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The separation method was proposed by 
Moszkovski and Scott/'' for qualitative 
estimates of the Brueckner reaction matrix 
elements. The idea of the method is to divide 
the potential v(r) of the nucleon-nuc leon 
interaction into the short-range v h and 
long-range v? parts: 

v<r>- v(r)«(d-r)+ v<rHHr-H> vMr)i v'(r). (l) 

Here г = г | - г 2 > г1 а п <^ r2 coordinates of inter
acting particles, l)(\) the Ileviside function. 
v s (r) may have the hard core. For the states 
with even relative orbita] moments one can 
choose the separation parameter d in such 
a way that the Brueckner reaction matrix can 
be approximated by vMr) : that is the main 
merit of the method. But at the same time its 
two drawbacks are immediately apparent. 
Firstly, the method is non-applicable to odd 
states; secondly, the separation parameter 
depends on the quantum numbers of the rela
tive motion, hence, the non-diagonal matrix 
elements turn out to be indefinite. 
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The above mentioned difficulties are eli
minated automatically if one uses the fixed 
d. We can show that all the advantages of 
the method are preserved. The equation for 
the elements of the reaction matrix G is as 
follows: 

G a = v a + 2 ар ap v 
< a | G | i ^ > Q 1 / < i ' | v | ^ > 

ы - E „ 
(2) 

or in the operator form: 

v + G H r 

(2a) 

Here <rj,r2 I v > = ф „(rj.r, ) is the antisymmet-
rized wave function of two independent par
ticles, described by the model Hamiltonian 
H о (oscillator, for example); the 
energy of the pair of particles in a v state; 
Q, the operator excluding the occupied 
states from the intermediate ones; w, the 
starting energy, which is a parameter, when 
G -matrix elements are calculated off the 
energy shell, and is equal to E a on the 
energy shell. 

Let us remove from (2) the "unpleasant" 
short-range part of the potential v s intro
ducing for it the scattering matrix of the 
two free particles interacting by vs : 

afi ap „ 
<a\ V S | M > < H t\p> 

E . . - E p v 
( 3 ) 
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or in the operator form: 

t|/3> '(1 + 
Efl - % 

-t)|/3>. ( 3 a ) 

While iterating (3) it is not difficult to 
notice that all the integrals over r, on 
the right-hand side, are from 0 to d . 
Therefore, it is possible to say that the 
operator t is different from zero, as v* , 
only in the interval 0<r<d. 

Let us muliply (2a), from the right fide, 
1 

b y (1 + 

V"o 
-t) |/i-. 

0(1 + -t)\fi> = vU + - t > | p > 

+ G— v(l + 
E / J - H 0 

-t)| P-

0 

If we break v in to v s a n d v , a n d u s e e q u a 
t i o n ( 3 a ) , we w i l l f i n d o u t t h e r e q u i r e d r e l a 
t i o n b e t w e e n G , t a n d vl : 

СП 1 
Ert-Hn 

. 0 <t +. V P 4 v ' l- t)l|/J> = 
- H 0 E r H c 

.. I t I (t + v + v 

V H ° 
- t ) | / S > . (h 

5 



Define now the correlated wave function 
Ф by the relation: 

t0„<rrr2> =vV v<r 1,r 2). (5) 

From (3a) and (5) it is obvious that-: 

1 
v S | ^ ~ ^ - в.-и. t|p>] = 0. (6) 

For r< d, v s is not identically equal to 
zero , thus: 

1 t|/i> , r < d. (7) 

By multiplying (7)> from the left side, by 
the operator (F £- ll0) we obtain the differen
tial equation for Ф: 

(E^ - H 0 V ^ = t ^ , r< d , !8) 

or 

( E p - H o ) 0 / y = » ' ^ , r < d. (8a) 

In the interval г > d, where v s= 0 , we can 
assume the square bracket in (6) equal to 
everything and to zero as well. Using that 
statement we get immediately that: 

+ P-+P- т > d (9) 

and hence, 
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t|j8> =0, r> d. (10) 
E/3 _ H 0 
Since the interaction influences only 

relative coordinates, it would be better to 
pass to them in the wave functions also.For 
the oscillator functions this can be reached 
by the Moshinsky transformation: 

V r ' ' r 2 ) =
n f N

C n N * „ ( r ) V R ) ' 
where n = (n, f) , N = (N ,L) quantum numbers of 
the relative and centre of mass motions. 
Assume, as usual, that the operator t does 
not influence the wave function of the centre 
of mass motion, i.e., 

в ( 1 1 ) 

•= V-„ N^N<b>v*0 n<r>. 
n,N ' 

If we have written (ll), we suppose, there
fore , that 

The differential equation for the correlated 
wave function of a relative motion 

[E , - H<r) - vs(r)]0 „(r)= 0, r<d (12) 
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can be deduced from (8). 
.lit ion at г = rt. ( r r is t 
potential hard core) is e 
At г = d it is naturally t 
= <£„e<d> • Then Фв$ (r) will 
0 t o » . If there is a ten 
the interaction, then (12 
(at t =0,1) or three (at t 
equations for the compone 
w n (±2 • Boundary condi 
previously, in such-a way 
and w

n , £ + 2 т а У coinc 
ing model wave functions: 

The boundary con-
he radius of the 
vident : Ф » <r ) = 0. 

п< с 
о suppose ф »(d) = 
Ъе continuous from 
sor component in 
) splits into two 
"> 1 ) connected 
nts of f : u n| and 
tions are chosen as that for r > d u „ - nr 
ide with correspond-

U n <Г ) = 0, 
nt с 

u„, (d) -Ф«т. V nP 

n f ±2 n n,f +2 n ~ I, F t 2 

Let us substitute (75 and (8) into (h) 

Gll'-
- l ,o 

= (t + v P)|jB-- . 
(13) 

With the notation <<£„l^rt> = b(,o w e write 
(13) in detail as follows 

2 G f b ,, - Q „ ш> i-fi M< 
(t 
(.) - К (t + v4 «/) • ( l i » 
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To calculate the matrix elements tQo one 
can use equation (8): 

е«Г <«I<VVV" 
1Ф. Hi 

dt 

дФа 
(15) 

* я 1 , . л + < Е / г Е я Х а | 0 я > . — ч » 1 ' - -P 

The bar above the matrix element shows that 
the integration over г is made from r c to 
d. 

One can write (lk) symbolically, as an 
equation for matrixes: 

G- B= A . 

One can get G-matrix elements by invert
ing the matrix В. Such an operation is 
quite feasible as the terms in the sum are 
decreasing rapidly. Sometimes it is conve
nient to use an iteration procedure. So, to 
first order in v it gives: 

Gai - *«a + v4 • 
After the second iteration, we get: 

G ( J S = v

a f i

 + < « i v i * * > + 2 ^ ± , 
where V = t + v , X8 ~ Фв ~ ^ в * P occupied 
states. And in detail: 

9 



,Л2) 
a[i <ф afi 

+ v * + <а\ t\x ., > 
/1 

t t i f 
+ i , 

- K„ I' > /( - к 

Let u i examine the diagonal matrix element 

(i - 1 0 
«к « ,V r 

0 ) , 4 V' 
,) r а г = il «i» 

no N 

«'l'n' ''</', 

t»r 

( 1 6 ) 

,.p 

By selecting, following Scott and Moszcov-
ski, new d„ for each state n, one can eli
minate the first term in (16) for even t 
states. Then we have obtained the known 
expression 

aa aa 

However, it contains the error due to the 
fact that one does not know how to calculate 
the non-diagonal matrix elements v% . . At 
a constant d we avoid the difficulty, and 
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tr.•.? first term in (l6) gives us a1; idea on 
the value of the mentioned error! Besides, 
t h ••> selection of the value of t h e separati
on parameter d may now be connected with 
some additional conditions. For example, in 
the estimation of a binding energy, we may 
consider H as a variational parameter. 

The author would like to thank 
Dr. I.К.Mikhailov for many helpful discus
sions and for criticism of the first variant 
of the paper. 
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'Recently the paper by Osman has appear
ed-'2' . There he adds a pseudopctentia I vP 
to an interaction to keep d constant. From 
(l6) it is easi to see that matrix elements 

rid ' r)t!i ' v p , must coincide with d (d)[ — — ] .. 
nn n r,r -)T r = .l 

The calculations done with the Hamada-Johnston 
potential on the oscillator basis give for 
the ' S n -state: v ^ O . O , -23.1; -55.1", 
-59-6; -;3c.3 Me7 for n =",.,j,•,I, respec
tively (d =1.02 fm , the oscillator parame
ter i' =1.76 fm ) . 
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