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Gamma Decay of the 7.57-MeV Level of N'*{*
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The C2(a,py)N!5 reaction was studied using particle-gamma coincidence techniques and the 22-MeV
alpha-particle beam of the Indiana University cyclotron. The 7.57-MeV level of N'% is observed to decay by
gamma emission to either the 5.28- or 5.30-MeV level. An upper limit of 109 is placed on the intensity of
the ground-state branch. This information, together with the results of other experiments, suggests a spin
and parity assignment of §+ or %+ for the 7.57-MeV level, which is consistent with shell-model predictions.

I. INTRODUCTION

HE shell-model calculations of Halbert and
French! have been successful in predicting many

of the properties of the positive-parity states of N'5:
a spin of 5§t or * is predicted for the 7.57-MeV level.
The N'(d,p) stripping reaction studies of Green and
Middleton? and Warburton and McGruer? indicate that
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the 7.57-MeV level has positive parity and spin <3.
The present experiment was undertaken to help deter-
mine the spin of the 7.57-MeV level.

II. APPARATUS AND PROCEDURES

Gamma radiation from N was studied employing
the C®2(a,py)N' reaction with the 22-MeV alpha-
particle beam of the Indiana University cyclotron.
Standard fast-slow coincidence circuitry was arranged
so that gamma rays could be studied in time coincidence
with charged reaction particles of a selected energy. In
this way it was possible to study the decay modes of
individual levels resolved by the particle detector. As a
check on the interpretation of the coincidence gamma-
ray spectra, measurements were also made of charged-
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particle spectra in time coincidence with gamma rays of
a selected energy.

Two types of particle detectors were used: (1) a
CsI(T]) crystal, 0.015-in. thick and £ in. in diameter,
mounted on a DuMont type 6291 photomultiplier tube;
(2) a Hughes 1-cm? diffused-junction, solid-state detec-
tor connected directly to a low-noise, charge-sensitive
preamplifier.* Since the pulse height from a solid-state
detector is proportional only to the energy loss of the
charged particle in the detector, whereas the pulse
height from the CsI crystal is dependent on the charge
of the stopped particle,® using the two detectors allows
one to distinguish alpha particles from protons and
deuterons by observing the change in relative pulse
heights when the same spectrum is recorded with the
two different detectors.

At 22-MeV (lab) alpha-particle bombarding ehergy
on the light nucleus C®2, the only reactions which can
yield charged particles in coincidence with gamma rays
are C?(a,a'y) and C2(a,py)N' (ground state Q= —4.96
MeV). The (a,d) reaction has such a large negative Q
value (Q=—13.57 MeV) that there is barely enough
energy to populate the first excited state of N'; this
level is assigned 7'=1 and should not be populated in
this reaction.® Thus by the interchange of the particle
detection systems it is possible to determine whether an
unassigned charged-particle group which is in coinci-
dence with gamma radiation is due to protons or to
alpha particles. Except for particle identification, the
solid-state detector was used for the coincidence spectra
shown in this paper because of its superior stability and
inherently higher resolution.

The scattering chamber was an 8-in. diam right-
circular cylinder. Targets were inserted through the lid
into the center of the chamber. Either type of particle
detector could be inserted into a well in the lid of the
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F16. 1. Charged-particle spectrum obtained with a 1-cm? solid-
state detector from the bombardment of a 1.6-mg/cm? self-sup-
portx(IIng lf?rbon foil with 22-MeV alpha particles. Detection angle
42° (La
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chamber. By rotating the lid on ball-bearings, the angle
of the particle detector could be varied without loss of
vacuum in the chamber.

The gamma-ray detector was a 3- X3-in. Nal (TIl)
crystal mounted on a DuMont type 6363 photomulti-
plier tube. This assembly was mounted on a dolley,
outside the vacuum system, and was constrained to
rotate about the target center, in the reaction plane. The
solid angle subtended by the gamma detector was 2.5%,
of the total sphere.

Several precautions were taken to minimize the
gamma-ray background. (1) The internal cyclotron
beam was degraded by reducing the opening in the arc
cone from a normal size of 3- X%-in. to a #%-in. diam
hole. This permitted very small beam currents to be
incident on the target (0.001 uA) while maintaining
stable arc and main oscillator operation and reducing
background produced by collimation. (2) The scattering
chamber and both detectors were enclosed in a concrete
hut with walls 15-in. thick. (3) All beam-defining colli-
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F16. 2. Gamma-ray spectrum obtained with a 3- X3-in. Nal
(T1) crystal from the bombardment of a 1.6-mg/cm? self-support-
ing carbon foil with 22-MeV alpha particles. Gamma detector
located at 90° with respect to the beam direction.

mators and the Faraday cup were constructed of high-Z
materials (lead or tantalum), were located outside the
gamma-ray hut, and were shielded from the gamma
detector by at least 10 in. of lead. (4) All sections of
beam pipe in the experimental area were lined with
Te-in. thick lead sheet to prevent scattered alphas from
coming in contact with the brass of the beam pipe.
Background counts in the gamma-ray crystal were
essentially negligible under the above conditions.

III. EXPERIMENTAL RESULTS

Figure 1 shows the charged-particle spectrum ob-
tained from the bombardment of a 1.6-mg/cm? self-
supporting carbon target with 22-MeV alpha particles.
This spectrum was recorded with the Hughes solid-state
detector located at an angle of 42° with respect to the
beam direction. The relatively poor energy resolution
was the result of the large solid angle necessary for the
coincidence measurements. The inelastic alpha groups
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are unambiguously identified with the known’ excited
states of C2 at 4.43, 7.65, and 9.63 MeV by the kine-
matical energy shifts in angular distribution measure-
ments. The identification of the ground-state deuteron
group from the C'%(a,d)N reaction and the proton
group from the 7.57-MeV level of N'® in the C2(a,py) N5
reaction is made through: (1) direct energy calculation
and the kinematical energy shift in the angular distri-
butions; (2) the arguments, stated in Sec. II of this
report, that only the ground state of N can be popu-
lated in the (e,d) reaction; (3) the assumption that
higher-energy proton groups from lower-lying levels of
N% pass entirely through the thin detector and con-
tribute to lower-energy pulses; (4) the results of the
coincidence measurements which are to be presented
later in this report. It is felt that (4) is the strongest
argument for the assignment of the particle groups, as
accurate energy calibration of the solid-state counter
proved difficult for low-energy particles. That the two
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F16. 3. Uncorrected gamma-ray spectrum from C2--« coinci-

dent with protons from the 7.57-MeV excited level of N5, Collec-
tion time 3 h, 15 min.

groups in question are not alphas is definitely established
by the fact that their pulse height increases by a factor
of 2 relative to the alpha pulses when the CsI crystal is
substituted as the particle detector. Recoil protons from
hydrogen contamination of the target pass through the
thin counter but deposit sufficient energy to be also
included under the peak labeled as C'2(e,d)N*.

Figure 2 is a gamma-ray spectrum, without coinci-
dence requirements, obtained from the bombardment
of a 1.6-mg/cm? self-supporting carbon target with
22-MeV alpha particles. This spectrum was taken with
the 3- X3-in. Nal crystal located at 90° to the beam
direction and in the plane of the beam and the particle
detector. No corrections for background were made on
this or on other spectra shown because such effects were
negligibly small. The strong 4.43-MeV ground-state
transition from the first excited level of C2 is the only
prominent gamma ray. There is weak evidence for a

7F. Ajzenberg and T. Lauritsen, Nuclear Phys. 11, 1 (1959).

915

T T T T L] T T Ll
@20 i
z
z
=
Zioof . 4
® ¢'%(a,pyIN® o2
a gol . 443 i
g f
2
60} TRUE _ E
8 GHANCE * 80
3]
§4o c'z d)an " g
g 1  onpcHANCE :
£ 201 [ \ A iy
o k d \
st W)V, SRS L SR Al

10 20 30 40 50 60 70 80
CHANNEL NUMBER

Fic. 4. Uncorrected charged-particle spectum from C24-a
coincident with gamma, rays in the energy interval 1.8 to 2.8 MeV.
Collection time 1 h, 40 min.

5.25-MeV line, which is attributed to the C®2(a,py) N
reaction through the results of the coincidence spectra,
but little other structure is seen. The 4.43-MeV line and
the gamma rays from a Na? source (1.28 and 0.511
MeV) were used for energy calibration of the gamma-
ray spectra.

Figure 3 shows the gamma-ray spectrum from C24-«
taken in coincidence with the particle group which had
been tentatively identified as due to protons from the
7.57-MeV level of N' (see Fig. 1). Corrections for
background and accidental coincidences have not been
made. The total time required for collection of these
data was 3 h 15 min. It is noticed that there is a marked
difference between this spectrum and the singles spec-
trum of Fig. 2. The 4.43-MeV line is now considerably
weaker and is attributed to chance; strong 2.26- and
5.25-MeV gamma rays are evident. The 1.82-MeV line
is mainly the Compton peak of 2.26-MeV gamma rays.
Some of the 1.88-MeV cascade between the 7.16- and
5.28-MeV levels of N which has been previously
reported by Thompson,® may also be contributing to
this peak. The width of the coincidence window allowed
for inclusion of some of the proton group corresponding
to the 7.16-MeV level. Taking into account the energy
dependence of the efficiency and the peak-to-total
ratios for a 3- X3-in. Nal (Tl) crystal,? the intensities of
the 5.25- and 2.26-MeV gamma rays are found to be
approximately the same.

To check these results, Fig. 4 shows the charged-
particle spectrum taken in coincidence with the 2.26-
MeV gamma radiation present in Fig. 3. The peak
which had been labeled as due to C2?(a,py)N'; 5 in
Fig. 1 is now quite sharp and is clearly in coincidence
with 2.26-MeV gamma radiation. As the coincidence
window also included some of the Compton distribution
of the 4.43-MeV gamma ray from C2(a,a’y), the in-
elastic alpha-particle group populating that level is also

8 L. C. Thompson, Phys. Rev. 96, 369 (1954).

9 R. L. Heath, Scintillation Spectrometry Gamma-Ray Spectrum
Catalogue (Phillips Petroleum Company, Atomic Energy Division,

Idaho Falls, Idaho, 1957), Atomic Energy Commission Publication
TID-4500,(unpublished), 13th ed.
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seen. A comparison of Fig. 4 with Fig. 1 yields a true-
to-chance ratio of 60 to 1. A coincidence spectrum
similar to Fig. 4 was also taken using a CsI(Tl) crystal
for particle detection. This spectrum showed a particle
peak coincident with the 2.26-MeV gamma radiation
which was a factor of two larger in pulse height relative
to the alpha particles, thus confirming the assertion that
this charged-particle peak is due to protons.

IV. DISCUSSION OF EXPERIMENTAL RESULTS

The coincidence spectra of Figs. 3 and 4 clearly show
that a proton group from the C2(e,py)N'® reaction is in
coincidence with gamma radiation of 2.264-0.04 MeV
and 5.2540.1 MeV. Further, the energy of the proton
group plus the sum of the gamma-ray energies indicate
unambiguously that the 7.57-MeV level of N*® is decay-
ing by cascade gamma rays through one of the well-
known levels at 5.28 or 5.30 MeV. It is impossible to
determine from the gamma-ray energies alone through
which of these levels the cascade proceeds. From Fig. 3
an upper limit of 109, is placed on the intensity of the
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F16. 5. Energy-level diagram of N including experimental and
shell-model spin and parity assignments, and the gamma-ray
transitions observed in the present experiment.
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ground-state branch from the 7.57-MeV level. This
result is consistent with the work of Bashkin!® on the
reactions B1°(Li® p)N'® and B"(Li%d)N'®. These results
are summarized in Fig. 5, which shows the energy-level
scheme of N'5. This level scheme is essentially that
compiled by Ajzenberg and Lauritsen" with a few
recent additions which will be described later. The
gamma rays shown in the figure represent the N©
transitions observed in the present experiment.

The data of Green and Middleton? and Warburton
and McGruer® indicate that the 7.57-MeV level has
positive parity and spin <%. The weakness of the
ground-state transition from the 7.57-MeV level sug-
gests that the spin of this level is greater than %, since
otherwise the energy-favored K1 transition to the
ground state should be more intense. This argument is
based on single-particle transition probabilities and the
systematics of transition probabilities for light nuclei.!?

It seems likely, therefore, that the 7.57-MeV level is
2+ or I+,

V. SHELL-MODEL INTERPRETATION OF RESULTS

The shell-model calculations of Halbert and French!
predict a spin of 4+ for the 7.57-MeV level of N5 and
7+ for the 7.16-MeV level, but the assignments could be
interchanged.! Since the work of Hebbard®® suggests a
spin of §* for the 7.16-MeV level, then the shell model
predicts a probable Z+ for the 7.57-MeV level. With such
an assignment, the transition to the 5t level at 5.28
MeV is expected to dominate strongly over the direct
transition to the $~ ground state. The present experi-
mental results are consistent with this prediction.
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