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. The. purpose of the. present paper is to ascertain if it is possible to 

determine a phenomenological description of the neutron-proton interaction 

in t.erms of a potential. A further ailn is to determine with what uniqueness 

this potential can be determined from the present experiments, particularly 

th(;~e at high energies. The program wilH,be to assume a number of potential 

models so adjusted that they fit the· low energy region and att~mpt to corre­

late the high energy scatterin{,: with the various features of each model. , 

It is well known .. that the experimental results in the low energy region 

can'be described by an interaction potential; however, for sufficiently 

high energies relativistic corrections may be expected to be of major 

importance. Deta.iled scattering ca).culations, using a field theory, ShOli 

that the use of relativistic momenta corresronds to calculating the kine­

matical aspects relativistically, ·but that the dynamic:;.licorrections 

depend on the specific theory employed. Scattering deduced from a field 

~heory(l) has, ingeneral t relativistic correction proportional to (v/c)2; 

for example, at 90 Mev (vi c)2 is 0.05 while aprrcJ<imately 10 percent 

corrections are" found by application of the Moller method to the scalar and 
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vector meson theories. (2) Thus a choice cannot be made between two models 

both of which agree within 10 percent with the experimental results at 90 

Mev. 

The ex}::.erimental data which will be considered are presented. in 

Table 1 and 2 and in Fig. l. (The magnetic ~pole moment is not fitted 

because of uncertain relativistic corrections.) 

The binding energy and low energy scattering experiments including 

the coherent scattering amplitude yield no informlition on the explicit,~; shape 

of the potential but do serve to determine the triplet depth and effective 

range. The singlet state depth is accurqtely determined from the zero 

energy cross section because of the proximity of a virtual level, but 

the singlet range cannot be determined with nearly the same accuracy. 

A unique analysis of the experimental angular distril:ution is imposs-
. I . 

ible due to the presence of the mixtUi'e of singlet and triplet states as 

well as the compliclition of the tensor force. Nevertheless, on the sirupli-

fyingassumption of scattering with no spin dependence, the 90 Mev angular 

distribution may be analyzed to give the order of magnitude of the phase 

shifts. '. The results of this are: S-v~ave, 530 :t 50; P-wave, _10 ±. 1'0; 

D-wave, 50 = 1°. Since the P and D phase shifts are so small, we may con-

elude that at 90 Mev the S scattering accounts for about 90 percent of the 

total scattering cross section. !he high energy cross sections, therefore, 

determine the S scattering fairly unambiguously. The potentials usually 

considered show significant differences in S scattering above JO-40 Mev 

when ~d~usted to have the same low energy properties. The comparison then 

of the S-wave cross sections provides one method of determining the potential 

shape. 

The' angular disti?:bution at a particular energy yields information 

.. primarilY70ncerning the exchange character of the forces. For example,. 
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The desired repre::entation of the solutions is then 

u ::: cos 'i ~, Zl/3 (s) 

Vi = sin '1 ~ Zl/3 (s) 

where 

(s.\.) 2 :: .1 [A of C -+ ~ (A • - G) 2 1- 4 B2 J 
- 2 ~ . 

tan "1 :: (S1:
2 

- A) /B 
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The t- and - signs correspond to two independent representations. The Z' s­

are Bessels functions 'of order 1/3. The usual :phase integral condition for 

the bound state is replaced by the similar condition, 

S'dx ;:: Sn 

where xl and x2 are the turning points and Sn is a root of 

These representations have been found to yield cllioseapproximations to the 

wqve functions at all energies, the S-wave phase shifts being in general in 

error by less than five degrees,;:;and the wave functions exhibiting the 

correct general behavior. When applied to the bound state, the- phase in-

tegral condition yields potential-derths that are within 10 percent of the 

correct value. 

T11e3S1 + 3])1 state required in general about three ite1;)ations to 

achieve an accuracy of about 1 percent. The accuracy was limit.ed essen­

t~~ly by the numer.ical methods used. The higher state required only one 

iterat~on. 

The Born approximation was used to effect the inclusion of the angular 

momentum states for 1. ~ 4 in the scattering sum. The sum was, in general, 
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done Py actually summing the individual "termS for JL ~ .3, using calculated 

phase shifts, and adding the Born cross section froIT, which these states had 

been suitably subtracted. The angular distribution so derived are accurate 

within 2-5 percent. 

Central Forces 

We shall consider in -this section the results of scattering from a 

model which consists only of central forces since, as will be seEm later, 

it is possible to make a state by state comparison of the scattering from a 

central force model and froin one which includes tensor forces. 

The details of low energy scattering will not be treb.ted here, but, 

rather, the reader is referred to the review of Blatt and Jackson. (16) The 

main result of that work is that the shape "dependent coefficient in the 

expansion of k cot b (i.e., the coefficient of the square of the energy) is 

sufficiently small that below 6 Mev it can be neglected, and, in interpreting 

the experiments ~ the shape independent approximation may be at~ed. The 

effective range in the triplet state is determined, therefore, by the 

approximate relation 

Substituting the experimental values from Appendix I, we obtain 

.3r = 1.53 j: .20 x 10-13 cm. 

li'ig. 2 is" a plot of effective range versus intrinsic range for the triplet 

state of the various potentials." The singlet effective range is not well 

determined by the present experiments, as can be seen by reference to Figs. 

3 and 4. 

To simplify the analysis of the high energy data, it is convenient (and 

reusonable) to assume exact symmetry of scattering about 90 degrees. This 

means that the potential is assumed tu be zero in odd parity states. The 
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experimental results are actually compatible with a small repulsive potential 

in odd states, but this shall be considered as a small perturbation which 

,will not essentially alter any of the following conclusions. The factor 

1/2 (1 + px ) will, therefore, be included in the potential and will have as 

one consequence that the total cross section computed for any potential 

radial dependence will be the minimwn possible over any choice of exchange 

dependence. The main effect of any admissible odd wave phase shifts is the 

interference with 'the large S-wave phase shift, which is in evidence only 

in the angular distril:ution, and its actual effect on the total cross sec-

tion is negligible. 

In order to compt.l1'e different potential shlapes, the effective range has 

b,een. taken as a common parameter. For example, we have plotted (}rig. 5) 

the S-wave phase shift at 90 Mev for the various potentials versus the 

effective range. This deviGe insures similar low energy behavior for the 

.same abscissa. 

In Fig. 6 are, plots at 90 Mev for the various potentials of the total 

cross section and of 4 T( times the differential cross section for scatter-

ing at 90° and 180° as functions of the effective range on the assumption 

of no odd parity interaction. For the plots of complete total cross sec­

tion, i.e. ,~the sum of triplet and singlet scattering, it is necessary to 

make some choice of a sine let range corresponding to a particular triplet 

range. The low energy region implies only loose restrictions on the singlet 

range; we may, therefore, choose the sinelet range so that the singlet and 

triplet intrinsic ranges are equal. The results for the complete cross 

sections are ,also shown in Fig. 6. From these plots it is possible to make 

further limitations on the allowable triplet ranees by a comparison with 

the experimental values ofg (180) 
($" (90) 

With the Yukawa or exponential potential a range adjusted for the 90 
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Mev ratio predicts a 40 Mev ratio within the experimental limits. However, 

with the square well potential, the range required at 40 Mev is considerably 

larger than that required at 90 Mev. 'l'his difference in behavior results 

primarily from the more rapid decrease in a- (900 ) with energy increase for 

the "cut-off" potential than for the "long-tailed" potentials. This, in 

turn, can, be interFreted in terms of the destructive interference between 

the Sand D waves at 90 degrees. In detail, the S-VJave phase shift de-

creases more'rapidly (as a function of energy) for the "cutl;-off" potentials 

(Fig. 7). Further the D-wave phase shift increases more rapidly for the 

"cut-off" potentials (Fig. 8). 

Potentials which have a "deep hole" at the origin (e.g., the Yukawa and 

exponential) the !lIang-tan" is necessary to give a sufficiently long effec­

tive range. However, a.s the en~rgy increa.ses the contributions to the 

S";wave phase shift come from regions closer to the origin, and, ~onsequently, 

at high e't;J.ergies the "deep hole" (and, therefore, "long-tailedu ) potentials 

yield larger phase shifts than the "cut-off" potentials (e.g., the square 

well or gauss potentials). These remarks are further illustrated by refer-

, ence to Figs. 5 and 7. 

Whiie it is impossible to define the limits of the'singlet effective 

:ra.nge with any a.ccuracy, for 3r < 1.7 x 10-13 em the best f:i.tsfor the 

angular distribution are obtained with the singlet effective ra.nge between 

2.5 - 3.0 x 10-13 cm. 

The measured total cross sections are in better agreement with the 

larger ginglet range, above, since decreasing the range to 1.0 x 10-13 
'-" 

increases the~,theoretic&lcross section by 10 percent a.tLboth 40, and 90 Mev • 
.. ' ,", 

The complete ,calculated angular distributions for a number of the more 

favorable cases are shown in Fig. 9 and 10. Fig. 9 also shows the effect of 

adding a small rer;ulsive potential in the odd parity states. This rnodifica-
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tion may be expressed by a potential factor, (1 - a + aPx )' The best fit 

for this type of interaction is a '::0.55 :! 0.05. 

The large odd state potentials in the singlet state required b~: the 

symmetrie~l theory produces far too much exchange scattering for any poten-

tials with a tail and a range compatible with low energy scattering. For 

"cut-off" potentials such as t.he squa.re well the observed ratio <:T. (1800 ) 

cr (90ot 
may-be fitted at 90 Mev with a range of 1.7 - 1.8 x 10-13 cm; ho~~ver, at 

40 Mev, a fit to <5"" (180
0

) would require a range longer than .2.0 i 10-13 
c:r (900 ) 

em. Furtherrnore, in these latter cases the shape of the predicted angular· 

distribution is not similar to the experimental results for small angle 

scattering. The symmetrical theory can, therefore, be ruled out for cen-

tral forces. 

Tensor Forces 

.A. General considerations 

The existence of the deuteron quadrupole moment requires the inclusion 

of a tensor potential in the neutron-proton interaction. 

The calculations of Rarita und Schwinger (20) have shown that· at leclst 

for the choice of a squo..re potential, there is only slight modification of 

the low energy scattering pror:-erties upon the introduction of tensor forces. 

Such a behavior can be expected for more general potential shapes with 
, 

ranges shorter than the de1..lteron radius since the S-wave component is de-

.termined primarily from the boundary conditions at the origin and asymptoti­

cally. (21) 

We can put these arguments on a quantitative basis by the consicieration 

of an "equivalent central potenti£t.l, II I1V (r).11 For the potential V (r) ::. 

Vc(r) + 1".$12 Vt{r), "The equivalent central potentii..l for the S-wave is 

"V(r)fl = Vc(r) ~ 23/2 ~ Vt(r) • R(r) , 
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where R(r) is the ratio of the D-wave to the S-wave, R(r) will be, in gener­

al, a slowly varying function of the energy (at'least in the region where 

the potential is large). Its form may then be estimated from considerations 

of the bound state solutions. It is found then that R (r) ,is zero at the 

origin, increases to a 'maximum value (e.boutO.2 or 0.3 ) somewhere between 

the maximum of theS-wuve radial function and the tensor force range, and 

decreases asymptoticl.l.lly to a small value (somewhere under 0.1). Then if we 
)' 

consider the ratio of the equivalent potential nv (r)" to trie central poten- " 

tial V c(r) (the . ,latter adjusted to give binding by itself), we Vlould find 

the ratio to be less than unity at the origin, greater than unity in the 

neighborhood of the range, and again less thantinity asymptotically. Thus 
. . 

the equiv8.lent potential will be shullovler at the oriein and asymptot.ically, 

and will be deeper intthe neighborhood of the tensor range. 
, ,i 

This can be further illustrated in terms of the WKBapproximation. In 

this' approximation, R(r) is independent of energy and decreases asymptotically 

to zero. The equivalent potential in this approximation is 

If the centrifu~lU potential is large compared to the tensor potential, this 

may be simplified to 

which is clearly in agreement with the preceding remarks. 

B. Bound state and low energy scattering 

We consider first the case where the radial dependence is chosen the 

same for both the central and tensor potentials. The extreme cases of "lqng-

tailed ll and Ifcut-offi'potentials are exemplified by the Yukawa and square 

wells respectively. Calcul?-tions of the quadrupole moment have been ruaci.e 
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fo!' these two potentials as /;l. funct.ion of range and tensor depth with the 

central depth adjusted-~to grve- the correct bInding _ energy. The results 

are presented graphically in Figs. ll, 12 and 13. 

The analysis of the loVl energy scattering is f~gain conveniently carried 

out ;i..n terms of the e~a~sion of the phase shift in powers of the energy. (23) 

Since the shape independent approximation is valid for Yukawa ranges less 

than 1.4 x 10-13 em and for all square well ranges considered, the effective 

ranGe is essentially determined from the triplet scattering length. (The 

explicitt~ value of the shape depehdent coeffident as well as the effective 
,-.' . 
'c 

ranges are shown in Ta~le 3 for a number of cases.) Vie have chosen, there­

fore, in order to relate the scattering characteristics of a potential with 

its ability to produce a quadrupole moment, to [Jlot 1/, versus the scatter-

ing ,length (Fig. 14) with the range indicE~ted parametrically along the 

curves. From thispjJlot we can conclude that with the accepted value of the 
y 

--
scattering length, the proportion ot; tensor potentlal must be quite le.rge~,..-:.._ 

thefctual. amount being lower for the long-tailed potential. 
11". 

The effect of increasing the :t:ange of the tensor force relative to that 

of the central force is to enhance the "long-ta.iled lt character of the po-

tential (Fig. 15). 

C • High energy :;;cattering 

In the case of the central force model the only partial waves contrib-

uting appreciably to the cross section are theS- and D.;.waves. Consequently, 

the angular distribution can be expanded.in terms of the Legendre polynom-

ialsPO' P2' and P4' The coefficient of Po is identical with the total 

cross section, 1 that of P2 arises-primarily from interference between the 

Se.. and D states, and that of P 4 arises from combination of' the various D 

states. A similar situation can be expected to hold for the tensor force.; ,-

I: • L ," : . 
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Using the WKB approximation we can evaluate the "equivalent central 

potentials ""~" for each of the states of Land J, with the result , L' 

"vln 
0 = Vc 

"VI" , 2 ::: Vc 

flV2" ' 2 = Vc 

flV3" 
2 = Vc 

-

-

-

, L r(Jii \2 211/2 ' 
7" Vt - x2 + U ;;. + YVt) T B( 'tVt) 1 x Vc + 3 (l' x Vt)2 

YVt - ~ - K~" r Vtf +8(l'Vdl1/
2 

"'-Vo - 2 IVt+~ ( 

6 
2tfVt - ;2 

~1"7 'l '\2 112" \2'J'1/2 
)' Vt - 12 '+ / _+.d "( Vt: + 3(':'-7 Y VtJ 

. x2 \x2 7 / \ 

6 .... V - ft 1 Vt + .L (12 \2 ( 't x Vt)2 - --c 7 14\71 x 2 

In the approximation where we neglect the asymptotic amplitude of the 

coupled mode, as above, in the evaluation of the phase shifts there will be 

no ,difference between states of different ma.gnetic quantum number, ms. 

As can be expected on the bel sis of the "equivalent potentials" there .is" 

only a small difference in the total scattering from the 3Sl state, which 

has been confirmed by actual calculation in a num~er of cases. Further we 

can sllmmarize the behavior of the various D states in the following: (301 ) 

Increasing the tensor depth (Le., -() decreases the equivalent potential 

and f~r ,st~ong tensor forces the resulting potential will be strongly repulsive. 

(3D2) Increasing Y increases the potential depth to such an extent that for 

equal range centrl'll and tensor potentials the depth whichgiyes the quadru-
, 

pole moment is 3 to 4 times as deep as the depth on 'the central force model. 

~ (3D3) The potential decreases for increasing,"t such thl1t fOr r "". 1 the 

potential will be just barely repUlsive. A9proximately the same effect is 

achieved by increasing the tensor range instead of the depth. 

To illustrate we will consider the high energy scattering from two 

extreme examples (which do nnt necessar1.ly fit the low energy scattering 

but are adjusted for quadrupole moment and binding) : (1) 'the oentral and 

• 
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tensor depth are appro~imately equal with the square well dependence of 2.7 

x 10-13 em, (2) the tensor depth accounts for practically all the binding 

with a Yukawa dependence and range of 1.2 x 10-13 cm. In Table 4 we have 

summarized the contribution of each state to the total cross section and 

indicated the sign of the phase shift (i.e., the averaee over ms). The 

results of the central force model with the same range and radial dependences 

are included for comparison. 

The reSlllts of using e. Yukawa radial (Fig. 16 and 17) indicates that 

the addition of tensor forces causes relatively small changes in the angular' 

distribution. The changes which do occur are such that a slight increase. in 

range is necessary to retain the ratio cr (1800 )/0"'(90°). 

We ean conclude by reference to Fig. 17 that the exchange dependence 

found necessary for the central force model applies also for the tensor 

force model. In particular, the symmetrical theory will be unsuitable on 

the .basis of angular distribution as well as the total cross sections. 

Utilizing this comparis·on between the tensor and central force models 

developed above we can conclude that the potential must be "long-tailed" in 

order to maintain the relatively large scattering in the D state at 40 r,~ev 

without excessively large scattering in the D state at 90 Mev. "Cut-off" 

(e.g., square and gauss) potentials where the tensor force has nearly the 

same, range as the central force are, therefore, unsuitable. An addition of 

a long shallow tail (5-6 x 10-13 cm) to the square well is required in the 

central force case to fit therell.ative 40:90 Mev scattering and would, 

therefore, also be required .for tensor forces. 'Potentials formed by the 

addition of such long-tails would seeM to be indistinguishable from natu-

rally long-tailed potentials such as the exponential ort-he Yukawa potential. 

A detailed comparison of the angular distribution can be made in terms 

of the coefficients in the Legendre expansion. The coefficients of Po and 
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, P 2. are only slightly altered while the coefficient of P 4 is considerably 

smaller in the tensor case. The Po coefficient can be explained by the 

relatively small decrease in the scattering from the %1 state (even this 

decrease tends to be compensated by an increase in the 2D2 state). The 

relative constancy of the P2 coefficient can be explained by an almost 

complete lack of interference between the tensor and central scattering. 

The decrease in the coefficient of P4 appears to be a tensor phenomenon. 

It is just this decrease, however, which makes the agreement in the angular 

distribution better for tensor forces. 

, The variation in the high energy scattering with increase in tensor 

force range is illustrated in Fig. 18. As to he expected on the basis of 

the WY.B arguments, the principal effect is identical with an increase in the 

"long-tailed" character. .If the tensor force range is increased (even by as 

much 'as a factor of two) the effect may be compensated by a decrease in the, 

central range. 

Finally the Yukawa potential because of the singularity at the origin 

predicts cross sections that are considerably too high for any combination 

, ·0 f ranges. The exponential well is, therefore, to be preferred. 

Conclusions 

1. Exchange character. If the potential has approximately. the same 

radial dependence in all states (1. e., even and odd parity, singlet' and 

triplet) and the range is chosen vdthin acceptable limits, we may conclude 

that for a good fit 

a == O. 55± 0.05 

or, alternatively, the depths of the odd potentials; Vodd, must satisfy the 

relation 
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2. Radial dependence. The (1 + px) /2 potentials ,compared for equal 

effective ranges differ by at most a fector of 2 in the total cross section 

or in the ratio a (1800 )/0-(900 ). Howe'rer, these differences may be corre-

lated with general shape features~ Further the experiments are adequate to. 

distinguish among the potential shapes. 

B. A long-tailed potential is necessary to explain the large scatter-

ing from the higher angular momentum states at 40 Mev without violently 

affecting the 90 Mev scattering. ·On this bas~s the square and gauss poten-

tialsare unacceptable while the exponential and Yukawa potentials are 

allowable. 

b. The Yukawapotential, because of its singular nature, predicts too 

high total cross sections for any combinations of ranges. The exponential 

potential for approximately the same angular dependence predicts cross 

sections 10 percent to 20 percent lower. and, therefore, is favored. 

The best fit for these potentialS is (assuming the same range for 

all the forces) 

r = 0.8x 10-13 cm (exponential) . 

r == 1.35 x 10-13 cm (Yukawa). 

c.The shape of the angular distribution about 900 is evidence of a. 

tensor force in scattering. Here, with a t(l ~ Px) dependence, a purely 

central force yields a flatterdistribution'than an interaction including 

tensor force. The latter distribution agrees significantly better with 

experiment. 

3. Singlet Range. The total cross section measurements imply a 

singlet ran~!e greater than 2 x 10-13 cm. A long singlet range is further 

favored by the angular distribution. LoVi energy scattering yields only the 

require1"lent that the singlet range be less than 3 x 10-13 cm. 

4. Triplet Range. The low energy limits on the effective range are 
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1.53 ± .20 x 10-13 cm. The determination of the limits on the range from 

high energy scattering depend upon the explicit:'model used but has always 

been found to be within the limits 1.4 - 1.75 x 10-13 em. 

5. Tensor Force Range. The tensor range may be increased relative to 

the central range by as' much as a factor of 2 without adversely affecting 

either'the low or high energy results • 
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Quantity Notation 

l1Mt-. 
!1.Q.'1--

singlet scattering length 1a 

radius of deuteron 1 rd 

triplet scattering length 38 

triplet effective range 3r 
(shape indo approx.) 

singlet effective range ,lr 

electric quadrupole moment Q 
Co 

r----

percent D-state WD 

f---

Table 1. 

Derived Quantities' 

Magnitude Source (with error) 

(ertho-para scattertn,(4) (±- 0.03 x 10-13 cm) 23.70 ~ .10 x 10-13 em 
lcrysta1-scattering 5 (:! ?05 x 10-13 cm) 
zero energy cross section 6) (~0.06 x 10-13 em) 

4.332 ~ .025 x 10-13 cm ~re~t1Y determined(7) 
"'~ .0 oh. 7:1 2. .'2.1 J..t.w' 

5.26 .t .'12 x 10-13 em {ortho-para scattering (1: ~09 x 10-13 em) 
crystal scattering (:t .15 x 10-13 em) 
zero energy cross section ( ~ .. 03 x 10-13 crn) . 

1. 53 1. .20 x 10-13 cm from 3a (:.t .17 x 10-13 cm) 
from rd (±.. 03 x 10-13 em) 

~ 3' x 10.-13;cnf . scattering between 0 and 6 Mev 
, 

2.73 ~ .05 x 10-27 cm2 directly determined(8) 

3.9 percent magnetic dipole moment, neglecting relativistic 
effects c 

I 
I-' 

t 

g 
~ 
) 
(J-3 
0:; 

~ 
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Ta.ble 2. 

High Energy Tota.l Cross Sections 

Mean energy Total cross section Detection . Averag;e Ref • 
Mev with statistical method 8in2 6 s 

~ ... error 
10-24 em 

, 
, . 41 +'4 , .174 + .010 Proton reooi Is .67 + .11 (9) - .- -r'- : 

40 + 4: .202 ,007 . 'C12(n~.2n)Cll .76 -+ .11 (10) + - - -
--

83+ 7 .083 + .004 C12(n~2n)Cl1 .66 + .08 (11 ) - - ..... 
------

90 + 3 .079 + .007 Proton recoi Is .68 + .08 (9) - -- -
.. 

95 + 5 .073 + .002 Bifission .66 + .06 (12) - - .,. -

The error in the mea.n energy arises from uncertainties in detector 

efficiency $ neutrorlS beam distribution, and variation of cross section with 

energy. 

The '''average'' 81n20 s is determined by subtracting the contributions of 

the hiGher' partial waves as' deri ved from the angular distribution on the 

basis of .no spin dependence in scattering • 

.' <; 
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Table S. 

..... ~operties' of Se1e.cted Yukawa Potentials 

.. ~a Central range Tensor ra~e "t WD 
:" 3p . 3~; T 

(10 .. 13 cm) . , (10-13 em. . , (10 .. 13 em) (10-13 em) (iO-39cm3 ) (10"'1~ om) 

.' -
1018 1.18 5.6 5.3 1.56 1.48 .3 

~, 

1.18 1.69 0.8 3.2 1 .. 71 1.49 1.0 

1.18 1.98 ' 0.5 2.8 1.76 1.50 1 •. 2 

1018 3.91 0.16 1.7 1.90 1.46 2.1 

1018 (No tens~r for ee) -- _ ... 1.67 1.54 .6 

1.35 1.35 1.91 402 1.71 1.58 .55 

1.35 (No tensor force) _ ... -- 1.85 
0' 

1.63 .96 
j 

- .. _._0 

The ,shape dependent coefficient (T) has been only approximately determined from the difference of the 

effecti va ranges,;~ (usi ng the deuteron '\VG.Ve functions) and 3r , (using the bound state wave function). 
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Tab.1e 4 ... 

Comparison ,of Contributions of Various States to' Total Cross Section 

state Square 'Ilrell YukawQ , 
., : 

tensor .forces Central forces Tens 01" f'or~es Central forces 
(10-26 cm2) (10~26 om2) (10-26 em ) (10-26 em2) 

• 

3S1 2 95+ . , 3.25+ 8.82+ 9.58+ 
" 

3Dl 0.35- 0.$5+ 0.55- 0.14+ 

3D 2 5.87+ 1.58+ 1.82+ 0.24+ 

'. 
3D3 0.72+ 2.21+ 

~ 

O .. lr 0.33+ 
'. 
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Experimental angular distribution. The crosses are the co(nt)r data- (9) , 
the horizontal lines at 90 Mev are the cloud chamber data. 13 The 
normalization chosen agrees wd:th the tota.l cross section as given in 

.Table 2. 
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