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The Ti g, Hea)Sc4 reaction was studied at 19.45 and 22.4 MeV, and spectroscopic factors
were obtained. There are serious discrepancies between the present result and previous
work. The present experiment supports a simple picture of the Sc nucleus.

The work of Schwartz' on the Ti4'(t, n)Sc4' reac-
tion and its comparison with a calculation' has led
to the postulation of a considerable amount of con-
figuration mixing in the Sc~ nucleus. Several cal-
culations' 4 have been performed with the assump-
tion of the pure (mf, l,)(vf„, ') configuration (or,
briefly, the f», configuration). The previous
Ti~g(d, He')Sc4~ experiment of Yntema and Satchler'
did not have the energy resolution necessary for
an adequate test. There are serious discrepancies
between the present results and the results of
Schwartz. Our data are consistent with a descrip-
tion in which the low-lying states of Sc ' corre-
spond to a fairly pure f„,configuration.

We reinvestigated the Ti"(d, He')Sc4' reaction at
19.45 MeV with a magnetic spectrograph and at
22.4 MeV with a counter telescope. Spectroscopic
factors were obtained by comparing the experi-
mental angular distributions with the distorted-
wave (DW) theory. Important features of the Sc48

nucleus observed in the present experiment are as
follows. (1) Four states in Sc" (the ground state
and the 0.133-, 0.257-, and 0.622-MeV states) are
excited by l =3 pickup; and states at 1.091 and
1150 MeV are probably excited by an l =3 reaction.
This result supports the assignment (made in Ref.
4) that these states are the 6+, 5', 4', 3', 7', and
2', members of the f», configuration. Some calcu-
lations' ' predicted the 2' state around 600 keV,
but no l =3 transition to such a state was found.
(2) Spectroscopic factors for these states are in
over-all agreement with a shell-model calculation'
with the assumption of pure f», configuration. The
anomalously large cross section to the 4' state
seen in the (f, o) experiment' was not observed.
(3) A transition to a state at 2.73 MeV was seen,
and its angular distribution can be fitted either by
l =3 or a mixture of /=0 and 7 =2. However the
l =3 assignment suggested by Schwartz' is unlikely,
because then the sum of the l =3 spectroscopic fac-
tors would considerably exceed the sum-rule limit.

The 2.53-MeV level, which Ref. 4 assigned to be
that 1' level of the f», configuration, was not seen
in the present experiment. This is in accordance
with the small predicted' spectroscopic factor.
(4) Levels at 0.388 and 0.77 MeV (seen by Schwartz'
and by Yntema and Satchler, ' respectively, to be
excited by /=2) are not seen. The lowest state
with any hole strength is at 1.40 MeV; it was not
reported by Schwartz' but was observed by Yntema
and Satchler. ' Therefore the centroid of the d„,-
hole strength is much higher than had been thought.
(5) In summary, the Sc4' nucleus looks like a good
one-particle-one-hole nucleus within the frame-
work of the present experiment.

However, in the course of the present experi-
ment it was found that the 0.81-MeV level' of Sc4'
was excited in the Ti4'(d, He')Sc" reaction. This
indicates that there is a P„,proton mixture in the
ground state of Ti4', even though the DW curve
does not fit the experimental angular distribution
very well. If about the same amount of the P„,
admixture is present in the ground state of Ti '
and its strength is spread among the 2', 3', 4',
and 5' states of Sc", it would be difficult to ob-
serve in the present experiment.

The experiment at 19.45 MeV was performed
with the University of Minnesota Tandem Van de
Graaff and a split-pole magnetic spectrograph
with position-sensitive detectors in its focal plane.
Targets were metallic self-supporting foils, en-
riched to 77%% in T14' and having thicknesses rang-
ing from about 70 to 200 pg/cm'. The over-all
resolution width was typically 15 keV.

Experimental angular distributions are shown in
Figs. 1 and 2. The curves are DW calculations.
The optical-model parameters used were V, = 105
MeV, r0=1.02 F, a =0.86 F, TV'=60 MeV, r'=1.42
F„a'=0.65 F, V„=6 MeV, and r~=1.3 F for a
deuteron; and V, =173 MeV, r, =1.14 F, a=0.723
F', 8"=18MeV, r'=1.65 F, a'=0.8 F, and r~=1.4
F for He'. Bound-state parameters are r =1.25 F,
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FIG. l. Angular distributions for the Ti 9(d, He )Sc
reaction with f~&~ pickup at E& =19.45 MeV. The curves
are DW calculations.

FIG. 2. Angular distributions for the Ti 9(d, He3)Sc
reaction with E=0 and l =2. The curves are DW calcula-
tions.

a =0.65 F, r~ = 1.25 F, and A = 25. A zero-range
nonlocal calculation with nonlocality parameters
0.54 for a deuteron and 0.2 for a Hes particle was
employed because it gave slightly better over-all
fits. Spectroscopic factors were obtained with a
normalization factor' of 3.

The same reaction was studied with a counter

telescope and the 22.4-MeV deuteron beam from
the Argonne cyclotron. In this case the over-all
resolution width was about 150 keV, and the first
two states in Sc" and the ground state of Sc"were
not resolved. Therefore spectra from the Ti"-
(d, He~)Sc~~ reaction were measured with a 99%%uo

pure Ti target and subtracted from the spectra
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TABI E I. Summary of the present results and comparison with the shell-model calculation (Ref. 3) and with
previous work.

Nucleus
Eexc
(keV)

Present results
C2S

19.45 MeV 22.4 MeV

C2S Relative C2S

(cale. Present Cale.
from Ref. 3) 19.45 MeV (Ref. 3)

Relative
cross section
(S,u) (R f. 1)

S 48 0
133+ 5
257+ 7
622+ 5

1091+10
1150+15

3 6 061
8 5 0.79
3 4+ 0.48
3 3+ 0 21

(3) (7') 0.1S
(3) (2') 0.07
(3) (1')

P C'S= 2.34

0.44
0.61
0.84
0.19

~ ~ ~

1.58

0.59
0.72
0.42
0.15
0.09
0.03
0.01
2.00

1
1.30
0.79
0.34
0.29
0.11

1
1.22
0.71
0.25
0.15
0.05
0.002

1
1.10
1.20
0.28
0.10
~ ~

0.33

g, ae'), Ref. 5
Emc

(MeV) l C $

{t,n), Ref. 1
E~c
(keV) l

Sc48

1398+ 5 2
0

1892+ 5

2100+ 7 0
2164 + 7 2
2395+ 15
2565~15 (0)

2732+15 0+2
8

0.75
0.61

0.40+0.28
1.03
0.75
~ ~ ~

(0.1)
0.15+0.30

0.31

2.1 0 2

077 2 15
1.40 2 1.5

388+20

1872+20

2100+ 20
2140+ 20
2360+ 20
2530+ 20

C2S

(sum rule)
C2S(d, He~)

(Ref. 8) (Ref. 9)

0 3
763+ 10 2

1384+ 10 0

x+
2
1+
Y'

1.95
3.93
1.90

1.83 1.93
3.63
2.12

1.8
3,4
1.4

with the Ti4~ target after proper normalization.
Then a peak-fitting program was applied to obtain
the area under each peak. Spectroscopic factors
were obtained in a similar way.

In Table I, absolute and relative spectroscopic
factors are compared with the calculation by Ball3
and with results from the (t, n) experiment. '

The first four states in Sc ' are undoubtedly ex-
cited by l =3 transfer. Angular distributions to
the 1.091- and 1.150-MeV states are best fitted by
l = 3, although the assignments are somewhat less
certain because of poor statistics and the fact that
these peaks were masked at some angles by the
ground-state group from the 0'6(d, Hes)N" reaction.
Spectroscopic factors seem somewhat overestimat-
ed at 19.45 MeV (especially for weak peaks) and
underestimated at 22.4 MeV, but general agree-
ment with the shell-model calculation is reason-
ably good. The (t, n) cross section to the 4+ state,
a,s measured by Schwartz, ' was about 20% larger
than that to the ground- state, while the calcula-

tions2 3 show that the 4' state should be weaker by
about 30%. Our measurement agrees with the cal-
culations and disagrees with the (t, n) experiment.

Schwartz' found a strong l =3 transition to a
state at 2.70 MeV in the (t, n) reaction. This state
was assigned to be the 1' member of the f», con-
figuration. In the present work we saw a transi-
tion to a state at 2.732+0.015 MeV, which probably
corresponds to the 2.70-MeV state observed by
Schwartz. Its angular distribution can be fitted
either by l =3 or by a mixture of l =0 and 2. If
this transition is l =3, however, the spectroscopic
factor is about 0.31, and hence QC~S(Sc48; l =3)
=2.7. We consider this to be unreasonably large
compared with the value C2S(Sc47; t = 3) = 1.95 ob-
tained in the same experiment and with the same
procedure. The latter value is consistent with the
values C2S(Sc~7; l =3) = 1.93 and 1.8 obtained by New-
man and Hiebert and by Hintenberger et a/„re-
spectively; C~S(Sc~9; l =3) =1.92 and 1.8 given in
Refs. 8 and 9, respectively; and with Q C S(Sc
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l =3) =2.35 from Lewis. '0 Therefore, if the 2.73-
MeV state is excited by l =3, a considerable num-
ber of s-d particles must be promoted to the next
shell in Ti ', but not many in the other Ti isotopes.
Furthermore, such an assignment makes the inter-
pretation of the results of the Ca4'(He', f)Sc4' ex-
periment very difficult, as discussed in Ref. 4. It
should also be noted that the (f, n) angular distribu-
tion' for the 2.70-MeV state could be fitted by a
mixture of l'=0 and 2.

In addition to the states of the f», configuration,
levels with s-d hole components are expected at
low excitation energies in Sc '. Yntema and Satch-
ler' saw l =2 transitions to states at 0.77 and 1.40
MeV and an 1 =0 transition to a state at 2.1 MeV.
Schwartz' observed l = 2 transitions to states at
0.388, 1.872, and 2.140 MeV, and 1=0 transitions
to states at 2.100, 2.360, and 2.530 MeV. In our
experiment, no transition to a state at 0.39 or
0.77 MeV was seen. A strong l =2 transition was
observed to a state at 1.40 MeV as it was in the
work of Yntema and Satchler, ' but it is not report-
ed by Schwartz. ' Schwartz assigned l =2 for the
1.87-MeV state in Sc . Our angular distribution
to the 1.893-MeV level is fitted better by a pure
l =0 or a mixture of l =0 and l= 2. An l =0 transi-
tion to the 2.10-MeV state found in both previous

experiments' ' was also seen here. The 2.165-
MeV level excited by l =2 in our study is probably
the same as the 2.140-MeV state reported by
Schwartz. ' Weak transitions to states at 2.395 and
2.565 MeV were also seen. They probably corre-
spond to 2.36- and 2.53-MeV states reported by
Schwartz, ' who assigned both to be l =0. The angu-
lar distribution of the transition to the 2.565-MeV
state can be fitted by l = 0 although statistics are
poor. The 2.73-MeV state was discussed above.

Bansal and French" calculated the centroids of
the hole states in f,~, nuclei on the assumption that
Ca' is a closed-shell nucleus. Their formulas
and parameters give about 0.9 and 1.3 MeV for the
energies of the d„, and s», hole states in Sc ', re-
spectively, about 2 MeV for the centroid of the

d, ~, hole in Sc4', and slightly more than 2 MeV for
the centroid of the s,~, hole. Calculated values for
Sc47 are in excellent agreement with the experi-
ment. The total strength of the d„, and s», hole
components in Sc"was not found in the present ex-
periment, and the spins of the hole states observed
here are yet to be determined. However, it seems
that the predicted values are in qualitative agree-
ment with experiment. Especially the centroid of
the d„, hole states in Sc" is much higher than had
been thought.

*Work performed under the auspices of the U. S. Atom-
ic Energy Commission.
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