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In view of practical nuclear structure calculations the Paris N-N potential is parametrized in a simple
analytical form. This parametrization consists of a regularized discrete-superposition of Yukawa-type terms.
Results for phase shifts and deuteron parameters are presented as well as nuclear matter binding energy
obtained with this potential.

NUCLEAR REACTIONS Nucleon-nucleon interaction, parametriz ation of the
Paris N-N po'tential. 0 to 330 MeV N-N phase shifts.

Some years ago, we derived' a nucleon-nucleon
interaction from p& and mm interactions, which
includes the one-pion-exchange (OPE), correlated
and uncorrelated two-pion-exchange, and (d-ex-
change contributions. These theoretical contribu-
tions give a fairly realistic description of the long
and medium range (LR+MR} N-N forces since

(i) the peripheral (J )2) phase shifts calculated
from these contributions are in good agreement
with the experimental ones, '

(ii} an equivalent potential derived from this
(v+2m+~} exchange interaction compares very
well with the phenomenological potentials of Yale
and of Hamada-Johnston down to internucleon dis-
tances y -0.6 fm for the spin-spin and tensor com-
ponents and y -0.8 fm for the central and spin-or-
bit components. '

Although in some cases-(e.g., the isotriplet spin-
spin component} the agreement extends to very
small values of y, there is no compelling theoreti-
cal reason to believe the validity of our potential
in the region x &0.8 fm since the short range (SR)
part of the interaction is related to exchange of
heavier systems and/or to effects of subhadronic
constituents such as quarks, gluons, etc. At pres-
ent, no reliable calculations of this SR part are
available. Thus, we provisionally take the view-
point that the SR part should be determined pheno-
menologically, with the hope that our accurately
determined LR+ MR interaction will provide strong
constraints on this SR part, leaving us with only a
few degrees of freedom. Along this line, we pro-
posed' to describe the core with a very simple
phenomenological model; namely, the long and
intermediate range (m+2m+up) potential is cut off
rather- sharply at internucleon distance y - 0.8 fm
and the short range (r (0.8 fm) is described sim-
ply by a constant soft core. This introduces the

minimum number (five) of adjustable parameters
corresponding to the five components (central,
spin-spin, tensor, spin-orbit, and quadratic spin-
orbit) of the potential for each isospin state. On
the other hand it was found that the central compo-
nent of the theoretical LB+MR potential has a
weak but significant energy dependence and that
this energy dependence is, in a very good approxi-
mation, linear. As an energy dependence appears
already in the LR+MR potential, one expects also
an energy dependence in the SR part. Indeed, fit-
ting the data required an energy dependent core for
the central potential, the energy dependence being
again linear and introducing therefore one addition-
al parameter, the slope of the energy dependence.
The proposed SR part is then determined by fitting
all the known phase shifts (8 ( 6) up to 330 MeV
and the deuteron parameters. Although the number
of free parameters is small (six in total for each
isospin state) the quality of the fit is very good.
The X'/data are as good as the ones given by the
best phenomenological potentials which contain
many more free parameters.

The previous model (referred to, in the litera-
ture, as the Paris N-N potential) was purposely
chosen in its simplest form to demonstrate that,
once the LR+ MR forces are accurately determin-
ed, the SR forces can be described by a model
with few parameters that does not affect the LR
+ MR part. This simple model in which a definite
separation between the theoretical and phenomeno-
logical parts is made, is designed for providing a
clear physical insight into the problem. However,
the explicit expression of the resulting potential is
not very convenient for practical use in many-body
calculations:

(i) the energy dependence of the potential which
can be treated naturally in the two-body scattering
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TABLE I. The 2' =1 Potential parameters. The notation & +n stands for x M ".

Central Singlet Potential Vo

m~(fm ~)

gg(MeV)
m J
8'J

mg

gg

0.68402600+ 00
-0.100 774 27+ 02

0.370 000 00+ 01
0.543 833 77+ 05
0.650 000 00 + 01
0.529 575 98+ 06

0.160 000 00 + 01
' -0.120 495 64+ 03

0.440 000 00+ 01
-0.213421 47+ 06

0.820 000 00+ 01
-0.137034 12+ 06

0.230 000 00+ 01
-0.212 364 60+ 03

0.510 000 00+ 01
0.494 583 57+ 06
0.99000000+ 01

-Q.346 97194+ 06

0.300 000 00+ 01
-0.871 741 98+ 04

0.580 000 00+ 01
-Q.667 15334+ 06

0.113000 00+ 02
see Eq. (9)

m)(fm-~)
gg(MeV)

m j
gy
mf
SJ

0.684 026 00 + 00
0.335 91422+ 01
0.370 000 00+ 01
0.385092 13+04
0.650 000 00 + 01
0.242 424 4P + 06

Central Triplet Potential V~

0.160 000 00+ 01 0.230 000 00+ 01
-0.864 795 68+ 02 -0.465 93111+03
0.44O OQO Op+ 01 0.51O OOOOO+ 01

-0.196 743 38+ 05 0.123 23140 + 06
0.820 000 00 + 01 0.990 000 00 + 01
0.16690404+ 06 -0.485 343 64+ 06

Central Singlet Potential Vo

0.300 000 00+ 01
0.186 730 85+ 04
0.580 000 00+ 01

-0.314493 61+06
0.113000 00+ 02

see Eq. (9)

m~{fzn-')

mj
gJ
mg

8g

0.684 026 00 + 00
0.268 51393 —02
0.370 000 00+ 01

-0.14521993+ 03
0.650 000 00+ 01

-0.336 742 05+ 04

0.160 000 00+ 01
0.510 924 55-01
O.44O OOO OO+ O1

0.841 583 89+ 03
0.820 000 00+ 01

-0.17845529+ 04

0.230 000 00+ 01
-0.842 642 58+ 00

0.510 000 00+ 01
-0.278 61170+ 04

0.990 000 00 + 01
P.535482 66+ 04

0.300 000 00+ 01
0.147 363 12+ 02
0.580 000 00+ 01
0.505 645 10+ 04
0.113000 00+ 02

see Eq. (9)

Central Triplet Potential V&

m (fm. i)
gg
mg

m j
gJ

0.684 026 00+ 00
-0.89504644-03

0.370 000 00 + 01
-0.146 6Q1 52 + P3

0.650 000 00 + 01
-0.350 00430+ 04

0.160 000 00+ 01
0.374 88481-01
0.440 000 00+ 01
0.841 91462+ 03
0.820 000 00 + 01

-0.248 794 79+ 04

0.230 000 00+ 01
.-0.893 730 89+ 00

0.510 000 00+ 01
-0.283 942 73+ Q4

0;990 000 00+ 01
0.730 68121+04

0.300 000 00+ 01
0.141234 75+ 02
0.580 000 00+ 01
0.526 534 27+ 04
0.113000 Qp + 02

see Eq. (9)

Spin-Orbit Potential Vl, z

mg(fm-~)

gg(MeV)

m j
gg

0.370 QOQ 00+ 01
Q.GQQ 33934+ 07
0.650 000 00+ 01
0.17131548+09

. 0.16000000+ 01
-0.426 003 59+ 03

0.44000000+ 01
-0.345 19443+ 08

0.820 000 00+ 01
-0.864 182 22+ 08

0.230 000 00+ 01
0.262 795 17+ 05
0.510 000 00 + 01
0.113554 59+ 09
0.990 000 00+ 01

see Eq. (9)

0.300 000 00+ 01
-0.575 570 33+ 06
0.580 000 00 + 01

-0.207 292 09+ 09
0.113000 00+ 02

see Eq. (9)

Tensor Potential Vz

mq(fm-')
g~(MeV)

mj
8g
m j

0.684 026 00 + 00
0.335 914 22 + 01
0.370 000 00+ 01

-0.188810 61+ 05
0.650 000 00 + 01

M.349 166 64+ 06

0.160 000 00+ 01
-p.859458 24+ 00

0.440 OOOOO+ 01
p.106 13246+ 06
0.820 000 00 + 01

-0.11945013+06

Q.230 000 00+ 01
-0.104 763 40+ 03

0.510 OOOOO+ O1
-Q.332 11910 + 06

0.990 000 00+ 01
see Eq. (9)

0.300 000 00+ 01
0.].26 294 65+ 04
0.580 000 00+ 01
p.555 85762+ 06
0.113000 00 + 02

see Eq. (9)

Quadratic SpinMrbit Vso2

mg(fm-~)

gg(MeV)
mg
8'g

m)

0.370 000 00+ 01
0.559 13117+ 05
0.650 000 00+ 01
0.243 390 81+ 07

0.160 000 00+ 01
-0.522 18640+ 00

0.440 000 00+ 01
-0.369 985 60+ 06

0.820 000 00+ 01
see Eq. (9)

0.230 000 00+ 01
0.186445 58+ 03
0.510 000 00+ 01
0.145 37543+ 07
0.990 000 00+ 01

see Eq. (9)

0.300 000 00+ 01
-0.370 91115+ 04

0.580 000 00 + 01
-0.313 524 71+07

0.113000 Qp + 02
see Eq. (9)



PARAMETRIZATION OF THE PARIS N-N POTENTIAL

'ABLE II. The 1' = 0 Potential parameters. The notation +n stands for a x10

mz(fm-i)
gg{MeV)

md

ml'

0.699 53600+ 00
0.322 908 74+ 02
0.370 000 00 + 01
0.172 926 83+ 06
0.650 000 00+ 01
0.279 905 59+ 07

Central Singlet Potential ~p

0.160 000 00 + 01 0.230 000 00 + 01
—.0.824 656 31+02 0.123 293 84+ 04,

0.440 000 00 + 01 0.510 000 00 + 01
-0.768352 77+ 06 0.218 904 75+ 07

0.820 000 00 + 01 0.990 000 00 + 01
0.502 51828+ 06 -0.260 061 24+ 07

Central Triplet Potential V~

0.300 000 00+ 01
—. 0.168598 79+ 05

0.580 000 00+ 01
-0.384472 87+ 07

0.113000 00+ 02
see Eq. (9)

m~(fm-&}

gg(MeV)
md

mi'

8g

0.699 53600+ 00
-0.107636 25+ 02

0.370 00000+ 01
-0.345 740 24+ 05

0.650 000 00+ 01
-0.366 067 13+ 06

0.160 000 00+ 01
-0.429 736 69+ 02

O.44O OOO OO+ O1

0.126 71169+ 06
0;820 000 00 + 01

-0.223 036 73+ 06

0.230 000 00+ 01
-0.718 56844+ Q3

0.510 000 00+ 01
-0.274 16841+Q6

0.99000000+ 01
0.406 838 33+ 06

0.300 000 00 + 01
0.424 69120 + 04
0.580 000 00+ 01
0.529 60724+ 06
0.113000 00 + 02

see Eq. (9)

Central Singlet Potential Vp~

m~(fm-~)

gg
md

gg
m j
8g

0.699 536 00+ 00
-0.859 800 96 -02

0.370 000 00 + 01
-0.11527067+ 03

0.650 000 00+ 01
-0.245 21604+ 04

0.160 000 00 + 01
0.268 143 85 —01
0.440 000 00+ 01
0.694 561 75+ 03
0.820 000 00 + 01

-0.195128 21+ 04

0.230 000 00+ 01
-0.132 806 93+ 01

0.510 000 00 + 01
-0.238 793 35+ Q4

0.990 000 00+ 01
0.41801160+ 04

0.300 000 00+ 01
0.103 242 89+ 02
0.580 000 00 + 01
0.423 880 11+04
0.113000 00+ 02

see Eq. (9)

Central Triplet Potential V&

mg(fm i)

m j

gg

0.699 536 00+ 00
0.286 600 32 —02
0.370 000 00 + 01

-0.31192395+ 02
0.650 000 00+ 01

-0.130430 30+ 04

0.160 000 00+ 01
-0.81798046-03

0.440 000 00+ 01
0.300 413 84+ 03
0.820 000 00+ 01

-0.214 965 77+ 04

0.230 000 00+ 01
-0.533 145 60+ 00

0.510 000 00+ 01
-Q.124 150 67+ 04

0.990 000 00+ 01
0.409 969 17+ 04

0.300 000 00+ 01
0.831 620 30+ 00
0.580 000 00+ 01
0.24762241+ 04
0.113000 00+ 02

see Eq. {9)

Spin-Orbit Potential Vz z

m~(fm-i)
gg{MeV)

mg

gg

0.370 000 00+ 01
0.69146141+06
0.650 000 00+ 01
0.235 11442+ 08

0.160 000 00 + 01
-0.661 764 21+ 02

0.440 000 00+ 01
-0.409 69146+ 07

0.820 000 00 + 01
-0.146 884 61+ 08

0.230 000 00 + 01
0.289036 88+ 04
0.510 000 00 + 01
0.140 320 93+ 08
0.990 000 00+ 01

see Eq. (9)

0.300 000 00+ 01
-0.625 924 00 + 05

0.580 000 00+ 01
-0.268 274 68+ 08

0.113000OO+ 02
see Eq. (9)

Tensor Potential Vz

m&(fm- )
gg{MeV)

mg

8g
m j

0.699 536 00+ 00
-0.10763625+ 02

0.370 000 00 + 01
0.51432170+ 03
0.650 000 00+ 01

-0.4/1 276 68+ 05

0.160 000 00+ 01
-0.468 180 29+ 00

0.440 000 00 + 01
0.116373 02+ 05
0.820 000 00+ 01
0.705140 08+ 04

0.230 000 00+ 01
0.60147739+ 02
0.510 000 00+ 01

-0.445 954 15+ 05
0.990 000 00 + 01

see Eq. (9)

0.300 000 00+ 01
0.352 56941+ 03
0.580 000 00+ 01
0.692 11738+ 05
0.113000 00+ 02

see Eq. (9)

Quadratic Spin Orbit Vgp2

m~{fm-i)

mj
Sg
mg

0.370 000 00 + 01
-0.649 047 98 + 04
0.650 000 00+ 01

-0.160 129 56+ 05

0.160 000 00 + 01
-0.628 510 20+ 00

0.440 000 00 + 01
0.547343 78+ 04
0.820 000 00+ 01

see Eq. (9)

0.230 000 00+ 01
-0.762 90197+ 02

0.510 000 00+ 01
-0.329 41912+ 05

0.990 000 00 + 01
see Eq. {9)

O.3OO OOO OO+ O1

-0-78827581+ 03
0.580 000 00+ 01
0.24949132+ 06
0.113000 00+ 02

see Eq. (9)
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case, may be ill-defined in many-body systems;
(ii) the theoretical LR+ MR potential presents it-

self as a dispersion integral;
(iii) the presence of a sharp cutoff function may

be troublesome in numerical works.
This note reports a parametrization of the Paris

potential which is convenient enough to facilitate
its use in the many-body calculations. We adopted
a unique analytical expression for the complete
potential, namely a discrete sum of Yukawa-type
terms which has the advantage that their forms
are simple in both configuration and momentum
spaces. Concerning the energy dependence of the
central potential, it has been shown4 that one can
transform the linear energy dependence occurring
here into a p2 dependence. In this work we have
used this latter form since it can be handled with-
out any amibiguity.

We would like to warn the reader that these
forms provide a useful but purely mathematical
representation of our potential, valid for all h,
without distinction between the theoretical and

phenomenological parts. Consequently, no physi-
cal interpretation should be attached to the values
of the parameters. However, we required the LH
+ MR theoretical part to be strictly preserved.
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I
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2.0

PARAMETRIZATION IN CONFIGURATION SPACE

For the two isospin values T=1 and &=0, the
potential is expressed in terms of the usual non-
relativistic invariants:

V(&,p') = V,(r, p')Q, +V,(r, p')Q, +V„(r)Q„
+ Vr(r) Qr + U sos(r) Q sos

where

V(r)

(vev)

1 —O'I ~ 0'2
0

3+O'~ g2
1 4 100"

LET CENTRAL POTENTIAL

T=1 .S=1)

~~s=L S

g I 2 &I. ' O'2-

50"

Q sos- 2 ((Ty ~ Los ~ L+os ~ L(T ~ L).

As mentioned earlier, the central components
contain a velocity dependent part and V, and V,
are defined as

V(r, p )=V'(r)+(p'/m)V'(r)+V'(r)(pslng), (3)

with

1.0 2.0 r (urn)

2 2 1
p h Ch'

m =938.2592 MeV for T=1, and 938.9055 MeV for

FIG. 1. The solid lines refer to the complete potential,
the dashed lines to the theoretical one. In the case of the
LS potential (T= 0 8= 1) the two curves are indistinguish-
able.



PARAMETRIZATIOW OF THE PARIS N-W POTKNTIAI

v(~) ~

(MeV)

0

- 50"

1:0 2:0 r (Fm)

V (r)
(MeV)

100.-

50--

I
I

I

I
I

I
I

1

l
\

Quadratic Spin-Orbit Potential

(7=i)

-100.~

0
1.0 20 r (Fm)

-150--
LS POTENTIAL

1 S=l) —5'0--

-200.- -100--

-150

V(r)
(WeV)

150"

50"

150--

0
r (Fm)

100-
TIAL

-50--

-100--

TENSOR POTENTIAl.

(T=1 S=1)

50--

0
! 10 2.0 r (Fm)

FIG. 1. (Continued).
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T=0. For each component V(r) the following pa-
rametrization is used:

Consequently, the parameters g. are imposed to
satisfy the following relationships:

V(r)= g g,F (m,r)
m'x

'

where

F(mp')=1 for V;, V~o V;, and V,'

1 1F (m)r)= +, ,2 for V~~mp' ~mjr )

3 3
F(m,r)= 1+ +, „ for Vr

mp (mp )

1 3 3
F(m)r)=, )2

1+ +, ,2 for V~o2.j ~mjr ) mjr amp )

The masses mj are the same for all components,
the first term (j =1) corresponds to the OPE and

appears only in V„V„and V~.
Tlie potential is regularized at the origin y=0.

~=0 for Vo, and Vo,
=1 j

n
-'=0 and g, =0 for Vr and VLSmj ] m

n nj'3=0, and Q '5=0 for V»2 .
-"1 j j=1

o=
mj

It should be noted that these constraints have to be
satisfied with an accuracy related to the precision
required for the value of V at the original=0, so
that in Tables I and II the last values of the gj's
(the last one for V;, and V', „ the last two for V~&
and Vr, and the last three for V», ) are not listed.
They are to be computed by the users, according
to the accuracy they will need, with the following
formulas:

g„=-~~ for Vo 1 and Vo 1,a b

] m~~

*
' *(.*Z "-E~)

for VLs and V

gn 2 2 n-j. . 3'
m r

5 %3
~-2 2 2, gj +( 2+ 2)

gn-2 I 2 2yg. 2 2y +n"]. mn 5 xmn-1 ™nI 3 fOr VS»
mn 2 mj j mj

and two other relations deduced by circular per-
mutation of n-2, n-1, ands.

PARAMETRIZATION IN MOMENTUM SPACE

l

with 6='fi& -$, .
Here, the velocity dependent central components

V 0 and V™
1 are def inc d as

By a Fourier transform of EZ. (1), one gets' in
the center-of-mass system

v(y„y, )=v,(y, , y, g,+v, (y, , y, g,+v„(s')fl„
+v, (a' )n +v», (a')6», (1o)

where

v(p, , p, )=v'(&')+ —(p, '+p, ')v'(~').

For each component V(h')

1 . ~ 1
( ')=2-. ~ . ~ f(, (13)

where

3+&1 0'2
1

Q~~- (g,+c'2). p. xPy,

f(m, )=1 for Vo, and V', ,

f(m,)=, for V» and Vr
1

0'1 ~ ~2 3 O'1 ' ~ 02

»Q o1 ' (5f Pf) o2 (5j Pf)i

f(m )=, for V»z (disregarding additionalm'
logarithmic terms).
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TABLE III. The calculated' phase shifts (in degrees).

&;~b (Mev)

i
So

iG

'po

3pi
3P

3+

3j'
3j'

3B4

3H5

3H6

66

3Kt;

48.51 .

0.7$

0.04

8.87

-5.04

-0.85

0.11

-0.24

0.03

-0.05

0.01

-0.02

0.00

-0.00

0.00

50

38.74

1.81

0.17

11.82

-8.41

-1.78

D.35

-0.73

0.14

-0.21

0.03

-0.09

0.01

-0.03

0.00

95

25.85

3.72

Q.43

10.35

-12.76

10.66

-2.67

0.77

-1.53

0.48

=0.54

0.11

-0.30

0.05

-0.12

0.02

15.68

5.56

0.71

-16.47

14.06

-2.9.1

1.04

-2.19

0.95

-0.86

0.21

-0.55

0.13

-0.23

0.04

210

4.03

7.66

-0.16

21027

16.49

2%71

1.08

-2.93

1.75

-1.23

0.37

-0.87

0.27

-0.40

0.09

33Q

-11.80

9.37

1.93

-10.79

-28.90

16.44

-2-00

0.14

-3.95

3.31

-1.64

0.59

1031

0.59

-0.66

0.19

TABLE IV. The calculated T =0 phase shifts (in degrees).

E (MeV)

ip
1j'
i~
3S

SDi
3D

3D3

3G3

3G

3G
5

65

3I

3I8

7011

-0.44

-O.Q3

80.35

1.69

-2.95

3.96

0.04

0.59

-0.06

0.18

-0.01

o.o4

-0.00

0.01

-10.95

-1.20

-0-17

62.28

1.89

9.60

0.29

1.72

-0.28

-0.05

0.22

-D.02

0.10

-15.33

~2 e31

-0.52

43.83

2.10

12 033

17.91

1.17

3.56

-G.95

2.18

-0.16

0.72

-0.12

0.41

142

-18.60

-3.18

-0.86

$1.06

2.5G

-16.61

23.51

5.00

-1.81

3.70

-0.25

1.28

-0.28

0.86

210

22 021

-4.19

1%27

17.49

3.35

-20.95

27.52

3.70

6.40

5.75

-0.29

2.04

-0.56

1.56

330

-27.00

-5.77

1077

0.06

5.27

-25.32

28.25

4.75

7.76

-5.05

8.76

-0.07

3.14

-1.11

2.80



21 PAgAINETRIZATION OF THE PARIS N-N POTENTIAL

FIT OF THE N-N PHASE SHIFTS AND DATA

The values of the parameters m& and g& are list-
ed in Tables I and II, the missing ones (g„ for V;,
and ~0, 1& graf& gn-1 f r ~z' and ~g gi and gftr gn. 1& gn-2
for V~o~) were computed from Eqs. (9). The val-
ues shown in the tables were determined by a bal-
anced fitting of the shapes of the potentials, the
phase shifts, and the data themselves. Qf course,
departures from the simple "rounded steplike"
model of Ref. (3) are unavoidable with a super-
position of Yukawa-type terms even though they
are regularized at x=0. Another origin of the de-
partures is the use of a p' dependence for the cen-
tral potential instead of an energy dependence as
in Ref. (3). However, our requirement that the
complete potential should reproduce the LR+ MR
theoretical part is fulfilled, as can be seen from
Fig. 1. The agreement is up to a few percent be- -.

yond 1 fm or so, except for the isospin one spin-
orbit and tensor potentials.

Preliminary results were reported at the Van-
couver Conference on the &-+ interaction. Since
then, several improvements have been achieved:
(i) New results' for the S and P wave NR- 2m am-

TABLE V. The calculated deuteron and low energy
parameters.

2.2249
P~ —— 0.0577
D/S = 0.026 08

5.427
+pp = -7.810

= -17.612

QD = 0.279
pD = 0.853

~(-&~, 0) = 1.765
&(0, 0) = 1.766

&pp= 2.797
&„„=2.881

plitudes have been included in the LB+MR theoreti-
cal potential. The main change is the weakening of
the tensor component and an increase of the spin-
orbit and central ones; (ii) the effective &o vector
coupling constant g 2/4m has been changed from
9.5 to 11.75, the tensor/vector ratio being kept at
—0.12. Another part of the 3g exchange represent-
ed by the A., is included with a coupling constant
value g„'/4m= 14. (iii) the determination of the
core parameters is now performed by fitting not
only the phase shifts but also the scattering data
themselves. The fit was carried out via a two-
step procedure, first the best fit of the MAVf

. 3P

.10'

T~ b(MeV)

-2

S
1

3
P0

1
1/2 P

b(MeV)

1
S0

3p
'I

FIG. 2. The solid lines refer to the results of the present work, the dashed lines to the energy dependent phase shift
analysis of Bef. (11), the circles and triangles to the energy independent phase shift analyses of Bef. (7) and Bef. (12),
respectively.
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TABLE VI. The deuteron wave functions. Values for smaller meshes can be obtained on
request.

r (fm)

0.200 00 -01
0.300 00 —01
0.400 00 —01
0.500 00 —01
0.600 00 —01
0.700 00 —01
0.800 00 -01
0.900 00 -01
0.100 00+ 00
0.200 00+ 00
0.300 00+ 00
0.400 00+ 00
0.500 00+ 00
0.600 00+ 00
0.700 00+ 00
0.800 00+ 00
0.900 00 + 00
0.100 00+ 01
0.11000 + 01
0.120 00+ 01
0.130 00 + 01
0.140 QQ+ 01
0.150 00+ 01
0.160 00+ 01
0.170 00+ 01
0.180 00+ 01
0.190 00+ 01
0.200 00+ 01
0.220 00 + 01
0.240 00+ 01
0.260 00+ 01
0.280 00+ 01

P.15144 —02
0.239 06 —02
0.334 82 —02
0.438 76 —02
0.550 89 —02
0.671 17—02
0.799 56-02
0.935 85 -02
0.10799-01
0.290 20 —01
0.536 70 -01
0.862 97 —01
0.12943+ 00
0.183 88+ 00
0.246 95+ 00
0.312 23+ 00
0.372 13 + 00
0.421 46+ 00
0.458 79+ 00
0.485 35+ 00
0.503 30 + 00
0.514 69+ 00
0.521 17+ 00
0.523 94+ 00
0.523 89+ 00
0.521 69+ 00
0.51782+ 00
0.512 67+ 00
0.499 59+ 00
0.484 12+ 00
0.46732+ 00
0.449 87+ 00

0.103 75 —05
0.362 51 —05
0.894 55 —05
0.18194 —04
0.327 02 —04
0.53941 —04
0.835 66 —04
0.123 19—03
0.174 59 —03
0.174 39 —02
0.645 30 —02
0.15820 —01
0.310 76 —01
0.525 75 —01
0.788 28 —01
0.106 32+ QQ

0.130 91+ 00
0.149 90+ 00
p.162 68+ 00
0.170 08+ 00
0.17335+ 00
0.17366+ 00
0.17189+ 00
0.16868+ 00
0.16448+ 00
0.15963+ 00
0.154 34+ 00
0.148 81+ 00
0.13745+ 00
0.126 23+ 00
0.11552+ 00
0.10549+ 00

0.300 00+ 01
0.320 00 + 01
0.340 00 + 01
0.360 00 + 01
0.380 00 + 01
0.400 00 + 01
0.420 00 + 01
0.440 00+ 01
0.460 00+ 01
0.480 00+ 01
0.500 00 + 01
0.520 00 + 01
0.540 00 + 01
0.560 00 + 01
0.580 00+ 01
0.600 00 + 01
0.650 00 + 01
0.700 00+ 01
0.750 00+ 01
0.800 00+ 01
0.850 00+ 01
0.900 00+ 01
0.950 00+ 01
0.100 00+ 02
0.10500 + 02
0.11000 + 02
0.11500 + 02
0.120 00+ 02
0.125 00 + 02
0.130 00+ 02
0.13500 + 02
0.140 00+ 02

0.432 21+ QQ

0.414 65+ 00
0.39737+ 00
0.380 51+00
0.36413+ 00
0.34829+ 00
0.33302+ 00
0.31832+ 00
0.304 21+ 00
0.290 67+ 00
0.277 69+ 00
0.265 26+ 00
0.253 36+ 00
0.241 97+ 00
0.23109+ 00
0.22Q 68+ 00
0.196 64+ 00
0.175 18+ 00
0.15605+ 00
0.13900+00
0.123 81+ 00
0.11028+ 00
0.982 20 —01
0.874 82 —01
0.779 17—01
0.693 97-01
0.61808 —01
0.550 48 —01
0.490 29 —01
0.436 68-01
0.388 93 —01
0.346 39 —01

0.962 30 —Q1

0.877 44- 01
0.800 13 —01
0.729 94-01
0.666 36 —01
0.608 83 —01
0.556 83-01
0.509 80 -01
0.467 27- 01
0.428 78 —01
0.393 92 -01
0.362 32 —01
0.333 65 —01
0.307 60 -01
0.283 91—01
0.262 33-01
0.216 30 —01
0.17947 —01
0.149 78-01
0.125 66-01
0.105 93 —01
0.896 86- 02
0.762 29-02
0.650 20 —02
0.556 38 —02
0.477 44 —02
0.410 75 —02
0.354 20 —02
0.306 11—02
0.265 05-02
0.229 89- 02
0.199 72 —02

10

10

10

10

10. 15
10' I I

5. 20. p() z)25'q rn

FIG. 3. The deuteron form factor A(q~). Experimen-
tal results are from Hef. (13).

phase shifts' was searched for and then the results
were tuned up by fitting the data themselves. The
set of data used consists of 913 data points with
60 normalizations for pp scattering in the energy
range 3 &E„,&330 MeV, and by 2239 data points
with 156 normalizations for ~p scattering in the
energy range 13.&Zl b

&350 Mev. g The X' per de-
grees of freedom (degrees of freedom=number of
data points minus number of normalizations) are,
respectively, 1.99 for pp scattering and 2.1V for
np scattering. The details of this analysis will be
published elsewhere. ' To our knowledge, this is
one of the best, if not the best, X' presently avail-
able. The results for the phase shifts and the deu-
teron parameters obtained by this fit are displayed
in Tables III-V and Fig. 2. The deuteron wave
function and form factor are shown in Table VI
and Fig. 3.

NUCLEAR MATTER PROPERTiES

Since our fit of the two nucleon system parame-
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ters appears to be very satisfactory, it is inter-
esting to test our potential for the other extreme
situation piesented by nuclear matter. The pur-
pose is not, for the moment, to predict definite
nuclear matter parameters in performing the most
sophisticated calculations but rather to check
whether the result obtained in the lowest order is
sensible. Vfe therefore calculated the binding en-
ergy in the lowest order Brueckner theory. This
gives a minimum EjA - —11.22 MeV at the den-
sity k~ —1.51 fm ' with an average wound integral
X=0.11, this latter value indicates the softness of
our potential, implying a good convergence in
many-body calculations.
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