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Initially the growth of the dimensionali ty of the shell-modeI · configura­

tion space3 was rather modest ,  but recently we have seen how the possibili­

ties of the modern computers have rapid ly led to model spaces of L.umP.nse 

size .  Nevertheless these spaces are the resul t of some truncation procedure, 

or should one say truncation choice since usu2.l J y a finnly grounded recipe 

for the truncation is lacking . 

As an alternative to the detailed microscopic approach to nuclear spec­

troscopy it  was suggested by J . B. French l ) to consider spectral dis tributi­

ons ins tead . Inspection of the results of large-scale shell-model calculati­

ons showed that , e . g. , the eigenvalue distributions can be represented in 

good approximation by Gaussians . It must  be remarked that for a sys tem of m 

noninter.ac ting particl�s the Gaussian eigenvalue d i s tribution is a direc t 

consequence of the central limit theorem for large values of m.  

When the ( smoothed) eigenvalue density ,  p (E) , is well  approximated by a 

Gaussian distribution, only a few of its  lower moments should suffice for a 

description . Thus it  is desirable to have at one ' s  disposal methods to cal­

culate these few moments wi thout a complete diagonalization, or rather a 

complete evaluation, of the energy matrix. 

The f irst moment or c_entroid 

I N * +  N 
/p (E) E dE = N t /� . ( r)  H $ . (;) d1 = N t <$ . I HI $ . > 

j= I  J J j= I J J ( I )  

yields no problems as i t  is given essentially by the trace of the Hamil toni­

an H in an arbitrary set of basis functions � . {;)  (j = I ,  2 ,  • • •  , N) ;  
J 
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For an evaluation of the second moment or rather the variance 

2 2 I N 2 
a a /p (E) (E-M1 ) dE = N t <� . l (H-M1 ) I � . > 

j= J J J 

one needs,  howe�,er, the complete energy matrix . 

{2)  

For a truncation of the configuration space spanned by the s�, �� vectors 

�j (�) (j = I ,  2 • • •  , N) one divides the configuration space inco ., ii.·-'<. :: 1

space P and a neglected space Q,  and tries to  find or  to  cons true : cff�c cive 

operators to be used in space P. For this procedure to be successful i t ; �  

necessary that the influence of space Q on the processes considered (and 

described in space P) is  weak. 

The total width of the energy density , a ,  can be divided into an internal 

width ap and an external width a
Q 

according to the equations 

a
p

2 = ! t <�
J
. l (H-M1 ) j �k> <$k l (n-M1 ) l �J.

> 

N· j eP 
keP 

and 

a
Q

2 
= k t <,

J
. ! H l ,k> <,k l H l $

J
. > , which imply

je:P 
kcQ 

(3 ) 

(4)  

(5)  

For a proper truncation , e . g . , the ratio a
Q

/a should be small  2 > .  Also , from

the density p (E) , defined by its moments in eqs . ( I )  and (2 )  and evaluated a 
for a particular subspace a ,  one can derive 3) a measure for the relative

contribution of that subspace to the energy speccrum below some energy E .  
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Moreover , the internal and external widths may indicate a way to renorma­
lize the effective interaction in the model space . 

Hence it would be extremely' useful for the practice of shell-model calcu­

lations to have a feasible algorithm for the computation of the width a and 

partial widths ap and a
Q

' that avoids a numerical evaluation of the complete 

energy matrix <�j l H l tk> and that can be used in the customary j-j coupling

scheme. 

And , if one continues wishful thinking , a truncation procedu�e that also 

takes into account the strength distribution of electromagnetic transitions , 

divided over P-space and Q-space,  could avoid the introduction of large effec­

tive charges or the strong renormalization of magnetic transitio� operators . 

Not everything turns Gaussian, however , in large-scale shell-model calcu-

1.::itions . The distribution of the amplitudes of the eigenvector Collll'onents of 

a large-sc3le shell-model Hamiltonian is strongly peaked near th� region of 

smal l v�lues of the amp!itudes and th� shape is cert3inly not Gaussian ,  but 

more complicated . 

Let the eigenvector � - of the Hamiltonian H be expanded in the basis ( � }
1 a 

(a = I , 2 , • • •  , N) 

N 
�i = 

a= I 
C • cb a1 · a  ( i  = 1 , 2 ,  • • •  ,N) .

For a fixed eigenvector � - one can plot  th� values of the amplitudes1. 
l e  - I  = I <$ l $ . > I against the values of the diagonal ruatrix elementsal a 1. 

(6) 

H <� l n l cp >.  One then observes a secular variation � and fluctuati-aa · a a a1. 
ons of the actual values of the amplitudes l e  • I  about the average . These 

a1 
fluctuations can be described in terms of the Porter-Thomas assumption: the 

coefficients cai show locally, i . e .  for some small neighbourhood of Haa ' a

normal distribution with zero mean. 

The distribution of the diagonal matrix elements H is given in goodaa 
approximation by a Gaussian 

po(Raa)
Q � 

exp [­
o 

(H -E >
2 

aa o 
] 

2a 2 • 

Let the secular variation of the values l e  . J  as a function o f  H beal. aa 

(7 ) 
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denoted by p (H ) ,  then by the use of the technique of parametric differen-
4) r aa 

tiation one can prove that the product p (H )p (H ) can be approximated r aa o aa 
by a Gaussian distribution 

M (H -E 1 / 

pr(Haa)po(Haa)=p 1 (Haa) "" a {2v exp [-
aa

2 l
I 2a 1 

with the moments, centroid and variance given by 

M = &l e - l (H )p 
p a a1 aa 

E l 

Ml a -
M 

0 

2 M2 M1 2 
a l 

D - - (-) 
M Mo 0 

(p = 0, 1 , 2),

(8) 

(9 ) 

( J O )  

( 1 1 )

As the parameters N, E , a ,  M ,  E 1 and a 1 can be derived from the energy 
0 0 0 

�trix Haa ' eqs. (7) and (8) fix the function p (H ). r aa 
Since the magnitudes of the amplitudes, l e  - 1 ,  are assumed to show a dis­ai 

tribution 

I I 
2 2 2 

p ( cai ) m ol2n exp [-cai/2a ] , 

one obtains the condition for the width 

a a ,l.g.2 p (H ) •r aa 

( 1 2) 

( 13) 

Now one can determine the number of amplitudes l e  - I  smaller than some ai 
value, say r, in the interval {H  ,H +�H l aa aa aa 
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( 1 4 )  

Integration o f  the integrand o f  eq . ( 1 4 )  over all values o f  H then leadsaa 
to the frequency function of the amplitudes l e  . ,a1. 

F ( I C . 1  ) ,: 12 _N_ Xa1 ,r{,r a n o r 

m (E-E ) 2 (E-E )2 l e  . 1 2 
(E-E ) 2

S [ 
o r a1. 

[ 
r 

] ]x dE exp - + ---- - --2- exp 2 - m 2a2 2a2 ,rn a 

with 

-2
a 

r 
-2 -2 

a l  -a o ·

o r r r 

( 1 5) 

( 1 6) 

( ) 7) 

( 1 8) 

Comparison of eq . ( 1 5 )  with the resul ts of an exact counting for the lowest 

three J11=1 + states of 22Na and of the lowest three J,r=I
+ 

states of 25Mg shows

excellent agreement .  The basis states are taken in the j-j coupling scheme to 

span the full ad-shell,  which leads to dimensions 243 and 1 4 34 ,  respectively. 

The two-body interaction is the MSDI . It is pointed out that no parameters 

are fitted to obtain these results S) . _ . 6 )There is disagreement , however , with results obtained by Whitehead et al • •  

They used a different approach and considered ensembles of Hamiltonians that 

preserved two-body selection rules . Instead of the function F ( l c  . j )given ina1 
eq. ( 1 5) they obtained a modified Bessel function K

0
• Their calculations were 

performed in the m-scheme, though, and they used a different interaction. 
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