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ABSTRACT 

We compare theoff-energy-shell behavior of 

several potential models for the nucleon-nucleon 

interaction. This is done by comparing the Kowalski-

Noyes half-off-shell functions f.e(p,k) resulting 

from the different models. 
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I. INTRODUCTION 

We have presented several separable potential models of the 

nucleon-nucleon interaction and claimed that these models will be useful 

in probing the off-energy-shell behavior of the nucleon-nucleon 

scattering amplitude. l ,2 Therefore, it seems useful to display the 

off-energy-shell behavior of our models and compare this off-shell 

behavior with the off-shell behavior produced by some other potential 

models of the nucleon-nucleon interaction. 

The point of the present paper is that the off-energy-shell 

behavior of separable potential models is not qualitatively different 

from the off-shell behavior produced by local soft-core Yukawa potential 

models. Thus, separable potential models'lead to off-energy-shell 

scattering amplitudes that are as close to physical reality as the 

ampli tudes resulting from these local potential models. Therefore,·· 

at the present state of our knowledge of the nucleon-nucleon interaction, 

the use of separable potential models in calculations involving off-

energy-shell nucleon-nucleon scattering amplitudes is strongly indicated, 

because of the great convenience and simplicity of the separable potential 

models. 

If the half-off-energy-shell partial-wave scattering amplitude 

Til(P,k; k
2

) goes to zero as k
2 ~ 00, which is true in potential theory, 

the half-off-shell amplitude is determined by the scattering region ~ 

(k
2 > 0) values of the on-shell amplitude and the Kowalski-NOyes3,4 

half-off-shell function fil(p,k), where fil(p,k) is a real function. 
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Similarly, it can be shown that the full off-shell amplitude (.. 

. 2 2 
T.£ (p ,p'; k) is determined for all values of k by the s~attering 

region (k2 > 0) values of the on-'shell amplitude and the half-off-

shell function 2 5 k --') 00. Consequently, 

in this paper we compare the off-energy-shell behavior of several types 

of potential models of the nucleon-nucleon interaction by displaying 

the half-off-shell functions for 2 
k > 0, generated by the 

various models. 
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II. EQUATIONS AND CONVENTIONS 

The half-off-shell partial-wave-nucleon-nucleon scattering 

amplitude T.e (p, k ;k2 )is determined in potential theory by the two­

particle nQnrelativistic Lippmann-Schwinger equation 

where the 

~ +2 
f:t 

DO 

J 
o k

2 2 
- q 

k " t" E -_ :..,..2k 2/2;' c.m. lne lC energy '11 ~ 

mass of the two nucleons. 

T ( k k2) .e q, ; 

+ iE 
, 

and !J. is the reduced 

It can be shown 6 on the basis of time reversal and uni tari ty 

alone that the half-off-shell amplitude Tg(p,k; k2 ) can be written 

(1) 

where f.e(p,k) isa real function and T.e(k
2

) is the on-shell partial-

wave scattering amplitude 

In fact, by performing a.Fredholm reduction on the singular 

integral Eq. (1), we can sho~ that the half-off-shell function 

f,e(p,k) is determined in potential theory by the nonsingular integral 

equation 
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V,e(p,k) 
00 2 V,e(p,k) V,e(k,q) 

21-1 J q dq 
[V P, (p ,q) Vp,(k,k) 

+- 2 . . 2 
h

2 
0 

k - q 

x. fp,(q,k) 

The real function f,e(p,k) has the threshold behavior 

-,e 
as p ->0 and fp,(p,k) ~.k as k ~O. Of course, 

and f,e(p,k) ~ 00 when T.e(k
2

) ~ O. 

V,e(k,k) 

In the separable potential models we presented earlier, the 

potential in uncoupled partial waves is 

and the half-off-shell function can be written 

where 

00 

and P indicates a principal value integral. For a. single -term 

] 
(2) 

separable potential, we haveV.e(p,p') = A g.e(p) g.e(p') with A = ±l 

fl· 

'S, 

·a-
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and the half-off-shell function is 

(4) 

We have compared the half-off-shell functions in the uncoupled 

partial waves 1 and D2 resulting from four different 

separable potential models of the general form 

and from three different local soft-core Yukawa potential models of the 

nucleon-nucleon interaction. These potentials are: 

(i) separable potential Cas e I of Ref. 2 with 

g.e(p) G .e/( 22)(.e+l)/2 '. 
R P P +~ , 

G . t/( 2 .2) (.e+1)/2 A p p + aA 

The potential parameter~ in the different partial waves .are given in 

Table I; 

(ii) separable potential Case II of Ref. 2 with 

g.e (p) 

h.e(p) 

2) (.e+2)/2 
+~ 

G .e/( 2 2) (.e+2)/2 
. AP . P +aA ' 

The potential parameters for the different partial waves are displayed 

in Table I; 
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(iii) separable potential Case IiI of Ref. 2 with 

GR P 
2 

[~2 Q£0 + ::)r g£(p) G2 "R2) 
P +4 

~ 2)f h.e (p) [ L Q£ L + ~2 .2 GA 2 
rrp 

where Q,.e(x) is the Legendre function of the second kind and the 

potential parameters are again given in Table I; 

(i v) separable potential Case IV of Eef. 2 with 

( ) G .e/( 2 . 2)(.e+l) 
g£ p = R P P + aR 

Note that (iv) is identical to (ii) in the partial wave lSO' The 

potential parameters in the different partial waves are entered in 

Table I; 

(v) the local soft-core potential models of ReidJ 7 In the 

partial wave 1 
SO' the potentials are 

-x -4x -7x 
- h ~ - 1650 .6 ~ + 6484.2 _e_ 

x x x 

and 
-x -3x -4x -6x 

_ h_e _ + 105.32 _e __ 2401.9 _e_. + 5598.2 _e_ 
x x· x x 

.. 

.,J' 
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In the partial wave 
1 
Pl , the potentials are 

-x -2x -3x 
== 3h !..- - 63L.-.39 _e_ + 2163. 4 _e_ 

x x x 

or 

-x -2x -6x 
== 3h _e _ _ 240 _e - + 17000 ~ 

x x· x 

Finally, in the partial lD2' the potentials are 

or 

-x -3x -5x 
- h ~ - 318.64 _e_ + 526.27 ~ 

x x x 

-x 
-h _e_ 

. x 

-2x .. e 
12.322 -­x 

-4x· .,..7x 
1112.6 _e_ + 6484.2 _e_ 

x x 

-1 
In all these potentials. h == 10.463 MeV and x == J-Lr with J-L == 0.7 F; 

(vi) the local soft-core potential model of Ulehla, Bysiricky, and 

8 1 Lehar. In the partial wave SO' this potential is 

V(x) 
m 2( -x -2x -3x -4x) 

== ~ . -2.06 ex + 31.8 ~ - 179.6 ~ + 212.2 ~ , 

while in 1 
Pl , the potential is 

V(x) 
m 2( -x . -2X) nee 

== - -1.31 - +12.25 --
~ . x x 

and in 1 
D

2
, the potential is 

2 

~ ~O.962 e:X 

+ 2.4 e:2x 
V(x) 

-3x ;..4x) 
0.2 _e_ - 39·2 ~x . 

x 
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where m = 139.51 MeV, 
rr 

~ = 937.0 MeV and x = ~r with 
-1 

~ = 0.707 F . 

In momentum space, the potentials of Reid and Ulehla et al. are 

given by 

(
2 2 2) G.. l' + q +~. 1. . 1. 

rrpq Q,,g . 2pq ., 

where Q,g(x) is the Legendre function of the secend kind. The coupling 

strength Gi 

in Table II. 

and the inverse ranges ~. 
1. 

in the three cases are given 

1 9 Additionally, in the partial wave SO' we consider Tabakin's 

single term separable potential model of the lSO interaction. In 

Tabakin I s model 

with 

2 . -3 
where ex 400.8434 F , k 

c 
-1 -1 

1.7 F , a = 4.05 F , b 
. -1 

and d = 1.683 F .. 

" 



-9- UCRL-18639 

III. CALCULATIONS AND RESULTS 

First we· check the on-shell properties of the different 

potential models. In Tables III through V, we present the values of 

the phase shifts generated by the different potential models at 

selected values of the laboratory kinetic energy. 

Next, we obtain the half-off-shell functions f,e(p,k) resulting 

from our separable potential models from Eq. (3) and we display 

f,e(p,k) vs p for fixed values of the laboratory kinetic energy 

ELAB = 2(n2 k2/2~) in Figs. 1 through 8. Note that in the partial 

wave the Case II and Case IV potentials are identical and the 

Case III potential of Ref. 2 has an off-shell behavior substantially 

different from the other separable potential models. This behavior is 

also characteristic of the Case I and Case II fits of Ref. 1, which 

have specially modified repulsive form factors. The different behavior 

of f,e(p,k) for large p in the various separable potential models is 

clearly displayed in Figs. 5 through 8. 

We now compare the off-shell behavior of our separable potential 

models of the nucleon-nucleon interaction with the Reid and Ulehla et aL 

local potential models and Tabakin I s separable lSO potential. We 

shall choose Case II of Ref. 2 to represent our separable potential 

models in this comparison, because it gives the best fit to the on-

shell data. 

For the local potential models, f,e(p,k) is obtained by solving 

the integral equation (2) numerically as a matrix inversion problem. 
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For the Case II of Ref. 2 separable potential model, f:e(p,k) is 

obtained from Eq. (3), while Eq. (4) yields f.e(p,k) for the Tabakin 

model. We display the results as curves of f.e(p,k) vs p at fixed 

values of k, in Figs. 9 through 16. 

When we compare the off-shell behavior resulting from the local 

Yukawa potential models with the separable petential models represented 

by Case II of Ref. 2, we find that the off-shell functions in partial 

waves with :e == 1 and :e == 2 are quite similar, especially at high 

energy (i.e., a laboratory kinetic energy of 300 MeV). The agreement 

would be even better if we had chosen Case IV of Ref. 2 to represent 

our separable potential models, because the Case IV potentials lead to 

an asymptotic behavior 

which is the same as the asymptotic behavior resulting from a super-

position of Yukawa potentials. Correspondingly, the agreement of the 

off-shell functions resulting from the local Yukawa models with the off-

shell functions generated by the separable model is somewhat worse in 

Cases I and III. 

The greatest difference between the off-shell functions 

resulting from the local potentials and our separable potential 

models is in the partial wave at laboratory kinetic energy of 

400 MeV and momentum p == 0, where f:e(p,k) "" 0 for the local 

potential models and f:e(p,k) is of order I for the separable models. 

(!' 

'-<¥' 
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Also, in the partial wave the function produced by 

our separable potential models falls off more slowly as p ~ 00 than 

the off-shell functions resulting from the local potential models. 

Notice that the single separable potential model of the inter-

action given by Tabakin seems to lead to an off-shell function somewhat 

different from those produced by other models. 

Our contention that the off-energy-shell behavior of separable 

potential models is not in contradiction with experiment and is not 

drastically different in a calculational sense fr9m the off-shell 

behavior produced by local potentials is borne out,respectively, by the 

success of Tabakin's earlier separable potential model of the nucleon­

nucleon interaction in nuclear physics calculations
lO 

and by the agree-

ment of the separable potential p-p Bremsstrahlung calculation of 

11 Pearce, Gale, and Duck, with the local potential calculations and 

with experiment. 

Our results have been checked by utilizing programs which solve 

the Lippmann-Schwinger Eq. (1) as a complex matrix inversion problem to 

b . th . t d (k k2,.) d (2) h . t o tal.n e ampll u es T.e p, ; an T.e k . T ese ampll .udes 
, 2 2 

determine f.e(p,k) by the equation f.e(p,k) = T.e(p,k,k )/T.e(k ), and 

this result is checked a.gainst f.e(p,k) calculated from Eqs. (2) and . 
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IV. COW~TS AND CONCLUSIONS 

We would first like to rema~k on Tabakin' s9 single separable 

potential model of the IS n"clcleon-nucleon interaction as set forth o 
in Eq. (S). This model leads to a ~ole in the full off-energy-shell 

" amplitude k 2 which does not occur in the actual 
c 

full off-shell amplitude. S If the Tabakin model is used in three-body 

scattering calculations, this spurious singularity or "positive energy 

bound state;' as Tabakin calls it, will lead to cuts in the three-body 

scattering amplitudes similar to those resulting from the scattering of 

a free particle off 
" 12 a real physical bound state of the other two. " 

It is dlfficult to predict the effects or assess the physical significance 

of these somewhat artificial cuts. Although the Tabakin potential 

yields an off-shell function f£(p,k) that is rather different from 

the off-shell functions resulting from our separable potential mode;t.s 
\ 

or from the local soft-core Yukawa potential models, we believe that the 

Tabakin potential may provide a useful model for the off-shell function 

f£(p,k). If the Tabakin model is used only to generate the off-shell 

function f£(p,k), the half-off-shell scattering amplitude may be 

"2 "" 2 2 
written T£(p,k; k ) = cx£(p) 13,e(k} Te(k) with T£(k) written in 

terms of the experimental phase shifts,and cx£(p) and 13£(k) obtained 

directly from the Tabakin model. Additionally, a separable model of 

the off-shell factor f£(p,k) in the form f£(p,k) = cx£(p) t3£(k) is 

very useful when studying the full "off-shell arrrplitude. S 

It seems that the necessity of fitting the on-shell data 

constrains our separable potential models and the local soft-core 



.. 
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Yukawa potentials to share the same qualitative off-shell behavior. 

This is not surprising in view o:f the smoothness of the mathematical 

forms of these potentials. 

Our separatle potential models do show some variation in 

off-shell behavior, especially for large .values of p in f£(p,k). 

This reinforces our hopes that the use, in calculations involving the 

off-energy-shell two-body scattering amplitude, of the form 

. 2 
with F £ (p ,p f; k) determined by the separable potential models and 

T£(k
2

) written in terms of the experimental phase shifts, will enable 

us to discern the sensitivity of these calculations to the off-energy-

shell behavior of the amplitudes. 

We have demonstrated that separable potential models lead to an 

off-energy-shell behavior,which is not qualitatively different from 

the off-shell behavior resulting from local soft-core YUkawapotential 

models of the nucleon-nucleon interaction. Since separable potential 

models do not produce any freakish effects off the energy shell, they 

seem to have an equally valid claim to presenting a realistic 

representation of the off-shell nucleon-nucleon interaction as the 

local potential models . Therefore, since the separable potential 

models are so much simpler, their use in calculations involving the 

off-energy-shell nucleon-nucleon partial-wave scattering amplitude 

is strongly indicated. 
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Table I. Potential paramete~s for the separable 

potentials of Ref. 2. 

,j, 

Case I 

Partial GR 1 
aR GA 1 

aA 
Wave (MeV F)2 (F-1 ) (MeV F)2 (F-1) 

18 
0 52 . 45 2·331 41.36 1.855 

lp 
1 49.83 1.138, 46.16 1.103 

lD 
2 

0;0 ' 4.817 1.418 

Case II 

Partial GR 1 ~ GA 1 
aA 

Wave (MeV/F)? (F-l) (MeV/F)? (F-1 ) 

18 
0 302.0 6.157 27·33 1.786 

lp 
1 40.88 1.410 30.21 1.258 

lD 
2 0.0 21.09 1·944 

a .. 

'. 
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Ta.ble I (Continued) . 

, 
Iy 

Ca.se III 

Partia.l GR !-LR GA !-LA .I, 

1 1 

Wave (MeV F)2 (F~l) , (MeV Fr' (F-1 ) 

lS 
0 20.84 2.225 10.00 1·300 

lp 
1 26·53 0.644 31·53 1.256 

lD 
2 

0.0 10.61 1.415 

Case IV 

GR ~ GA " 
aA Partial 

[MeV' F-(2,£+1) J~ (F-1 ) [MeV F-(2£+1)J~ (F-1 ) Wave 

lS 
0 302.0 6.157 27·33 1·786 

~1 121.6 ' 1.967 49·73 1.566 

~2 0.0 530·5 2.721 

.' 
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Table II. Parameters of the soft-core local potentials of Reid and Ulehla et al. 

Vg (p ,q) 
\ Gi . P + q + fJ. i 4 C 2 2 2) 
L rrpq Q,£ 2pq . where the fJ.. are in inverse Fermis 

1 

i=l 

(F-l ) and G. are in MeV F. 
1 

Potential -1 
fJ.1 (F ) Gl(MeV F) 

Reid A 0·7 -14.947 

Reid B 0·7 -14.947 

Ulehla et al. 0.707 -60·5 

Reid A 0·7 31·389 

Reid B 0·7 31 .389 

Ulehla et al. 0.707 -38·5 

-1 
fJ.2(F ) G2(MeVF) 

-1 
fJ.
3

(F ) G
3

(MeV F) 
-1 

fJ.~(F ) 

Partlal Wave IS 
0 

2.8 -2358.0 L~. 9 9263. 1 

2.1 150.46 2.8 -3431. 3 4.2 

1.414· 934.0 2.121 -5277 .0 2.828 

Partial Wave 
1 

PI 

1.4 -906.27 2.1 3090.6 

1.4 -342 .9 L~. 2 . 24285·7 

1.414 359·7 2.121 0.0 2.828 

~ ;> 

c" 

G4(MeV F) 

0.0 I 
I--' 

-.J 
I 

7497. 4 

6234,0 

0.0 

0.0 c:::: 
0 
~ 

0.0 t-i 
I 

I--' 
CD 
0\ 
VJ 
0 



Table II (Continued). 

Potential -1 
[ll(F ) G1 (MeV F) 

-1 
[l2(F ) G2(MeV F) 

-1 
[l3(F ) 

Partial Wave ID 
2 

Reid A 0·7 -14.947 2 .. 1 -455·20 3·5 

Reid B 0·7 -14.947 1.4 -17. 663 2.8 

Ulehla et al. 0.707 -28·3 1.414 71.0 2.121 

~ 

'. 

G
3

(MeVF) 
-1 

[l4(F ) 

751 .81 

-1589.4 4.4 

5·9 - 2.828 

G4(Mev F) 

().O 

9263.1 

-1150. 0 

G, ..... 

I 
I-' 
OJ 
I 

~ 
E:1 
I 
I-' 
co 
0'\ 
\..N o 
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Table III. lSO phase shift in degrees generated by different potential 

models at selected values of the laboratory kinetic energy. 

Potential 
Models 50 MeV 100 MeV 150 MeV 200 MeV 250 MeV 300 MeV 350 MeV 

Mongan 40.0 24.6 14.1 6.2 -0.11 -5. 2 -9·6 
Case I 

Mongan 40.4 25·0 14.4 6.4 -0.05 -5. 4 -10.0 
.Case II 

Mongan 30·3 16.9 9·1 3·8 -0.06 -3·1 -5·5 
Case III·· 

Reid A 38.6 24.3 14.0 5·8 -:1. i -7. 0 -12.2 

Reid B 38.4 21+.1 13·9 5·7 -1.0 -6.8 -11·9 

Ulehla 39.6 24·9 14.6 6.6 -0.09 -5. 4 -10.1 
et al. 

Tabakin 37. 0 22·9 13·2 5. 4 -1.3 -7. 4 -13·0 
Single 
Separable 
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Table IV. IPl phase shift in degrees generated by different potential 

modeis at selected values of thelab6ratory kinetic energy. 

Potential 
Model 50 MeV 100 MeV 150 MeV 200 MeV 250 MeV 300 MeV 350 MeV 

Mongan -3. 2 -11.6 -18.2 -23·3 -27. 2 -30·3 -32 .8 
Case I 

Mongan -2·7 -12·3 -19· 7 . -24.9 -28·3 ":30.6 ":32.0 
Case II 

Mongan -3·0 -13·0 -20.0 -24·7 -28.0 -30·3 -32.0 
Case III 

Mongan -3.6 -12·3 -19·7 -25~3 -29·2 -31.8 -33·3 
Case IV 

Reid A -4.3 -11.5 -18·7 -25. 2 -30.9 -35· 9 . -40.4 

Reid B -5·5 -11·3 -18.0 -24.6 -30.9 -36.9 -42.4 

Ulehla -5·7 -12·3 -17. 1 -20·5 -23·2 -25. 4 -27. 1 
et aL 

,. 

l, 
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Table V. .lD2 phase shift in degrees generated by different potential 
I 

Tnodels at selected values of the laboratory kinetic energy. 

potential 
Models 50 MeV +.00 MeV 150 MeV 200 MeV 250 MeV 300 MeV 350 MeV 

Mongan 1.1 3·3 5·5 7. 1 8.4 9·2 9·9 
Case I 

Mongan 0·9 3·1 5·~ 7·2 8·5 9·3 9.8 
Case II 

Mongan 1.4 3·5 5.11 6.9 8.2 9·1 9·9 
Case III 

Mongan 0.8 2.8 5. 2 7. 2 8.6 9·5 9.8 
Case IV 

I· 

Reid A 1.7 3·6 5·3 6.8 8.0 9·0 9·8 

Reid-B 1.7 3·6 5. 4 6.9 8.1 8·9 9.4 

Ulehla 2.0 3·5 5. 2 7. 1 9.1 11.3 13·4 
et a1. 

'.' 



-22.;. UCRL-18630 

FIGURE CAPTIONS 

Fig. 1. Noyes-Kowalski half-off-shell functions ~.e(p,k) for the 

separable potential models of Ref. 2 in the partial wavelso 
at a laboratory kinetic energy of 0 MeV. The dashed curve 

represents the Case I fit. The solid curve marks the Case II 

and Case IV fits,. which are identical in the partial wave 

ISO' The Case III fit is indicated by the dotted curve. 

Fig. 2. Noyes-Kowalski half-off-shell functions f.e(p,k) for the. 

separable potential models of Ref. 2in the patial wave ISO 

at a laboratory kinetic energy of 230 MeV. Description of 

the curves is as fOT Fig. 1. 

Fig. 3. Noyes-Kowalski half-off-shell functions f.e(p,k) for the 

separable potential models of Ref. 2 in the partial wave 

at a laboratory kinetic energy of 2'70 MeV. Description of 

the curves is as for Fig. 1. 

Fig. 4 . Noyes-Kowalski half-off-shell functionsf .e(p, k) for the 

separable potential models of Ref. 2 in the partial wave 

at a laboratory kinetic energy of 400 MeV. Description of 

the curves is as for Fig. 1. 

Fig. 5. Noyes-Kowalski half-off-shell functions f.e(p,k) for the 

separable potential models of Ref. 2 in the partial wave lpi 

at a laboratory kinetic energy of 100 MeV. The dashed curve 

represents the Case I fit, the solid curve marks the Case II 

fit, the dotted curve indicates the Case III fit, and the 

dot-dash curve denotes the Case IV fit .. 
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Fig. 6. Noyes-Kowalski half-off-shell functions f.e(p,k) for the 

separable potential models of Ref. 2 in the partial wave 

at a laboratory kinetic energy of 300 MeV. Description of the 

curves is as for Fig. 5. 

Fig. 7. Noyes-'Kowalski half-off-shell functions f.e(p,k) for the 

separable potential models of Ref. 2 in the partial wave 

at a laboratory kinetic energy of 100 MeV. Description of the 

curves is as for Fig. 5. 

Fig. 8. Noyes-Kowalski half-off-shell functions f.e(p,k) for the 

separable potential models of Ref. 2 in the partial wave 

at a laboratory kinetic energy of 300 MeV. Description of the 

curves is as for Fig. ,. 

Fig. 9. Comparison of the Noyes-Kowalski half-off':'shell functions 

f.e(p,k) resulting from local potential models and separable 

potential models in the partial wave Iso at a laboratory 

kinetic energy of 0 MeV. The solid curve denotes f.e(p,k) 

resulting from the separable potential Case II of Ref. 2, 

which has been chosen as representative of the separable 

potential models of Ref. 2. The solid curve marked with .6. 

represents f.e(p,k) resulting from Tabakin's single term 

separable potential model of the ISO interaction. The 

dotted curve displays f.e(p,k) produced by the local potential 

model of Ulehla et al. The dashed curve indicates f.e (p ,k) 

generated by the local potential model of Reid which we have 

called A in the text. The dot-dash curve signifies fp,(p,k) 



-24- UCRL-18630 

J. 
resulting from the local potential model of Reid which we 

have called B in the text. 

Fig. 10. Comparison of the Noyes-Kowalski half-off-shell functions 

f.e (p,k) resulting from ,local potential models arid separable 

potential models in the partial wave lso at a laboratory 

kinetic energy of 230 MeV. Description of the curves is as 

for Fig. 9. 

Fig. 11. Comparison of the Noyes~Kowalski half-off-shell functions 

f.e(p,k) resulting from local potential models and separable 

potential models in the partial wave at a laboratory 

kinetic energy of 270 MeV. Description of the curves is as 

for Fig. 9. 

Fig. 12. Comparison of the Noyes-KoVlalski half-:off-shell functions 

f.e(p,k) resulting from local potential models and separable 

potential models in the partial wave at a laboratory 

kinetic energy of 400 MeV. Description of the curves is 

as for Fig. ·9. 

Fig. 13. Comparison of the Noyes-Kowalski half-off-shell functions 

f.e (p, k) resulting from local potential models and separable 

1· potential models in the. partial wave .... Pl at a laboratory 

kinetic energy of . 100 MeV. The solid curve denotes f.e (p, k) . 

resulting from the separable potential Cas~ II of Ref. 2, 

which has been chosen as representative of the separable 

potential models of Ref. 2. The dotted curve displays 

f.e(p,k) productedby the local potenti~l model of Ulehla et al. 
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The dashed curve indicates f.e(p,k) generated by the local 

potential model of Reid "which vfe have called A in the text. 

The dot-dash curve signifies f,e(p,k) resulting from the local 

potential model of Reid which we have called B in the text. 

Fig. 14. Comparison of the Noyes-Kowalski half-off-shell functions 

f.eCp,k) resulting from local potential models and separable 

potential models in the partial wave at a laboratory 

kinetic energy of 300 MeV. Description of the curves is as 

for Fig. 13. 

Fig. 15. Comparison of the Noyes-Kowalski half-off-shell functions 

f.eCp,k) resulting from lOcal potential models and separable 

potential models in the partial wave at a laboratory" 

kinetic energy of 100 MeV. Description of the curves is as 

for Fig. 13. 

Fig. 16. Comparison of the Noyes-Kowali::ki half-off-shell functions 

f t(p ,k) resulting from local potential models and separable 

potential models in the partial wave at a laboratory 

kinetic energy of 300 MeV. Description of the curves is as 

for Fig. 13. 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, 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 informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any informat{on, 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 Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such contractor prepares, disseminates, or pro­
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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