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Recently we have studied 14N, 15N, 160(p,?r+) reactions, searching for 2p-lh high- I 
spin states with configurations I Target * (Pl12)-1 (d51,)~) and I Target * (P312)-1 (d5/2)2). 
These configurations lead to a maximum spin 1312- in 170, 7+ in 1 6 ~ ,  and 1512- in 15N. 
The reactions lead to strong states at 15.80 MeV in 170, 14.15 MeV in 1 6 ~ ,  and 21.50 
MeV in 15N1. The systematics of the states, strength, cross section shape, and analyzing 
power, as well as a weak coupling calculation, lead to the belief that they are the stretched 
states with the configuration I Target * (p3l2)-l (d512)2). If the spin identifications and 
transition structures are right, then they should not be expected to be excited by 12c, 13c, 
14N(a,p) reactions; these strongly excite states with 1 Target * (d512) 3, configurations. In 
addition, those react ions are interesting in themselves, since the high excitation energy 
region has not been studied in the final nuclei, 15N, 1 6 ~ ,  and 170. 

The experiments were run at the Princeton Cyclotron Laboratory, using E,= 48 MeV I I 
on enriched targets. The QDDD magnetic spectrometer was used to detect protons. The 
energy resolution was about 30 keV. Because of the small acceptance of the spectrometer, 
many field settings were necessary in order to cover a broad range of excitation energy. 

A melamine target was used for the 1 4 ~ ( a , p )  reaction. Figure 1 shows a typical 
l * ~ ( a , ~ )  170 spectrum. The spectrum is a sum of four bites (each bite covers about 2 MeV 
of excitation energy). The dark states are 1 5 ~  states, while the others, in 170, are at E,= 
10.49, 12.26, 13.58, 14.41, and 14.87 MeV. No states were found at higher excitation. The 
13.58- and 14.87-MeV states are strongly excited. The 13.58-MeV state was identified in 
a 13~(6Li,d) reaction2 as 4p-3h (1112-, 1312-). The 15.78- and 17.10-MeV states seen in 
the 160(p,r+) reaction are not observed in the present work. 

The high-excitation energy region in 16N is studied by the 13~(a,p)16N reaction. 
Excited states in that reaction are shown in Figure 2. The figure is a sum of many 
bites, each one covering about 1.5 MeV of excitation energy. The spectrum is similar, 
in general, to that of the same reaction done at E,= 35 and 118 MeV by Hamrnel, et 
al.3, and Andrew, et, a14, respectively. There are two strong peaks at 11.08 and 11.70 
MeV, identified as 3p-3h states with spin of 6- and 7-, respectively3~*. At higher exci- 
tation energy there are also strong states at 13.24 and 14.30 MeV. The strength of the 
13.24-MeV state is comparable to those of the high-spin 11.08- and 11.70-MeV states. The 
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Fipure 1. Energy spectrum for the 14~(a,p)170 reaction. The area between channel 240 
and 500 was taken at 35". 

14.30-MeV state is slightly weaker than the others. The large strength of the 13.24-MeV 
and 14.30-MeV states (with respect to the high-spin states, 7- and 6-) is surprising be- 
cause it has not been observed in the other reactions3s4. The strength of the 13.24- and 
14.30-MeV states indicates they are also 3p-3h high-spin states. There are other weak 
states excited at 14.84, 15.99, 16.73, and 20.89 MeV. A comparison between the two spec- 
tra 1 3 ~ ( a , p ) 1 6 ~  and 1 5 ~ ( p , 7 r + ) ,  shows that the two states, 14.15 and 16.00 MeV, are not 
observed strongly in the 13C(cy,p) 16N reaction. This agrees with the hypothesis that the 
14.15-MeV and 16.00-MeV states are mostly 2p-2h with a hole in the P3/2 shell. States 
with such a configuration are unlikely to be excited in l3 C (a,p). 

The l2 c (a,p) 15N reaction has been studied previously3, but not to such a high exci- 
tation energy. It was necessary to run this experiment to determine the contamination in 
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Figure 2. Energy spectrum for the 13~(a,p)16N reaction. 

the 14N(qp) 170 reaction. The 12~(a ,p)15N spectrum is shown in Fig. 3. The hydrogen 
contaminant is around 10 MeV. There are three strong states excited at 15.38, 16.05, and 
17.92 MeV and there are other weak states at higher excitation energy. The 15.38-MeV 
state has been identified as a 3p-4h 13/2+ state, but the others have not been discussed in 
the previous work3. The strength of the 16.05- and 17.92-MeV states indicates that they 
are also high-spin 3p-4h states. As the spectrum shows, there is a weak state at 21.6 MeV 
and we are not sure that it is the 21.50-MeV state seen in the 14N(p,rf) reaction. 

The 12~13C(a,p)15~16~ reactions are done in the present work with a slightly higher 
beam energy than that of   am ill^, but certain excited states (16.05- and 17.92-MeV in 15N, 
and 13.24- and 14.30-MeV in "N) are strongly populated. This leads to the conclusion 
that those states are very sensitive to the beam energy involved in the reactions. 
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Figure 3. Energy spectrum for the l2 C (qp) 15N reaction. 


