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It is proved that the contributions of the intermediate state, n, of the process B-{-B —» A-\-A to the AB 
and AB potentials are of the same magnitude and same sign (opposite signs), if the G parity of the state 
n is even (odd). This theorem is discussed in detail for the exchange of a pion pair in KN and KN scattering 
processes in conjunction with the application of the Mandelstam representation to these processes. 

I. INTRODUCTION 

IT has been known for a long time that the exchange 
of an even (odd) number of pions gives the same 

(opposite) contribution (s) to the nucleon-nucleon and 
antinucleon-nucleon potentials.1 In the formulation of 
strong-interaction dynamics based on analyticity, uni-
tarity, and crossing relations satisfied by the scattering 
amplitude,2 it means that when the partial wave ampli-
tudes_of channel^, N+N —» N+N', and of channel I I , 
N+N' —* N'+N, are compared in the same angular 
momentum and isotopic spin states, the left-hand cuts 
of the two amplitudes associated with intermediate 
states__of an even (odd) number of pions in channel I I I , 
Nf-\-Nr —> N+N, have the same magnitude and the 
same sign (opposite signs). 

* Supported in part by the National Science Foundation and 
the Atomic Energy Commission. 

f Now on leave of absence at the Institute for Advanced Study, 
Princeton, New Jersey. 

1 See, for example, J. S. Ball and G. F. Chew, Phys. Rev. 109, 
1385 (1958). 

2 G. F. Chew, Les Houches Lectures, 1960 (unpublished); Uni­
versity of California Radiation Laboratory Report UCRL-9289 
(unpublished). 

I t is the purpose of this note to present a generaliza­
tion of the above theorem. The generalization is actually 
twofold: The generalized form of the theorem is appli­
cable to any elastic two-particle scattering processes on 
the one hand, and to "potentials" (or interactions, see 
Sec. I I ) , associated with any intermediate states in 
channel I I I , on the other (Sec. I I ) . In this sense, the 
proof to be given in Sec. I I is a modified and detailed 
exposition of the remark recently made by Dalitz.3 The 
proof we shall present here is elementary, instructive, 
and, we believe, rigorous. 

An interesting example of this general theorem is 
afforded by the connection between the long-range 
forces arising_from the exchange of two pions in K-
nucleon and i£-nucleon scattering processes.4-5 In a re­
cent publication, an erroneous conclusion is arrived at 

3 R. H. Dalitz, Revs. Modern Phys. 33, 471 (1961), p. 481, 
especially footnote 54. 

4 B . W. Lee, thesis, University of Pennsylvania, 1960 (un­
published); Phys. Rev. 121, 1550 (1961). See also M. M. Islam, 
Nuovo cimento 3, 546 (1961). 

5 F. Ferrari, G. Frye and M. Pusterla, Phys. Rev. 123, 308, 315 
(1961); Phys. Rev. Letters 4, 615 (1960). 
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on this question.5 We shall discuss the effects of the 
exchange of a pion pair on iT-nucleon and iT-nucleon 
scattering in order to rectify the error, and to illustrate 
the theorem in a physically interesting case (Sec. I I I ) . 
We shall remark briefly on possible future investigations 
on KN and KN scattering in view of recent experi­
mental developments and the theorem given herein 
(Sec. IV). 

II. THEOREM 

Consider the elastic scattering process of two particles 
A of mass MA and B of mass MB : 

A (p,i,a)+B(q,j,l3) -> A (p'M+B(q'J'J3'). (1) 

The entries in parentheses denote the asymptotic four-
momentum, spin, and charge (isotopic spin) variable, in 
that order. The T matrix for process (1) may be written 
as 

{A (p',i',a'),B(q',f,0') [ T\A(p,i,a),B(q,jM 

= rr,r;i,Ja'J'ia-*(s,t), (2) 

where the Mandelstam variables6 s and t are defined to 
be 

s=-(p+q)2=-(p'+q'y=W\ 
t= - (p-p')*= - (q-q')2= - 2 £ 2 ( l - c o s 0 ) , 

W, k, and 6 being, respectively, the c m . total energy, 
the magnitude of the c m . momentum, and the scat­
tering angle of process (1). The partial wave amplitude 
fjuT(s) of the state of total angular momentum / , 
parity II, and isotopic spin T can be obtained by the 
operation: 

fjuT(s) = p(s) E 
<*',/9',a„ 

\T) 

i ,i',i,i J ir 

Xrr,r;ij"'^"^s,t(sm, (3) 

where p(s) is a suitably defined kinematical factor; 
Pa',p';a,pAB(T) is the projection operator for the state 

of isotopic spin T of the AB system; 

P«',0>;aJ
AB(T)^TMW)M^\AB(T,Tz)) 

X(AB(T,T>)\A(a),B(p))> (4) 

and Pi>j'; ij(JUyQ) is the angular momentum projection 
operator: 

p,s, iAJUfl) = E JMP'^M'J) I /,/.,n> 
x(J,J,>n\(p,i),(4M 

^ = (0,<p), Pf'p = q-qf = cosd. 

A process related to process (1) by the crossing rela­
tion is 

BiqjM+Bi-q't-j'^c')-* 
A(-p,-iyac)+A(pf,i',a'), (5) 

where wejhave denoted the charge conjugate state of 
A (a) by A (ac): 

\A(ac)) = C\A(a)), 

and the negative spin in front of the spin variable means 
that the spin direction is reversed. The principle 
of crossing relations (substitution law7) and the 
Mandelstam representation6 (or an equivalent state­
ment on analyticity) imply that the T matrix for process 
(5) and that of Eq. (2) are boundary values of the same 
analytic function in the two variables s and /: 

(A(-P, -i,ac),A(p',i',cc') | T\B(q,j,0),B(-q', - j ' , / V ) > 

= r<>.j>:<.i"'-l''ia-l'(s,t), (6) 

where s and / denote, for process (5), 

s= —k?—kf2-\-2kikf COSY, 

kikf, and 7 being, respectively, the magnitudes of initial 
and final momenta, and the scattering angle. 

The partial wave amplitude fjuT(s) of process (1) 
has left-hand cuts—the contributions from which we 
shall refer to as "interactions"—associated with real 
intermediate states in process (5). The discontinuities 
of the amplitude fjnT(s) across these cuts are given in 
terms of the absorptive part of the amplitude (6): 

. 2i 

= T £ < A ( - # , -iyacU(p\i,,af)\T\n)(n\T\B(qJjp)M-gf^ -f,Pc))*(pn-p'+p), (7) 

where the subscript I I I refers to the third channel in the 
conventional terminology, and the delta function in the 
last line signifies that the summation is to be taken over 
energy-momentum conserving intermediate states, n. 

We consider, next, the scattering process between the 
particle A and the antiparticle B characterized by 

6 S. Mandelstam, Phys. Rev. 112, 1344 (1958). 

A (p,i,a)+B(qjM - A (p'J,a')+B(q',jffiG'). (8) 

The state vector for B(J$G) is defined to be 

|5(fo)> = G|2JGJ)>, (9) 

7 J. M. Jauch and F. Rohrlich, Theory of Photons and Electrons 
(Addison-Wesley Publishing Company, Inc., Reading, Massa­
chusetts, 1955), pp. 161-163. 
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where G is the product of the charge conjugation C, and 
the 180° rotation about the y axis in the isotopic spin 
space, exp(i7rZ,

2). The initial and final states of process 
(8) have the same isotopic spin as well as the mechanical 
(momentum, spin) quantum numbers as those of 

where fjuT(s) is the partial wave amplitude for process 
(8) and 

^(A(p\i\a%B(q\f^)\T\A(p,i,a)JB(qJM^ (H) 

The interactions of the amplitude fjnT(s) associated 
with real intermediate states in the process9: 

B(q,jfiG) + B(-q',-j',pcG')-* 
A(p\i',a')+A(-p,-i,ac), (12) 

are given in terms of the absorptive part of the T 
matrix for process (12): 

Absi i i r .v .y , . , - , , -" ' -^- '^^) 
= TZn(A(p,,i,,a,)JA(-p,-iyac)\T\n) 

X(n\T\B(qj,(3G),B(-q\ ~f, M) 

X5(pn-p'+p). (13) 

The theorem to be proved can now be stated pre­
cisely : The interactions (contributions from discontinuities 
across the left-hand cuts) [_fjiiT(s)^}n, and [f JIIT (s)~}n, 
arising from the intermediate state, n, of process B+B —* 
A+A have the same magnitude and the same (opposite) 
sign if the G parity of the state \n) is even (odd), i.e., if 

G\n)= + \n)(— \n)). 

To prove this statement it is sufficient to show that 
the contribution from the state n to the absorptive part 
of Eq. (7): 

(A(pf,i\a')M-p,-i,<xc)\T\n) 

X(n\T\B(q,j^)iB(-qf, - / , & ? ) > , (14) 

and that to the absorptive part of Eq. (13): 

(A(pW)M-p,-i,"c)\T\n) 
X(n\T\B(q,j,l3G)M-q\ -J',PCQ)), (15) 

8 Anticipating the subsequent application, let us record the 
transformation of the K meson under G: 

KSM-S-)-
In general, in the representation space of SU(2\ the spinor (a*, b*) 
transforms contragrediently to (a,b), while (b*, —a*) transforms 
cogrediently to (a,b). See, for example, B. L. van der Waerden, 
Die Gruppentheoritische Methode in der Quantum-Mechanik (Verlag 
Julius Springer, Berlin, 1932), Chap. III. 

9 The order in which the subscripts G, C appear is irrelevant, 
since [G,C]=0, so that 

\0GC) = CG\0) = GC\0)=\0CG). 

process (1), since the state \B(I3G)) transforms cogre-
diently with the state \B(fi)) under the rotation in the 
isotopic spin space.8 Therefore, we see that 

^1^';«)^(r)=^1^;a/B(r), 
and 

have the same magnitude and the same sign (opposite 
signs) if the G parity of the state n is even (odd), since 
the amplitudes of Eq. (14) and Eq. (15) appear, re­
spectively, in [ / j n r ( s ) ]n and [ / j n r W ] n with the same 
linear coefficient [see Eqs. (13) and (10).] Since the 
first factors of Eqs. (14) and (15) are the same, we need 
consider only the relation between the second factors 
of Eqs. (14) and (15): 

(n\T\B(qj,pG),B(-q\-f,PcG)) 

= (n\TG\B(qJ,!3)B(-q' -j\Pc)) 

= (n\GT\B(qj,l3),B(-q',-f,Pc)) 
= ±(n\T\B(q,jJ3)fi(-q',-j',Pc)) (16) 

if 

G|») = ± | » ) , 

where we have used the identities: 

[ G , C > 0 , [ G , r ] = 0, GG*=l. 

This concludes the proof. 
Special cases of the above theorem have been known 

to many physicists; for nucleon-nucleon and nucleon-
antinucleon scattering processes, the theorem implies 
the statement in the Introduction, since the G parity of 
the state consisting of an even (odd) number of pions is 
even (odd). When applied to pion-pion or pion-nucleon 
(with $ = 7r) problems, the theorem yields trivial, but 
certainly correct results. When the pion and the nucleon 
are taken to be the particles A and B, respectively, the 
theorem states that the interactions of pion-antinucleon 
scattering in the state characterized by T, J, U are the 
same as those of pion-nucleon scattering in the state of 
the same quantum numbers T, J, Ti­

lt is clear that the exchange of an even (odd) number 
of pions between the K meson and nucleon gives rise_to 
forces of the same (opposite) sign(s) in KN and KN 
scattering processes. The application of this theorem to 
KN and RN elastic scattering processes will be dis­
cussed in conjunction with the double-dispersion repre­
sentation in detail in the next section. 

III. TWO-PION EXCHANGE IN KN AND £ w 
SCATTERING PROCESSES 

In this section we shall discuss the effect of two-pion 
exchange in KN and KN scattering. Our discussions 
will be based on the Mandelstam analyticity6 and 
crossing relations. While it is clear from the result of the 

fjuT(s) = p(s) E P«>.r;a,fiAB(T) E / P .^y^< .y ( /^ ; • a ) (« r i ^y , . , • f i » ' •^«^ (^ ( J ,« ) ) > (10) 



2204 B E N J A M I N W. L E E 

preceding section that the two-pion exchange mechan- simultaneously: 
ism gives rise to the interactions of the same sign and /T\ A7/. ^ \ i w „ O\__^ AT/ A \ J _ JT/„ a \ 
magnitude in KN and KN scattering processes, the -
manner in which this theorem manifests itself in the ^ ' i {P1^1** \ #2> P2) 
application of the Mandelstam representation has yet i\ {p2,0^2)-rJ^{ — qu — Pi), \l/j 
to be demonstrated in detail. ( I l l ) K(qifii)+K{ — q2, —ft) —> 

We consider the following three processes (channels) N(—ph — ai)+N(p2Ja2), 

where the p and q denote momenta, and the a and fi the third components of the isotopic spin (J or — §). The 
invariant T matrix for the above three channels may be written10 

;t) 
r-0,1 L 2 

r=o,i L 2 J 

«2.|92;ai,/3i 

P«..-, « a NK 

2 , — P I ; « I , — P 2 ? 
(18) 

r=o,i L 

gi+g2 
£>< 

2">(^)]p-«li««/sll. , NN;KK 

where 

*= - (^i+tfi)2, *= ~ (P1-P2)2, 3= - (P2-qi)2. 

The isotopic spin protection operators can be explicitly exhibited; 

= (i)5ai,a2
5/3l,j32> T = 0, 

= =5a i fj825a 2 l/31— 2^a i ,cAi , /3 2 , ^ = 1 . 

(19) 

The principle of crossing relations and the Mandelstam 
analyticity imply that the T matrices of Eq. (18) are 
boundary values of the same analytic matrix function , 
(in the Dirac y space) of two variables, s and /, say: 

7*«s,/»2;<»i.ftI('J>0=?'«!.-/5i;«i>-& (V) 

•A^{s,t) 

.B™(s,t)J 

fa 

\— XI PT,T> 
T, 

,A -- 3 \ 

(21) 

= r_ * A , - f t
l n ( ^ ) , (20) 

s+s+t=2(ntN
2+rnK

2)=2-

Combining Eqs. (18)-(20) we obtain11 

(the columns give the values for T' = 0, 1 and the rows 
T=0, 1, respectively); 

10 G. F. Chew, M. L. Goldberger, F. E. Low and Y. Nambu, 
Phys. Rev. 106, 1337 (1957). To avoid confusion, their A and B 
are denoted by a and b here. where 

11 These relations have been noted previously. See, for example, 
M. Amati and B. Vitah, Nuovo cimento 6, 1013 (1957); 7, 190 
(1958). In reference 4, fir, T> is taken to be 

.B^(s,t). 
— E &T,T'\ 

T> l-D<T">(t,s). 
(22) 

(i ".*)• 

< - , > 

the failure to realize that (K+,K°) and {K°,K ) transform contra-
This is due to the fact that (1) a different normalization is used; grediently, so that independent of the phase convention, (3T.o 
(2) (K°,K~) are taken to be particles (rather than antiparticles). = (3T,O, /?r,i = -/3r,i [Eq. (34)]. Once this is realized, the correct 
The erroneous conclusion reached there seems to have arisen from relation [Eq. (36'), p. 2207] can be deduced from their argument. 
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and 

where 

AW(s,t) 
— J2 <*T,T' ] 

&T,T' •c :)• 
The crossing matrices a, f3, /3 satisfy 

Z^T" OlT,T"(XT",T' — ?)T,T', 

ZLT" &T,T"PT",T' — PT,T'-

(channel I ) ; 

(23) hi(W) = -\Al(s)+(W-fnN)Bl(s)+ z — 
16irk2l[ k2 

Xt-Al+1(s) + (W+mN)Bl+1(sn\, (250 

(channel II) , where 

lAl(s),Bl(sn 

(24) = f ds P,(z) 

XLA(s, - 2A»( l -« ) ) ,B ( s , - 2 f t * ( l - s ) ) ] , (26) A choice of partial wave amplitude which is devoid of 
kinematical singularities is that of Frazer and Fulco12: 

W and k are defined as in the last section, E is the c m . 
1 f (E—MM)2 nucleon energy, E= {k2JrniN2)^— (S+WJV-2—•wx2)/2\A, 

hi{W) = Tr~^\Ai{s)+{W-mN)Bi{s)-\ — - - a n d barred quantities are those of channel I I . The 
isotopic spin indices have been suppressed for the mo­
ment. The amplitude hi(W) [fii(W)~] is analytic in a cut 

16ir&l[ k2 

XZ-Al+1(s) + (W+mN)Bl+1(s)~]\, (25) W (W) plane. The locations of singularities have been 
rh'cimcicipH in de ta i l elsewhere 4>12 

Let us concentrate on the interaction_associated with two-pion intermediate states in channel I I I . The ampli­
tudes A<T> (s,t),A W(s9t),B

m (s,t), a n d B ^ ( § , 0 maybe written as6 

•AW(s,t)-\ 1 r ds' I 
= E oir,Tf~ / ——Abs 

.BW(s,t)J T> irJimA+mirys'-s I 

A^(s'yX-s-s') 

•B^(§' 

z-s-s') -i 

',2—.j—«oJ 
•c<r,>(*',*)-1 r00 dt' I 

+ E ^ r , r - Abs +pole terms; 

rlw&ty r00 ds' r 
• / - — Abs 

J (m A+m7r)2 «$" $ L . 

A^{s',?-s'-s) 
\ = 2-I<XT,T'- / Abs 

.B^(s,t)J T> irj^+^s'-s L-B^(S',2-S'-S). 

1 /•« dt' 
+ E 0 r , i — / Absj 

(27) 

• c< r '> ( / ' ,s -s-0 • 

.-£<*">(*', 2 - s - O -
+pole terms, 

where the symbol Abs means "the absorptive part of." We shall denote by {hi(W)}TT the part of hi(W) arising 
from the absorptive part associated with two-pion intermediate states in channel III , AbsTr[C(t,s); D(t,s)2- From 
Eqs. (25)—(27), we see that 

1 1 /-M dt' f / /' \ 
{hc(W)}„= - Z / S r . r - —\QI[ l+—YAbs^C^(t',s)+(W-mN) AbsrTD^ (f ,s)^ 

16wk21 T' WcSm,)2^ I V 2k2/ 

{E-mNy I t' \ I 

1 1 /•» dt' i f t' \ 
- E j S r . r - / — e . ( l + — 1 

16xfc21 J" x J ( 2 m i r ) ^ M \ 2fcV 

X [ A b s , T C < r ' ) ( / ' , S - s - 0 - ( t F - ^ ) A b s ^ D ( r ' ) ( / ' , S - s - / ' ) ] 

{Ai(W0>. (28) 

B \ 2/c2/ 
C*+1 1 + — }Z-AbsTrC^(t',2-s-t')-(W+mN)Abs^D^(t',^-S-t'n , 

! W. R. Frazer and J. R. Fulco, Phys. Rev. 119, 1420 (1960). 
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where Qi is the Legendre function of the second kind. I t and F^T)(t/f) is the invariant amplitude for the process 
should be noted that {hi(W)}vir has cuts arising from ir+ir—> K+KnM: 
singularities in s of Abs[C(77) (t',s),DW(/'j5)] for n x e d t, 
in addition to the ' W cuts" whose locations and i(8^20^20)K^(-^2) | j V kOdM^) 1 1 1 ) 
discontinuities are the same as those of [* i ( l ^ ) ] „ . =HT F^(t/f)PKK'^(T)y s"=-(q2+K2)

2. (30) 

Now, unitarity in channel I I gives4
 W e d e f i n e t h e pa rtial_wave amplitude Fj^{t) for the 

qt+q2 process w+ir —» K+K by 

- A b s ^ M + f r - y - A b s ^ f t , ) ^ M - E ; ( U + 1 ) ( « * W ( W ) , (3D 
dZKid*K2T K1—K2 where K, ki, and 3/ are given by 

4(JC2+WT
2) = 4(W+wx

2) = /, (27r)3 7 4«iofC2o L 2 

X ^ ^ * ( / / 0 5 ( « i + K 2 - g i + g 2 ) , (29) j / / ^~*^+2«*<y , / . 

where a™(s',t) and J ^ ' , * ) are the customary in- T h e H t u d e s fl(r) ft(T) c a n b e c o n v e n i e n t l y decom-
vanant amplitudes for pion-nucleon scattering" p o s e d {ntQ ^ J a c o b __ W i c k helicity amplitudes" for the 

TT(KI)+N(PI) —> 7r(/c2)+7^(^2), process T+7T —> .Y+iV. When these partial wave ampli-
with tudes are inserted into Eq. (29), the integrations over 

s'= — (pi+Ki)2= — (p2+K2)
2

7 KI and K2 can be performed, and there results 

/ - 4 W / M (ki*kf)
J 

• " - , ( T > * ( j y / _ Abs„C^M = if —J £(2/+l)F 

r w.v 
X f+MQPjto)-— —f-J™(t)yP/(y) 

L [ Jv + l)J* 

/ 

(32) 
//—4w 2\ ^ /k*\ 

Absw„D^(t,s)=-U 1J T.(2J+l)FjiT)*(tyj(ki*k/y-1(—j 

where 
2 - / - 2 J 2-t-2s 

V = K ' - 4 ^ 2 ) , y= - = ——. (33) 

Because of the Pauli principle applied to the state of two pions, the sum in Eq. (32) extends over even (odd) J ' s 
for r = 0 ( l ) . Since AbsxirC

(T) is even (odd) and AbsirJ9 ( r ) is odd (even) in y for r = 0 ( l ) , we see from Eqs. (32) 
and (33) that 

Abs„rCW(tJ2-s-t)=(±)Abs^CW(t,s), ( 3 4 ) 

A b s „ D ^ ( / , 2 - 5 - 0 = (=F) A b s ^ Z ^ f c s ) , 
for 

When Eq. (34) and 

pT,T'=(±)Pr,T> for r=( V (35) 

is substituted into the second of Eq. (28), we obtain 

1 1 r dt'[ / /' 1 1 r°° dt' f / V \ 
{hi(W)}„= - E / 3 r , r < - — Cif 1 + — [ A b s _ C ^ ' ) ( ^ ) + ( I F - ^ ) A b s ^ * " ) (*',*)] 

16wk21 T> <jrj(2mir)*k2[ \ 2k2 J 
(E-mN)2 ( tf \ 

+ r — Q i A 1 + — Y-Abs^C^(t\s)+(W+mN) Abs„Z><*"> (/',*)], 
_ _ _ _ _ /b2 \ Ik2) 

13 B. W. Lee, Phys. Rev. 120, 325 (1960). The normalization of F^(t,s) is such that F^(t,s)= -4*rBW where B™ is the invariant 
amplitude so designated in the above reference. 

14 We define the state vector of the two-pion system as 
I T{Kha)ir(K2fi)) = aJ{Ki)a^{K<i) I vac) 

rather than with a factor of 2~* on the right-hand side, where aaH
K0 is the creation operator for the pion of momentum KI and 

isotopic spin index a. 
15 M. Jacob and G. C. Wick, Ann. Phys. 7, 404 (1959); the normalization of/+

/ ( r ) is chosen in accord with W. R. Frazer and 
J. R. Fulco, Phys. Rev. 117, 1609 (1960). 
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so that 
{« / ( tT)}„={A,( tP)}„ , (36) 

and, therefore, 

lHm**=lki(W)l*r. (36r) 

IV. CONCLUDING REMARKS 

We have shown in the previous section that the two-
pion exchange interactions have the same sign and 
magnitude in KN and KN scattering processes. Since 
the two-pion exchange gives rise to the longest range 
interaction in these processes,4 it is presumably re­
sponsible for the energy-dependence of the iT-matrix 
elements for these processes in the low-energy region. 
Indeed, this assumption is the basis of analysis of Lee,3 

Ferrari et al.,5 and Islam.4 Based on the assumption that 
the exchange of two pions resonating in the T=J=1 
state is responsible for the energy dependence of the 
S-wave K matrix in KN scattering, Lee and Islam con­
clude that their model supports the D solution of 
Chinowsky et a/.,16 and, from Eq. (36), that the magni­
tude of the interaction is possibly smaller by a factor of 
2 than that of Ferrari et al. 

Since the completion of the aforementioned analyses, 
there have been some experimental developments which 
call for a re-examination of the previous analyses. These 
are: 

(1) The location of the T=J=1 resonance. The ex­
periments of Pickup et al.,17 and Erwin et al.ls indicate 
the resonance energy of about 70CW800 Mev, which is 
close to the value, 660 Mev, deduced by Bowcock 
et al.19 In the analyses of references 3 and 4, the lower 
value, «500 Mev, of Frazer and Fulco20 were used. 
This would mean that the cut arising from the exchange 

16 W. Chinowsky et al., Proceedings of the 1960 Annual Inter­
national Conference on High-Energy Physics at Rochester (Inter-
science Publishers, Inc., New York, 1960), p. 457. 

17 E. Pickup, F. Ayer and E. O. Salant, Phys. Rev. Letters 5,161 
(1960). 

18 A. R. Erwin, R. March, W. D. Walker and E. West, Phys. 
Rev. Letters, 6, 628 (1961). 

19 J. Bowcock, N. Cottingham, and D. Lurie, Nuovo cimento 19, 
142 (1961). 

20 W. R. Frazer and J. R. Fulco, Phys. Rev. Letters 2, 365 
(1959). 

of a dipion (T=J=1) is farther removed from the 
threshold. 

(2) Existence of the Y* isobar state.21 If the spin of 
the isobar should turn out to be J, the a+ solution of 
Dalitz and Tuan,22 on which the work of Ferrari et al., 
is based, would be ruled out. Instead the a- solution 
will be the likely candidate. I t would be interesting to 
reperform the analysis of Ferrari et al., assuming the a_ 
scattering lengths. 

(3) Low-energy K+p scattering data.23 The new data 
from Berkeley indicate a rapid variation of the K+p 
cross section below 60 Mev. This is very puzzling, since 
the energy dependence is enormous, and casts some 
doubt about the validity of the results of reference 3. 
The long-range force should be re-evaluated based on the 
refined data. 

Finally, if there is a bound or resonance state (T—0, 
J— l)24 of three pions, this can conceivably give rise to 
large interactions of opposite signs, but of the same 
magnitude in KN and KN processes. At this juncture, 
it may be remarked25 that the theorem shown in this 
paper applies equally well to the exchange of vector 
bosons of the type discussed by Sakurai,26 and Zacha-
riasen and Gell-Mann,27 and Glashaw and Gell-Mann.28 
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