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The proton and y-ray decay of the T = 0 level at E„=10.81 MeV in ~4N has been studied with

the reactions 2C(SHe, p) N(p') 3Cg8 and 2C(SHe, py) 4N at an incident He energy of 14 MeV.
The state was populated in an axially symmetric geometry in which the outgoing reaction pro-
tons were detected at 0' to the incident beam direction at the focus of a magnetic spectrome-
ter. Analysis of the decay proton and y-ray angular correlations leads to an assignment of
J~ =5+ to the 10.81-MeV state. The y-ray decay goes entirely to the J~ =3", T =0 state at E
= 6.44 MeV; the fractional y-ray branch of the 10.81-MeV state was measured as I' /I' t t,i

= (4.1+ 0.8)Vo.

I. INTRODUCTION

In the simple shell-model picture of "N' based
on the coupling of two nucleons in the 1Pzy2 and
sd orbitals outside an inert (1P„,)' core, dis-
cussed by Warburton and Pinkston, ' True, ' and
others, only one 5+ state can occur; True's cal-
culation' places this T = 0 (d, f,)2 state at E,= 9.3—
MeV. The (d, &,) (,+ configuration is expected to
be very strongly excited in the "C(n, d)' N reac-
tion and consequently has been associated with
the J"= 5' state4' at E, =8.96 MeV which is ob-
served' to be strongly excited in that reaction.

We report here the identification of the T =0 lev-
el at F„=10.81MeV' as the second J = 5' state in
' N. [The strength of the 10.81-MeV level in the
"C('He, P)"N reaction led to its previous tentative
assignment' as a two-particle shell-model state
having J'=4+, T=0.] The present result was ob-
tained from an analysis of the angular correlations
of protons and y rays resulting from the decay' of
the 10.81-MeV state; the state was aligned by pop-
ulating it in an axially symmetric geometry.

At the time of a preliminary report of the pres-
ent experiments" no theoretical prediction of a
second 5' state at such a comparatively low exci-
tation energy in '~N existed. Very recently how-
ever, Lie" has presented a calculation of "N lev-
els based on the weak coupling of particle and
hole configurations. The calculation predicts two
5' states below 11 MeV excitation in "N, one of
which is the (d», )' state discussed above and the
other of which is built out of core-excited config-
urations.

II. EXPERIMENTAL RESULTS
AND ANALYSIS

The 10.81-MeV state was populated using the
"C('He, P)' N reaction at an incident 'He energy of

14 MeV. The proton group corresponding to the
10.81-MeV state was detected by a position-sensi-
tive detector located in the focal plane of a mag-
netic spectrometer placed at 0' with respect to
the incident beam direction. Deexcitation y rays
were detected in coincidence with the 0 protons
by an array of four 7.6x 10.2-cm NaI(Tl) crystals.
To study proton emission this assembly was re-
placed by four silicon surface-barrier detectors
placed inside the target chamber. Coincidence
data and the 0 proton singles spectrum were writ-
ten on magnetic tape during the experiments using
a PDP-9 computer; angular correlations were
then obtained off line by a multiparameter sorting
procedure using the same computer. The appara-
tus has been described in greater detail else-
where. "

The angular correlation of protons emitted by an
aligned state of spin g is given by"

W(8) = P w(a)(a@a —n~ k0)(-) Z(lal'a; bk)
arbll%

x (a// I
// b) (a// I'// b)*&,(cos8) . (I)

Here b denotes the channel spin in the final
system, the Z coefficients are defined in Ref. 13,
and the P~(cos8) are Legendre polynomials. The
population of the magnetic substate a is given by
w(a). In the present work w(o) is zero for

~
o

~

) 1

and only the relative population of the n = 0 and
n =+1 magnetic substates must be determined
from the analysis. The quantities (a([ l~~ b) are re-
duced matrix elements for proton decay via orbital
angular momentum / to channel spin b. Note that
the sum over the allowed values of l, l' is coherent,
whereas the sum over channel spins is incoherent.
In fitting experimental data the over-all normaliza-
tion is treated as a variable parameter, so that
only ratios of reduced matrix elements can be mea-
sured. In the following we restrict our attention
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FIG. 1. Angular correlation of dec y pa rotons from the
10.81-MeV state in o eN t the C ground state with best
fits for J~=5+ and 5 .

to proton decay o edeca to the J =-,' ground state of"
the possible channel spins are then 0 and 1 . For
a natural-parity state with Jw 0 in "N the conser-
vation of angular momentum and parity restricts
the channe spinh l spin to 1 and permits orbital angular

ritmomenta l =J+ 1. For states with unnatural pari y
1 s ins 0l must equal J; however, both channel spins

=1&all ill 0&l/'i&ail fll »I is a»«tion» u~no~
parameter that must be determined from the anal-

I th case of natural-parity states, a com-
pletely general treatment would require varying
the iluantity 6, =&a11 1+ 21[1&/&aI[ f/I 1& ~h~~~ the co-

in the sum over l, l' requires that both the
magnitude and phase of 5, be known. Since e re-
duced matrix elements contain the penetrability

FIG. 2. Four-crystal sum spectrum yof rays observed
in true coincidence wi pro oin tru ' 'th t ns populating the 10.81-MeV

f h 6.44-MeV Level is takenstate. The decay scheme o t e
from Ref. 1.

for orbital angular momenta l+2 an, pd l res ective-
ly, as factors, i isy, , 't ' reasonable to assume that

l+ 2 1 ( «((a11 f11 1)), that is to consider only
the lowes a1 t allowed l value. It should be no e,

r that structural effects can compensa ehowever, a s
so th' a proxi-for differences in penetrabilities, so is p

mation should be applied with caution.
No assump ion cont' oncerning the l value need be

made to restrict the spin of the 10.81-MeV state
5. Th' follows from the presence of a non-

zero coefficient (a,o= -0.76+ 0.06) of Pip(cos i
the experimental correlation is fitted to even-
order Legendre polynomials. TheThe coefficient
ana —aI k0) in Eil. (1) is zero for k&2a. ] A best

fit to the data was next determined for spine J'
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=5', 5, 6', and 6 using Eq. (1). All physical
values of the parameters w(n) and 5, were con-
sidered, but for J"= 5 and 6' the l value was
restricted to l = 4 and 5, respectively. With this
restriction only the choice J"= 5' gives an accept-
able fit to the data (see Fig. 1).

The properties of the 10.81-MeV state were fur-
ther investigated by studying its electromagnetic
decay. Although unbound to proton emission by
-3 MeV the 10.81-MeV state was expected to have
an observable y decay due to the low penetrability
of /= 5 protons. A four-crystal sum spectrum of
the observed y rays is shown in Fig. 2. The de-
cay scheme of the 10.81-MeV state is identical to
that reported~' for the (d„,)' 5' state at 8.96
MeV; the decay occurs entirely (&90%) to the 8',
T =0 state at 6.44 MeV. The angular correlations
of the 10.81-6.44 MeV and 6.44- ground-state
transitions were analyzed in the standard manner'
with the computer code" M2. As shown in Fig. 3,
a unique assignment of J= 5 to the 10.81-MeV
state results from this analysis. The mixing ra-
tio obtained for the 10.81-6.44-MeV primary
transition is consistent with pure quadrupole ra-
diation; the secondary transition is known' to be
pure E2. By comparison of the proton singles at
0 with the observed number of y rays the width
ratio I'„/1'„„,was deduced to be (4.1+ 0.8)%.
The efficiencies of the y-ray detectors required
for this comparison have been measured separ-
ately in the same experimental geometry. A simi-
lar comparison was made for the decay protons to
the "C ground state, and the p, and y branches
are estimated to account for &95% of the decay
strength.

The angular-correlation results presented here
lead to a model-independent spin assignment of
J= 5 to the 10.81-MeV state. A parity assignment
cannot be made in a model-independent way from
these data. However, in order to fit the observed

proton-decay angular correlation for J' = 5 an

l =6 amplitude of about 15+ is required. When

the relative penetrabilities for l =4 and 6 are con-
sidered, this implies that the l =6 reduced width

is greater than the l = 4 reduced width, which is
considered to be unlikely. In addition, the fact
that the observed y decay is identical with that of
the known 5+ state at 8.96 MeV is strongly sug-
gestive of positive parity. A 5 state, on the oth-

er hand, might be expected to decay by E2 radia-
tion to the 3, 7 =0 state' at 5.83 MeV. The ob-
served decay would then correspond to a h, T = 0
M2 transition, which should" be retarded in a
self- conjugate nucleus.

III. DISCUSSION

On the basis of this evidence, we assign J"=5'
to the 10.81-MeV state in ' N. Concerning the con-
figuration of the new 5+ state, it is clear that it
must involve a broken p3/2 core. Also, any sug-
gested configuration must accommodate the fact
that the state is quite strongly populated" in two-
nucleon transfer on "C. As mentioned above, the
recent calculation" of Lie predicts two 5' states,
the higher of which is predicted to have essentially
no strength in two-nucleon transfer, being com-
posed principally of two nucleons in the sd shell
coupled to the 2' first excited state of "C. If this
is the dominant configuration of the 10.81-MeV
state, then it can be excited only by multistep pro-
cesses in the ('He, P) and (n, d) reactions. How-

ever, as Lie emphasizes, his calculations have
neglected any tensor component in the particle-
hole interaction. The effect of any such tensor
interaction would be to mix the two 5' states in
the model, the lower one of which is very strongly
excited" in two-nucleon transfer. This could
possibly explain the observed strength of the high-
er 5+ state.
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