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A direct evidence of 2k-high single particle component has been obtained for the first time in sd-shell nu-
clei from measurement of ao and po decay from the 12.80-MeV state in 2 Si populated through the
'2C(2 Ne, n)2ssi reaction. This state is assigned J' 6+ and has a gs/2 single particle component of
20-30yo in a nearly stretched proton configuration of (g9/2ds/2' ).

It is of great importance to study single particle distribu-
tions of higher shell orbits more than 1 f in the high excita-
tion energy region, e.g. , the discussion on 1p-1h stretched
states and also higher multipolarity giant resonances. In
sd-shell nuclei there has yet been no clear evidence of a g9~2
component which is 2 t higher than the sd shell, although
there were extensive works' on f7/2 component of 1 /r

Although single particle states can be studied through one-
nucleon stripping reactions like the (a, t) reaction, they are
not free from multistep process contributions and further,
the transferred angular momentum dependence is very
small in the angular distributions. Thus, it is crucial for this
kind of study to determine directly the single particle
strength, as well as the multipolarity, experimentally. Mea-
surement of the decay particles in coincidence provides
unique determination of such quantities.

There are several works2~ reported which suggest a
nonzero g9~2 component in sd-shell nuclei. Theoretically,
the centroid energy of g9y2-shell single particle states is
predicted to be higher than the f7/2 centroid by 10-15
MeV. ' The g-shell component of about 79o was suggested
to distribute in the excitation energy region lower than 20
MeV from the fitting of the (n, t) angular distributions. '
However, the suggestion is not conclusive at all, as men-
tioned above.

%e have studied the g-shell component in the excitation
energy region of 10-17 MeV in 2 Si by observing the decay
particles from the highly excited states in 2 Si populated
through the '2C(2 Ne, a)'sSi reaction at 52 MeV. This an-
gular correlation technique is free from the effect of mul-
tistep processes. Further, the ( Ne, a) reaction preferen-
tially brings in s large angular momentum into the system,
and thus this reaction is very useful to excite high spin
states. '-'

%e report in this paper the first direct observation of a
g-shell component of a significant fraction of nearly
stretched (g9/2d5/2 )6+ configuration in sd-shell nuclei.

Other spin-parity assignments will be found elsewhere. '0

A 51.93-MeV 2 Ne4+ beam was obtained from the
sector-focusing cyclotron of the Institute for Nuclear Study,
University of Tokyo. Self-supporting natural carbon foils of
20-30 p, g/cm2 were used for the target in the correlation
measurement. Singles a spectra from the '2C(2 Ne, a)2sSi
reaction were obtained at 0 by using a quadruple-
quadruple-dipole magnetic spectrograph" and a position-

sensitive gas proportional counter. ' The solid angle was set
to 7.6 msr. A thin plastic scintillator, which wss placed just
behind the proportional counter, was used for the fast tim-
ing for the coincidence measurement. Angular correlation
functions were measured for several states of "Si excited
strongly through the '2C(20Ne, ui)2ssi reaction, where the
decay particles e and p from the 2sSi states were measured
by a position-sensitive solid state detector in the scattering
chamber in coincidence with ei. The particle identification
of the decay particles was made in two ways; kinematics
(energy versus angle), and energy loss of the particles,
which was produced in a thin aluminum foil put on half of
the detector at forward angles. This foil also prevents enor-
mous elastic scattering events. Using a thin carbon target of
9 /ig/cm', a measurement of level widths and the excitation
energies of the Si states was tried by separately determin-
ing the contributions of the beam energy spread, the resolu-
tion of the spectrograph, the resolution of the focal plane
counter, and the energy loss in the target. A11 levels ob-
served were found to have level widths smaller than 39
keV. The error in the excitation energies obtained is less
than 30 keV. Other experimental setups are described else-
~here 's

Figure 1(a) shows an a-singles spectrum from the
"C(2 Ne, a)2sSi reaction measured at 0' with the spectro-
graph. There are several sharp peaks of ' Si excited in the
reaction. Most peaks in the spectrum are found to decay
both with e and p emissions. This conclusion is also sup-
ported by the fact that the kinetic energies of the decay par-
ticles are consistent within 50 keV, with an assumption that
a single state decays with p and n emissions. The decay
yields of 0.0 and po leading to the ground states of ~Mg snd
27AI, respectively, are displayed in Fig. 1(b), which were ob-
tained by extrapolating the experimental correlation func-
tions using the best fit curve of Legendre functions to the
~hole solid angles.

Among the peaks seen'0 in Fig. 1 we discuss here specifi-
cally the state at 12.80 MeV, since clear evidence of g9g2 sin-
gle particle component is obtained for the first time. In this
excitation energy region, there are some works" reported
on the 2'Al(p, p) scattering. The nearest state of a signifi-
cant proton width is the 12.741-MeV 3 state (E,=1.2008
MeV in "Al+p scattering). In the high resolution spec-
trum, this 3 state was expected on the tail of the 12.80-
MeV state peak, but there was no peak seen at the energy.
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FIG. l. (a) A singles a spectrum from the '2C( Ne, a)2sSi reac-

tion obtained at 0' with 51.93 MeV, and (b) the coincident decay
yields of alphas and protons to the ground states of Mg and 7Al

respectively.

The branching ratios obtained for the 12.80-MeV state are

1~ /I'=0. 42 and I' /I =0.58, where I =I +I, was as-

sumed since there was no particle decay observed to excited
states and the sum of the decay yields of po and o.o estimat-
ed for all the solid angles is roughly equal to the peak yield
at 12.80 MeV in the singles spectrum.

Figure 2 shows the experimental angular correlation func-
tion for the 12.80-MeV state together with the best fit curve
of a single IPt, (costt) I, which gives a unique spin assign-
ment of J-L in the present geometry. '- The inset in the
figure is the X'/W values obtained in fitting the data. The
data are unambiguously fitted with I.= 6 with the minimum
X2 value. The correlation function for the proton emission
does not have a clear pattern due to a mixing of different m

components. Since only natural parity is allowed in the
present experimental geometry, '- 6+ is assigned to this
state. This state is found to decay simultaneously with a
proton emission to the ~+ ground state of 7A1. Thus, the

proton decays with the angular momentum L = 4, since the
angular momenta larger than 4 are not allowed due to the
very small penetrability. This fact indicates that the 12.80-
MeV state has a proton single particle component of g shell,
most probably in a configuration of (g&~2dg2i ),+

since the main component of the ground state in "A1 is

d5~2. This is the highest spin of the configuration observ-
able in the present experimental setup as mentioned above.

The upper limit of the yield is less than 10% of the 12.80-
MeV state peak. Since a peak of 10% cannot produce such
a large po decay yield as shown in Fig. 1(b), the main contri-
bution of the proton decay is not from the 3 state. The
decay yields were also compared for the lower half and the
upper half of the ('ONe, a) peak at 12.80 MeV, resulting in
almost identical correlation functions. Thus, there is little
chance of a doublet.
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FIG. 2. An a-a angular correlation function obtained for the
1280MeV state. The solid line is the best fit curve ~ith
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FICr. 3. Angular distribution of tritons from the Al(o, , t)28Si

reaction leading to the 12.82-MeV state at 64.5 Me&. The data are
taken from Ref. 2. The solid line is the D~BA result assuming a

g9/2 proton transfer, the dashed line is for a f7j2 transfer, and the
dotted line is for a d3/2 transfer.
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By correcting the branching ratio for the penetrability and
the signer limit and assuming those mentioned above for
the total width, the spectroscopic factor of g9/2 may be
roughly estimated to be S=0.3, 30'/o of the single particle
limit, where a parentage of g9/2 shell from the o'-decay com-
ponent is not included. In this estimate the channel radius,
which brings in the largest ambiguity, was taken to be
JIc = 1.4 && (24'/ +4'/ ) for e and 1.4x (27'/ + 1' ) for p in
the calculations of penetrability and the signer limit,
W=3t'/2/t. cR). The S factor derived varies as much as
35% when the channel radius is changed by 10%, although
the conclusion should not be altered. Note that the decay
particles are free from any two-step process contributions as
mentioned earlier.

There is no 6+ state observed in the "Al(p, p) nor
'4Mg(n, a) scattering'3'4 in this energy region. There is
also no peak observed at this energy in the 27Al(d, n)2sSi
reaction at 25 MeV. '5 This may be understood that the an-
gular momenta brought in are too small in these scatterings.
Ho~ever, the present 12.80-MeV state could be the same
state observed at 12.82 MeV in the 2'Al(a, t)'sSi reaction2
at E&,b=65 MeV. The present 6+ state is clearly different
in nature from the first 6+ state known at 8.54 MeV, which
is a member of the ground rotational band, " and thus the
(n, t) angular distribution for the 6~+ state is strongly distort-
ed by multistep process effects. However, the present 6+
state has a considerable direct g9y2 transfer component as
shown from the decay data. Once one knows that the state
decays directly to 2'Al (g.s.) by a proton emission with the
angular momentum L = 4, it is worthwhile to deduce S fac-
tor from the (o;,t) reaction using the distorted-wave Born
approximation (DBA) calculation, even though the angu-
lar distribution is not clearly L dependent. The angular dis-

tribution was fitted previously by DWBA calculations with
L =1+3 in Ref. 2. The angular distribution is better fitted
by assuming a g9/2(L = 4) transfer on 'Al in our reanalysis,
as sho~n by the solid line in Fig. 3. The S factor derived
here is S(gy/2) =0.2, where the same parameters and cou-
pling scheme'6 were used for the calculation (as in Ref. 2)
for simplicity. In the 0%HA analysis, the transferred pro-
ton was assumed to be bound slightly in a spherical nucleus,
as was assumed in Ref. 2. These assumptions produce an
ambiguity less than 50% in the analysis. 2 Ho~ever, these
~ould not alter the present conclusion. This S factor
derived is consistent with the result obtained above from
the decay measurement, although the two S-factor values
obtained here contain a large ambiguity.

The f7/2 single particle states in Si are known at 1 1.58
Me V ( T=0) and 14.36 MeV ( T= 1)' with a (fq/2 d5/2' )

6

configuration. The single particle limit of f7/2 is not ex-
hausted by the two levels, and the other fractions are ex-
pected to locate above these states. ' In the present experi-
ment other fractions of g9~2 would scatter similarly at an ex-
citation energy region higher than 12.80 MeV. Ho~ever,
the important fact here is that a state of considerable single
particle amplitude of g9~2 exists as low as at 12.80 MeV,
which is much lower than the theoretical predictions that
the g9/2 centroid locates 10-15 MeV (Refs. 5 and 6) above
the f7/2 centroid. This should be an interesting subject.
One possibility is that the state has a very large deformation
since the present 6+ state just follows the J(J+1) rule for
the possible excited prolate band proposed previously. "

The authors are indebted to M. Yasue and M. Igarashi for
fruitful discussions.
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