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Some properties of the V8 scattering amplitude in the Lee model are discussed with reference to the influ-
ence of production (V66) on scattering. As long as the coupling is not too weak, production has important
effects on scattering even at low energies. For a wide class of well-behaved cutoff functions there can be no
resonance in V@ scattering unless production is taken into account. Static model calculations for meson-
baryon scattering neglecting production can therefore be quite misleading. There is in general no simple
relation between the locations of resonances in V8 scattering and the production threshold, even in the strong
coupling limit Z=~0. A modified version of the Lee model with odd-N V¢ parity is discussed. Two different
sets of integral equations for the V6 — V8 and V@ — N6 amplitudes are derived, in which the influence of

spin enters in a nontrivial way.

I. INTRODUCTION

HE Lee model' has proved useful in clarifying
many dynamical questions®~ as well as questions
of renormalization.! In particular, V6 scattering pro-
vides an example of scattering with a production (V66)
channel. In the first part (Sec. II) of this paper we
derive and discuss some properties of the V8 scattering
amplitude, with special attention given to the influence
of production on scattering, and the possibility of a
resonance resulting from the opening of the production
channel as proposed by Ball and Frazer.® It will be seen
that the existence of the production channel enhances
elastic scattering even below the production threshold,
and under certain circumstances a resonance below the
production threshold is possible. The location of the
resonance however depends on the form of the cutoff
function and in general bears no simple relation to the
production threshold. Except in the weak-coupling
limit, the inclusion of production changes the high-
energy behavior of the scattering amplitude and greatly
modifies the low-energy behavior of the real part of the
scattering amplitude. This throws some doubt on the
adequacy of static model calculations which neglect
production.
In the second part (Sec. III) of this paper we consider
a modified version of the Lee model with a pseudoscalar
6. In this pseudoscalar model the V and N6 states are
trivial modifications of the scalar model, essentially
because N scattering takes place only through one
(p12) channel. For V@ scattering both pye and pse
channels are open, resulting in coupled integral equa-
tions not soluble in closed form by standard methods.$
In this model V9 scattering is analogous to low-energy
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K'p scattering (in view of the odd K'Y parity) neglecting
pionic effects. The fact that this model gives only
P-wave scattering in disagreement with experiment
may be an indication of the importance of the K—m=
interaction in K—N scattering.

II. SCALAR CASE

The V@ scattering amplitude has been obtained by
Amado® in closed form and may be written’

T (w)

3 g |“1—(co—A)C(w)l !
(0— A1+ (0—2)C(w) B¢ )]

=g2/ (w—24)

,
D) 1)

where g denotes the renormalized coupling constant
and we have included the (renormalized) V—N mass
difference my—my=A. The functions 8 and C are

BYERDY  ma) (o 1))
: 2(w—A) ° (w2—1)1212(w;)dw;
Bw)=—* @)

472 1 (01— A2 (wi—w—1€)

and ,
Clw)=-=
472
® (w—=1)"2f(w1)B(w+A—wi)dw:
X f ,
1 (01— AP [1—=B(w1) [2(w1—w)[1—B(o+A—w1)]
3)

the cutoff function f%(w) being such that all integrals
converge and no ghost arises. This means that

1—B(w)=Z, where 0<Z<1 4)

and we shall require that
fHw)=0(1/w") for large w, where »>0. (5)

7 Throughout this paper we consider only the case when the V
is stable: my—my<ms. All the masses and coupling constants
appearing in the equations are renormalized quantities.

8 The mass of the 6 has been taken to be unity.
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We begin by first neglecting production. The function
D(w) in this approximation is then simply 1+8(w).®
For a resonance to occur, it is necessary that ReD(w)=0.
Since (1)<0, the quantity 14+8(1) is less than unity
and may be negative.? At the high-energy limit, we have
14-B()=2—Z>0. Suppose 1+8(1)<0. If the cutoff
function f?(w) is sufficiently smooth (differentiability
would suffice, but is not necessary) for w>1, the real
part of B3(w) is continuous in the physical region so the
phase shift begins as = at zero energy and falls to zero
at infinite energy, passing through iz at some finite
energy.l This behavior corresponds to the existence of a
bound state in the V8 system according to Levinson’s
theorem.! It is well known, however, that such a case
in general does not give a bump in the scattering cross
section, as follows from a theorem of Wigner.??

Suppose then 1+8(1)>0. We shall show that for a
wide class of cutoff functions, Re[143(w)]>148(1)
for w>1, and therefore no resonance is possible.’* More
precisely, if f?(w)(w+1)V2/(w—A) is a nonincreasing
function of w for w>1, then ReB(w)>B(1) for w>1. To

prove this, let “ 2 (cor) (oi— 1)V2d,
F(w)= (w—A)P/ w1) (w2— w1
1 (=AY (wi—w)

so that Ref(w)= —g°F (v)/4n?. We wish to show that
F(w)<F(1) for w>1. But for w>1 we have

F(w)—F(1)

?(w1) (wi?—1)"2dew;
w—1)P
= =) / (01— A) (@1—1) (w1—w)

=QW_D[P%Z@+4Y”‘/ @n—w”%m—w>

X dw 1 ] (6)
(@— 1) (0—w) |

9 That this is possible without violating the unitarity condition
(4) may be seen by letting A=0, f?(w)=1/(w-1). Then condition
(4) gives 0<1— g2[21r-—1]/41r2<1 or g/4Ar*<2/(r—2)=14.
Taking g%/4x?=1.3, for example, we have 1+4-8(1)=1-1.3<0.

10t is, in prmc1ple possible that the function Re[1+8(w)] may
go through zero 3, 5, 7, etc. times before approaching the high-
energy limit 2— Z >O "For the 2nd, 4th, etc. zeros Wigner’s
theorem (Ref. 12) does not apply. However, it is easy to convince
oneself that such behavior calls for quite unreasonable cutoff
functions.
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The principal value integral in the braces may be
directly evaluated and has the value zero. So Eq. (6)
reduces to

F(w)—F(1)
_,I_l)l/? \ ( _|_ )1/2 \
@—q/[@r) Pl
a’w1

X, (
(wl—'l)l/z(wl“w) ( )

which is nonpositive if [(w+1)”2/ (w—A)]f?(w) is non-
increasing, for then the integrand is never positive. It is
clear from (7) that our assumption is sufficient but by
no means necessary. For example, if f2(w)=1/(w+c),
then F(w)<F(1) for all >0 and w>1. Other examples
may also be readily constructed, but there is not much
point in pursuing this further, as the behavior of
ReD(w) is quite different when production is taken into
account. We merely conclude that for a wide class of
well-behaved cutoff functions, there is no resonance in
V0 scattering if production is neglected.

Next we discuss the full amplitude (1). It is con-
venient to list here some properties of the function
C(w). Properties (a) and (b) are obvious from the
definitions while the others will be proved.

(a) ImC(w)=0 for w<2—A
>0 for w>2—A.

It follows from this that
Im{[1— (0—A)C(w)]/[1+ (@w—A)C(w) ]}<0

for all w. Recalling ImB(w)<0, we see that production
has the effect of enhancing the imaginary part of the
scattering amplitude above the production threshold.

(b) C(1)=0. This means that D(1)<14+8(1)<1, and
D(1) can be negative for large values of g2

(c) For 1w<2—A, C(w) is a real, increasing func-
tion of w. To prove this let I'=g?/4x? and

(w) (w?— 1)1/2dw
o(2)=
1 (@—AP—2)

Then (4) implies that ¢(w) — —\/w as w —> », where
A'<1. One has

(W= 1)"2 f2(w1)dewy
I'2C(w
= / (01— AP [1—B(wy)|?
o(w+A—w))

X . (8)
14T (w—w1) g (w+A—wi)

For w<2—A the argument of ¢(w+A—w;) over the
region of integration ranges from —» to w+A—1<1,
where ¢ is analytic and may be differentiated under the
integral sign. We shall prove property (c) by showing
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that under the integral sign

i[ o(w+A—w;) :I

dwl 14T (w—w1) p(w+A—w;)
T (d/de)(1/¢)
[T (e—w) e (1/¢)?

where we have suppressed the argument of ¢ (w+A—w;).
For this purpose define a function!

A(@)=(1/N+(1/2¢(2),

which is clearly analytic in the upper half-plane with a
cut from z=1 to 2= 0, and a pole at 3=0 with residue
r=1/¢(0)>0. The function A(z) vanishes at infinity,
and therefore has an integral representation of the form

>0, 9

(10)

o0

r
A(z)=———/ o(E)dE/(E—>3). (11
4 1

Since (1/24)[ p(E+ie)— o(E—ie) >0 over the cut,
it follows that

1
—[A(E+ie)—A(E—ie)]
27

1 1 1
ol
2iL p(E+ie) o(E—ie)
for E>1. Thus, p(E) is positive definite. We have
1 z ? p(E)E
~——~—=zA(z)—--—=r-—————z/ -
‘P(z) A A 1 E—z

and for z=w+A—w;<1 we may differentiate under
the integral sign, giving

(12)

d ( 1 ) 1 “ p(E)dE * p(E)dE
Y= P
do\ ¢ A ./; E—z 1 (E—32)?
1 * Ep(E)dE
- =, (13)
A 1 (E—Z)2
so that
ds1
49
dw\ ¢
1 * Ep(E)dE 1
=—TI+— >—T4+->0, (14)
A 1 (E—Z)2 A

since AI'<1. This shows that d/dwC(0)>0 for w<2—A
and completes the proof.

(d) The function (w—A)C(w) approaches the nega-
tive real value —(—1+1/2)% as w — .

4 This trick is due to Schwinger [Ann. Phys. (N. Y.) 9, 169
(1960)].
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To prove this, recall that f2(w)=0(1/w"), v>0, for
large w. By definition

* (wlz— 1)1/2]’2((-01)(1(01 w—A

1 (w1~A)2{1—B(w1)|2w1—w

Blot+A—wy)
X
1—B(w+A—wr)

Since [1—pB(w1)|~? is bounded, there exists for any
€>0 an energy E such that

(wp—1)2

<e,
(@ AP 1B ()2

(w—A)C(w)=T

(15)

for w;> E. Furthermore, for any §>0 choose w to be so
large that >>FE and

Il—-Z B(w+A—E)
Z  1—B(wt+A—E)

Then we have

(@—A)C(w)

(/L]

r[ B (op— 1)1 2(w)deon » (1—2)
1 (01— AP 1—B(w)|? z
® flodwr  Blot+A—w) w—A
g (01—A)"21—B(w+A—w;) wi—w
(w2—1)12

X . (16
(w1~A>‘+”’2[1~B(w1)12:| 1o

The last integral has an absolute value less than

? fPloddw;  Blot+A—w) w—A
£ (=AY 1—B(w+A—wr) ©1—w

€

which can be made arbitrarily small since the integral
converges.’® Finally, we have, letting E— o« and
w—> 0
1-7Z  ° (w2—1)"2f2(w;)dw
(@=A)C(w) > ——T [ — =1
1 (01—A)?2[1—B(wr) |2

Z b
15 The integral is bounded by a constant times

(0—A)P f doos [t oy — ),
E

which approaches a negative constant for large w. [See R. Omnes,
Nuovo Cimento 8, 316 (1958).]
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where the integral has been evaluated by integrating
the function (1—8(w))! from o —ie to 1—ie and then
from 14-7e to « --7¢, closing the contour around a circle
at infinity and applying Cauchy’s theorem.

It follows from property (c) that for 1I<w<2—A the
function [1— (w—A)C) (w) J/[1+ (w—A)C(w) ]< 1 isreal
and decreasing. This means that even below the
production threshold, the presence of the production
channel is felt through a decrease in the real part of
D(w), thus enhancing the elastic scattering when
14-B(w) is positive, and inhibiting elastic scattering
when 14-8(w) is negative. The function ReD(w) may be
rewritten, for 0 <2—A

ReD(w)
=1—[2(0—A)C(w)/(1+ (w—A)C (@) J+Ref(w),, (18)

which shows that below production threshold ReD(w)
consists of a decreasing part, roughly of order g* and
the term ReB(w) which is of order g2 and which, accord-
ing to the discussion following Eq. (7), in general,
increases with w at low energies. For large values of g2
the production term may dominate over ReB(w) and
produce a zero of ReD(w) below the production, which
is, in general, impossible if production is neglected.

The high-energy limit of D(w) follows directly from
property (d). It is real and equal to Z/(2Z—1). If g
is small, Z=1 and Z/(2Z—1) is positive, as is D(1).
Therefore, when the interaction is sufficiently weak, the
real part of D(w) remains positive for all >1 and no
resonance occurs. In the strong-coupling limit Z=0,
Z/(2Z—1) is negative. A resonance is then possible
when D(1)>0, for if ReD(w) is continuous it must pass
through zero at least once. This need not be the case if
either the cutoff function is singular such that ReB(w)
and C(w) are discontinuous, or the factor 14 (w—A)C(w)
vanishes for some w>1. Let us examine the latter
possibility a little more closely. By property (b), the
quantity 14 (1—A)C(1) is positive, and by property
(c) the function (w—A)C(w) is real and increasing for
1<w<2—A. Therefore, 14 (w—A)C(w) cannot vanish
for 1<w<2—A. Above the production threshold
w>2—A, the imaginary part of C(w) is given by

2\ 2 w1 (g2 1)V2 20y )y w0 A—ey
(£) [ G slets
1 (01— AP |1—B(wy) |2 1—B(w+A—w1)

472
g2 2 swtA—1 (wlz_ 1)1’2f2(w1)dw1
B (47:2> /1 (w1—AP[1—B(w)|?
Ime(w+A—w;)
[1—B(w+A—wy)|? ,
® (w—1)22(w1)dw;
So(Z)_/; (w1—A)*(w1—32)

where

and
Ime(z)=m(2—1)"2f2(2)0(z—1)/ (z— A)*.
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Since the integrand is non-negative, ImC(w) can vanish
only if f2(£)f*(w+A—§)=0 for 1<Et<w-+A—1. Hence,
the function 14 (w—A)C(w) has no zeros for w>1 if
the product f2(wy)f2(w+A—wi) is different from zero
over a finite interval in the range 1<wi<w—14-A,
provided f?(w) is not so singular that C(w) is dis-
continuous at w=2—A.

For large values of g? it may also happen that
D(1)<0 and ReD(w) remain negative in the physical
region, so that there is again no resonance.

Summarizing, we give a set of sufficient conditions
for a resonance (defined as a situation where ReD(w)
decreases through zero at some finite energy) to occur
in V0 scattering:

(1) D(1)>0 and Z<3.

(if) The cutoff function f?(w) is sufficiently smooth
such that both 8(w) and C(w) are continuous for
w>1.

(it) S 1212 (w1) f2(w+ A—w1)dwi >0 for
2—A<w< >,

The location and width of the resonance clearly
depend on the product g?f?(w) in an essential way and
the resonance in general needs not lie above or close to
the production threshold.

III. PSEUDOSCALAR CASE

We now turn to the case when the N V@ relative parity
is odd. As is well known, the spins of the heavy particles
are irrelevant in N6 and V8 scattering in the standard
Lee model, and the same scattering amplitudes are
obtained if the V and the NV are scalar particles instead
of fermions. This “degeneracy” is removed when the 6
is pseudoscalar and the interaction is of the type ¢-V
which can flip the spin.

We begin with the Hamiltonian

H=H,+H:
Ho=ZmwpvYyv+madn¥n+2 wxax'ax

f(w)
Hi=g % 20V )2

[Wvto-Kyyax+yato: Kyyax']
+Zsmupviyy,
tI/V:; bV” Va, 1pN:zo; bNana )

(19)

where

ve and n, being Pauli spinors of the ¥V and N fields.
Otherwise the notation is standard,? with the commu-
tation relations

1
{bveT,byf} = Eaaﬂ , {bn*,bnP} =bag,

[aK:T,aK]= oxx’, etc. (20)

The V and N6 states are trivial generalizations of
those in the scalar case. We shall merely list the results
here as they will be needed later.
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Let p
fa)= (—i—+mv)bvﬂ<z> . = 15(0),
dt

QuV)2, 4
0= (

- —i;rw)aK(z), =30

Then we have

g f(w)
Jo(0)==omby(0)= E % Qu V)12

j)=—gyn'e-Kyv,
(Ng| | Va)=—gns'e- Kva,
8f(w)
(20V)"[1-B()]
(NgK’, out| N K, in)

va(r- Kl,bNdK, (21)

(22)
(23)

<0[ fﬂl ]VaK, in}-—- - vg*(l" Kna y (24)

W)
= §apdxx+2mid (w—0w )(Qw’V)I/Z
X{(Ng|j' | NK, in), (25)
&f(w)ngte K o+ Kn,

Ng| 7| NK, in)= — , (26
Wl = a1

~ Flo—A) 7 (w?—1)f2(w1)de:
Bw)=— . (@27

( 472 1 (w1i—A)2 (w1 —w—1€) (

The N6 scattering phase shift 8y is given by
€V sindy= g2f2(w) (w?—1)32/dr (A—w)[1—B(w)]. (28)

Equations (25) and (26) show that N@ scattering
takes place only through the py/s state. This can also be
seen by inspection of the relevant Feynman diagrams,
and is the main reason of the close analogy to the scalar
case. The analogy is largely lost for V6 scattering, which
has two amplitudes instead of one.

(zw()V)l/Z
ngTO" K vaéxoxz -

J*wo) J(wo)

2ngo
Fﬂa(KI7K) KO) =

CHEW

Next consider the amplitudes for V8— V6 and
Vo — N69. Again the calculations are quite similar to
the scalar case,® and we sketch only those steps where
our equations look appreciably different from the scalar
case. The relevant amplitudes are

(VK out| VK, in)

= §apdxx+2mid (w—w’)MTﬂa(K’, K),
2V (wo" )12
where
2wV )12 ) )
T (K, K)= (Vs| 7' VoK, in)
(%

= v’ [K-K'a(w)+io- (KXK' )y (@) Jve, (29)
and
(NgK' K, out| VK, in)

1 w
=218 (wo—w—w')— f)

V2 (2uV)12

X{NgK', out| 7| Vo Ko, in). (30)

Instead of (30) it is more convenient to work with
the amplitude®

(NgK', in| | VKo, in)= 285N K’ out| j| VKo, in).
Thus let
2V (wow’)12
f(@')f(wo)
=ng[Born term-+ Ky Ko K'F (o’ 000)
+ Ko K'o: KG (o' ,w0)+ K- K’ 0+ Ko H (00’ ,00)
+iKo+ (KX KNI (0’ ,000) J va

<Z\75K11 lnl jI VGKO’ in>EFﬂa(K,:K;K0)

(31)

Proceedings in the standard way,® we find

n

my+w' —E,—1e

Ng| ' |n)Xn| 7| VaKo, in) (Ng|j|n)n| | VKo, in
XZ[< sl 4 [m)n| 5| ) (Ng|jln)n| 5’| q) 32)

w’+En—mV—wo~ie

where only |#)=|V) and |n)=| N6) contribute. The sum over the intermediate states is therefore equal to'®

0, T Ko+ Kae(wo) +io- (KoX K)y (00) ] ve—

w'—

nﬁ'fo'-K'v

te-Ku,
fﬁ-f———u'— v, [ Ko K'a(wo) 30+ (KoX KDy (wo)] va}

o —wo—7€ .

(2o V)12 I:(N 8l 7’| NV Ky, inXN Ky, in| 7] VKo, in)  (Ng| j| N, Ky, in N, Ky, in /| VK, in):l (33)
K1 )

W' —wi—1ie

f (w0)

16 In the following, repeated indices are to be summed over.

W' twi—wo—A—1ie
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Substituting (26) and (31) into (33) and carrying out the angular integrations, we find for the sum over K

—mng [3Ko: Ko K'F(w1,00)+ 0+ K' 0+ Koo« KG (w1,00)+ 0 Ko Ko KoH (w1,00)
" ® 2 (w1) (w2 —1)%24 (w1)dw
+io K o+ (KoX K)I (w1,00) ]— [Ke K’]] Ve, (34)
1 w1+wl—wo—A—’L€
4(w)=gY/ (A=w)[1—B(w)] (35)
is related to the N scattering phase shift by
eV sindy= f2(w)4 (w) (w2—1)32/4x.

Returning to (32) and equating coefficients of various spin invariants, one obtains the following integral
equations:

F(w',wo)=—g[“(°’°) LD ]—gA(wo)< : 1A)

w—A w—wi—1e W' —wo—ie w'—

to [ /w 72(001) (ei2— 1)324 (cor)deoy

W' —wi—1e

where

1 /7 3F (w1,00)+ G (w1,w0)+ H (w1,00) G (w1,00) — H (w1,000)+1 (w1,w0)
e R * !
7)1

wi—w' i€ witw —wo—A—1e
(36)
v(wo)  alwo) 1 1
G(w'\wo)= —g[ - ]—gA (wo)< -
w'—A w—wy—1e w' —wyp—1ie w'—A
1 e G(wl,wo)—H(wl,wo)-l—f(wl,wo) 3F (wl,w0)+G(w1,wo)+H(w1,wo)
+— / K(wl)dwl[ - - s
3rJ1 wi—o'+1€ w1t —wp—A—1e
1 1
()= glr(o0— A )] )
o' —A W' —wo—ie
1, 1 1
L / K(wl)dwl[G(wl,wo)—H(wl,wo)—l—l(wl,wo)]( t . > @
3rJ1 wi—w' +ie witw —wi—A—1e
1 1
1000 = A )=o) —t——)
— W' —wo— 1€
1 1 1
e [ Ko alGlonso0— Henao Lo | ——— ). 69
3rJ1 wi—w' +ie witw —wi—A—1ie
where K (w)=¢%¥ sindy.
The Equations (36)-(38) have the following crossing properties:
Fo G, He>—H, I +I, (39)
under interchange of the two outgoing 6 particles: o’ <> wo—w'4-A.
In addition to (36)-(38), two more equations are obtained on further reducing the amplitude 7's.(K,Ko):
(2woV)H _ (0] fo| NoKy, inXN oKy, in| 7| VKo, in)
Tﬁﬂ (KlyKO) = Z ) (40)
flwo) X wi—A }
which gives after some straightforward algebra
1 0
a(wo)=A4 (wo) —l—3— / K (w1)dw1[ 3F (w1,00) +G (w1,00)+H (w1,00) 1 (41)
mg J1

1 0
v (wo) = A (wo) +— / K (w1)do1[ G (w1,00) — H (w1,00) +1 (w1,w0) ] - (42)
37I'g 1



2762

H. CHEW

The equations (36)-(38) may be decoupled by introducing the amplitudes P=3F+2G+I and Q=3F—G
+3H—2I. The decoupled equations take the following form:

P 00) = gla(n) - (o) — 24 (wo)]<

W' —wo—1€

1
Q(w',wo)=g|:27(w0)—a(w0)—14(wo)]< +

=)
W' —wi—ie w'—A

)
w'—A

+1_1r /;wK(m)P(wl,wo)( o -

2

)dw]_ ) (43)
w1t w —wy—A—1e

wi—w' e

1 1
= [ Ko i ()
TJ1 wi—w'tie witw —wi—A—71e
All six amplitudes F, G, H, I, and o, ¥ can be obtained =~ with
from P and Q by quadratures since 3F4G+H g K2 f*(w)
—1(2P+0) and G—H-+I=%(P—(Q). The decoupled Il o a) (A2)
Eqgs. (43) and (44) differ from the corresponding
integral equation in the scalar model® in the unequal gf (@)
coefficients for the “direct” and “crossed” terms under ap(K) = ——————n5'0- Kv.. (A3)

the integral sign. This lack of symmetry under the
transformation o <> wo—w’+A leaves an arbitrary
function in the standard solution of equations of this
type discussed by Blankenbecler and Gartenhaus,”
rendering the solution ambiguous. For this reason the
solution of (43) and (44) in closed form does not seem
easy. Numerical integration is of course possible, but it
will be necessary to specify the cutoff function. As
remarked before at the end of Sec. I, this model is
probably not sufficiently realistic to warrant extensive
numerical work.
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APPENDIX

An alternative set of integral equations for V6
scattering and N6 production in the pseudoscalar
model may be derived by solving the Schrédinger
equation. Again for completeness we record the results
for the V and V6 states as well.

We shall denote the physical and bare V states by
| V) and | v), respectively. The former is given by'®

V=2 i)+ E 6us(B) [ 5K)  (AD

17 R. Blankenbecler and S. Gartenhaus, Phys. Rev. 116, 1297

(1959). The arbitrary function corresponds to the function g in
their Eq. (10).

For N6 scattering we need an N@ state with an
incident 6 of momentum K, with unit amplitude,

[7a6)=|nKo)+ 2 Xap(K)[n5K)+2""Nep| vg). (A4)
K#Ko

Then it is easily verified that

Nap= g f(wo) vs' o+ Koo/
(2600V)2(wo— A)[1—B(w0)], (AS)

(w0) f(e)A (wo)

—ngte- Ko Kono, (A6)

where B(wo) and A (wo) are given by (27) and (35),
respectively. The scattering amplitude is given up to
trivial factors by the part of x.s(K) which contains the
delta function §(w—wo).

Similarly the V86— V6 and V6 — N6O amplitudes
are contained in the state vector

| VaKo)+ I;LK Mas(K)| V5K)
+Z Z Naﬂ(Kl;K2)lnﬂKl;K2>

K1 K2

=72| v, K)+ ¥ Aap(K)| vK)
K#Ko

+2 2 Bap(Ky, Ky) [#3K1, Kp), (A7)
K1 K2
where
Aap(K)=Z'2M 5(K) (A8)
and

Bas(Ky,Ky) =3[ Moy (K1),5(Ky)

+ Moy (Ko) $p5(K1) ]+ Vo (K, Ko) . (A9)
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The Schrodinger equation then gives the following relations:

Z(w—wotdmy)Aap(K)=—g 2 "'{(w_l)_[Bap(leK)'i’Bap(K;Kl)] vsto-Kn,, (A10)
K1 (2u,V)12 :

Bap(Kly K2)+Bap (K2; Kl) =—f (wl’*"wz_'wo—‘ A)?

[f(wz) o Ka bt Mo (Rto Kevpk 102 | (AL
Wﬂ [ 2 VaOK Ky (2w2V)1/2 ay.( )nyio 2v,,+ > ]. ( )
Eliminating B, and carrying out the renormalization gives for K=K,

~ 8 f(wo) f(w)
(w—wo)[l-—ﬁ(wo—}—A——w)]Aag(K)=-—0—————v,g'fu-Kgc'Kua

2V (wow) 2 (w—A)

2 f(w) flw1) vgte-Kio-K
; T (K. (A12)
V)2 k1 2wV 1tw—wo—A

Let

A.5(K) =M vsi[ Ko+ Ka (w,w0) 20+ (KoX K)b (w,00) ] vae, (A13)
2V (wow)t?

then (A12) gives the following integral equations

e ¢ / " F3(e) (= 1) (1,00)+2b (wr,0) Jdeoy

h{w,wo)a(w,wo) = { ’ (i
w—A 1272 witw—wi— A
g g “ f2(w1) (02— 1)*2a (w1,w0)dory
ot Er | , s
w—A 1222/, wrto—wo—A

where
h(wiwo) = (w—we)[1—B(wit+A—w)].

The equations (A14) and (A15) may also be decoupled by introducing the linear combinations c=%(a-5) and
d=2b—a. The result is

g g ? 2 (w1) (wi2—1)*2¢ (w,wo)dw;
Howelaw)———t—— [ , (A16)
w—A 1272/, w1t w—we—A
g g 7 ) (eld—1)*d (w1,wo)dwr
1 (00,w0)d (w,w0) = _— . (A17)
w—A 127!'2 1 wl—l-w——wg—-A

These equations determine A,5(k) and therefore the ¥V —6 scattering amplitude M,s(k) by (A8) together with
(A3). The amplitude Bos(k1,k,) is then given by (A11), from which the N —6—6 production amplitude N.g(ki,ks)
may be obtained with the aid of (A9).



