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Abstract. We show that, in the ¢3 theory, the physical mass and the two-body
S-matrix are Borel summable in the coupling constant 4 at A=0.

1. Introduction

In this paper we show that in the @3 theory the following objects are Borel
summable in the coupling constant at zero: (i) the momentum space analytic
functions for every complex momentum in an open set containing the Euclidean
points; (ii) the physical mass and the field strength renormalization constant ; (iii)
the two-body S-matrix in the elastic region. The proofs of (i) and (ii) have been
written so that they extend straightforwardly to the case of ¢3 with the help of the
cluster expansion as given by Magnen and Sénéor [14] and Burnap’s work [3]. By
contrast, the proof of (iii) uses the analyticity in the coupling constant of the
irreducible kernels, known for the even ¢3 theory from Spencer’s analysis [16]. It
could be extended to non-even @3 theories by using the work of Koch [13]. The
method extends to the massive Sine-Gordon model [9], where it yields analyticity
in the coupling constant around 0. The principle of the method is clearly present in
[91.

The Schwinger functions of the @3 theory are given by

S, 00X, 2 0)

= lim N~ YA, 4, 0)[dud@)p(x,)...o(x,) exp| =2 [ - @*(x):d*x

AR 2

, (1)

where dy, is the Gaussian measure with (bare) mass {Y% and :: denotes Wick
ordering with the same mass. N is the obvious normalization factor. For 2=0
sufficiently small and { >0 sufficiently large the theory is known to exist [11]. Its
physical mass will be denoted m(4, {), and the first threshold above it, 2m'(4, (). The
natural scaling law

Sn(Qxla ey an’ Qv 2;"’ Q_ zg)zsn(xp ey x,v ;"s C) (2)
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holds in the sense of tempered distributions for all n and all ¢ >0 and is also
satisfied by the truncated Schwinger functions S7(x,, ..., x,, 4, ).
Our starting point is the following known theorem:

Theorem 1. 1. [8]. Let the unit of length be fixed. There exist constants ¢ >0, M >0,
1o >0 and, for each integer nz 2, constants C,, B,, and some L? norm || ||, such that,
for each fe SR>, all aeR*"~ V),

ay ,
<éj) [STX Xy A0 SOy +ay, oo +a, -y, x,)dxy . dx, (3)
can be extended to a function of i and {, holomorphic in the domain
{A12 <&, Rei>0} x {{||Arg({ —M?)| <14}, 4
continuous on the boundary, and bounded there in modulus by

rD2Coll f gy expl —(Re |/ = B,)min(lay|, ... |a,_ )] ©)

2. [11, 16]. Furthermore. for real {=M? and any 6,>0, there is an >0 such
that 0 A <n implies

ML) — 1/ CI<8)/C. m(, 0=/ T+8,)/>0. (6)

The Fourier transform of ST will be denoted
SHP1s s Py o oé( ) pj)
j=1

:(2n)*2"jexp(i > pjxj)Sf(xl,...,x,,)dxl...dx,,.

j=1

It is easy to derive from the first part of Theorem 1 that there exist, for each n,
constants C,>0 and v, =0 such that, for every (4,{) in (4), SX(p,,....p,) can be

extended to a holomorphic function of p,,...,p,, (with p;+...4+p,=0), in the
domain

{p i Imp|<Re/{— Bn} (7)

and satisfying there

Vn

6 ro n—1
’(51) St 0] <Cr 00 [Re VEi-B,~ Y Jimp) ®)
j=1
(we assume, of course, Re 1/E>Bn).
In a theory such as P(¢),, ¢3%, (for real coupling constants) the Schwinger
functions are naturally related to a set of time-ordered functions [6, 7]. The
relation is:

ST(pys o p)=H(—ip%pl, ... —ip%, pl),

where H,(k,, ..., k,), the “momentum-space analytic function”, is holomorphic in
the “axiomatic domain”. This domain contains the Euclidean points. In theories of
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the type of P(¢),, ¢3, the same holds for all derivatives in 4, {. The scaling property
H,(k, 2,0)=0%"""H,(0k,0%%,0%0), O

combined with (7) shows that for ¢ >1, H, is holomorphic in

{k,/l,{ S (Rek?+Imk![>)V2 <Re |/{ —2B,0 ",
i=1
|4 <eo™ 2, Re/1>0,|Arg(C—M2Q‘2)I<ro}, (10)
where it satisfies, by (8),
\(%), H (k, 2, C)\ <(F1)ECIT Dm0, 1,2, . (11)

We want to extend the analyticity in 4 by using complex scaling. For this
purpose, we first observe that the domain (10) contains

n—1
Yk <[¢)? cos(x,/2)~2B,0 ™",
ji=1

{k, 2,

| <eo™ 2, Rei>0,|{|>M?2|Argl|<1,}

for any t, satisfying 0<rt, <7}, where 7, is defined by sin(t,—1})=0 *sint,
(<sing~?t,). For ¢=2, we find 7}, >37,/4. As a next step, we fix 7,e(0,37,/4) and
we define g(t,)=max{2, B,(M sin(37,/2)sin(z,/2))" '} and u(r,)=¢o(z,)” % Then

one checks easily that with ¢ =g(t,) the domain (10) contains

n—1

Y Ik <1t costy,
j=1

{k, NG

lﬂ«maRM>Qm>M%m@a<n} 12)
and there

6 " b 2 +1

S A0 <RC T =012 (13)

A complex scaling with parameter ¢? =exp(+ir,/2) (using (9)) shows that H, is
analytic in the domain

07—

n—1
Ikl <|C)'? cos
Jj=1

zmo=%ﬁx

1A <ulty), |Arg A <(n+71,)/2,
|C|>M2,[Arg(:|<fl/2} (14)

and the bounds (13) continue to hold.
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2. The Two-Point Function

Let F(k* 4,{)=H,(k, —k, 2,{) denote the propagator of the ¢3 theory, ie., for
real Euclidean p, with p?=(p®)* +(p')?,

F(—p% 4,0 =Sp, —p. 1,0).

This is a holomorphic function of k2, 4, { in %,(r,). Additional information is
provided by the spectral analysis of [3, 11, 16] in the P(¢), and ¢% theories:

~

For every ¢> 1, for real {>M?/o* and 0<A<eg ™2, (g) F is holomorphic in
.
k? in the cut plane
G ={kk*+m*(,{) and k*¢4m2(L,)+R*}.

Since, by Theorem 1, the mass is a continuous function of 4,{, we obtain a more
useful description as follows: Let {,, be fixed real and > M?. For fixed 1, and 0 <o
<1, it is possible to find Ky(t,,0) and u(z,, o) <u(t,) such that, for 0 <A <u(t,,0),
{o—Kolt),0)<{<{y+K,(1,,0) the domain & contains

D e = O\ )OI (oo 7)) (15)
with

W, 0)={zeR{((1 —0)=z=((1 +0)}, (16)

I'(Conty)={zeRjzZ 4, (1 —17)} .
If we also choose K,(t,,0) such that |{ —{,| <K,(t,,0) implies |{|>M?, |Arg(|
<1,/2 and |{]cos? 1, > R(t,)={,(1 —21}), then Z,(z,) contains

(K2, 2, L IR < Rz, ), 2] <ult,, o), | Arg 2| <(m+7,)/2

(= Lol <Ko(11.0)5 - (17)

We now perform an analytic interpolation between this information and (15),
e, an analytic completion of the union of the two corresponding sets. The
analytic interpolation between (17) and (15) is reduced to a semi-tube problem by
the conformal maps:

Z()=—2/m)log(A™ = A), A=[}/u(t,,0)]" "™,
which maps {i||A| <u(z,,0), |ArgA| <(n+1,)/2} onto the strip {/'|{Im 2| <1}, and
(O =(2/m)log[(Ky+{—{)/(Kg —{+{)]

which maps the disk {{||{—{,| <K,(t,,0)} onto the strip {{'| Im{|<1}.
Let h be the function, defined and continuous on €, with 0<h <1, taking the
value 1 on

k¥ = R(,)}, (18)

the value 0 on y({,,,6)UT({y, 7,), and harmonic elsewhere. The solution of the semi-
tube problem is the domain:

e 2, CHIm ()] + Im { (O < h(k?)} (19)
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For sufficiently small ¢, the length of the “little cut” y({,, o) becomes small and its
influence on h can thus be made arbitrarily weak: h can be thought of as the
electrostatic potential produced by conductors (18) and y({y,0), I'({y1,) Te-
spectively at potentials 1, 0, 0; as the size of conductor y({,, o ) shrinks, so does its
capacity. More precisely, let /i be the function continuous on €, 0<h <1, taking
the value 1 on (18), 0 on I'({,, 7,) and harmonic elsewhere. Clarly h—h=0. For any
fixed 7, for any fixed compact K, not containing {,, for any >0, there is an >0
such that, for all ¢ <y and all ze K, h(z)— h(z) <. (This can be explicitly checked
with the help of a conformal mapping.) In particular, for any fixed t,, it is possible
to find a contour %(t,), surrounding {, and intersecting the real segment [ — R(t,),
R(z,)], and an open neighborhood K(z,) of %(z,), such that {,¢K(z,) and, for all
ze K(t,), h(z)>h(§0)~r1 Then it is p0551ble to find #(z,)>0 such that, for all
a<n(ty), K(t;)ny({y,0)=0, and, for all z in K(t,), h(z )>h( )—rf>ﬁ(CQ)—2rf.
Since h is differentiable (uniformly in 7,) on [R(rl), 2{,], it satisfies h({y)>1
—const. 77. Thus there exist a constant C >0 and, for each 7, an (z,) >0 such that
0<o<n(r,) implies h(z)>1—Cr7 for all zeK(r,). As a consequence, for every
zeK(ty), F(z, 4,{) is analytic in 4 and { in

{17 <s(z)y0), |ArgZl <(1 =) (1 =) (1 = Cti) (n+1,)/2,
IC= Lol <Kolty, n(ty) telomn/4)}

where 0<d <1 and 0<¢ <1 are arbitrary, s(r,) and y(3)>0. Thus fixing first 7,
sufficiently small, then ¢ <z(t,), and finally § and ¢, we obtain the analyticity of F
in

{k2, 2, (ke K(t ), |4 <v, |Arg A <(m/2) + 15, [ — (o) <ot} (20)

with v>0, 7,>0, a>0.
The following information is now available:

ay ,
1. (z,j’):) F(kz, A C)

where ({ —k?)"*"1a (k% () is analytic in k2, for real {>M?, in

D={k*k*¢4M*+R"} 21

=nla,(k*{),

42=0

and, in this domain

(C—k2)"" ta, (k% Ol < C(k?, ()nt, (22)

where C(k? () is bounded in any compact in (21). (This property of perturbation
theory can be proved by using Sect. 2.2 of [10].) Furthermore for k? <0, (ie., k
Euclidean), a,(k?,{) is analytic in { for Re{ >0 and again satisfies (22) (since each
graph is bounded in modulus by the same graph with { replaced by Re(). Hence
((—k?)""ta,(k* () is analytic in

(k2,0 k2 ¢4M? + R ™, |Arg({ — M?)| < p(k?)}, 23)

kz
PAE —
2¢(k*)=Re Arccos (2M2 1).
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2. F(k?, 4,{) is analytic in the domain (20), continuous at its boundary and
bounded there by a constant (depending on {,,1,,7,,) and the same is true for
0
= F(k%, 1,0).
a}v ( A > C)
3. In the domain %,(t,), [see (14)],

a " mn+ 1 2
‘(52) F(kz,)h,C)‘<C (n!)?. (24)

The first information implies the existence of the function

B2 0= 3 () 0,07 0pe (25)

which is holomorphic in
(k2 10, k2 k2 ¢4M? + R ™, [Arg (= MP)| < o(k?), [ul < C(k?, )1~ K[} .(26)
Denoting 4= {/]|4] <v, |Argi|<(n/2)+1,} and w={z||z| <R(1,)} UK(t,), we can

also define

1
BolI2 0.0 = 5 § A7 FUC, 2, L) explya/ A2 = FUU2,0,0)

Tl ¢4

L § 27 F(K2, 2, 0)— F(k2,0,0)) explu/A)ds. (27)
2mi ia

which is analytic in

(k2w ke o, |Argpl <1, 10— (ol <o} (28)
and bounded there in modulus by

|B,(k?, 1,0l <G explu/vl. (29)

The bound (24) and Watson’s theorem [12, p. 192, Theorem 136] show that, for
|k*| <R(t,), B, and B, coincide in the intersection of their domain of definition. By
analytic continuation, they define a unique function B(k?,u,() analytic in the
union of the domains (26) and (28). This fact and the bound (29) show that

Fi(k?,7,0)= f dte 'B(k?, it.() (30)
0

is well defined and analytic in k? and { for 0</i<v, k*ew, |{—{,| < For
[k*| <R(z,), it coincides with F(k?, /,{) by Watson’s theorem, hence it continues to
do so for k*ew. Thus F is Borel summable as a function of /.

For real 4 and {, (|{—{,| <) the physical mass and wave-function re-
normalization constants are given by

co 1
Z(4L, 0= i %i‘)F(z, 2, 0)dz, (31)
m* (2,0 Z2(.0)= ~2~17E (g({ﬁ )ZF(Z, £,0dC. (32)
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Let 4(4, {) denote either of the functions (31) or (32). These functions are analytic in
Aand { in

{2, 1A <v, |Arg 2] <(m/2) + 15, [0 = (ol <t} (33)

[see (20)], continuous and bounded on its boundary. The same is true for their
respective first derivatives in A. Therefore, reducing v if necessary, they do not
vanish in the domain (33). The properties just derived for B, B,, and F’ show that
#(2,() is Borel summable in 4 at 2=0. To reach the same conclusion for m*(J, ), it
is necessary to use some elementary and well-known properties [15] which we
briefly recall.

Let U be a bounded domain in €, and denote .#"(U), for r=0, the class of
functions f holomorphic in U, such that, for some constants 4=0, B=0
(depending on f), for all n=0, and all 2e U,

ay . .

—| f(2

iz 7o

F"(U) is a complex vector space and (by Leibniz’s formula) is closed under
multiplication.

<AB'nly "', (34)

Lemma 2. If fe Z"(U) satisfies (34) and, for all / in U, |f(2)"!|<C then, for all
n=1and all /e U,

d\" _
\(5) ()

We conclude that m2(4,{) and Z(/4,{) are both Borel summable in / and

analytic in {. In order to be able to fix the physical mass, we shall use the following
known facts.

2
<
T AC+1

[BAC+1)]"(ny " 1.

Lemma 3. Let F be a function of two complex variables, /. and z, holomorphic in
W=U x {z||z] <R}, and satisfying there, for all n,

(g)n F(4,z)
07

Let ge Z"(U) and assume that g(U)C{z||z|<g}, o <R. Denote ®()=F(J,g(2)).
Then & F(U).

<AB'(nly*i.

Lemma 4. Let F have the sume properties as in Lemma 3, and assume that, for some
C>0, and all (2,2)eW,

liF(/l,z) >C.
0z

1) Let V(4,0)=F(4,{z]|z| <o}). There exists a 0>0, (0 <R), such that, for all
reU, z—F(L,z) maps {z||z|<o} one-to-one onto V(A,0) and has an inverse
m*—g(2,m?). This defines a holomorphic function on {(J,m?)|ie U,m*eV(2,0)}.

il) There are constants A', B' such that for all n, Ac U, m*e V(4,0/2),

(g) g(A,m?)| <A'B"(n!y*'.
04
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Proof. (i) is an immediate application of the inverse function theorem [4, VIIL,7
p. 2507 together with the uniform bounds postulated in the lemma, and of the
implicit function theorem. (ii) follows from the identity, valid for m*e V(4, 9/2),

7
y4

F(4,2)

D
Nlc’

1
g7, m?)= L dz

T 2mi o= o F(A,2)—m

"Q)

q
and from Lemma 2. Note that, for fixed ¢, |z]| <R —z¢, ( ) F(J,z)e Z"(U) by the

'z
Cauchy inequalities.
We apply Lemma 4 to the function

F(J,2)=m*(7, (o +2)

with U= {A]|] <v,, |Arg4| <(n/2)+ 1} and 0 <v, <v. The uniform bounds on the
derivatives of m?(4,{) and the proof of the inverse function theorem show that, for
sufficiently small v, >0 and ¢ >0, there is a k¥ >0 such that for all e U, V(/,90/2)
contains the disk {m?*||m*—{,| <k}. Hence, the inverse function g(/, m?) defined in
Lemma 4 is well-defined for 2e U and |m? —{,| <x, and, for fixed m?, determines a
function of 2 belonging to #“(U). This proves:

Lemma 5. For fixed {,>M?, there are constants v, >0, >0, and there is a unique
function g(4,w), holomorphic in

{4 wl Al <o, |Argll<n/2 41, |w—{,| <k} (35)
such that
m2(, g(L,w)=w.

There is a constant K such that, in the domain (35), for all n,

(e

Hence this function is Borel summable in /.

<K' Yn!)?.

3. The Two-Point Vertex Function

This section and the next use methods specific to the even @3 theory. The
preceding results can be extended by using further known information [16,17]
about the one-particle-irreducible, or vertex, two-point function

L(k?, 2,0 =F(k?, 2,0

The estimates of Spencer [16] can be straightforwardly extended to show that, for
all {>M?, this function can be analytically continued in both k* and 2 in the
domain

(k2. 2| IRe /K2 <3()/C - B), |/ <e({), Re 2> 0}
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where it is bounded in modulus by Const.(|k?|+ (). (Here all constants depend on
{, with the exception of B'). By real scaling, I, is analytic in

K2 Re /K[ <3()/T-Bo )2 <o a0’ Rei>0},  (e>1).  (36)
where it satisfies a similar bound. Furthermore, it is possible to show, by the

method of partial integration that, for {,>M?, any />0, for some v>0, >0,
C >0, in the domain

k2,2, |Re [/k2| < |/ Co — £, 1A <v,ReA>0,10 = o] <o}, (37)
the bounds
(£ = k2 F(k2, 2,0 <C, \(c k2 % F(k%,2,0)| <C

hold. Thus, after reducing v if necessary, we have in (37),

(=K F(k?, 2, 01> (= k*)F(k?,0,0)| —vC=1—vC = 1/2,
hence
[Ny (k2, 2, 01 < 2|0 — k2| in (37). (38)

In particular, interpolating between the domains (36) and (37) we find that I is
analytic in

(k% 7, IRe [/K2| <3 1/L, — £, <v,Re 2> 0,|{ — Lo < B} (39)
for some >0, and arbitrarily small #>0. In this domain it is again bounded by
Const.({, +[k?)). The same is true for %Fz(kz, 7 0).

Since I,(k%,0,{)={—k?, there is a constant B such that, in (39),

[~ k2| = 0By + K3 < Tk, 4, D <IC — k2 +0B(C, + K.

As a consequence v and f§ may be chosen so small that in
(k20,0 Re /K2 <31/ Lo — £,k = Lol > Cof2, 1A <0, Re 2> 0, — L | < B},
Dk, 2, O > Ly — k?/4. (40)

Applying Rouché’s theorem in the variable k* for [k* — (| <{,/2 shows that inside
this disk, for sufficiently small v and f, || <v, ReA>0, |{ —{ | <p, I, has no other
zero than k* =m?*(4,{). For v sufficiently small, |m*(4,{)— {,| <{,/4 so that, on the
circle {k?||k?—{,|={,/2}, and consequently inside,

(k2 —m2(2,0) ' Ty(k2, 2. 0> 1/8..

Finally we see that, with suitable choice of v >0 and >0, there is a constant K >0
such that, in (39),

(k> —m?(4,0)) ' I(k% 2,0l > K (41)
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and consequently

(k? —m*(2, ) F(k*, 7, ()

is also analytic in (39) and its modulus is bounded there by K 1.

A first consequence of these facts is the possibility of substituting { =g(4,{,) in
F(k?,7,¢) and T,(k?, 4,{) so as to fix the physical mass to {,. More precisely it has
been seen that, for sufficiently small o >0, one can choose v>0 and t >0 such that
|4l <v and |Argl| <(n/2)+7 imply |g(4, {,) — (| <o so that

(Co—k*) Gk, 2,00 = Ty(K?, 2,g(2, L) (Lo = k*) 71 (42)
and

(o= KAV F(k?, 2,902, Co) = (Lo — k) G(k?, 4, L) ™! (43)
are both analytic and bounded in

(k2,2 IRe |/k?| <3 /Lo — £, 12 <v,Re >0}

4. The Four-Point Function

The Bethe-Salpeter kernel K(x,, X, ;X3,X,; 4 () has been studied by Spencer and
Zirilli in the ¢3 model and, in the general framework proposed by Symanzik [18],
by Bros and Lassalle [1,2,16,17]. (See also [5].) This is a Euclidean invariant
tempered distribution over (IR?)* which, considered as a kernel, satisfies the
equation

RySIR,=K +KSIR,. (44)
Here S7 is considered as also defining a kernel and

RO(XI,XZ ;X3, X4;/:7 C):%[S';{(pry )"’ (:):]“ ! [Sg(xzaxzp ;'v, (:)]—l

+%[S£(x17x4a ;"’ C)]ﬁl[sg(xza X3, ;"a C)]—l N

We denote
K(k,p.q,7,0)=(2m) " ° [ K(x;.X,:X3,x,:4.0)
k° 0, ,0_ 0_ .0 ~_i 1 1 1 1
exp —7(x1+xz X3 —xg) 1500 +x53— X3 Xy)

—pOx] = xHipt(x] —x5) =g (x = xQ) +ig' (xj —x3)
d?(x, —x,)d* (x5 —x,) (1/4)d*(x; +x, — X3 —X,).

The methods of Spencer [16] apply without modification for sufficiently small
complex / with Re4>0. In particular they provide the following theorem:
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Theorem 6 [16]. Let {,>M? be fixed. Then for any sufficiently small />0, there
are constants 0.>0, C>0, £>0, such that, for all real { with |{ —{,|<a, K is well
defined as an analytic function of k, p, q, and /. in the domain

{k,p,q, 2| [Rek®[<(1—0)(4 1/20——/), Mmk'| <041/, —1),
Rep® <(1=0)(}/Lo =), Imp'| <0()/L, =),
Req”| <(1=0)(}/ o =), Img*[<0(}/C, —0),
|4 <e, Rei>0} (45)
for any 0¢[0, 1], and in this domain,
K| <] C.

In the intersection of the domain (45) with

{(IRek®| <(1—0)(2 /Lo =), Imk <02 1/Co =)}, (46)

K may be obtained by solving the integral equation (44) in momentum space, with
a purely Euclidean integration variable, as explained in [1]; in fact, for sufficiently
small |4}, this can be done by using a Neumann series. Since, in the relevant domain
H, can be analytically continued in { in the disk {{]|{—{,|<a}, with appropriate
redefinition of «, the same is true for K (provided k is in (46)). Analytic completion
then shows that, (for suitable redefinition of / and >0) K is holomorphic, and
bounded by C'|4], in the topological product of (45) and {|{ —{,|<p}. It is then
possible to substitute { =g(4,(,) in K, i.e., to define

K'(k,p,q,2,{o)=K(k, p, g, 2, 9(4, ()
which, for fixed (,, is again analytic and bounded by C”|4| in the domain
{k,p.q. 2 [Rek®| <(1=0)(4 /L, —2/), Imk' | <0(4 /o —27).
[Rep®|<(1=0)(}/Ly =) Impt|<0(}/Co — 7).

[Req® <(1—0) (/<o — ), 1Img'| <0(}/Co — 1),
|2 <e, Re >0}, (47)

with possible redefinition of constants.

The original four-point function can now be reconstructed, and its analyticity
extended, with the help of K (or K') [1,2,17]. We briefly recall the principle of this
method. Let

k 2 k 2
Rifk.p st =6 (5 +0] o) (5 p) 20 .

, . k k k koL
H4(k’p7 q, )”’ QO):H4 ((—2— +p)> (5 "'p)’ <— 5 +Q)’ (\—- 5 —q>7 /“79(/" £O))
L'(k,p,q, 4, (o) =Ro(k, p. 2, Co) Hy(k, p, g, 4, (o) Ro(— k., 4, 2, {)
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Then, by (44) and a straightforward analytic continuation, the equation

L'(k, p.q. 4, (o) = K'(k. p.q, £, o)
+ j K/(k3 ps Zs }‘5 CO)R/()( - ka Z» /13 i:())— ! L/(ka - Za qs ;"7 Co)dzz (48)
€

holds in the intersection of the domains (46) and (47), with the “contour ¥” taken
as the Fuclidean space in the variable Z, ie., € ={Z|ReZ°=0=ImZ'}.

We now fix k=(c,0), and interpret (48) as an equation for L', given K'. The
analyticity of K’ in the domain (47), the bound |K'|<C”|4], and (43), allow the
solution of (48) to be obtained as a Neumann series, the integration contour being
deformed as o varies, as explained in [1,2]. (Alternatively, the methods of [5,17]
can be used.) The result is that L', as a function of a,p, ¢, 4, is holomorphic and
bounded in

o x {J]|2]<v,Re >0},
A ={6,p.qlo€ Z(y), |Rep®| <(1—0)(}/Co =), Tmp'| <0(/Co— 1),
[Req®|<(1—0)(}/Co =) Img!|<0()/ Ty — )} (49)

where the constants v>0, y >0 have to be chosen sufficiently small (/ can be fixed
arbitrarily small).

The domain 2(y) is a two-sheeted domain which can be described with the help
of the variable w=(c%—4{,)"?: Z(y) is the (ramified) image of

{wl0<Re(w? +4{)'"? <4 /¢y =2/, Imw> —y}.

Note that {w|Imw>0} corresponds, in the variable ¢ to the domain
{ola®¢4L,+R"}. Of course L' is also analytic in the domain obtained from (49) by
changing k to — k. The fact that the Riemann domain .« goes beyond the “physical
sheet” is essential for our purposes. Indeed we know from (14) and from Lemmas 3
and 5 that, in the domain

(k. p.q. 2|2 <v,|Argil <(m+1,)/2, k| +Ip| +]al <1 /S0 . (50)

ay R ‘ .
(5> L'(k,p.q, 2, (y) is holomorphic and bounded in modulus by (Const.)" " !(r!)%

Fixing k =(0, 0) we may analytically interpolate between the domains (49) and (50)
and obtain the existence of (g, p,q)>0, v'>0 such that L' is holomorphic in

U={0,p.q,lae Z(),Rep’| <(1=0)(/{, =), [Imp'[<O()/ o — 1),
IReq|<(1=0)(}/Lo =) Img|<0(}/ Lo — 1),
|4 <v',|Argsl<n/2+ (0, p,q)} . (51)
(g, p, q) tends to 0 as (g, p, ¢) tend to the boundary of their allowed domain .o, but

is strictly positive inside. Furthermore the domain (51) extends in an obvious
manner through the Lorentz invariance of L’ to a domain %’. The mechanism

described in Sect. | ensures that, at all (k,p,q)e/'= () A« L is Borel

Ael. T (C)
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summable as a function of /. There remains to prove that this implies the Borel
summability of the two-particle S-matrix in the purely elastic region. Let (k, p, q)
be a physical point on the mass-shell, i.e.,

oo = o=

p)ert.(Sp)ev, s n G-

We may, for instance, choose k=(c,0). Then the domain ./’ contains a full
complex neighborhood of this point (the part of this neighborhood with Imk? >0
(resp. Imk? <0) being taken in the physical (resp. second) sheet). This neigh-
borhood intersects the mass-shell. Thus the S-matrix is analytic in a neighborhood
of the given point on the mass-shell and, by the same arguments as in Sect. 2, is
Borel summable in 4 at A=0.
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