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Structure of Mass 15: The N(p, y) 0 and N(p, p'y) Reactions*
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We have studied states in ~50 between 10.91- and 13.02-MeV excitation as resonances in the

~4N(p, y) ~O and ~4N(P, P'y) reactions. Several new states are reported, and the elastic, inelas-
tic, and y-ray partial widths are given for some of the levels. The levels are compared with

corresponding levels in the mirror nucleus N. Of particular interest are the 2' and &+, T =2
states which should lie in this region. The results imply more mixing of these states in 0
with nearby 7 =2 levels than is observed in N. However, most of the T=g strength in 0
remains unaccounted for.

I. INTRODUCTION

The mirror symmetry of levels in "N and "0 is
well established up to about 10 MeV in excitation.
With few exceptions, the experimentally observed
levels in the two nuclei can be matched up one-to-
one with respect to spin, parity, and other mea-
surable properties such as y-decay strength and

branching ratios. '
At higher energies, the level structure in "N be-

tween 11 and 13 MeV has been investigated in de-
tail by observing resonances in the '~C+p and ' N

+n reactions. The corresponding region in "0
was first investigated via the reaction "N(p, p'y}-
' N. ' More recently, West et al.' have reported
measurements of elastic and inelastic scattering
of protons on '

N, in which a number of reso-
nances were observed in the compound nucleus "0
between 10.9- and 12.5-MeV excitation energy.
However, the observed levels in this region could
not be so readily compared between "N and "0as
could the lower excited states.

Strong y-ray transitions have been observed
from the T = ~ levels in "N at 11.61 and 12.52
MeV. ' " In the present experiment, we have stud-
ied the y decay of resonances in "0from the ' N

+p reactions at proton energies from 3.9 to 5.3
MeV (10.9- to 12.2-MeV excitation energy in "0).
y-decay widths and branching ratios are reported.

We have also measured inelastic proton cross sec-
tions leading to the first and second excited states
in '~N, up to an incident proton energy of 6.4 MeV,
by observing y rays from the "N(p, p'y) reaction.

II. PROCEDURE

Nitrogen targets were prepared by evaporating
melamine (C,H6N, ) onto thin carbon backings.
These were positioned in a small (4-in. cube}
aluminum scattering chamber with Plexiglass win-
dows for the y-ray detectors on each side of the
beam line. The proton beam from the EN tandem
Van de Graaff accelerator at the Center for Nucle-
ar Studies of The University of Texas at Austin
was focused on target through a -', -in. -diam tanta-
lum collimator and collected behind the target in
a beam dump which was shielded from the detec-
tors by a concrete wall. Excitation curves for pro-
ton energies from 3.75 to 5.22 MeV were taken
simultaneously for ground-state y rays following
proton capture by '~N (Fig. 1, top) and for the 2.31-
MeV y rays following inelastic scattering to the
first excited state of "N (Fig. 1, bottom). The
former was taken with a 4-in. x4-in. NaI detector
at a distance of 3 in. from the target, and an angle
of 90 on one side of the beam line, and the latter
with a 30-cm~ coaxial Ge(Li) detector placed sym-
metrically on the other side. The curves are nor-
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malized to an inelastic cross section of 61 mb for
the state at S.SO MeV, as given in Ref. 8. System-
atic uncertainty in this normalization is estimated
at less than 10% for the (p, p'y) curve and less than
20% for the (P, yo) curve. The latter is due mainly
to uncertainty in the relative detector efficiency
with energy (see Sec. III). There is additional un-
certainty in the (p, y, ) curve due to the possible
effects of non-isotropic angular distributions; how-
ever, the large solid angle covered by the detector
serves to minimize these effects. Because the
2.3i-MeV level of "N has zero spin, its decay
should be isotropic and the (p, p'y) curve at 90'
truly reflects the total cross section.

Portions of the "N(p, p'y) curve were repeated
later in finer steps to better define and resolve
the overlapping resonances observed, and the
curve was extended to a proton energy of 6.36 MeV
(Fig. 2, top). This covers the gap between 5.67
MeV, where the data of West et al.' end, and 6.0
MeV, where the inelastic proton cross-section

measurements by Shrivastava, Boreli, and Kin-
sey" begin. In this region the p, inelastic cross
section becomes appreciable to the second excited
state of '4N at 3.95 MeV which decays 96% of the
time via a 1.64-MeV cascade y ray to the first ex-
cited state. The excitation curve for this y ray is
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FIG. 1. Excitations for N+p for Ep ——3.7 to 5.5 MeV.
The po resonance decay {to the 0 ground state) is given
in the top figure and the {p,p'p2 3f) resonance decay
{through the N 2.31-MeV level) is given in the lower
figure.

FIG. 2. Excitations functions for the f4N(ft), p'y) reac-
tion for E& from 4.6 to 6.4 MeV for E =2.31 and E =1.64

y
MeV. The lowest curve is the difference in the two exci-
tation functions, which corrects for the y-ray cascading
of the N 3.95-MeV state through the first excited state
at 2.31 MeV.
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shown in Fig. 2, center. Because this y ray feeds
the 2.31-MeV level, the curve for the 2.31-MeV
y ray represents the sum of the p, cross section
plus 0.96 times the p, cross section. To approxi-
mate the p, cross section, the excitation curve for
the 1.64-MeV y ray, normalized by the relative
detection efficiencies, is subtracted from the
curve for the 2.31-MeV y ray (Fig. 2, bottom).
However, since the 1,64-MeV y ray may have a
non-isotropic angular distribution, its curve
should rightly be considered as 4m times the cross
section at 90'. Where they overlap, there is good
over -all agreement between the present data and
the inelastic cross sections measured by Shrivas-
tava, Boreli, and Kinsey, "although the latter
data are much less detailed than the present work.
Table I summarizes the present results.

To obtain branching ratios for y decay of the
resonances observed in Fig. 1, pulse-height spec-
tra from the Ge(Li) detector were accumulated at
the positions indicated by arrows on the figure.
The resulting spectra are shown in Figs. 3-5. Off-
resonance spectra were also taken at 4.10 and 4.70
MeV. These confirmed the sizable direct-capture
cross section to the "0 ground state, seen in Fig.
1, and also showed appreciable direct capture to
the 6.79-MeV level.

III. RESULTS

Table I gives the resonance energies E~, excita-
tion energies E„ total widths I', elastic and inelas-
tic partial widths I', and I'„and gamma widths l
for the levels seen in the present experiment.
These are compared with levels in the correspond-

ing region of "N in Table II.
Total widths were obtained from a computer fit

to the data using a background term plus one or
two Breit-Wigner resonance shapes including in-
terference terms (see the work of Wharton et al.").
Partial widths were obtained from the inelastic
peak cross sections, which are proportional to
I', I', /I' (see e.g. , Ref. 8). If there are no other
significant channels, I', = I'- I „and this gives a
quadratic equation that can be solved for j, How-

ever, there is generally an ambiguity as to which
root to choose for I', (the other root is then I'o).
In the present case, we have additional informa-
tion in the (p, y, ) resonant cross sections which
are proportional t:o I',I'„/I'. The choice of the
larger root for 1, and the smaller root for I', in
most cases gave unreasonably large y widths and
so could be eliminated. An exception is the 10.94-
MeV level, for which the two roots are close in
value. Here we follow the lead of West et al. ,' who
were guided by the elastic cross section in choos-
ing the larger root for I', . Where they overlap,
there is good agreement between the present ex-
periment and that of Ref. 8 in resonance energies
and widths. Also given in Table II are the reduced
widths

yr' = I'r/2'
where I'~ is the partial width for decay to a mass-
14 state with isospin T, and the P, are the Coulomb
penetrability functions for angular momentum
transfer l. The reduced widths are normalized
for comparison between "O and "N by dividing by
c', the square of the isospin vector coupling coef-

TABLE I. '0 levels from ' N(p, p'y) and ' N(p, y).

E
(MeV)

E
(MeV)

I- h

(keV)
z b

(keV)
Z

C
1

(keV)
Z C

2

(keV)
r,

(eV)

3.903
3.996
4.203
4.58
4.63

4.772
4.877
5.03
5.18
5.28

5.547
5.937
6.123
6.141

10.936
11.023
11.216
11.57
11.61

11.747
11.845
11.99
12.12
12.22

12.467
12.831
13.004
13.022

99
25

40 +4
20+15
80+ 50

99
65

20+ 5
200+ 50
100+ 50

77
16

215+30
40 +30

39
21

40+4
20+ 15
80+ 50

95
60

20+5
200 + 50

60
4

4
5

0.2 +0.1
3+1
wk.

1.3+0.4 0.4*0.1
str.
str.
str.

14+3
1.4 ~ 0.4
5.2 ~0.4
0.7 +0.2

Uncertainty of 3 keV (20 keV) in energies given to 1 (10) keV.
b Uncertainty of &5% unless given otherwise.
'wk. , observed weakly; str. , observed strongly.
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ficient for the respective decay channel.
Table III gives the y-ray total cross sections,

resonant cross sections, branching ratios, and

y widths obtained for resonances at 3.90, 4.00,
4.58, 4.78, and 4.87 MeV, and compares these
with the single-particle widths in Weiskopf units
(W.u.), assuming the lowest allowed multipolarity
as given in the table.

The '
N(P, y, ) cross sections can be compared

with recently published data of Kuan et al. ,
"who

obtained "N(p, y, ) cross sections at 90', including
the region covered in the present work, but in less
detail. The over-all relative agreement is good,
although in Ref. 13 the resonance at 4.00 MeV is
not resolved from the 3.90-MeV resonance. How-
ever, the absolute cross section obtained in the
present work exceeds that of Ref. 13 by approxi-
mately a factor of 2. This disagreement is dis-
turbing; however, there are several checks on the
absolute cross sections obtained here. In the fol-
lowing, we present in some detail the procedures
used in obtaining these cross sections:
(1) The '~N(p, yo) cross section was determined
relative to a value of 61 mb for the "N(p, p'y)
cross section at the 3.90-MeV resonance, as ob-
tained by West et al. ,

' using peak and total effi-
ciencies interpolated from Marion and Young. '
The y0 energies ranged from approximately 10.9
to 12.0 MeV. Counts were summed in a moving
window centered on the incompletely resolved full-
energy, first-escape, and second-escape peaks in
the spectrum, and a flat background from above
the window was subtracted. The efficiency ratio
of counts in the window to total counts was ex-
tracted from the spectra with the greatest num-
ber of counts, i.e., at the 4.20-MeV resonance.
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To obtain this ratio, the flat Compton scattering
region below the window was extrapolated to zero
energy underneath the peaks from lower-energy
y rays. It was assumed that this peak-to-Compton
efficiency ratio did not change appreciably over
the region studied.
(2) The spectra of high-energy y rays (Figs. 3—5)
taken with the Ge(ji) detector provide an indepen-
dent check at several energies of the y0 cross sec-
tion relative to the ' N(p, p'y) cross section. Us-
ing relative efficiencies extrapolated from Ref. 14
and normalizing to the 3.90-MeV resonance, we
obtained the results given in column 5 of Table III.
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FIG. 3. High-energy N(p, y) 50 y-ray spectra taken
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full-energy, single-escape, and double-escape peaks,
respectively.
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TABLE II. Comparison of levels in ~O and N.

iSO

Ex I'o yp /c ri y, 2/c2

(MeV) J»; g l o (keV) (keV) l i (keV) (keV)
I

(eV)

11.02

11.57

11.61

11.85

11.99

12.47

2

(i, 2)

($)

2

($, $)

21

25

1 60

1 20

1 58

Negative parity

10 1

10

10

22 15

1.4
0.3

10.91 j+

10.94

90

Positive parity

105

14 0 60
213
107

14

11.22

11.75

2 40 40
51
25

12.12 2 160 105 (2) 30

i5N

E„ yo /c I'i yi /c
(MeV) J» g ' ~

~ (keV) (keV) E i
' (keV) (keV)

r,
(eV)

Negative parity

11.29

11.88

11.96

12.14

12.32

12.92

g(-)
2

25

21

30

(1) 21

22

17

21

12

18

1 6

3 0.03

1 0.3
1 17

0.3

0.6

27

0.5

0.3

11.24

11.42 p+

11.56 ~)+;f

11.76 $+

12.09

12.49 ($+)

12.52

12

28

18

50

56

Positive parity

&3 &580 (i=2)

23 14 0 11

0 400

0.5

0.3
2 80

18

1140 19

0.6

720

~T=$ ifnot stated
b i4N+n, Refs. 4 and 5.
c i4C +P, Refs. 4 and 5.

N(g. s.)+pp, Refs. 8, 13, and present work.
N*(2.31) +Pi, Refs. 8, 13, and present work.
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Agreement with the curve of Fig. 1 is generally
satisfactory.
(3) An additional check of the normalization is pro
vided by the '4N(p, p'y, «) curve (Fig. 2) and the
' N(p, p'y», ) minus the ' N( p, p 'y, , ) curve (Fig.
2). Above 6 MeV these can be compared with the
inelastic cross sections" for the first and second
excited states. Again agreement is satisfactory.

Thus, the relative cross-section measurements,
taken independently and at different times with the
Nal detector and the Ge(Li) detector, are consis-
tent. In addition, the present data bridge the gap
between the absolute measurements of the inelas-
tic scattering cross sections made in Refs. 8 and
11 at different energies and are consistent with
both these measurements. This gives us confi-
dence in the absolute normalization obtained for
the present work.

IV. DISCUSSION

A. Low-Lying Levels in Mass-15 Nuclei

Figure 6 compares the level structure of the
mass-15 nuclei' up to and including the region of
excitation studied in the present work. There is
very good agreement in level spacings, spins and
parities, and properties such as y-ray branching
and relative stripping cross sections, at least up

to the proton separation energy at 7.29 MeV in "O,
and good general agreement up to about 10 MeV in
excitation. Figure 7 compares y branching ratios
between mirror levels in "N and "O.' '" There
is serious disagreement for the two pairs of 2

levels at 7.55, 8.31, and 8.79, 9.05 MeV in "0,
"N, respectively. In both cases the E1 ground-
state decay, relative to the E1 decay to the 2

third excited state and to the competing M1 decays,
is severely inhibited in "O. This represents a
breakdown in mirror symmetry and has been dis-
cussed previously, ' but is still not well under-
stood. Except for this situation, the agreement
between branching ratios in mirror levels is very
good up to 10 MeV. The data indicate that a miss-
ing level at about 9 MeV in "0 (the mirror of the
9.l55-MeV level in "N) may be part of an unre-
solved doublet at 8.92 MeV, the other member of
the doublet being the mirror of the 9.23-MeV level
in "N. There is recent experimental evidence that
this may be the case." The branching-ratio data
also indicate that the 9.93-MeV level in "N is the
mirror of the —,

' '9.61-MeV level in "O. The "N
level was previously assigned positive parity on
evidence which has proven unreliable" in the case
of the 9.76-MeV level in "N. Recent experiments"
have given additional information about the 10—11-
MeV region in "O which is not included in Fig. 6.

TABLE III. N(P, y) 0 decay properties.

Eres
(MeV) J~ (Me V)

E
(MeV)

Cross section
Total Resonant
(vb) (pb)

Branching
ratio
(%)

r
(eV) Multipolar~ty

I
y

/I's
p

PV.u.}

3.91

4.00

4.20

4.58

4.78

4.87

0
5.18
6.18
6.79

0
6.79

0
5.18
5.24
6.79

0
5.24
6.18
6.79

0
5.18
5.24
6.18
6.79

11.84
5.24
6.79

10.94
5.76
6.18 ~

6.79 ~

11.02
6.79

11.22
6.04
5.98
6.79 ~

11.57
6.33
6.18 ~

6.79 ~

11.75
6.57
6.51
5.57
6.79 ~

0
6.60

79 a

21+ 3
11~2
7+2

10~2

20+3
10+3

82+6
12+2
10+2
11+2

26~3
30+ 3
10 +4
6+2

24+ 3
&5

8+1
9+2

11+2

22+3
5~2

11+2

14~4
11+2
7+2

12 ~4

64+ 6
12+ 2
10~2

&4

8+4
30+ 3
10+4

&1

&5

8+I
9~2

&4

&5

5+2

44+ 8
34~3
22+8

&8

100
&25

74+ 5
14 +5
12~5

&4

18~9
63+ 9
20+ 9

&30
&25

47+ 7
53~7

&20

&50

100
&40

14 +4
11~2
7+2

1.4 + 0.4
&0 4

5.5+ 0.5
1.0+ 0.2
0.9 + 0.2

&0.4

0.3 + 0.2
1.2+ 0.1
0.4+ 0.2

&0.1

5+1
5+1

1.4+ 0.6

EI
Ml
El
Ml

Ml
El
El
Ml
Ml
Ml

E2
El
Ml
El
M2
E2
Ml
El
Ml

M2
El
El

0.026
3.
0.16

0.05

0.009
0.02
0.2

0.07
0.012
0.12

0.09
0.07

0.012

~Cascade y ray observed.
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FIG. 6. Level structure for mass-15 nuclei.
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There have been a number of theoretical calcula-
tions of level structure in mass 15 up to about 10
MeV based on the individual-particle model (IPM)
(see e.g. , the works of Halbert and French" and
Zucher, Buck, and McGrory") and on the weak-
coupling model (WCM). "20 The consensus of the-
oretical and experimental evidence is that the 2

ground state and a third excited state are primar-
ily pzg2 and p3y2 holes in the "0closed shell. The
positive-parity levels below 8.6 MeV can be well
described as an excitation of one particle into the

2s», or 1d„, subshells leaving two holes in the 1p
core. Evidence from the (d, p) stripping reaction'
and "C P decay" show strengths to these levels of
nearly single-particle intensity, exceeding the the-
oretical strengths calculated from the IPM. There
is, however, some mixing of the a' single-particle
strength" expected for the 5.30-MeV level into the
9.05-MeV level in "N, and of the —,

"strength" ex-
pected for the 8.57-MeV level into the 10.07-MeV
level in "N.

B. Levels Between 9 and 10MeV

analogs of the "C ground state and first excited
state, and have a simple shell-model description
as a 2s jgz and 1d», partic le, respectively, outside
a O', T = 1 core consisting of two holes in the 1p
shell. This core corresponds to the "C ground
state and ' N first excited state at 2.31 MeV. Thus
the "N states are seen strongly as resonances in
the "C+p reaction. The —,

' state also has a large
y width for E1 decay to the 2 ground state. The
present experiment was performed to see how well
the mirror correspondence persists between "N
and "0at these high excitation energies and to
identify the T = —,

' levels in "0which had not been
seen but should be within the region studied. At
the latter, we were only partially successful.

The „N(P, P'y) reaction to the O', T =1 level at
2.31 MeV in ' N would be expected to resonate at
the T = —, levels, since it is isospin-allowed in the
outgoing channel. However, the fact that the incom-
ing channel is isospin-forbidden (the target has T
=0 and the projectile T = &), plus the fact that the
resonances are expected to be broad, may make
them difficult to observe above background. The

There are two interesting sets of levels of op-
posite parity intermixed between 9.05 and 10.07
MeV in "N. The relative positions and y-decay
properties of the positive-parity levels are well
reproduced in the WCM calculations of Lie and
Engeland, ' who obtain mostly three-particle-four-
hole (3p-4h) excitations in the "0 closed shell for
the structure of these levels. This is consistent
with the fact that the positive-parity levels are
seen strongly in the reaction "C(3He, p) "N.' How-
ever, this reaction does not strongly populate the
negative-parity states. The latter are seen strong-
ly in the "C(o,p) reaction at 22-MeV incident en-
ergy, "but the positive-parity levels at 9.05 and
10.07 MeV are extremely weak. The negative-pari-
ty states are also seen very strongly in reactions
of Li and Li on B and B. WCM calculations
are not completely successful in describing these
levels with 1h plus 2p-3h and 4p-5h configurations.
They obtain very small 4p-5h contributions to
these states (also see the work of Shukla and
Brown" ). The reaction data imply these levels
may have strong overlap with configurations of a
p„, hole in the mell-known 0' and 2' members of
the deformed rotational band in "0 at 6.05 and
6.92 MeV, respectively, which have large 4p-4h
strengths. "

C. Higher Levels
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The levels above 10-MeV excitation are not de-
scribed by any model, and it is likely that their
shell-model configurations are increasingly com-
plex. Exceptions to this are the T = —,

' states at
11.61 and 12.52 MeV in "N. These are isobaric

/&+Ps&' 0; 7+

FIG. 7. Comparison of y-ray branching ratios between
mirror levels in N- Q.
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TABLE IV. N y-decay properties. See Refs. 9 and

10.

Ex
(MeV) {MeV)

Branching
ratio I'

(eV)

11.61

5.30

6.32

91+3

2+1

49

12.52

6.32 6+1 0.3

'4N(p, p'y „)excitation function shows a strong,
broad —,

"resonance at 10.94-MeV excitation ener-
gy and broad —,

"resonances at 11.75 and 12.12
MeV. A comparison of reduced widths and y
widths from Table III shows that appreciable —,'',
T = —,

' strength lies in the 10.94-MeV level, but
most of the particle strength is still unobserved
in "Q. Brill, Vongai, and Qgloblin report a
broad neutron group from the '3C('He, n) reaction
at 11.5 + 0.1-MeV excitation in "Q which they be-
lieve is T = —,', but such a state was not seen in the
data of Adelberger and Nero" on the same reac-
tion, nor is there evidence for such a state in any
of the '4N+P data.

Similarly, for the —,", T=-,' state there appears
to be appreciable T = —', strength in both the 11.75-
and 12.12-MeV levels in "Q, but most of the sin-
gle-particle strength seen in "N is still unob-
served in "O. The y-ray branching data in Table
III also show no clear correspondence to the "N
levels given in Table IV.

U. SUMMARY

The negative-parity levels of "Q between 11 and
12.5 MeV can be seen to match up quite well to
corresponding levels in "N, comparing their level
sequence and spacings from Fig. 6 and their re-
duced partial widths in Table II. For the positive-
parity levels in this region the picture is quite dif-
ferent. The ~' level at 10.91 MeV in "Q is proba-
bly the mirror of the high-angular-momentum lev-
el at 11.24 MeV in "N. The latter, because it is
not far above threshold, is weakly excited as a
resonance. Similarly, the —,

' level at 11.22 MeV in
"Q is probably the mirror of the level at 11.76
MeV in "N, although a large E1 y strength to the
ground state has been observed for the "Q level
but not the "N level. For the remaining levels,
all of which probably have spin and parity of —,

or —,", the mirror correspondence appears to com-
pletely breakdown (see Table II). The T = —,

'
strength in "O seems to be appreciably mixed in-
to the T = —, levels of the same spin and parity, as
might be expected because of the large widths of
the T = -,' states for the allowed decay to the ' N 0+,
T =1 level at 2.31 MeV. The surprising fact, per-
haps, is that there appears to be so little mixing
of T= —,

' and T=~ levels in "N, in spite of the fact
that there is a large overlap of both the ~' and the
—,", T=-,' levels with neighboring T=-,' levels of the
same spin and parity. (This phenomenon has led
at least one author" to suggest that the 12.49-MeV
level in "N may not be -', but —, .) Finally, it should
be pointed out that the majority of the T=~
strength for both the ~ and ~ states is still unac-
counted for in 'Q. This missing strength may lie
in very broad levels underlying the states studied
here and thus be difficult to observe above back-
ground via a "N+P reaction.
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The use of the first-order unitary model to calculate nucleon polarizations in elastic nucle-
on-deuteron scattering at energies up to 40 MeV is investigated. One shortcoming of extant
unitary-model calcu1ations, that of inadequate two-nucleon input, is partially remedied by
introducing a variety of more realistic models for the two-nucleon interaction. It is found
that even with the latter interactions the unitary model fails to represent the nucleon polari-
zation, and, as is to be expected from the work of Sloan et al. , to a lesser degree, the elastic
differential cross section. The nucleon polarization is found to be extremely sensitive even
at fairly low energies to the presence of the P-wave components of the two-nucleon ampli-
tudes when the three-particle scattering is computed via the unitary and other approximations.
This indicates that any method (exact or otherwise) for computing polarizations in'-d scat-
tering must include these components.

I. INTRODUCTION

Recently calculations of the differential cross
section and nucleon polarization in elastic nucleon-
deuteron scattering were carried out over an ener-
gy range from 11 to 40 MeV using an approximate
K-matrix formalism. ' ' The results obtained were
quite remarkable considering the crude two-nucle-
on input used and the approximations made to the
three-particle dynamics. It now appears that the
calculations of KK"' are incorrect.

The latter circumstance was first pointed out by
Aarons and Sloan. ' Their primary (and correct)
objection against the computational procedure in
KK concerns a premature truncation in the total
angular momentum J. However, even granting
such a truncation (Z & 2) the results of KK appear
to be unreproducible with the prescribed two-nu-
cleon input. ~' The computations to be described

in the present work substantiate the conclusions
of Aarons and Sloan on both of these issues.

When sufficient partial-wave states are included
to ensure convergence with respect to 4, the N-d
polarization predicted with the N-N interaction of
KK is, as is shown in Ref. 5 and the present paper,
essentially zero. In order to determine the cause
of this complete disagreement with the experimen-
tal results, we have computed N-d polarizations
and cross sections in the unitary model using a
variety of more realistic N-N input. We conclude
that even with a fairly complete representation of
the N Namplitudes (S, P-, and D waves) the Sloan
approximation fails to give qualitatively correct
results for the N-d polarization. Although the
structure of the elastic differential cross section
is reasonably reproduced, the magnitude of the
forward peak is, as is to be expected from the
work of Sloan, ' poorly estimated.


