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Parity of the 5.83-MeV State of N14$

J. A. BECKER

Brookhaven National Laboratory, Upton, Sex York

(Received 20 February 1963)

The lifetime of the J=3 5.83-MeV level of N" has been examined with pulsed-beam and coincidence
techniques. The 3.83-MeV state was populated by means of the C"(He', p)N'4 reaction. The mean life ob-
tained for the 0.73, 5.83 —& 5.10-MeV transition is &~ 0.3 nsec. This limit for the mean life, together with
the polarization measurement of Rose et al. , establishes the relative parity of the 5.83- and 5.10-MeV levels
to be the same. Since the 5.10-MeV level has been established as 2- by Warburton et al. , the parity of the
5.83-MeV level is —.

INTRODUCTION

! 'HE 4.91-, 5.69-, 5.10-, and 5.83-MeV levels of N"
have been proposed to be the T=0 (s'p'2st~s) and

(s4psds~s) states of N" with spins and parities 0—,1—,
2—,and 3—by Warburton, Rose, and Hatch. ' The
experimental evidence for the suggested identification
of these states has been summarized by these authors
and others. "Recently, the 5.10-MeV level in N'4 has
been shown to be 2—by Warburton, Alburger, Gall-
mann, Wagner, and Chase, 4 and the relative parity of
the 5.10- (2—) and the 5.83-MeV (1=3)' states of N'4

has been measured by Rose, Wihlein, Riess, and Trost. '
Rose et a/. measured the plane polarization of the 0.73-
MeV transition (5.83 —+ 5.10 MeV). The polarization
measurement results indicate the relative parity of the
5.83- and 5.10-MeV states is the same, if the 0.73-MeV
transition is mainly dipole. Warburton, Rose, and Hatch
have set an upper limit on the lifetime of the 0.73 MeV
gamma ray using a Doppler-shift technique. They find
the transition is mainly dipole and give a limiting value
for the ratio of the quadrupole to dipole reduced matrix
elements, 5, as

~

8
~

(~0.15.With this value of 5, Rose et al. '
conclude that the relative parity of the 5.83- and 5.10-
MeV states is the same. In view of the 2—assignment to
the 5.10-MeV state by Warburton et at. ,

4 the 5.83-MeV
state is then 3—.However, Warburton and Pinkston'
have shown that the Doppler-shift lifetime measure-
ment is fast enough to demand extremely large ( 5%)
isotopic spin impurities in the wave functions for the
5.10- and 5.83-MeV states of N". Thus, it is important
to check the Doppler-shift lifetime measurement and
to obtain the relative parity of these two states in a
way which does not depend on this lifetime measure-
ment. Using the C"(He',p) reaction and the pulsed-

beam technique, we have found an upper limit for the
lifetime of the 0.73-MeV gamma ray and established
an independent limit for the absolute value of the
mixing ratio 8.
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EXPERIMENTAL PROCEDURE

The pulsed-beam facility at the Brookhaven National
Laboratory research Van de Graaff, together with the
"Gatti-type" time-to-height conversion system de-
scribed in previous papers' ' was used for this measure-
ment. Figure 1 illustrates the general experimental
arrangement. N" was produced with the C"(He', p)
reaction. The carbon target was prepared by evaporat-
ing a collodial dispersion of carbon in alcohol on a Ta
backing. A thin target was used to enhance the pro-
duction of the 5.83-MeV state N" relative to states
below the 5.83-MeV level. The target was bombarded
with a 2.9-MeV He' beam with an average current of
0.1 pA. The beam was pulsed externally with a 7.6
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FIG. 1. Block diagram of the experimental arrangement.
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diam by S-in. -long NaI(T1) detector included events
above the 2.13-MeV gamma ray of N"; pulse-height
selection on the amplified linear output of the other
detector LNaI(T1) or plastic scintillatorj included the
0.73, 5.83 —+ 5.10-MeV transition. Figure 2 indicates the
coincident pulse-height distribution of the events in the
2-in. -diam by 2-in. -long NaI(T1) detector. The channel
setting for the 0.73-MeV gamma ray is also indicated
in the figure. When coincidence conditions were satisfied,
a multichannel analyzer was gated on, and the time-to-
height converter output associated with the 0.73-MeV
gamma ray was analyzed and stored. Figure 3 dis-
plays the coincident pulse-height distribution observed
when the 2-in. -diam by 2-in. -long NaI (Tl) crystal
was replaced with a 1-in. diam by 1~-in.-long plastic
scintillator.
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Mc/sec deflection voltage. The gamma radiation from
the target impinged on two detectors at 180' to each
other and at 90' to the beam axis. One of these detectors
was mounted on a RCA type C-72608 photomultiplier
tube. The anode signal of this tube drove a limiter,
which was coupled to the time-to-height converter sys-
tem. A linear output was taken from a dynode of this
tube —this output was integrated and amplified. Time
spectra of the 0.73-MeV gamma ray were taken using
both a 2-in. -diam by 2-in. -long NaI(Tl) crystal and a
1-in.-diam by 1~-in.-long Nash and Thompson plastic
scintillator detector. The NaI(Tl) detector was used
to take advantage of its good energy resolution; the
plastic scintillator was, however, used in the 6nal run
as better timing resolution is obtainable with it. In
either case the front face of this detector was about
1~ in. from the target. In order to sort out the 0.73-MeV
gamma ray, a S-in. -diam by S-in. -long NaI(T1) detector
was placed as indicated above. The front face of this
detector was about 3 in. from the target. The linear out-
put from the preamplifier associated with this detector
was amplified and placed in fast (25 nsec) —slow (2 psec)
coincidence with the amplified linear output from the
"fast" photomultiplier and detector. Pulse-height selec-
tion on the amplified output associated with the S-in.-

FIG. 2. Pulse-height distribution of the low-energy gamma
radiation following the cascade decay of the 5.83-MeV level of
N'4. The low-energy radiation was required to be in coincidence
with gamma radiation following the decay of the 5.10-MeV level.
The 0.73, 5.83 —+ 5.10-MeV gamma ray is evident. There is some
annihilation radiation present in the spectrum. The low-energy
radiation was detected with a 2-in. -diam by 2-in. -long NaI(Tl)
detector.
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FIG. 3. Pulse height distribution of the low-energy gamma
radiation following the cascade decay of the 5,83-MeV level of
N'4. The low-energy radiation was required to be in coincidence
with gamma radiation following the decay of the 5.10-MeV level.
The 0.73, 5.83 ~ 5.10-MeV gamma ray is evident. There is some
annihilation radiation present in the spectrum. The low-energy
radiation was detected with a 1-in.-diam by 1~-in.-long plastic
scintillator.

RESULTS AND DISCUSSION

Figures 4 and 5 display the accumulated pulse-height
distributions of the time-to-height converter output
for each of the detectors used. Figure 4 represents the
time distribution obtained with the 2-in. diam by 2-in. -

long NaI(T1) detector; the upper limit for the mean
life of the 5.83-MeV state obtained is r ~&1.2 nsec.
Figure 5 represents the time distribution obtained when
the 0.73-MeV radiation is detected with the plastic
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MeV state has been assigned4 2—;thus, the J=3, 5.83-
MeV state is 3—.This conclusion is in agreement with
the argument based on the Doppler-shift lifetime meas-
urement explained in the Introduction. The negative
parity assignment for the 5.83-MeV state is in agree-
ment with an earlier conclusion of Warburton, Rose,
and Hatch'; based on the lower limits of the matrix
elements of the octupole component of the 5.83 —+0
transition, they found that an odd-parity assignment
for the 5.83-MeV state was preferred.
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FIG. 4. Time spectrum of the 0.73, 5.83 —+ 5.10-MeV gamma
radiation. The 0.73-MeV gamma rays were detected with a 2-in. -
diam by 2-in. -long NaI(Tl) crystal. Pulse-height selection for the
0.73-MeV gamma ray is indicated in Fig. 2.

scintillator; this gives r, &&0.3 nsec. These values for
the mean life are taken directly from the slopes of the
time distributions. These limits on the mean life are
not in contradiction with the Doppler-shift measure-
ment. ' The Weisskopf estimate for the 0.73-MeV transi-
tion is 3.7 X10 ' sec for M2 radiation. ' The Weisskopf
estimate multiplied by a factor of 10 to include possible
enhancement is taken as an upper limit for the transi-
tion speed. Taking into consideration the branching of
the 5.83-MeV state'' the experimentally determined
limits for the mean life of the 0.73-MeV transition then
give

L

8
L

& 0.8 and
L

8
L

& 0.3, respectively, for the ratio of
the quadrupole to dipole mixing ratio. From their
measured value of the anisotropy of the 0.73-MeV
gamma ray, Warburton, Rose, and Hatch' have deter-
mined two ranges of 6; 0&&5&~0.9 and —5.6~&5&&—4.
We have found L8L &&0.3 if the transition is M2+E1.
Therefore, 5 is limited to the range 0&&5~&0.09. How-
ever, Rose et al.' state that for 0~&8~&0.09 their po-
larization measurement is only consistent with the
5.83 —+ 5.10-MeV transition being M1+E2. This rules
out the possibility that the transition is M2+E1. There-
fore, the character of the transition is M1+E2, and the
relative parity of the two states is the same. The 5.10-

D. H. Wilkinson, in Nuclear Spectroscopy, edited by F. Ajzen-
berg-Selove (Academic Press Inc. , New York, 1960).
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FlG. 5. Time spectrum of the 0.73, 5.83 —+ 5.10-MeV gamma
radiation. The gamma rays were detected with a 1-in.-diam by
1-,-in. -long plastic scintillator. Pulse-height selection for the 0.73-
MeV radiation is indicated in Fig. 3.


