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We consider the amplitude T(v=2q P, K=q2, 6 =2q. 4; t =A2) for the reaction A(q) +C(p) B(q')
+D (p'), where A and B are scalar currents and C and D are on-shell scalar particles. We
assume scaling behavior, T v I'((d, v', t) for v ~, with co=-~/v, v =6/v, and t fixed, and
Regge behavior, T v~(~~p(f~, 6;t) for v ~, with ft, 6, and t fixed and implement these be-
haviors on integral representations with suitable spectral functions. For 6 =0, we derive the
commutativity relation lim olim~T =lim, „limzT and the asymptotic behavior f(A., O;t)

for the coefficient f(x.p, x.A;t) of the leading light-cone (LC) singularity of the Fourier
transform of T. [f is related to F by F(o), ~;t) ~ J d)(e'~~f(X, )(v;t).} Thus, the leading LC
singularity determines the trajectory function o.(t) and thus provides a configuration-space
view of high-energy behavior. This generalizes our previous results for 6=0. To see what
can happen for 6 & 0, we use the ladder approximation for T. We again derive a commuta-
tivity relation limT 01im OllmgT =llmK „lim& limz T, but now f(X, A7', t}-const & 0.
Thus the large-A. behavior of f is quite different for 7 = 0 and for v & 0. This behavior can, in
particular, be nice at 7'=0, and the assumption that 0&

~ J dXfp, o;t}( & ~. is seen to lead to
interesting constraints on the Regge trajectory.

I. INTRODUCTION

We have previously shown that, in a large class
of models, ' the behavior of a forward off-shell scat-
tering amplitude T(q', v), in the Hegge limit for
laxge mass q', is the same as its behavior in the
scaling limit for small q'/v. " This result is inter-
esting because we further showed that the behavior
in the scaling limit was determined by the leading
light-cone (LC) singularity of the Fourier transform
T(x', x P) of T.'~ This means that one can com-
pletely determine the t =0 intercepts o.(0) of the
Hegge trajectories n(t) from a knowledge of the LC
singularities, and thus obtain a configuration-space
picture of high-energy behavior. The. o.(0) are
specified by the functional behavior of T(x', x P)
at the I C x~ =0 for large x P.'

The purpose of the yxesent payer is to extend
these considerations away from the forward direc-
tion t —= A~ =0. This is imyoxtant in order to estab-
lish consistency with the complete Regge picture.
We find that the complete trajectory functions n(t)
are determined by the leading LC singularities.
Now, however, the junctional behavior for large
x P does not in general specify n(t). This happens
only at the point 5—= 2q 4 =0. This gives special
meaning to this point and invites speculation about
its significance for on-shell hadron-hadron scatter-
ing.

To sharpen the motivation for our study and es-
tablish some notation, we consider first the forward
reaction A(q)+C(P)-A(q)+C(P). Here the A's rep-
resent scalar currents of dimension 2 [e.g. A(x)
=:Q&(x)(j)(x):] and variable mass squared qs —= «,

and the C's represent on-shell scalar particles with
mass squared P' = m'. The scattering amplitude
T(«, v) is thus a function of the mass «and the en-
ergy variable v

—=2q - p. We are concerned with its
behavior in the (scaling) A limit (v- ~, o) —= «/v
fixed) and in the (Hegge) 8 limit {v-~, « fixed).
We assume sealing behavior, '

T-v 'E(o)),

and Begge-pole behavior,

T v p(K).

In the models of Ref. 3, one obtains

E{(d)~ () p(d

and
P(«) „=p« " '.

Thus we have the symbolic commutativity relation'

lim limT=lim limT=Pv 'e " '=Pv v "
Q) ~0 A K~oo B

(1

E(luation (1.8) tells us that if we know E(a)), we
can determine c( Now, E. (o)) has a simple configu-
ration-space interpretation. ' The scaling behavior
(1.1) is e(luivaient to the LC behavior

(piA(x)A(0) [P), ,= (x' —isx, ) 'f(x p), (1.6)

and E((()) is essentially the Fourier transform of
f ()()t)(x), '

)"(~) fdic'""f(l), =

where f ()()cc f())). Equation (1.3) therefore gives
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(1.8)

This is how the LC behavior (1.6) determines n
Thus, from (1.5), the leading LC singularity deter-
mines the large-i(, piece of the Regge residue func-
tion P(a). Nonleading LC singularities give the rest
of the residue.

In any local field theory, the behavior (1.6) can
be understood in terms of LC operator-product ex-
pansions. ' Assuming canonical dimensions, ' the
expansion of interest is (A =B here)

simplest, and the commutativity relation

lim lim T(v, z, 0; t) = lim lim T(v, z, 0; t) (1.15)
td~0 A K~~ R

will be seen to hold there in general. The configura-
tion-space picture follows from the relation (Sec. 11)

F(vv", t), = f dhe' J' (ar; t), , (1.16)

where f is proportional to the function f defined by

A(x)B(0), ,=(x') 'Q x"' "x Ot„"', . . .~(0),
n =0

(1.9)

where dimO" =n+2. Thus

f(x.p-, x n, ; t)+O(x').

(1.17)

The especially simple form for 7 =0,

(1.10)

F(v, 0; t) = dX e' "f(X, 0; t),
0

leads to the behavior

(1.18)

v=2q P, a=q', t =d, '-=(P-P')',

6=2q a=(q" —q' —t).
(1.12)

We will also use the sealing variables u = z/v and
r =6/v. We always keep fixed the masses p'=me'
and p" = m ~', and so the on-shell amplitude is
T(v, m„', ms' —m„' —t; t) In the A limi. t we let
v- ~ with (d, 7., and t fixed, and in the R limit we
have v- ~ with a, 5, and t fixed. The assumed be-
haviors are

T- v 'F((o, r; t)
A

T-v to p(v, 5; t ). (1.14)
R

In Sec. III we shall implement these behaviors
with integral representations with suitable spectral
functions. The point 5=0 will be seen to be the

Equations (1.8)-(1.10) provide configuration-space
constraints on the field theory arising from the
Regge-behavior requirement (l.2).

The above considerations do not, of course, ex-
haust the constraints of Regge behavior on the field
theory. Regge theory also describes what happens
away from t =0, and we would now like to impose
these constraints. We shall, for simplicity, as-
sume pure Regge-pole behavior although the effects
of cuts could be easily handled by the same methods.

We consider the general reaction A(q)+C(p)
-B(q')+D(P'), where A and B are scalar currents
of dimension 2 and C and D are on-shell scalar
particles with P'= m~' and P" = m~'. The scatter-
ing amplitude is

T'(v ~, &; t)=df d'xe" (d~TA(d)B(0)~d)*'
(1.11)

where we have chosen as variables

f(X, 0;t), „=-tA (t)x""~. (1.19)

Thus, at T =0, (1.7)-(1.8) are simply generalized.
Away from v =0 less general statements can be

made and so, in Sec. III, we restrict our attention
to the Q' ladder approximation to T. This model

satisfies (1.13) and (1.14). We find that commuta-

tivity continues to hold in this model in the sense
that

lim lim lim T=lim lim lim T.
7'~0 m~0 A K~'oh~ o R

(1.20)

Now, however, f (A,, A.5/v; t) is found to approach a
constant for A.-~ and so its functional form in A,

gives no information about n(t). Thus the point
5 =0 is seen to be rather privileged from this point
of view.

The possible further significance of the point 0= 6
= q" -q'- t is discussed in Sec. IV. We exploit the
possibility that at 5 =0 the large-A behavior of f
can be nice. A major advantage of our configura-
tion-space formalism is that it lends itself well to
the incorporation of such additional assumptions.
We see, for example, that the assumption that

f (A., 0; t) is integrable for some t= t, leads to signi-
ficant restrictions on the Regge-trajectory func-
tions at t,. This is especially interesting if t, is
the mass-shell value m~' —mA' of t.

II. FORMALISM

In this section we describe the class of models
to be considered and present some formalism to
be used in Sec. III. In order to clearly bring out
the main points of interest, we shall limit our ex-
plicit consideration to some simple situations.
Thus we shall take A and B to be scalar fields P of
dimension 1, rather than currents. . Also, in order
to make eventually an easy comparison with p'
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ladder models, we will only consider graphs from
gP theory with .no single-particle intermediate
state in the t channel. These simplifications are
introduced for convenience only. Vfe could equally
well work with general current operators and gen-
eral theories satisfying scaling and Regge behavior.

Nakanishi"'"' has shown that, to all orders of
perturbation theory, the above amplitude can be
written in the form'4

sis,"by the explicit asymptotic summations, "and
by the fact that it is true for the exact zero-mass
solution. '"

The behavior of T in the A limit is, by the usual
arguments, "'determined by the LC behavior of
the integrand in (1.11). The general leading be-
havior

(P~TA(x)B(0)~P') „2 0 (x' —te) "f„(x p, x 4;t)
1 1

T(v, x, 6;t)= dn dg dyH(n, f, y;t)D',
0 -1

(2.1a}
where

D = y+ (1 —n)[-,'(1+ f)6+-,'(I + f)t
——,'(1+ f)mc' ——,'(1 —f)mD'] + x+ vn —ie

gives

T K„v" 2 dke' "f„(A,Ar; t)X.
' "

0

—= v" ' dAe' f„(.A, Ar; t),
0

(2.8)

(2.9)

(2.10)

(2.1b)
If we were considering all graphs in P' theory,
then D ' in (2.1a) would be replaced by D '. Instead
of (2.1}, we could work with the Jost-Lehmann-
Dyson representation, but this is less convenient
for our purposes.

Let us now consider the ladder approximation to
T in which the two scalar particles exchange a sca-
lar meson of mass p, . Then the Bethe-Salpeter
equation for T gives an integral equation for H."
The corresponding "asymptotic" (n 0) integral
equation has a solution

where K„ is a trivial numerical factor. Equation
(2.9}is easily derived by substituting (2.8) in (1.11)
and using

d'xe"'(x' —ie) "~(q'+te)" '~ ~

and
~

~d$e ' '(&+ie)' 8((Xo)o
' '.

U r is a negative integer (say -n), then (x') "
must be interpreted as (x')"lnx' in order for the
above relation to be valid.

The LC operator-product expansion for the mod-
els under consideration is

Here
G=x '[r' (I+- )px(&')1 (I+- )'xp',

with

p(i) = —,'(1+&)mc + —,'(1 —r)mD' ——,'(1 —g')t

(2 4)

(2.5)

H satisfies the integral equation (suppressing t)"
1

H (K, r)=g dK' dr'& (C, r; K', r')H (f', r'},
-1

(2.2)
where

K„=z dxx G " (y"+'—[ (y8) —8(y —RG)]].
By

(2.3)

(t (x)g(0)„2;x'1nx'g' g x"~" x"~O„" ... (0),
n =0

(2.11)
with dimO" =n+2 and dimg=1. Thus r=-1 and
so (2.10) becomes"

T-v ' dke' f(X, X7'; t)
A

(2.12)

III. LIMITS AND RELATIONS

Our purpose now is to use the formalism of
Sec. II to study the 8 and A limits defined in Sec. I.
We assume the behaviors (1.13) and (1.14), which
become here

R =(1+g)/(I+ g') for

It can be shown that"

(2.6) T-v 'F(u), ~; t)
A

(3.1)

lim H (g, y) =0.
yance

(2.7)

The above solution leads to Regge asymptotic be-
havior for T. The eigenvalue equation (2.2) deter-
mines n as a function of t. The asymptotic equa-
tion has, however, other solutions corresponding
to nonpure Regge-pole behavior. The solution to
the exact equation is nevertheless expected to have
pure Regge-pole behavior. This is strongly sug-
gested by the explicit Bethe-Salpeter l-plane analy- &(n, &; t) JA &(n, &, r; =-A (3 3)

T-v+'~P(x, 5; t). (3.2)

A number of interesting results will emerge, in-
cluding those stated in Sec. I.

Consider first the Nakanishi representation (2.1}.
Our basic extra assumption will be that the spectral
function H(n, l', y; t) is well behaved for large y, uni-
formly in q, g, and t, at least so that the integral



CONFIGURATION-SPACE VIE% OF HIGH-ENERGY SCATTERING 447

exists. This is true in the ladder models [cf.
Eq. (2.7)], and is the generalization of the assump-
tion on the Deser-Gilbert-Sudarshan spectral func-
tion used and motivated in Ref. 3 to obtain the t =0
results stated in Sec. I. Without this assumption,
the scaling behavior (1.13) could only be obtained
in a rather pathological way.

The A limit of (2.1) is thus

1 1
T-v ' drl I" dgH(rl, g; t)

A 0 0-1

x[(1- l)r(21 +g) r+ur+ l]r',

satisfy certain conditions in addition to (3.V); for
example,

dg ) dyH(rl, g, y; t}rl '=0

for n(t) (-3. (3.9)

Ne will assume that such conditions are satisfied,
since it will be of interest to us to consider e & -3.

Equation (3.6) only gives enough information to
determine the large-l(. behavior of f for r =0. From
(3.5), we have the especially simple relation

(3 4)

in accordance with (3.1). Comparison with (2.12)
gives

1

f(X, Xr;t)=-,'iX' drl @H(rl, g;t)
0 1

x exp fiX[(1 —)74(1+g)r+rl]).

(s.5)
The simplicity of this relation, which conveniently
exhibits H as essentially the Fourier transform of

f, is another reason for our use of the Nakanishi
representation. Note that, from (3.4) or, equally
well, from (2.8)-(2.10}, the r- 0 (or, equivalently,
5-0) limit always commutes with the A limit:

t 1 1

f (A., 0; t) = ,'i A.
'

I dr—l d&H(rl, r; t)e' ".
~0 ~1

Equation (S.V) thus gives

f (X, O; t), „-iA (-t)z"",

apart from oscillatory terms, "where

A„(t) = -e ""'[r-(n+3)] -'I„(t),

with
1

1„(t)= dgH„(r, t),
-1

(3.10)

(3.11)

(3.12}

(3.13)

(3.14)

lim T(v, K, 0; t) = lim lim T(v, K, 5; t)
A T~0 A

= v ', drl dg-H(rl, g; t)((a+rl} '.
4 4

(3 6)
Note also that (3.5) shows that f (e, z'; t) is an en-
tire function of z and z'. This is essentially a con-
sequence of the spectral properties of T built into
the representation (2.1).

In order to obtain information about f, we con-
sider next the It limit (1.14}. To obtain (1.14}, we

take

H(rl, g, y; t) „-rl
" H (r-, y; t)l —.

' r(n +S)r(-o.)1-'

According to Eqs. (1.18) and (3.11), the r=0
(or 5 =0)" point of the general amplitude gives the
same type of results as in the forward 6 =0 case.
Note incidentally, that the behaviors of the f's are
exactly the same for the r =+1 [cf. Eq. (2.8}]case
discussed in Sec. I (f -X" 'f -f -X } and the x = -1
case discussed above (f -l(." 'f -X 'f -&"). In

particular, we can again learn about the Regge
trajectories from the leading LC singularity. Now

in factwe, obtain from (3.11) the complete trajec-
tory function n(t).

It follows from Eqs. (2.12) and (3.11) that

lim lim limT(v, K, 5; t)=v '&o 'I„(t)
id~07 ~O A

(3.7) = V K I~(t). (3.15)
for some function H„. Here n means n(t), and we

have factored out the I' functions for convenience.
The trajectory n is determined as a function of t by
an integral equation for H arising from the one for
H." With (3.7), as Nakanishi showed for n & -3,
one has

1
T v dg dyH~ f, y't D q=0

R

(3.8)
Equations (3.7) and (3.8) can be chosen to be cor-
rect for all n The behavio. r (3.8) should, of
course, be correct for all n by analytical continua-
tion from n & -3. In order for (2.1) to satisfy (3.8)
for o. & -3, however, the spectral function H must

lim lim T(v, K, 5; t) = v "K 'I„(t).
K ~')o R

(3.16)

We thus obtain the commutativity relation (1.15).
In terms of the coefficient functions I' and P, the
leading LC singularity is seen to determine and
equate their asymptotic behaviors,

E((o, 0;t); I„(t)&o (3.1V)

Exactly the same result follows from Eqs. (3.6)
and (3.V). This is another way of seeing that,
at 6 =0, the A limit determines the Regge trajec-
tories. We can use the result (3.8) to take the
limits in the "opposite" order and obtain (for all 5,
including 5 = 0}
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P(x, 0; t) „„-I(t)x " ' (3.18)

To get an idea of what happens away from v =0,
we shall restrict ourselves to the ladder approxi-
mation for T. In this approximation, T is known
to have the scaling" and Regge" "behaviors (3.1)
and (3.2). The moment (3.3) also exists so that all
of the above results are valid. Since this ladder
model is one of the few models known to satisfy
these conditions, our use of it is hardly much of a
restriction. Its compact structure, exemplified by
Eqs. (2.2)-(2.7), will, however, enable us to ob-
tain a detailed description of the limits of interest
away from 7. =0.

We begin by deriving the behavior of H„(g, y; t)
for &- +1. If we take n &-1, we easily find from
(2.2)-(2.6) the result

(3.19)

Equation (3.19) exhibits the leading singularity at
g =+1. We have taken n &-1 in order that a singu-
larity exists. The limit (3.19) is uniform in y, so
that we can write

The same result of course follows from using (3.7)
and (3.20) in (3.4). The behavior of T in the oppo-
site order is, by using (3.20) in (3.8), easily found

to be
lim lim limT=B (t)v 5 x '. (3.25)

Thus we obtain the equality (1.20)."" In terms of
the coefficient functions, we have

and
E((u, r; t);B„(t)r " '(d '

P(z, 5;t) s „„„-B„(t)5 r. '.
(3.26)

(3.27)

All of the above results can be explicitly verified
for Nakanishi's" exact solution to the ladder ap-
proximation at t=0, for the case of equal-mass
m=1 legs and zero-mass rungs, except for the
first of mass p, = 2m = 2:

relations are still valid. To see this, we first use
(3.22) to take the cu- 0 limit of (2.12) to obtain

(3.24)

with

(3.20)

(3.21) where
a = (g+ —,

'
} ——,

' =- n, + 1112

(3.28)

(3.29)

It is only to derive the behavior (3.19) that we need
the explicit ladder model. It is necessary to know
this threshold behavior, however, in order to pro-
ceed.

Using (3.7) and (3.20) in (3.5), we obtain the re-
sult2

f (A., Xr; t) „- -iB (t)r "
apart from oscillatory terms, where

B„(t)= -C (t)e ' "t'(n + 2)-'.

(3.22)

(3.23}

Thus, quite contrary to the r =0 case (3.11), we
now obtain a constant asymptotic behavior for f.
It is no longer true that the functional form in A. of

f, for large )(., determines n. It remains true, of
course, that knowledge of the complete large-X
value of f is sufficient to determine n(t)

Let us comment further on the sharp contrast
between the 7. =0 behavior (3.11) and the re0 be-
havior (3.22). We have seen that for rc0, f —const
t0 for ~-~, for all 0.. For v=0, on the other hand,

f - const A.
" for X- ~. The 7 = 0 behavior for large

X can thus be better or worse than the 7 t 0 behavior,
depending on n(t). Namely, if n(t) &-2, the r=0
behavior is worse, and if n(t) &-2, the r = 0 be-
havior is better. We will discuss these possibili-
ties in more detail in Sec. IV.

Even though the large-l). behavior of f for r v 0 is
so different from that for T =0, commutativity-type

and P, is a Legendre function. Thus

B (r„; 0) = const(1 —&')"()". (3.30)

We mention, finally, that our arguments for the
significance of the point 7 = 0 do not depend on our
specific choice of variables (1.12) or functional
form (1.17). If we worked with any other variables
or other function g(x P, x Q; t)=f(x p, x 4; t),
with I' and Q linear combinations of p and p', we

would still conclude that 7. =0 is the point where
the functional form of f is determined by the Regge
trajectory. If we maintain explicit crossing sym-
metry, then the natural variables are Q', Q I',
and Q 4, with Q=q+q' and I'=p+p'. We then
find again that r=Q ((),/Q P-0 is the special
point. "

IV. INTEGRABILITY ASSUMPTION AND
CONSEQUENCES

Motivated by the results of Sec. III, we will study
here further the significance of the point T =0. We
are particularly interested in the fact that at ~ =0,
and only there, the large Abehavior o-f f, can be
nice. This invites us to explore consequences of
the assumption that this behavior is, in fact, nice.

In the previous sections, we have derived a num-

ber of results both from the Nakanishi representa-
tion (3.4) and from the "configuration-space" rep-



tt(te); J dbf (1} b= (4.2)

Comparison with (1.3) thus gives the constraint
e ~ -1. If we further assume that b 40, then we
learn that e =-1. Thus simple, c priori not un-
reasonable assumptions about the function (1.10)
lead to interesting predictions about Begge tra-
jectories. A look at Eq. (1.8), however, tends to
weaken the analysis since it says that f (X) is in-
tegrable if and only if e & -1.'7 If e is, in fact,
less than -1, then b =0. Nevertheless, if we can-
sider the configuration-space function f (A.) to be
the fundamental quantity, and do not assume Begge
behavior to begin with, then the assumption that
0& (tf~&~ implies Regge behavior with c(=-1, so
that T„-v 'P()};).

As an example, let us consider the electroproduc-
tion structure functions, following the notation of
Ref. 3. We have

v W, ()(, v) -E,((u)

with

tt (te)= ~f dl e' f,(b). .

The integrability assumytion for f~(A, ) leads to

(4 3)

(4.4)

resentation (2.12). It is useful to have these (and
other) different representations because they em-
phasize different aspects of the amplitude. This is
important because, in order to go beyond the es-
sentially purely kinematical considerations of
Sec. III, further (dynamical} assumptions must be
introduced, and such assumptions might be easier
to discover or formulate in a particular r'epresenta-
tion. Configuration space is, we feel, especially
suited to this purpose, since that is where we all
live and where our intuition from classical physics,
quantum mechanics, and quantum electrodynamics"
can be brought to bear. . Configuration-space ideas,
such as current algebra, short-distance expansions,
and light-cone expansions have already increased
our understanding of some aspects of particle phy-
sics. It therefore seems worthwhile to search for
further configuration-space principles.

Now, current algebra makes statements about
X=D behavior. Equation (1.6), for example, implies
the typical current-algebraic relation

(P ] [A(0, x), A(D)] (P) = 2wt5(x)f (0). (4.1)

I ight-cone expansions specify further the singulm"-
~ty structure at the LC, as in (1.6}, but do not give
much information about f(A.). We have seen above
that the large-A, behavior of f (A.) is determined by
Regge theory. Conversely, assumptions about this
behavior will give constraints on the Regge limit.

Let us, for example, suppose that f (X) in (1.V) is
integrable. Then

E,((v)- const Rs (b)- 0, which is precisely the ex-
perimental behavior and the behavior suggested by
Pomeranchukon dominance of the R limit. "

Our analysis in Sec. III enables us to extend the
above considerations away from 6 =0. We consider
the general A limit (2.12). We have seen 1n Sec. III
that only for T = 0 can we assume that the large-X
behavior of f(1}., 'f(r; t) is nice. Indeed, since
f (X, Ar; t)-consto-'0 as A. -~, for ~bb0, f (X, A r; t)
can never be integrable for vw0. We can, however,
assume that f (X, 0; t) is integrable for some t=t, .
Then the representation

F( ,teOt)= f dec' f(b, O; "t} (4.5)

leads to the behavior

k'(te, O;t) —I dbf(b, b;t)—:b(t) (4.6)

Comparison with (3.1V) thus gives at(to} & -S.
Again, if b(to) is assumed not to vanish, we have
the equality n(t, )=-3. Thus, for ~=0 and for this
value t() of t, the v behavlOr of the A limit (3.4) is
the same as the v behavior of the It limit (3.8) and

lim F(&o, 0; t, ) =lim p(f(, 0; t, )=I,(t, ) =b(t, ).

If b(to) =0, then n(to) &-3. The vanishing of the
moment (4.6) in this case is, in fact, an immediate
consequence of (3.5) and (3.9).

It is tempting to speculate further and make an
assumption about the values t, for which 0 & (b(t, ) ~

A natural choice is the mass-shell value t~
= m~' —m„' (assuming 5 is privileged over other
variables giving the same 7 ) so that c((m)) —mz )
= -3. These assumptions, and others concerning
the dimension of relevant current operators, were
recently made in realistic cases where they lead
to the quantization conditions n„(md}' —m„') = N»
=half integer, for any particles A. and B which
couple to the Beggeon R." These conditions were
found to be in good agreement with experiment. Al-
though additional strong assumptions are required
here, the results further suggest the special signi-
ficance of the poi.nt 5=0.

Let us conclude by summariring our main results:
(i) The leading LC singularity determines the A

limit (3.2') and the Regge-trajectory function d). (t) by
(3.26) or, more directly, by (3.22). It also deter-
mines the behavior (3.2V) of the Regge residue func-
tj.on for 5-~, v

(ii) The situation for 0 =5=2q. n, is a simple gen-
eralization of the forward 4 = 0 case and we have
(3.1V), (3.18), and (3.11).

(iii) The function f (A., X~; t) is never integrable in
Iff (X, 0; t,}is assumed to be integrable, we have

a(t, ) & -3; if its integral is further assumed not to



450 RICHARD A. BRANDT

vanish, we have n(t, ) =-3; and if it is still further
assumed that all this happens on shell, we have
n(ms' —m„') = -3:

These results suggest that it may be useful to
study further the significance of the interesting
point v =0.
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