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INCLUSION OF NUCLEAR—STRUCTURE CALCULATIONS IN NUCLEON-NUCLEUS SCATTERING .
Manfred Weigel+
Lawrence Radiation Laboratory
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September 1969

ABSTRACT
It.is shéwn.how one can ﬁse the resulté of.a nucleér structure calcula~-
‘tioh in thé theory of nuciéon—nuéleus scattering.- We restrict ourse1vesitQ the-
simple éaSe'of nucleon scattering on a hole nﬁcleus; The correldtions of the |

ground state have'been included.
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INTRODUCTION

vIn a previdus workl ﬁe have developed fhe’general théory'of nucleon-
nucleus sgatfering oﬁ a hole nucleﬁs‘in the>framework of liﬁear response theory
extendiné Migdal's épproachevto.the séattering probleﬁ;. With a similar goal
ﬁhe unrenormalized RPA has‘beén appliéd to tﬁe scatteriﬁg probleﬁ using a sche-
| matic'mﬁdel.3 Theudetails and restrictioné of these methbds can be}found‘in
Refs, l'ana 3'aé'weii as further fefgrenées. It turns out that a caléulaﬁioh
of thé écatféring brocess using ah effective particle—hdle interactiqn yould be
rather éomplicated, siﬁce one hés fo solve a cémplicated Fredholm prqblem.l
Thefefore; one has éovfar studied the probleﬁ only in thé frameﬁork of a sﬁhe—
matic mode11’3 ﬁhefe the correspbnding Fredholm deterﬁinant_degenerateé. .But‘
it is well known; thét the schematic model is bniy a béor appfoximation to the
reél siguatién.* iFér this reason we think one caﬁ obﬁéin an improvement of the
pre;ent status of %he theory by including the results of the nuclear-structure
calcﬁlation obtainea with a normal effective barticle—hoie interaction. The de-
viationé from.the nuclear‘structﬁre célculation——caused by the matrix elements
of the intgraction between continuuﬁ-bound and continuum-continuum single—particie
states—-will.be treated in this work by a schematic appfoach. vThis impiies that
these special ﬁatrix elementé can be approximately répreseﬁted by a separable
particle-hole forpe with fhe help of a fitting procedure to the real particle-
hole fbrce. One may‘get further improvement using perturbation theory for the
difference Qf the particle-hole forcevand the separable force as a final step.
In the first section we give a short summary of the nuclecn-nucleus scattering
theory on a hole nucleus in terﬁs of Migdal's ‘renormalized quantities. The ex-
plicit treatment of the model will then be given in the second section.

See for instance Ref. L. :
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I. GENERAL FORMALISM
It has been shown in Ref. 1, that the scattering state in the shell

model representation is given by

1(6 +§. )

(¢£:21Wét;) = (z 2 2 %y ) /2 Olw wk i H+1n w w |O p k (1.1)
and »
N S I + i8 :
<¢r,ilwp,j>.—'(%izrzpzj) (Olwlwr = H+1n w w IO e P (1.2)

Here, o) denotes- the normalized ground state of the compound system,

EC(A) = 0), E is the energy of the scattering system
: + N ~ g
(E := Ep—ej). wu ~and Y are the Schrdodinger creation and annihilation

operators, respectively, of a nucleon with the quantum number set u  fixed by

(H|o) = EO(A)IO},

g Asymptotlcally they behave as standing

waves. With z_ we denote Mlgdal s renormalization constant. . If it is nec-

an independent_particle Hamiltonian H

essary we will label the continuum states by p ~ and k, the hole states by i

and j, and the bound particle states by r and s (Sr =Gs7= 0). The inde-

pendent—particle model states in (I.1) and (I.2) are defined by:

id :
|¢éti) =g P (zizp)fl/g w;wi|o> ' (1.3)
and
16, ) = (22072 wlu o) | | (1.4)

- By comparison with the definition of the renormalized response function

(0) = (z 2 2,2 )" "/2 <0I{w;wu(w—H+in)_l w;w

aukv oA™Y I

—Ugp (wrii=in) Ty o) (1.5)
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wé obtained for'(I.l)'theAfollowing expression for the scattering states:

<SO|S>'= "i”'ijip(E) , S , S (1.6)

(By| 8)=-in Lyyip® o | (1.7)

. Here, we have introduced the abbreviations

Ié)“{#I laplw ) )
»J
~i8
547 := -k|¢1ifi> :
and " ' : , ' : ; .
IBO? = |¢r,i) - | | o | (1.8)

Assuming that the zero-order response can be represented by the quasi-particle
shell model response and the effective particle-hole interaction ("irreducible
vertex part") to be weakly energy-dependent in the considered energy region,

we have derived the following equations for L l:

~ ~S- . . . .
Logy(®) = Lo w) {a Bag = 2 Z Ioeo(® Togou(@d 5 (1.9)
QI‘
. LUGBV(w)'= (w) {6UV GB 2T %; UDBG' capv(w)} - - .(I.lO)

Here, I 1is the effective particle-hole interaction (irreducible Vertex-in

the particle—hole—channel). The shell model responée is defined by

~s : V p o . o -
I° (w) := {(n -n ) , (r.11)
Vi N WHE - - in(n n, nu)

where n\),nu are the quasiparticle occupation numbers. Ev denotes the single

particle energy ‘in the quantum state v.
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From the equations (I.6), (I.7), (I.9), and (I.11) we can now deduce the equa-

tions for the scattering states

o B ., | -
B, o= (n-n) : - {6 % -in) -2nZ g (@) pxo S} (1.12)

e -€ - _
vu,S v i ES ;u €, 1n(nv n ) pv

where D the matrix element of the quasi-particle density matrix

vu,M

= o y-=1/2 o . |

The knbwledge of‘thése matrix elements is equivalent to the knowledge of the
‘states of the compouﬁd system. By IM) we denote a scattering state |S> as
well as a bound state ]B) Since we also want to calculate the effect of the

contlnuum s1ngle—part1cle states on the bound states of the compound system,

1,2

" we have to give the system of equations for the matrlx elements SVU B’
) . . . . 1

We derive these equations by inserting the:spectral repfeéentation of the

renormalized response function
- ¥ - ¥ :
p P P Y '
(w) - z: vu ,M Bo ,M _ oB,M "uv,M f o (I.14)

" —
i w—EM in w+EM in

into Eq. (I.9) or (I.10) and taking the’limit w - tEB. Then the pole terms

give the following set of equations:

(Byre e min(n,-n )] B, o = ~(nn,) em gé Toos Poas . > (1.15)
- _ 5 o o = 5" (1.16)
-E.+e - -in(n_-n )} § = -(n,-n ) om 2, T Pog,B '

B 'u v TV T uv,B B
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S AP
{Bgre -eymin(ngn )} By p = ~(nymny) 2m Z%OBQ,B Topow (T.17)

~

=-(agn) 21 Bogp Tag o (1.18)

{—EB+eu-sv-1n (n\)-—nu)} By, v L

which are equivalent to (I.12). z meahs summation ovér the discrete'states
: . e . e

as well as integratidn over the continuum states. Insertion of the 'spectral
fepresentation into the equation of motion also gives the completeness relation:
* * }\ ( Y8

= (n-ng

| bgg{pvu,M Pro,m ™ Por,m Puv,M u

Vxéou o, (1.18}

which can be proved by complex integration.

IT. TREATMENT OF THE MODEL
v.In‘our apprbach we want to-take into account the solutionslof.a_nuclear
structure calculafiqn. These solutions are known for many férms of thé par-
ticle—hole interactions.* They are the result bf the diagonalization of Egs.
(I.lS);(I.l8) iﬁ a finite space, since all single-particle gquantum numbers
are restricted to-boﬁnd states only. We denote the states resulting from thié

procedure by '|n> » the corresponding density matrix elements are 5VU n’

where v and U Dbelong to the discrete part of the spectrum of HS. We assume

in our further procediure, that the § are known since we can either obtain

VU ,1

them by a standard procedure or we can use the resultsbof a previous calculation.

o«

With the help of (I.18) we can express the unknown p

VLM equivaléptly by the.

*
See for instance Refs. 5-T.
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A F,w : 2E

~ . .8 ik 0,2 n
I 1oAY P =2 - (I1.18)
ik,S ESfEK—Ei o n B 2 - E 2
n 8
where
. . _— . _
Fg = : L ' -5 (11.19)
2 1 1 02 n
1Y Al - — -2y 17| ——2—
i ki Es+sk—si Es—sk+ei+1n v — ‘n En2 _ ES2

Use of the normalization condition for the state ]B) gives FB- as follows

. r oF 2 2 27
2 -2 0,2 n 2 1 1

S FS o= A 1-Ay |F|f ——2— [w, . | —) - =
B 1L Z; n En2 _ EBa ;; kil EB—ek+€i EB+€k—€i |

' . 0% : 1 o ' '
: Fg « ' Fg 5117t
- 5 + ol .
Z; EBfEn pri,n E_-E p_ir,n (11 20)

Now, éll unknown quéntities have been expressed in terms of the solutions of
the nuclear structure problem and the matrix elements between scattering-
scattering states or scattering-bound s£ates, respectively.' The (complex)
resonances are given.by the solutions of Eq. (I1.16). From'(II;l7) and (I.8)
we can immediately now read off the wanted expressions for the S-matrix and

the T-matrix obtaining:

: 2ié . . =
s.. . (BE) . = Pg &, -2ms(E -E. )T . . (E (I1.21
ki,pJ ( )PJ. < kp 1J L8 pJ Ekl) ki,pd ( PJ) R .)

with
i(8_+6, )
= p k
Tki?pj(E) e | A ij Vies

: ' oF
0,2 i (1I1.22)
1 1 - )\ZIFHI *—-2—2—5 .
n E - E

* n

: : : ' . . 2E
: : 2 1 . 1 _ 0,2 n
' 1+ IA Z.r pr"'| [ €+ -€,.~E-Iin € ,-€ .'7.+E]] é A ZI Fnl )
| _ py o poJ p 3T n E -E
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Qur formulas reduce to the corresponding ones of Ref. 3, where a different
method has been used, if we neglect Migdal's fenormalization and use a schematic
model for the finite RPA, too. We are going to perform some calculations with
the described method in the oxygen- and calcium-region using density-dependent.
forces for the bound-state calculation. |

| The author would like to thank Dr. L. Garside, Professor N.'Glendenning,
and Professor C. Shakin for helpful discussions. The Deutsche Forschungs-

gemeinschaft, Germany supported this work by a grant.



~10- UCRL-18994

FOOTNOTES AND REFERENCES

%
Work performed under the auspices of the U. S. Atomic Energy Commission.

+On leave from the Sektion Physik der Universitat Munich, Munich, Germany.

M. Weigel, Nucl. Phys. (to be published); Lawrence Radiation Laboratory

Report UCRL-18907.

A.

B. Migdal, "Theory of Finite Fermi Systems and Applications to Atomic

Nuclei," (Interscience Publishers, New York, 1967).

K.

R.

H.

G.

P.

Dietrich and K. Hara, Nucl. Phys. Alll , 392 (1968).

H. Lemmer and M. Veneroni, Phys. Rev.blzgﬁ 883 (1968).

J. Mikeska, Z. Physik 177, hh1 (1964).

E. Brown, L.vCastillejo, and J. A. Evans, Nuc. Phys. 22, 1 (1961).

K. Haug and M. Weigel, Phys. Letters (to be published); P. Haug,

Thesis, University of Munich, 1969.

V.

Gillet, Proceedings of the International School of Physics "Enrico

Fermi" Course XXXVI (1966), (Academic Press, New York, 1966).



LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A. Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages
resulting from the use of any information, apparatus, method, or
process disclosed in this report.

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.




TECHNICAL INFORMATION DIVISION
LAWRENCE RADIATION LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





