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ABSTRACT | o

We preseﬁt four different separable potential_quels of;the _ .
nucleon-nucleoﬁ interaction which fit both the‘low-gnerg&»data and the
MacGregor-Arndt-Wright phase pafameters for partiél waves througp VJ =L
in the energy range O to 40O MeV. The partiai-ane sCattefing amplitudés
resulting from our potentials have driving singularities at feal negative

valuésvof the complex'energy variable, and the appropriate amplitudes

contain the deuteron pole and the singlet antibound state pole at the

correctvenergies. The present work extends and completes the results

of an earlier paper.
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INTRODUCTION

Previously,l we'gave three separabie potentials whiéh fit the
nucleon-nucleoﬁ scattering data. Now the Livermore}group‘of MacGregor,
Arndt, and W‘right2 haé published the last of a series of papers on the
determination of the nucléon4nucleon phase parameters. The appearance
of these data has prompted us to extend and complete the work 6f Ref. 1.

We shall set for£h,four different,séparable potential models of.
the nhcleqn-nucleon intefaction.‘ When separable pdtentialsvare inserted
in the Lippﬁanh-Schwingeriintegral equatioﬁ:for the 6ff-énérgyfshell.
two-nucleon partial-wave scattering amplitude, the kernel Qf.the equation
becomes separable. Consequentlyvfhe Lippmanﬁ-Schwinger equatioﬁ can be
solved algebraically. The résulting off-shell partial-wave amplitude‘kl
is separable in the incident and outgoing relativenmmentumvariables.
Also; the off-shell amplitude is guaraﬁteed to satisfy the five geﬁeral
hondyﬁamical requirements laid down in Ref. l; if the separable.pdtential
form factors are properly chosen. That is, the off¥shell.paftiél—wave
ampiitudes resulting from our separable potential models:v |

(1) Reduce 1o the“chfect on-shell amﬁlitudés} 
(ii) Satisfy’off-eﬁergy-shell two—pérticle‘unitﬁrity.
(iii) Have'feasonable-aﬁaljticity properties. |
(iy). Are time-re&ersal in§ariant. |
(v>  Have the proper threshold behavior in both energy -and -momentum
variables. |
Bécause_of_their extreme simplipity, theée'separable_poﬁential'

models should be useful in»multiparticle'scattering calculations. The
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fact that the off-shell behavior of these models is determined by the

choice of the separable potential form factors_and the resulting _ o
‘ampl;tudeg can.bé'wfitten as an off-shell factor multiplying the on-
éhell ampliﬁude makes them'uSefﬁl‘in probing the off-shell behavior of

two-body scattering amplitudes.

—
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BASIC EQUATIONS

We consider models of the nucleon-nucleon interaction with a

v separable potential of the form

o , (4'-2) : N
t - . t - 1
Vgg(op) = [177 7] [gz(p) gy (') - hy(p) by (7)1 . (1)
" This potential is to be inserted into the nonrelativistic two-particle
partial-wave Lippmann-Schwinger equation, which for uncoupled waves is
: 5 oy [ %aat Vy(p,a) Tyla,ph KT)
T,(p,0'5 k7)) = V,(p,p") +=5 [ 5 ‘ ‘

- . (@)

s

2

where the c.m. kinetic energy E = ﬁekg/eg, and p- is.the reduced mass
 of the'fwo nucleOns.'.Fér’QOupled waves, the'Lippmann-Schwingervequation

is

il

- ) . .
T, (20’5 k7)) = v, ,.(p,p')

<

+1 0 2

. : : ' . 2 .
Jr dq 97 V,5(p,q) Typ (2,075 K7)
0 k™ - q + ie

=] lm
nofe

J=J-1"

The partial—wave T matrix obtained from ﬁhe’Lippmanh—Schwinger
equation is related to the partial-wave S matrix by

2)

’.

R N I

5

where pE = pk/hg. For uncoupled waves, the S matrix is given in terms.
. . ‘2' Qisg(kg) ) :

of the phase shifts by’ Sé(k ) =e or
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2 isé(kg) 2
Sz(k ) = 1l+2ie sin Sé(k ), whence

2
-2x Pr Re Tz(k )

tan 282(k2)' = - . Alternatively, the T matrix can

2
1+ 2 pp Im Tz(k )

be'expreSSed in terms of the phase shifts as

: .2
id (k%) o
T2 1 )/ S 2 ‘
Tz(k.) = - ;E— e ©.o o 8ln 52(k ) 5
whence tan 62(k ) = Im Tz(k ) /Re Tz(k.)._ For coupled waves, we use

.thé Stapp5 parameterization of the § matrix .

| 218 B T G S DN
cos 2 e I7T : i sin 2¢ e YJ—l _J+lv‘

i(é_ . +6_.) . . 2id_
i sin 2¢ e’ J-1 g+ cos 2¢€"e J+l

Then, the coupled wave phase shifts and mixing parameters are given in

‘terms of the T-matrix elements by

tan 26J-1' = 5 )
1+ 2an Im TJ 1 I l(k )
o merpgRe o J+1(k )
tan 25J+l = 5 Ly .
1+ 2% Py Im TJ+l J+l(k ).
_ ~2n p, Re T (k ) -
sin 2e¢ = E oD -,
cos(8J at SJ-l)‘
. 2 I R
whege TOD(k ) = T (x7) TJ+l,J 1(3')f

(&

<
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The separable potential formalism allows us to éolve explicitly
for the T matrix in the form Tzﬁ,(p;p';kz) = sz,(p,pL;kg)/DJ(kg), as
well as the deuteron wave function, the deuteron D state probability,
and the deuteron quadrupole moment, in terms of the separable potenfial

form factorsand certain integrals over these form factors. These

‘results can be found in Ref. 1.

For J =1, the triplet scattering length a_, the triplet

-t’

effective range, r, and the deuteron-binding energy are relatéd’by_

t
Lrt.: %(l-a—s“—}%), | B | 3)

where the deuteron.binding energy is ED.: ﬁekDg/Eu. The position of

- the singiet antibound state pole in the li% partial_wave is related

.-to the singlet effective range. a and thefsinglet scattering length;

ro by

kv _ '{lv- [ "(2rs/as)]%]/ré L o (L)

‘where the pole occurs at the negative energy . E, = -ﬁgkvz/Ep on the

second or unphysical sheet'of the complex energy Riemann surface. The -

scattering lengths are given by a_ = lim ZE Re T (kg) and
o S ko a0 0T T

a, = 1lim Z Re T (kg),,where T (ke) is the transition amplitude for
t T A 00 0 vhe ‘

‘ 15 scattering and Too(ke)' is the transition matrix element for -

"J =1, £.= 4" = O.
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We take for the nucleon mass M the average of the neutron

and proton masses, so 2p02 = Mc2 = 938.903 MeV- and #Hc = 197.32 MeV. F.

D = 2.22452 MeV and the triplet

We take the deuteron binding energy E
scattering length at = 5,396 F, which yields a triplet effective range

r

+ 1.726 F. We set the singlet antibound State at an energy

EV

surface and we take the singlet scattering length ag =‘-23.678'F,

-0.0665 MeV on the second sheet of the complex energy Riemanh

which yields a singlet effective range r = 2.729 F.. .

i
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FORM FACTORS

The choice of a functional form for the repulsive form factor
gé(p) .and the attractive form factor _hé(p) in Eq. (1) determines
the off-shell behavior, the threshold behavior, and the analyticity
properties of the off-shell scattering amplitudes as well as the
asymptoticﬁproperties of the phase parameters. We.have been particularly
careful to.choose functionai forms which.lead_to an on-shell scattering
amplitude with driving singularities which lie only on the real negative:
axis in the complex energy plane.. Thus our.amplitudes,have a singularity

structure 51mllar to that obtained from the fully relat1v1st1c theory

of the nucleon-nucleon partial-wave amplitudes.

In Case I, the form factors have theifunctional form

P /(P a® (£+l)/2 which has an asymptotic behavior like 1/p as

D =, whereas in Case IT, the form - factors are of the form

/(p + 2 (2+2)/2, which goes as l/p as p — . These cases.

‘correspond tocchoosing'the first two members of the:familyvofvform

factor shapes discussed in Ref. 1. Of course, all our choices of

'separable potential form factors behave like pﬂ at threshold, in

order to produce the proper behavior of the phase parameters at
threshold.‘ Case I and II vln th1s paper differ from the correspondiug
cases in Ref. 1 in that we;do not 1ntroduce any specially mouified
repulsive form factors.

For Case III, we take form factors like

. . . 1
[1 . w2 ]5_
p? AN 2/
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except in the partial waves lSO,

repulsive form factors have the form

ol

The Qé functions are Legendreffuncﬁions-of the second kind. Both

Pb, 33Y and lfi, where the

these forms have an asymptotic behavior 1ike [(£n pg)/pg]%' as D - o,
and lead to on-shell amplitudes with cut singﬁlafities on the negative
réai enéréy axis.  Séparable potential.fprm faétérsrlike those used in
Case IIT were first intréduced by Mitrah'and wé havé-uséd'them because
tﬁey promiSe the most realistic analyticityvstfucture. This prdmiée is
belied‘by the fact thaf we must introduce special repulsive férm factors,
ﬁhiqh have a pole af the staft of the répulsive cut,‘in ofder to fit the

1
’ So) 5PO}

the Case ITI fits are the least  successful of‘oﬁr_fits;

' phaéé shifts in the partial waves 3si, and lPl. In fact,

Finally, in Casé IV, we choose‘for@ factors of the form
/( 2 (z+l), which behave as i/pz+2 as P — oo These form
factors were chosen because they lead to off—sheil amplitudes with the
samefasymptotic behaviorAin'the momentum variables as the off-shell

amplitude arising from a superposition of Yukawa poténtials. This is

easily seen by notlng that a Yukawa potentlal in momentum space has the

2 2 ' .
1, (P ta +u> i
form Vz(p,q) 53 Q,\ o1 , and the.lnsertlon of this poten

tial into the Lippman-Schwinger'equation (1) leads to an of f-shell
amplitude tE(p,q; kg), which behaves like l/pla+2 as p - and like

.3
l/q’{'IL as q — oo
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In the £ =0 partiai wave, the Case IT and Case IV form factors

" are identical. Case IV has the added advantage that all the integrals

arising in the separable potential formalism can, in principle, be done

in closed form.
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FIT TO THE NUCLEON-NUCLEON DATA

o 2

We have fitted our potentialsbto the MachegorfArﬁdt-Wright
(Livermore) nucleon-nucleon phese parametere for laboratory kinetic
energy from O to 400 MeV for the partial anes through J = 4. For
each phase parameter we used the 28 data points, in the range O tol
40O MeV laboratory kineticvenergy E, provided by.the.energy—depehdenf
phase parameter determination of MacGregor Arndt, and Wright. -

|  The fitting was accompllshed on a CDC- 66OO electronic computer
at Lawrence Radiation Laboratory u31ng LSQMIN, a least squares minimi-
éation pfogram developed by Efic.Beals.. The progravaSQMIN eeatches
for the values of the potential parameters_ that minimize fhe sum of

the squares of,theyresidﬁals’at the 28 data points,

~

28
E:Rg _ .5: [SeXPt(E ) - flt(E )]

i=1

for uncoupled waves, and

2: [Bexpt )'_ flt(E )]

) eFPmy) - e ) Z [sjﬁ’tm ) - §1§<E 7,

for coupled waves.
The potential parameters that yield the best fit to the phase

parameters are given in Tables I to VIIi, where we‘have.included the
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2 . . : .
values of §:R , since a comparison of these numbers for a single

partial-wave or coupled-wave‘system gives ah indication of the relative‘
goodness of fit of the four cases.

We have displayed our fits tb the phase parameters graphically
in.Figs{ 1 through 22, where the curve marked A at 100 MeV intervals is

the data value of the phase parameter in degrees and is read with the

left-hand scale. The other curves are the absolute error (fitted value

minus data value) in_degrees of the various fits,and are read with the

right;hand scale. The dashed curve repréééntS'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.

For the convenience of those who would like to use these fits

neglectlng partial waves with £ > zmax, where zmax>'1s 0, 1, 2 or 3,

we have fitted the coupléd‘waves ?Sl;'?Pg, 3D3, and BF&;Jassuming'
eJ = 0 and neglecting §J+i in each case. TheSé results are presented

in Tables IX through XII and Figs. 23 through 26.

We present the low-energy and bouﬁd—state parémeters'resulting‘
from our potential models in Table XITII. In'Tabie XIV we give the
maximum positiVe andjﬁegative values of the errors and the energies at
which they occur, for each fitting case in-each partial wave. Similarly,

Table XV lists the maximum error excursions for the pértial waves

3S 5D3’ and BFA 3tréated as, unCOupléd waves. Table XVI gives

the grand total of the sum of the squares of the residuals in each

1’? 2’

fitting case. To form this sum, we sum the squares of the-residuals
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in each uncoupled partial .wave and.each coupled‘wave'system
through J = 4. The results show that Case II gives the best overall k.

fit to the nucleon-nucleon scattering data.

&"1

In the partial wave lS we fit the phase shift and the three

0
low-energy parameters: scattering length, virtual (antibound) state

pole position, and effective range. These three parametefs are related

by Eq. (L), éo only two‘of them are indépendent;' Consequently, we

cﬂoose the scattering length a, = -23.678 F and set'the'antibbund ' ;
state pole at E, = -0.0665 MeV on the_éecond sheet of the complex

enérgy Riemann surface, which implies a sihglet effective'range

r, = 2.729 F. The antibound state pole on the second or unphysical

sheet lgads toia zero in the S matrix at the.samevenefgy on the physical

shee£ Qf the complex energy surface. ‘In addition, fhe zero of thé‘ lSO.
phase shift at 2&9.5 MeV implies that the .N function in the separable
éotential formula for the on-shell T matrix, Tz(kz) ='Nz(k2)/Dz(k2),_
is zero‘at.2h9,5 MeV. To fit the ;SO partial wave, we use the
coﬁditions‘that the S métrixrbe zero at Ey = -0.0665 MeV and that the
N function be zero at 249.5 MeV‘to determine the attractive and repul-
sive ¢oupling strengths, and search for the values of the attractive
and repulsive inverse ranges which give thé best fit fo the phase shift
and scattéring length. We then used Eq. (ﬂ) to determine the value of

the effective range produced by the separable potential models. Our

lSO scattering amplifudés are, therefore, guaranteed to contain the

singlet antibound state pole at the correct position on the unphysical

sheet.
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In the construction of our separable potential models, we have

made the tacit assumption of charge independence. When fitting the

lso phase shifts, we'biased the search procedﬁre to iﬁsure the correct
values of a and rS. However, the MacGregor-Arndt-Wright lSO phase
shifts are fltted to the proton-proton scatterlng iength and effectlve
fange at lOW‘energy, and this explains the dlscrepancy betweenrour fits
and the phase shift data at lOW'energles We can fit the lSO phase
shifts -quite closely, but then the absolute value of the scatterlng
length becomes smaller. Note that the greatest error in our flts to

the lSO- phase shlft occurs at L0O MeV, where the data value of the

’phase shlft is -25.27,. However, thejenergy-lndependent determlnatlon

of MacG?egOr, Arndt, and Wright éives a lSO”phase shift of -19{55°

at M25 MeV, so our fits deviate from the energy dependent data in the

direction of the energy-independent’value. In the'absence of a charge

dependent determination of the lSO phase shifts, we,have presented -

what we feel is .the best compromise.

When we fit the fBPO ‘phasé, which has a zero at 204 MeV, we

-use the condition‘that the N function-of_the on-shell T matrix is zero:

at 204 MeV to determine the repulsive'coupling-strength. We then search

for the values of the attractive coupling strength and the attractive
and repulsive inverse ranges which produce the best fit to thefphase

shift data. However, in Case IIT, we had to search with all four

’parameters free to obtain a reasonable fit.

3¢

1 as if it were unooupled,

If we consider the partial wave

we wish the S matrix, and thus the T'matfix,"to have the deuteron:poie

3
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D =

determining the attractive coupling strength from-the condition that

at E_ = -2.22452 MeV on the physical sheet. This is accbmplished by

the D funétion in the separable potential e#pression fqr the on-shell
T matrix have a zero at.the deutéron pole position. Then we search for
_the values of the repulsive coupling strength and the attractive and
repulsive inverse ranges which yield the best fit to the phase shift
and scatteringvlength, obtaining the effective range from Eq. (5).

When we consider the coupled waves with J =1, we again
guaranteé the correct binding energy for ‘the deuteron by obtaining the
attractive.streﬁgﬁh in £ =0 from the éonditioﬁlﬁhat Dle(k?) =0
at ED = -2.22452. Next we search for the values of the remaining
seven potential parameters which give thevbest-fit to the phaée shifts,
mixing parameter, scaftering length; deuteron quadrupolevmoment;and
D-state prQbability; w§>obtain the effective range from Eq. (3).

Since the quadrﬁpole moment of the déuteronvis sénsitive to the off-
ehergy-shell behavior of the nucleon-nucleon interactibn, we Weighf'
this quantity so'that our searching routings are heavily biaséd iﬁ
favor of those paramefef sets which lead to a nearly correct quadrupble
flmoment. We find that the_résulting D-state probabilities,are quite
low, but since the available'estiﬁates of the D-state piobability are
impfecise and somewhat model dependent, we do not feel that this is a
serioﬁs drawback.

As an indepehdent check oﬁ our work, our separablé pofential
mpdels ﬁere put into coﬁputer’programé which solve the Lipﬁmann4

Schwinger Egs. (1) and (2), with arbitfary well-behaved potentials,
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as complex matrix invérsion proﬁlems. The latter programs were developed
completely independeﬁtly‘ofvthe préesent work, and the agreement of the

T matricés énd phase parameters calculated from the two approaches
coﬁstitutes the desired check of our work. |

“In conclusion, we suggest that whenever possible the form

28!
K > 0, with Fzé,(p,p'; kg) obtained from the separable potential

Tzz,(p,p'; k2) = FZEKP,P'QK ) T (kg)f be used in calculations when
models and Tzé;(kg)' expressed directly in terms of the experimental
phase parameters. This separation has been discussed in Ref. 1, and

it guarantees that the effect of on-shell two-body séatﬁering”is'taken,

into account as accurately as possible in any calculation involving

'off-enéfgyfshell two-body partial-wave scattering amplituaes, while

fetaining the advantage of separability. in incident and outgoing

momentum variables.
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Table I. Case I fits to nucleon-nucleon phase shifts in uncoupled

- partial waves.‘vThese partial waves are fitted by the separable

¥ potential
! — ' - t
Vy(p, 2') = g,(p) g,(p') - hy(p) hy(p') ,
where the form factors are

(2+1)/2 25(z+1)/2‘

8,3 = /% + a?) ny(2) = 0/ + s,

‘The units of the attractive “inverse range’ a, and the repulsive
inverse - range aR' are inverse fermis (F_l;vlF_z,lO-IB‘cm). The

units of the attractive coupling strength. C, and the repulsive

A

. S S X
coupling strength C, are (MeV FPP: = Dashes indicate that a

R
form factor is to be seﬁ equal to zero. ZR2 is the sum of the

squafes of the residuals
o _ '2 : _
2 - - expt, fit 2
ZR = '[6,@ (El) = 6,@ (El)] )
i=1 ‘

at the 28 data points in the range O to LOO MeV.
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Table I (Continued).

Repuléive potential  Attractive potential

parameters - parameters

" -1 - ER =1 I 2
Partial wave aR(F ) CR(MeV F) éA(F_ ) CA(MeV F)2 SR
Singlet

1so 2.3%1 5245 1.855 41.36 469.3

¥Pl " 1.138 49.83 ©1.10%3 46.16 7%.95%

l . . B ‘ - N B ) .

D, - - . 1.418 3 L 817 5.25%

lF5 1.059 4.118 B - h.8ss

. _ - - _. | o

VGA : - | - - 1.076 2.300 . 0.139
Triplet

3PO | 2.258’ ©18.2 1.326 16.48 18.04
| 3Pl _' 0.697 - .'3.u98‘ 2.322 " 18.89 © . 0.091

o, - - | 0.992  5.482 115.95

3F3 - 0.837 2.3k - -  0.120

jGu - . ~ 0.970 . . 3.851 1.476




~19- o UCRL-18501

Table II. Case II fits to nucleon-nucleon phase shifts in uncoupled
.partial waves. These partial waves are fitted by the separable

potential
V(22") = g,(0) g,(p") - hy(e) hy(p)

where the form factors are

2)(z+2)/ e)(z;e)/a

g,(p) = Cpp / p° o+ ag h,(p) = CAPZ/(pQ + a,

v The‘units of the attracti&e ‘inversé rangek' aA' ahd the reﬁulsi§e
_invefséA:rénge‘ ag gré inverse fermis‘-(F%l? ’iF';‘lOfl3>ém);
The units of the.attréctive coupligg_strength' Cy ‘ahdvthe.?épuisive
coupling stréngtp Cq are ,(MeV/F)%L " Dashes indicate thét a
form factor is to be set equal to zero. SRE .isbthé.sum of the

~ squares of'tﬁe residuals
| 28 N :
- zz: [Szexpt(Ei) i flt(E )92
i=1

at the 28 data points in the range O to 40O MeV.
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. Table II (Continued).

UCRL-18501

Repulsive potential

Attractive potential

parameters parameters
Partial wave aR(F_l) .CR(MeV/F)%T : ,aA(F-l) -Cﬁ(MeV/F)% R°
Singlet |
}So 6.157 302.0 1.786 | 57.33 456.3
lPlv 1.0 - 40.88 1.258 30.21 43.52
1D2 - - '1.9hﬁ }ai;og- | 8.577
| 1F5 1o 116 - s " 7.51k
l—.Gu | - - 1.k25 8.502 0.257
Triplet
.3?0 - h.h6o | 988.1 1.31% -isigﬁ-' 11.34
391. v 2.178 ) 45.63 - - | 56.06'
, - - 1468 20.60 k. 51
| 5F5 1.015 7.2k - - 0.766
BGu' - - 1.317 ik.ok } 5.894'

-
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Table III. Case III fits to nucleon-nucleon phase. shifts in uncoupled

partial waves. These pdrtial waves are fitted by the separable

potential -
v,(e,p') = 8,(p) gy(p') - h,(p) hy(p") ,
where the form factors are

A | _ .
_ Cm
gz(P) = GR —-5' Q (:; /) h (P) ‘lg Qz 1+ —ég
. P np - 2p

except in the partlal waves - S and 'Pl? where the repuls1ve

N

0
form factor is
g o) = ® |2 a, (1+2
£ » 2 2 2 2
p ot '

..The units of thevattractivg “inverse range 'pA .andkthe‘repﬁlsive
inverse: range g afe inversé fermis (F_ ’ }F = 10 5 cm).
The_units of the attradtivg_coupliﬁg strength GA and the_repulsive
coupling strength G, are (Me& F)%} Dashes iﬁdicate'that a
form:factor is to be set.equai to zero. SR is the sum of the

squares of the residuals.

28 ; | :
Z s, expt ) - flt(E )J ;
i=1 -

at the 28 data points in the range 0 to 400 MéV.‘
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Table TII (Continued):

Repulsive potential  Attractive potential

parameters - parameters
Partial wave pR(F—l) Gp(MeV F)Z HA(F_l) G, (MeV F)Z SR
Singlet )
lso , 2.225% 20,842 1.300 10.00 1538.4
ijl | 0.6u% - 26.53% 1.256 3i.53_ oo
lDE ' - o - | '1;h15  _‘ 10;6;'_.A . 1.952
'1F3 | 0.933. 12.06 -  '§ ' | 2.304
lGA L. | - 0.93 6.539 - 0.032
gziglgg | | | | ‘ |
5PO | 1.799a', é91;5av _ 1.h75 '26.65_ - 158.9
BPI ' 0.h77 | 167;1' , ‘3.268_ | 21.60 ‘ 71.86
3D2> , ‘7 5.66% 108.5n ' 1.057 ;. | 15.uov' 11.16
BFB' ‘ | O.67ﬁ' 5.5U5 - . | 0.551
%6, - | - 0.799 9.515 _‘ 0.050
a

.Spécial repulsive form factor must be ﬁsed.»
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Téble IV. . Case IV fits to nucleon-nucleon phase shifts in uncoupled
partial waves. These partial waves are fitted by the separable

potential
' _ ’ ) ' - - ’ '
V2, 2') = g,(p) g,(p") - by(p) hy(»') ,
where the form faétors are

g,(p) = cRpﬂ/(p2 + aRQj(ﬂ+l), h, (o) = CApﬂ/(pE . aAz)(z+1)

The units of the attractive inverse range' ay and the repulsiVe
inverse range’ a are inverse fermis (F-l, 1F = lOle‘cm).
The units of the attractive coupling stfength C

: . 1
coupling strength CR are [MeV F (23+l)]2'

A .
Dashes indicate that
a form factor is to,bé(éet equal to zero. ZRE; is the sum of the

square of the residuals

SR® =

o8
Tk

(5, (5, ) -”-zszfit(lzi')]2 )
1T - i

~at the 28 data points in the range O to k0O MeV.

and the repulsive



Table IV (Continued).

YCRL-18501

*

Partial

Repulsive potential

parameters

Attractive potential '
parameters

wave aR(F'l) Cp [Mev E'(24+l)J% aA(F’l) c, Mev pr(2841) 3 g2
Singlet
lSO' 6.157 | 302.0 . 786 27.33 \M56.5
lPI 1.967' 121.6 .566 ' _,' 49.73 25.31
1D2 - - 721 530.5 11.95
;FB. 2.341 1203.0 - ©11.28
6, : - >.387 3378.0 0.507
Triplet - |
P, 5.000 1329.0 462 57.0 37.76
’p, 2.661 200.3 - 63.85
-31)2 - - 149 361.8 102.4
5F3;' 2.010 428.3 - 2.%%2
'iBGu - - .266 ~LssL.o | 19.605
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Table V. Case I fits to nucleon-nucleon phase parameters in coupled partial waves. These partial waves are fitted by the

separable potential

Vo p) = (P77 [g,(0) g, () - b, () b, (00)]

where the form factors are

R4, 2 R\2-(£+1)/2
g,(®) = ¢!/ m? + (2,202

£ 4 ) ] .

A 2 2 - A25(£+1)/2

h,(p) =C,p"/[p +(a)( )/

2 Y/ 2
The units of fhe attractive 1inverse ranges aA and aA and the repulsive inverse ranges aR and aR are

& J+1 J-1 pu- & J+1 J-1
inverse fermis (F-l, ¥ = 10717 cm). The units of the attractive coupling strengths C§+l and c?-l and the
N .

repulsive coupling strengths CR and CR are (MeV F)2. Dashes indicate that a form factor is to be set equal to

J+1 J-1

Zero. ZR2 is the sum of the squares of the residuals,

28 .
2 expt fit 22 expt fit 2 expt fit 2
SR = ; (o1 (By) - 85 (B )T + e 70 (By) - €7 7(B)I7 + (817 (8y) - 8, 1(8;)17)
i=1

at the 28 data points in the range O to 400 MeV.

Parameters for £ = J’+ 1 Parameters for £ =dJ -1
Coupled Repulsive parameters Attractive parameters Repulsive parameters - Attractive parameters
wave 1 1 1 1
R -1 s A -1 5 R -1 R 5 A -1 5 2

system aJ+l(F ) C§+1(MeV F) aJ+l(F ) C§+1(Mev F) aJ_l(F ) CJ_l(MeV F) aJ_l(F ) C‘g_l(MeV F) IR

J=1 0.848 20.38 0.7kk 10.82 3.990 22.98 0.982 - 9.80k 1664.0
g =2 - - 0.342 0.467 - - 1.509 5.345 5.526
J=73 0.808 3.243 - - 1.263 6.431 1.181 £.063 , L.158

J=h - v - ©0.737 ' 1.018 - - 1.k466 3,440 0.807

-wgz..

10987 -T9YDN



Table VI. Case II fits to nucleon-nucleon phase parameters in coupled partial waves.

separable potentlal

£'-2

Vg (s ') = 1(17 T)Me,(p) gy (p') - hylp) by (7))

" where the form factors are -

‘These partial waves are fitted by the

( R4,.2 . -R\2
g,(®) = ¢,/ [p° + (a,") j(ev2)/e
: AL, 2 £+2)/2
n(p) = ¢t/ + (a,P1(47R)/
The units of the attractive inverse réngec aR and "aA and the repulsive inverse’rangesr aR and aR ' .are
- : N J+1 ° J-1 J+1 J-1
- i 4
inverse fermis (F l, 1F = 107 em). The units of the attractive coupling strengths J . and CA and the
. 1
repulsive coupling strengths C§+l and C? | are (MeV/F)2. Dashes indicate that a form factor is to be set equal to
zero. ZR2 is the sum of the squares of the residuals,
. ]
RS
28 '
expt _ <fit expt f1t expt _ fit .
§ (6325, ) - 85708, ) (8y) - &5 (0% + 6520(E,) - 5511201
i=1
at the 28 data points in the range O to LOO MeV.
Parameters for £ =J + 1 Parameters for £ =J - 1 c
: - - Q
Coupled Repulsive parameters Attractive parameters Repulsive parameters Attractive parameters <}
wave 1 1 1 C
system (7" ) A& (MeV/F)Z' (F~ ) A (MeV/F)2 al (F'l) o (MeV/F)? ad (F'l) ch (Mev/F)? SRS o~
J+l J+1 J+l J+1 J-1 J-1 J-1 J=-1 ©
»
: ©
J =1 1.264 49,38 1.161 33.66 3.612 93. 74 1.994 41.08 798.4 -~
J =2 - - 0.652 1.102 : - - 2.198 24,24 5.765
J=73 1.129 8.697 - - 1.73%2 26.00 1.667 2k, 98 7.822
J =214 - - 1.033 3.270 - - 1.884 14.78 0.960
- -



Table VIITI.

potential

. 22
Vg (®s ') (

where the form factors are

i

g,(») CzRPE/[Pg + (a,

h,(p)

The units of the attractive

R)2](e+1)

. : A
inverse ranges * a

Case IV fits to nucleon-nucleon phase parameters in coupled partial waves.

17 ) Mg,(p) g, (') - hy(p) by ()],

2

CEAPZ/[PE . (azA)EJ(AHl)

: and aA

J+1 J-1

and the repulsive

: R
inverse ranges a
g€ J+1

and a

These partial waves are fitted by the separable

R s .
o1 are inverse fermis

(F_l, 1F = lO-13 cm). The units of the attractive coupling strengfhs C§+l and Cg_l and the repulsive coupling strehgths C§+l-
- 1
and C?_l are [MeV_F (22+1)J7‘ Dashes indicate that a form factor is to be set equal to zero. ZR2 is the sum of the squares of the
residuals,
28 - : :
2 expt  \ _ Fit . 142 expt .y _ fit 2 expt _ . fit 2 ‘
X > ([875 (5;) = 5 (B + [e7P0(8)) - <77 (2)1° + 1673 (5)) - 5,17 (8)1°)
‘ i=1 .
at the 28 data points in the range O to 400 MeV.
Parameters for £ =J + 1 Parameters for £ =J -1
Coupled Repulsive parameters Attractive parameters ‘Repulsive parameters Attractive parameters
wave . : 1
R -1 R -(22+1),3 A -1 -(28+1).3 R -1 -(28+1),%2 A -1 -(28+1) % 2
system al J(FT) c, [Mev T I G C:A;+1[MeV F ] ay (P Cg_l[MeV P 177 eh (7 c?_l[Mev F ] SR
J=1 1.738 4774 1.633 318.2 3,072 85.5% 2.000 40.92 1063.0
J =2 - - 1.289 24,33 - - 2.731 123.9 8.056
J =3 2.065 2151.0 - - 2.331 L65.1 2.287 L9k 18.17
J =4 - - 2.003 3007.0 - - 2.805 1905.0 1.353

-LZ-

10987100
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'

Table VII.V Case III fits to nucleon-nucleon phase parameters in couﬁled partial waves. These partial waves are fitted by

the separable potential
Ve 2 = (e, (0) 8, (0) - 5y (0) B, (p7)]
440 \P2 ’ 7 £ A ’

where the form factors are

R\27} )3
o) 2 ey )” |13 :
g,\p) = G, (=54, |1+—x s
£ 2 2 g 2
np 2p.
. A2 A
h'() Al : TRIEIS
P = G —= Q 1+ B
2z y4 2 %y 2
np- " 2p

where QZ(X) is the Legendre function of the second kind. In the J =1 system, the repulsive form factor for

J - 1(z =0) is

R 2 Ry2]| %
G, p (h, )72
R £ 1 £
g, ®) =|7—=7- (S|
o7+ (u, )/ | | p 2p
The units of the attractive inverse ranges uA and A and the repulsive inverse ranges pR and uR are
. , : J+1 Myl > J+1 J-1

J+1 J-1

1
repulsive coupling strengths G§+l and G?_l are (MeV F)?. Dashes indicate that a form factor is to be set equal to

Zero. ZR? is the sum of the squares of the residuals,

inverse fermis (F_l, 1F = 1075 em). The units of the attractive coupling strength G° ana and the

. 28
2 expt _ Tit 2 expt ., fit 2 expt it 2
o= Z (Toyy (By) = 85y (BN + Lep™(B,) - €57 (B )17 + [op "(By) - 8, (B
i=1 .
at the 28 data points in the range O to 400 MeV.
Parameters for £ =J + 1 Parameters for £ =J -1
Coupled Repulsive parameters Attractive parameters Repulsive parameters Attractive parameters
wave
R -1 R A -1 A i -1 i -1 . 1 2
system pJﬂ(F ) GJ+1(MeV F)% uJ+l(F ) GJH(Mev F)2 ui_l(F ) G?_l(MeV_F)Z u‘j,_l(F ) -(f;_l(MeV F)2 SR
J =1 - 0.592 77.49 . 0.511 18.10 3.2hg? 71.99% 1.458 13.94 2123.0
J=2 . - » - ) 0.1k42 0.577 - - 1.601 9.750 10.62
J =3 0.635 11.91 - - 1.316 16.10 1.122 11.75 3.690

7=k - - “0.521 23k - . 1481 9.86k . 0.708

£ 3]

Special repulsive form factor must be used.



Table IX. Case I fi

€7

fitted by the s

assuming =0

v,(o,p")

-29- UCRL-18501

ts to nucleon-nucleon phase shifts in coupled waves,

and neglecting 5 These partial waves are

J+1°

eparable potential

2,(0) 8,(0") - h,(®) B,(0)

where the form factors are

gé(p) = CRPZ/(p2

The units of the
inverser'range”
" The units bf the
coupling strengt
factor_is to be

df the residuals

ZRE

at the 28 data p

2, (e+1)/2 Y - 2y(4+L)/2
attractive 'inversevrange aA "and thé repulsive
' , , . 1. =13
a, are inverse fermis (F ™, 1F =10 cm).

attractive coupling- strength. C, and the repulsive

A
1 . .
h Cp -are (MeV F)2. Dashes indicate that a form

set equal to zero. ZR2 is the sum of thé squares

28 o L
expt ' fit,. 2
i=1 L .

oints in the range O to 40O MeV.
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Table IX (Continued).

Repulsive potential Attractive potential
_parameters parameters

' T I ne) T
Partial wave aR(F ) CR(MeV F)2 aA(F ) CA(MeV F)2 R
231 | 2.335 82.73 2?068 72,8l 50.51
3P2' | - a -1“- 1;569 . 5.549 . 0.406
;DB' R 5.5 1;259 5.40%  0.128

3Fu | - - 1.530 3.663 . 0.068

Eo~3
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Table X. Case II fits to nucleon-nucleon phase shifts in coupled

waves, assuming €. = O and neglecting 5

J

Tl These partlal waves

are fitted by the separable potential
' [ — ) - (1 -
Vy(ep') = gy(p) (") - hy(@) By(e')
where the form factors are

g,(p) = CRPz/(P2 * éLR-Q)(ME)/Q’ hZ(P)'=’CAPZ/(p2 + aAg)(“g)/2

The units of the attractive inverse range’ a, and the repulsive

, 1F = 1075 cm). The -

inverse range’ a.

o are inverse fermis (F

units of the attractive coupling strength .CA and the repulsive
coupling strength CR are (MeV/F)2, - Dashes indicate that a form
-factor is to be set equal to zero. sz is the sum of the squares
of the residuals

28

ZRE‘ ‘ZE:- [5zexpt(Ei) _-8zfit(Ei)]? ,
| i-1 - | o

i

at the 28 data points in the range]O to 40O MeV. -
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Table X (Continued).

Repulsive potential  Attractive potential

parameters parameters
Parpial'wavg' aR(F’l) rCﬁ(MbV/FS% aA(F'l)' ,cA(Mev/f)% TR
.331 | 4.540 127.4 1.908 35;02 | 60.63._
ry - IEER 2.192 2h. 1 | ﬁ.oi5
335 : ‘6 .558  L93.8 ‘1.hs1 | 7.716 | 0.189
’F), . S o  1.9&5 | _15.93:_ ' ,;0.125
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Table XI. Case III fits to nucleon-nucleon phase shifts in coupled

waves, assuming eJ = 0 and neglecting B

are fitted by the separable potential

Je1° These partlal waves

Vé(p,p’) = g,(p) gz(pi)'- h,(p) h,(p') ,

where the form factors are

e g | AN
g,(@) =G [ =5 q, Q+ ——§> > b,(p) =G| =5 Q,Z(l + —-§> ’
o np 2p - ap - 2p

b

'except in the fits to the partial. wave Sq» where thé repulsive

" form factor 1is

o > u:2‘) S L 2\]3
R B o [ 2 g 1 “ R .
o P 2p

The units of the attractive invefse range ) and the repulsive

A

inverse range up are inverse fermis ‘(F_l;':lF - 1073 cm).

The units of the attractive coupling strength GA- and the repulsive
: , : o 1 o

coupling strength G are (MeV F)2. Dashes indicate that a form -

factor is tovbe set equal to zero. ZR2 is the sum of the squares

. of the‘residuals

R = Z 5,7 E,) -5, @)
L .

{

at the 28 data points. in the range O to 400 MeV.
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Table XI (Continued).
Repulsive potential Attractive potential
parameters . v parameters
: . -1y 5 -1, - S 2
Partial wave MR(F ) GR(MeV F) pA(F ) ‘GA(MeV F)2 TR
%) 34417 7774 3.259 29.97 545.9
’p,, - - 1.600 9.76k 2,620
3D3 3.025 872.8  2.543 198.48 . 0.1L48
°r, - - 1.581 - 10.85  0.010.

@ gpecial repulsive form factor mﬁst:be used.
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Table XII. Case IV fits to nucleon-nucleon phase shifts in coupled

waves, assuming €; = 0 and neglecting &

are fitted by the separable potential

J41° ?hese partial waves

t . v 1 - ) ’ '
Vyep') = gy(e) gy (p7) - ny(0) ny(e)
where the form factors are

gé(p) = CRPZ/(pg . aRz)(£+1) , 6,0 - CApz/(ég . aAg)(E+l)'.

The units of the attractive ‘inverse range’ - a, and the repulsive

A
e . : C . -1 a3
inverse range ap -are inverse fermis (F -, 1F = 10 cm). The

units of the attractive coupling sfréngth C and the'repulsive

T A
' . - : , -(28+1) 3 N
coupling strength CR are [MeV F J2. Dashes indicate that
a form factor is to be set equal to zero. 232 is theﬂsﬁm of the

squares of the residuals
28

SRE = zg:j.[gzeth(Ei) --5£fi?(Ei)32_f,
. i=1 :

at the 28 data points in the range O to 400 MeV.
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Table XII (Continued).

Repulsive potential Atfractive potential

Partial parameters parameters
wave aR(F'l) Cg e pm(24+1) 3 aA(F'l) C, [MeV pol20H )3 g2
351 u.5uQ " 127.4 1.908 - 35.02 60.63:
| 5P2 . - 2.720 122.5  7.27%
3D5 2.489 307.8 2.253 - 2§8.0 | 0.775

’r, S Co- 2.861 - 2115.0 0.257°
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Table XIII. Low-energy parameters.a

UCRL-18501

lSO parameters

Singlet scattering length Singlet effective range

8 (fermis) ‘ T (fermis)
Experimentv - -2%.678 2,729 |
Case T ' -23.678 2,729
Case II -23.678 2.729
Case IIT . -23.681 2.722
Case TV 23,678 2.729
5Sl .parametefs (coupling to 3Dl neglected)
Triplet scattering length Triplet effective range
' 2y (fermis) B ry (fermis)
 Experiment ' 5.396 1.726
Cése I - - j 1 5.345 1.724
Case TI | 5.396 1.726
: Case IiI . - 5.399 1.730
Case IV V, S 5,396 1.726
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Table XIII (Continued).

J=1 parameters

Triplet . Triplet v Deuteron
scattering effective Deuteron D state
length a range r quadrupolg2 probability
- (fermis) (fermis) moment (F )

Experiment 5.396 1.726 ©0.278 -
Case I 5.654 Q.Ohl ' 0.277 . 0.7
Case II 5. 38 1.710 0276 1.
Case ITT 5.565 - 1.936 0.278 . 0.5
Case IV 5.380 1.705 - 0.274 1.h

All fits to the partial ‘waves ,lso, contain a singlet antibound state
' pble at E = -0.0665 MeV on the second or unphysical sheet of the
cdmplex energy Riemann surfdcé. All fits to the‘ J = 1 coupled wave

3Sl partial wave‘neglecting the'COupling IBDl

contain the deuteron pole at E = -2.22452 MeV on the physicai sheet
/ S

of the complex energy Riemann surface.

system and to: the



Table XIV. Maximum excursions of the error (fitted value minus data value) and the laboratory

kinetic energies at which they occur;

Maximum excursions of the error (degrees)

-6¢-

Phase‘parametér Case T ‘Case II Case IIT Case IV

'ls | { 10.0kL at4MOO.MeV 10.58 at ‘5-Mev 15.8% at LOO Mev 10.58 at 5 MeV
O | 21,639 at 160 MeV -1.%1h at 180 MeV -8.684 at 70 MeV -1.31k at 180 MeV

' lp { 2j5u6 at 220 MeV 2.i93 at 15 Mey . 2.022 ét 5 MeV  1.362 at 15 MeV
1 -~ | -3.608 at LOO MeV -1.669 at 90 MeV -1.841 at L4OO MeV -2.220 at LOO MeV

1 o :' b.u82 at 220 MeV  0.586 at 220 MeV ' 0.295 at 200 MeV  0.695 at 24O MeV
2‘ B { -0.729 at LOO MeV ~-0.936 at‘uoo MeV - -U.438 at LOO MeV -1.079 at 40O MeV

if | {: 0.80L at 400 Mev 0.916_at_uoo MeV  0.604 at 40O MeV 1.068 at 70 MeV
5 | -0.50k at 220 MeV -0.580 at 240 MeV -0.379 at 220- MeV ~0.643 at 2L0 MeV

1, o 0.085 at 2k MeV o.109 at 260»MeV ‘ 0.042 at eﬁo MeV  0.1h47 at 260 MeV»
b ' {-0.129 at 400 Mev"-o.171 at 40O MeV _-0.065 at 400 MeV -0.232 at 90 MeV

5 A 1.479 at 40O MeV 1.105 at ﬁoo MeV  4.599 at 40O MeV  2.857.at.hOO MeV
0 -1.107 at 10 MeV.. -1.067 at 10 MeV -3.414 at-lho,Mev‘ -1.031 at 10 MeV

TOSQT-TY0N



Table XIV (Continued-1).

~ Phase parameter

Maximum excursions of the

error ( degrees)

Case I Case II Case III Case IV

5, {j 0.114 at 5 e 2.440 at 30 MeV  3.854 at 40O MeV  2.50k at 30 MeV

L -0.074 at 14O MeV -1.419 at 200 MeV -2.001 at 120 MeV -1.482 at 220 MeV
‘BD | | { 1;355 at Aoo MeV  1.516 at 140 MeV 1.818 at L0O Mev  2.3h1 ét‘;éo MeV .

2 -] -1.264 at 30 MeV -2.541 at L4O Mev -0.8L48 at 220 MeV -3.595 at 4O MeV

5 I_Oillh-at 4O MeV - 0.290 at 40O MeV  0.057 at 200 MeV  0.503 at 40O MeV

5 | -0.083 at 180 MeV -0.200 at 200 MeV -0.087 at 40O MeV -0.319 at 220 MeV

3 I-O.276_at 220 Mev 10.436 at 220 MeV o.ouo_at 220 MeV  0.632 at 260 MeV

b | -0.427 at 40O MeV ©-0.682 at 400 MeV -0.093 at 40O MeV -1.021 at 400 MeV

3 f11.07 at LOO MeV 5.791 at 586 MeV 1&.37‘.at 40O MeV 2.76& at-5ho MeV

1 -9.099 at 50 MeV -3.513 at 70 MeV -5.455 at 4O MeV -3.536 at 70 MeV

'51 \ 3.90& at 400 Mev 7,591 gt ﬁoo MeV“ 1.803 ét:uoo Mev  7.877 at 40O MeV

-L.1%2 at 20 MeV -5.37L at’ LO MeV }¢3.56u at 5 MeV -6.505 at 60 MeV

5 :6.501 at 400 Mev.' 5.127 at uobfmevv 11.54 iat ;oo MeV  8.723 at LOO MeV
= -1.647 at 160 MeV -2.838 at 520 MeV -2.100 at L0 MeV -3.682 at 200 MeV

-oh-

TOCGT~THON



Table XIV (Continued-2).

- Maximum excursions of the

error (degrees)

Phase parameter Case I vCaseFII Case IIT Case IV

5 | 0.201 ;t 120 MeV  0.462 at 180 MeV 0.75k at LOO MeV  0.620 at 180 MeV
2 -0.194 at 30 MeV -0.599 at L0 MeV -0.422 at 200 MeV -0.778 at 40 MeV
‘, . 0.463 at 1ko MeV 0.250 at 180 MeV  0.628 at 140 MeV 0.375 at. 39 MeV
- "~} -1.024 at 4OO MeV -0.651 at LOO MeV -1.175 at LOO MeV ~0.247 at L0O MeV
35 0.325 at 40O MeV  0.269 at jo MeV  0.350 at 400 MeV  0.219 at 80 MeV
2 -0.239 at 180 MeV -0.205 at 200 MeV =-0.270 at 160 MeV -0.173 at 220 MeV
5 {:0.602 at 400 MeV - 0.401 at . LoO MeV  0.746 at LOO MeV | 0;235 at 40O MeV
3 -0.313 at 240 MeV -0.190 at 260 MeV =~0.L4é5 ét 220 MeV -0.157 at 300 MeV
o 1 0.315 at 200 MeV  0.556 at 200 Mev. 0.073 at 380 MeV  0.813 at 2h0 MeV
2 - {;0.555 at 50 MeV -0.852 at 60 MeV' 40.175 at 60 MeV =-1.306 at 70 MeV
5, , {:0.267 at MOO:MeV 0.363 at 400-Mev 0.167 at 400 Mev 0.436 at 100 Mey
5__ -0.172 at 120 MeV -0.190 at eoo'Mev -0.231 at 80 MeV -0.262 at 260 MeV
5 l 0.107 at 240 MeV  0.128 at 240 MeV = 0.080 at 200 MeV | 0.14k at 280 MeV
ok - 1-0.145 at 40O MeV -o.i7u at 40O MeV -0.086 at qu MeV -0.220 at 400 MeV

TOSQRT~THON



Table XIV (Continued-3).

Maximum excursions of the error (degrees)-

Phase parameter - . Case I o - Case IT : Case IIT Case IV
'eh _ " 0.215 at 100.MeV  0.249 at 100 MeV  0.210 at 140 MeV - 0.327 at 100 MeV'
‘ -0.061 at 400 MeV -0.011 at 400 MeV -0.117 at 400 MeV -o;o;j'at 220 MeV
| 5 ' 0.172 at 140 MeV  0.188 at 180 MeV  0.15k at 1L0 MeV  0.197 at 220 MeV
L

|-0.120 at 400 Mev -0.149 at 400 MeV -0.071 at 40O MeV -0.210 at 400 MeV

-2t~

TOSQT-THoN



Table XV. Maximum excursions of the error (fitted Value minus data value) and the laboratory

kinetic energiés at which they occur,- for the phase shifts.in-coupled wgves, assuming

J+1°

€ = 0 ahd-neglecting 5
_ Maximum excursion of the error (degrees)
Phase. parameter Case TI.- Case II Case III Case IV
53' : o.8oQ'at 340 MeV ~ 0.923 ‘at 320 MeV  8.470 at 4OO MeV  0.923 at 320 MeV.
1  }-2.393 at 60 Mev -2.571 at 60 MeV -1.69% at 50 MeV -2.571 at 60 MeV
5 o {:O.l6u at 120 MeV 0.595 at lBQ.MeV : 03786‘at hQQ MeV Ao.665 at 180 MeV
e - |-0.228 at 30 MeV -0.619 at k40O MeV =-0.l11 at 200 MeV ~0.800 at ko MeV
5 , 0.22k at 40O MeV  0.218 at 400 MeV  0.227 at 400 eV 0.623 at 400 MeV |
5, a fQ.loe at 220 MeV -0.115 at 260 MeV -0.098 at zeo'M§V' -0.138 at 220 MeV -
3 | - 0.060 at 280 Mev_ o.oée at 289 MeV  0.021 at 240 MeV; .o,llu’at é80 MeV
b -0.091 at 40O MeV -0.128 at 40O MeV -0.036 at 40O MeV -0.169 at L0O MeV

-en-

TOSET-Ta0N
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Table XVI. . Grand total of the sum of the squares of
the residuals for all uncoupled waves and coupled

- wave systems through . J = k.

- Sum of squares_of residuals

Case I _ . 2263.7
Case IT ' 1k
‘Case III - 3966.9

Case IV | 1811.9
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.. Fits. to the singlet phase shift D
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FIGURE CAPTIONS

Fits to the singlet phase shift lso. The curve marked A is

the data value of the phase paramétef in degrees and is read

with the left-hand scale. The other curves are the absolute
error (fitted value minus data value) in degrees of the various
fits and are read with the right-hand scale. The dashed curve

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

and Case IV fits, and the dotted curve indicates the Case ITI

fit.
Fits to the singlet phase shiff lPl. The curve marked A is

the data value of the phase parametef in degrees and is.read

_With the left-hand scale. The other curves are the absolute

éfror (fitted value minus déta value) and are read with the
right-hand scale. The dashed curve represents the éase.I'fit,
the solid curve marks the Case II fit, the dotted curve indi-
cates the Case IIT fit.and fhg dot-dash curve deﬁotes the

Case IV .fit.
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is as for Fig. 2. |

Fits to the'sihglet:phase shift F_,. Description of curves
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Fits to the (uncoupled) triplet'phase shift 5Pl. Description

of curves is as for Fig. 2.
Fits to the (unéoupled) triplet phase shift 5D2' Description

-of curves 1s as for Flg. 2.

Fits to the (uncoupled)-triplet phase shift .bB. Des C”lDulOD
of curves is as for Fig. 2.
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Flts to the uncou tr" t phase shift 'Gh' Descripuion
of curves is as for Fig. 2.
o . . : . 5 ' . T
its to the triplet phase shift ~“g. (J =1 1ed waves).

Description of curves is as for Fig. 2.

Fits to the triplet mixing parameter e. (J =1 coupled

. waves). Descripticn of curves is as for Fig. 2.

Fits to the triplet phase shift 5D (0 =1 coubled WEVES ).

for
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no

'Fits to the triplet phase shift jP (J':.E coupled waves).

" Description of curves is as for Fig. 2.

Fits to the triplet miiing'parameters e (J -2 coupled

vwaves). Description Qf curves is‘'as for Fig. 2
Fits to the trlpletb se shift _5F2 (J = 2 coupled waves).

_Description of curves is as for rig. 2.
Fits to the tfiplet phase shift 5D (J = 3 coupled waves).
 Description of curves is as for Fig. 2.

" Fits to the triplét mixing parametér €5 (J =3 couplédg

waves). Description of curves is as for Figi 2.

. . Fits to the triplet phase shift G (J = 3 coupled waves).

5

- Description of curves is as for Fig. 2.
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Fits to the triplet phase shift

Description. of curves is as for

Fits to the triplet mixing parameter eu
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Fits to the triplet phase shift

Description of curves is ags for

Fits to the triplet phase shift
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neglecting & l). Description

Fits to the triplet phase shift
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Fits to the triplet phaée_shift
M >5 Description
Fits to the triplet phase shift
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A.

Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not-infringe privately owned rights; or

Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, 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 Com-

mission,

or employee of such contractor, to the extent that

such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract

: with the Commission, or his employment with such contractor.
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