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SUMMARY 

The experimental data of several authors for the reaction ( 3 ~ e ,  a) on 

the i p  - shell nuclei at E ( ~ H ~ )  = 31 MeV are used to study the J - 

dependence between the obtained experimental angular distributionsfor the 

corresponding excited states. Two methods are used to show the J - 

dependence phenomenon. The first method is to compare the forms of 

different experimental angular distributions having the same transferred 

total angular momentum. The second method is to compare the experimental 

cross - section - ratio curves for the diflerent excited statec. of rzz~lcus 

having the same transferred orbial angular momentum. A good J - 

dependence could be obtained between the diflerent angular distributioits in 

this reaction. Our results coincided with what previously found 

experimentally and predicted theoretically. 
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Table 2 : The b inding  e n e r g i e s  f o r  t h e  last n e u t r o n  and t h e  Q - v a l u e s  

f o r  t h e  ( ' H e l a , ) - r e a c t i o n s  o f  t h e  l p - s h e l l  n u c l e i ,  ( G o v e  

and Wapstra 1-972) .  

I -- B i n d i n g  e n e r g y  of 

( n e u t r o n  i n  t a r g e t  ( M e V )  

- v a l u e  for ( ' ~ e ,  ao) - 
r e a c t i o n  ( M e V )  
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of the spins of the final states. The vector analyzing power in one - nucleon 

transfer reactions is sensitive to the value of the angular momentum transfer 

Jtr ( )  Also by comparing the shapes of the experimental angular 

distributions with one state or with a group of states of known spin in a 

nuclear reaction or by comparing the shapes of the curves of the 

experimentai reaction cross - section ratios " '. ), <he spins of the finai 

excited states and the predominant component of transferred total angular 

momentum J, could exactly determined. 

The J - dependent effects also have been proposed to be attributed to 

the contributions of two - step processes of the reaction amplitude. For 

example the standard DWBA - calculations for cross - section of the 

reaction 3 0 ~ i  (d, p) 3 1 ~ i  at 10 MeV to the two 3 1 ~ i  2.32 MeV (3 / 2)' and 

2.79 MeV ( 5  / 2)' states and the calculations for both states including the 

two - step processes through the lowest 2' state of 3 0 ~ i  do not agree with the 

experimental data (8). Contrary to that the calculations including the two - 

step process via the 1/2+ state of 3 1 ~ i  at 0.75 MeV are in excellent 

agreement with the experimental data in the forward direction. Thus the 

inclusion of the two - step contribution (coupled reactions channels) to this 

reaction is able to give a very good account of all the J - dependence of the 

cross - sections to 3/2+ and 5/2+ states of 3 1 ~ i .  

Experimental measurements of (p, a )  - nuclear ractions on l p  - shell - 

p lo) and 2s - Id - shell - nuclei (I1) and also (d, p) and ( 3 ~ e ,  a )  - reactions 

on l p  - shell - (I2), 2s - Id - shell - ( " 13' 14) and 2d - shell nuclei (I3), showed 

that the J - dependence and the form of the angular distribution are 

independent of target nucleus, excitation energy and reaction Q - value. 
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In the present work two methods for studying the J - dependence in the 

( 3 ~ e ,  a) reactions on the l p  - shell nuclei have been used. The first one is to 

compare the forms of different experimental angular distributions having the 

same predominant component for the transferred total angular momentum. 

The second method is also to compare different experimental reaction cross- 

section ratios for excited states having the same transferred orbital angular 
3 momentum L, ( ). 

EXPERIMENTAL DATA 

The experimental data of the reaction i 3 ~ e ,  a) on the nuclei ' ~ e ,  "B. 

"B, '*c, 13c, 14N and "N are taken at invident 3 ~ e  - energy of 26.7, 33.7, 

33.0, 35.65, 27.3, 25.4 and 39.8 MeV respectively (I5 ) The 

corresponding experimental angular distributions with transfer total angular 

momentum Jtr (n) = 112, 3/2 and (512, 7/2) are shown in figs. 1, 2 and 3 

respectively. 

ANGULAR DISTRIBUTIONS FOR THE ( 3 ~ e ,  a) - 
REACTIONS ON Ip - NUCLEI 

The form of the angular distribution in a nuclear reaction is dependent 

on the direct component of it's mechanism. While the incident energies in 

the case of the ( 3 ~ e ,  a)  - reactions on ip  - reactions on l p  - shell nuclei are 

relatively high, they proceed predominantly by dircet neutron pick - up 

mechanism ('O) and the form of the angular distribution becomes 
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unchangeale. The transferred neutron in the case of these reactions is picked 

up from the l p  - shell, i. e. the transferred orbital angular momentum 

L,(n)=l and there are two values for the transferred total angular momentum 

J, (n) = 112 or 312. Therefore the theoretical calculations for the coefficients 

of fractional parentage (CFP) of one - particle transfer reactions made by 

Cohen and Kurath using the shell model wave functions (*I) for the natural 

parity states of the l p  - shell nuclei give two components for most states, 

one belongs to J, (n) = 1/2 and the other to J, (n) = 312. It is also possible 

for a state to contain one component only either with Jtr in) 1/2 or with 

Jtr(n)=3/2. Table (1) presents for each excited state the percentage for 

predominant component of Jtr (n), the corresponding Q - value, the 

experimental - (22) and calculated excitation energy. 

a) The states with J,, (n) = 112 : 

In fig. (1) we have plotted the angular distributions for all excited 

states with J, (n) = 1/2. For most of these excited states the percentage for J, 

(n) = 1/2 are 100% (21). The curves for the 'OB 0.7 18 and 5.1 64 MeV states 

are almost identical. The angular distribution for the 'OB 3.578 MeV state is 

identical with the other pervious two distributions in the forward direction 

(8C.M. < 20"): The angular distribution for the 12c g . ~ .  state is identical too to 

that of the "C 2.00 MeV state. As an exception is the position of the 

minimum at 70" in the 12c g.s.'s angular distribution and at - 60" in the "C 

2.0 MeV state's angular distribution. The minimum in the angular 

distribution of the 1 3 ~  g.s. at 8C.M. = 70. is deeper than that at the same 

position in the distribution of the "C 2.00 MeV state, the identity between 

these two distributions in forward direction (8" - 70°j is very clear. The 
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angular distribution for the 12c 7.654 MeV state has a different form to that 

of the 12c g.~. ,  while it is not a l p  - state (21) and probably has a different 

mechanism from the direct one. I t is  also clear that the two distributions for 

the 1 4 ~  g.s. and 2.3 13 MeV states have the same form exactly. 

The reaction - mechanism at backward angles is probably due to 

another direct mechanism (heavy particle - pick - up or heavy particle 

knock-out Mechanism). In some distributions with Jtr (n) = 112 there is a 

deep minimum at €Ic.,. - 60" - 80°, which is a special character for the 

angular distributions with J, (n) = Ltr (n) -112 result in the one - particle - 

transfer nuclear reactions on light and medium weight targets ( 1 ,  13, 14,23,24 >. 

b) The states with J,, (n) = 312 : 

In fig. (2) all angular distributions for the excited states with Jtr (n) = 

312 are presented Comparing the shapes of the angular distributions for 

states for which J, (n) = 112 with those having Jtr (n) = 312 for the same 

nucleus as shown in fig. (4), we find that the angular distributions with J, (n) 

= 112 oscillate more sharply than that with Jtr (n) = 312 for all nuclei under 

our concern, although they have the same steepness. The positions of the 

second and third maxima in the angular distributions for the states with J, 

(n) = 1/2 shifted to larger angels in comparison with their positions in the 

angular distributions with J, (n) = 3/2 for the residual nuclei 8 ~ e  and "C and 

to srnalller angles in the cases of 'OB and (see fig. 4). 

The identity between the forms of the angular distributiuns with J, (n) 

= 312 devoted to the same nucleus is clear. As examples for the excited 

states having J, (n) = 312 are the ' ~ e  16.922 and 17.64 MeV states, they are 
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identical in the forward direction (6" - 85") and the positions of maxima and 

minima are the same in both cases. The angular distribution for the 'Be 

19.07 MeV state has the same structure as those for the above two excited 

states and the position of the first maximum in these three distributions of 

' ~ e  with J, (n) = 3/2 is at the same forward angle but it is somewhat broader 

in the case of the higher state. The positions for the other maxima and 

minima in case of the 19.07 MeV state are shifted - (8" - 10") to larger 

angles. The change of the structure for the angular distributions of the three 

312 - states of 8 ~ e  is probably due to the different percentage of their J, (n) = 

312 - component. The change in Q - values for the 8 ~ e  16.922. 17.64 and 

19.07 MeV states can't give such different structures. 

For the reaction 'OB ( 3 ~ e ,  a) 9~ the angular distributions for the g.s. 

and 2.361 MeV states are identical and have the same steepness as in fig. 

(2). The distribution of the 11.7 MeV state is different in form to that of the 

other two low laying excited states. 

The experimental cross - section for the reaction "B ( 3 ~ e ,  a )  'OB is 

measured only in forward direction (eC.M. < 60'). The angular distributions 

for the four 3/2 - excited states gs. ,  1.740, 2.154 and 4.774 MeV are 

identiacl in structure and have the same steepness, the last one is somewhat 

fiat. 

As shown in fig. (2) the experimental angular distributions for the two 

states 4.804 and 8.104 MeV in the reaction 12c ( 3 ~ e ,  a )  are similar in 

form (in forward direction) and that for g. s. is somewhat steeper and due to 

the Q - value dependence there is phase difference between the angular 
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distribution of g.s. and those for the 4.804 and 8.104 MeV states. The 

angular distribution for the "C 8.104 MeV state is completely different to 

the angular distribution for the 112- l l c  state at 2.00 MeV and similar to that 

of it's analogue "B 8.559 MeV state in the 1 2 c  (t, a) "B reaction at nearly 

the same incident energy (33 MeV) (25) .  In the one - step reaction 1 2 c  (e, 

e'p) "B (26. 27) the "B 8.559 MeV state was not populated at all. This 

indicactes that there is no direct transfer between the 1 2 c  g.s. and both of the 

two analogue states the "C 8.104 MeV state and the "B 8.559 MeV state. 

The population of the third 3/2- state in 1 2 c  ( 3 ~ e 7  a )  - and 12c (t, a )  - reaction 

must be due to indirect processes despite the obvious similarity of it's 

angular distribution to that of the direct pick - up 3/2 - states in the final 

nucleus. The "C 8.104 MeV state and it's analogue state in "R are assumed 

to be a p3/2 - hole in the second 0' 12c state at 7.654 MeV (28) which 

confirmed later (26)  and whose structure is outside the lp  - shell. 

The identity in the forward direction is clear between the forms of the 

four angular distributions for the excited states 4.439, 12.71, 15.11 and 

16.106 MeV in the reaction 13C. ( 3 ~ e ,  a) "C as shown in fig. (2). It is also 

clear that the steepness of the angular distributions decreases as the 

excitation energy increases. This also has been found in our case in the 

reactions ' ~ e  ( 3 ~ e 7  a) ,  "B ( 3 ~ e ,  a)  and 12C. ( 3 ~ e ,  a).  

The angular distributions for the 1 3 ~  7.376 and 11.740 MeV states are 

identical in the forward direction (8" - 40"). In the case of the 3.502 MeV 

state of the same nucleus the values of the experimental cross - section in 

the forward direction (0" - 20") is not reported, therefore the form of it's 

angular distribution is different from those of the 7.376 and 1.1.74 MeV 
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states. The 1 3 ~  7.376 MeV (512-1 state is due to knock - out mechanism of a 

neutron from the p3/2 - shell. 

The angular distributions for the 3.948, 7.029 and 13.74 MeV 

states are identical as shown in fig. (2). The 1 4 ~  9.172 and 10.432 MeV 

states are predicted theoretically by Cohen and Kurath as one state (21). The 

new obtained angular distribution is similar in structure to that of the states 

3.948, 7.029 and 13.74 MeV but the position of the first minimum in it 

shifted - 4" ti smaller angle in comparison with it's position in the 7.029 and 

13.74 MeV states. A peak is formed at OC.M. = 70" in the (9.172 + 10.432) 

MeV state, which formed at €Ic.,. = (80" - 85") in the other 312 - states of 

1 4 ~ .  A characteristic minimum is formed in these four 3R - states at BC.M, = 

(57" - 70"). The odd behaviour for the (9.172 + 10.432) MeV state is 

unknown. 

C) The states with J, (n) = 5/2 or 7/2 : 

The experimental angular distributions for the "C 4.319, 6.478 and 

8.42 MeV states are plotted in fig. (3). Such states with J, (n) = 512 or 712 

are p - shell forbidden in the reaction '*c ( 3 ~ e ,  a) "c, they are very weak 

states. The two angular distributions belonging to the two 512 - states at 

4.319, and 8.420 MeV are dissimilar in form. Coupled channels - and / or 

coupled reactions channels calculations for the cross - sections of the "C 

4.3 19, 6.478 and 8.420 MeV states in 12c ( 3 ~ e ,  a) - reaction (I8) and for 

their analogue states at 4.445 and 6.743 MeV in 12c (t, a) - reaction at 

nearly the same incident energy (25)  and also the experimental data for the 
12 one - step reaction C (e, e'p) (29) indecate that the 512- and 712- states in the 
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nuclei "C and "B in the ( 3 ~ e ,  a) and (t, a)  reactions on 12c populated 

perdominantly by two - step process. 

J - DEPENDENCE FOR THE ( 3 ~ e ,  a) - ANGULAR 
DISTRIBUTIONS 

The experimental angular distributions fos the states with JLr (n) = 112 

or 312 in the ( 3 ~ e .  a) - reactions are plotted in figures ( 5 )  and (6) in groups 

according to their form. The form of the angular distribution depends on the 

incident energy ('9 and in comparison wit'n otner one - nucleon - transfer 

reactions it depends on reaction type, on the transfened orbital angular 

momentum Ltr and on the predominant component of the transferred total 

angular momentum Jtr and it's percentage. We compare the forms of 

experimental angu1a.s distributions for different excited states in both figures 

to show the J - dependence between them. 

In fig. ( 5 )  we have three groups of states (A. B and C) with a 

predominant component of Jtr (n) = 112. The angular distributions of each 

group have the same form in the indicated angular range. The group (A) 

contains the angular distributions for the ''6 0.7 18 and 5.164 MeV states. 

The group (B) contains those for the ''% g s .  and 2.313 MeV states, the Q - 

values for these two states have a difference of - 2.0 MeV, this difference 

has no large effect in the form of the angular distribution. The percentage 

for the transferred total angular momentum of the g.s. and 2.313 MeV statcs 

are very high and nearly equal to each other. The goup (C) contains those 

for the states 'C 2.00 MeV, '?N g.s. and the "C g . ~ . ,  their percentage for 
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the component of the I, (n) = 1/2 are very high (100%) and iheir Q - vah& 

are different. This classification of states in groups is independent on the Q'- 

value specially in the last group (C). , . e '  i . ; , . ,  

i : t i 1  . 
Fig. (6) has four groups of angular distributions with a predominant 

- 

1 s .  ,,a;- <> '  

component for the J, (n) = 312. Each group also has it's speck  form in the 
8 '  

indicated angular range. The group (A) contains the angular distributions for 
- 7  

the 8 ~ e  16.922 and 17.64 MeV states, which have nearly the same Q valke. 
... . ' 

In spite of their different percentage they have the same form showing a J - 

dependence behveen them. 
" 1 . 1 1 ,  ,, , 1 , 

In group (B) in the same figure presented the angul& distrib&ons for 
c . . :  5 7 .<!. 

the five excited states 9~ (g-s. and 2.361 MeV), ''B (g.s. and 1.740 MeV) 

and I2c (4.439 MeV), their Q - values are respectively 12.143, 9.782, 
< .  

7.1225, 7.382 and 1 1.193 MeV. The percentage for the component of Jtr (n) 

= 312 for these excited states are very high (- 100%). Owing to the nearly 

equal values for the Q - values (only exception is the value of the 'OB 1.740 

MeV state) and the equal percentage for Jfr (n) = 3/2 for these five states, - 
they have the same form of angular distributions. 

The group (C) contains the four states ''c (g.~.), 1 4 ~  (3.948,7.029 and 

13.74 MeV), they have the Q - values 1.857, 5.797, 2.716 and -3.995 MeV 

respectively. The percentage of the component of J, (n) = 3/2 for these 

states are very high' (100%). and approxximately equal to each other. The 

experimental angular distributions for these four states have the same form 

in spite of their different Q - values. 

The group (D) in fig. (6) contains the angular distributions for the 
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states 'OB (2.154 MeV), 12c (12.71, 15.1 1 and 16.106 MeV) and 1 3 ~  (7.376 

and 11.74 MeV). Five states in this group have percentage of - 100% for the 

component of J, (n) = 312. The ')N 7.376 MeV state is excited via a knock - 

out of a neutron from the p3/2 - shell and it's angular distribution is similar 

to that for the other states excited via simple picked - up neutron from the 

p3/2 - shell (figs. 2 and 6D). In spite of the mutuality between the Q - values 

of the states presented in the group (D), the corresponding angular 

distributions show a clear J - dependence as in figure. 

The explanation for the groups of states have the same predominant 

component of the J, (n) in figs. (5)  and (6) is that a definite component for 

the transferred total angular momentum represents a certain wave function 

for the u-ansfelred particle, which leads to a certain final state@) for the 

residual nucleus with a fixed excitation energy, spin and nuclear radius. The 

variation of the nuclear radius and / or the variation of the percentatge for 

the predominant component of Jtr (n) from state to another in a nucleus is 

probably the reason for the groups of states. This means the J - dependence 

between a group of states is probably due to one of these two factors or to a 

combination between them or probably due to the similarity of the structures 

for the states contained in each group. 

THE RATIOS OF THE EXPERIMENTAL 

CROSS-SECTIONS 

In this section we use the Fulmer - Daehnick method (3) to compare 

the cross section - ratio curves for the ( 3 ~ e ,  a) - reaction on l p  - shell nuclei. 
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This method usually used for the transitions have the same transferred 

orbital angular momentum L, to accentuate the similarities and differences 

among their experimental angular distributions as a second method to 

showing the 3 - dependence ( " 14* 24). It is an important method to 

determining, correcting or fixing the spins of the final excited states of a 

nucleus. 

In fig. (7a) we have plotted the curves for the experimental ratios 

~ ( 3 1 2 )  / ~(112)  versus the laboratory angle for the excited states in the 

reaction 9 ~ e  ( 3 ~ e ,  a) 'Be. The notation R (315) for example means the ratio 

of the reaction cross - section for the state number 3 (Ex = 16.922 MeV in 

table 1) to that of the state number 5 (Ex = 18.150 MeV) of the residual 

nucleus 8 ~ e .  The first two curves R (315) and R (415) are for the two states 

16.922 and 17.64 MeV to that of the 18.15 MeV state. Both curves are 

identical and do not show a smooth behaviour but display clear strong 

oscillations and they have maxima at = 14", 24" and 44". The third 

curve R (615) for the 3/2 - state 19.07 MeV has a different form and the 

positions of the maxima are at = 21°, 43" and 59". T h ~ s  means the 

structures, mechanisms and fvrms of angular distributions for the two 8 ~ e  

312 - states at 16.922 and 17.64 MeV are similar and those of the 19.07 MeV 

state are different. This can also be shown in fig. (7b) where the two curves 

R (314) and R (6/4) as the ~(312) / ~(312) - ratios for the 16.922 and 19.07 

MeV states to that of the 17.64 MeV state is plotted. The curve R (314) at 

the top of this figure for the 16.922 MeV state shows a smooth ratio and that 

at the bottom for R (614) shows strong structure. The differences in Q - 

values are not sufficient to explain the J - dependence in the case of the 
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16.922 and 17.64 MeV states. The curves in fig. (7a) and that at the top of 

fig. (7b) show that, both of the two states at 16.922 and 17.64 MeV have the 

same structure, the same mechanism and the same form of angular 

distribution and those of the 19.07 MeV state are completely different. 

Therefore the 8 ~ e  16.922 and 17.64 MeV states show J - dependence as in 

fig. (6a). 

For the reaction 'OB ( 3 ~ e ,  a) fig. (8) presents the curve R (110) as the 

ratio ~(312) / ~(312) for the 2.361 MeV state to that of the g.s. which is a 

smooth ratio. This means the structure, mechanism and the form of the 

experimental angular distributions for both the 'B g.s. and 2.361 MeV states 

are similar, this is enough to show J - dependence between them (see fig. 

6B). 

The experimental cross - section for the reaction ''B a ~ e ,  a) is 

measured only in the forward direction (9" < f3C.M. < 60"). The curves R 

(0/1), R (2/1), R (3/1) and R (511) are plotted in fig. (9a) as the ~(312) / 

~(112) - ratios for the gs., 1.74, 2.154 and 4.774 MeV states to that of the 

0.718 MeV state. The first pair of curves R (011) and R (2/1) have three 

maxima at Qlab. = 9'' 18O and 25" and they are identical to each other. The 

other pair of curves R (3/1) and R (511) are different from each other and 

they are also different from that for the previous pair of curves. ~ h & e  is 

some similarity of the curve R (311) to both the curves of the first pair. The 

curve R (511) has a different form and has strong oscillationc. This is alw 

clear in the curves R (ZIO), R (3/0) and R (510) as the o (312) 1 o (312) - ratios 

for the 1.74, 2.154 and 4.774 MeV states to that of the g.s. as in fig. (9b), 

where the curves R (210) and R ( 310) are smooth and similar and that of 
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R(510) has another form especially for q,,. > 30". This means that the 

structure, mechanism and form of angular distributions for the g.s. and 1.74 

MeV states are similar and those for the 2.154 MeV state are somewhat 

different from those of the g.s. and 1.74 MeV states. The 4.774 MeV state is 

different in form and structure from the other 312 - states. In fig. (9c) the 

curves R (411) and R (611) are plotted as the CJ (112) 1 o (112) - ratios for the 

3.587 and 5.164 MeV states to that of the 0.718 MeV state. The curve R 

(411) appears to be more complex than the curve R (611). This means the 

0.7 18 and 5.164 MeV states are similar in structure, mechanism and form of 

angular distributions while those of the 3.587 MeV state are different. 

Therefore a J - dependence is clear between the two 312 - states g.s. and 1.74 

MeV (see fig. 6b) and also between the two 112 - states 0.718 and 5.164 

MeV (see fig. 5a). 

As we have mentioned earlier, the forms of the experiniental angular 

distributions for the two 312 - states 4.804 and 8.104 MeV in the reaction 

12c ( 3 ~ e ,  a) are similar (specially in forward direction) and different from 

that of g.s. . The forms of the three curves R (Oll), R (311) and R (511) as the 

~ ( 3 1 2 )  / ~(112) - ratios for the three states g.s., 4.804 and 8,104 MeV to that 

of the 2.00 MeV state are different in form as shown in fig. (10a). The 

distinctions of these ratio - curves means that the structures and mechanisms 

of these three 312 - states are different. This can also be exact established by 

plotting the curves R (310) and R (510) as the ~(312) / ~(312) - ratios for the 

4.804 and 5.104 MeV states to that of the g.s. as in fig. (lob). Thest: two 

curves have different forms which leads to the same previous result. The 

mechanism and structure of the 8.104 MeV state are confirmed 
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experimentally and theoretically (26 - '*). According to this, the population of 

the third 312- state in "C and "B in the two reactions ' 'c$~e,a)  and 12c(t,a) 

is due to indirect processes which is in agreement with our results. 

In fig. (10c) we have plotted the curves R (412) and R (6/2) as the two 

ratios ~(712) / ~(512) and ~(512) / ~(512) for the 6.478 and 8.420 MeV states 

respectively to that of the 4.319 MeV state. These curves have different 

forms and while their angular distributions sepecially those belonging to the 

two 5/2 - states are dissimilar in form, this leads to the conclusion that the 

above three states have different structures and mechanisms different from 

the direct one. These three excited states in llc are populated predominantly 

in the 'k c ~ H ~ ,  a) - reaction by two - step processes ( 18, 25, 29 [see 3 (~11, 
which is also in agreement with our results. 

The different structures and mechanisms for the 3/2- states g.s., 4.804 

and 8.104 MeV and the excitation of the p - shell - forbidden (5/2' or 712') 

states 4.319, 6.478 and 8.42 MeV in the reaction "C ( 3 ~ e ,  a)  make the 

mechanism of this reaction and the structure of the residual nucleus "C 

difficult to understand. This leads to the conclusion, 3 - dependence between 

the experimental angular distributions of the "C - nucleus states is 

impossible. 

In the reaction 13c c 3 ~ e ,  a) the excited states 4.439, 12.71, 15.1 1 and 

16.106 MeV have J, (n) = 3/2 and fig. (1 la) presents the curves R (LIO), R 

(3/0), r (4/0) and R (5/0) as their ~(312) / 0(1/2) - ratios to that of the g.s. . 

The curves R (3/0), R (410) and R (510) are similar and have strong peaks at 

81,b. = 50". This becomes clear when the curves R (413) and R (513) as the 
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0(3/2) / ~(312)  - ratios for the 15.11 and 16.106 MeV states to that of the 

12.7 1 MeV state are plotted as in fig. (1 lb) which very slowly. The curve 

R(1/0) at the top of fig. ( l l a )  has a strong peak with a broader top at 

Olab.=46". The strong peaks in the curves in fig. (1 la) correspond to the fast 

fall of the cross - section values of the g.s. for 35" < OC.M. < 60°. This means 

that the 12c 12.7 1, 15.11 and 16.106 MeV states have the same structure, the 

same mechanism and their angular distributions are similar, while the 4.439 

MeV state is different in structure, in mechanism and in form of angular 

distribution (fig. 6). 

Fig. (1 lc) presents the curve R (2 / 0) as 0(1/2) / 0(1/2) - ratio for the 

7.654 MeV state to that of g.s., it is clear that this is a complex curve, which 

means the structures and mechanisms for both the two 1/2- states are 

different (fig. 1). It is not clear to which theoretical state the "C 7.654 MeV 

state in 13c e ~ e ,  a) - reaction should correspond, since the second 0' state 

of 12c predicted theoretically (21) is at 13.467 MeV. This indicates that this 

state is not a l p  - shell state and probably has a non - direct mechanism. 

The angular distributions for the 112 - states gs.  and 2.313 MeV in 1 4 ~  

(fig. 1) are similar and those for the 312 - states 3.948,7.029 and 13.74 MeV 

(fig. 2) are also similar. Fig. (12a) presents the curves R (2/0), R (3/0), R 

(6/0) and R (1 8/0) as the ~(312) / ~~(112) - ratios for the 3.948,7.029, (9172 + 

10.432) and 13.74 MeV states to that of the g.s. . There is a striking 

similarity between these four oscillatory curves, they have strong peaks at 

'lab. 
= 35" and two minima at el,,. = 15" and 52". The identity between the 

forms of the angular distributions and structures for these 3/2 - states can be 

exactly understand using fig. (12b). The curves R (3/2), R (6/2) and R (1812) 



Experimental Evidences for J-Dependence i n - t ~ e , c l )  -Reatdons on Ip - Shell Nuclei 

are the* ~(312) 1 ~(312)' - ratios for the 7.029, (9.127 + 10.432) and 13.74 

MeV states to that of the 3.948 MeV state. These threePcurVes haire sm&oth 

ratios. Accordingly the 'J -:d@endence and the similarity of the strhctures 

and mechanisms f o ~  the 3.9.48, 7.029, (9.127 + 10.432) and'13.74 MeV 

states are clear. Owing to the odd behaviours fo the (9.127 + 10.432) MeV 

state it is  omit in the J - dependence between these states (fig. 6c). Fig. (1 2c) 

showSethe cuiZre R (ID) as the 0(1/2) / 0(1/2) - ratio of the 2.313 MeV state 

to that of the'g.~., which is a smooth curve. This means that the two 1/2 - 

states g.s. and 2.313 MeV are similar in structure and mechanism and have 

similar angular distributions and they show J - dependence (see fig.. 5b). 

- In the case of the reaction ' 4 ~  ( 3 ~ e ,  a) the experimental data for the 

cross - section is not enough to obtain such ratio curves of the excited states 

ofsthe nucleus 1 3 ~ .  

CONCLUSION 

The experimental data for the reaction ( 3 ~ e ,  a) on the l p  - shell nuclei 

at E ( 3 ~ e )  - 31 MeV are used to study the J - dependence phenomenon. 

According to the results of the two methods used in present work, the most 

excited states in this reaction have direct pick - up mechanisms, which are in 

good agreement with what previously predicted theoretically and found 

experimentally. . . The 'C 4,319, 6.478 and 8.42 MeV states populated via 

two - step processes while the mechanism for the 'C 8.104. MeV state is 

indirect pracess despite the obvious similarity of it's angular distribution to 

the other directly fed Ltr = 1 states. Theoretical calculations (28) show that 
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the last state is a p 312 - hole in the second 0' 12c state at 7.654 MeV which 

confirmed later experimentally, the structure of this state is outside the l p  - 

shell. Also the 'k! 7.654 MeV state is not a l p  - shell state. The 1 3 ~  7.376 

MeV state in the 1 4 ~  ( 3 ~ e ,  a )  - reaction results with a knock - out 

mechanism for the neutron from the l p  312 - shell. These six excited states 

are exceptions of the direct pick - up mechanism in ( 3 ~ e ,  a )  - reation on l p  - 

shell nuclei. Therefore they didn't predicted by Cohen - Kurath calculations 

for the coefficients of fractional parentage (CFP) of one - particle transfer 

reactions ('I). 

As an explanation for the groups of states having the same component 

of the transfen-ed total angular momentum is that a definite component for 

the transfessed total angular momentum represents a certain wave function 

for the transfelled particle, which leads to a certain final state(s) for the 

residual nucleus with a fixed excitation energy, spin and nuclear radius. The 

groups of states in figs. ( 5 )  and (6) ase probably due to the aependence of 

the expeiimental angular distributions's form on the nuclear radii and / or on 

the percentage for the predominant component of the transferred total 

angular momentum (J,,) of states in each group. A good combination 

between the. nuclear radius and the percentage of the predominant 

component of Jtr for each excited state in a group of states is essential to 

show J - dependence between it's members. It is probable also that such 

groups (or the J - dependence phenomenon) ase due to the similarity of the 

structures for the states in each group. 
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Table (1) 

The percentage for the predominant component, the calculated excitation 

energies Ex (cal. of the natural parity excited stater for the lp-shell 

nuclei according to the calculations oE the shell-model " and the 

corresponding Q-values. 

- 
I J: : T;'( ~ e r c e n - 1  J~~ 

11 

I tage.  Compo 
nenr 

Q- 

v a l u e  

1.991 

1 . 2 7 3  

0 . 7 6 3  

- 0 . 1 5 7  

1 2 . 1 4 3  

9 . 7 8 2  

0 . 4 4 3  

------- 
9 . 1 2 3  

8 . 4 0 4  

7 . 3 8 2  

6 . 9 6 8  

5 . 5 3 5  

4 .  I49 

3 . 9 5 9  
- - - - - - - 

1 . 8 5 7  

- 0 . 1 4 3  

- 2 . 4 6 2  

- 2 . 9 4 8  

- 1 . 6 2 2  

- 6 . 2 4 8  

- 6 . 5 6 3  

------- 
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T a b l e  ( 1 )  C o n t .  

5 

15 .632  0.000 ' 

11 .193  4 . 6 4 8  

7 .978  ---- 

- 

.-- 

0  

1 

2  

3  

4  

5  
--- 

a )  These t h r e e  e x c i t e d  S t a t e s  a r e  l p - s h e l l  f o r b i d d e n  i n  t h i s  r e a c t i o n  

a n d  e x c i t e d  v i a  t w o - s t e p  p r o c e s s e s  . 
b l  T h i s  e x c i t e d  s t a t e  i s  e x c i t e d  v l a  i n d i r e c t  mechan ism . 
cl T h l s  e x c l t e d  s t a t e  i s  n o t  a  l p - s h e l l  s t a t e .  

d )  T h i s  e x c i t e d  s t a t e  i s  e x c i t e d  v l a  k n o c k - o u t  o f  a n e u t r o n  f r o m  t h e  

p 3 / 2 - s h e l l  '' . 

9.. . 
4 .439  

7 . 6 5 4 C  

1 2 . 7 1 0  

1 5 . 1 1  

16.106 

o+ : 0  

2+ r o 
0' ; 0  

lt ; 0  

lt ; 1 

2+ ; 1 
--------4-*-1---------. 

0  1 9.6. 

1 3.502  

i 7 . 3 7 6 d  

I 8  1 1 1 . 7 4  
.--------------------------. 
. 1 

0  j 'I... 

1 ] 2 .313  

2  ; 3.948 

3  1 7 . 0 2 9  

' 9 .172  
6 ,  + 

1 0 . 4 3 2  
1 

r a  ; 1 3 . 7 4  

112- ; 1 1 2  

312- ; 1 1 2  

5/2- : 

312- ; 1 1 2  

1+ : 0  

O +  : 1 

l+ : 0 

2+ ; 0  

2+  ; 1 

2+ ; 1 

1+ : 1 
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FIGURE CAPTION 

Fig. (1): Experimental ( 3 ~ e ,  a) angular distributions for the 1R-states (I5-'?. 

[The incedent energies for the 3 ~ e  - projectile in the ( ? ~ e ,  a) - 
11 12 reactions on 9 ~ e ,  'OB, B, C, 13c, 1 4 ~  and '% nuclei are 

respectively 26.7, 33.7, 33.0, 35.65, 27.3, 25.4 and 39.8 Mev. The 

uncertainly of the cross - section is taken for all states to be +lo%. 

The solid curves smoothly connect the experimental points, this 

valid also for figures 2 - 61. 

15-19 Fig. (2): Experimental ( ? ~ e , a )  angular distributions for the 312-states ( ). 

See the caption of fig. (1). 

Fig. (3): Experimental ( 3 ~ e ,  a) angular distributions for the (512 or 7/2) - 

states (I8). See the caption of fig. (1). 

Fig. (4): Comparison of the angular distributions of a state with J, (n) = 1/2 

with another has Jtr (n) = 3/2 both have the same percentage or 

very nearly to show the differences between the forms of both 

curves. See the caption of fig. (1). 

Fig. (5): The J - dependence for the 112 - states in the ( 3 ~ e ,  a) - nuclear 

reactions on lp - shell nuclei. They are plotted in the groups A, B 

and C according to their form. See the caption of fig. (1). 

Fig. (6): The J - dependence for the 312 - states in the ( 3 ~ e ,  a) - nuclear 

reactions on lp  - shell nuclei.   he^ are plotted in the groups A, B, 

C and D according to their form. See the caption of fig. (1). 
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Fig. (7): Experimental ratios of the reaction cross - sections: 

a) for the 312 - states 16.922, 17.64 and 19.07 MeV (states 3,4 and 

6 in table 1) to that of the 112 - state at 18.15 MeV (state 

number 5) of the nucleus ' ~ e .  

b) for the 312 - states 16.922 and 19.07 MeV (states 3 and 6 in 

table 1) to that of the 312 - state 17.64 MeV (state number 4) of 

the nucleus * ~ e .  The uncertainty of the ratios is taken to be 

f 10% and in figures (8 - 12) is also the same as in this one. 

Fig. (8): Experimental ratios of the reaction cross - section for the state 

2.361 MeV to that of the g.s. both with J, (n) = 312 in the nucleus 

'B. See the caption of figure (7). 

Fig. (9): Experimental ratios of the reaction cross - sections: 

a) for the 3/2 - states g.s. 1.74, 2.154 and 4.774 MeV (states 0, 2, 3 

and 5 in table 1) to that of the 112 - state at 0.718 MeV (state 

number 1) of the nucleus 'OB. 

b) for the 312 states 1.74,2.154 and 4.774 MeV (states 2, 3 and 5 )  

to that of the 312 - state g.s. (state number 0) of the nucleus '%. 

c) for the 112 - states 3.587 and 5.164 MeV (states 4 and 6) to that 

of the 112 state 0.718 MeV (state number 1) of the nucleus '%. 
See the caption of fig. (7). 



Fig. (10): Experimental ratios of the reaction cross - sections: 

a) for the 312 - states g.s., 4.804 and 8.104 MeV (states 0, 3 and 5 

in table 1) to that of the 112 - state at 2.00 MeV (state number 

1) of the nucleus "c. 

b) for the 312 - states 4.804 and 8.104 MeV (states 3 and 5) to that 

of the 312 - state g.s. (state number 0) of the nucleus "c. 

cj for the states 6.478 and 8.420 MeV (states 4 and 6) with J, (n) = 

712 and 512 respectively to that of the 512 - state 4.319 MeV of 

the nucleus "C [all these three states have L, (n) = 31. See the 

caption of fig. (7). 

Fig. (11): Experimental ratios of the reaction cross - sections: 

a) for the 312 - states 4.439, 12.7 10, 15.11 and 16.106 MeV (states 

1, 3, 4 and table 1) to that of the 1/2 - state g.s. (state number 0) 

of the nucleus 12c. 

b) for the 3/2 - states 15.11 and 16.106 MeV (states 4 and 5) to 

that of the 312 - state 12.71 MeV (state number 3) of the 

nucleus 12c. 

c) for the 1/2 - state 7.654 MeV (state number 2) to that of the 112- 

state g.s. (state number 0) of the nucleus 12c. See the caption of 

fig. (7). 
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Fig. (12): Experimental ratios of the reaction cross - sections: 

a) for the 312 - states 3.945, 7.029, (9.172 + 10.432) and 13.74 

MeV (states 2, 3, 6 and 18 in table 1) to that of the 1/2 - state 

g.s. (state number 0) of the nucleus 1 4 ~ .  

b) for the 3/2 - states 7.029, (9.172 + 10.432) and 13.74 MeV 

(states 3, 6 and 18) to that of the 3/2 - state 3.945 MeV (state 

number 2) of the nucleus 1 4 ~ .  

c) for the 112 - state 2.313 MeV (state number 1) to that of the 1!2- 

state g.s. (state number 0) of the nucleus 1 4 ~ .  See the caption of 

fig. (7). 
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Fig. 1 
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Fig. 4 
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Fig. 12 


