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ABSTRACT 
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A study of the ground state coupling rules in odd-odd nuclei 

reveals that in almost all cases where Nordheim's weak rule is applicable 

both particles have spin and orbital angular momentum parallel rather than 

anti-parallel. A semi-classical model is employed to indicate that an 

attractive n-p tensor force will tend to break down Nordheim's weal{ rule. 

Examination of the quantum mechanical formula substantiates this finding. 
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TENSOR-FORCE EFFECTS IN ODD-ODD NUCLEI* 

Neal 0. Newby, Jr. 

Lawrence Radiation Laboratory 
Univer&ity of C<alifornia 

Berkeley, California 

February ZS, 1960 

A recent article has surveyed our present experimental 

and theoretical under•tanding of the ground-state coupling rules 

in odd-odd nuclei. 1 A& summarized there, Gtudiea with zero-

range centl·al forces have yielded a qualitative theoretical 

foundation for Nordheim' & coupling rules (we use the form of these 

rules as given in reference 1). The general feature of the situation 

is that the ground state of an odd-odd nucleus will be that ttta.te 

which maximizes a combination of (a) overlap of the wave functions 

of the two particles and (b) the amount of triplet state in the wave 

function. 

Such a physical picture predicts that in a situation where 

Nordheim's strong rule is applicable 0 1 =1 1 :t i• J2=lz+ i> both (a) 

and (b) can be simultaneously maximized and the ground state will 

be J = i j 1 - j~ • (Calculations with zero-range central forces 

indicate that J = jl - j~ is the lowest in energy and there is a 

considerable gap between it and the next-higher J states) In a case 

where Nordheim's weak rule is applicable (J 1 • 11 ± i• Jz = lz ± i )o 

the situation is not so clear. We now find that (a) and (b) cannot both 

be maximized. Detailed studies with short-range central forces reveal 

• This work was done under the auspices of the U.S. Atomic Energy 
Commission. 
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that in general there will be several J values in close competition 

for the ground. a tate. A decision as to which of these c:ompetina J 

values will be the ground state in any particular nucleus will require 

a more detailed study o! the wave-functions and interactions involved. 

It is the purpose of the present note to ahow that an n•p tensor force 

will act in such a way as to contribute to the breakdown of Nordheim' a 

weak rule. 

One reason that tensor-force effects have been neglected 

in studies of the coupling rules in odd·odd nuclei ie the complexity 

z of the general matrix-element formula. In contraet to central 

forces, the tensor-force matrix-element expreaeion does not 

cont~in a convenient zero-range limit (at zero range, tensor effects 

vanish). Cioing to infinite-range also produces no simplification. 

In an attempt to investigate the qualitative features of the 

tensor-force interaction, a aemi-claaaical (S-C) model bae been 

used. Thia model exploits the similarity under rotations of the 

tensor interaction 

(1) 

and the interaction energy of two magnetic dipoles of magnetic 

moment ~l and ~l' 

• ( 1 F 3 <!!h · !.> <~ 2· !., . l 
V ~r) = - ;J ;L r - ~. ~J . (l) 

If one now examinee the behavior of Eq. (l) with various particle 

distributions, it becomes apparent that a definite statement can be 

made regardina the expectation value of Eq. (1) in cel\t~n quantum· 

mechanical state•. 
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As a.n example, consider the state 

I 1 1 1 1 11 ! J 1 = 11 + "2'' 1l l' J z = 1 z + ! ; 1 = J 1 + J z> 

3 = (L=l1 +lz)J. (3) 

As indicated, this state is also pure in L-5 coupling. In a 

clae sical interpertation we may say that the two particles move 

in the same plane and have their intrinsic spins parallel to ·each 

other and perpendicular to the plane of their orbits (see discussion 

in reference 1). In such a case, the first term of Eq. (Z) ia zero, 

and the average effect is a rai'sing of the energy of the system by 

the interaction. Thus, even though UT(r) ie less than zero 

(as in the deuteron), the tensor-force effect may be to raise the 

energy of a whole class of quantum-mechanical states. This is, 

perhaps, not surprising. The quantum-mecbanic;al coupling 

displayed ln Eq. (3) restricts the particles to move in such a way 

that the interaction (1) is largely repulsive. · (A similar pbyeical 

picture of the probability distribution• can be constructed in the 

case of any n-p configuration that is pure in L-5 coupling. In 

what follows we have only applied the model to such J-j statee.) 

Thls semi-classical i""P>r<kedure should at least give the correct 

sign of the diagonal matrix element and have increasing validity 

for high-angular-momentum quantum numbers. 

In order to investigate the above conclusions, a previously 
. z 

used approximation was employed. This approximation yields an 

exact answer for the tensor-force diagonal matrix element in the 

case o€ a certain long-range force which, however. gives more 
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weight to interactions at large rather than small clietarlcea. The 

s-c model indicates' however' that in certain classes of two-

particle states the sign of the matrix element ia determined by 

the partlc:le coupling and does not depend on details of well 

shapes. 

Use of this approximation procedure substantiated the 

prediction of the S-C model that an attractive tenaor force would 

raise the energy level of any state in class (3). The ability to 

make this statement depends on the fact that the Ilacah coefficients 

in the general matrix-element formula all have a "stretched" 

triangular condition for all states of class (3). Such R.acah 

coefficients are always positive. 

Examination of the tables of coupling schemes for odd-odd 

nuclei reveals several interesting points. 1• 3 In situations where 

the strong rule is applicable, we flnd a total of 5Z cases. The 

strong rule fails in five cases. In two of these five cases we have 

evidence that the tensor interaction playa a vital role. Z. In the 47 

cases where the strong rule holds, the S-C model can be applied 

to 11 case a. In these 11 cases the model indicates that the tensor 

effect may be repulsive in the ground state. Actually the situation 

is not ~lear, for in five of these cases one of the particles is in an 

S state. In the great majority of situations where the strong rule 

bold~, the ground state ia mixed in L-S coupling, and the tensor· 

!orce effect is probably to lower the energy of the level. 



UCRL-9100 

One can make a more definitive statement in the cases 

where the weak rule applies. Out of Z3 cases where the weak 

rule h applicable, we find that ZO cases have J1 = 11 + j, Jz 
1 = lz +I rather than spin and orbital momentum antiparallel for 

both particles. In these ZO cases, the weak rule would predict 

that the ground state should be given by the couplins ln Eq. (S). 

W'e lind that in these cases the weak rule holds nine times and 

fails eleven timee. Our discussion shows that an attractive n•p 

tensor force will ralse euch a state in energy and thus bias againat 

it being the ground state. 

Calculations with zero-range central forces aenerally 

show a competition between J=J1 +Jz and J= lJ1-Jzl for the ground 

state ln a weak-rule situation. A recent study 4 bas shown that 

ln such a coupling situation the observed ground state is often 
I ! 

J = 1J1 • Jzl rather th.an J = J1 + Jz (see abo reference 1). The 

B·C model described here shows that an attractive n-p tensor 

force would produce level ehiftl tending to move J = ~ 1 • j z I 
·downward in energy with reapect to J = J1 + Jz: 


