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Study of 5.69- and 5.78-MeV states in Ne through the Ne(d, p) Ne reaction
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We have investigated the states in Ne at 5.69 and 5.78 MeV through the Ne(d, p) reaction
at 3.6 MeV. Distorted-wave Born-approximation (DWBA) fits have been performed for the
angular distributions of these states; they indicate l = 1 and 0 for the 5.69- and 5.78-MeV lev-
els, respectively. Spectroscopic factors have been extracted. The correspondence between
the states and their analog states in Na is discussed.

NUCLEAR REACTIONS Ne(d, p), E =3.6 MeV measured o(8); 2 Ne levels de-
duced l, J, x, S.

The many studies which have been performed
recently on the "Ne nucleus' suggest that this
nucleus is among the most rigidly deformed in
nature. Thus, its static and dynamical properties
can be well explained by the Bohr-Mottelson and
¹ilsson models. ' However this general agreement
has been proved for the lower excited states only
and it is now interesting to see if this agreement
can be extended to states of higher energy. In
recent studies' ' of the "Ne(d, P)"Ne reaction,
angular distributions were reported for the states
at E, ~ 6.61 MeV of "Ne. But the proton energy
resolution obtained in these studies did not allow
a complete resolution of all the proton groups.
In the present work, we study two states of rela-
tively high energy: 5.69 and 5.78 MeV, but of
simple structure, appearing to be the second J"
—,
"and —,

' states in the "Ne energy spectrum, for
which we report additional information from the

"Ne(d, p)"Ne reaction.
The experimental data were obtained at an inci-

dent deuteron energy of 3.6 MeV, with the Lyon
' Haefely accelerator. A nonfocusing magnet was
employed to separate proton groups from scat-
tered deuterons at forward angles. The experi-
mental arrangement is described in detail in Ref.
8, In the present experiment a gaseous target
of natural neon (90.5$ "Ne) was used in a differ-
entially-pumped gas-scattering chamber. The
pressure was approximately 5 Torr. The magnet
allowed a variation of 0 to 60' (lab) in the effective
scattering angle. The reaction products were de-
tected by a surface-barrier detector with a large
surface (=450 mm') placed just at the exit of the
magnet, and by other surface-barrier detectors
mounted on a movable crown. The energy reso-
lution was about 45 keV.

The absolute differential cross sections were

TABLE I. Optical-model parameters used in the DWBA calculations. The optical potential
has the form:

V(r) =V/(r) —V -iW „g +iW, t + V~(o'l) ——1 . 1 . d 1 ~~ 1d 1
1+e& 1+e"' dx' 1+e ' m„c r dx 1+e&'

where x=(r -roA )/a, x' =(r -r'OA )/a', and Vc(r) is the usual Coulomb potential.

V W $V Vso ra
Particle Potential (Me V) (MeV) (MeV) (MeV) (fm) (fm)

a a'
(fm) (fm) Ref.

proton

neutron

deuteron D
&

D2

P2

101.9 2 9.56
117.5 21.6
48.0 0
61.14 0

0
0

30.0
20.61

1.353 0.706 0.594
1.30 0.708 0.662
1.250 0.650 0.700
1.25 0.65 0.47

0.65

8.0 1.289 11
0 1.30 4
5.50 1.250 12
0 1.25 13
6 1.25

422



STUDY QF 5. 69- AND 5. 78-MeV STATES IN ''Ne. . . 423

determined by comparison with the Kr(p, p) reac-
tion at 2 MeV, which follows the Rutherford scat-
tering law. Experimental errors came from un-
certainties in gas pressure, in beam current,
and from the normalization to the Kr(p, p) results.
Finally, cross sections at forward angles were
obtained with an accuracy better than +10k.

The analysis was carried out by fitting the mea-
sured differential cross section with an incoherent
sum of a direct reaction and a compound nucleus
reaction cross section in the following form:

The direct reaction cross section (do/dQ}o; was
computed with the DWBA code D~CK-' The com-
pound nucleus contribution is obtained from a
Hauser-Feshbach calculation. The reduction fac-
tor R was treated as an empirical normalization
factor for the compound nucleus contribution.
The value of R used (R =0.35) was the one obtained
by matching the calculated Hauser-Feshbach cross
section to the experimental cross sections for the
"Ne(d, a) reactions which do not contain any dis-
cernible direct component. " The optical-potential

parameters used in the analysis (see Table 1)
were the same as those recently used' ' in the
DWBA calculations of the "Ne(d, P) reaction. The
deuteron potential set of parameters D, was that
obtained by Lutz et al."by fitting the data of elas-
tic scattering of deuterons by "Ne; the parameter
set D, was deduced by Chambon et al. ' from the
analysis of the same experimental data. The pro-
ton-optical parameters P, were taken from Rosen,
Beery, and Goldhaber"; the proton parameters
I', were calculated from the formulas of Percy. "
These different potentials are listed in Table I.

The bound-state form factor for the transferred
neutron was calculated with a Woods-Saxon-type
potential well with r, =1.25 fm and a=0.65 fm. We
performed the calculations for the combinations of
potentials (D„P,}and (D„P,) used successively in
the "Ne(d, p} reaction by Howard et al.' ' and
Chambon et al.~ The results of DWBA calculations
are shown in Figs. 1 and 2. It is found that the dif-
ferent sets of potentials produce fits which are not
too dissimilar. The DWBA calculations indicate
that the angular momentum transfer for the 5.69-
MeV state is l„=1 (Fig. 1), in agreement with
the results of Howard. ' The angular distribution
displayed in Fig. 2 for the 5.78-MeV state indicates
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FIG. 1. Ne(d, P) Ne angular distribution for the 5.69-
MeV level at Ez = 3.6 MeV. The solid and dashed curves
represent/=1 DWBA fits (including the Hauser-Feshbach
contribution) for (D&,P&) and (D2,P2) potential parameter
sets, respectively.

FIG. 2. Neg, P) 'Ne angular distribution for the 5.78-
MeV level at Ez = 3.6 MeV. The solid and dashed curves
represent l = 0 DWBA fits (including the Hauser-Feshbach
contribution) for (D&,P&) and (D2,P&) potential parameter
sets, respectively.
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TABLE II. Spectroscopic factors for the reaction
20Ne(d, P )2'Ne.

5.69 (gi, 2)
5.78 1+

0.22 0.26 0.31 0.06
0.066 0.084 0.41

l Sexp
Level ' Present Present work Sth
(MeV) J~ Ref. 6 work Ref. 6 (Df,Pf) (D2,P2) Ref. 2

5.82
5.78

5.69
5.63

5.55

5.43

(3~2,5/2)
1/2+

(1/2 3/2)

(3/2, 5/2)'
~,

+

s 5.46 1/2
+

' Reference 6.
The J~ values have been obtained from Ref. 6 and from the findings

of the present work.

5.34 (3/2, 5/2)

a peak at 0' and is well fi'tted by the angular mo-
mentum transfer l„=0. Thus, a J"=-,'' assign-
ment for the 5.78-MeV state in "Ne is well es-
tablished. Spectroscopic factors S were extracted
for these two states and are listed in Table II.
The spectroscopic factor for the 5.69-MeV state
is in reasonable agreement with the value ob-
tained by Howard, Pronko, and %hitten. '

It is interesting to compare these experimental
results with the prediction of the Nilsson model
and to investigate the correspondence between
these "Ne states at 5.69 and 5.78 MeV and their
isobaric analog states in "Na.

The theoretical energy spectra of 'Ne and 'Na
are alike in the Nilsson model and have already
been computed. ' '~ It appears that the second —,

''
state in 'Ne just identified in this work with a
5.78-MeV excitation energy has a principal com-
ponent on the head member of the rotational band
based on an odd-particle in ¹ilsson orbit No. 11
(k' = —,"). Similarly, the second —,

' state just identi-
fied with a 5.69-MeV energy, seems to be the
theoretical state obtained after Coriolis band mix-
ing and coming chiefly from the third member of
the rotational band based on the Nilsson orbit
No. 14 (k' =-,' ). The theoretical values of the
spectroscopic factors (d, p) for these two states'
are compared with the experimental ones in Ta-
ble II. The agreement is rather poor.

Finally, we investigated the correspondence
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FIG. 3. Energy level diagrams for 2iNe and 2iNa,

showing the suggested correspondence for the 5.69- and
5.78-MeV states in Ne and their analog states in Na
as explained in the text. The data for Ne are taken
from Ref. 6 and from the present work. The data for
2iNa are taken from Ref. 14.

between the "Ne states at 5.69 and 5.78 MeV and
their analog states in "Na. The analog states of
these "Ne states are expected at E„~ 5 MeV in
"Na and hence, can be observed in the elastic
scattering "Ne(p, p). Using the recent results
about "Na obtained by Lambert et al."from the
"Ne(P, P) elastic scattering, the suggested cor-
respondence is as follows: the —,', 4.98-MeV
state of "Na is the analog of the 5.69-MeV state
Qf "Ne and the —,", 5.46-MeV state of "Na is the
analog of the 5.78-MeV state of "Ne. This cor-
respondence is shown in Fig. 3 by dashed lines.
If this correspondence is correct, the reduced
widths for the analog states of 'Ne and 'Na are
related by y„' —y~'. Table III indicates the values

TABLE III. Comparison of the reduced widths y„and y& for the isobaric analog states of
2'Ne and ~iNa.

E (2'lNe) a

(MeV) J~ (2iNe)
E (2'Na) c

(MeV)

c
&

& d, e
&

2 d
P nJ" ( Na) (keV) (keV) (keV)

5.69
5.78

(1 3)-
1+
2

4.98
5.46

1
2
1+
2

180 220-270
110 54-69

190
53

Reference 6.
Reference 6 and this work.

c Reference 14.
Calculated with R =5.2 fm.
The two y„values were calculated from Ne(d, p) spectroscopic factors extracted with

(D&,P&) and (D2,P2) combinations, respectively.
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of y„' computed by the method described in Ref. 15
from the (d, p) spectroscopic factors and the values
of y~' extracted from the "Ne(P, P) elastic scatter-
ing resonances. The reduced widths y„' are in
reasonably good agreement with the reduced widths

y~', the deviation of y„'/y~' from unity is well
within the experimental uncertainties (—30fp). The
results confirm the suggested correspondence be-
tween the "Ne states at 5.69 and 5.78 MeV and
the "Na states at 4.98 and 5.46 MeV, respectively.

~J. G. Pronko, R. A. Lindgren, and D. A. Bromley, Nucl.
Phys. A140, 465 (1970).

2M. T~mbert, P. Midy, and P. Desgrolard, Phys. Rev.
(to be published).

3M. Lambert, G. Dumazet, H. Beaumevieille,
A. Tellez, C. Meynadier, and P. Midy, Nucl. Phys.
A112, 161 (1968).

4B. Chambon, D. Drain, M. Yaker, G. Dumazet,
G. Salmer, H. Beaumevieille, and M. Lambert, Nucl.
Phys. A136, 311 (1969).

SA. J. Howard, J. G. Pronko, and C. A. Whitten, Phys.
Rev. 184, 1094 (1969).

~A. J. Howard, J. G. Pronko, and C. A. Whitten, Nucl.
Phys. A152, 317 (1970).

7D. W. Heikkinen and R. E. Pixley, Phys. Rev. C 3,
1696 (1971).

A. Elayi, Thyrse Doctorat 3' Cycle, Univ. of Lyon,

1972 (unpublished) .
9P. D. Kunz, Univ. of Colorado Report No. COO-535-613

(unpublished) .
~ C. Morand, H. Beaumevieille, A. Dauchy, G. Dumazet,

M. Lambert, and C. Meynadier, Nuovo Cimento 6A,
380 (1971).
H. F. Lutz, J. J. Wesolowski, L. F. Hansen, and S. F.
Eccles, Nucl. Phys. A95, 591 (1967).
L. Rosen, J. G. Beery, and A. S. Goldhaber, Ann.
Phys. (¹Y.) 34, 96 (1965).
F. G. Percy, Phys. Rev. 131, 745 (1963).

~4M. Lambert, P. Midy, D. Drain, M. Amiel, H. Beau-
mevieille, A. Dauchy, and C. Meynadier, J. Phys.
(Paris) 33, 155 (1972).
J. E. Monahan, H. T. Fortune, C. M. Vincent, and
R. E. Segel, Phys. Rev. C 3, 2192 (1971).


