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Introduction 

In a recent publication/11, henceforth reffered to as I, 
the Mittag-Leffler expansions (MLE) of wave functions, scattering 
amplitudes and Green's functions at positive energies are discussed 
in a mathematically rigorous way. In this paper, as an illustration 
of the obtained general results, some numerical investigations are 
discussed for two simple examples; b -function potential and 
rectangular well potenlial, which were considered in detail by 
several authors (see,e.g.,ref./2 ,3•4 •51). It should be noticed that 
numerical investigations of the convergence of the MLE of the 
S-matrix are nearly absent in the literature (see, though, the 
article by Weidenmuller/6/) and for the wave functions, such investi
gations were never carried out. 

We give here (IV) some formulae and numerical results which 
pertain to the above-mentioned potentials, restricting ourselves 
to the s-states (i.e. f. =0). 

In (Y) some conclusions are discussed. 

rv. Numerical results 

a) Potential V('l..) = Vo 6'('L- R) 

The exact expression for the S-matrix and wave function of 
the continuous spectrum for 't.~ R. are 
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(4. 1 ) 
5 (K) :=: 

14- Vo (1- e-~<"'R..) I:<.<. K.. 

f+-1/c,(eUd~_ f)/Zil( 

ei.Kf 6i.n_ K"<-

Yf7(K,'l)= T l+ll,;(eR-iK.(_-f)/:1.-il<. (4.2) 

For the resonance wave function we have for 't. ~ R._ 

~ ('t) - L- z (\.{, - "i 1(,) ] It}_ . 
h - f.,..~(V.,-Zil<~) ":S<hK.,.'l. (4. 3) 

with K., determined by 

1 +- v.; ( e 2 
'- " .. R. - f) I 2 < K.., = (). (4.3a) 

The expansion of the S-matrix is 
'I'! -~;I( R { ) <:~I $(K)==e $~(o +K...,,__(o)+ ... I<_P "'(/>} 

f'! ,...II. (o) + 

z ['< )fl-1 r.:. 
+ h•l t~<.. I<_"' I<., ] 

(4.4) 

r' - J. K! .. ~ 

tv., [1 +- f((V,-;2.i 1<. )] 
(4 .4a) 

tfR (o)-: 1 ~~ (o) = l...<R.. 
' R. -1+-V.f{ 

(4.4b) 
(f 'fR.2.. 

SR. (o) "' - < t•v.rd-
<1 Ill( ) _ _ {- i R.3 

{ )_ - Vo R. ) 
WR () - (f +- V.(j3 

and for the wave function, we have the expansions 
"\v-""( )f = __.2::.. - _!_ 5- K_ 'f'~('l) 'f .. (~) j&'l. b"' 0 

:Z: K, 7.. (f V.R.. 2... !-;-; 1<., K.., ( K- 1<.,) 1 I I 
(4.5a) 

,,r6 K )i'""' _2_ +- i~"< R. - .l. ~ I!',_ )1.. 'P.M'fJ.I') ,fo'l. p"' 1 • 
T ( ,< I~I{,R.. (/fV,I!.)'- 2... b \_K, 1:...{1<-K•} 

(4.5b) 

So we can compare the exact expressions for the S-matrix and the 
wave functions with the corresponding MLE. In Table 1 the value1 
of K~ are given for V

0
•40fm-1and -40 fm-1 and in Table 2a and 

2b the values of the exact S-matrix and the S-matrix, obtained 
from the MLE for f> =1 ,3 with n ~ -1 and r.!; t (V =40 fm-1 ). Figure 

$"'«"( ,5"~' 0 
showsthevalueofj 3 .... -.t I forp=1,2,3and n~1- (dotted 
curve) andn~ I (full drawn). Tables 3a, 3b and Jc show the exact 
wave function and the MLE approximation for the wave functions 

4 

withp=0,1 and h~i , n~'f and hS..it:t, for V0=40 fm- 1• In 
tables 4a, 4b and 4c the corresponding results for V

0
=-40 fm-1 

are shown. 
b) Rectangular well 

so,V('!..)=-11.. for 't~P._, andV(z)=O, for~>/( 
expression for S-matrix and wave function for~~~ are 

'lE" ~ -.e I( + .. I< ~-·11 ;)I!' R__ e-:t'-K.R. ~(J<)= 
<R~~R_- il<.-5-in.R.I!. 

YG-{1<,2-) = 
~h-:>e'L 

;Je~~.e. - ~1<.-'o-i<t~R. 

where 

Ka._2.m£ ....,.t_:z..,,/ 
- t.'- 1 --a - t,'-- Vo and :Je~ = K'- +- de.,'- • 

For resonance wave function we have for 't ~ R. 

'f.,('l) ~ \{ _zt..,o 1 1>-ince,,'~ 
t + ~:: ...... 

with Kn determined by 

<Je dpelZ == ;_ K 

The L,LE of the S-matrix is 

$Y~<) = e-l<K. R._ [~~~.(o> +- ~:.$~ (o>,. ... + /!' ;f:)roJ -
_i.E, E~ )r+r 'f':- (R.) 

n I("' ll..- K.., 

~(o)~t, .sk 1{vJ-=ii:t3£./l. , ~11(o)=-~tt";¥0< 

J';"{o)-=. !,~{)l'o~- ty~t_)(ltlj'£..1!}- ~ ~3 ilf'oll_ 
and for the wave function we have the expansion 

'l.~ f ... ,., t::.~' <r(f') 
T (K,'I) '=" '¥ (o,~) t- k jS (0,7..)-t-. • • + "(7 'E (c,?) 

- 1. f:. fJS. )I'+' 'f' .. (R) '1'~('>-) 
:l.. •·• \.K,. I<.,( I( -I(..) 

"1f! &(o ?) = .1. ~&..JP.<. 
1 -;tpo ~~R 

r(ol"d== .i. -+i~-t~.'L~I'f)l'.~ 
'lit:· (..<)~.,__ ~( 

• The exact 

(4.6) 

(4. 7) 

(4.8) 

(4. 8a) 

(4. 9) 

(4. 9a) 

(4.10) 

(4.10a) 

..... ~ fl '2. c:.e,.oe,'t -1 ~ .. ~ .._ - . . ,__ . 1 
r (o,~) = ._ R- ~· -,--., L1-~(s.;.,~.e, .... v~~ f-}-1., .e.l?. 

~ CM~ -., C.O~ .,._ -
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There is interesting relation 
r•' ZiKR 

b- r .$ (~<) e - 1 'Jr (k:,R) = 
Zil<. (4.11) 

In Tables 5 the values of 1::" are given for V
0

=48.72 l·lev, fv=4.6 
and fo=5.0 (where pb=~o~ ). In Tables 7 the values of the exact 
.3-ma trix and the MLE of one are given for t:> =2, J with n !oo 1 , 7 

. I s•x~ct _ ,sr 
and 22 ( po =4.6 ). F1gures 2 show the values l .s'"~<• I for 
p =2 (Fig.2a) andp=3 (Fig.2b), f3o=4.6. Figure 3 shows the same 

values for fo =5.0,p =2 (dotted curve) and r =3 (full drawn). 
Tables 6 show the exact wave function and its expansion with 

r=1,2 and 11 !o 1,7,22, for ro=4.6. In tables 8 the corresponding 
results with 11' 4 , for f'c=5.0 are shown. 

From the tables and figures it is seen, that the convergence 
js strongly dependent on F and becomes faster for larger p-values. 
Thi c is the advantage of the A,LE , as p can be choosen so as to 
get a fast convergence. For these tables, it is seen, that for 

11 r_ 22, the 1\;LE expression for the wave function is correct with 
J-4 digits forK between 0 and 3 fm-1 , and in some cases for lar
ger I( • A similar good convergence is seen for the Green functions. 

It follows from the general relatione given in I that the 
!.1J,E of the wave function convergence for OVH.R however, it,ie 
seen that the convergence is good also for ~~R • If this point 
is regarded as th~ limit <._,R-0, this is not surprising. 

v. Conclusions 

Here we have shown, that the MLE method can be used to 
caluulate siwple, analytic expressions in K for S-matrix, scat
tering state~ ~nd Green's functions of the problem of one par
ticle in a potential of a sort which includes, with reasonable 
accuracy the usual nuclear potentials. 

It should be etreeased, that although the expansion 
y = ~ 5_.:._ It'~(~ 

~ k ~ ~ ..... 

is valid only for ? <c 12.. , an equally exact expression for 'I!,_ 
is obtained for ... > IZ: • using the MLE of the S-matrix. These 
expansions converge uniformly in the whole ~-space, except 
at the poles, and in practice, the convergence can be improved 
by choaing the constant p sufficiently large. In the case, that 

6 

only one pole needs to be taken into account in the expansion of 
yr, we obtain the factorised expressiony+='f'~('-)F(K), which 

was earlier used by several authors in nuclear reaction calcula
tions/71. 

As was shown, by some examples in I, the MLE highly facili
tates the inclusion of continuum states in nuclear s~ructure 
calculations, e.g.,of the shell model type. The same will be the 
cast with other nuclear structure calculations, e.g.,with RPA 
methods. However, the non-orthogonality of the wave functions 
means that some care is needed, when they are used in such prob
lems. 

Other discrete basis sets can be used in such calculations, 
e.g.,the above mentioned functions of Kapur and Peirls,etc., or 
the harmonic oscillator functions. Nevertheless, the expansion in 
resonance states has the advantage of giving a much simpler expres
sion for G ""(!<)in the complex k-plane, thus facilitating the cal
culation of matrices like (3.18). Also, the particle emission 
properties of mixed states are in such a calculation determined 
in a simple way through S(k). 

Such structure calculation will be the subject of a later 
publication. In conclusion, the authors want to thank collabora
tors of JINR, Dubna and the Niela Bohr Institute, Copenhagen, 
particularly B.Nilseon, for enlightening discussions. 

One of the authors (J.B.) wants to thank J.l.N.R. for paying 
his stay in Dubna for a period in which part of the work was done, 
and the Danish Scientific Research Council for a grant covering ' 
the travel expenses of this stay. 
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Table 2a 

exact p = 1 p = 3 
Table 1 k Re{S) Im{S) Re(S) Im(S) Re(S) Im{S) 

Position of poles, V = V
0

f:("- -- R) 
I.OO -o3700 -o9287 -o3?I5 -o9296 -o3709 -o9287 
3o00 o8270 o5623 o8378 o56I6 o8277 o56I8 
5o00 -o9502 o3II8 -o9628 o3563 -o9480 o3298 
3offi o22I4 o9752 o2325 o973I o222I o9746 

vo = +40., R =I vo =-40.' R=I 3.07 -.9562 -o2926 -o945I -o2949 -o9555 -o2932 
3.08 0 729! -o6844 .7404 -o6869 o7299 -o6850 n 

Re(Kn) Im{Kn) Re(Kn) Im{K ) 3.09 o9570 -o2900 .9682 -o2929 o9577 -o2907 
I o3ffi6E+OI -. 5667E-Ct2 o. .2000E+02 3.!0 .9909 -.I345 !.0022 -.I376 .99!6 -oi352 
2 .6I34E+-OI -.2197E-OI .3221E+-OI -.6563E-02 3.II .9980 -.0625 !.0093 -.()358 .9988 -.()33! 
3 .9209E+-OI -o4709E-01 o6439E+-OI -.2523E-02 3.12 o9997 -o0262 I.OI09 -.0298 !.0004 -.0269 
4 0 1229E+-Ct2 -. 7866E-OI .9649E+OI -o5340E-OI 3.13 IoOOOO -o0083 I.OII2 -oOI22 !.0007 -.009! 
5 .I53!3E+02 -.II43E+OO o1285E+Ct2 -o8796E-OI 3o14 IoOOOO -oOOIO I.OII3 -o0052 Io0007 -oOI8 
6 ol847E+Ct2 -.1522E+OO .I604E+Ct2 -.1261E+OO 3ol5 loOOOO -.0004 loOII3 -o0048 1.0007 -.012 
7 .2I5!3E+02 -.I908E+OO o1923E+Ct2 -.I658E+OO 3ol6 !.0000 -o0042 I.OII2 -o0089 1.0007 -.0050 
8 .2468E+02 -.229IE+OO .224IE+Ct2 -o2056E+OO 3.!7 o9999 -oOIII I.OII2 -.0!6! !.0006 -.0!20 
9 o2780E+02 -.2666E+OO o2558E+02 -o2447E+OO S-matrix expansion for different k, retaining only the first pole, IO o309IE+02 -.3029E+OO .2875E+Ct2 -o2825E+OO 
II .3403Eim -.3378E+OO .3I92E+Ct2 -.3I88E+OO Table 2b 
12 .37I6E+02 -.3?I2E+OO o3808E+02 -o3535E+OO exact p = 1 p = 3 
I3 .4Ct28E+02 -.4032E+OO .3824E+Ct2 -o3866E+OO k Re(S) Im(S) Re{S) Im(S) Re{S) Im(S) 
!4 .434IE+02 -.4337E+OO o4I40E+Ct2 -o4I82E+OO 

!.00 -o3709 -o9287 -o3'112 -.9292 -.3700 -o9287 I5 .4654E+02 -o4628E+OO .4455E+Ct2 -o4483E+OO 
3o00 o8270 o5623 .83!9 o5636 .8270 .5623 I6 o4967E+02 -o4907E+OO .477IE+Ct2 -o4769E+OO 
5.00 -o9500 .3!!8 -.96!9 o3203 -o9503 .3II9 I7 .5280E+02 -o5I73E+OO o5086E+Ct2 -o5043E+OO 
3o06 o22I4 o9752 o2267 o9759 o22I4 o9752 I8 o5593E+02 -.5428E+OO .540IE+OO -. 5305Fr+-OO 
3.07 .9562 -o2926 -.9509 -.29!9 -.9562 -.2926 I9 o 59Q3Frt02 -.56?IE+OO .5?I6E+Ct2 -.5555E+OO 
3.08 .729! -o6844 o7345 -.6838 .7292 -o6844 20 o6220E+02 -o5905E+OO o603IE+02 -o5794E+OO 
3.09 o9570 -.2900 .9625 -.2896 .9570 -.2900 2I .6533E+02 -.6I30E+OO o6346E+Ct2 -.6024E+OO 
3.!0 o9909 -.!345 .9964 -oi342 .9900 -.!345 22 .6847E+Ct2 -o6346E+OO .6661E+Ct2 -o6244E+OO 
3oil .9980 -.0625 !.0036 -.0622 .9981 -.0625 
3.12 o9997 -.0262 !.0052 -.026! .9997 -o0262 
3oi3 IoOOOO -.0083 I.0056 -.0083 IoOOOO -.0083 
3.!4 I.OOOO -oOOIO 1.0056 -oOOII lo!lXX) -.CXJIO 
3.!5 I.!lXX) -.0004 lo0057 -.(X)(l) I.OOOO -.0004 
3.!6 !.0000 -.0042 lo0057 -.0045 I.OOOJ -.0042 
3oi7 .9999 -.OIII !.()(l)7 -.0!!6 !.0000 -.OIII 
s-matrix expansion for different k with the first seven poles in 
the expansion 
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Table 3a 

exact p - 0 p = 1 
k r ReY \ ImrY) he(¥! Im(¥) Re(lt:'") Im(Y:r) 
I.O .2 .5806E-a2 .I428E-03 .5960E-a2 .2490E-03 .59!liE-a2 .I468E-03 .4 .II38E-OI .2800E-03 .II53E-OI .4II6E-03 .II53E-OI .2839E-03 .6 .I650E-OI .4Cli0E-03 

.8 .2096E-DI 
.I645E-OI .43I3E-03 .I645E-OI .405DE-03 .5I58E-03 .207IE-OI .30I2E-03 I.O .2459E-OI .6050E-03 .2453E-OI .66I5E-04 

.207IE-OI .5094E-03 

.2453E-OI .6a2IE-03 
3.0 .2 .2059E+OO .3259E-OI .207BE+OO .3304E-OI .2078E+OO .4 .3399E+OO .5380E-OI .3274E-OI 

.6 .3552E+OO 
.34I6E+OO .5432E-OI .34I6Et00 .5394E-OI 

.8 .2464E+OO 
.5622E-OI .3545E+OO .5625E-OI .3545Et00 .56I7E-OI 

I.O .5I47E-OI 
.3899E-OI .2435E+OO .38I5E-OI .2435E+OO .3877E-OI .8I46E-m .5086E-OI .6444E-02 .5086E-OI .8052E-Cl2 

i':i 5.0 .2 -.2240E-OI -.2908E-a2 -. 9682E-Cl2 -.6I32E-03 -. 9682E-Cl2 .4 -.242IE-OI -.3I42E-02 -.II24E-02 
.6 -.3757E-G2 -.4877E-03 

-.I406E-OI -. IOI5E-Cl2 -. I4!liE-OI -. I653E-Cl2 
.8 .20I5E-OI .26I5E-a2 

-. 9758E-Cl2 -.I066E-a2 -.9758E-Cl2 -.II97E-02 
I.O .3430E-02 -.7478E-03 .3430E-02 .293IE-03 .2553E-OI .33I4E-02 .2248E-OI -.I705E-03 .2248E-OI .2509E-02 

Here E+02 102 etc. 

ilave functions expanded for r .:; 
pole in the expansion. 

R and different k-values retaining only the first 

Table ~b 

exact p = 0 p = 1 

k r Re ('£) . Im (¥) Re(Y) Im (Y) Re ("If) Im(Y) 

r.o .2 .5806E-a2 .I428E-03 .5804E-02 .I264E-03 .5804E-02 .I428E-03 
.4 .II38E-OI .2800E-03 .II38E-DI .2853E-03 .II38E-OI .2800E-03 
.6 .I650E-OI .4060E-03 .I650E-OI .4308E-03 .I650E-OI .4060E-03 
.8 .2096E-OI .5I58E-03 .2096E-DI .496IE-03 .2096E-OI .5I58E-03 

I.O .2459E-OI .6050E-03 .2459E-OI .3I98E-03 .2459E-OI .6049E-03 

3.0 .2 .2059E+OO .3259E-OI .2059E+OO .3254E-OI .2059E+OO .3259E-OI 
.4 .3399E+OO .5380E-OI .3399E+OO .5382E-OI .3399ETOO .5380E-OI 
.6 .3552&+00 .5622E-OI .3552E+OO .5629E-OI .3552E+OO .5622E-OI 
.8 .2464E+OO .3899:E-OI .2464E+OO .3893:E-OI .2464E+OO .3899E-OI 

c:;.; 
I.O .5I47E-OI .8I46E-02 .5I44E-O .7287E-m .5I44E-OI .8I42E-02 

5.0 .2 -.2240E-OI -.2908E-02 -.2244E-OI -.2994E-02 -.2244E-OI - .. 29I2E-02 
.4 -.242IE-OI -.3I42E-a2 -.242IE-OI -.3II5E-02 -.242IE-OI -.3I4IE-02 
.6 -.3?57E-a2 -.38??E-03 -.369?E-a2 -.35?5E-03 -.369?E-a2 -.48I5E-03 
.8 .20I5E-OI .26I5:E-a2 .20I?E-OI .25I5:E-02 .20I7E-OI .Z6I4E-a2 

I.O .2553E-OI .33I4E-02 .2545E-OI .I869:E-02 .2545E-OI .3294E-a2 

Here E+02 102 etc. 
Wave functions expanded for c ~ R and different k-values with the first seven poles 
in the expansion. 



Table )c 

1Vave function with Yl.- ~ 22 (V
0

=40) 

exact p = 0 p = 1 
K 'L 

Re (¥) Im (Y) Re (¥) Im(Y) Re(¥) Im(~) 

r.o 0.2 .5806E-az .I428E-03 .5806E-OO .I4I2E-03 .5806E-02 .I428E-03 
0.4 .II38E-OI .2800E-03 .II38E-OI .2789E-03 .II38E-OI .2800E-03 
0.6 .I650E-OI .4060E-03 .I650E-OI .4084E-03 .I650E-OI .4060E-03 

i: 0.8 .2096E-OI .5I58E-03 .2096E-OI .52I3E-03 .2096E-OI .5I58E-03 
I.O .2459E-OI .6050E-03 .2459E-OI .494IE-03 .2459E-OI .6050E-03 

3.0 0.2 .2059E-+00 .3259E-OI ~2059Ef.OO .3259E-OI .2059E+OO .3259E-OI 
0.4 .3399E+OO .5380E-OI .3399E+OO .5380E-OI .3399E+OO .5380E-OI 
0.6 .3552000 .5622E-OI .3552E+OO .5622E-OI .3552E+OO .5622E-OI 
0.8 .2464E+OO .3899E-OI .2464E-+OO .390IE-OI .2464E+OO • 3899F'..-OI r.o .5I47E-OI .8I46E-OO .5I47E-OI .78I3E-02 .5I47E-OI .8I46E-02 

5.0 0.2 -.2240E-OI -.2908E-OO -.2240E-OI -.29I6E-00 -.2240E-OI -.2908E-02 
0.4 -.242IE-OI -.3I42E-OO -.242IE-OI -.3I48E-C2 -.242IE-OI -.3I42E-OI 
0.6 -.3757E-OO -.4877E-03 -.3756E-02 -.4758E-03 -.3756&-00 -.4876E-03 
0.8 .20I5E-OI .26I5E-OO .20I5E-OI .2643E-a2 .20I5E-OI .26!5&-00 r.o .2553E-OI .33I4E-C2 .2553E-OI .2758E-a2 .2553E-OI .33I3E-C2 

Table 4a 

Nave function with n~ 1 (V
0 

= -40) 

exact p = 0 p = 1 

K ')._ 

Re \!f) Im (¥) Re(Y) Iml't) Re l 'l!') Im(Y) 

I.O 0.2 -.5995E-OO -.I523E-03 -.5I28E-02 .I403E-09 -.5I28E-02 .I3I5E-03 
0.4 -.II75E-OI .2986E-03 -.!026&-0I .766IE-08 -.!006&-0I .2630&-03 
0.6 -.!704&-0I .4329E-03 -.!538&-0I .4I83E-06 -.!538&-0I .39-i!'iE-03 

Cii O.H -.2IC:fi&-OI .5500E-03 -.205!&-0I .2284&-04 -.205I~OI .!'i259}} .. Q;3 
r.o -.2539E-OI .645!&-03 -.2558E-OI .I247E-02 -.2558E-OI .6543E-03 

3.0 0.2 -.6539E-OI .32I3E-02 -. 5I28F..-02 .4I26E-09 -.5I28E-02 .3945E-03 
0.4 -J:079B+OO ,5304Fr00 -.I025F..-OI .2253E-07 -.I026E-OI .7890~ 
0.6 -.II28E+OO .5542E-Cf2 -. I53~F'.r-OI .I230&-05 -.I538E-OI .II83 
0.8 -.7S22E-OI .3844E-OO -.2050E-OI .67I7E-04 -.2050E-OI .I576E-02 
r.o -.I634E-OI .803IE-03 -.2509E-OI .3667E-02 -.2509E-OI .I890E-02 

5.0 0.2 .2085E-OI -.25I4E-02 -.5I28E-OO .66I7E-09 -.5I28E-02 .6575E-03 
0.4 .2253E-OI -.27I6E-02 -.I026E-OI .36I4E-07 -. ICJ26E-OI .I3I5E-OO 
0.6 .3497E-a2 -.42I6E-03 -.I538E-OI .I973E-05 -.I538E-OI .I972E-02 
0.8 -.I875E-OI .226IE-OO -.2049E-OI .I077E-03 -.2049&-0I .2623E-OO 
1.0 -.2376E-OI .2864E-00 -.24I7E-OI .5882E-02 -.24I7E-OI .2920E-02 



Table 4b 
;lave function with n" 1 (V

0 
= -40) 

exact p = 0 p = 1 
.. K '(_ 

Re ('It) Im(l:!n Re(¥) Im(¥) He(¥) Im(¥) 

!.0 0.2 -.5995E-02 .I523E-03 -.5997E-02 .I702E-03 -.5997E-02 .I524E-03 
0.4 -.II75E-OI .2986E-03 -.II75E-OI .28I4E-03 -.II75E-OI .2985E-03 
0.6 -.I704E-OI .4329E-03 -.I704E-OI .42I2E-03 -.I704E-OI .4329E-03 

c;; 0.8 -.2I65E-OI .5500E-03 -.2!65E-OI .6I28E-03 -.2I65E-OI .550IE-03 
I.O -.2539E-OI .645IE-03 -.2540E-Ol .9479E-03 -.2540E-OI .6453E-03 

3.0 0.2 -.6539:&-0I .32I3E-02 -.6540:&-0I .3268:&-02 -.6540E-OI .32!4E-02 
0.4 -.I079E+OO .5304E-02 -.I079E+OO .5252Fr-02 -.I079E+OO .5303:&-02 
0.6 -.II28E+OO .5542:&-02 -.II28E+OO .5506:&-02 -.II28E+OO .554!:&-02 
0.8 -. 7822E-OI .3844E-02 -.7827E-OI .4035:&-02 -.7827E-OI .3847E-02 
I.O -.!634:&-0I .803!:&-03 -.!638:&-0I .I7I6Fr-02 -.I638E-OI .8082:&-03 

5.0 0.2 .2085:&-0I -.25!4:&-02 .2080:&-0I -.24!9:&-02 .2080E-OI -.2509:&-02 
0.4 .2253:&-0I -.2?!6:&-02 .2259:&-0I -.2806E-02 .2259E-OI -.2720E-02 
8·6 .3497Fr-02 -.42I6E-03 .35!4:&-02 -.4843E-03 .35I4E-02 -.4262E-03 
.8 -. !875:&-0I .226!:&-02 -.!889:&-0I .2588E-02 -.I889E-OI .2274:&-02 

I.O -.2376E-OI .2864:&-02 -.2387:&-0I .4402:&-02 -.2387:&-0! .2889E-02 

Table 4c 
Nave function with n. ~ Ll._ (V

0 
= -40) 

exact p = 0 p = 1 
K '(_ 

Ite (lf. / Im(Y) Re (lt-) Im(<tU Re ('£) Irn ( <jF I 
I.OO 0.2 -.5995:&-02 .!523:&-03 -. 5995:&-02 .!504E-03 -. 5995E-a:! .!523:&-03 0.4 -. II75Fr-OI .2986:Ef-03 -. II75F..-OI .2999&-03 -.II75E-OI .2986E-03 . 0.6 -.I704E-OI .4329E-03 -.I704E-OI .43DE-03 -.I704E-OI .4329&-03 ::::; 0.8 -.2!65&-0I .5500&-03 -.2I65E-OI .5430E-C3 -.2I65E-OI .5500&-03 I.O -.2539&-0I .645!&-03 -.2539E-OI • 7584E-03 -.2539&-0I .6452E-03 
3.0 0.2 -.6539E-OI .32I3E-02 -.6539E-OI .32I8E-02 -.6539E-OI .32I3E-02 0.4 -.I079E+OQ .5304E-02 -.I079E+OO .5308&-02 -.I079E+OO .5304E-02 0.6 -. II28E+J:) .5542E-02 -.II28E+OO .5536E-02 -.II28E+OO .5542E-02 0.8 -. 7822E-OI .3844E-02 -.7822E-OI .3823E-02 -.7822:&-0I .3844E-02 r.o -.I634E-OI .803IE-03 -.I634E-OI .II43E-02 -.I634E-OI .8033E-03 
5.0 0.2 .2085E-OI -.25I4E-02 .2085&-0I -.2505E-02 .2085&-0I -.25I4E-02 0.4 .22:J3E-OI -.27I6E-02 .2253E-OI -.27!0&-02 .2253E-OI -.27I6E-02 0.6 .3497&-02 -.42I6E-03 .3497E-02 -.43I3E-03 .3497&-02 -.42I6E-03 0.8 -.1875&-0I .226IE-02 -. I875F.-OI .2226E-02 -.IB75E-OI .226IE-02 I.O -.2376E-OI .2864E-02 -.2377E-OI .3432"S-02 -.2377E-OI .2865&-02 
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-----------4.------------

exact 

K "t 
Re ("¥) 

I.O .50 .530IE+OO 
I.20 .4824E+OO 
I.BO -.9IOIE+-OI 
2.40 -.5652E+-OO 
3.00 -.4234E+-00 

3.0 .60 -.2259E+-OO 
I.20 .I968E+OO 
I.BO .5446&-0I 

co 2.40 -.2443E+-OO 
3.00 .I583E+OO 

5.0 .50 -. 7065E-03 
I.20 .I4I3F.-02 
I.BO -.2II9E-02 
2.40 .2825E-02 
3.00 -.3532E-02 

\J1 

Table 6a 

p = 1 p = 2 

Im (Y) Re (Y) Im(Y) Re(W) Im <¥) 

-.2930E+OO .4654E+OO -.3047E+OO .5340E+OO -.3047E+OO 
-.2667Et00 .458IE+OO -.2564E+OO .5055E+OO -.2564E+OO 

.503IE+-OI -.6225E-OI .I046E+-OO -.5970E-OI .I046E+OO 

.3I25E+-OO -.6048E+-OO -.3705E+OO -. 5589E+-OJ .3705E+OO 

.234IE+OO -.5480E+UO .20I7E+-OO -.4.302E+OO .20I7E+OO 

-.I636Et00 .I807E+C0 .I5I7E+-OO .7978E+OO .I5I7E+OO 
.I425E-t00 • 75IGF.-OI .3053E+-OO .50I4E+-OO • 3053F.n-OO 
.3943E-OI -.2797~+00 .2708E+OO -.3467:2+00 .2708E+-OO 

-.I768E+00 -.5206E+OO -.I560E+OO -.I073E+OO ~.I560E+OO 
.II46E+OO -.2998E+-OO -.7895E+-OO I66IFrt-OI -.789GE+OO 

.I248E-04 .I497E+-00 .3072E+OO .I862E+OI .3072E+-OO 
-.2496E-04 .3275E-OI .5393E+OO .I2I6E+-OI .5392E+OO 

.3744E-04 -.3036E+OO .3885E+OO -.4896E+OO .3885E+OO 
-.4992E-04 -.5093E+OO -.3893E+-OO .6387E+-00 -.3893E+OO 

.6240E-04 -.2604"8+00 -.I393E+OI .5I85E+OI -.I393E+OI 

'Nave func tiona expanded for ~"" IZ and different ~<_-values retaining only the first pole 

in the expansion (rectangular well: V
0

=48.72 MeV, R=3 fm i.e. fo" <le,H=4.6) 



Table 6b 

exact p = 1 p = 2 
1<. 'C 

Re<Yl Im (¥') Re c¥) Im ('t'\ Re ('*!) Im(lj,l) 

I.O .60 .530IE+OO -.2930E+OO .5294E+OO -.293IE+OO .5300E+OO -.293IE+OO 
!.20 .4824E+OO -.2667E+OO .4827E+OO -.2666E+OO .4824E+OO -.2666E+OO 
I.BO -.9IOIE-OI .503IE-OI -.893IE-OI .5025E-OI -.9098E-OI -.5025E-OI 
2.40 -.5652E+OO .3I25E+OO -.5684E+OO .3Il9E+OO -.5653E+OO .3II9E+OO 
3.00 -.4234E+OO .234IE+OO -.46I4E+OO .2335E+OO -.4237E+OO .2335E+OO 

3.0 .60 -.2259E+OO -.I636E+OO -.2328E+OO -.I645E+OO -.2270E+OO -.I645E+OO 
!.20 .I968E+OO .I425E+OO .I998E+OO .I458E+OO .I969E+OO .I458E+OO 
!.80 .5446E-OI .3943E-OI .7262E-OI .3786E-OI .5759E-OI .3786E-OI 
2.40 -.2443E+OO -.I768E+OO -.2739&+00 -.I945E+OO -.2455E+OO -.I945E+OO 
3.00 .I583E+OO .II46E+OO -.20!9&+00 .9629E-OI .I376E+OO .9628E-OI 

5.0 .60 -. 7065B-03 .!24811-04 -.2832E-OI -.8597E-02 -.I2I4E-OI -.8597Fr-a2 
!.20 .I4I3F,..()2 -.2496E-04 • 7930B-02 .2268E-OI -.2II5E-03 .2268E-OI 
!.80 -.2II9B-02 .3744E-04 .7374E-OI -.I6~E-OI .3I99E-OI -.I6I5E-02 
2.40 .2826E-02 -.4992E-04 -.7762»-0I -.II E+OO .II44E-02 -.II53E+OO 
3.00 -. 3532B-02 .6240E-04 -.II44E+OI -.I306E+OO -.20I5E+OO -.I306E+OO 

Wave functions expanded for <.~ R. and different K-values with the first 7 poles 

in the expansion {rectangular well: Y.=47.72 MeV, R=3 fm i.e. J?'o "' ~Ro4.6) 

Table 6c 

exact p = 1 p = 2 
k 'L 

Re 1¥) Im cr) Re (¥'1 Im c¥1 Re c"'t'-1 Im ('F) 

I.O .60 .530IE+OO -.2930E+OO .5300E+OO -.2930:8+00 • 53 or E+-:.10 -.2930E+OO 
I.20 .4824~0 -.266'7E+OO .4824E+OO -.2667E+OO .4824E+OO -.2667:8+00 
LBO -.9IOIE-OI .503IE-OI -.9093E-OI .503IE-OI -.9IOIE-OI .503IF,...QI 
2.40 -.5652E+OO .3I25E-t00 -.5649Frt-OO .3I25E+J'J -. 56 52 E+-:::0 .3I25E+OO 
3.00 -.4234E+OO .234IE+OO -.4352E+OO .234IE+OO -.4234E+I)() .234IE+OO 

3.0 .60 -.2259E+OO -.I636E+OO -.226IE+OO -.I636E+OO -.2259E+OO -.I636E+OO 
I.20 .I968E+OO .I425E+OO .I966E+OO .I424E+OO .I96GE+OO .I424Et00 
I. SO .544CE-OI .3943E-OI .5524E-OI .3934E-OI .5448E-OI .3934E-OI 

~ 
2.40 -.2443E+OO -.I768E+OO -.2409E+OO -.I765E+DO -.2442E+OO -.I765E+OO 
3.00 .I583Et00 .II46Et00 .5I84E-OI .II39E+-OO .I577E+JO .II39E+00 

5.0 .60 -.7065E-03 .I248E-04 -.I299E-a2 .II27B-04 -.7344E-03 .II27B-04 
I.20 .HI3E-02 -.2496E-04 .3585E-03 -.238IE-03 .I393E-02 -.238IF,...03 
I. SO -.2II9E-02 .3744E-04 .I258E-03 -. 3653E-Il3 -.200IE-02 -.3653E-D..1 
2.40 .2826&-02 -.4992E-04 .I234E-OI .I450E-02 .3I86B-02 .I450E-02 3. (X) -.3532E-02 .6240E-04 -. 302·1:"~+)~ -.3255&-02 -. 825IB-02 -.3256E-02 

Wave functions expanded for <. s ~.:_ and different f-. -value with the first 22 poles in 
the expansion {rectangular well: V 

0 
=48. 72 !lieV, R=3 frn ( ~0 .. 4.6 )) 



Table Zb 

exact p " 2 p " 3 
n.. k. 

ReS ImS ReS ImS ReS ImS 

7 .50 .6079E+00 .794QE-f.OO .6065"8+00 .8033E+OO .6078E+OO .7940E+OO r.oo .7473E+OO -.6645Fr+OO • 7696E+OO -. 737IE+OO .7485E+OO -.6646E+OO !.50 -.8033E+00 -.5956"8+00 -.9I5IE+OO -.3628E-+OO -.8I02E+OO -.5948E+OO 2.00 -.9870'8+00 .I608E+OO -.6383E+OO -.35IIE)+::lU -.9622E+OO .I582E+OO 2.50 -.9220E+OO .38'72E+OO -.I758E+OI .I287E+OI -.99I5Ei00 .39I6E4JO 3.03 -.5073E+10 .86!8:8+00 .II89E+OI -. 't828E+OO -.34IOE+OO .862IE+OC ::;.SJ -.4I~ST;1..+0J .909€E+00 -.3476Zt-OI .265IE+OI -. 7703"P..+QO • 8792"P.r+OO 4.00 -.9603E-OI .9954E+OO .4969E+OI -.9229E+OO .5972E+DO .II25E+OI 4.50 .3246E-OI .9995E+OO -. 7803E+OI .26I9E+OI -.I229E+OI .6I04Fo+OO 5.00 .IG9IE+OO .9820~0 .II66E+02 .5I27E+OO .234GE+OI .I967S+OI 
~ 
w 22 .50 .6079E+OO .7940E+O'J .6075E+OO .7969E+OO .6079E+OO .7940E+OO I.OO • 7473:!::+00 -.6645E+OO .7539E+OO -.687IE+OO .7473E+00 -.6645E+OO I.5J -.8033E+OJ - •. 'i956E+OO -.C363E+OO -.5233E+OO -.8036E+00 -.5956E+OO 2.00 -.9870E+OO .I608E+a0 -.8850E-I-OO .I997F-02 -.9860E+00 .I609B+OO 2.50 -.9220E+OO .3872E+OO -.II64E+OI .6663E+OO -.9244E+OO .3870E+00 3.00 -.5073E+OO .86I8E+OO -.2468E-OI .4430E+OO -.50I8E+00 .8625E+OO 3.50 -.4I55E+OO .9096E+OO -.I270E+JI .I460E+OI -.4263E+OO .9074E+OO 4.00 -.96il3E-OI .9954E+OO .I287E+OI .3622E+OO -.7650E-OI .IO'JIE+OI 4.50 .3246E-OI • 99954'...+00 -.205IE+OI .I6I3E+OI -.3490E-03 ,9869E+OO 5.00 .I89IE+OO .9820E+OO .3I47E+DI .5538E+OO .2408E+OI .I007E+OI 

s-matrix expansion for different K with the first 7 and 22 poles in the expansion 
(rectangular well: V

0
:48.72 MeV, R=J ·rm (i.e. fo :4,6)) 



Table 8 

/( 't exact p = 1 p = 2 
Re ~y) Im (¥) Re (¥.) Im <.¥) Re t"lfJ Im<.¥) 

0.5 .60 .7799E+on -.3973E+OO .7927E+OO -.3969E+OO .7799E+OO -.3969E+OO 
I.20 .8847E+OO -.4507E+OO .882IE+OO -.4507'F'r+OO -.8346Et00 -.4507E+OO 
I.80 .2238E+OO -.II4DE+OO .22IBF-+OO -.II46E+OO .2238E+OO -.II46E+OO 
2.40 -6309E+OO .32!3&+-00 -.6229E+OO -.32I9E+OO -.6307E+OO .32I9E+OO 
3.00 -.9394E+OO .4786E+OO -.9470E+OO .4798E+OO -.9397E+OO .4798E+OO 

r.o .60 .4958E+OO -.879IE-OI .5079E+OO -.8459Ei-OI .4969E+OO -.8459E-OI 
!.20 .45I3E+OO -.8000E-OI .439GE+OO -.804IEi-OI .4498E+OO -.804IE-OI 
r.8o -.85I3H-OI .I509E-OI -.930IE-OI .9279E-02 -.8500E-OI .9279E-02 
2.40 -.5287E+OO .9374E-OI -.4949E+OO .9848:8-0I -.5259E+OO .9848Er-OI 
3.00 -.396IE+OO • 7022E-OI -.4300E+OO .80I8E-OI -.4008E+OO .8QI8E-OI 

I.5 .60 .4334E+OO .26I2E+OO .4640E+OO .2755E+OO .4393'8+00 .2755EAOO 
I.20 .242?Et00 .I4o3E+OO .2II3E+OO .I432Et-O'JI .234IE+OO .I432E+OO 
I.80 -.29?5E+OO -.I793E+OO -.3!38E+OO -.202IE+OO -.2958E+OO -.202IE+OO 
2.40 -.4093E+OO -.2467E+OO -.3240E+OO -.2252E+OO -.3938E+OO -.2252E+OO 
3.00 .6830E-OI .4II7E-OI -.2488E-OI .7492E-OI .4084E-OI .7492E-OI 

2.0 .60 -.2083Et{)O .434IE+OO -.I455E+OO .4844E+OO -.I894E+OO .4844E+OO 
I.20 -.2445E-OI .5095E-OI -.9787E-OI .3203E-OI -.5736E-OI .3203E-OI 
!.80 .2055E+OO -.4282E+OO .I875E+OO -.4955E+OO .2I95E+OO -.4955E+OO 
2.40 .4l356E-OI -.IOI2E+OO .2243E+OO -.206IE-OI .I002E+OO -.206IE-OI 
3.00 -.I998E+OO .4I63F.+OO -.4262E+OO .4889E+OO -.3093E+OO .4889E+OO 

Wave functions expanded for ~ t.. IZ and different K-value with the 4 poles in the expansion 
(rectangular well: V0 •48.72 MeV, R=J.26 fm, i.e. j\>=5.0 ) 
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