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The analysis of excitation curves and angular correlations of the y rays from the ' N(p, y)"0 reaction confirms

the existence of a doublet at 8.92 MeV in "O. J = 5/2+ and J"= l/2 assignments are determined for the spins

and parities of the two members of this doublet. The 8.98 MeV level is found to have J = 3/2 . This study

was performed using a difrerentially pumped gas target of natural nitrogen. A comparison with ' N levels and

with theoretical results is discussed.

NUCLEAR REACTIONS ' N(p, y), E=1.742, 1806 MeV. Measured o(E), yy(~).
l50 levels deduced J, x. Natural gas target.

I. INTRODUCTION

Many studies of the excited states in "N and "0
have been performed' and the correspondence be-
tween the analog states is now well established up
to E„=8.7 MeV in "0. Beyond this energy the
situation is not so clear; in particular it is not
clear for the "0 levels at 8.92-8.98 MeV which
are investigated here.

A study of the "N(p, p) reaction by Lambert
et al. ' has shown that the state at 8.92 MeV in
"0 is a doublet with J"= —,"for one member and
Z" =(—'„—', ) for the other. These determinations
are consistent with other results obtained from
the "C('He, n)"0 reaction studies, ' ' although the
conclusions differ according to authors; Etten
and Lenz' give J"= (-'„-,')' for the 8.92 MeV level
considered as a single level, but they do not rule
out the presence of a —," state in the 9 MeV region.
The analysis of Hinderlitter and Lochstet' is
consistent with the possible presence of a &

state at E„=9 MeV, while Honsaker et al. ' assignJ' = —,
' to the state at 8.92 MeV. Krone and Fiar-

man' have examined the resonance structure in
"0between 8.8 and 9.0 MeV and studied the ex-
citation function of the y rays following proton
capture by "N; they confirm the existence of a
doublet with components corresponding to 8.920
and 8.925 MeV excitations. However, such a
large difference between the energies is incon-
sistent with the "N(p, p) analysis of Ref. 2.

For the 8.98 MeV level, both J' =-,' and J
assignments have been proposed (Refs. 3 and 4,
respectively, and Ref. 1).

By means of the "N(d, P)"N reaction, Amokrane

et aL' measured the spectroscopic factors for
levels at 9.152, 9.155, and 9.22 MeV in "N and

propose J'= —,', —,", and —,
' for these three levels,

respectively. Furthermore, they compare their
neutron reduced widths with the proton reduced
widths determined from the '4N(p, p) study' ' and

conclude that these states may be the analog states
of the 8.92 MeV doublet and 8.98 MeV level in
"0 (such a correspondence has also been suggested
in Ref. 6, but is not supported by any spin mea-
surement). This conclusion is in agreement with

the shell-model calculations by Lie and Engeland'
who predicted three levels with J' = —', ,

—', , and
—," in that energy range, for the A. = 15 mirror
pair.

The purpose of this paper is to complete our
previous (P, p) results' in order to definitively
remove the spin ambiguities in "0, between

and —,", —', sets of spin for the doublet at
8.92 MeV and between —,

' and —,
' for the spin of

the 8.98 MeV level, and to justify the correspon-
dence with the analog states in "N. Thus, employ-
ing a gas target of natural nitrogen, we studied the
"N(P, y) reaction, reexamining the excitation func-
tions and measuring angular correlations for the
y rays.

II. EXPERIMENTAL PROCEDURE

Many previous experiments' ' were performed
with solid nitrogen targets, prepared either by
heating a tantalum backing in an atmosphere
of ammonia, by evaporating a nitrogen compound
onto a backing, or by sputtering tantalum onto a
platinum backing in a discharge or nitrogen gas.
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Such solid targets have many disadvantages:
(i) They are often too thick to study thin reso-
nances, thus degrading energy resolution; (ii) they
do not withstand the large beam currents required
for correlation measurements; and (iii) the buildup
of a carbon deposit introduces a change in the
effective incident energy and degrades the energy
resolution. To escape these difficulties, a gaseous
target may be used; in a "N(P, Z) experiment
Kuan et al. ' used a transmission cell containing
nitrogen, the beam entrance and exit windows
being made of molybdenum foils. Nevertheless,
the entrance window introduced an uncertainty in
the energy of the incident proton beam and such a
transmission cell did not alleviate the problem
of the carbon deposit.

The target used here is a differentially pumped
gas target; this allows easy modifications in the
target thickness and avoids contamination. The
gas cell is a 2 cm high tantalum cylinder, with a
1 cm inside diameter and wall thickness of 2 mm.
The incident proton beam enters this cell through
an isolated diaphram and is stopped in the wall
of the cell (this permits a broad angular range,
including 0; for y-ray detection). The pressure
in the cell is typically 10-60 Torr. The first
stage is pumped by a Roots blower with a pump-
ing speed of 36 I/s at 10 ' Torr; the pressure is
10 '-6&&10 ' Torr. The pressure in the second
state, pumped by a mercury diffusion pump, is
about 10 4 Torr. Between this second stage and
the beam tube of the accelerator, a set of five
diaphragms collimates the proton beam; lead
blocks protect the detector from direct view of the
impact points on the collimators. The isotropy
of this chamber was tested with the well-known
angular distribution of y rays from the
"N(p, o.y)"C reaction at E~ = 1210 keV (Ref. 10).

For the angular correlation measurements, a
92 cm' Ge(Li) detector can rotate in the horizontal
plane from 0' to 130 ' on one side of the beam axis
and three 12.7x 15.2 cm NaI detectors, separated
by 45 from each other in the horizontal plane can
be rotated to cover the same angular range, but
on the other side of the beam axis. The target-to-
detector distances [10 cm for the Ge(Li) and 20
cm for the NaI] are large enough to avoid correc-
tions due to the use of a nonpunctual target. This
arrangement allows a study of the A and B geom-
etries as defined by Fergusson. " The analogic
pulses from the four detectors are sent into a
multiplexer; timing signals from the Ge(Li) detec-
tor and from a (ith) NaI detector are sent in the
ith time-to-pulse converter (TPC). The analogic
outputs of the three TPC's are sent into the multi-
plexer. An OR circuit, placed at the logic outputs
of the TPC interrogates the multiplexer when two

events are detected within the time range of one
of the TPC's. The multiplexer then authorizes
the sequential conversions of the analogic pulses
by an analog-to-digital converter connected to a
Hewlett-Packard 2116C computer. The events
are recorded on magnetic tapes. The y rays are
detected by the three NaI detectors, each of them
being in coincidence (defined by the TPC ranges)
with the Ge(Li) detector placed at 90 . No energy
window in the Ge(Li) spectra is fixed, thus the
recorded events correspond to all possible cas-
cades. Because of the use of three NaI detectors,
only four measurements are necessary to obtain
12 points for each angular correlation. The
angular correlation for one cascade is obtained
by reading the events recorded on the magnetic
tape, setting the necessary energy [Ge(Li)] and

time (TPC) conditions. We subtracted the acci-
dental coincidence spectra obtained by moving the
window, in the TPC spectra, out of the true coin-
cidence peak region. The geometries employed
are those denoted'. 1 and A2 by Ferguson. " A
Ge(Li) energy spectrum without coincidence with
the NaI detectors is necessary to normalize the
measurements.

In the angular distribution measurements (AD),
the y rays are detected by the Ge(Li) detector,
which moved in the horizontal plane from 0 to
130 . The distance between target and the Ge(Li)
detector is about 10 cm. The normalization be-
tween two runs was accomplished with a NaI detec-
tor.
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FIG. l. Excitation functions at g& ——55' for the reac-
tion '4N(p, y)'50 in the vicinity of the 1.742 MeV reson-
ance. E& is the incident proton energy.

III. EXCITATION CURVE ANALYSIS FOR THE 8.92 MeV

LEVELS

The 55 yield curves of the "N(P, y)"0 reaction
are shown in Fig. 1 for the following y rays from
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the 1.742 MeV resonance: 5.18 MeV-0 (curve a),
8.92 MeV-0 (curve b), 6.18 MeV-0 (curve c)
and 5.24 MeV-0 (curve d). The res-6. 79 MeV
-0 cascade was not studied because of the pre-
dominance of a nonresonant component. " The
widths of the resonances, as deduced from these
curves, are obviously different; this confirms
the existence of a doublet. To determine the
energies E„E,and the widths 1 „I', of its two
components, it is necessary to decompose the ex-
perimental data into two resonance structures.
The yield function 7 employed in the fitting pro-
gram is given by"

I"= Q Hf tan ', *')
j=a, 2 pI'j

with H~=k~([d&(Ez), F,.]/2', if we assume that the
differential cross sections o(E) follow the Breit-
Wigner relation; E is the beam energy, (Ez), and
I'j are the energy and the width of the ith reso-
nance, respectively, e is the stopping cross sec-
tion of the target material, and $ is the energy
loss of a proton in the target. The subscript i
refers to the first (i =1) of the second (i =2) reso-
nance, while j refers to the excitation curve fitted.
Only relative measurements were performed,
which explains the factor k~. Equation (1) is valid
only if interference between the resonances is
neglected; the validity of this assumption is tested
a posteriori with the parameters obtained from the
best fits. Only a, c, and d curves are fitted; be-
cause of the presence of an important nonresonant
background, which may interfere with the two
resonances, the data (b) are not fitted, but the cor-
responding curve is plotted with the parameters
obtained from the fit of the three other curves.

The quality of these fits is not very sensitive to
the values of the main parameters F„1 „and ~
(EE being the difference between the energies of
the two resonances). Thus, it is interesting to
use some of the values found in the previous elastic
scattering study' where the width 7, of the first reso-
nance is determined with good precision because of
the predominant contribution of this first resonance
at backward angles. The value I', = (3.5 + 0.3}keV is
thus introduced in the fit of the y-ray excitation data.
For a given &E, the value of the width F, of the second
resonance is adjusted so that the X' value is mini-
mized; this width is found to be 7.5 keg for LE
= 0 keV and then to increase with b.E (to 11 keV
for 4E= 5 keV). But, because of the small varia-
tion of the X' values with hE, our excitation
curves do not allow determination of aE and I"&

with good precision, as long as one of these two

parameters is not known with high accuracy.
Thus, the elastic scattering curves of Ref. 2
were reanalyzed to obtain the possible variation
interval for sE; the suitable value is D, E= (0.5
a 0.5) keV. If the z-ray excitation data are fitted
with values of l", and LE within their uncertainty
limits, the best fit is obtained for I', = 8 keV (in
agreement with the value of 8.5 keg deduced from
the elastic scattering study). From the H', values
obtained in the fit, one can deduce the branching
ratio for the cascades from the two levels, taking
into consideration the branching ratio given by
Evans et al."who assumed the level to be single.
However, the study of the X' values versus II,
and H~2 leads to very flat X' surfaces. Therefore,
the deduced values of H~ (corresponding to X'. )
are obtained with errors (& 50%%uo) such that calcula-
tion of the branching ratio is not significant. We
note that the study of the excitation functions is
limited because of the very weak dependence of
the different parameters upon the excitation
curve shapes; however, one may conclude that
the level at 8.92 MeV is a doublet and that the
triple cascade 8.92 MeV- 6.86 MeV- 5.24 MeV- 0
is fed only by the first member of the doublet,
all other cascades being fed by both levels.

Krone and Fiarman, ' who decomposed their
experimental (p, y) data into two resonance
structures, assuming the excitation function to
have the same full width at half maximum (not
given in their text), concluded that AE = 5 keV.
In order to illustrate the consequences of this as-
sertion, we reexamined the previous elastic scat-
tering results of Lambert et a/. ' with this ~E
value. Figure 2 shows the elastic scattering
curves for two typical angles. Curve a is the
result of Ref. 2; b and e are the results of the
present reanalysis for AE= 5 keV. Curve b is
obtained assuming I', = I', (= 3.5 keV'fixed by the
excitation function at 8= 160'}; the fit at 8= 70' is
very bad. Even if the width of the second reso-
nance were greater (10keV, curve c), thefitwouldbe
unsatisfactory. Therefore, the experimental
data are inconsistent with the value hE = 5 keV.
This may be explained by the use of a solid target
with high beam currents and build-up of carbon
on the target, which would introduce errors into
the branching ratio deduced in Ref. 6 from analysis
of excitation curves.

IV. y ANGULAR DISTRIBUTIONS AND CORRELATION
RESULTS

8.92 MeV levels

This level fed by proton capture is a doublet
and thus interferences between the members of
this doublet occur. For this reason we have ex-
tended the calculation of Ferguson" to include the
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FIG. 3. Schematic energy level diagram for a (Ppg 3)
reaction; g is one possible entrance channel spin; $, 5'
are the spins of the doublet fed by proton capture; c and
d are the spins of the other levels; l and L are the orbi-
tal angular momenta of the incoming particle and of the
outgoing y ray, respectively; kb, k„and k„are the
ral)(ks of the density tensors for the final states (b, b'),
c, andd, and@2 and@3 are the ranks of the efficiency
tensors for the emitted radiations y2 and y3.

FIQ. 2. Excitation functions for the N(p, p) N re-
action. The experimental points and the curve (a) which
is the best fit obtained with DE=0.5 keV, F&&=3.5 keV
and l"& —-9.5 keV are from Hef. 2. The other curves areP2
obtained with DE=5 keV, I'&&-—3.5 keV and I'p2 3 5
keV (b) or 10 keV (c).

lation is given by the summation of four terms W». ,
where b (and b') takes the spin value of each mem-
ber of the doublet

interference between two levels with different
spins and parities. The schematic energy level
diagram is shown in Fig. 3, which specifies the
notations. For a ith cascade, the angular corre-

the angles O, p 83/ and y» are defined by Fergu-
son, "who gives the particular formula for g»
The general expression is

, =g( 1)'+ " b "beb8big(llbl', b', a/'bb)Z, (A, CA,'C, dk, )G& C L2 b' g,l,g, l~gl, ,g/, g/'l, gA~

k3 k, kb

x cos(Pb Pb~+ Ill hl')cospbc spb +bbbbkb(~21 ~3& P23)@kb@bb

The summation extends over both values of a,
over all possible values of L„ /'„L„L'„k„k„
and k, and over A„A3' which are the two possible
values of L3 Z Zy and 6& coefficients are tabu-
lated in Ref. 11, g+ and Q,, are the attenuationco-
efficients of the detectors, P, is the resonance
phase shift given by tanP~b = (E -ER)/2I', and $, is the
resonance phase shift associated with the incoming
particle as defined by Blatt and Biedenharn. " The
proton width is defined as I'b =Q...(1'b)„, , I
= Q~(I' )~ is the partial width for the (ith) outgoing
y ray, and I'b is the total width (approximated as
I'&). Then

(pb pb)l/ (pb)
b I'b & g bl l (I'b) 1/2

~g l/b

g I, = (,)„, [e = (bb'c)].

The absolute values of g'„, and g'„. are deduced

from the elastic scattering results' (these quan-
tities are denoted g„ in Ref. 2), their signs being
unknown. The product g'„, g'„. depends on the
quantities (g'„)' and, in our case, on the products
%1/2, 2 gl/2, 1 ~d Pgb/2 2 gb/2 l with c/, p = +1 . Thus,b ~ b b ~

according to the values of u and p, four cases
must be considered. Every case is included in
our calculation. When the first radiation of the
y-ray cascade is not pure, the mixing ratios

g~b, „/g~b, and gobi„/gobi, are adjustable param-
eters. The values found for a minimum X' are not
given because of their great dependence of the
choice of o. and P and on the values of the y width
ratios I'/I' . The value of the mixing ratio
g~ /g~, for the second y ray in a cascade is
generally well known. ""

The results of the measurements are shown on
the leftside of Figs. 4 and 5; error bars are es-
sentially due to statistical errors and to the spec-
tra analysis. They are important because of the
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MeV —5.18 MeV 0 p-ray cascade. The right part of the figure [(a) and (b)] shows the corresponding X~ c ~mes versus
the ratio of the p widths of the two levels, with two sets of J~ determinations for the doublet. The values of the parame-
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left part of the figure shows the best fits for the two sets of spin determination. The dashed lines correspond to J
= (&+, & ) and solid lines to J'= (&', —,

' ). When the curves are not labeled they correspond to the [3] [4] (undiscernible)
cases.

low cross section in the capture channel. The ex-
perimental data are fitted by a X' calculation; for
each (ith) cascade from the 8.92 MeV level the
X' values are plotted, on the right parts of Figs.
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FIG. 5. Angular distribution data (AD) for the 6.18
MeV 0 radiation and triple angular correlation data
(41,A2) for the 8.92 MeV 6.18 MeV 0 y-ray cascade.
The right part of the figure shows the corresponding
y~ curves versus the y width ratio of the two levels. See
Fig. 4 for the meaning of the solid and dashed lines and
the labeling of the four possible (n, P) values. The left
part of the figure shows the best fit for the two sets of
spin determination (curves are undiscernible).

4 and 5, against the y-width ratio y, /y, = I'~'/
1"~&~'""' for the four possible (n, P) values.

For the 8.92 MeV-5. 18 MeV-0 cascade (Fig.
4), the asymmetry of the angular correlation A 1
is clear and therefore the two y rays are interfer-
ing. The first member of the doublet has J'= —,

"
and the two possible J' for the second member
are —,

' or —,
' (Ref. 2). Comparing the y' curves,

we can see that the (-,", ~ ) determination is ruled
out because the corresponding y' curves [Fig. 4(b)]
exceed the 0.1/0 y' confidence limit, whereas the
y' curve (—,", ~ ) [Fig. 4(a)] is below the 0.1% for
(o.', P)=(-1, -1) and (cr, P)= (1, -1). The value of

is not very sensitive to the width ratio y, /y, of
the two levels; nevertheless, the value of this
ratio is between 2x10 ' and 2x10 ' for the curves
3 and 4 on Fig. 4(a). We note that the value of y
widths calculated by Lie et al. ' are 1.7x10 ' eV
for the —,'(g) p(y) transition and 6.1x10 ' eV for the
&~@-~~',) transition, leading to a value of 2.8x10
for y, /y, in good agreement with our results. The
best fits are presented in the left part of the figure for
the (~+, ~ ) determination and for the ruled out
(~", ~ ) determination.

For the 8.92 MeV-6. 18 MeV-0 cascades (Fig.
5), the two determinations (—,', ~ ) and (—,', ~ )
for the spin and parity of the doublet are both con-
sistent with experimental data. The (~+, —,

'
) de-

termination having been ruled out above, no in.-
formation on the y-width ratio for the two levels
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can be extracted from the X' curves which are under
the 0.1/p )(' limit if we assume 8'= —,

'+ and 8'= —,
'

for the members of the doublet.
For the study of the 8.92 MeV-6. 86 MeV-5. 24

MeV-0 cascade, we have performed the correla-
tion between two Z rays (Fig. 6). The correlation
function for a (ith) cascade is a summation of the
type (2) with

c L, b d A3

(e g y )- P (—1) +» +~» ' '+»» & '6»6»~Z(lPl'br, ak)»D c I„' O'
I

D d A» c IZ~(A~dA~d &k»)

k, k, k, k„ k, k,

x8„,g, & ( g z 2$&, g'», 8 z', &»4+»4t cosp»cos p» '

x cos[» p»'+ 4, &i,') ~»»»„»& (8 84~ 0'»4)@»„@»,

where n is the number of the detected radiation (n= 2 or 3; A.,= L„X,=A, ). The summation has the same
meaning as in Eq. (3), but in addition extends over k4 and A», A, which are the two possible value of L,.
The coefficient

( ''l
D n I.,'P'

ks)
is equal to

u Lq p

(-1) +" J+'PP'k kr, k~(L)L~! 1 —1~ kr 0) n L) P'

k~ k~ ks

(using Clebsch-Gordan and 9j coefficients) or to

P n L~pp', &r, 1, ~6»» 6» if jWn

if j=n

(u»ng 6j coefficients). The quantity $' is defined from the associated Zegendre polynomial ~»:

~»»„» (()» ()e& p,s)= - (2 —~»c)(k»k»0K)kgK) P» (cosy„)~» (cos() )cosKy

This formula is to be considered when the first or
second y ray is not detected. When the third y
ray is not detected, one must take the formula (3).

Figure 7 shows that the two determinations
(—,",a ) and (s+, s ) are consistent with experiment-
al data for this 8.92 MeV-6. 86 MeV-5. 24 MeV

0 cascade.

b k

L2 L2 k2

kc

L3 k3

8.9S MeV level
14

a( N+ p) kd

This level is known to be (—'„—,') (Refs. 1, 3, and
4). Figure 8 shows the results for the 8.98 MeV- 5.18 MeV - 0 cascade. The angular distribution
of the 8.98 MeV- 5.18 MeV y rays and the angular
correlation in the A. 1 geometry are identical be-
cause of the spin —,

' of the 5.18 MeV level; their
anisotropy forbids the J'=

& determination for
the 8.98 MeV level. Thus, the spin of this level

L4 k4

e ke

FIG. 6. Schematic energy level diagram for a
(pV2V&V4) (y2 or V& not seen) reaction. For the hotations,
see Fig. 3.
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V. DISCUSSION
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In this work no experimental value of the branch-
ing ratio is given because of the large uncertainties
obtained in the analysis of the excitation curves.
Nevertheless, it can be seen that all the cascades
issued from the 8.92 MeV level, proceed from the
two components of the doublet except for the 8.92
MeV-6. 86 MeV-5. 24 MeV-0 cascade which is
fed only by the —,

"member. This conclusion
agrees with the calculation of Ref. 8. No evidence
of a 8.92 MeV-5. 24 MeV-0 cascade is detected
in our spectra; this is confirmed in Ref. 6 but is
in contradiction with the theoretical prediction of
Ref. 8 where this disagreement is explained by the
presence of center of mass impurities.
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FIG. 7. Angular distribution (AD) data for the 8.92
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dashed lines.
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The right part of the figure shows the corresponding X2

curves versus the proportion T of reactions proceeding
through spin channel 2.

8.92MeV, 2 state

This state was shown to be populated by the
"C('He, n)"0 reaction"; unfortunately the poor
energy resolution did not yield the spin of the
three members of the triplet (8.92-8.98 MeV).
Etten and Lenz' show that the presence of a state
at 8.95 MeV with J"= —,+ is not inconsistent with
their data. The presence of a positive parity state
populated by such a two-particle transfer reaction
indicates a 1p-2h configuration. This assumption
is consistent with the fact that this state is well
excited in the one-particle transfer reaction
"N("C, "B)"0(Ref. 22). Lie and Engeland' sug-
gested the existence of an experimental &' level
at about 9 MeV in "0 in correspondence with the
—,
' member of the doublet at 9.15 MeV in "N. They
identified this possible level with their third theo-
retical —,

" state at 7.75 MeV with a structure re-
sulting from-~ixing of lp-2h (35%) and 3p-4h (65%)
configurations. Such a state is found by Saayman
and de Kock,"but at an energy of 10.44 MeV,
and with a pure 1p-2h configuration. Thus, the —,

'+

component of the 8.92 MeV doublet may be a can-
didate for the third theoretical 2' level, although
the differences between experimental and both
theoretical energy positions are large (see the
left part of Fig. 9). To test this correspondence,
we have performed a Nilsson modeP4 calculation
of the positive parity states including the mixing
of the rotational bands built up on the five orbits
issued from the 1d», and 1d,~, shells; the de-
formation of the nucleus has been determined
by minimizing the energy of each level. The 1s,~,
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FIG. 9. Calculated and experimental levels for O. The experimental data are taken from Ref. j. and from this work.
The theoretical results are from Ref. S(a) or Ref. 23(b), column (c) shows the results of our calculation for positive
parity states.

shell was found spherical and the energy of the asso-
ciated level has therefore been calculated without any
collective term. The right part of Fig. 9 showsthat,
up to10MeV, afairly good agreement is obtained for
the states found to have negative equilibrium deform-
ations, which are well grouped about e = -0.25 (ex-
cepted for the third ~+ with e = -0.15). The only two
levels (,+) w—'hich are not well fitted by the model are
found to have zero or slightly positive deforma-
tions. The correspondence between the experi-
mental and theoretical energies of the —," states
is quite satisfactory, which enforces the shell-
model interpretation of the —," state at 8.92 MeV
as the third ~" theoretical level.

In "N, the —,+ level' "at 9.155 MeV is populated
by the "N(d, P)"N (Ref. 7), '~C(d, n)"N (Ref. 25),
and ' N("C, "C)"N (Ref. 22) reactions, which
indicate a 1p-2h configuration, whereas the 3p-4h
component appears in the "C('Li, u)"N reaction. "

8.92 MeV, 2 state

The presence of a —,
' state is not inconsistent

with the results of the "C('He, n)"0 reaction
studied by Hinderlitter and Lochstet. 4 Thus, this
state must have a 2p-3h configuration which is in
agreement with the predictions of Refs. 8 and 23
for the second & state in "O. The 2p-3h character
of the —,

' (Refs. 7, 27, and 28) state at 9.224 MeV
in "N is exhibited in the two-particle transfer
"C('He, P)"N reaction. "

8.98 MeV, 2 state

This state is populated through the "C('He, n)"0
reaction" and is assigned J"=—,

'
by Etten and

Lenz, ' whereas Hinderlitter and Lochstet' assign
J = 2 . The fact that this state is excited by this
reaction indicates a 2p-3h configuration. The ~

(Refs. 7, 27-29) state at 9.152 MeV in "N is well
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FIG. 10. The experimental energy spectra for ~~O

(Refs. 1, 2, and this work) and '~N (Ref. 7). The theore-
tical spectrum is from Ref. 8. Mirror levels are con-
nected by dashed lines.

excited in the "C('He, P)"N reaction which indi-
cates a 2p-3h configuration, but a 4p-5h component
is also exhibited in the study of the "B('Li, t)"N
reaction (Refs. 22, 30, and 31). It would be of
interest to have results concerning four-particle
transfer reactions populating the 8.98 MeV level
in "0 to illustrate the possible mixing of 2p-3h
and 4p-5h configurations. This assumption is in
contradiction to the conclusions of Refs. 8 and 23

where a predominance of 2p-3h configuration was
found, the rest being Op-1h configuration.

Isobaric analog states

The study of the '~N(P, y)"0 reaction following
our previous conclusions from the "N(p, p)"N
reaction, ' leads to the conclusion that the spin and
parity of the two members of the doublet at 8.92
MeV in "0, are J'=-," and J"=&, while the
8.98 MeV level characteristics are J'= —', . Thus
the —,", 8.92 MeV, —,', 8.92 MeV, and —,', 8.98
MeV levels in "0 are candidates to be the mirror
states of the —,'+, 9.155 MeV, —,', 9.224 MeV, and
—,', 9.152 MeV levels, respectively, in "N.

This study does not permit the determination of
the branching ratios for the two levels at 8.92
MeV in "0, and the branching ratios given by
Krone and Fiarman' are not applicable because of
the larger value of hE employed; nevertheless,
it is possible to affirm that all the cascades are fed by
the two levels except the 8.92 MeV- 6.86 MeV -5.24
MeV-0 cascade which is fed only by the —,

"level.
Thus, the deexcitation scheme of the two 8.92
levels is the same as that of the 9.155 and 9.224
MeV levels in "N (Ref. 1). The 8.98 MeV level
in "0 and the 9.152 MeV level in "N decays
principally to the ground state. This and the com-
parison of the configuration of these three levels
in "0 and "N confirms that these states are mir-
ror levels. Moreover, the neutron reduced widths
y„', deduced from the "N(d, p)"N reaction' and
the proton reduced widths y~' deduced from the
"N(p, p)"N reaction" are in good agreement for
these analog states.

The correspondence between "0 and "N levels
up to 9.5 MeV in "0 are summarized in Fig. 10.

The authors are indebted to Dr. C. Meynadier for
his assistance in performing the experiments.
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