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Gamfna-ray widths in "N
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(Received 21 August 1980)

The ground-state radiative widths of nine levels below 10.2 MeV in "N were measured using resonance
fluorescence. The results are compared with various theoretical predictions and are found to best agree with very
recent unpublished calculations in which the full 1Am configurational basis is included in constructing the wave

functions of the "N levels.

NUCLEAR REACTIONS ' N(y, y'), E=10.3, 11.4 MeV bremsstrahlung. De-
duced E, I'p Li NO3 enriched target.

I. INTRODUCTION

The "N nucleus has been studied extensively
both theoretically and experimentally' "as it
neighbors the doubly magic "0nucleus. The "N
ground state is usually regarded as a Pz/2 proton
hole state as evidenced experimentally by some
pickup reactions. ' The excited "N levels contain
sizable 1p-2h components as found using the "N
(d, p) reaction. One therefore expects "N to re-
veal not only a strong M1 strength via a Pz/2

'
—p», -' proton hole transition, but also a strong
E1 strength by promoting p neutrons and protons
to either s», or d», orbitals. The radiative
widths of some of those levels may be studied us-
ing the resonance fluorescence method. This
technique is selective as it photoexcites mainly
l.evels with large I' „ large I',/I', and 8' = r, r
(being related to the "N ground state, Jo= ~2, by
dipole absorption). Some particularly strong E2
excitations may also be observed.

Most of the earlier work' "on "N concentrated
on the study of level energies, spins, parities, and

spectroscopic factors. All these quantities seem
to have been successfully predicted by various the-
oretical calculations. However, the level widths
which usually constitute the most sensitive test of
any theoretical model have not yet been studied in
great detail ~

In the present work, the radiative widths of nine
levels in "N below 10.2 MeV were determined us-
ing bremsstrahlung photons. The widths of five
levels are reported for the first time. The re-
sults show very large deviations from the results
of some earlier calculations' and a much better
agreement with the most recent calculations by
Millener. "

II. EXPERIMENTAL METHOD

Experimentally, the incident bremsstrahlung
photons for the resonance fluorescence work were

produced using 10.3 MeV and li. 4 MeV electron
beams from the MUSL-2 accelerator of the Uni-
versity of Illinois having a 100%%up duty cycle. An

electron current of -15 pA and a gold radiator of
0.2 g/cm' thick were employed. The experimen-
tal system differed from that described in Ref. 13
only in the use of a 5 cm borated plastic shield
(against fast neutrons) which surrounded the 50
cm' Ge(Li) detector. In addition, because of the
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FIG. 1. Spectrum obtained using 11.4 MeV brems-
strahlung scattered from a N target in the form of
LiN03. Some lines due to N(y, y) and '60(y, y) are also
observed. A total charge of 1900 mC was deposited on
the bremsstrahlung radiator, during a running time of
-40 h. S and D refer to single and double escape peaks,
respectively.
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smaller Z and mass of the target, a thinner hard-
ener mas used consisting of 2.0 cm lead and 2.5
cm Zn placed in front of the detector. The use of
Zn instead of Cu as a hardener avoided the appear-
ance of the strong "background" y lines of the Cu
(n, y) reaction. The target consisted of a combin-
ation of two enriched LiNO, samples (99.3% "N
and 42. 7% "N) containing a total of 11.1 gm of "N
which mere placed inside a thin 10X10 cm' square-
shaped styrofoam container. The scattered spec-
trum (Fig. 1) shows, apart from the elastically
scattered y lines of "N, other lines due to "0,
"N, and background lines due to the 20'Pb(s, y) re-
action. The energies of the "N levels were de-
termined (Table I}by using the "Band "Mg ener-
gies of Refs. 15 and 16 for calibration.

excellent agreement with previous results obtained
using the (e, e') reaction' and the (y, y') reaction
with n-capture y rays. ' The same is true of the
9.V60 MeV level. ' Homever, a relatively large
deviation occurs for the ~, 7.301 MeV level. '
Furthermore, the $, 8.31 MeV and the -,', 8.57
MeV levels were very weakly excited and hence
only a rough determination of their width could be
made. The $, 5.299 MeV level was not observed
in the present measurement because its width (T'0

=0.026 eV) is below the sensitivity of the present
measurement. The f, 5.270 MeV level is also
known to have a very small width (I', =2.5X10'
eV). Nevertheless, it was observed as it was fed
via secondary transitions from higher levels.

III. RESULTS AND DISCUS5ION

The radiative widths of the "N levels were ob-
tained from a knowledge of the product N(E)c(E)
of the incident phqton flux and the detection effi-
ciency" for levels in the range E,=4-11 MeV.
This was done using calibration lines in "B, Na,

Mg, 'P, and Pb for which accurate widths
were established by self-absorption measure-
ments. In deducing Fo and F of the "N levels
(Table I},it was necessary to take the spine and
branching ratios I'J& from the literature. ' The
present value for the ~~, 6.323 MeV level is in

A. The M1 and E2 transitions

Theoretically, the properties of the A =15 levels
were studied by several investigators. ~' The
most detailed calculations were carried out by I ie
and Engeland' who considered levels with excita-
tions belom 12 MeV. In this calculation, a weak
coupling model was used. The positive parity ei-
genstates were taken to be admixtures of 1p-2h and
3p-4h configurations, where the particles are as-
sumed to occupy the (2s, ld) orbitals and the holes
occupy the p orbital. The negative parity eigen-
states were taken to be admixtures of Qp-lh, 2p-

TABLE I. Measured widths and excitation energies in 5N. The values of J" and ro/r were
taken from Refs. 1 and 17.

Ex
(keV)

Present
r,

(eV)

Others
r,

(eV)
r e

0

(eV)

Theoryr'
(eV)

8

(eV)

6323+1

7301+1

8 310+4

8 575+4

9048+1

9150+1

9760+ 1

9 924+1

10064~1

3
Y'

3+

g+
Y'

3+r

S
Y
5

Y'

3&
2

3+

3.12 + 0.18 100 3.2 + 0.3

1.08 + 0.08

0.3 +0.2

0.3 + 0.3

1.2 + 0.2

0.47 + 0.12 100

0.21 + 0.07

1.6 + 0.2"

6.3 +0.4

81.5 + 3

77.6 + 2

96.0 + 0.7

0.3 + 0.8

0.20 + 0.5

99.3+0.7 2.4 ~0.9'
79 ~2

33 +2

92 +2

2.8

0.004

1,12

0.11 2.6

0.2

0.005 0.006

0.32 0.07

2.6

1.02

0.26

0.41

0.78

5.5

~ Reference 1.
References 6 and 8.
Reference 7.
Reference 9.' Reference 4.

~ Reference 14.
& Reference 12.

The measured width was obtained by assuming that J= 2 and identification with the theo-
retical (~ )2 model state.
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3h, and 4p-5h configurations. The calculated
widths are given in Table I, which reveals very
large deviations from experiment for most levels.
The measured M1 transition width of the 6.323
MeV level is in relatively good agreement with the
predicted value (Table I). This level is identified
with the (f), model level of Hef. 4, which accord-
ing to this notation is the first excited state with
J"=-', . There is some ambiguity concerning the
identification of the (—, ), model state of Lie and
Engeland. Most of the earlier data' list the 9.15
MeV level as the only ~3 level below 10.1 MeV.
However, recent data" seems to establish a J"=—,

'
assignment to the 9.92 MeV level. It also appears
that this level is more likely to be identifiable
with the (—', ), model state and not with the (—', ),
state because it is the lowest 2p-3h, —,

' state
which contains some single hole component. Table
I shows a good agreement between the widths of
the calculated and measured values for the 9.92
MeV level assuming that the suggested identifica-
tion is correct. Further, the 9.15 MeV level
seems to contain an appreciable 4p-5h component
as it was very strongly populated via the "B('Li, t)
reaction. " However, the energy of the lowest
model level' containing a large 4p-5h component
is at 12.1 MeV for which no width was calculated.
This means that a large discrepancy between the-
ory and experiment occurs for the excitation en-
ergy of this level.

It is also of interest to note that the predicted
E2 width of the 9.76 MeV level is smaller by a
factor of ~50 than the measured width. This com-
parison of M1 and g2 widths with calculations
(Table I) should be treated with some reserve. This
is because Ref. 4 refers to the model levels of the
mirror "0nucleus which for M1 and E2 widths
may differ from the "N levels because the isovec-
tor contributions of the two mirror nuclei differ
in sign leading in some cases to strong cancella-
tion effects. The predicted E1 widths however,
should be the same for both "N and "O.

tions between the predicted values of Ref. 4
and the present data are not due to errors in the
identification of the model levels with experimen-
tal levels. In fact, the calculated total B(E1)
strength to the ground state of all six model
levels of Ref. 4 (three with Z"=," and three with
J'=$ and T= &can be seen to be a factor of -4
smaller than the measured value.

It may be noted that a different calculation by
Kurath" (Table I) which was restricted to IK& ex-
citations, namely, to (Is)4(1p)'o(2sld)' plus (ls)'
(IP)' configurations, yielded a much better agree-
ment with the experimental widths of the 7.301 and
10.06 MeV levels. However, the smaller number
of degrees of freedom caused by limiting the con-
figuration space yielded a small. er number of
levels with J'= ~, ~ than observed experimentally.
Hence, no detailed comparison with the present
data is possible. Nevertheless, the calculated
total B(E1) strength of the above six levels with
T = ~ to the ground state is a factor of -2 lower
than the measured value, which is in better accord
with the data than the results of Ref. 4.

The best overall agreement with the present data
was obtained by Millener, " in another calculation,
using the SV(3) basis for obtaining the "N wave
functions. In this calculation the full 18' basis
and some of the important 3@a configurations were
included. The truncation of the 3' basis was de-
scribed in Ref. 11. Table I shows that apart from
some M1 levels, a good agreement exists be-
tween the predicted and measured values. In ad-
dition, the total calculated B(E1}strength for the
six model levels is almost identical to the mea-
sured value.

Et should be noted that the essential difference
between the calculations of Millener" and those
of Lie and Engeland comes from the use of the full
1@a basis in the calculation of the positive parity
states. The present results can therefore be
viewed as illustrating the importance of including
the full 1k~ basis in such calculations.
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