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ABSTRACT

The I =0, nn scattering length is ;e‘va.luatinzed with aforward-

| diréctio_n elastic-scattering dispersion relé‘i:ioh; The high-energy _ B
“eontribution to the dispérsion.integral is ébtainea on the _assumpéic‘m_
" that the high-energy behavior of the forward .scat#ering a.mplj;tut‘ie"vis. |
 dominated by a few leading crossed-channel Regge po}és, ﬁhile any.:. g
available experimental information on total =t cross sections is
used to compute the low-energy contribution. The fsca.ttering ‘J.engﬁﬂ '

is found to be negative, with a calculated value of -1.71%53

plon Compton wave lengths). Evail.ﬁation of the: I = 1 émplitude at

(in

threshold yiels the value -0.4, which is found to bé consistent with
zerp; this indicates that the method used in the eva.lug.tion of‘jbhe“

_ ‘ scattering length is not u.nreasona.ble._“
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I. INTRODUCTION

[

K Experiment suggests a largé phase shift for the I =0

. (I denotes the isotopic spin), -wave 614 amplitude at low energies,l
. the .presence or absence of a resonance, however, remains obscure.v . In

this connection it is evidently of importance to know the velue of- the :

scattering length. In this paper we attempt an evaluation, using a

forward-direction elastic-scattering dispersion relation. Assuming
that the high-energy behavior of the amplitude is adequately represented ‘5'

by a few leading Regge poles, we reach the definite conclusion that

the scattering length is negative. P

In Section 2 we write the scattering length as.a sum of,twoﬂt

terms, where the first one represents the low-energy contribution to e

~ the forward dispersion relation and can, in principle, be evaluated s

once the totdl nx  cross sections at low energies are known. It is
this term which introduces most of the uncertainties into our calcula- ;

tion. The second term represents the high-energy contribution to the

rdispersion integral, and isvexpressedxentirely in terms of the parameters
" for the P, P', and. p_'Regge trajectories at zero total center;of-mass
v energv. The residues are calculated in the.Appendix to thils paper |
.U: on the basis of results obtained by Phillips and Rarita on pion-nucleon

. and nucleon-nuc¢leon scattering. In addition to the scattering length,

we evaluate the I = 1 amplitude atvthreshold; from Bose statistics

we know that it should venish there since it contains odd pertial

- waves only. Thus the deviation of its value from zero'gives us an

N
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" indicetion of the reliablility of. the approximations made in the.

. evaluation of ‘the scattering length.

In Section B'Ve obtain the numerical resﬁlts for the scatterihg'.

‘length and the I = 1 amplitude at-thréshold; théir'valués are found
to be -1.7 and -0.h4 fespective}j;. | o
Fiﬁally, in Section k4 we eétiméte thé erroré involved in the
calculatiQn; and cbnclude'on the basis of these.estimates that the
‘scattering length isjdefinitély.negaiivé, and thaf the valﬁe -O.h" ;f

" “of the I =1 ampltiude at threshold is consistent with zero.
. | .
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are defined with respect to the s reaction):

" so that it is related to the phase shift 5

|
i ' ' ' ‘ E-B

. | - , v
'II. FORMULA FOR THE SCATTERING LENGTH
Let AI(é, t,u) be the amplitude of definite isotopic spin, I,
for the s reaction where s,t, and ,uf are the usual Mandelstam '

variables; they are given in terms of thé‘center-bf-mass‘scattéring -

. angle ©_, and the magnitude of the center-of-mass momentum q
: s _ o - , - s

as follows (the subscript "s" is to remind us that these variables

. . . . . 1:
2 2y R
s = koS + ) o .
t = -2q (l-coses) Ly .(2;1)
u = ‘;Qq 2(l+cosé )
. s st 7
. With ‘ ... v:..'
s+t +u = mE | B
!.
‘Here p 1s the pion mass.2 We normalize the partisl-wave @mplitudéﬁ'
Azl(s) defined by |
A*(s,cos6 ) = ) (22 +1) A, (s) P,(cos®_), - (2:2a) -
_ s 7 S O A , . o

I according to .

L
I,. '1s?2 ‘ I oI SN
A, (s) = -2---; exp (1% )-_ sin 8.1 . - (__2:21;) _
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"The I =0 scattering length, A, is then defined as '

A= oumo2al(s) /sf T @3)
sob U o L S

If the absorptive part of A (s,t,u) vanished for large s, thenfitr L

would satisfy the one-dimensional dispersion relation

fm afou)
dau' | .._1.'1.____._.. s (2:.,4)4

S ® - I “
A ~(s',0)
AI(S,O) = _J_-. ‘ ds" S ’ . i
. Fid ' 1 (Ll- )
I . . g8'a g o N .u - -S

where AI(s,t) AI(s,t,h-s-t), and where A (s, ) "
(l/éi)discsAI(s,O,has), and AuI(O,u). (1/21)aisc A (h-u,o,u), here

"disc " stands‘for‘"discontinuity in x ." Assuming that the
| asymptotic behavior of the amplitude is determined by the leading Regge ‘:v
poles in the crossed channel,3 we see that the above dispersion integral
1s undefined as it stands, since for s — oo, Al (s,O) s; which
follows from the dominance of the Pomeranchuk pole. We therefore
write (2: h) as & sum of two terms, vwhere the first one represents the
low-energy contribution, LEC, to A (s,O), and where the second term
is obtained by approximating the. integrand of (2 L) above a certain ,::}
energy sl (which is chosen well beyond ‘the .resonance region where 4 ?ji Y
Regge behavior presumably sets in)-‘in terms of the leading crossed- o

channel Regge poles; the latter integral may then be explicitly :

,,
a

L | :
evaluated by analytic continuation. From‘crossing symmetry it follows. .
' that the u-channel amplitude of definite isotopic spin is the same
function of s, t, and u as the s-channel amplitude is of u, t, and s -

(in that order). Using this fact, we may‘cast (2:4) 1in the form



Co s I : s
o 1 A ~(s!,0) 1 (s*,0)
I, o lf . s ? I+I' -1 ] ?
A (.S’VO_)‘) BN dsi -5 * gv o‘II'( 1) 7 d s'=(l-s)
© o | I (2:5) "
I R ] o R
I : s, - Ls'- s - (L-s)

where aII' and. aiI,(-l)I+I are the t-channel and u~-channel crossing

matrixes respectively with

- -1/2 ' | o

and where Rs]f(o,s) = (l/2i)disc;RI(0,s)} R'I.(_t,s")jl :,is 'the':cooti'ibution '
to the t-channel amplitude of isotopic sﬁin'I coming ffoa'théfieadihg )
Regge poles. There exist a variety of forms for R (t,s) in the "v
literature, all of which presumably are good approximations to the ﬁrue |
t-channel amplitudc at large s and small *t .‘A We have chosen the
Chew-Jones form’ (a sum is understood if there are several poles of -

isospin 1)

Cafe) R ‘.
RI6s) = E7N8) (-02) »'Pa‘(f)<-1-,s/e%?‘>_, S @

where q_t-2 = t/LL -1, and where a(t) is a particular Regge trajectory
in the t-channel, 7 (t) 1s related to the full residue B (t)

associated with the above Regge pole as follow3'



b=
' _ Coate)y A
) = [eatea] BNe)0P) L (@)
Throughout this paper it 1is understood:thet aft) isa trajeotoryfof"' S
definite isotopic spin. _ ‘14 . | ' |
Setting t =0 in (2:7) end substituting the result into

(2:5), we arrive at the following expression for the high-energy

contribution HI(v ):

Qo

Iv.' L . '. 3 . .';l ’ | ;1 1t R
T(v) = % e 7 f(O)Efv dv;‘j' P(v') [v' — ot f:—vL , (2:?)

where v

-1 + s/2 with corresponding definitions for V' and vi"in
terms of s' and Sy and where .a = a(0). Notice that for v =1,
”'the exchange of the p Regge pole in the t channel contributes very '
little to the integral, since for the p, I'=1. We shall take ;,{f
ladventage of this fect in Section 3. For Re a(O) o, the integral
(2:9) is undefined; however, we may use the well-known dispersion i;
: relation for the Legendre function of the first kind to rewrite (2 9) as f}':..

o - -z 7 <o)[ '“'('v“('l) 208
. 1 7 .

| " (2:10)

v . S o SANENTIN .f'a9
n(_1_ , (a)f } LR e

j av! Pa(y )<v_'- 7 * vEy . o ' 4
1 ' SRR I A IO

For our purpose this expression is still inconvenient,.since we ere'

+

o

' interestedin‘the value of HI(V) at v =1, where. gi(-v) has a

i

‘\:\\:]1, .
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' logarithmic branch point (this branch point is, of course, absent from:
ithe full expression) We get around this difficulty by shifting the
- argument of the’Legendre function, using a subtracted dispersion, o

" relation for Rz(v):

P (v')

P (-v) = P'(é) R R P A '(2:11)'.'--','5:%‘
(0 | 0 S T - : i v'(v'-v) | I

| Substituting (2:11) into the first term on the right-hand side of (2:10) - 'é'

- and combining the various integrals, we obtain
j

. ‘ | [ B .M el
= : I' eI "o P ' & S S R S
F() = - g, arpe 7 (0) €, [2 sinna +2_[ W =5 ] LRSS
o o A | (2:12)
1 . ' : o . ’ ' t
+-§:.aII, 5T (0) %ij‘ dvf-gx(v') -——-—3;———-[v'§_1‘+ v§+I 1,1
. I’ LT . v! (v' v ) ; 4
v
1
where '
g+I = 1:.(-1)1,‘ ST - - - (2:13)
. Since vl >, and since we will be interested in the value of
(2:13) for v =1, we my neglect v compared with v' in the
denominator of the second integral, and replace the Legendre function"
by its asymptotic form, |
P (v)————) C(a) e, . Tl (2dba)

vV =00
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where -

)
Ccla) = '

%anh

Mo+l) -

the 1ntegral‘mey then be performediexpliéitly. Our final'expression
for the forward scaﬁtering emplitude is '(recall that v = -I+s/2)

i

%

T, _ l sl . A (S ,0) ’ I‘ Il'vi Si (S ,0)
G - 3% e g o 3 e B, .H;I‘”"
v-where : {1 - 1 | o | j;'v - "‘ A : ‘ : (2fi5j

Lo | : 20 M1 B0

HI(V) -ﬁ 2: O&I' 7 (O) § [ sinna +;[. dy',-_iﬁ__-} a

T ‘ o Iy I' ' I' '
ST o & 3 2 ..
- %g, 11’ - (O)C(a):yl‘o{[m G‘l)*- 5 (%J l ‘
| R | (2:26)

n

Here «
to HI(V

compéred with that coming from the first, we, therefore, will ignore it

1= 200, say, the contribution h

l) coming from the second summation in (2 16) 1is small

ot (o). For s =k, and s

W

in the subsequent calculations. For a = l (1.e. the Pomeranchuk

trajectory), we may of course evaluafe (2:10) directly; we find

. ’ w
| - v
[Hlm] - -3 7,1,(9)[523!

3 Pom

- % zn(l-%/sl)] .

The factor fl/3 ~comes from the ciossing;matrix element. Notice that "I:,: .f

- for 7P(O) > 0, the Pomeranchuk contribution is negative."SuperfieialLy ’



g = QMEO‘,,where M 1s the nucleon mass, and E

-9..-"‘}

" 1t might appear that our result‘for'thé $ca£teringflength.wiil depend. on

the choice of 8y . We emphasize that;fas long as Sy isfchbsen

sufficiently»lérgé so~that the amplitude is well approximated in terms

of the legdipg Regge poles for s‘> sl-,onur result Will_pelessentially‘
indépendent oﬂ 8y ¢ N | |
Next, we give'thefvalues of the residues 71(0) as obtained

from data furnished by Phillips ana Rarita.6 These authbrs'have fitted

~ the high-energy total pion-nucleon and nucleon-nucleon cross sections;

assuming'that the forward scattering amplitude is dominated by the

leading crossed-channel Regge poles. The x-t residueslare then

7

obtained via the factorization theorem.’ We find

= 1.05 +0.02 |,

7P 3
(2:17)
. . - | : '
, o . y,' = {0.93 + 0.0k,
" R % o
where thé dimensionless quantity ;1 5iéfrelated to .
_the residue defined by (2:7), 70(0)5‘according to
o ﬁf = , :
. =l 37 .
- 2 i -
‘ 7,(0) = = - (2:18)

where "1" sténds for the P or the P' Regge poles (I = 0). Here

0 is a reference

ehergy which Phillips and Rarite chose to be 1 GeV. The factor 3 ‘. 

comes from the crossing matrix element, The reader may consult the
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' Appendix for & detailled discussion. We have not giﬁéﬁ-hefe the value

"t of the residue assoclated with the p trajectory, since, as 1s shown

~ 11in the Appendix, it is very uncertain. Fortunately, as has already

~ ‘been emphasized, 'p exchange in the +t . channel contributes only very
1little to HI(l), so that we shall ignore its contribution here. We

. shall come back to this point in the followingAsegtion;
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ITI. EVALUATION OF THE SCATTERING LENGTH S

Substituting the values from (2:18) into,expression (2:16);
we obtain the following results for the P and’ P' contributions

%o HI(l)

LISIR

21.35 £ 0.026 . o -
R (3:1)

I

[HI(,l)] .67 % o'.o*‘(é ,

P ' . Sl
| ;ij
vhere the errors in (3:1) are those due to the uncertainties in the
residues (2:17); the corrections to (5;1) coming from the second
sumation in formula (2:16) are only of the .order of 10 h. To the
“extent that we are ignoring the contribution of the p trajectory,
the value of HI(l) = {Hl(l)] [HI(l)] ‘will be the same for
I =0, 1, and 2, that is, Hl(l)~-3ov.-f P

The next step consists in evaluating the first two integrals
in (2:15), using whatever experimental information is available. For

thils purpose it is convenient to put them into the form (s = k)

. ] IR |
3 . | |
1 ds' ' M, 1
b . L o
. . ea
¥ &f- A Y ) I B
T, st(steh) B
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The contribution cominé frbm the Second integral is smali compared with'

that from the first; considering the uncertainties involved in ﬁhat

‘follows, we shall ignore it. We are interested in the value of »
' AI(h,O) for I = 0,1; Ao(h,o) gives us the magnitude of'the scattering '-'j’i
‘length, while we expect that Al(h,o) =~ 0, if our approximations are ' L
- reasonable. We therefore consider expression (3:2) for T = Q;’ahdg .
1l . Substituting the crossing-matrix elements intoithe integrand of-
. (3:2), and neglecting the second integral, we obtain
(LEC)I = E'Jf dg Ki(s)  s : .-(3:3a)A.;}.
where
1 ﬁ o 1 5 2 flifi.‘ ‘ ;.*3» f . o :
and C
' Cifz3atr0,5,2 0 0 ey
Ki(s). T s [E-ASﬁ- 5.As ‘f 6 As J.ff _ o o (5.5c) .
Here ASI stands for ASI(s,O).' For s »> o, Ki(s)  approaéhes'twiée the - .
contriﬁution'coming from the P and_inv eXchange in;thé crbssed channel,
' o, , ; K - X A
K_—L(s)‘—'—) 2aIORs (OJS)/S) o S - (3:k)
$-00 AR RS S o
: ' ; LN
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where RSO(O,s) is given by (2:7). We now approximate the émplitude o
of given I spin In the resonance region byra Bréit-Wigner formula : B

that satisfies elasﬁic unitarity,_and has the é@rrect threshold

behaﬁior:
. e .
A “(s,0) = (24+1) - e : - (3:5a) -
s ™ " 2ag (gR-s)2+ sRF?(s) ,  o ,
B where we have chosen for T(s) the.form8<”
S 2441 »
F2(s)‘ = Foz(sR/s) (q?/ﬁRa) o b (3:5Yb)

~ For both the p and tﬁe fo we havé adjusfed thé pafaﬁeters of (5;5&)

to give a width of 100 MeV; the positions of the resonances were

“ichosen as 750 MeV and 1250.MeV respectively.. Figures 1 and 2

show & plot of Ko(s) and Ki(s). Wé have used rouéhly the foiiowihg 

criterig in plotting the curves: (a) near ﬁheA fo gnd the . b ;., ' ?

: Aso(s,O) and Asl(s,O) havevbeenvapprbximaté& by a Breit-Wiéne¥ f6fm;
(b) for s 2200, we assume that ASI(S,O)V:is édeqﬁately répreéenfed

by 'the exchange of ﬁhe P, IU' and e in tﬁe croséed channel, théf 13,;d
we choose 8, = 200, and use £his poinf és(a“ matghing point fof the

Integrand; we have

Ki(s = 200) = 5.&6 x 10’2 “~2‘~31f;1 ,f" | _ f; ' (3’6)v,?»";
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" (e) we assnme that the various absoibtine parts of the anflitudes-.
approach their asymptotic linin ﬁsmoonhly" from 9bove;.(d) we havef
seenlﬁhat p <exchange makes no-contribution to KI(s); it does,.
of course, make substantial.contribntions to the»inoividunl ebsorptivef : 1%f- u R
parts that make up ’Ki(s). in view of the fectltnnt the p ‘residue .
“is poorly’known, we are led to‘make theladditionel assumpfion thaf an
approximate curve for Ki( ) may be obtained by consistently ignoring

- the effect of p- exchange on the. indlvidual absorptive parts that
. make up Ki(s), this assumption does not seem unreasonable. Figures:f
1 and 2 show what we think is a reasonalle_curve for Ko(s) and )
Kl(s). Intboth cases the functions have been matched at s =:é00fs:lﬁ
to their full asymptotic value~(5ﬁ65.  Thelrea@er may wonder vhat . |
‘vhaPPended to the fo resonance‘in Fig. é. Thebreason for 1ts absence  ;-
is the following: Let us assume, for' simplicity, that A (S,O) and
. Asl(s,o) are given neer the f

and the p by their uniterity bounds,
. S . :
A T(s,0) = (2£41) - (s%/2q); it then follows that

(5/28 M ®
(/508 m
where ‘mi end- m

o &are the masses of the P and the .fo respectivelyr v

. A more detailed analysis shows that, as a- first approximation, we may

0

: 'resonance; since the uncertainties involved in the plot are already T'n:v [fﬁg

 omit the "bump" ‘in the curve for Ki(s) arising,from the f

" substantial.: We obtained for the two LEC's the wvalues



| élﬁhf

200 * S L A
ds Kd(s)%,i.} S -
)'l- ; ' ' - - . - o

Al

200 -

£ .cis }.‘{1](5) x 26 '. -‘

Al

Combining these results with the. high energy contribution, H;(l)«~-3 O,

we arrive at the values for A (h 0) and A (h o) of
0 \ T o ' - :
A0)m 1T, -y C (3:72)

AMB,0) -0k .. (3um)
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Iv. 'CONCLUSIoN'

The main source of error in the velue of the scattering length,.

- lX P comes from the. low-energy contribution, the deviation of A (h O)

from zero glves us an indication of' the reliability of the approximations

-'madeiin the.evaluation of A since we'hane used the same criteria‘for

:'obtaining Ao(h,O)”and 'A;(h,o).; We shall presentiy.give an estimate .

of.the error innolved;}in_yiew_ofithe lack Of information‘on total

ﬁx’ cross sections, it is'clear ;ﬁéﬁ'fhis is only a rough estimate;
in_our discussion so far ue haneiignored the possibility that.

the‘absorptive parts A O(s,O) and‘ A'2(s,0) miéht make substantial

contributions to the integrals in (2:15) et energies roughly below ::

the f, region (because of the threshold behavior of the I =

0
" amplitude, we do not expect A (s,O) to make an important contribué"

tion below the p mass) Without these low-energy contributions we

~have estimated the error in A’ to lie between ‘-0.5-u l_ and +O.3 u -1

[this estimate was made essentially on intuitiye groundsj we hate.however '

~ considered the effects arising from tne uncertainties in the residues'
(2:17)]. .As we have mentioned at the beginning'of.the paper, hdﬁeﬁer;.b
there.seems to exist a strong I = 0, S-waue ;1214 interaction at low.f‘
" energies. fo estimate its effect on lh_iwe haveiassumed'a constant.
S-wave phase shift of L5 deg'over an eneréy range extending from

=5 to s = 40 (this phase shift is'suggested by the value of the :
scattering length given by ABév in Referencell). We find that the

additional c%htribution to AN 1s roughly +0.9 u-;; we have included in

this error the contribution coming from the second integral in (3:2).which‘

41s no longer negligible 1f there exists a strong low-energy enhancement in

the I =0 amplitude. If this enhancement can be assoclated with a new
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. particlegllying on a vacuum,trajectory, then the.exchange_of such & -
trajecto;ylin‘the crossed channel would give rise to additional |
:'contributions,, From the analysis of total pion-nucleon cross sections
at high energies, we expect the residue associated with this Regge pole
to be small, so that its effect on the scattering length will probably :
" not be significant. Concerning the I _,2 amplitude, experiment -

seemS‘to indicate'that the total U n 'cross section is of the order,_

;of 3 mb over an energy range extending roughly from 400 to

. 1200 MeV.9’ Weuestimated\its effect on the scattering length to be less =

than +0.1 . Our conclusion that the scattering length is negative |
doesbnot come as a_complete'su:('pr:‘Lse;l.O we know that at the symmetry
‘.point--that 1s, s=t=u=4/3 - Ap A = 5/é 11 furthermore one’
expects that the I =0 and I=2 amplitudes are dominated .at that
N point by their respective S-wave.components, so that Aj v(h/B) ~
(5/2)A (4/3) Analysis of the angular distribution in charged o]
decay however indicates that the I 2 amplitude is negative in the
(o} region; now, we do not expect the above mentioned ratio to change

sign between s = h/B and s ='4, nor do we éxpect a change in sign‘

of the I =2 amplitude between the p region'and:thresholdj such |
reasoning leads to the. conclusion that the scattering length is negative.127
The corrections to the value of A (h O) introduced by the low- .

_energy I = 0 enhancement, and the low-energy I = ‘Cross section, o

" have been estimated in a similar manner'and-weregfound'to be abouts'l/G

"end 1/2 of ‘those for the I = O amplitude.

,,,,,

Finally we wish to point out that in our calculation we. have

taken Ty (see Definition 3: 5a,b) to be lOO MeV. An increase in -
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the width of the P wouwld increase the value of A 1oy, 0) while

decreasing the value of the scattering length' the modifications that

]

' need to be made in Fig. 2 to insure the vanishing of Av(h,o)
are rsther modest, and certainly within the limits of’uncertainty ;ff -

of our plot. In conelusion; then, we find that the nx scattering

+1. 3
-0.5 *
that the value of 'A;(h,o) = -0.4 1is consistent with zero.

length is negative, with a calculafed value of A = -1.7 “; and
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APPENDIX

We obtain the values of the residues for the P and P"
trajectories, ‘using the data of Phillips and Rarita.6 These authors
have fitted the total pion-nucleon and nucleon-nucleon cross‘sections{
| assuming that the forward scattering amplitude is_dominated.atfhigh
energies by'a.few leadinébcrossed-channel Reége poles. ‘They normalize
‘ ‘the spin averaged forward elastic scattering amplitude so that the

optical theorem reads %

i
| '
! |

tot
Oop (s)

a ' )
Im Aab(s’o) =
' where the Subscripts 8 and b denote the particles involved in thé
"elastic reaction, and write the contribution to A (s,O) coming from

the ith crossed-channel Regge pole (for large. s) as

| [Kab(s;o)] - Bi(ab) - eXP( i )><“"'> “ (ASE”) '
. B S . -sin .

uhere the  + and - signs correspond to the even and odd-signature o
.trajectories respectively, and where B (ab) is a coefficient with _.'
_viimensions‘of millibarns, -EO is a scale factor which they chose as .
v'l.GeV; and E is the energy of the'bombarding particle in the laboratory';
system. As usual we have written a = o (b) | For‘large s, E A's/éNL
.twhere M is the mass of the particle at rest (the nucleon in our case)

The relation between A b(s,O) and our amplitude A, (s,O), normalized

L, - R ’.: - '(:A::l).
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according to Eq. (2:28,b):is

.-l-.
2v . LY
Q_ S -
— S A ,'
Aab(s’o) B 8 Aeb(s’o).
:-]_-a; Aa_‘b(s’o) ¢ e (A-B)

Using (A:3) and (A:2), with a-b taken as the pion-nucleon, and

nucleon-entinucleon respectively, we have

| 1 B /1 F exp(-in,) J. | :aj - "';’;i_
| [AnN(S’O)]i = 1_2; Bi(“N) s:Ln:rozi : <§_>°‘i ’__.'_"'. ‘ .(A:ha.): .‘ S
- and . | o : . . (.V )' o o. . ‘i B
' ‘ 1 7T exp(-1imx - \Ots. o : <
e )

where we have used the asymptotic form for s, s x 2ME, and have written
s = 2ME,y (x98.5). Phillips and Rarita provide-us with the-ooefficients“"
(ﬁN) and By (NN) for the case where N is.the proton, and n is the.

.negatively charged pion. They obtain the following values'6

Bo(xN) = -19.9 ¥ 0.1 ub, By, (xI) -18,1 £ 0.2 mb, B, () = 2 2.4 + 0.1 mb,

|

B, (M) i-36.2 + 0.2 mb, B '(Nﬁ) = -33.8 £ 0.6 mb, and B, (M) = 1.0 ¥ 1.2 u,

!

(the sign of - B -end B' has been misprinted in reference 6). Notice
that the value of B (NN) is consistent with zero. In a similar way to -
_(A +ha,b), we write the contribution of the ith crossed channel Regge

pole to the nt  emplitude, at large s, as

04

L - 1+ e¥ (i, ) 1 e
’[Am(s,o)]_ 2 ——— '-Bi(m) .p m.xi. <-§> L (A5)
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The coefficient B, (mx) 1s glven by the factorization theorem for
77 ) . . .

residues:
By () = 312(".1.‘7)/31(@)"'7":-_ (Ag6)

Since the value of B (NN) is consistent with zero, and since it appears
in the denominator of formula (A:6), we shall limit ourselves to the :
evaluation of the P and P! residues, fortunately, as we have
pointed out before, a knowledge of the p residue is not critical

for our problem, since the o contribution to H;(l) is small

. (see Eg. 2:16). Substituting the values for the coefficients Bi(:rNj

and B, (I\IN) into (A:6), we obtain

-~ }
7o = 1.05 to.e ), .
‘ 7P - ) ’.' ’ -(\.O A: ) b ‘v - . ' )
. and o , _ - _ o _ (A:7)
Ypr = 0.93 0.0k
where (i =eP,P’) |
;71 = -z B (xn)/l6n . » o 1 'ul (a:8)

' We have taken the value «. ,(0) = 0. 5 from reference 6 (a (O) = l, of course).
To get the relation between the residue 7(0) defined in (2.7)

and the quantities 71 y Ve notice that the P and P ‘contributions H

to ImA (3;0) are also given by -
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[ImA (s,O)]' = = [R' (o,s)] o e T (Ae9)
11 Gl o3 Us MR [
‘where Rso(o,s) is given by (2:7). Approximafing 't‘hef 'riﬁght'hana side
of (A:9) by its léading term for s > o, and comparing the resu.ltant

. expression with the imaginary part of (A 5), we obtain

o+l e
2 1 7y

c<a)<>i-

7,(0) = 5o s (an0)
where C(a) is defined by (2:14b ), and vhere we have written 7 1(0)
rather than 71(0) for notational consistency, the subscript "i":

- stands for the P and .P' Regge poles.
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' FIGURE CAPTIONS
Plot of Ko(s)__in units of 1077 u- vs the square of the

center of mass energy, s, in units 6f p? + The function"

has been matched at s =200 to the value as obtained from .

; pure P, P', and p Regge pole exchange in the crossed

channel: Ko(eoo) ~ 3.6 x 1072 %,

ot of . s n wnits of- 107 p~° vs the square of the -
Pl (s) 1in units of 102 p™2 vs th the |

_ center of mass energy, s, in units of. 2 . The matching .

point and the value of Ki(s) at that point ér? idenﬁicdi to

that given in Fig. 1.
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