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TABLE OF ENERGY LEVELS OF ASYMMETRIC EVEN NUCLEI 
WITH BETA-VIBRATION-ROTATION INTERACTION 

by 

Paul P . Day, E rnes t D. Klema, and Carlos A. Mallmann 

Davy do v and Chaban(l) have extended the work of Davydov and 
Filippovl^/ on the collective excited s tates of asymmet r ic even nuclei by 
including the be ta -v ibra t ion- ro ta t ion interact ion in an exact manner . 

We have computed the energy levels predicted by Davydov and 
Chaban's model so that one can corapare the theoret ical predictions with 
exper imental r e su l t s . The energies in units of hCDo are given by 

- (., .1)71 . f (^J -K(J) + i (^[ CK(J) ̂ ^ (I) 

where 

[1 is the "nonadiabaticity" pa rame te r , which can take values 
between 0 and 1; 

e-^{j) is the energy in units of 'h^/4B^^ of the K ^ spin J level of 
a hydrodynamical a symmet r i c rotor.(2) It is a function of 
7 , the "nonaxiality" parameter , (2) which var ies between 0° 
and 30°. Tables of these functions have been computed by 
Moore et al.;(^) 

p is a p a r a m e t e r re la ted to jU and Cj^{j) by the relat ion 

(P-I)P^ = 7 eK(J)M^' w i t h p > l ; (2) 

V£ is a quantum number (in general not an integer) which is the 
i t i l root (the f i r s t being the smal les t one) of the following 
t ranscendenta l equation 

1 Nt /.. -A / .. \ t 

(3) 

with Ml = I r ^ 3£K(J)M^T I • (^) 

\l 2p̂  \J 

and r(x) is a gamnaa function. 



3 

We have also computed the following rat ios of energies 

^Ki ( J ) - E , , ^ ( Z ) _ E , , ^ ( 0 ) (^) 

because these a r e the ones that can easily be compared with experimental 
r e su l t s . 

The computations were c a r r i e d out with an IBM-650 computer. 
Given a value of jU and C}<i{J), the values of p and [J-i were obtained by means 
of equations (2) and (4), respect ively. Then the t ranscendental equation (3) 
was solved by computing H^n for {v£)o - -0.001 and (v^) = (^i)o + O.ln for 
n = 1, 2, ... until Hy n changed in sign, and then Newton's method was used 
to find the root. Each Hy n function was computed with a number of t e r m s , 
t = T^, such that the t e r m t = T^ + 1 changed H^^ by less than 1 par t in 10 . 
Before start ing to ask for this c r i t e r ion , the function Hy^ was computed 
with a number of t e r m s , T, such that the contribution to Hypoi further t e r m s 
T + 1, T + 2, ... was monotonically decreasing. A value of V£ was called a 
"root" when | H ^ , | was l ess than 10" . Having found v^, which is always such 
that Vi>0, the next root of H^ was looked for by start ing the same process 
at V£ = Vj + 0.98 (because V£+i > l^i + 1). This p rocess could be repeated, 
and so any number of roots can be calculated. During the f i rs t calculations 
we learned that v^ = 0, 1, 2, ... with an accuracy bet ter than 1 par t in 1 0 
when p/jU-i > 4.5, so that in these ca ses the machine was told to make the 
roots v^ = 0, 1, 2, ... . La ter on, the value of p/Mi was changed to 4.0, be 
cause we found out that sti l l at this value the roots were integers with an 
accuracy of 1 pa r t in 10 . Having the values of V£ we computed the energy 
given by equation (1). Knov/ing the energies in units of hcOo, equation (5) 
was used to compute the ra t ios RKi(J)-

The computations were c a r r i e d out for 

Id = 1.0, 0.90, ... , 0.40, 0.35, ... , 0.1 

7 = 8°, 9°, 10°, 12°, 15°, 20°, 25°, 30° 

for the energy levels with i = 1, 2 and 3 and the following (K,J) values: 
(1,0), (1,2), (2,2), (1,3), (1,4). (2,4), (1,5), (1,6), (2,6), (1,8), (1,10), (1,12). 
The machine computation took 150 hours . 

Table 1 gives the values of RK-2(J) as a function of MU = ji (column 1) 
and G = 7° (column 2). The ra t ios a re identified by two numbers (i,f), the 
f i r s t being the root number i and the second one indicating the (K,J) values 
of the level with the following correspondence: 



f (K, J) F (K, J) 

1 
2 
3 
4 
5 
6 I 

[1,0) 
'1,2) 
'1,4) 
1,6) 

'1,8) 
'1,10) 

7 
8 
9 

10 
11 
12 

(1.12) 
(2,2) 
(1.3) 
(2.4) 
(1,5) 
(2,6) 

Table 2 gives the values of E P = eK(J) (column 3), P = p (column 4), 
-ZETA = p/ui (column 5), NUi H V£ (columns 6, 7 and 8), T£ = T^ (columns 9, 
10 and 11) and E £ i = E-r^^.(j)/hCDo with the same nomenclature for l and f 

as in Table 1 as a function of MU = [i (column 1) and G E 7° (column 2). 

The following nomenclature is used in both tables 

i X 
1.234 X 10^ E 0.1234 51 + x 
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