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The effective rangé formula has been very useful inrdescribing
loweenergy elgstic-scattering phase shifts. In ﬁucleon—nﬁcleon scattering,
Noyes and Wongl have studied the‘vglidity of this approximation on the basis
of the anélytic,structure of the S-wave amplitﬁde implied by the Mandelstam
2,3 A one-parameter scaﬁtering length formula results if‘ |
the contributioh of singulafities in the non-physical regioﬁ is replaced

by a constant. We have extended this approximation to include inelastic - .

scattering prbcesses. Since the position of the singularities in the

partialeave amplitudesu depends on the masses of the particles involved,

5

we have considered as a particular example the processes

(1) T+ Y e oy o+ Y, pion-hyperon (X or A) scattering,
(2) K + N = 5 + Y, pion-hyperon production from

K-meson absorption by nucleons,

=l
+
=
=i
+

(3)

/

N, K-meson nucleon scattering.

On leave from Istituto Nazionale di Fisica Nucleare, Italy.
On leave frqm Cornell University

This work was supported by the U. S. Atdmic_Energy Commission, a grant
frbm the National Academy of Science (F.F.), and a Raytheon Fellowship

(M.N.).



UCRL-8985
C=D= 2N
For each orbital angular momentum £ , intrinsic parity * and J
isotOpic'spint I ¥'O;‘lg ahd égﬂwe write the partial-wave scettering amplitudes

as a symmetric (time-r¥eversal invariant) matrix T .

TﬂY, xY TnY, KN

. ﬁ (1)
TﬂY,'RN_ : KN, Ky

For I = 1, TﬁY,,ﬂY_ and T XY, T ;are 2x2 and 23; eubneﬁr;ces refe?r;ng

to the Zn and Axt channels. Fon I =‘O. there ie no As channel; and
for I 2 there is only &a Zn channei. Mulfinle meson’prodneﬁien end
fhe _K channel have been neglected 'To dlscuss the analytic behav1orvof
“the netrlx T, it is convenlent to express it in terms of a matrlx .G B
. ffﬁ%r/e e
E

{" BT M navl

wvhere G - is of the form:-

(2)

eG ‘= (E + M)q -4/2 | A, + (7[\ﬂ M)B q z/Q(E + M)

-2 41 ‘ s : Cm = 4 ]
2 [ 2
B a _ .[AZil - ( s+ M)Bg+1:’ a ' .

=

J§

(?) (I’
In Eq. (3), AZ and Bﬂ are the'partialawave projections of the amplitudes e
k | ' ) : R ™

AA and B whlch satlsfy Mandelstam s rep:c'esenta‘tn.on,LL q, E and M are ;

“dlagonal matrlces w1th components equal to the center—ofumass momentum,
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t

v baryon energy, and beryon mass,‘respectiVely; Mij = %-(Mi +‘Mj);. and ¥ S
is the total energy. G »has'been-defined so as to contain only those
. singularltles connected with Mandelstam's representatlon.

‘The condition of unltarity reqplres cG-; to have the form

In Eq. (4), R(8) is a real symmetric matrix and © is a diagonal matrix

of step functions »ei(wi) ,

1 W, ’<. 7/?

i

We now restrlct our dlscussion to energies close to threshold to

vhere W, . is the threshold energy of the ith channel.

orbital angular'momentum- £ =0, and to pseudoscalar K mesons. We find
that all. 51ngularit1es, except the branch point due to the pos51ble
existence of a KK-nn interaction, lie below the phy81cal thresholds.
g | The KK-mt branch point lies below theAAK-N ~threshold, but above the
x-Y threshold. In fact, the contrihutionAto the KK-ﬂﬁ interection due'to

> lies also

the ‘{-t  Yesonance reqplred in the electromagnetlc form factor
i , in this region.‘ In this paper we neglect the effect of this singularity,
1; - but 1t should be pointed. out that its presence could appreclably modify
(m{ 4 " our results, The effect of the . remalning s1ngular1t1es can be replaced

g by phenomenologlcal constants. Applying Ceuchy s theorem to

[s - (M + n) ] G -1 in the complex S plane we obtain
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T T wle /@,T(E-'J,M)(sus-jle) ERTERC
- | (5)

" In Eq. (5), R, is a reel symmetnde, and constant matrix which corresponds

essentially to the inverse of the energy in dependent scatterlng—length matrix

. (Kematrix). introduced by several-authbrs;z~'In'the static approximation

(E' = M) the principal-valne integral in Eq. (5)3cen be easily performed.

Near threshold energles this approximatlon is dquite good in view of the

.rapld convergence of the 1ntegral. We get

| “ ' . M v T .
- n il [ x| o

where t is a diagonal méffix of the form

| t= [ s.. i (M- w2 JJ/2 |

5 -+ )

The contrlbutlon of the princ1pal-value 1ntegral Eq. (6), has been
- T

neéleeted in more phenomenlogical approaches, in whlch R(W) is assumed
constant and Im G (but w1thout the step functlon 9) 1s extended to
'unphy51cal energles. j . "4 o . o ,v‘ i

o To 1llustrate a cese 1n nhdeh the enengy dependence of R(W)-.v:' ' .

relatlve to that of the 1mag1nary part of G -1 1s 1mportant, con51der the

elastlc X-N scatterlng amplltude GfN EN near threshold. We have
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GEN, Ful KN,‘KN “v'nqugﬂ Ey f M/

~ i %yt

- Ry, ® (RﬁY, y /5 By + 1 ) Ry, T

(7)

From Eq. (6) ve flnd that the energy dependence of RnY “Y' ie cOmpareble
)

to that of - Sy ; and. should not be neglected when the effect
W(Ey y)
of the latter is. 1nc1uded.v
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"This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information. contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
Jor for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, '"person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



