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It is shown how one can use the results of a nuclear-structure calculation in the theory of
nucleon-nucleus scattering. We restrict ourselves to the simple case of nucleon scattering
on a hole nucleus. The correlations of the ground state have been included.

INTRODUCTION

In a previous work! we have developed the gener-
al theory of nucleon-nucleus scattering on a hole
nucleus in the framework of linear-response theo-
ry extending Migdal’s approach?® to the scattering
problem. With a similar goal, the unrenormalized
random-phase approximation (RPA) has been ap-
plied to the scattering problem, using a schematic
model.® The details and restrictions of these
methods can be found in Refs. 1 and 3, as well as
in further references. It turns out that a calcula-
tion of the scattering process using an effective
particle-hole interaction would be rather compli-
cated, since one has to solve a complicated Fred-
holm problem.' Therefore, one has so far studied
the problem only in the framework of a schematic
model, "3 where the corresponding Fredholm deter-
minant degenerates. But it is well known that the
schematic model is only a poor approximation to
the real situation (see for instance, Mikeska.®)
For this reason we think one can obtain an im-
provement of the present status of the theory by

including the results of the nuclear-structure cal-
culation obtained with a normal effective particle-
hole interaction. The deviations from the nuclear-
structure calculation — caused by the matrix ele-
ments of the interaction between continuum-bound
and continuum-continuum single-particle states —
will be treated in this work by a schematic ap-
proach. This implies that these special matrix
elements can be approximately represented by a
separable particle-hole force with the help of a
fitting procedure to the real particle-hole force.
One may get further improvement using perturba-
tion theory for the difference of the particle-hole
force and the separable force as a final step. In
the first section, we give a short summary of the
nucleon-nucleus scattering theory on a hole nucle-
us in terms of Migdal’s renormalized quantities.
The explicit treatment of the model will then be
given in the second section.

I. GENERAL FORMALISM

It has been shown in Ref. 1, that the scattering
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state in the shell-model representation is given by:

(¢k.j(—) | pr,j(+)> = (212;(2[;2;)'”2
—_— [(Sp+ 6, )
<)ld/lltbkE H‘*‘Z'I]prlpj ’(> Hopt ok
(1.1)
and
<¢r 1|¢p/ Z 4 Z ‘)_1/2
&
<)| zl’z zprE H+Z'I7 ¢pl/Jj (>g’P.
(1.2)
Here, |0) denotes the normalized ground state of

the compound system, [H|0) =E (A)|0), E,(A)=0];
E is by definition the energy of the scattering sys
tem (E:=€¢,-€;). | and y, are the Schridinger
creation and annihilation operators, respectively,
of a nucleon with the quantum-number set ufixed
by an independent-particle Hemiltonian H;. Asymp-
totically they behave as standing waves. With z,

we denote Migdal’s renormalization constant, If

it is necessary, we will label the continuum states
by p and &k, the hole states by ¢ and j, and the
bound-particle states by » and s (5,=6,=0). The
independent-particle-model states in (I.1) and (1.2)
are defined by:

|9,/ =e"®(z,2,) " 29y, |0), (L.3)
and
i(j)r'l-):(ZI-ZI,)—I/ZZ/JIJ)I.IO), (1-4)

By comparison with the definition of the renormal-
ized response function,®

Loy, (w) = = (2, z,2,2,)"?
X(O|[#)} Polw —H+in)"yl 9,
~yl (@ +H = in) 9T 9,110, (L.5)

we obtained for (I.1) the following expression for
the scattering states:

(8ol S) = ~in Ly (E), (1.6)
(Bo|S)==in L;;,(E). (199
Here, we have introduced the abbreviations
[S):=e~ "y, ),
ISo)i=e =% | ¢, ),
and
[BoY:=| ¢, 1)- (L.8)

Assuming that the zero-order response can be rep-
resented by the quasiparticle shell-model response
and the effective particle-hole interaction (“irre-
ducible vertex part”) to be weakly energy-depen-
dent in the considered energy region, we have de-
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rived the following equations® for L:
Lyerpy (@) = L35 (w)[0,, 65 = 2n2 Lppo(@)gap,(@)],

(L.9)
or

I_’paﬂu(w) =I:1fa(w)[6uu6a5 -2 ? f‘upBo foupu(w)] .
(o}

Here, Iis the effective particle-hole interaction
(irreducible vertex in the particle-hole channel).
The shell-model response is defined by

) nytny
How+e, —€,~inm,-n,)’

L (w) = (n,~n (1.11)
where n,,n, are the quasiparticle occupation num-
bers. €, denotes the single-particle energy in the
quantum state v. From the Egs. (1.6), (L.7), (1.9),

and (I.11) we can now deduce the equations for the

scattering states:

=(n, -n,)Es+e€, ~¢, —inm, —n,)]™"

X[8,,,85,, (= i) ~ 2w21um<w)pm, 1, @12

where j,, 5 is the matrlx element of the quasipar-
ticle density matrix

Buum= (2,2,) 720 9], M)

The knowledge of these matrix elements is equiva-
lent to the knowledge of the states of the compound
system. By |M) we denote a scattering state |S)
as well as a bound state | B). Since we also want
to calculate the effect of the continuum single-par-
ticle states on the bound states of the compound
system, we have to give the system of equations
for the matrix elements f,, 5.?? We derive these
equations by inserting the spectral representation
of the renormalized response function

T - _ ﬁyy,Mﬁ‘l‘Bo,M _ﬁoB,Mﬁ;v,M
Luopﬂ(w) ; @ _EM+ in w+EM— in> (1-14)

pyp S

(1.13)

into Eq. (1.9) or (I.10) and taking the limit w—~ +Eg.
Then the pole terms give the following set of equa-
tions:
[EB + € — &~ in (ny - np)]ﬁyu,B
= ‘("v -ny )27TZB> ivauBﬁBa.B ’(1.15)
o

[-Eg+e,—¢, - i”l)]ﬁ;v,s
= -("'u —n”)Z’ITZg jvapa ﬁ;B,B, (1.16)
o

[EB +€u -§ - in (nu —nu)]ﬁ;u,B
= —(ny "np)zﬂzg ﬁ*Bct,B iﬂpav » (L17)
o

[—EB + €&~ in(nv _”p)]ﬁ;w,B

==~(n, —nu)21rzg Pas.B jBuav 5, (1.18)
o
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which are equivalent to (1.12). Z;a g means summa-
tion over the discrete states as well as integration
over the continuum states. Insertion of the spec-
tral representation into the equation of motion also
gives the completeness relation:

%)(ﬁvu.Mﬁ;\c,M - ﬁc)‘,Mﬁ;u.M )= (np 'nu)ﬁwpcu’
(I.19)

which can be proved by complex integration.

II. TREATMENT OF THE MODEL

In our approach we want to take into account the
solutions of a nuclear-structure calculation,
These solutions are known for many forms of the
particle-hole interactions. See for instance Brown,
Costillejo, and Evans,® also Haug and Weigel.” In
addition see Gillet.® They are the result of the
diagonalization of Egs. (I.15)-(1.18) in a finite
space, since all single-particle quantum numbers
are restricted to bound states only. We denote the
states resulting from this procedure by |#), and
the corresponding density matrix elements are
By yu,ny Where v and u belong to the discrete part of
the spectrum of H;. We assume in our further
procedure that the g5, , are known, since we can
either obtain them by a standard procedure or we
can use the results of a previous calculation, With
the help of (I.19) we can express the unknown f,,
equivalently by the matrix elements (0| CI|M) and
(0] C,|M), where C! creates the state |u). " The
connecting relations are:

B = 20| CFIMDBy, ., + 01 C, MY, ), (IL1)
n

<0‘Cn|M)=Z; (np—ny)p';p.n ﬁuu,M’ (H-z)
v

©|CHMY=23 (n,=1,) By n Bt » (IL.3)
I'8%

where we have defined restricted sums as follows

(f,, is an arbitrary function of v and p):

L fryiz D (ftfir), (1L.4)
M r,i
E”fxp = 2 (fip+To) - (I1.5)
TN i,p

From Egs. (L.15), (1.18), or (1.15), (I.17), respec-
tively, we obtain the following equations for the
“deviation” matrix elements®:

(B, +Ey)O| ClMY= =202 2 By Tt P ae (IL6)

py oB

(E, - Ey)0|C, M= ~20 2 Eﬂ B Loy Paoc v -
Ny o
(1.7)

According to our assumption, we approximate all
matrix elements with at least one quantum number
belonging to the continuum of Hs by a schematic
force

znjuctuB:)\wvuwaB' (H-B)

With this approximation the solutions of (IL.6) and
(IL7) are

1
t o L
(0| ClM)Y= -\ELF,, N Ey (IL.9)
and
. 1
©|C,|M)y=-1E? g g, (11.10)
where:
7
= E Wy ﬁuy,n’ (II-II)
Vi
and
Fivi= 20 w0y By (I.12)
v

Since in the equations for f,; 5 and j;, g only matrix elements of the form (IL8) are involved, we can fur-
ther obtain, by using Egs. (II.1) and (IL.8-12), the following solutions for these amplitudes:

AW,
___kz__.._ o2 __ “5p
Put,p = Ep -+ in (1 ’\ZIFI EZ—E >

—AW;k l oz __2E, >
—_— 1- E°P? 22— ).
s =5 et B O

(I1.13)

(I.14)

Insertion of these solutions in the definition of Fy gives the wanted dispersion relation for Eg:

1 1

2E
= _2 - - FOZ___Q____ .
1 xz|wk’|(EB—ek+€i+in EB+ek—ei><1 AZI n Enz—EBZ)
ki n

(I1.15)

The amplitudes for the scattering states are derived from (I.12) by the same procedure. One obtains:



1650 M. WEIGEL 1
_ AFow,; 0 2E
Pri 5= 01 0pp + Eot e — €t in <1 "Z |Ep ——‘L—E 3 (I1.16)
AF sw 2E,
5. m—— S%ik 0|2 __a_
Piks="Fove, —<, (1 AZIF g >, (IL17)
where
1 1 2E, ('1
12 - - o2 _%&p
ij}‘l*'[%?\lwﬂ <ES+€I{_ § Es—qtgrin ﬂ |:1 Az”: 5 Es2:| { (11.18)
Use of the normalization condition for the state |B) gives Fy as follows:
F2=A-2§ 1_)\‘."|F0|2_AE_:L__2 |w lz z 1 2
B \ /;4 "' E,*-Eg* %: K [(EB + €t € > <EB+ €~ e,) }
FoO . Fo* 2 FoO . Fo" 2 ’l-l
+ Lp “ J - =25 == . 1
;['; <EB+Enpir.ﬂ +EB _En prl.n> z”: (EB*}'E”p”"” +EB—E”p”'”> ] s (H 9)

Now, all unknown quantities have been expressed in terms of the solutions of the nuclear-structure prob-
lem and the matrix elements between scattering-scattering states or scattering-bound states, respectively.

The {complex) resonances are given by the solutions of Eq. (I1.15).

From (I1.16) and (I1.8) we can now im-

mediately read off the wanted expressions for the S matrix and the 7 matrix obtaining:

Ski. V234 (
with

. 2E
Ty p/AE) = €"®P* 0\, 10 (1 KZ |EP? Ez>

) ez épékpéij 27i 6(Elpj “kI)TkI' PJ( )

(I1.20)

-1

| : :
><Pl+[>»2 | <g,—€,—E—”7+

p'J J P’

Our formulas reduce to the corresponding ones of
Ref. 3, where a different method has been used, if
we neglect Migdal’s rerormalization and use a
schematic model for the finite RPA, too. We are
going to perform some calculations with the de-
scribed method in the oxygen- and calcium-region
using density-dependent forces for the bound-state

cmerE) (1 1T g

. (I1.21)

.’«,-_—

calculation.”
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