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14 
THE N(a,d)16O  REACTION AT 4o MeV 

M. S. Zisman, E. A. McClatchiet, and B. G. Harvey 

Lawrence Radiation Laboratory 
University of California 
Berkeley, California 94720 

June 1970 

ABSTRACT 

The l.iN(ad)l6O  reaction has been investigated up to an excitation enerr 

of 20 MeV using a IO MeV a-particle beam from the Berkeley 88-inch cyclotron. 

Angular distributions were obtained for the three strongest levels at 

lit. ItO ± 0.03 14.82 ± 0.03, and 16.24 ± O.OIt MeV. Widths for these states, 

with the experimental resolution subtracted in quadrature, are 30 ± 30, 69 ± 30, 

and 125 ± 50 keV, respectively. Evidence for the probable {htN(l+) + (d 512)] 

configuration of the three states is discussed. 
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INTRODUCTION 

In recent years a study of the (,d) reaction in various mass regions 5  

has been undertaken in order to identify certain two-particle excited states 

in the final nucleus whose configuration can be described as 

where J Is the target spin, j is the spin of the shell-model state into which 

the transfeired nucleons are captured, and J f  is the spin of the final state 

formed from vector coupling J and J. In most of the previous work214  the 

targets were even-even, in which case J = 0 and only a single state of the above 

configuration was possible. However, in a few cases with J 	 0 a multiplet of 

states was observed. 1 ' 3 ' 5  In particular, a triplet of states was observed in 

the doubly-magic 16  0 nucleus via the 114N(d)160  reaction at Ha = 142 MeV. 3  

These states were at excitation energies of 114.33 ± 0.10, 114.714 ± 0.10, and 

16.16 ± 0.10 MeV, and were tentatively assigned the spin sequence 14k , 6, 5 

based on the 2J,+ 1 rule. 3  

The highest member of the triplet, at 16.16MeV, was found to be nearly 

degenerate with a 4p-14h state observed by Carter et al. 6  at 16.2 MeV in the 

12 	12 	
i 	

+ 
C resonance reaction and dentified by them as the 6 member of the 

14p- 14h rotational band built upon the 6.05 MeV 0 state of 16o  This left open 

the possibility that the two reactions were actually populating the same state. 

If this weretrue, of course, the mixing of a 2p-2h and 14p-4h configuration 

might invalidate the 2J + 1 dependence of the cross section. Thus, the question 

of whether these states could be interpreted as belonging to the simple configura-

tion[l14N(l)+(d512)+]14+ 56 was somewhat in doubt. 
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In order to help remove this ambiguity from the previous results it was 

1 decided to re-investigate the N(ct,d) 0 reaction with better resolution than 

the 250 keV attained in the previous work. 3  In this way we could improve the 

accuracy of both the positions and the widths of the triplet and possibly obtain 

more information on the tentative spin assignments 3  based on the 2J + 1 rule 

EXPERIMENTAL 

The experiment was performed using a 40 MeV a-particle beam from the 

Berkeley 88-inch cyclotron. Two ilO-deg uniform-field magnets 1  were used to 

provide energyanalysis of the beam. Object and image slit widths of 1 mm pro-

duced a beam resolution, AE/E, of 0 Olt% In order to take advantage of the 

improved beam resolution, a gas cell with a thin entrance window was employed. 

The cell consisted of a stainless steel cylinder 1.6 cm in diameter and 2.5 cm 

high with an exit foil of 2.1 mg/cm 2  Havar covering 315 deg The remaining 

solid section of the cell was bored out and fitted with a hollow brass plug on 

the end of which a 0.22 mg/cm 2  Ni entrance foil was epoxied. A circular tantalum 

collimator 3.8 mm in diameter was used to define the beam entering the gas target. 

Several anti-scattering slits were employed to further define the beam and to 

protect the edge of the thin entrance window. The Ta collimator was electrically 

insii'lated from the gas cell in order to monitor the untransmitted beam. By 

careful attention to the beam optics it was possible to hold the beam loss to 

less than 1% during the course of the run. 

The target consisted of natural nitrogen (99. % 
14 

 N) at a pressure of 

about 30 Torr. Deuterons from the target were detected in 0.25 mm AE and 3 mm 

E detectors, and identified with a Goulding-Landis particle identifier. 8  The rest 

of the system, has been described previously.3 



RESULTS 

A deuteron spectrum of the 14N( d)160 reaction at e = 10 deg is 

shown in Fig. 1. The resolution was 6 6 keV (FWHM) for.the narrow states of 16. 

Since a biased amplifier was used to look selectively at the high-excitation 

region of 16 0, the ground state does not appear at any, angle and the first two 

excited states, at 6.05 and 6.13 MeV, are visible only at the more backward 

angles. Thepeak position is consistent with our observing only the 6.13 MeV, 

3, member of the 6 MeV doublet. It can be seen that even with this improved 

experimental resolution the three members of the previously observed 3  triplet 

still appear as single states. However, a new state at 15.8 MeV, which was 

unresolved in the earlier work, 3  is now visible. The excitation energies deter- 

mined from this work for the three largest states are 1 14. 1t0 ± 0.03, 14.82 ± 0.03, 

and 16.24 ±O.0 1  MeV. 

Angular distributions for the triplet from 	12.9 to 57.7 deg are 

shown in Fig. 2.. As was observed in the earlier work, 2 ' 3 ' 5  the angular distri-

butions tend to be rather structureless and decrease almost exponentially with 

angle. This feature is related to the large angular momentum transfer in the 

reaction and has been discussed previously. 3  The integrated cross sections for 

these states (from 0 = 12.9 to 57.7 deg), after background subtraction, are 

1.52, 2.90, and 1.91 nib. In Ref. 3 the cross section of the 15.8 MeV state was 

contributing to that of the 16.16 MeV level. This amounts to a correction of 

about 13% to the cross section reported 3  for the 16.16 MeV state. The reduced 

cross sections, after dividing by [(2Jf + 1)1(2J t + i)J, are 0.51, 0.67, and 0.52 mb, 

respectively. The uncertainty in the absolute cross sections is estimated to 

be about 10%. 
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Widths were obtained for all three states based on an average of seven 

runs at five angles. The values for r 	(with the experimental resolution cm 

subtracted in quadrature) as well as previously measured widths for nearby T = 0 

levels are given in Table I. The difficulty in obtaining accurate widths for 

the states wasdue to uncertainties in the background subtraction and to the 

experimental resolution. The latter was particularly important for the 14.40 

MeV state, whose width is small compared to the resolution. In fact, in two 

of the seven runs the observed width (after background subtraction) was con- 

16 
sistent with those of the lower energy, sharp states in 0. The problem of 

background subtraction was most severe for the 16.214:MeV state since it has a 

large width and, at backward angles, the peak shape was poorly defined. 

Other strong states populated in the reaction include the 8.87, 11.09, 

and 11.17  MeV levels. The 6.13 MeV state was populated rather strongly at all 

angles where it was included, and had adifferentialcross section comparable 

to that of the 11.09 MeV state. The "state" near 14.0 MeV contains .a contri- 

bution of unknown amount from the 1.131 MeV level of 18F  due to the (ct,d) reaction 

on a small oxygen contaminant in the target. The cross section leading to this 

state (whose configuration is [160 + (d512 )~ ]) 3  is very large and. the state 

is visible in nearly all (a,d) experiments. Due to this impurity it was not 

possible to get a precise value for the excitation energy of the 14 MeV state, 

since the kinematics of the two states differ only slightly and thus the apparent 

energy of the peak changes somewhat with angle. A swmnary of the states observed , 

in this experiment and their intensities is given in Table II. 
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DISCUSSION 

1 
A. [__N(l

+ 
 ) + (d512)5 

2  +] Levels 

Figure 1 indicates the selectivity of the (ct,d) reaction in populating 

the various final states in i60. Aside from the triplet of states at 14 40, 

14.82, and 16424MeV, the only other strongly-populated states are those at 

8.87 and 11.09 MeV. (At backward angles where the 6.13MeV level could be 

observed it was also found to be populated strongly.) In part this selectivity 

is based on the kinematics of the reaction, i e , on the fact that the semi- 

+ + 	 35 
i classical angular momentum transfer, Q X R, s large. ' However, due to the 

1+ spin of the target nucleus, the number of possible L values for a given tran-

sition is increased, with the result that selection rules allow L 2 for all 

values of 
JfW 

 except 0 	Since the maximum angular momentum transfer expected 

for placing two nucleons in the sd shell is L = 14, this form of selectivity is 

somewhat reduced. 

The other reason for selectively populating certain final states is 

that two-nucleon transfer reactions are, in general, quite sensitive to the 

details of nuclear structure. This form of selectivity has been discussed in 

detail by Glendenning. 9  In his notation, the states which may be strongly popu-

lated are those with a large "structure factor", i.e., those states whose wave 

functions are predominantly of the form [target core + deuteron] for the (c,d) 

16 
reaction. This implies that the final states in 0 which are preferentially 

populated should be those described as lp-lh or 2p-2h with respect to the 160 

core, since the target wave function' °  is about 93% ( 112+2 . It has been sug-

gested for some time that certain states 	l6 exhibit a rotational-band struc- 

ture6l1 based on the 0 state at 6.05 MeV. This result has been reproduced with 



various calculations 125  involving a mixture of lLp-h and 2p-2h configurations 

in a deformed basis. The nature of the lowest even-parity band is believed to 

be mainly Lp_h..15  Clearly such states should not be strongly populated in 

a two-particle transfer reaction on a target which has only about 7% admixture 

of 2p-4th configurations in the ground state. 10  

Our data is consistent with the dominant p-4h interpretation of the 

16 
i states n 0 assigned to the rotational band. As can be seen in Fig. 1, the 

6.92 and 10.35 MeV states, a 2 + and 4 +, respectively, are both populated rather 

weakly. The angular distribution for the 10.35 MeV level is quite different 

from those of the strong states, being relatively flat as opposed to the rather 

steep envelope typical of the strongly-populated levels. This result has been 

observed previously2 ' 5  in (a,d) reactions leading to.weakly-populated final 

states. The angular distribution of the 6.92 MeV level has not been extracted 

since it was obscured by the pulser at most angles. At those angles where the 

6.13 MeV level appeared, it had a width consistent with only a single state 

being populated.. However, assuming the 6.05 MeV state has a cross section 

similar to those, of the other 4p-4th states (or to that of the other excited 0 

statel6 at 12.05MeV)  we would not expect it to be visible next to the much 

stronger 3 level. On this basis we feel that strong population of the 4p-4h 

6 state observed in the ct- 12C resonance work6  is highly unlikely. 

Thect- 12C resonance experiment6l1  yields a width for the 16.2 MeV 6 

state of r cm = 320 ± 90 keV. This is to be compared with a value from this 

work of r cm.  = 125 ± 50 keV for the 16.24 MeV level. In contrast to the rather 

large width quoted 6 '11 'for the 16.2 MeV, 14p- 14h, 6 'level, we note that there 

16  are other natural-parity levels in 	which, although unbound by a large amount, 
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have very small a-widths. For example, the 12.05 MeV 0 level is unbound by 

nearly 5 MeV and yet it shows up as a very weak a-resonance with a measured width 

of only 1.5 ±0.5 keV,16 while the 10.35 MeV 	state, which is a member of the 

p-h band, has a width of 27 ± 8 keV18  for a lower enerr L = a-decay. The 

0 level, however, is believed to be the predOminantly 2p-2h member of the trip-

let of 0 states arising from a mixture of Op-Oh, 2p-2h, and 4p-4h states, 15  and 

thus has a configuration which overlaps poorly with [ 12c + a]. This interpre-

tation is consistent with our data inasmuch as the integrated cross section for 

the 12.05  MeV state is about half that for the 10 35 MeV level This yields a 

reduced cross section about four times larger for the 0+  state, in spite of the 

fact that the O population would be expected to be somewhat hindered on the 

basis of the kinematics argument mentioned above It would seem, therefore, that 

the large width and the strong a-resonance characteristic of the 16.2 MeV level 

observed by Carter et al. 6 suggest a dominant 4p- 14h configuration for that state 

1 Another way of comparing the large states observed in the N(a,d) 0 

reaction with. levels of 4p-4h configuration is to look at the results of the 

4-nucleon transfer reactions leading to 160 These should preferentially popu-

late 1 p-4h states if the reaction mechanism corresponds to a direct a-particle 

12 6 	16 	 19-21 	12 r 	16 	 20-22 transfer. The: C( Li,d) 0 reaction 	and CC Li,t) 0 reaction 	have 

both been observed by various groups. The C( Li,d) O reaction shows strong 

population of the 10.35 MeV 4 level and also shOws. large cross sections to 

states at about 1)4 It, 14 8, and 16.22 MeV The 12C(7Lit)160  results20 ' 22  are 

essentially identical, showing strong population of the 10.35 MeV state and 

broad structure at 14-15 MeV and 16.2 MeV. The interpretation of these results, 

of course, requires some knowledge of the reaction mechanism. In the case of 
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direct cL-particle transfer the final states expected iiould be only natural-parity, 

T = 0 levels, although in either reaction the selection•.rules allow formation 

of unnatural-parity states and in the ( TLi,t) reaction T= 1 levels are also 

allowed Bethge et al. 
21 

 have made a careful comparison of both reactions and 

conclude that, while the ( 6Li,d) reaction seems to have some compound-nucleus 

contributions, the 12C(7Lit)160  reaction, at least at 20 MeV, can be inter-

preted as an a-particle transfer reaction. It appears that the strongest states 

observed in bOth reactions can be understood in terms of a-particle transfer. 

This allows popu±ation of np-nh states of 0, where 0 - n --- , assuming that 

the C ground state is mainly Op- h. A comparison of our N(cL,d) 0 data 

with the above results indicates that both the four- and two-particle transfer 

reactions show strength for states at about 14.5 and 16.2 MeV. The 16.2 MeV 

level appears very broad in the it-particle transfer data, 19 ' 20  but no widths 

are quoted for it. 

Recently there has been some new evidence about the states in this enerr 

region from the 13C( 6L1  t)160 reaction 23  at E6= 20 MeV The interpretation 
Li 

of this reaction is somewhat uncertain but Bassani etal. feel that, based on 

the structure and forward-peaking of their angular distributions, there is a 

significant direct-reaction contribution to their data. If this is correct 

then lp-lh, 2p-2h, and 3p-3h states should be easily populated. There is a 

strong resemblance between our (a,d) data and the ( 6Li,t) data of Bassani 

23 Both show states at 14.4 and 14.8 MeV as well as a state at 16.2 MeV, 

and both show strong population of the 11.09 MeV doublet, with weaker population 

+ 
of the 10.35 MeV, it , level. Other levels observed in both reactions include 

13 6 the 12.05 and 12.53 MeV states. The C(Ljt)l60  data also gives evidence for 
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the existence of two different states at 16.2 MeV. At backward angles, where 

the 12C(6Ljt)150: impurity peak has moved away from the 16.2 MeV excitation 

region, the peak observed in the 3-nucleon transfer reaction at 16.2 MeV is much 

12 	\l 	 2 
sharper than that observed in the c( Li,d) 0 reaction. 	This tends to con- 

firm our belief that there are two distinct states in:this region, one of which 

is the broad state of 4p-14h nature61922 and the other of which is a 2p-2h state 

whose dominant configuration is {114N(1+) + (d512 )+]. The fact that the 14-par-

ticle transfer reactions appear to populate the states at 114.14 and 14.8 MeV 

that are observed in the (ct,d) reaction may indicate that 14-particle transfer 

reactions can populate both states in the 16.2 MeV region, while the 13c(6Ljt)160 

and N(a,d) 0 reactions are able to strongly populate only the 2p-2h level. 

It should be noted, however, that one of the triplet of states of configuration 

[114N(1+) + (d512 )+1 has unnatural parity and therefore should not be strongly 

populated with an cs-transfer reaction. 

Additional support for our interpretation ofthe 1 14.40, 1I.82, and 

16.214MeV levels of 160 as a 1114N(1+) + (d512 )
+

] 14+ 5+6+ triplet ces from 

the shell model calculations of Zuker, Buck, and McGrory 25  (referred to here-

after .as ZBM) 	ZBM perform a complete diagonalization in the space of up to 

14 particles in the 1p112 , ld512 , and 2s 112  orbitals and predict the existence of 

very pure (;~ 95%) 6 and 5 states of the above configuration which essentially 

do not mix with the 14p-14h levels. 25  The purity of these states is very insensi- 

a 
tive to changes in either the matrix elements or the single-particle energies 

• 	used in thecalculation. Based on the matrix element set B in Ref. 25, the 

states are predicted at 13.14 and 14.14 MeV, with the 6 
+ being lower. This order- 

ing is also more or less independent of the choice of matrix elements and 
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single-particle energies, although adjustments in these quantities do alter the 

predicted excitation energies and splitting somewhat. The existence of a nearby 

1p-4h 6+ state, containing less than 1% adnn.xture of 2p2h configuration, is 

also predicted in this model The fact that the lp-ll.h state is calculated to 

be at 16.9 MeV (again using matrix element set B) is consistent, with the inter-

pretation by Carter et al. of the 16.2 MeV 6 resonance as a 4p- 1 h state. 

The situation for the state is, unfortunately, not so clearcut. The 

ZBM results predict appreciable mixing of this state, both with 14p-4h components 

and with other'. 2p-2h configurations. There are two 41 states (referred to as 

and 	in ZBM.) expected to carry the major part of the (d 512 )
+ 
 strength. 

3 	4

The results from matrix element set B indicate that the (cx,d) strength would go 

mainly to the upper, 1,  state at an excitation energy of 15.8 MeV. However, 

this prediction is sensitive to the choice of matrix elements, since the wave 

functions for I.  and 4 essentially interchange in going to matrix element set 

Al, with the result that the lower 4 level now becomes the (expected) stronger 

(a,d) transition. The results for the 	level would alsO be less certain than 

those for the 5+ and 6+ levels if there are any effects'due to the omission of 

the d312  orbital, since even a relatively small amount of (d312 )+ configuration 

would alter the expected strengths of the various 4 levels significantly. 

25  
The spin sequence predicted from this model for the 

[ " N(l) + (.d512 )+] triplet is 6, 5 	14k , in order of increasing excitation 

energy. Our reduced cross sections give identical values for the 14.140 and 

16.24 MeV states, with the 14.82 MeV state having comparatively more (ct,d) 

strength. This is based on a spin sequence 
14+, 6 	5+ 

since the observed cross 

sections are a
14.82 > a16•214 > a 1•

. The application of the 2J + 1 rule 

I 

S 
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to two-nucleon transfer reactions seems rather dangerous, however, due to the 

coherent dependence of the cross section on the wave function. 9  In this case, 

the cross sections of the nearly pure 6 and 5 states will be affected by the 

10 
i

1 	 5 overlap of the small 2p-4h components 	n N with the Lip_h  components in 

16 0, while the cross section of the 	state depends not only on these admix- 

tures but also on the other 2p-2h components, e.g., (d 512 ) 3~ and (d512s 112 ) 3+, 

which can be populated directly through the dominant par1 of the llN  ground 

state. Thus, while the results of the ZBM calculation 25  do indicate the exis-

tence of a relatively pure triplet of states of configuration 

14 + 	 2 
[ N(i ) 

+ (d512 ) 5~ ]+ 5~ 6+ in the energy region of ourobserved states, any 

ordering of the •states based on the relative cross sections 3  is highly uncertain. 

B. Other Levels 

The only other strong positive-parity peak observed in this reaction is 

the 11.09 MeV doublet. These states, at 11.080 and ll.094 MeV, were both observed 

	

1 3 	 1 
in the N( lle,p) 0 reaction and the lower member was assigned J = 3 in 

14 3 	16 	 2 
the N( He,p yy)  0 reaction. 	The upper member was observed in the 

12c(c,a0)'2c rectionl6  and assigned 	= 	with a width r = 0.3 ± 0.1 keV.
cm  

• 	 12 	 , This doublet was also seen in the 12 c( Li,d) and c( '1  Li,t) reactions 19 1 and, 

as mentioned above, was the most intense triton group observed in the 

13c( Li,t) 1  U reaction. 23  Our results, as well as those of the c( Li,t)
21  and 

13 6 	23 c( Li,t) reactions, seem to indIcate that It is mainly the upper member of 

the doublet which is being populated, based on the observed energy of the peak. 

In the ( TLi,t) reaction the cross sections for exciting other unnatural-parity 

21 
states are essentially zero so that a large contribution of the 11.08 MeV 



level to the observed peak would seem unlikely. The two- and three-nucleon 

transfer reactions are not forbiddento populate unnatural parity states and 

hence a contribution from the 3+ member of the doublet cannot be ruled out. 

The fact that both states Of the doublet were observed in the 1N(3Hep)160 

reaction18 is not necessarily a good indication of what will be observed in the 

N(a,d) 0 reaction, since the former work was done at such a low enerr 

(E3 	= 3.714 MeV). 
He 

The ZBM calculations 25  predict a pair of levels with J = 3, 14 which 

appear rather close together (E 3 	13.39 MeV, E 14  = 13.02 MeV) although the 

order is inverted and the energies are too high. These states both contain 

large amplitudes of the 2p-2h configurations (d512 1/23 and (d512 )+ which 

have fairly large L = 2 structure factors fqr formation, in the N(c,d) 0 reac-

tion. If the association of these levels with the observed doublet at 11.09 MeV 

is correct, the peak should contain comparable contributions from both levels, 

but our resolution is not adequate to determine whether or not this is true. 

The weak population of the 4 level in the ( 7L1,t) reaction21  and the small 

i6 c*-width are both consistent with a dominant 2p-2h configuration for this level. 

The negative-parity levels in 0 which are strongly populated in the 

114N(ad)160 reaction should be those with a lp-lh configuration. The 6.13 and 

8.87 MeV levels, 3 and 

tudes of the(p 2  d512  

[target core + deuteron 

in the (c,d) reaction. 

2 respectively, are both described as having large ampli- 

25,27 
configuration, 	which 	

9 overlaps well with the 

structure expected for the strongly-populated levels 
0 

Both levels were excited with an 2.. = 2 transition in 

the N( He,d) 0 reaction, 	in agreement with this picture. The other nega- 

tive-parity state excited in our work, at 12.53 MeV, has also been observed in 



the 15N(3He d) 160 experiment28 and is described as being mainly a(p 2  d372 ) 2_ 

level. Fulbright etal.28have shown that nearly all of the d312  proton strength 

can be accounted for in this one state; this is consistent with the weak popu-

lation of the level in the lTo(pd)160  experiment 29  This state would also be 

expected to be populated in the (ct,d) reaction based or Glendenning's structure 

factors. 9  

The spin and parity- of the 15.80 MeV level have not been established. 

30 It was observed recently by. Comfort et al. 	in the ltN( 3He  p)160 reaction and 

16 
their data suggested a T = 0 assignment, since no analog in N is known. A 

preliminary analysis of the ( 3He,p) data3°  yielded a width of about 10 keV for 

the 15.80  MeV level, but no L-value was assigned The appearance of this state 

in our 14N(d)160  data confirms that it is a T = 0 level. We obtain a width 

for the 15.80MeV level of approximately 60 keV,but the low cross section and 

the position of the peak preclude anything but a rough estimate of this quantity 

The highest sharp state observed in this work isat .17.11 ± 0.04 MeV. 

States in this region have also been observed in the c- 12C and p- 15N resonance 

31 reactions 6 ' 	at 17.10  and  17.14 ± 0.015 MeV, respectively, in the 1N(3Hep)l60 

reaction 30  at 17.1 ± 0.02 MeV, and in the 15N(3He d) 160 reaction28 at 17.12 MeV. 

The state observed in the p- 15N resonance was assigned J = land has 

cm = 33 ± 5 keV. 3  It is assumed to be the T = 1 analog of the 4.32 MeV, 1, 

level in 16N based on the fact that its observed width is much less than that 

of the T = 0 resonance observed by Carter 	6 at 17.10 MeV with r = 110 keV 
cm 

andJ 	(l 0, 2k ). The 1N(3Hep)160  data30  yield a value of r m  80 keV 

for the 17.1 1  MeV level. It would appear that this level has a much larger width 

31  than that of:the known T = 1 resonance. Our data indicate a width of 
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approximately 70keV for the 11.17  MeV state, but this is rather uncertain due 

to background subtraction. If the 11.17  MeV level observed here is identical 

to that observed by Comfort et ai. 30  at 17.11  MeV then a,.T = 0 assignment is 

	

14,3 	\l required, and the Ni. He,p) 0 reaction would proceedby an S = 1 transfer. 

This would alIow.:a final state of J = 0, 1, or 2(assuming.the L = 0 assign-

ment is correct) The 17.12  MeV level observed by Fuibright 	28 in the 

15 ,3 	..1 	. 	. 	. 	 . 	. Ni. He,d) 0 reaction is believed to be a negative-parity state, since its 

strength would be inconsistent with a positive-parity assignment. However, no 

£-value was determined in that work 
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CONCLUSIONS 

We have demonstrated that the selectivity observed in the (ct,d) reaction 

can be understood, at least qualitatively, in terms of Glendenning's two-nucleon 

transfer formalism. 9  The states of known configuration which are populated can 

all be described as having mainly lp-lh or 2p-2h components The final states 

which are believed to be rotational (4p-4h) in nature are excited very weakly.  

The 16.24 MeV level observed in the 
14
N( d)160 reaction has a much smaller width 

that the 4p-4h state observed by Carter et al 
6 

and is believed to be a 2p-2h 

state whose major configuration is [N(l) + (d 512 ) + ]. The )4p-)4h 6 level 

would not be expected to be strongly excited based on the observed cross sec-

tions for the low-lying 11.p-4h states A narrow state at this energy has also 

13, 	. 	.l 	 23,2 
been observed recently in the - Ci L1,t) 0 data of Bassani et al. 	Recent 

shell model calculations by Zuker, Buck, and McGrory 25  also lend support for the 

existence of a.multiplet of very pure states which contain nearly all of the 

streiigth. The 11. member of this multiplet is predicted to contain 

fairly large admixtures of other 2p-2h and 4p-4h components which may greatly 

affect the observed 2-nucleon transfer strength. Application of the 2J + 1 

rule is, therefore, believed to be inappropriate for these levels. 

Two excited states at 15.80 ± O.O 1  and 17.11 ± 0.011. MeV, can be identi-

fied as T = O.levels by this work. The 17.17  MeV level may be the same as that 

1 
observed by Comfort et al. 30  in the Ni.

, 3 	l He,pj 0 reaction and tentatively 

identified by them as T. = 1. 	. 	- 	 .. 	.. 

4 



Li 
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Table I. Widths of Levels Observed in.N(,d)160  as Compared 

to Previously Measured Nearby T=O Level Widths. 

This Work 	 Previously Measureda 

E 	 b 	 E 	 r 
X 	 cm 	 x 	 cm 

(MeV) 	 (keV) 	 (MeV) 	 (keV) 

14.4o ± 0.03 	V 	 • 30 ± 30 

	

14.72 V 	 400 

14.82 ± 0.03 	 69 ± 30 	 14.8 	 4O-60 

	

14.85 	 75 

	

15.42 	 60 

	

15.7 	 525 

15.80 ± 0.04 	 (6o) 	 15.8 	 300-400, 

16.24 ± 0.04 	 125 ± 50 	 16.2 	
320d 

	

16.41 	 60 

V 

V 	
11.10 	V 	 110 

17.17 ± 0.04 	 10 	 17.14 

Paken from Ref. 6 unless otherwise noted. 	 V 

bwjth experimental resolution ( 75 keV) subtracted in quadrature. 

cRf 31. 	 . 	 . 

dThi$ value was changed from that in Ref. 6 by Ref. 17. 

eThIS state is. possIbly a T=l analog to the 16N(4  32 MeV) level. 
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Table II. Comparison of 160 (T=0) Levels Observed in 

l)4N(ad)l60 With Those Reported Previously. 

Levels Observeda. 
T=0 

Levels Previously intensity 
Reportedb 

(MeV ± keV) (MeV) (mb) 

d 0.0 O 

6.052 

6.13 6.131 3 
078e 

6.92 	. 6.916 2 weak 

7.12 	 ... 7.115 	. 1 weak 

8.87 8.870 2 

9.614 1 

9.85 9.817 2 0.10 

10.35 10.35 0.16 

10.952 

11.080 3+  

11.09 11.096 4 1.01 

11. 260 0. 

11.52 	. 	.. 11.521 2 0.24 

11.630 3 

12.05 ± 30 12.053 
+f 

0 

12.37 

12.53 	: 12.528 2 0.27 

Mainly 

T=l 	 . . 	 . 

(continued) 
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Table II. 	Continued 

Levels Observeda 
T=0 

Levels Previously 
b

Tr 
J Intensity ' 

Rep'ortedb 

(MeV ± keV) (MeV) (nib) 

13.869 1i 

(10)h 13.975 • 	 2 

ilL. ltO ± 30 1.52 

14.61  
1. even 

• 114.72 

114 . 781  (o,i 

114.82 ± 30 14.81 0 2.90 

114.85' 

114.922 

• 15.22 : 	

• 	 2 

15.26 	• 2 

15.142 3 

15.71 
1 

3 

15.80 ± 14Q 15.80 

16.24 ± 	14Q 	
• 

16.2' 6 1.91 

16.3 1 

16.145 0 

17-101 (1,2,o)' 

17.17 ± 140 17.13 
- 

1 0.145 

17.30 1 

(continued) 
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Table II. Continued 

aAll energies ± 15 keV unless otherwise specified 

blnformation is taken from T. Lauritsen and F. Ajzenberg-Selove, Energy Levels 

of Light Nuclei, Nucl. Data Sheets, May, 1962 and Ref. 18, unless otherwise 

noted. 

Clntegrated cross section from e 	12.9 to 57.7 deg except as noted. cm 

he ground state was not observed due to the experimental conditions 

elntegrated from 0 	= 30.5 to 5143  deg. 
cm 

Ref 16.  

gIntegrated from 0cm = 12. 7 to 49.9 deg 

h .16 	1. 
Contains contaminant peak due to the 0(c,d) F reaction. 

1Ref. 6 

Integrated from 0m = 13.0 to 45.1 deg 
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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 con tréctor 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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