x, w’, z) in (49) is a solution of (50) by direct substitution and carrying
out the contour integrals. P;(x, ) is the limit of the function defined in (31).
To get now the Zy-limit of the r-functions we note first that in Zy— 0

[ZvTu(2)];=0. (51)
The justification of (51) depends on the fact that in the limit J;(x) goes over to Jy;(z) [see Eq. (34)]
T (x) = i Sdm Im H;* () Dy~ (2, @) (52)

“

and that due to the presence of the cut-off function Jj;(x) can be assumed to converge, allowing us to
conclude the relation (51). The limit of K(x, ) is given by

(K(z,2) 11 =D (ap) H (x —2p) [[2 hy(w) ] (53)

where we have used (45 a), to prove the identity (53).
We also note that from Eq. (35)

[Zy A(z)]; =2 k() (54)
and from Eq. (36)
[4(@) e =Zulx—20) = ' Uni(@) —2Ju(zy)] (55)
where Z; is the wave function renormalization constant for the U-particle derived by Liossatos ®
2
Ly=1- 2%;)2 [k (zg—m) — h2(zy—m) I{zq (xg—m)] (56)
L 1 ’ ¥ 1 7 o
Izg (zg—m) = — . Sdm Im ‘ h (@) ] T P——— (37)
and ’
; df (x—
[ (zg—m) = ”fh ! . (574)
In (55) we have also defined
71=912Z1/g> (37b)
where
Zy=ht(xg—m) 2 () (57 ¢)
and
1
Dalry) = o S do Im A () Dy (x5, @) (34 a)
“
where
1 o 1
Dy, 2) =2 hy(=<) [ @—z—m)h* (r—m) +By(z,x) | + ha(2) (48 a)

is the Zy-limiting expression of (10b), and E;,(z, x) is obtained by substituting in (13) all A’s by /s
We obtain now all Zy— 0 limit 7-functions as follows:

TN (W) = 1/A,(W —2my) (58 a)
AUN AN Z
(W, 0) =Ty (W, 0) = .d,(li/qtiél}n;) Dy (W —2my, w) (58h)

(W, o,00) =T (W, 0,0") =2, [T5° (W, 0) +758° (W,0)] (58¢)
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- a“» --((”) 29) U{ (W 2171\,(') H}) _
N (W, m,w) = HA (W —2my — ) H (W D ot — ) (584d)
ALN -~ W 2
N () = 35 = 7idm( my) (58¢)

Zh,(\,)J;(W ZM\)

3 A (W —2my) + (%2 W—2my
o (W, w) =Ty (W, ) = htf’—;) - J___r%}(}(;éh}iij)”( mx)

Dy (W —2my, m)
(58 1)

The hmltmcr functlcms v‘(5g . TR, T8N, 710 . are obtained from (33f), (33 g), (33h) and (33k)
by replacing T., hy 74 given in the equations (58a) through (58 f)
The function 7§~ (W) cannot be determined in the Zy-limit. But Zy 75~ (W) exists and is given by

[ZvZEY (W) ]i=1/h(~) . (58 g)

V. Composite Model

We would now like to show that the 7-functions of the corresponding processes can be obtained from the
composite model suggested by Liossatos 8, where the V-particle is considered to be a composite one. The
Hamiltonian is obtained from the Hamiltonian of the Bronzan-Lee model by performing the Zy— 0 limit,

which yields

HC:HIJ,(:+H'1M.P (59)
Hy .= Zympyy wu +mxyy" yx+ .Z: w (k) a;” ay, (59 a)
Hini.c =pvi yvi— Zu dmy wy't yy (59b)
‘where
yvi= (g1 Zuwi™ A + g AT yx") [hi( <) . (60)

Although the composite model Hamiltonian is obtained from (1) by going to the limit Zy— 0, the
equivalence of the composite model with limiting results of the Bronzan-Lee model is in no way guar-
anteed. Liossatos did mention that in the Uf-sector such results are not the same. We now check the rele-
vant processes in the UN-sector and show that, if we try to correlate y; with the composite particle
operator as done by Liossatos 8, our results, although agreeing in some cases with those of the limiting
model, differ significantly for some amplitudes.

Let us now defiine the 7-functions in the composite model in the UN-sector as follows:

€1 (s) = (0| T[we(s)px(s) wytye'] 0) (61a)
03 (s,0) = X~ 1) (0] T[ar(s) wx(s)yvi(s) wxtye']]0) (61Db)
w3n (5, 0) = X1 (@) (0 T[ye(s) wx(s)yv vyt a']]0) (61c)
3 (5, 0,0') = X @) X7 (') (0] T[yx(s)px(s)ax(s) ap (s)px* '] 0) (61d)
wEiR (8, 0,07) = X Y @)X (o) (0| T[ye(s)yx(s)ar® ar”wy" yx*10) (61 e)
0] (5, 0,07) = X H0) X o) (0| T[ay wx (s)ypvi(s) a® s wy']]0) (61f)

03 (s, 0,0, 07) = X N o)X o)X 1 (0”) (0 Tlay (s)ay wx(s) yx(s)a vy yy'10) (61g)
163k (s 0,0’ 0") = XU w) X Hw )X (w") (0T [ar(s)yx(s)yvi(s) ai aips™ wx*110) (61h)
s (5w, 00", 0") = X o)X 1o)X o) X (o)

X (0 Tlyx(s)yx(s) ap(s)ap (s)ap™ @ wy* yx*10) (611)
103 () = (0] TLwvi(s)yvils) wx*wi*]0) (61])
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wear (s) = (O|T[wu(s)ws(s) wvit wvi'1]0]) (61k)
‘Cg (s) = O]T[WW (s)yvi(s) pw W\z+]io] (611)
08 (s, 0) = (@) (O] T [x (s) ar(s)pvils)wvi" w1 0) (61m)
IQ}R (s,0) = X7 (w) (O]T[‘P\'z(-‘) yvi(s)ar™ wx" '] ] 0; (61 n)
o (5,0, @) = X Hw) X (o) (0|T[yx(s)yy(s)ax(s) ax(s)yvitywyiT]0) (61p)
tor (s, 0,0") = X1 (@)X (w") (0|T[yvi(s)yyvi(s) art ar* vyt yx'10) . (61q)
Using the definition (32) we can easily verify
UN . /
ce (s w)] 91Zu  _ux g2 J Tca (5,0, 0)
= ~ S X 62
{TL..'R (s, ) hi(ec) O (s) + hi( =) () | 763k (s, 0, @) (622)
08 (5, 0,0") = ,f‘(z”)r W3k (s, 0) + (9 2 X (@) (s, 0,0, 07) (62b)
(= 1
UN ’ ’” UN UN rr
C,5 (S, W, W, W ) - g1 211 70,3 (S, CU y )] e < ve2 rer [ (6 (35 ("J (D 5 W, W )
[r}:gn (s, 0, ", ") } hi() | 83 (s, 0", ") * hi(~) ;_f‘vX (™) | &F (s, 0, w'", ', w’) .ol
[TTC; (5)} __ % < S X2(w) W5 (s, ) (62d)
R ) k() * T
W ()= 25 X2 (w) 788 (s, ), (62¢)
hi() %
UN ’
TCH (S,UJ)} g1 2y {T( R (S)] 2 {TL g0 (s, CU,U))]
= —= > X2 2 ¥idio N 62 f
{rm nr)] ™ Tty L EF () T () 20 | §n (000,00 e

For the remaining 7-functions defined by (61 a) through (61 q) we can obtain the Matthews-Salam equa-
tions easily, yielding

d
Zali gy —mv—ms) Y () =i3(9) +912u S X (0) 7 (s.0). (633)
g i s (ssw,00)] w0 (s, @) +7E3 (s,w)}
(l ds =&t~ [Tt,:m (s, , 0 )} _zge[fc,zn(sgw)-i-h 3r (s, ") G35)
i 17 rrr 7] rrry 3 é@‘f; ahk"+6}k 6.’6?»
(; ds —2mN—CU — (1 )'l.'cg (s,w,w w ,w ) —-216(3) X( )X((J) )X((.U”)X(CU’”)
+2¢, [t3R (5, 0", 0, 0") + 105k (5, 0", w,0')], (63 ¢c)
o d AYE2 R (s,w,w')} {fu; (s, @) +7C3 (s,w')}
(‘ dsﬁz"‘z‘“w”""){r}f};m (s, )] =298 | B (s, 0) + 78N (s 0")] (63<)

The solution of the above set of coupled equations can be obtained by a lengthy procedure. We here out-
line the method to determine a particular function 7 {3 (8,0, @', "), which is more involved. As usual
we perform the fourier transformation of the Egs. (62 a) through (621) and (63 a) through (63d) by
using Equation (21). From the fourier transformation Eqgs. of (62 ¢) and (63 ¢), we obtain

H£+ (1'_ 0!)) %\gg]l(z‘i'z my, w, GJ,, O)”) =01 le'?ggR (I+2 my, U‘J’, w ') (64‘)
S X2 (w0 S X2 (" ")t z+2my, 0", o, 0"
+2gy I u,___,_(’ ). 4 Ok (’ ‘) _2g2 S X2 (™) Cﬁﬁ’( my, n)
z—w—w' +ie r—w—w +ie i o tw—z—ic

where H;"(x) is given by (43). Defining
~ ’ ’” 29 (5 I:X_2(CD)

UN _ 2 kk ,
TC,AR (3:‘|"2 my, @, w ,w ) —i=Z," H,j+ (x—w) H,!+ (x &)i) (x OJ’ —(JJ” o 5)
232 U, (z, o, w)

d Hf (z—o) (z—0 —0” +ie) (65)
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and remembering that 73 satisfies (63b), if we require U, (z, ', ) =U,(z, »’,» —i¢) to satisfy

g + rr = r
H(z—)U,(z, o'2) =Lz, 0) 4 ——— — 1-gdw"' Lo i L
rT—2—Ww 7 W fz—z
where *
"N — H* n. 914 ~uy ’
L(z,0) =H"(z— ) To2er (2, @) . (67)

2 g-)2

Equation (64) splits up into two identical integral equations, one of which is (66) and the other is ob-
tained by replacing @’ by w”. The solution of (66) is given by U.(x,»,z) =U;(x,w’,z) defined by
Equation (49). As we have mentioned earlier the solution can be verified by direct substitution.

We now quote the final results of all 7} ~’s computed by different methods. They are:
Y (W) = ), (68 a)
R (W,0) =183k (W,0) =75 (W,w) , (68b)
WS (W, w,0") =138 (W,0,0’) =75 (W, o, '), (68 c)
?g.g (W, @, CU’, CU”) = EEIN (Ws w, (U’, L!J”) H %g,gll (W, W, CU’, (U”) :?5E‘, (W, w, U.J’, CU”) » (68 d)
?EE (W,0,0 0", 0"”) =g~ (W,w,o,w”, ), (68 ¢)
—>— 7 Z AN > 1 ATUN ror
WY W, 0,0) = PEL N (7, 0) + = 5 02 (0") 3 (W, 0,0,07), (68 f)
(=) k() 7
WE (W) =23 (W) =7 (W), (68 g)
W) =2 5 e W), (68 )
hi(>) %
AUN _aUN g1 Za(y2) I (W — 2 my) - ] .
¢y (W, w) =7cor (W, w) = hy(oo) (W —2mx) Qg™ (W —2my, ), (681)
ATN " AUN n 20{788 (W,0) +785 (W, ")} :
T¢,10 (W:w9w)“TC,IUR(Wsw5w)* W—me—-w—w'-f-is . (68])
We see that %E;?{(W, ) £ 28N (W,w). As a consequence 7Ti1o (W, o, ') is different from

I (W,m, ). In composite model 7 {3(W) has finite value, whereas in the Zy-limit 7§~ (W) does not
exist. We have not verified whether 7 1y and i are exactly equal. The verification depends on the suc-
cessful evaluation of a complicated contour integration, whereas the consequence is not of much signifi-
cance. All other 7-functions are the same both in the Zy-limit and the composite model.

VI. Concluding Remarks

We have shown that in the UN-sector of the
Bronzan-Lee model, all 7-functions corresponding to
relevant processes can be calculated by using the
LSZ-formalism, which is often used by different
authors in different versions of the Lee model. Fol-

field of the composite V-particle in the model and
constructed the 7-functions in terms of that ;.
This vy; has a very unfortunate property, that is
its commutator is in the Zy-limit theory,

[yve, wvi'] =limitz,~01/Zy=cc . (69)

lowing Liossatos, we have taken Zy-limiting values
of the functions and have shown that except for
Z9Y all limits exist. However, if we calculate them
in the “equivalent” composite model, not all of
them coincide with the Zy-limiting values. It should

be observed that we used vy; as a kind of limiting

In contrast, the commutator of 1y; in the composite
model is not a c-number and contains co-efficients
which are finite due to the presence of a cut off
function. This difference might be one of the signifi-
cant reasons why we get different results in ap-
parently equivalent models.
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We like to mention that in those processes, where
'y, does not appear in 7-functions, the results in
the composite model are exactly the same as the Zy
limiting values of the Bronzan-Lee model. This may
indicate that this limiting procedure can be regarded
as “sensible” if we do not involve composite par-
ticles in the final or initial states. For calculaling
processes, where composite particle transitions take
place one should rather trust a composite particle
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