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The two-center shell model has recently been often employed

in order to explain phenomerna in nuclear physics, 1n which two

/1I-3/
H

nuclei interact, such as fissilon

/44,5/

elastic heavy lon scat-
tering and transfer reactions /6’7/. The relative motion of
the nuclel takes place on potential energy surfaces (PES) E(ﬁ),
which are'given by the enerpgy of the nucleons moving in 2 shell mo-
del with two centers in a disfénce ﬁ « For the calculatian of the
PES two extreme’situations may be considéred: Either the .
relative motion of the nucléi 1s so slow compared to the internal
motion of the nucleons, that the origlnal shells are destroyed ond
the shells of the compoun& nucleus are formed, or the relative mo-~
tion of the nuclei is so fast, that a reversible compression.of ‘
nuclear matter takes place during the overlap of the nuclel.

The first, so calied adiabatlc case, in which the volume is
conserved throughout thg process, 1is fealized (in its timev- re-
versed direction) in nuclear fission. For the case of fast motidn
one obtains from the analysis of elastic heavy ion scatte:iné[?[j of
the following type/8’9/.Fof‘1arge R one has Coulomb repulsion;gnear
the overiap distance R, nuclear forces hecome importantiﬁhis leadsr
to an attracfive'region'of the potential until for small distances
there exlsts a strong repulsive core, which is exﬁlained by the
incompressibility of nuclear matter., : » »

I6-016 scattering give for example a value.

Experiments on O
of E“P (R=0) x 120 MeV ‘o This is the emergy needed
to compress two 0I6 nuclel into the volume of . one. This vé;ue 1s in

‘ /9,10/
good agreement with predilctions from nuclear matter calculations” .

It seems however, that there is‘éflargeldisagreemenf.with the
nuclear shell model. In the 6scillator model the oscillator constant
W 1is /11/



# R A'B(fﬁ')l _ 6.5 A‘BG"C)L
R T N ) L

. . ) ,/ k3
If the volume 1s conserved this gives the well known hew= 1A /

rule. The total energy is in the oscillator model

2493 _ 9g 213 2
E =25 {’;4‘ = %0,84 e A= /8(\/) d _( )
T [MeV],
where the volume V must be given in flaa . This gives for the

c,ompression of the two 016 nuqlei into the volume of one ‘
— AN T T Ty i T 3
£ (0= (2 =1) 26 AlNeu] = HA0 MoV (3)

Thus -the shell model overestimates the helght of the core by
E,,, 0 - (0) = 310 Nel/ « Also for distances C<R<R,
‘ (Fig.Ib) ‘the I’DS will turn out too large thereby predicting an
attractive dip in the PES, which 1s too shallow in comparison with
e,cperiment /8, 9/;‘)
The reason for this discrepancy is the following. In compres-—
sed nuclear matter the inter-nucleon dlstanoe becomes smaller, the
average mo:vement of the nucleons takes place in more attractive
'regions of the nucleon-nucleon potential. This must be desoribed

in the shell model by a deeper potential well. For total overlap
the oscillator potential should be lowered by

: 4
*) This fact was already noticed in ref./ {But unfortunately in

this paper the authors egl,pg'l.oy a constant ¥ w thrughout,

- while eq.(I) gives a -dependence under oompression.
Thus the compression energy 1s still underestimated and the
attractive part of the potential overestimated.
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\/o = E"’-‘P;Oi\’ Enl0) -7 MeV « )
. X :
to give the correct oompression energy (Fig.Ic). Of course a»dons-
tant \4‘ 1n'the 1nfin1t1v¢1y deep oscillator potertial has no
immediate phpsical‘meaning, but it should be noted, that

a).the oscillator is only a convenient approximatiqn to rea-
listio potentinl.wells (dashed-dotted lines in Fig.I) which should
beoome deeper by an amount similar to \é in the case .of total
overlap and '

b) 1t is not suffioient to fit two oscillators together to
get the shell model potential in the case of partial overlap. In-

stead,in the region of'oompressed nuclear matter the shell model

potential pecomes lower (Fig.Ib). The exact form of the potential
in this case may be obtained either by a more or less heuristic

1nterpolation /12/ or by nuclear matter oaloulations, in which tné
variation df the local density is taken aocount of.
COnsidering the miorosoopio Eamiltonian
a1 < c.
H= 3 (THsv)=S(T 55 vig) (o
one can estimate the variation in the matrix—elements V?j of
the nuoleon—nucleon 1nteraction upon compression. The kinetio ener-
gy is given by the Fermi-gas formula
SRR Az 6
T = THE)A €

which gives for the tofal overlap of two 016

Z (ATL,—" *370 MeV, whioh must be .compensated by a change

LS p . |
2 %- (A \/ ) ==250 MeV to give the experimental value of
120 MeV for the compression energy. Now there is with eq.(4).

nuc;ei a ohange of



AV AJVE = AS AVyy =-l67-Atiel (1)
J .

which gives

- V, (8
/.. = £ -
AVij = 5 0,5 Mev 7

as an average value, by which the nucleoh—nucleon interaction be-

£
comes more attractive when nuclear matter is compressed by a factor 2.
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