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indicates that this state has the major component of 
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An important difficulty in our present understanding of ""'Sc is 

the location of the 2p, .., single particle strength, since no major 2p ._ 

components have been observed in the first 5.8 MeV of excitation (Henning 

et al 197:i). In the present work, the , , 8Ca( 7Li, 6He) , f 9Sc reaction was 

studied to search for this strength. This reaction was chosen because it 

easily distinguishes between p, ._ a n <* Pi •? 5 t a t e s (White et al 1974, Kemper 

et al 1974) and because rauch better energy resolution is possible compared 

with other heavy-ion reactions. 

The 34 MeV 7Li beams were produced by the ANU 14UD Pelletron Accelerator. 

This bombarding energy was chosen because, in this mass region (Keeper et 

al 1974), final state spin differences occur over a much larger angular 

range than at higher-bombarding energies. The calcium metal target on a 

carbon backing was prepared from CaCO- enriched in l f 8Ca to 97%. The 

reaction products were detected with a gas proportional counter (Erskine et 

al 1976, Ophel and Johnston 1977) after momentum analysis by an Enge spectro

graph. The position and energy loss signals from the detector were sufficient. 

to distinguish the 6He products from other reaction products. The polar 

angular acceptance of the spectrograph was 0.7*. Data were taken from 3.75* 

to 12.75° lab in 1° steps and from 14°-3S° in 3° steps. The product of 

target thickness and solid angle, necessary to extract absolute cross 

sections, was determined from previously measured clastic scattering data 

(Cutler et al 1977). The absolute error is ±12% and arises principally 

from charge integration and possible angle setting errors. The relative 

errors are shown in the figures. 

Typical spectra at 3.75° and 8.75* in the lab are shown in fig. 1. 

The energies of the states shown were obtained by assuming the energies 

given in the Nuclear Data Sheets (Raman 1970, Eubank and Raman 1970) for 

the states at 0.0, 3.084, 4.072 and 4.493 as calibration energies. The 

energy resolution, limited by the target thickness, was 45-55 kcV. Angular 
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distributions for the 5.08 and 4.49 MeV states, previously identified by 
( He,d) to be p states (Erskinc et al 1966, Armstrong and Blair 1965) 
are shown plotted together in fig. 2. The 4.49 MeV cross section has 
been multiplied bv 2.29 for ease of comparison. The difference in forward % 

! ) 
angle cross section between the two states is readily apparent. The S • 

7 ! ' 
transferred proton in Li is in a lp,/ 7 orbit, so that the I transfers ' 
allowed in going to a 2p__ orbit in Sc are 0, l or 2 while in going to 
a 2p ._ orbit only 1 or 2 are allowed. It is the forward angle 1 = 0 , 
contribution that allows P, / 2

 o r* )its to be distinguished from P,» 7 orbits 
(White et al 1974, Kemper et al 1974). Since the 3.03 MeV state is 2p_ / 2, 
the 4.49 MeV state must be 2p..-. 

The sensitivity of the forward angle data to the final state spin is 
shown by DWBA calculations presented in fig. 2. As can be seen, the data 
for angles less than 8 c m . allow a final spin of P,, 2

 t o ^ e distinguished 
from Pj._. The DWBA calculations were carried out with the exact finite 
range code MERCURY (Charlton and Robson). The necessary optirfl model 

t 
parameters were taken from table 111 of Cutler et al (1977). The given 6Li 
parameters were used for the He channel. 

Previously, the **8Ca( N, C) reaction (Henning et al 1975) was studied ! 
and the 4.49 MeV stat" was assigned a configuration of 2p_.-. The difference | 
between the conclusions derived from this and the present work can be 

15 14 attributed to the lack of forward angle data in the ( N, C) study. i 
! 

Earlier (White et al 1974) it was shown that even when the transferred ; 
15 14 ' 

proton in the projectile is in a p-,- orbit, as is the case for ( N, C), reliable! 
spin assignments can only be obtained from extreme forward angle data. In | 
the ( *N, C) study, spin assignments were made on the basis of the position 
of the second minimum in the angular distribution and only DWBA calculations for a 2p, / 2 assignment were presented for the 4.49 MeV state. To see 

15 1-1 whether the ( N, C) study would agree with a 2p.,., assignment, DKBA 
calculations were carried out for this case also, with the parameters of 

V -
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Henning et al (1075). The I transfers possible for a transition to a 

2p,.- orbit are 1 and 2 while those to a 2p ._ orbit are 0 and 1. The 

1 = 1 non-normal parity contribution is small as shown in fig. 3 so that 

the spin assignment depends on distinguishing an I transfer of 0 from that of 

2. The calculations for the 4.49 MeV state to be 2p,,, ft =21 and 2p. ,_ 
3/<: *trans ' 1/2 

(i = 0) are shown in fig. 3 along with the published data. As can be 
seen, either spin assignment fits the data equally well. Spin assignments 

15 14 with the ( N, C) reaction can only be made if data at angles less than 

6 c m . are taken. 

Assignment of 2p.._ for the 4.49 McV state is in agreement with the work 
48 49 

of Struve et al (1973) who studied the Ca(p,Y) Sc reaction. The assignment 
3 

of p / 2 for this state corresponds to a ( He.d) spectroscopic factor 
(Armstrong and Blair 1965, Erskine et al 1966) of 0.55 for this state, 

indicating that the state contains a major fraction of the 2p ._ single 

particle strength. 

An additional spin assignment can be made from the angular distributions 
3 

for states at 3.81 and 4.07 MeV, shown in fig. 2. ( He,d) studies (Armstrong 

and Blair 1965, Erskine et al 1966) have assigned t = 3 to both of these 

transitions. For spins of either f_._ or f_ .- the orbital angular momentums 

allowed arc 2, 3 and 4. However, as shown by Kemper et al (1974) the Racah 

coefficient multiplying the cross sections reduces the I » 2 contribution by 

5/54 for a final spin of t..- relative to f 7/ 2» Consequently the angular 

distribution for an f«.- state is larger at forward angles than for fr/?' 

Since the 4.07 MeV state is lfr/? ( Ra™ an 1970, Eubank and Raman 1970), then the 

3.81 MeV state must be lf 7/ 2- Finite-range DWBA calculations which clearly 

support these spin assignments are shown in fig. 2. 

In summary, forward angle heavy-ion j dependence (White et al l r74) has 
••9 

been used to show that the 4.39 MeV state in Sc has the single pcticle 

configuration of 2p. .- and contains a major portion of this strength, resolving 

the previous puzzle. In addition, the 3,81 MeV state has been shown to be most 

probably of f-,. character. 

t ft 
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FIGURE CAPTIONS 

«•8 7 6 t»9 
Fig. 1 Typical spectra for the Ca( Li, He) Sc reaction. 

«»9 
Fig. 2 Angular distributions for 2p states in Sc at Ex » 3.08 

and 4.49 MeV and for If states at 3.81 and 4.07 MeV. The 
cross sections for the 4.49 and 3.81 MeV states have been 
multiplied by the factors shown for ease of comparison. The . 
curves shown are exact finite-range DKBA calculations assuming 
a final state configuration 2p_._ for the 3.08 MeV state and 
2p.., for the 4.49 MeV state. ^7/2 a n <* 1*5/2 w e r e a s s u m e ^ * o r t^ie 

3.81 and 4.07 MeV states, respectively. 

Fig. 3 Data taken from Hemming et al (1975) with DKBA calculations 
assuming the 4.49 MeV state observed in that work to be either 
2 p 3 / 2 or 2 p 1 / 2 . 
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FIGURE 2 . 
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