
. C3V8~ . 
. ·T.:... 6' ""'· .·· ... · .· 
,. COOB~EHKH~-~ 

OB'bE,nHHEHHOrO 
HHCTHTYTA· 

· ·s~EPHbiX 
HCCJIE,lJ;OBAHHti 

.O.yCSaa · •·· 

-. J eS'f.·~. !_'} ·:..·~!/ . .. . f,-t-- r 
. . . 

f ·. rr:£.· ··< .. 7__·· .'·.·· ... orv-r···· .. · 
- . . , 

·-~" •• ... 
I ·• , I 

. ;a:> 

. .. , . 

.. ::1' •\ ·. . :1: . .... . .... 
-I .... ... 
! -. " : .. ·' 

~ ... ~ I 

''·, ' ... 

' 
E·4 ·- 5767 · 

•. 

· .. 
/ 
' 

' 

' . '\ ' 

· .·· c h riaUaa Toepffer . · 

• "•e""" 

~ . ., . •" : . ' ~ ·-~ 

. •POTENTIAL YELL' DEPTH . . 

·m THE, TWO-CENTER 'MODEL . 
. .• ·.FOR HE iVY ·-ION ·scATTERING· . 

/ . . ., ... .... .._,. 

2 
•••• ... 

.~ ;. 1971' 
; . \ 



E4-5767 ·. 
' -

iTpil'!eCKo;i 

US! MOI!enh AnSI 6b!CTpb!X 

nbTUTbl.l!nH 3Hepr'llll 

rny6l!Hb! HM, 

BWX BCC~8AOBBHHA 

E4-5767 

:er Model for 

:lei for. fast collisions 
::ompression energy, if 
s. with .the compression 
rly, 

r 
[Nuelear Reeeareh. · 

# 
' ~ · · JINR pre prints and 
e:. author's initials 'and 
e institute. index. place 
l 

·~nee~ 
1, ~97~. 

.. 

E 4 - 5767 

Christian T oepffer• 

POTENTIAL WELL DEPTH 
IN THE TWO-CENTER MODEL 
FOR HEAVY ION SCATTERING 

., 

CERN .Travelling fellow. · 

Permanent· address: Jnstitut fi ir 'I'Ilem·etisclle Physik 
Universitat Frankfurt, Frankfurt/Main, F'RG, 

~i~;:-;;11\:liH~:~ ·~·;;m;.~, 
~ a;;-:.p:::.t:..~ r:~:::..'1~~G~il:I!l 1 

tl r;.~.qt~JI~oTEKA ' .t.... ... ~--7<,--~ 



l 
·I 

I 
i 

~he two-center shell model has recently been often employed 

in order, to exvlain vhenomena in nuclear physics, in which tl-'o 

nuclei interact, such as fission /I-:-J/, elastic heavy ion scat

terint; / 4 , 5/ and transfer reactions 16, 71. The T.'elative m.otion of 

the nuclei takes place on potential enerr,y surfaces (PEs.> E(R); 

which are given by the energy of the nucleons movinp, in ::?. ehell mo-
.... 

del Ylith two centers in a distance R • For the calculation of the 

PES two extreme situations me.y be connidered: Either the 

relative motion of the nuclei is so slow compared to the internal 

motion of the nucleons, that the original shells are dest~oyed nnd 

the shells of the compound nucleus are formed, or the relative rna-

tion of the nuclei is so fnst, that a reversible compresr.ion. of 

nuclear matter takes place during the overlap of the nucle;L. 

'fhe first, so called adiabatic case, in which the volume is 

conserved throughout the process, is realized (in its time - re

versed direction) in nuclear fission. For the case of fast motion 

one obtains from the analysis of elastic heavy ion scatterlng PE..S of 

the following type/8 , 9/.For largeR one has Coulomb repulsion; near 

the overlap distance R~ nuclear forces become important• this leads 

to an attractive'region of the potential until for small distances 

.there exists a strone repulsive core, which is explained by the 

incompressibility of nuclear matter. 

Experiments on o16-o16 scattering give for exnmple a value .... 
of £np { R•O) % f:l.O M.e.V • This is the energy needed 

to compress two o16 nuclei into the volume of one. This value is in 
/9,10/ 

good agreement with predictions from nuclear matter calculations • 

It seems however, that .there is a large.disagreement with the 

nuclear shell model. In the· oscillator model the oscillator constan-t . 

w is /II/ 
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1)3 {.J- ) 1. () '?(, A VIC kc.J = 
f--L. ... 1 < y- ~ > ;;: 

0. E6 A ' 1-~(-k c /' 

Hc:l J ( g-71" V) .2J3 
( I ) 

. +- -tl~ 
I:f the volume is conserved this gives the well k::town n£o:i"' tfl A 
rule. The total energy is in the oscillator model 

r ==-~ \ ~· c '11- .f. 

3 
lj 

D 5'~ t"u A 413 = 9 8 ( ~ ).:2 1~A C 2 ) 

. [Me.V], 

{ ~ 
where the volume V must be given in .... • This gives :for the 

compression o:f the two o16 nuclei into the volume of one 

t: So·--. L 0) .: ( ::. ·~ - I) 2 b A [ M E \} J ~ Lj 9 0 t1 (' v . ( J ) 

Thus the shell model overestimates the height of the core by 

E .... t.::>'- E (u)c.:: ·3·10 MeV. Also :for distances 0-c:R<Ro 
-'•·. ~p ' 

(Fig.Ib) the PES will turn out too large thereby predicting an 

attractive dip in the PES, which is too shallow in comparison with 

experiment ;a,gf!). 

The reason for this discrepancy is the following: In compres-

sed nuclear matter the inter-nucleon distance becomes smaller, the 

average movement of the nucleons takes place in more attractive 

regions o:f the nucleon-nucleon potential. This must be described 

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 e~oy a constant 1i "" thrughout; 
while eq.(I) gives a v- -dependence under compression. 
Thus the compression energy is still underestimated and the 
attractive part of the potential overestimated. 

4 

~;',j 
t \ 

~ 
I 

v = . 0 

Ellf\p (0}- E~,_.,tc) 

·~ A 
=== -/c.? fv/e V 

t"o give the correct compression energy (Fig.Ic). ·Of cou 

tant " in the infinitively deep oscillator potential 

immediate physical meaning, but it should be noted, tha 

a) the osc121ator is only a convenient approximati 

listie potential wells (dashed~otted lines in Fig.I) w 

become deeper by an amount s1m12ar to ~ in the case of 

overl.ap and 

··b) it is not sufficient to fit two osc121ators tog 

get the shel.l model potential in the case of partial ov 

stead,in the region of compressed nuclear matter the sh 

potential becomes lower (Fig.Ib). The exact for~ of the 
in this case may be obtained· either by a more or less h 

interpolation /!2/ or by nucl.ear matter cal.ou1ations, 1 

variation of the local density is taken account of. 

Considering the microscopic Ham12tonian 

H = ~. (T~ ·• k v ~) ~ ~ (T·; + i ~ v,:S. ) 
... ; A. . • ~ 

one can estimate the .variation in the matrix-elements 

the nuoleon-nucl.eon interaction upon compression. The k 

gy is given by the Fermi-gas formula 

~~ 74 (fYP A "\ \: 
L-
A m 

which gives for the total. overl.ap of two 0 nuclei a c 

£ l lXI~J.= -~o370 MeV, which must be compen~ated b 
.t . , - ( v~ 
of T .4- Ll . J = -J5"(J MeV to give the experimenta 

"" 120 MeV for the compression energy. Now there is with e 

/ 
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. - -1- "I ,4 -l/3 ·ell known n uJ .: '7 

· model 

? ( z /2/3,;4 ( 2 ) 

. [Me.V], 

•. ·This gives for the 

volume of one · 

J 0 t1('V. ( J ) 
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v = 0 . 

Elll\p {0}- t;~Mtc) 

·~ A 
==-lb.?Ne:V ( 4 ) 

to give the correct compression energy (Fig.Ic). Of course a cons

tant \fo in the infinitively deep oscillator potential has no 

immediate physical meaning, but it should be noted, that 

a) the oscillator is only a convenient approximation to rea

listic potential wells (dashed~otted lines in Fig.!) which should 

become deeper by an amount similar to \{ in the case of total 

overlap and 

·'b) it is not sufficient to fit two oscillators together to 

get the shell model potential. in the case of partial overlap. In

stead, in the region of compressed nuclear matter the shell model 

potential becomes lower (Fig.Ib). The exact form of the potential 
1ti this case may be obtained· either by a more or less heuristic 

interpolation /!2/ or by nuclear matter calculations, in which the 

variation of the local density is taken account of. 

Considering the microscopic Hamiltonian 

H = ~ (T" ·I k \j ~) ~ :2 (T·~ + i ~ V;,~) 
... j A, ~ • 

one can estimate the variation in the matrix-elements 

. ( 5 ) 

v .. ·J of 
•, 

the nucleon-nucleon interaction upon compression. The kinetic ener-

gy is given by the Fermi-gas formula 

> T: ~.:. 74 (f-Y'P A ( 6) 

which ~~ves for the total overlap of two o16 nuclei a change of 

.[ ( lli~J.:: -4-370 MeV, which must be compensated by a cliane;e ".,- ( v" of ""!' J?- Ll . ) ::: -:2 t:;"(; MeV to give the experimental value of 

"" I20 MeV for the compression energy. Now there is with eq.(4). 
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A vr .. A j v ~ = A "%- .4 V..·, :- /&:7. A· H£ ~( 7 ) 

J 

v1hich gives 

( 8 ) 
1\ 1( .. 
L\ V •·J 

Vc 
A 

== - 0,5 M£ V 

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

comes more attr'l.ctive when nuclear matter is compressed by a factor 2, 
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