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SPIN DEPENDENCE IN THE REACTIONS 160(pt)i0  MD  16O(p,3He)1N 

D. G. Fleming 1 , J. C. Hardy, and Josph Cerny 

Lawrence Radiation Laboratory 
and Department of Chemistry 
University of.California 
Berkeley, California 947 20 

August 1970 

Abstract 

The reactions 160( t)o and 16O(p,3He)N  have been studied at 43.7 MeV 

and 5.1 MeV bombarding energie. Several recent J,T assigrents have been con-

firmed, and a pair of states at 9.72  MeV in 	and 12.50  MeV in 1N  have been 

established as (2+) ,  T = 1 analogues. The relative spectroscopic strengths for 

the transfer reactions were compared with predictions from (lp)-shell wave func-

tions, and the necessity for a 70% reduction of the S = 1 transftion intensity 

relative to that for S = 0 was indicated. This effect was related to the spin-

and isospin-dependence of the interaction potential. 

NUCLEAR REACTIONS 	160(t)10 and 160( 3H)1NE() = 3.7 and 

5.1 MeV, measured 	(0), assigned J ET. 

*11 

Work performed under the auspices of the U. S. Atomic Energy Commission. 

1 Present Address: Niels Bohr Institute, Copenhagen, Denmark. 

Present Address: Chalk River Nuclear Laboratories, AECL, Chalk River, 

Ontario, Canada. 
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1. Introduction 

Two-nucleon transfer reactions have proved to be a useful method for 

determining the spins, parities and isospins of nuclear states, and in addition 

they can be a sensitive test of the accuracy of calculated nuclear wave func-

tions. We have studied the reactions 16o( p t) 1 0 160(p3He)1N and 

16 	 1 	 i 1 
	 3. rl O(d,a) N. Recent assignments for states n 	0, resulting from ( e,t) 

reaction1 ) studies, are confirmed and predictions using the (lp)-shell wave 

functions of Cohen and Kurath 2 ) are compared with the data. 

Both the (p,t) and (d,ci) reactions permit the transfer of only a single 

value of isospin; for the former this value is T = 1 (spin S = a) and for the 

latter, T = 0 (S = i). The (p, 3He) reaction, however, allows both T = 0 and 1 

transfers with the result that it is possible to examine the relative strength 

of the isospin- (or spin-) dependent terms which appear in the nucleon-nucleon 

interaction-potential describing the reaction. 

Following the distorted wave Born approximation (DWBA), the differential 

cross section for a two-nucleon pick-up reaction Ma, ~ )t. 
 can be expressed in 

the following form if the effectsofspifl-orbit coupling are included 

ab 	
kb2sb+1 	

NLST 

-4- 	 bST (TBTZB T TITATZA) 
- (2irh) 	

k 	2s 1 
a 	a 

ab 

2 
D(S,T) GN (LSJT)BNJT 	I M 	I 

a cYb 

(1) 

Here, P (hib) and hka (hk) are the reduced mass and relative momentum in the 

initial (final) channel. The quantum numbers L, S, J, T refer to the transferred 

a 
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pair of nucleons; all other quantum numbers relate to the particle indicated 

by their subscript. The z-components of the spins of particles a and b are 

denoted by a a  and 	 The quantity bST  i.s essentially aspectroscopic fac- 

tor in the light particles a and b. It takes the values 

	

s.,o 6T,l 	 for (p,t) 

bST= 	 (2) 

- 	 T,l - S,l 	
for (p, 3He) 

The nuclear structure information is contained in the factor GN(LSJT) which is 

determined by the wave functions of the initial and final nuclear states and 

their relative parentage coefficirits. The kinematic properties of the reac-

tion and the details of the interaction are included in B; a complete descrip-

tion of its properties together with an outline of the approximations used in 

its calculation have been given elsewhere 3 ). 

In the calculations presented here we will assume that the interaction 

has zero range) but we will examine the strength of the spin- and isospin-

exchange terms in the interaction potential. If the two-.body interaction 

is written as 

V . . = U(r. jEw + BP. - I. - MPTh 	, 	 () 
1J 	13 	13 	13 	13 

where P. and FL are the operators which exchange the spin and isospin 

coordinates of nucleons i and j, then it has •been shown 5 ) that D(S,T) in 

eq. (1) can be expressed as follows: 

D(S,T) = 1 	(0.5 + 	
+ H) 	. 	 () 



- IL-. 	 UCRL-19966 

Thus, the larger the exchange terms, the more the S = 1 term in eq. (i) is 

reduced relative to that for which S = 0. 
I 

An examination of the 0 p, He N reaction provides a sensitive 

measure of the strength 	
16 

of the exchange terms. Since the 0 ground state has 

T = 0, the isospin of the final states (T = 0 or 1) determines uniquely the spin 

transferred by this reaction (S = 1 or 0, respectively). By comparing the 

relative strengths of transitions with S = 0 and 1, and making use of eq. () 

it will be possible to extract a value for (B + H). Actually the quantity which 

will be determined experimentally is B (see eq. (1)), wher 

	

R = D(l,O) 2 - 	1 - 1 .5(B + H) 2 
- D(O,l) 	- 	1 - 0.5(B + H) 

Obviously, an accurate determination of B depends upon the reliability of the 

wave functions used for the initial and final states. Here 
iLLN is particularly 

advantageous since the wave functions of its ground and first two excited states 

have recently been examined extensively 6 ) as to their efficacy in reproducing 

a variety of experimental data. Several sets of wave functions were studied, 

and certainly the best of them have a very good record of success. It was hoped 

that by using these calculations to analyze our data, a value of B might be 

extracted which was reasonably insensitive to the vagaries of untested model 

calculations. 

Those states produced by the (p,t) reaction in 
1IL0  have T = 1, and their 

' 

analogues in N will be produced by T = 1 transfer using the p, 
3  He) reaction. 

Since these are now analogous reactions, the (p,t) and (p, 3He) reactions leading 

to T = 1 analogue states will have angular distributions with the same shape 

and relative magnitudes related by 
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d07'dQ (p,t) - - 	2 ____ - 2kt 	
(6) 

A - dG/d (p,311e) 	2T-1 k3He - 
	He 

This relationship ignores charge-dependent effects but appears to agree well. 

with experimental data among light nuclei 1 ). Four pairs of mirror levels have 

been observed in this experiment and the results will be compared to the pre-

dictions of eq. (6). Any significant deviation could be attributed to .isopin 

mixing ). 

y 
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2. Experimental Procedure and Results 

Proton induced reactions on an 16 gas target were carried out at 1 3.7 

and 54.1 MeV using theexterna1 béa of the Berkeley' 88" cy'clotron. Reaction 

products were detected In two independent counter telescopes located on opposite 

sides of the scattering chamber. Energy signals from the counters in each sys-

tern were fed to a Goulding-Landis particle. Identifier which produced an output 

signal characteristic of the particle type; this was used to route the total-

energy signal into 1024-chanel groups of a 14096-channel analyzer. The spectra 

recorded for each telescope corresponded to c particles, 3He particles, tritons, 

and those particles slightly less ionizing than the selected triton group. The 

first and last groups were taken primarily to ensure that no 3He or 

triton counts were lost. The experimental apparatus has been given a more 

detailed description previously9 ' 10 ). 

Figures 1 and 2 present energy spectra taken at 54.1 MeV for the 

16 	 1 	1 	3 	1. 0(p,t) 0 and 0(p, He) N reactions,respeCtJ-VelY; both were recorded simul- 

taneously at 0lab = 160 . The excitation energies of observed levels in 

were determined using the known levels at (6.586 ± 0.012) and (1.180 ± 0.030)MeV 

as calibration. The results are listed in Table I where they are compared and 

1,11 	 . 
averaged with previous results 	). The levels observed in N, together with 

their corresponding integrated coss sections, are. given in Table 11
12_15 ) .  The 

14 N excitation energies are well known .and the values listed in the table are 

taken entirely from refs. 	an.?12.- For coparispn, thespectrum from the 

16 	14 

	

-. 	
i 	 i reaction 0(d,cx) N is shown n fig. 3; t was obtained using a 40 MeV deuteron 

beam. 
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Angular distributions of triton groups observed at 5.1 MeV bombarding 

energy are shown in fig. 4 where they have been grouped according to the L-value 

characterizing the transitions. The curves correspond to DWBA calculations using 

the program DWUCK ) with optical model parameters derived from elastic scat-

tering data; these parameters are listed in Table III. Set I triton parameters 

were used for the curves shown, but both sets gave similar results. The L = 0, 

land 2 fits are reasonably good although the 5.l9 MeV and 5.91MeV  lcvels were 

only observed for a restricted angular range. It is interesting to notice the 

increasing strength of the second maximum in the L = 2 angular distributions as 

a function of excitation energy, and that this is not reproduced by the calcu-

lations. In fact, the discrepancy is sufficiently large for the 9.72  MeV level 

that only a tentative L = 2 assignment could be made. The angular distribution 

corresponding to the 6.29 MeV level is not particularly well fitted by L = 2 or L = 3 

calculated distributions. Its second maximum is relatively much larger than that 

for the L = 2 distributions near the same. excitation energy but its maxima and - 

minima are displaced from the calculations for L = 3. From these data it is 

impossible to make even a tentative assignment for the L-transfer involved. 

Because the transferred spin S is 0 for the (p,t) reaction, the spin-pari-

ties of the final states in this reaction are uniquely determined by the L-value, 

p Jf  
i.e., J f  = L and Trf  = 	. The values of J 

n  corresponding to the L-value 

Nk 

	

	assignments made from fig. 4 appear in Table I where .they are compared with 

previous assignments. There are no inconsistencies. 

The L = 0 and 2 triton angular distributions are shown again on the left- 

hand side of fig. 5. On the right-hand side of the same figure are shown the 

(p, 3He) angular distributions to their known or suspected T = 1 analogues in 
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the latter have been multipiedby (2k/c.3) to facilitate the comparison 

suggested by eqS. ( 6.). In this caSe,, the dashed curves are not the results of 

calculations; their shapes were determined as providing the best fit to the 

triton data. The same curves, btit renormalized, were then; drawn through the cor-

responding (p, 311e) angular distributions. For two states which are analogues, 

the dashed curve should fit the (p, 3Re) data, and the magnitudes of the dis-

tributions as they appear in the figure should be the same. These conditions 

are satisfied for the four pairs of states shown in the figure, thus confirming 

them as analogues. For the 9.72  NeV state in lt and 12.50 MeV state in lIN 

this is the first such indication, and for the latter state the deduced J 7  and 

I 
T are given in Table II. All our T = 1 assignments to states in J-N are con-

firmed by the absence of these states in the (d,a) spectrum of fig. 3. 

A quantitative comparison of the cross sections for the observed ana-

logue states appears in Table IV. Agreement with the predictions of eq. (6) 

is similar to that obtained for other light niclei 7 ). No significant deviations 

are evident. 

Figure 6 gives, the measured angular distributions at both bombarding 

energies for the first four strong states produced in the (p, 3He) reaction. The 

curves are again the result of DWBA calculations using the optical-model para-

meters listed in Table III,. and. again 3He parameter-sets I and II gave similar 

distribution shapes. In a detailed analysis of the first three transitions we 

have used six different sets of wave functions to calculate spectroscopic ampli-

tudes from which the factors GN(LSJT') of eq. (i) are derived. The wave func-

tions range from the jj-coupling limit to effective-interaction calculations, 

6  and are taken from a recent survey article) on lN  The GN(LSJT) factors and 
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their specific sources are listed in Table V. These factors indicate that for 

all wave functiOns the ground-state transition predominantly.carries an angular 

momentum L = 2 while the state at 3.95 MeV strongly prefers L = 0 except in 

the u-limit; the 2.31 MeV state is obviously restricted to L = 0. Thus, the 

shapes of the calculated angular distributions for the ground and 2.31 MeV 

states, shown as solid curves in the figure, are unaffected by the choice of 

wave functions (as is the L = 2 distribution to the 1.03 MeV state). For the 

3.95 MeV state, calculations using Set I wave functions result in the solid curve, 

while those from the other sets result in the dashed curve. 

The relative magnitudes of these angular distributions are affected not 

only by the details of the wave functions but also by the form of the inter-

action potential, or specifically byD(S,T). Since each transition is charac-

terized by a unique value of S, then [D(S,T)] 2  appears as a simple multiplicative 

factor in the expression for the cross section, and the ratio.R [see eq. (5)] 

can be determined directly by comparison with the data. The results appear in 

Table VI where they are tabulated as a function of wave function, optical-model 

parameters and bombarding energy. Except for wave-function sets I and II, which 

were deemed generally less successful 6 ) in fitting experimental data, the range 

of R values is not large,although R is systematically lower for the higher 

bombarding energy. A best value of R. would be 'u0.28. The resultant 

B + H 0. 1  is not significantly different from the force mixtures frequently 

used in shell-model calculations. 

Using the value of R. just determined and the wave functions of Cohen 

and Kurath2Y(Set  VI) relative magnitudes were calculated for prominent peaks 

. 1 	/ 	3 	\1 	. 
observed n the 	Oip, Heì N reaction at both bombarding energies. The results 
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are compared with experiment in Table VII. The agreement with the first four 

states is within expectations for twonuc1eon transfer reactions 3 ) and is par-

ticularly good at the lower bombarding energy. It is noteworthy that th€ 1.03 MeV 

level, which was not used to determine R, shows such good agreement at both 

energies. 

States above 8 MeV in 14N  are known to involve significant contributions 

from (2s,ld)-sh.ell configurations, so the inadequacy of the (lp).-shell calcu-

lations for these states should not be surprising. Certainly for negative parity 

states, the lowest of which occurs at 	5 MeV, (2s,ld).-shell excitation riust be 

involved. Dominant configurations in the predicted wave functions are shown 

in the last column of Table II. The (lp)-shell calculations predict only one 

2, T =1 level t 	10 MeV in 1N  whereas two states, at 9.112 MeV and 

10. 1 32 MeV, are observed. It has been suggested) that these two states involve 

1 	 2 
about equal mixtures of (lp) 	and (lp) (2s,ld) configurations which would 

require approximately equal population for both states in the (p, 3He) reaction 

(and the same, of course, for their analogues in 1140). Our results are con-

sisteñt with this expectatithi. 

The angular distribution of the (p, 3He) reaction leading to the 11.0.5 MeV 

state in 
114  N is shown in fig. 7. Two states have been observed at about this 

excitation previously 11 ); one has been assigned + 1 but the spin of the other 

is unknown. The calculations reproduced in Table II show that a 3+ level 

involving two holes in the (1p312 )-shell is expected at about this excitation 

energy and curves are shown in the figure for DWBA calculations which assume 

both J 11  1 and 3 	The shape of the angular distribution is better reproduced 

with the 3 assignment and better agreement with its relative magnitude is also 
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obtained (see Table vii). Thus, it seems likely that we are observing a 3 

level at 11.05 MeV more strongly than the 1+  state which has previously been 

recorded at 11.04 MeV. A 2+  state formed from the same (ip 312 Y'2  configuration 

is predicted at "u 15 MeV and there is some possibility that we are observing 

such a state at 12.503 MeV. However, (2s,ld)-shell components which are already 

significant in the 2 states at 10 MeV will certainly distort these simple pre-

dictions and this precludes meaningful comparison with the experimental results. 
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3. Discussion 

Spin dependence in the interaction potential of a transfer reaction is 

required by the nature of the nucleon-nucleon force 5 ) . Its precise relationship 

to that force, though, is clouded by the many approximations which must be made 

in deriving the expression for a measurable cross section. Further, as we have 

pointed out, it Is necessary to have reliable wave functions and a proven inde-

pendence of the selection of optical model parameters. Our choice in examining 

1 , 3 .1 N reacti the Op, Hej 	 on resulted from the availability of such wave functions, 

and we have also demonstrated that our conclusions are insensitive to experimental 

parameters. 

Certainly there are shortcomings since we must neglect the anticipated 

14 
(2s,ld)-shell components in thefirst few states in N [seeref. •3)] as well 

as in the ground state of.160  [see ref. 7)]• However, to the:extent that the 

states in 
11  can be regarded as (lp)-shell holes in the . 160 ground state, the 

effects of higher shells will be minimized. In a previous study of the reac- 

tion ) c( He,p) N the value of R extracted from experiment showed wide 

variation with bombarding enerr and in all cases was higher than our result. 

It is po.Sible that their inconsistencies can be attributed to the inadequacy 

of the assumed reaction mechanism at energies < 20 MeV, but the apparent higher 

value of R maywell be caAsd.by neglecting (2s,ld)-shell configuration mixing, 

to which. such a. stripping reaction would be more sensitive. 

it is certainly encouraging that the measured spin dependence is in 

reasonableagreement with the exected forcemixture 5 ), but it is still necessary 

to extend such measurements to a large number of nuclei over a wide region of 

masses • 
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Table I. :Energy Levels of 114 

This work 	 Previous worka 	 Average 

Excitation Energy 	. 	Exctation Energy 	 Excitation Energy 

(MeV ± keV) 	J 	/ (MeV ± keV) 	J 	(MeV ± keV) 

	

g.s. 	 0 	 g.s. 	 0 

5.21 	4o 	(i) 	5.17 ± 0 	(i) 	5.19 ±28 

5.92 ± 60 	 (ok ) 	5.905 ± 12 	 0 	5.906 ± 12 

6.28 ± 50 	 6.29 ± 25 	(3) 	6.29 ± 22 

	

6.59t 	 2 	6.586 ± 12 	 2 

	

7.78 ± 30 	 2 

8.60 ±6o 	 8.74 ± 60 	 8.72 ± 2 

9.65 ± 60 	 (2k ) 	9.74 ± 30 	 9.72 ± 21 

a) Only states corresponding to transitions observed in these experiments are 

listed. The data are taken from ref. 11); spin-parity assignments are due to 

Ball and Cerny1 ) and Adelberger and McDonald (Nuci. Phys. A1 145 (1910) )497). 

b)These values were used to determine the energy scale. 

* 
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Table II. Energy Levélsof 
14 
 Produced in he Reaction 160(p3He)l14N 

Levels of 	 Shell Model CalculatjonsC 

Enerr 	J,T 	Experimental CY 	 EtT• 	 Dominant 
(MeV) 	 at E = 514.1 MeV' 	Nev.) 	 configuratIons 

(im) 

g.s. 1, 0 195 g.s. -0.208(p112p312 ) 	+ 0.975(p 112r2  

2.313 0, 1 185 2.69 -0.1405(p312)2 + 0.914(p17 ) 2  

3.9145  0 295 3.62 -0.318(p312 ) 2  + 0.932(p112p312 ) -1  

5.106  0 75 14.83 0.983(p1/2)3(d5/2) 	+ 0.1814(p 112 ) 3 (d312 ) 

5.83 14 3 1  0 60 5.60 1.000(p1/2 ) -3 (d5/2 ) 

7.028 2, 0 205 6.99 1.000(p112p312 Y' 

7.966 (2),0 140 7.89 0.1814(p112 ) 3 (d512 ) 	- 0.983(p112)3(d312) 

8.1489 14, 0 100 

9.172 2 ' 
d 

d 

1145 
9.114 0.2114(p 	2)_2  + 0.97T(p112p32 ) 

10.1432 2, 1 160 
' 

	

11.053 	1k., 0 	 130 	15.214 	0.9145(p312)2 - 0.291(p112p312) 

	

) 	 10.114 	 1.000(p312 ) 2  

12.503 (2+),1e 60 15.19 0.977(p312)2 - 1/2p3/2)1-1  

a)oniy states corresponding to transitions observed in these experiments are listed. 

The data are taken from refs. 11 ) and 
12

). 
b)  Cross section integrated from 13 0  to 65 0 .  

C)aicuiations for positive parity levels considered only p-shell configurations 2 ). 

For negative parity levels, ref. 13)  was used in which the 41121 1d5/2, 2s 11 2 , and 

1d3 72  shells were all considered active. 
d)The  two.experimèntal (2k , i) states apparently have mixed confIgurations, involv-

ing about equal (lp)- and (2s,ld)-shell componentsl1415). 

e) e  JT,T assignment is the result of this work. 
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Table IV. Experimental and Calculated Cross-Section Ratios for T = 

Analogue States in 
14 0 and ' N at E = 54.i.mev 

Excitation Energr(MeV)in 	 Experimental 	Calculated 

110 	 a 	 S  Aa 	 A  

g.s. 	 2.311 	0 	 2.10 ± 020 	 1.91 

6.59 	 9.17o 	 2 	 1.67 ± 0.20 	 1.90 

7.78 	l0.31 	2 	 2.02 ± 0.25 	 1.90 

9.6 	 12.50 	 (2k ) 	 1.83 ± 0.25 	 1.90 

a)A is defined in the teict as (p,t)/ (p, 3He). The experimental value is 

the ie1atie:tthrinaIizatiOnfaCte equirdto produce thefits to the ,(p, 3He) 

data in fig. 5. 

I. 

$r. 
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Table V. 

Functions 

Reaction 

The Factors GN(LSJT)  Corresponding to Various Sets of p-Shell Wave 

for the Groundand First Two Excited States of 1N  Produced in the 
163 	.3)4 	 . 

O , p, 	He) 	N. 

Ground State 	2.31 MeV Level 3.95 MeV Leiel 

Calculati ona . . (j,T)=(1,o) (J,T)=(o,l) (j 1T)=(1 1 0) 

Set Source G1(0110)b G0(2110) G1 (000i)b G1 (0110)b G0 (2110) 

I j-limit +0.233 +0.100 -0.93 -0.522  

II . 	 S oper c +0.27 -1.105 . 	 +0.7I4 -1.100 -0.381 

III Eiliottd -0.093 -1.190 +0.916 -1.189 +.o6i 

IV 	Visscher. & Ferrelle -0.210 -1.116 +0.921 -0.986 -0.089 

V Cohen & Kurath -0.101 -1.167 +1.049 	. -1.168 +0.011 

VI Cohen & Kurathg -0.165 -1.161 +1.061 -1.166 +0.085 

aiThe wave functions used here were obtained by H. J. Rose et al. and are quoted in 

Table III of ref. ) 	. 

b)e correspond,ng G factor for which N = ü is given by the following: 

G0 (0110) 	G0(0001) 

G 1(0110) = G1(000l) = 0.139 

J. M. Soper (private communication to H. 1. Rose, cited in ref. 6) 

P. Elliott, Phil. Mag. 1 (1956) 503. 

W. M. Visscher and R. A. Ferrell, Phys. Rev. 101 (1951) 181. 

S. Cohen and D. Kurath, Nucl. Phys. 13 (1965) 1, (8-16)2EME, C 	5.61 MeV. 

Cohen and D. Kurath, ibid, 6 = 5.15 MeV. 
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Table VI. Values for the Ratio [D(1,0)/D(0,1)]
2  Determined from Experiments at 

Two Different Bombarding Energies, Assuming Various Sets of Wave Functions and 

Optical-Model.Parameters.  

D1 20)/D(04)3 2  

Wave Function. 	 E = 43.7 MeV 	 E = 5 1t.l MeV 

a 	 p 	 p 	 Average 
Set 1

1  b 
	 2b 	 1b 

I 0.19 0.19 O.li 0.15 0.11 

II 0.19 - 	0.19 0.15 0.15 0.17 

III 0.26 0.21 0.21 0.22 0.24 

IV 0.30 0.31 0.25 0.26 0.28 

V 0.33 0.32 0.25 0.26 0.29 

VI 0.33 0.33 0.26 0.27 0.30 

 The references for these wave . 	 i functions appear 	n Table V. 

 These numbers 
3 

refer to the 	He 
. optical-model parameters given in Table III. 

The appropriate proton parameters were used for both bombarding energies. 
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Table VII. Comparison of Experimental and Theoretical Relative Peak Cross 
14  

Sections for the Reaction 160(p,3He)N  Leading to Positive-Parity Final States 

	

Levels of 14N 	 Relative Peak Cross Section 

= 13.7 MeV 	 E = 5)4.1 MeV 
Enerr 	

J,T 	 p 	 - p 

	

(MeV) 	 a 	 b 	 a 	 b 
Experiment 	Theory 	 Experiment 	Theory 

	

g.s. 	1 +, 0 	1.00 	 1.00 	 1.00 	 1.00 

	

2.311 	0, 1 	1.25 	 1.33 	 0.88 	 O.47 

	

3.945 	1, 0 	1.40 	 1.30 	 1.09 	 0.50 

	

7.029 	2, 0 	0.95 	 0.88 	 0.91. 	 0.85 

	

9.170 	2k ,. 1 	 0,54 	 -- 

	

l0.431 	2,1 	 0.53 

	

0 	 0.36 	 0.06 
11.05 	( + 

	

0 	 0.36 	 0.68 

12.0 	(2),l 	 0.15 	 -- 

a)The differential cross-section at the first observed peak in the angular distri-

bution is quoted relative to that for the ground state.. 

b)The wave functions used are those given in Table II; they correspond to set VI 

in Table V. The 3He optical model parameters 1 from Table Eli were used. The 

value of R was taken to be 0.28. 
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Figure Captions 

Fig. 1. Energy spectrum of the O(p,t) 0 reacton. 

Fig. 2. Energy spectrum of the 0(p, lie) N reaction. 

1-6 	14 
Fig. 3. Energy spectrum of the 	O(d,ct) N reactIon. 

Fig. 4. Angular distributions of triton groups observed from the reaction 

160(pt)1140 at 5 1 .1 NeV. The curves are from DWBA calculations for the 

indicated L--values using the parameters in Table III. 

Fig. 5. Angular distributions for the reactions i 6o( p,t)o and 140(p3He)1IN 

at 54.1 MeV.leading to analogue T = 1 states. The 3He points have been 

multiplied by,  (2kt/k3  ). The dashed curves have no theoretical significance He 

but are fitted to the (p,t) data; the same curves, simply renormalized, are 

drawn through the corresponding (p, 3He) data. 

Fig. 6. Angular distributions of 3He particles from the reaction 	 He)
14

. 
 

at two different bombarding energies. Both solid and dashed curves are the 

results of DWBA calculations which are described in the text. 

Fig. 7. Angular distribUtipn of 3He particles from the reaction 160(p3He)14N 

1eading't the 11.05 MeV. sate in +N. The bombarding energy was 54.1 MeV. 

The curves are from DWBK calculations for the indicated L-values. 

10 
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LEGAL NOTICE 

This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or 
Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any information, apparatus, method, or 
process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" 
includes any employee  or contractor of the Commission, or employee of 
such contractor, to the extent that such employee or contractor of the 
Commission, or employee of such Oon tractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract 
with the Commission, or his employment  with such contractor. 
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