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ABSTRACT

The Regge~trajectofies df the poles in the S matrix for nonrelativistic
scattering by a single attractive Yukawa potential have been investigatedu
They are found to be closed loops iﬂ the complex anguiargmbmentum_plane oy
starting from, and returning to, thé negative integers as‘thé energy goés

from -oo to +00 . Detailed results are graphically presented.
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Reéent éonclﬁsions by Regge and coworkersl cencerning poleé of the
scattering amplitude in tﬁe cdmplex'angular=momentum plane fof hdﬁrelaﬁivistic,
scattering have been shown by Chew et al.” to have an important‘béaring on
the interpretation Gf'relétivistic dispersion relations. Manj'featureé of
low«énerg& resonances and high~energy ¢r§ss séctions éan,élso be underétoed.
in terms of these pbleso2 It is of interesﬁ to investigate in detéil the
behavior of these pole ﬁtrajectdries” in the nonrelativiétic case to gain
further insight into this and also the more genéral relativistic prdblem.

iwhe Schrodinger equation for a single Yukawa potehtiél has. been
“solved numericélly dn‘iBM'709/TO9O ccmpuﬁefs, and “the boles of the S.matrix
found. Both positive ahd negative‘energies were investigatéd, and the ﬁegge
rtrajeetories of the poles aé,a function of energy were traced in the complex
angularmmbmentum plane, - Sevéral attractive potential strengths were inves—
tigéted. - |

The Schrodinger equatioﬁ can be written } o
ﬁ“—i + K0 - ‘ﬁ(-’g—%“ﬁ? Aepler) | y(z) = 0. (1)

: r T : :

dr®

The boundary condition imposed at the origin for all £ was

u(r) ~ A s o o | - (2)

and Eq. (1) was then integrated numerically, by using standard technigues, to

to a région where the asymptotic form
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w(r) ~ £ gk - £ (g,K)e™ - (3)
is applicable.
The S matrix is defined by
£ (L,k) . :
+ ink .
. : ' (k)

S(,@,k‘.) = m e

For a fixed energy, k2 , we vary £ “tolsearchvfpr the zeros of
[S(z,k)]-l corresponding to the poles of S{£,k) . A_st%ﬁdard Newton's
method is used in this:search. Once a pole is located, .kg is varied
slightly and the search repeated stafting in the neighbbrhood of the original
Z€ro. By varying k2 from large'negative'tQ large‘positiVevValues, we trace
a complefe trajectory of the Regge poles, whiéﬁ is found fb be.a closed loop
in the complex £ "plane. ‘

it shéuld be nofed that, at least‘és’far_as-the first Regge tfajectory
(that trajectofy which lies furthest to the fight in th¢-¢omplex £ plane)’
is concerned, no matter how small the potential strength, Re £ is greater
than -0.5 near k2 = 0. It ié an’iﬁteresting hypothesis thaf this méy be
true for all Regge curves (see Fig. 1). However, we have:not yet been able
té obtain conclusive evidence on this poin‘bo |

For small kg', the standard threshold behavior.for the curves is.

_ EZO+1 _ . ‘ ‘
Im £ ~ k o . E (5a)
and

5 2zo+1' o . .
Re £ ~ Ak +Bk + 4y | : (5b)

where EO is the threshold value of the position of the pole.' This gives

confidence in the correctness of the numerical procedure. Another check is

provided in the large-energy behavior (k2 - *00) of Eq. (1). In these limits,

&



UCRL~10140

- e

-‘)—

only that region of r near the origin, where the potential is éomparable
n _ . )
to k° , is important. The potential can be replaced in Eq. (1) by A/r in
2
this region, and Singh) has shown analytically that for this Coulomb potential,

the position of the poles is given by

£ = - n + L4

(6)

A
where n = 1, 2, 3,+-- gives the first, second, third, etc. poles respectively.
It is found that the Regge curves for large vfk2| go over smoothly to the
analytic form in Eq. (6), and, in particular, the curves go to -n as
|k2|-+ @ . It is only necessary to carry out the numerical investigation
in a region where Eq. (6) is not applicable in order to trace the full curve.
The final results are presented in Figs. 1 and 2.

We are greatly indebted to Professor G F. Chew and other members
of the Physics Department of the Lawrence Radiation Laboratory for advice

and encouragement in this work.
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FIGURE LEGENDS

1. The first few Regge trajectories for the potential strength A = 5';

- The k2' values are written adjacent to the»curvés. The small positive

' ke' ?alues for the third and'fdurth,curves have not yet been obtained -;

Fig.

owing to mumerical difficulties.

2. The‘first Regge trajectory for a number bf pdtential strengths A .?.

"_The"ke values are written adjacent to the curves (When K2 is negative,

~ some of these values are shown displaced from the real axis for the sake

of clarity.)
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1. The first few Regge trajectories for the potential
strength A = 5. The k? values are written adjacent to
the curves. The small positive kZ values for the
third and fourth curves have not yet been obtained
owing to numerical difficulties.
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Fig. 2. The first Regge trajectory for a number of potential
" strengths A. The k2 values are written adjacent to
the curves (When ke is negative, some of these values
are shown displaced from the real axis for the sake of
clarity.) ' '
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This report was prepared as an account 6f 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
-~ 1implied, 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,
or for damages resulting from the use of any infor-
mation, apparatus, method, or procesé_disc]bsed 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.



