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The ' NlCp.d) reactions were studied at 40 HeV. A very pronounced 

J-dependcncs effect was observed Tor the £= 3 transi Linns. Spins and 

parities are assigned to levels of Ni which include Lv-o 1/2"* stut.ua. 

Spectroscopic factors extracted from uua.\ analysis arc compared to shuil 

modei predictions. 
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A typical spectrum, as recorded with nuclear emulsion, Is shown 
in fig. 1, The angular distributions, mcasuied from 4" to 34" are shown 
in figs 2 and 3o-b. The uncertainty in the absolutu cross section obtained 
In measuring the target thickness, the spectrograph solid angle, and [he 
collected charge is estimated to be about 15 %. 

III. ANALYSIS OF EXPERIMENTAI. JUIOIUR DISTRIBUTIONS 

For the Kl(pjd) reaction, the value of the orbital angular 
«omentum S for each transition is unique, snd thus can be determined direc
tly from comparison with the angular distribution of lou-lylng states with 
known spin and parity, The distorted wave Born approximation (DWBA) calcu
lations* nade with the DUUCK II Code , provide the spectroscopic factors 
S<. according to the formula, 

°™m

 2- 2» c s. 

where C la an isospin coupling coefficient and Is equal to unity for all 
cases considered here. For the Ni(p,d) reaction, the spin and parity 
selection rules are less restrictive, and In nest cases two values of Â 

can contribute to the sane transition (table I).A least-square fitting 
procedure was thus necessary to determine the relative reduced strength 
of each l-value Involved. This method was also applied for non-resolved 
transitions-in the Ni(p,d) reaction, Since the DHBA calculations do not 
reproduce exactly the experimental angular distributions for pure transi
tions, the values of the spectroscopic factors obtained with the latter 
procedure were thus less certain. 

Finite-range and non-local corrections were included using 
the standard non-locality parameters <0.85 .fm for the proton, 0.54 fm 
for the deuteron) and a finite range parameter of 0.69 fm. The neutron 



compared with previous data jn labl«- III. Spins and parities ucrc assigned 

to several levelu in Hi, which include two yet unreported 1/2 states 

located at 5.589 and 5.697 KcV excitation energy. A pronounced j-dependence 

in the shape of the angular distribution Tor X = 3 transfers V.ÛS o!>s«rvod 

in both ' Ni(p.d) reactions and fa discussed in detail elsewhere . The 

7/2" assignment was based on this ^-dependence effect. 

Jt-0 transirions 
Three *•* 0 transfers leading to levels at 3.066, 5.589 and 

msre identified. The experimental angular distribu

tions were consistent with the DWBA analysis although they do not show 

such deep minima as predicted by the calculation. Thu last two transitions 

have cot been reported previously. The relatively strong excitation and 

the energy positions of the two relevant final states suggest a Bimpie 

2a... neutron pickup. A -t" 0 transfer leading to the state at 3.07 MeV of 

6 1 K I haa already been reported -In 6 0Nl(d,p) 6 1Ni experiment1'3 with a 

spectroscopic factor of 0.07. Since the 2Sj,_ orbit is very lfltely full In 

the ground state of Ni, the excitation of this state in both (p,d) and 

(d,p) reactions reveals a more complex nuclear structure, e.g. its wave-

function nay contain a small V , component. 

i.Â. 1 transitions 

The experimental angular distributions were quite well reproduced 

by 'the M B A calculation. Since no evidence of j-dependence effects have been 

observed tor X • 1 transfers} the spin values of the final states were taken 

fro» the literature. There is soœ controversy concerning tbe states at 1.10 
1*2 

and 1.73 HeV"for which Che assignments l/2~ and 3/2" have been "proposed ' . 

3. X » 3 transitions 

Figure 4 shows ten •*= 3 transitions observed in the ' Ni(p,d) 

réactions, The>solid and dashed lines represent, respectively, smooth cur** 

ve* drawn through the data of the 5/2*, 0.067 MeV state and the 7/2", 3.30 

MeV state of Hi. The difference in shape between the angular distributions 

, transitions is clearly exhibited. The experimental data . 



for ï.in transfer arc nicely reproduced by the conventional DUBA calcula

tions but there is an angular shift of about 4* between the experimental 

angular distribution fur f ., transfer and the DUBA prediction*. (Fig. 2). 

The spin and parity 7/2" can be attributed to the levels et 2.01, 3.31, 

3.94 and 4,59 MeV and also to the level at 2.47 neV fox which the 5/2" 

assignment has been suggested previously. The present data also confins 

the 5/2" assignment for the l«-vel at 1.61 HeV and 7/2" for the level at 

4.95 MeV. 

The experimental angulrr distributions are presented In figs. 

3a-b, and the extracted spectroscopic factors are compared witfa previous 

data in table IV. Besides two X *= 4 transitions, all the other measured 

experimental angular distributions were essentially consistent witfa an 

orbital angular momentum X* 1 or -£• 3 or a mixture of the two. In 

contrast with the Ni(p,d) Ni reaction, no X.» 0 transfer has baen 

Identified. This reaction provides mainly the parity of. the final.states 

but gives relatively little information on the spin values of the tele-

vent energy levels. Thus, the spins from 1 to 4 are all possible for the 

levels at 4.112, 4.355, 4.539, 4.607, 5.307, 5.381, 6.194» 6.545, 6.605 

and 6.624 MeV since they are excited by either a transfer *C» 3 

-.- a mixture of £a 1 and 3. 

However, since the spin and parity values for the low-lying 

levels of Hi are well known from other experiments ~ , it is of inte

rest to point out the following salient features of the experimental 

data. 

1. Although several orbits can contribute to the excitation of the same ' 

final state, we find that some transitions involve only one value, of Z. % 

It can be noticed that the two neighbouring 2 +

t (1.332 MeV) and 2* (2.159 MeV)/ 

states were excited the former by an >t= 1 transfer and the latter.by 4 

an J!" 3 transfer. This selection is not a consequence of the angular L 

nsomantum coupling rules but is very likely due to the nuclear structure \ 

of those levels, %• 

% 
2, The nuclear structure effect is even more remarkable for the transi- • 
tion leading to the 2 +

1 (2.159 MeV), 4 +

L (2.506 MeV) and 3 +. (2.626 MeVi. " 
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Table IV 
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TaHc V 

"m 

Es (HcV) Pick-up 
100 s S 

J EXD. D4 D3 Lra, <•) ») p , d ) ( d , t ) 

1/27 0 .283 .2» 0 . 0 8 50 88 16. 51 . 

1/2- < l . l o ) 1 .19 0 . 8 1 11 26 5 .7 16 . 

1 / 2 3 2.12 2 .32 1 .93 2 S 0 . 0 . 

1/2^ 2 .64 2 .54 0. 0 . 

3/2J 5 0 . 6 8 5 0 . 9 0 50. 74 LSO 277 252 . 256 . 

3/2j 0 .656 1 .25 0 . 7 8 9 18 . 1 .1 10 .5 

3/2; 1 . 1 9 1 .77 1 .31 25 34 1.7 4 . 6 

3/2^ 1 .73 2 . 3 3 1 . 8 3 6 8 0.O3 0 .7 

S/2^ 0 . 0 6 7 0 .09 0 . 0 1 Î50 259 217 . 2 5 1 . 

S/2j 0.909 1 .42 1 .01 8 3 .5 7. 

.5/2; 1 . 1 3 1 .7S 1 .12 18 0 . 1 1 .6 

S/2; 1 . 6 1 1 1 .98 1 .50 13 0 .9 1 .2 

.•«î 2.im 2 . 2 4 25 72 4 8 . 

• < 3 . 4 3 0 . 5 

s) réf. 21 
b) réf . 19 



Fig. 1 Dcutcron bjî ctruca frvm lite Ki(|>,ri) Ni reaction. 

FJK- 2 AnyuUr distributions measurutl frnn O.c Ni(p,d) HI reaction 

compared with WïiA predictions. The excitation energy is in Mt»V. 

Fig. 3a-b Aiigul,-.r distributions ncasoreti from I lie Kltp.d)' Ni reaction* 

The solid lines arc the CUBA predictions. The dashed and the 

the dashed-dortcd line;. -uprcnent, respectively, pure£ = 1 

end /•» 3 transitions. The excitation energy is jn keV. 

Fig. 4 Experimental 1° 3 angular distribution observed In ' Ni(p,d) 

reactions. The solid and dashed lines are, respectivsly, smooth 

curves drawn though the experimental data points of the known 

I f 5/2 and £7/2 transfer to the levels at 0.07 and 3.30 heV of 
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