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served pyroelectric coefficient was often as much
as a factor of 2 less than this, the irreproduci-
bility presumably related to the degree of align-
ment and memory state which exists in the indi-
vidual sample.

An estimate of the theoretical value of dP/dT
can be made in the following manner. Polariza-
tion P is defined as the macroscopic dipole mo-
ment per unit volume V:

P =~u/V =pu, (2)

where N is the number of dipoles in the volume
V, u is the dipole moment, and p =N/V. By dif-
ferentiating Etl. (2) with respect to temperature
T, one obtains

dP 1dp 1 du

The relative change in density (I/p)dp/dT is ap-
proximately the volume expansion coefficient
(negative sign) and should have the value of - —1
x 10 ' deg '.' ' The magnitude of the second term
in Eq. (3) is —10 ' deg ', ' and can therefore be
neglected. ' P can be assumed' to have a value of
-125 esu cm ' (=4.2x10 'C cm '). Therefore
an estimate of dP/dT is - —4x 10 "C deg ' cm '.

Thus the observed value of the pyroelectric co-
efficient [(2 to 3)x 10 "C deg ' cm '] is tluite
close to the theoretical value. Since neither per-
fect alignment of smectic-C and -8 phases nor
perfect untwisting of the chiral phases can be as-
sured, the agreement is rather good. Further

work on describing the properties of these inter-
esting phases is underway.
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The reaction 60(~4N, N) 0 has been studied at a bombarding energy of 79 MeV. The
angular distribution for the transition to the 2s&~2 state in O showed an anomaly similar
to that already reported in studies of ~ C(~ N, 3N)~3C and C( B„,BBe)~3N.

Recently, an anomaly has been reported in the
angular distributions for population of 2s]/2 states
of "C (E„=3.09 MeV) and "N (E„=2.37 MeV) in
studies of the reactions "C("N,"N)"C ' and
"C("B,'Be)"N,' respectively. In these studies

it was found that exact finite-range distorted-
wave Born- approximation (DWBA) calculations
assuming a direct one-step transfer reaction
mechanism gave theoretical angular distributions
which oscillated completely out of phase with the
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experimental ones. To provide further informa-
tion on this anomaly, we studied the tr ansf er
reaction "0('~N, "N)"O to the 2s», state in "0
(E„=0.87 MeV). A comparison between the reac-
tion on the 0 target and that on the ' C target is
of interest for the reason that the 2s„,state in"0 seems to be a better example of a single-par-
ticle state than that in "C or "N. The angular
distributions to the 1d,&, states in "0 and "F
were also studied for comparison.

The experiment was performed with a '~N beam
from The Institute of Physical and Chemical Re-
search cyclotron at a bombarding energy of 79
MeV. A Li,CO, foil, 30 p, g/cm' thick, evaporated
on a thin carbon backing, was used for the "0
target The N particles coming from 0 were
measured by means of a AZ -E counter telescope
in coincidence with the recoil nuclei ("0) so as
to distinguish them from those coming from '2C

contained in the target, since in the singles spec-
tra of "N, peaks to the ground and 2s,&, states in
"0 cannot be separated from that to the ground
state in "C over the angular range of interest.
The angular distributions of the elasti c scatter-
ing and one-nucleon-transfer reactions are shown
in Fig. 1 ~ It can be clearly seen that the angular
distribution to the 2s,&, state shows an os cill a-
tion out of phase with that of the elastic scatter-
ing.

The same results were obtained by DeV ries
e t al .' and Nair et al .' in their studies of the re-
actions "C("N "N)"C and "C("B,'Be)"N re-
spectively, and their results together with ours
contr adict the prediction of the phase rule of the
transfer reactions. '

Exact finite- range DWBA calculations of the
angular distributions were performed using the
computer code SATURN- MARS 1.' For both en-
trance and exit channels, we used two kinds of
optical parameter sets, ' a deep potential (V = 65
MeV, 8'= 20 MeV, x~ = 1.21 fm, x'I = 1.35 fm, a~
=0.48 fm, al ——0.25 fm, and r, =1.3 fm) and a
shallow one (V = 22.4 MeV, W= 9.04 MeV, r„=r~
=1.3 fm, a~ =a&=0.5 fm, and r, =1.3 fm). The
solid and dashed lines for the elastic data in Fig.
1 show the results of the calculations using these
par ameter sets. The bound-state potentials were
of Woods-Saxon form with xo = 1.2 fm and a = 0.65
fm and the potential depth was adjusted by the
separation- energy method. The calcul ated re-
sults are shown by solid and dashed lines in
Fig. 1 ~

The angular distributions for transitions to the
ground states in both "0 and "F are reason-
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ably well fitted by the calculations which include
an incoherent sum of the transition amplitudes
for angular momentum transfer I- = 2 and 3. The
values obtained for the product of two spectro-
scopic factors, C,'S,C,'S» are 0.71 and 0.49 for
"0("N,"N)"0 and "0("N,"C)"F, respectively.
The spectroscopic factors C,'S, of 1d,&, states of
'70 (1.03) and '7F (0.71) are extracted by using

FIG. 1. Angular distributions obtained by bombarding
0 with N at 79 MeV. The solid and dashed lines for

the elastic scattering correspond to the fit of the opti-
cal model using deep and shallow potentials, respec-
tively (the parameters of which are in the text) . The
solid and dashed lines for the transfer reactions cor-
respond to the exact finite-range DWBA calculation
using the optical parameters of deep and shallow poten-
tials, respectively. The dashed-dotted line connecting
the experimental points is intended only to guide the
eye .
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the value C, S, = 0.69 predicted for the ground
state of '~N by Cohen and Kurath' [the contribu-
tion from the —,

'' state in "F (E„=0.45 MeV) was
neglected]. These values of C,'8, are consistent
with those expected in a simple shell model (1.0)
or those predicted by Brown, Evance, and Thou-
less' (0.75).

On the other hand, the angular distributions cal-
culated for the &' state in "0 show a discrepancy
in phase similar to the one reported in the reac-
tions "C("N,"N)"C(2') and "C("B,'Be)"N(&+).
The phase of the calculated angular distribution
does not agree with that of the experimental one.
Another choice of the optical potential' affects
only the amplitude of the oscillation in the calcu-
lated angular distributions, and produces no

change in the phase itself. The value of Cy SyC2 S2
extracted by normalizing the calculated value to
the experimental one is 0.38. From this the val-
ue 0.55 is obtained for C,'S, by using the value
of C y Sy predi cted by Cohen and Kur ath.

A multistep reaction mechanism can make
some contribution to the transition to the 2'
states as is suggested by DeVries et al. ' For
instance, if the ["C(2')d», ] configuration is
contained in the 2' state in "C or "N, the proc-
ess via the strong inelastic excitation of the
first 2+ state in ' C is expected to be important
in the reactions on "C. However, since the
anomaly is also observed here in "0, any contri-
bution of a multistep-process should be the same
in all cases, "C, "N, and "O. Therefore, the
process via inelastic scattering is not sufficient
to explain these anomalies, since the &' state in
' 0 is almost a pure single-particle state and
seems to have a smaller [2+ Csd», ] component
than the 2' state in "C or "N.

In summary, the same anomaly in the one-nu-
cleon-transfer reactions to the 2sy/2 state as re-
ported by DeVries et al. and Nair et a/. for the
mass-13 system is again observed here for the
mass-17 system. This suggests that the multi-
step process via inelastic scattering is unlikely
to occur in the excitation of the 2s», states.
Further measurements and calculations should
be performed to understand this anomaly in con-
nection with the reaction mechanism. The au-
thors would like to thank Mr. S. Nakajima for his
help in data taking, and Mr. H. Amakawa and Dr.
T. Matsuura for their helpful discussion. They
are also grateful to The Institute of Physical and
Chemical Research cyclotron crew for excellent
operation of the cyclotron.
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