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Two independent measurements of the "N(y, n) reaction cross section have been made using both
an enriched-gas target, and one of ("NH4)zSO4. The results are self-consistent, but reveal
discrepancies with an earlier measurement of this cross section, particularly in the giant dipole reso-
nance region, and with a measurement of the "N(y, no) cross section. These discrepancies are dis-
cussed and in general resolved. The results are used in conjunction with other isospin-selective re-
actions data on "N to elucidate the isospin distribution of E1 states in "N.

I. INTRODUCTION II. EXPERIMENTAL DETAILS AND DATA ANALYSIS

As part of a series of measurements of the photonu-
clear cross sections of nuclei with one or two nucleons or
holes outside a closed shell or subshell (see Ref. 1 and as-
sociated references), the total photoneutron cross section
for ' N was measured at Lawrence Livermore National
Laboratory (LLNL). For this nucleus, the ' N(y, no)
(Ref. 3) and the inverse ' N(n, yo) (Ref. 4) cross sections
have also been measured.

Although these three cross sections for ' N all agree in
general, in detail there are some discrepancies. In partic-
ular, the ' N(y, no) cross section is significantly larger
than the total photoneutron cross section in the
excitation-energy region about 15 Me V. In order to
resolve this discrepancy it was decided to remeasure the
"N(y, n) reaction cross section using the 35-MeV beta-
tron in this laboratory. In so doing, a far more troubling
disagreement with the LLNL data was revealed in the gi-
ant dipole resonance (GDR) region of the cross section.
In fact, we have made two measurements of the cross sec-
tion using di6'erent methods: one using a high-pressure
' N-gas target, and the other using a sample of ' N-
enriched ammonium sulphate. Both measurements
confirm that the GDR peaks at about 25 MeV rather
than at 23 MeV as indicated by the LLNL measurement.

Because the dominant decay channels for the photo-
disintegration of ' N are now better known, it is possible
to attempt a reconciliation between the structure seen in
these various reaction channels with the known states in
' N. This is done with particular emphasis on the isospin
assignment of the states, using the cross section presented
here together with other isospin-selective reactions. The
subsequent resolving of the GDR of ' N into its two iso-
spin components allows comparison with theoretical pre-
dictions of their relative contributions to the absorption
cross sections; the energy separation of these two com-
ponents may also be compared with theoretical predic-
tions.

Both measurements of the reaction cross section used
the yield-curve method. Details of this technique and the
neutron detector are given elsewhere, and only- specific
details will be given here. The Halpern-type 4m. neutron
detector consisted of two concentric rings, each contain-
ing eight ' B-enriched BF3 proportional counters embed-
ded in a paragon block. The dose was monitored using a
thin-walled transmission chamber placed before the sam-
ple. This chamber was intercalibrated against a replica
P2 ionization chamber. An energy calibration of the be-
tatron was performed before each of the measurements.
The uncertainty in the energy is estimated to be about
100 keV below 20 MeV increasing to about 150 keV at 28
MeV.

The fact that two measurements were made is a conse-
quence of the chronology of the experiments. The first
determination was using the ' N-enriched ammonium
sulphate sample, which was available and convenient.
The use of a compound sample naturally resulted in a
significant contribution to the neutron yield from sulphur
and oxygen in addition to that from the ' N. Although
this background yield was carefully measured and al-
lowed for, the significant disagreements with the earlier
LLNL measurement, particularly in the GDR region,
prompted us to remeasure the cross section with an ele-
mental sample. The agreement between the two results
tends to validate the experimental observations.

A. Measurement using a sample
of ' N-enriched ammonium sulphate

The sample was in the form of 108 g of (NH4)zS04
powder, enriched to 98 jo in ' N, and contained in a lu-
cite cylinder with an internal diameter of 37.9 mm and a
length 101.6 mm. Because of the presence of nuclei other
than ' N, in order to deduce the yield curve of the desired
reaction it was necessary to measure yield curves from
both sulphur and oxygen samples in addition to that from
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the compound sample. The sample used for this back-
ground measurement consisted of a suspension of 25.6 g
of sulphur in 58.3 g of water contained in an identical lu-
cite holder. These precise amounts were chosen to equal
the amounts of these impurities in the foreground sample.

Both foreground and background yield curves were
measured from 10.5 to 28.0 MeV in intervals of 100 keV
[the ' N(y, n) threshold energy is 10.8 MeV]. A total of
26 independent foreground and 15 background curves
was measured. After subtraction an average yield curve
for the ' N(y, xn) reaction was deduced.

B. Measurement using a ' N-gas target

In this determination of the ' N( y, n ) reaction cross
section, the same detector and dose measuring system
was used as in the experiment described above. However,
the 37-g sample was in the form of nitrogen gas, enriched
to 98.9% in ' N. It was contained in a steel cylinder
2170 mm long and 42.4 mm outer diameter with walls
2.77 mm thick. The beam was collimated so that it did
not hit the waHs of the container. The length of the con-
tainer was such that the steel end pieces were outside the
neutron detector, and thus made a negligible contribution
to the detected neutron count rate. A simple calculation
indicated that the contribution to the yield due to scatter-
ing by the sample of neutrons produced in the relatively
thin end caps was less than 0.1% of the yield from the
sample. The detection eKciency for the extended sample
was measured to be 5.3%, and to be constant within 10%
for neutrons with energies between 0.5 and 10 MeV. The
neutron e%ciency of the detector was determined both
from measurements using calibrated neutron sources and
from a measurement of the D(y, p)n reaction cross sec-
tion.

The yield of photoneutrons from the sample was deter-
mined at bremsstrahlung energies ranging from 10 to
26.5 MeV. In the range from 10 to 19.5 MeV, yield
points were taken at 100-keV intervals, and elsewhere at
intervals of 200 keV. This gave a high resolution cross
section in the energy region which prompted the mea-
surement, while allowing a cross section to be determined
in the region of, and above the G-DR with reasonable
resolution. A total of 37 independent yield curves was
measured with the sample in, each taking 5 h. A total of
10 sample-out yield curves was measured. The yield from
the evacuated container constituted about 15% of the
sample-in yield over most of the energy range. From
these two sets of data, average yield curves were obtained
from the filled and empty container, which allowed the
yield curve for the ' N(y, n) reaction to be determined by
subtraction.

C. The resulting ' N(y, sn) reaction cross sections

For each experiment, the resulting net yield curve,
corrected for photon-monitor response, dead-time eA'ects,
and including absolute scaling factors, was analyzed us-
ing the variable bin Penfold-Leiss (VBPL) method. The
ability of the VBPL method in resolving structure below
the CiDR, and its reliability in reproducing correct cross
section magnitudes above the GDR were established by

an experiment performed by Pywell et al. in this labora-
tory. The resulting "N(y, xn) reaction cross section in-
cludes the ' N(y, n), ' N(y, pn), and twice the ' N(y, 2n)
reaction cross sections. Allowance for the double count-
ing of the ' N(y, 2n) reaction was made by subtracting
the contribution of the ' N(y, 2n) reaction, which was re-
cently measured at this laboratory. The resulting esti-
mates of the ' N(y, sn) reaction cross section are shown
in Fig. 1, Fig. 1(a) being that measured using the gas tar-
get. The cross section in the excitation region from
threshold to 19.5 MeV was derived from the yield curve
measured in 100-keV steps, and has better resolution than
the remainder of the cross section up to 26.5 MeV, which
was derived from the 200-keV yield curve. Figure 1(b)
shows the ' N(y, sn) cross section measured using the
(NH4)2SO& sample. The error bars in both cases indicate
only the statistical uncertainty; there is an overall sys-
tematic uncertainty of about 8% in the case of Fig. 1(a).
For the cross section shown in Fig. 1(b), the systematic
uncertainty could be as large as 12%%uo, mainly due to the
erat'ects associated with allowing for the contribution from
background elements in the compound sample. The two
estimates are similar in both magnitude and overall
shape: detailed agreement is good, bearing in mind the
uncertainties discussed above.

Of particular interest is the agreement as to the posi-
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FIG. 1. The "N(y, sn) reaction cross section: the upper
figure shows the results obtained using a high-pressure ' N-
enriched gas sample, and the lower figure shows the results ob-
tained using a solid (NH4)2SC)4 sample.
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tion ( -25. 5 MeV) and magnitude ( —16 mb) of the major
GDR strength. The integrated cross sections derived
from each are also in good agreement. The value of the
integrated cross section up to 26.5 MeV derived from the
cross section shown in Fig. 1(a) is 78+9 MeV mb, and
that derived from Fig. 1(b) is 76+7 MeV mb. In view of
this consistency, and because of the smaller errors associ-
ated with the cross section obtained using the gas sample,
the cross section shown in Fig. 1(a) will be used in the dis-
cussions which follow.

III. DISCUSSION

A. Comparison with other measurements

One of the original motivations for remeasuring this
reaction cross section was to resolve a discrepancy, near
15 MeV, in the magnitudes of the ' N(y, sn) cross section
as measured at LLNL (Ref. 2) and the ' N(y, no) cross
section published by Watson et al. The ground-state-
neutron cross section must be less than or equal to the to-
tal photoneutron cross section; yet in contradiction with
this, the ' N(y, no) cross section reaches a maximum of
2.6 mb while the ' N(y, sn) cross section from LLNL
(Ref. 2) goes through a minimum of about 1.5 mb. At en-
ergies below 14 MeV the LLNL data, although generally
lower than the (y, no), are statistically consistent
with it. The present data in this same energy region,
while statistically consistent with the LLNL data, are
generally higher around 15 MeV and hence in essential
agreement with the ' N(y, no) results of Watson et al.
The ' N(n, yo) results of Wender et al. , which following
detailed balance can be directly compared with the
(y, no) cross section of Watson et al. , are generally
higher. However, the recent data by Lafontaine et al. '

of the ' N(n, yo) reaction, at E„=11 MeV, do not contra-
dict the work of 'Watson et al. We therefore suggest that
around 15 MeV, the LLNL data are slightly low. On the
other hand, the fact that below 14 MeV the (y, no) cross
section is generally larger than the present ' N(y, n ) (and
the LLNL data) should be considered. The possibility
that (at least at low energies) the (y, no) cross section of
Watson et al. is too large, or the present results too
small, should not be dismissed.

The other region where this measurement disagrees
with the earlier work of Jury et al. is in the region of the
GDR. Firstly, at an excitation energy of 23 MeV there is
no evidence in the present data of the peak seen in the
LLNL data; the present cross section rises smoothly from
a small valley at about 23 MeV to a maximum at 25
MeV. The explanation of this variance is likely to be
found in an underestimate of the efficiency for detecting
neutrons emitted from states in ' N in this excitation re-
gion. The efficiency of the LLNL detector is dependent
on the neutron energy in a known way, and has been cali-
brated using neutron sources of known average energy. "
In order to determine the efficiency for a particular point
in an experiment, the average neutron energy is estimated
from the ratio of the number of neutrons detected in the
inner and outer rings of BF3 proportional counters that

constitute the detector. The statistics on this ratio are
often poor and, as can be seen in Fig. 3 of Ref. 12 the
data points at some energies can scatter significantly
about the smooth line used to determine the efficiency.

In the region of 23 MeV the disagreement between the
present measurement and that of Jury et al. can be ex-
plained in terms of an incorrect estimate of the efficiency
of the neutron detector. From Fig. 2 of Ref. 2 it can be
seen that the curve drawn as an estimate of the average
neutron energy shows a considerable excursion in the re-
gion of photon energies near 23 MeV. An incorrectly
high value for the average neutron energy from this curve
would lead to an efficiency that was too low and a cross
section that was artificially high. It is suggested that the
disagreement between the two measurements in this ener-
gy region is a consequence of an overestimation by Jury
et al. of the average neutron energy.

It is worth noting in passing that when a neutron
detector with an energy-dependent efficiency, such as that
used at LLNL, is used to determine photoneutron cross
sections for light nuclei, extreme care must be taken in
determining the efficiency. In such nuclei the paucity of
low-lying residual states can lead to significant and rapid
variations in the average neutron energy as new decay
channels open. Evidence of such an effect is reported by
McNeill et al. ' for the Si(y, n) cross section. For stud-
ies on heavy nuclei, the average neutron energy is rela-
tively constant, and the possibility of amplifying or di-
minishing structure due to fluctuations in the detector
efficiency is unlikely.

The largest and possibly the most significant disagree-
ment between this measurement of the ' N( yn) cross
section and that of Jury et al. occurs at 25.5 MeV. Al-
though both measurements indicate a major peak in this
region, the present results give a magnitude of about 16
mb compared to only 9 mb according to LLNL data.
There is no apparent explanation for this clear and
significant disagreement. It seems unlikely that Jury et
al. could overestimate the efficiency in this region by
nearly a factor of 2. On the other hand the present re-
sults from two measurements using different samples
confirm the larger value of the cross section. The neu-
tron detector at Melbourne is common to both the
present measurements. As mentioned earlier, its
efficiency is constant within 10% for neutrons from 0.5 to
10 MeV, and the evidence from Ref. 2 is that the average
neutron energy lies well within this range. The implica-
tions of the difFerences between the ' N(y, sn ) cross sec-
tion reported here and that by Jury et al. will be dis-
cussed below.

B. Isospin considerations

E1 absorption in non-self-conjugate nuclei, with
ground-state isospin To, leads to excited states with iso-
spin To and To+1. These GDR states are generally re-
ferred to as the T& and T& components, respectively. A
number of authors'" ' have developed expressions that
describe the relative positions and the integrated
strengths of these two components. In order to compare
the predictions of these expressions with experiment, it is
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necessary to identify the isospin components of the pho-
toabsorption cross section of ' N.

Decay from excited states of ' N, whether by neutron
or proton emission, satisfies a selection rule such that the
change in isospin between the initial and finaI states is
hT=+ —,'. The relative strengths of the allowed decay
modes are characterized by Clebsch-Gordan coupling
coefticients. Figure 2 shows the relevant level informa-
tion for the ' N(y, n) and the ' N(y, p) reactions. The ra-
tio of these cross sections can provide an indication of the
isospin of the GDR states of ' N.

Additional isospin information can be determined from
the ' N(y, n o), and ' N(y, 2n) (Ref. 9) reaction cross sec-
tions, together with the ' N(y, y') work of Patrick et al. '

The ' N(y, no ) reaction can only proceed from T & states
in ' N, so it will indicate only T =

—,
' strength. Discussion

of the ' N(y, 2n) cross section in Ref. 9 sheds some light
on the isospin distribution above 20 MeV, while the in-
formation as to the population of states in the mass-14
nuclei obtained from the ' N(y, y') data also helps in
making isospin assignments to the ' N-GDR states.

As no high resolution measurement of the ' N(y, p)
cross section has been reported, a composite cross section
was created using the ' N(y, p) cross section measure-
ment by Denisov et al. }9 and, in the low-energy region, a
cross section determined from the inverse ' C(p, yo) reac-
tion by Harakeh et al. , using detailed balance. The
composite ' N(y, p) cross section that will be used in the
following discussion is shown in Fig. 3.

1. Structure near threshold

The thresholds for the photoneutron and photoproton
reactions in ' N are very similar, 10.83 and 10.20 MeV,
respectively, so that intercomparison of the strengths of
these two decay channels can be made over essentially
the entire photoabsorption cross section. The photopro-
ton cross section, shown in Fig. 3, has a resonace just
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FIG. 2. The Clebsch-Gordan coupling coefticients between
the excited T=

—,'. and T= —', GDR states in "N and the T =0
and T=1 residual states in ' N and ' C. The T=2 states are
not kinematically accessible in ' N or ' C (Ref. 21).
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FIG. 3. The "N(y, p) cross section compiled from the data of
Denisov et al. (Ref. 19) above 16.3 MeV and the ' N(y, pz) data
from Harakeh and Kuan. There is a systematic uncertainty of
about 20% above 16.3 MeV.

above threshold, at about 11.5 MeV. A similar but more
pronounced resonance is seen at 11.8 MeV in the pho-
toneutron cross section. Because these two features are
very close in energy, they might be considered to be due
to the same state in ' N. However, there is evidence that
this is not so, and it can be shown that the differences in
the ' N(y, p) and ' N(y, n) cross sections result from iso-
spin effects.

Ajzenberg-Selove ' reports evidence of a fairly broad
(J= —,

'+, T= ,', I"=405 k—eV) state at 11.62 MeV in ' N,
which is clearly seen in the ' C(p, yo) reaction and
should consequently be seen in the ' N(y, p) cross sec-
tion. Neutron emission from this state to the only avail-
able ( T =0, ground) state in '"N is forbidden by isospin
selection rules and, despite the 3.5-MeV Coulomb barrier,
proton emission is preferred. On the other hand the
feature in the photoneutron cross section at 11.8 MeV,
evidence of which is not seen in the photoproton cross
section, nor in the ' C(p, yo) inverse reaction, must be
due to the decay of a T & state, or group of states, in ' N;
all neutron decay in this energy region must be to the
T=O ground state of ' N. Ajzenberg-Selove ' includes
three candidates with spins accessible to E1 excitation,
and parities either positive or unassigned. These states at
11.78 ( —', +), 11.88 ( —', ), and 11.97 MeV ( —,'), if responsible
for the observed structure in the ' N( yn) cross section,
must have isospin of —,', and this should be noted in the
compilation.

In the excitation energy region from 12 to 13.5 MeV
both the ' N(y, n) and ' N(y, p) cross sections are small.
This is probably related to the fact that levels in this re-
gion of ' N are not accessible (Ref. 21) to El transitions
from the ' N ground state.

From 13.5 to 15.5 MeV the ' N(y, no) and ' N(y, n)
cross sections are in agreement within the stated errors.
This indicates that all states seen in the ' N(y, n) reaction
channel up to 15 MeV have an isospin of —,'; at these ener-
gies, well above the photoproton threshold (10.2 MeV),
T =—', states are forbidden to decay to the ( T =0) ground
state of ' N.
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In this energy region there is a correspondence in the
features of the ' N(y, n) and ' N(y, p) cross sections; in
particular, relatively broad peaks at about 14.7 and 15.4
MeV are seen in both cross sections. Harakeh et al.
tentatively assigned to states at these energies spins and
parities of —,

'+ and —,
'+ with widths of about 750 keV. It is

now possible, in view of the argument above, to assign
them an isospin value at T= —,'.

2. The region from 16 to 20 Me V

Above 16 MeV the ' N(y, n) cross section rises to a
peak at 17.7 MeV, while the ' N(y, p) cross section
remains quite small. The relative increase of the
' N(y, n) cross section results from some five additional
T=O states in ' N becoming accessible for neutron de-
cay, while for protons the only decay that is unimpeded
by the Coulomb barrier is that to the ground state. The
population of these nonground states in ' N is confirmed
by the fact that the ' N(y, no ) cross section as reported in
Ref. 3 constitutes only a fraction of the total "N(y, n)
cross section. This dissimilarity in level densities in the
two residual nuclei leads to dominance of the photoneu-
tron cross section. It should be noted that this explana-
tion implies that the ' N states in this energy region are
predominantly T &, since if they were T & states, neutron
decay could not only occur to the single T=1 state at
2.31 MeV in ' N, and would be comparable in strength to
the only unimpeded proton decay to the ground state in
14(

The strength in this region may be attributed to three
states reported in Ref. 21. The first is at 16.667 MeV
( —,'+,

—,
' ), followed by two states very close to each other,

one at 17.58 MeV ( —', +, I =450 keV) and the second at
17.67 MeV ( —', +, —,', 1 =600 keV). The suggestion that
these three states are all T & in nature is supported by the
observation of significant strength at energies corre-
sponding to these states in the "B(a,yo)' N cross section
as measured by Degre et al.

From about 17 MeV, the ' N(y, p) cross section rises
smoothly to a peak of about 6 mb at 19.4 MeV. In con-
trast, over the same energy range the ' N(y, n) cross sec-
tion decreases to a minimum at 18.7 MeV, such that be-
tween 18 and 20 MeV photoproton decay actually
exceeds photoneutron decay. Although this dominance
of photoproton decay is not a direct consequence of iso-
spin, it does allow an isospin assignment of T= —,

' to be
made to states in this energy region of ' N. Ignoring all
other factors such as residual-state density and Coulomb
eFects, photoneutron decay from any of the kinematically
accessible states in ' N, irrespective of its isospin, is ex-
pected to exceed photoproton decay by a factor of 2 con-
sistent with the Clebsch-Gordan coupling coefficients as
shown in Fig. 2. This expectation is in contradiction
with the experimental facts. However, if a T =

—,
' assign-

ment is made, the eAect of residual-state density becomes
very important. Neutron decay is forbidden to T=O
states in ' N, whereas proton decay is possible to any of
the energetically accessible states in ' C. Over most of
this energy region neutron decay is possible to only one

T =1 state (2.31 MeV) in ' N; a second one (8.1 MeV) be-
comes accessible only at excitations in ' N above 18.9
MeV. On the other hand the number of proton-
accessible states in ' C which are essentially Coulomb-
uninhibited increases from one to seven. This disparity in
the number of available residual states, when considered
in conjunction with predominantly T =

—,
' strength in this

energy region of the ' N GDR, could produce the ob-
served dominance of proton decay. At higher energies
the disparity in the number of available states in ' C and
' N disappears, and the neutron decay channel again
dominates.

The presence of T & strength in ' N at about 18 MeV is
confirmed by the deexcitation y-ray studies of Patrick et
al, ' who show that the first T= 1 state in ' N (2.31 MeV)
begins to be populated at about 18 MeV. There is of
course still considerable T& strength in this region of the
' N GDR, as indicated by both the population of the
T=O (3.95 MeV) state reported in Ref. 18 and the
significant ground-state neutron cross section.

Similarly in the proton decay channel evidence of pop-
ulation of states other than the ground state can be seen
in the work of Patrick et al. '

Comparison of the
' N(y, po) cross section (derived from the proton capture
measurements of Harakeh et al. and Rhodes and
Stephens ) with the total photoproton cross section,
shown in Fig. 3, indicates that just below 20 MeV more
than 50% of proton decays are to excited states in ' C. It
might be noted that this fraction of excited-state decay,
derived as it is from the work of Denisov, ' is not con-
sistent with the more recent, though more poorly
resolved, deexcitation studies of Patrick et al. ' Nonethe-
less there is an observed increase in number of proton de-
cays from ' N to ' C. This observation is consistent with
the explanation advanced above, that in this energy re-
gion there is a dominance of T& excited states in ' N.

The above arguments are consistent with the known di-
pole states in this energy region as reported in Ref. 21. A
state at 19.5 MeV is suggested by Harakeh et al. to have
T= —,'; the absence of a noticeable peak at this energy in
the T & -selective ' N( y, do ) reaction cross section mea-
sured by Skopik et al. reinforces this isospin assign-
ment. Another state reported in Ref. 21 at 20.5 MeV,
with J=—', + but no assigned isospin, must also have
T=—', , being unobserved in the ' N(y, do) cross section,
which approaches a minimum at =20.5 MeV.

3. The region from 20 to 26 MeV

The ' N(y, n) cross section is seen to rise smoothly
from a magnitude of 5 mb at 20 MeV to about 6.5 mb at
23 MeV, with a dip back to 6 mb at 23.5 MeV. The mag-
nitude then rises quickly to a GDR maximum of = 16 mb
at 25.5 MeV. There is general agreement between the
shapes of the ' N(y, p) and ' N(y, n) cross sections from
20 to 24 MeV. However, the ' N(y, n) cross section be-
comes increasingly dominant above 24 MeV.

Evidence about the isospin nature of the excited dipole
states of ' N in this energy region can be deduced from
the ' N(y, 2n) cross section which has a reaction thresh-
old at 21.8 MeV. In contrast to the general shape of
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(y, 2n) reactions in other light nuclei, which rise smooth-
ly from threshold, the ' N(y, 2n) cross section stays close
to zero for about 3 MeV above threshold, and then begins
to rise at around 24 MeV. McNeill et al. have interpret-
ed this behavior as indicating the dominance of T= —,

'
states in this energy region of the ' N GDR. It should be
noted, however, that the presence of strength in the
' N(y, no) channel up to 26 MeV confirms the presence
of a small and decreasing T & component.

Consistent with the above conclusions it is possible to
identify tentatively the various states contributing in this
energy region. At 21.8 MeV a broad peak is clearly seen
in the T&-selective ' N(y, do) reaction channel, identi-
fying at least part of the T =

—,
' dipole strength in this re-

gion. Peaks seen in the '"C(p, yo) (Ref. 20) at 23 and 25.5
MeV correspond to strength seen in the present ' N(y, n)
cross section, whilst the absence of structure in the
' N(y, do) cross section supports the assertion that they
have 1sospln T=

2 .
At this point it is relevant to discuss the significant

difference at 25.5 MeV in the ' N(y, n ) reaction cross
section presented here and that of Jury et a/. The
' N(y, n) cross section has a peak value of close to 16 mb
at 25.5 MeV. At excitation energies from 25 to 26 MeV
there are many residual states accessible for both neutron
and proton decay, and the Coulomb barrier is substan-
tially overcome. If all else is equal, the Clebsch-Gordan
coefficients obtained from the isospin coupling of the ex-
cited and residual states will now give a good measure of
the fraction of decays expected to the various states (see
Fig. 2); and hence should give a reliable estimate of the
ratio of the ' N(y, p) to the ' N(y, n) cross section.

Figure 2 shows that when many states (both T & and
T& ) are available in the residual nuclei, the expected
(y, n)/(y, p) ratio is 2, independent of the isospin of the
excited state in ' N. Although in this case the
(y, n )/(y, p) ratio does not yield any information about
the isospin of the excited states, when there are many re-
sidual states it gives a clear indication of the expected
magnitude of the ' N(y, n) cross section relative to that
of the "N(y, p). If the ratio is taken of the "N(y, n)
cross section reported by Jury et al. to the ' N(y, p)
cross section as measured by Denisov at an energy of
about 25 MeV, a value of approximately one is obtained.
In contrast, at 25 MeV, the magnitude of the ' N(y, n)
cross section presented here is about twice that of Den-
isov, so that the ratio "N(y, n )/' N(y, p) is of the order
of 2, in reasonably good agreement with the predicted
value. It should be noted that the uncertainties associat-
ed with the Denisov data in this energy region are quite
large and thus there must also be a large uncertainty in
the ratios just mentioned. However, these ratios tend to
support the contention made earlier that the magnitude
of the present measurement is correct and the ' N(y, n)
measurement of Jury et al. may have been seriously un-
derestimated at about 25.5 MeV.

2 15

0

10-
M

N
M0

0 ——

10.0 15.0 20.0 25.0
Excitation Ener gy (MeV)

cross section of ' N. Using this basis it is possible to ob-
tain an approximation to the T & and T & components of
the GDR. This can be done by fitting the total photoab-
sorption cross section with a series of resonances, with
known isospin and energies as noted above. As an ap-
proximation to the total photoabsorption cross section,
needed for this process, the sum of the ' N(y, sn) cross
section reported here plus the composite ' N(y, p) cross
section shown in Fig. 3 was used. It was assumed that
contributions from other decay modes were negligible.
This cross section is shown in Fig. 4. The error bars indi-
cate the statistical uncertainty arising from the ' N(y, sn )

cross section only. Above 16 MeV there may be an in-
creasing systematic error due mainly to uncertainties in
the ' N(y, p) data of Denisov et al. , ' which may amount
to an overestimate at 28 MeV of up to 20%%uo.

In the least-squares-fitting procedure the levels
identified in the discussion above were used. A Lorentz
function was used for each resonance, and the fit to the
absorption cross section was optimized by adjusting the
height, keeping the energy and width within limits con-
sistent with those mentioned above. The resulting fit is
shown in Fig. 4 together with the absorption cross sec-
tion. The agreement is remarkable. Table I lists the pa-
rameters associated with the fit, combined into T =

—,
' and

T =—', states. The widths listed are generally larger than
those of the states discussed above, and reflect to some
extent the resolution of the experimental data.

It is now relatively straightforward to collect the iso-
spin components of the cross section together. Figure 5
shows the T & and T & components of the GDR resulting
from the fitting procedure.

In estimating the energy splitting and integrated cross
sections of the two isospin components of the GDR, we
have used the fitted curves of Fig. 5, up to an energy of 40
MeV, even though the data presented here extends only
to 26.5 MeV. This is consistent with the observation of
Jury et al. that there is no significant structure seen be-
tween 28 and 40 MeV. On this basis the values of the en-
ergy weighted integrated cross sections for the two com-
ponents are

4. Separation of T and T GDR components

The discussion above leads to fairly complete isospin
assignments for the structure in the photoabsorption

FIG. 4. The total photoabsorption cross section approximat-
ed from the "N(y, n) plus "N(y, p) cross sections, as described
in the text. The solid line is obtained by fitting the data with E1
absorption to possible states identified in the text.
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TABLE I. The contribution of E1-accessible states to the
GDR in "N. The contributions were obtained by a fitting pro-
cedure as described in the text.

Energy (MeV)

11.78
13.30
13.90
14.10
14.71
15.40
16.68
17.67
18.91
19.20
21.70

11.55
19.50
20.50
23.19
25.40

Width (MeV)

T =
—,
' transitions

0.30
0.40
0.40
0.61
1.03
0.80
0.80
1.40
1.70
0.80
2.20

T = —' transitions
2

0.60
1.40
1.20
2.00
2.60

Strength (MeV mb)

0.65
0.93
0.31
0.38
3.14
2.10
1.61
6.42
6.80
1.13

24.85

1.81
12.13
4.72
6.61

78.76

o,(T =
—,')=2. 51 mb,

o,( T =
—,
'

) =4.40 mb .

This gives an experimental value for o &( T=—', ) /
o . &( T =

—,'+ T =—', ) of 0.64. The comparison with the
theoretical predictions of Ref. 14, which gives 0.55, and
Ref. 15, which gives 0.61, is extremely good.

The splitting, AE, of the two isospin components of the
GDR of ' N following this analysis is 4.4 MeV, where AE
is defined as

where To is the ground-state isospin of a nucleus of mass
number 3, and U is the symmetry energy. Akyuz and
Fallieros, using a value of U =60 MeV, predict a splitting
of 6.0 MeV, whereas Leonardi' calculated the symmetry
energy for ' N to have a value of U=14 MeV, which
leads to a predicted splitting of 1.4 MeV. Neither value
is in particularly good agreement with the experimental
value, and it is proposed that reconciliation is brought
about if the symmetry energy is 46 MeV.

The question as to whether the symmetry energy as
used in the derivations above is constant was one aspect
of a study of isospin effects in medium-mass nuclei that
was carried out in this laboratory. The summary of
data presented in Ref. 27, and in particular Fig. 10 of
that reference, indicates that a value of less than 60 MeV
for the symmetry energy would fit the experimental re-
sults better.

C. Comparison with theory

Although it is not anticipated that theoretical calcula-
tions of the photoabsorption cross section of ' N will
show exact correspondence with the detailed structure re-
vealed in the experimental measurement, the basic as-
sumptions of the calculation might well be tested in such
a comparison.

2 10.0—

f o(T+1)dE
AE=

f o(T+1)dE/E
f cr(T)dE

f o.(T)dE/E

According to both Akyuz and Fallieros' and Leonardi, '

the predicted splitting is given by

EE=(TO+1)U/3,
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FIG. 5. The T=
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~ isospin components of the "N

GDR.
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FIG. 6. The calculation of Albert et al. (Ref. 28) using the
Tabakin interaction compared to the components as derived in
the text (see Fig. 5). The upper part of the figure shows the T
dipole states and the lower part the T& states.
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Figure 6 shows the approximate photoabsorption cross
section derived as described above, and shown first in
Fig. 4, together with the calculation by Albert et a/. The
calculation considers creation of two-hole one-particle
states in ' N by E1 excitation. Two calculations are
presented, one using a zero-range Soper residual interac-
tion, and the other a separable Tabakin potential. The
latter, shown in Fig. 5(a) of Ref. 28 is in better agreement
with the measured location and strength distribution
shown in the data; however, there is clearly an overesti-
mate of the T& strength. Use of the Soper residual in-
teraction [Fig. 5(b)j results in excess strength in the
22 —24 MeV region.

The observation, that the results of the calculation us-
ing the Tabakin potential are in better agreement with
the experimental data, is in contrast to the situations for
' C (Ref. 29) and ' 0 (Ref. 30). In both these cases, after
renormalization, better agreement was found between the
experimental data and calculations performed by Albert
et al. ' using the zero-range Soper potential. It would
seem that in ' N, where 2h-1p dipole states are involved,
the Tabakin potential is more satisfactory; whereas for
nuclei like ' C and ' 0, where 2p-1h excitations dom-
inate, the Soper potential gives more realistic results.

A calculation by Fraser et al. used two differe'nt resid-
ual interactions. One was a Gaussian form with spin and
isospin exchange as used by Gillet and Vinh-Mau, and
the other a zero-range force with Soper spin exchange. A
number of different strengths were used for the zero-
range force and, as Fig. 2 of Ref. 32 shows, this can move
the energy of maximum absorption and vary the distribu-
tion of the strength significantly. The Gillet-type residual
interaction leads to a result that agrees with experiment,
in that strong T & absorption occurs just above 25 MeV,
with dominant T & cross section strength between 21 and
25 MeV, while T& states concentrate between 17 and 21
MeV. The comparison is shown in Fig. 7.

Despite the overall agreements mentioned above,
which are interpreted as indications as to the validity of
the potentials chosen in the calculations, it is not surpris-
ing that close correlations between theory and experi-
ment are not seen. Other important model assumptions
will affect the E1 absorption strength and distribution.
The provision of reliable experimental data should pro-
vide a basis for more sophisticated calculations which
might hope to clarify the nature of the model bases.

g 15
0
O
(D

cQ ip
M
M0

10 15 20 25 30 35 40
Excit.at, ion Energy (Me&)

FIG. 7. The T& (dashed) and T& (solid) components of the
GDR as calculated by Fraser et ah. (Ref. 32) using the Gillet po-
tential, compared with the isospin components as resolved in
the text.

IV. CONCLUSIONS

This paper has attempted to provide reliable data on
the photodisintegration of ' N, one of the significant
members in a systematic study of nuclei with one particle
or hole outside a closed shell. This measurement suggests
possible resolution of a number of discrepancies evi-
denced in earlier data. We suggest that the ' N(y, n)
cross section as reported by Jury et al. may be underes-

' timated in the region of 15 MeV. Both measurements of
the cross section presented here agree that the major
GDR strength occurs at 25.5 MeV rather than 23.5 MeV
as reported in the measurement by Jury et al.

A careful reconciliation of the observed structure in
the cross section with known E1-accessible states in ' N
provided a basis that allowed the cross section to be
resolved into its two isospin components. The relative
bremsstrahlung-weighted integrated cross section of these
components is in good agreement with calculated values.
The observed isospin splitting of these GDR components
is only consistent with the theoretical predictions if the
symmetry energy used in the calculations is reduced from
the value of 60 to 46 MeV for this nucleus.

This cross section, when compared to shell-model cal-
culations, confirms the observation of Jury et al. that
' N with GDR configurations that are predominantly
1p-2h is not well explained by a Soper mixture of ex-
change forces.
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