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HEAVY ION SCATTERING IN mE ADIABATIC APPROXIMATION 

J .  da Providenci a 

Depar tamento de Fis ica ,  ·Univers idade de Coimbra, Portugal 

1 .  Introduction . � Recen tly ,  a f ormalism has been developedl ) with

the p urpose of  des _crib ing large ampli tude col lective vib rations of nuclei , 

on the b as is of a res tri ctive dynamical parame trizati on of the many-body 

wave. functiot1 by a s ui tab le set of p arameters . Here , we wish to dis cuss 

the app l i cati on of this formalism to the des crip tion of heavy ion 

scattering. 

2 .  Res trictive·· adi�atic approximation . - W� consi der a s tate vector 

(S later de te rminant) ) t ( a ) >  which is a - real function of n real 

vari ab les .J. ,  • The equations of motion for the parame ters a. may be derived 
l l 

wi t:i the he lp of the time dependent variational princip le ,  whi ch ,  for non 

nonnalized wave functions , is convenient ly wri tten in the form2) 
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In order to allow for momentum to be acquired by the degree o f  freedom "i , 

we rep lace the parameters a .  by complex quanti ties y .  a a .  + i 13 . •]. ]. ]. l 
The s tate vector I t ( y )  > becomes , there fore , a function of n comp lex 
quanti ties y .  • The vari ational principle reduces tol 

1 o y .  S . .  y .  - y S . •  o y .  - o H ( y , y )  "" 0 , • [ * • • *  ] I * 
J J l.  ]. j J l  l ( 2)
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whe re 

with 

and 

* 
S . .  a S . .  (y , y ) =-J l  J l  

< a . ci, I a .  er, > 

J l . 

H' ( y , y ) Cl .< � I H I er, > / < t I er, >  , 

H be ing the mic rosc opic Hami lt onian.  

< a . t i t > < ci, ! L C:. > I l 
') 

< ci, I � > .. 

Finally  we arrive at t�e equat ions of mot ion 

In the adiab atic appr oximation, one assumes that the quant itie s  

are small . Exp an ding everything in powar·s of � we have 
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where 

V ( a )  = H ' ( a , a )  

(3) 

( 4 )  
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a an d  

(6)  

( 7) 

( 8) 

(9 )  

-
2 M • •  ( a ) = < a ci, / a a . l a.  .. v( a ) I H / , a . > - < a t / a a .  ,a . 1 H-V( a ) I, $ > . lJ l J l J . 

( 10) 
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* * 
We have assumed that the quantities 

functions of complex arguments . 

Si j ( y , y ) and H ' ( y , y ) are real

In the adiabatic approximation the dynami cal. equations become 

2 S . •  (a ) B J. 1J  

• _a_H_' (
....-

a .. ,_.8 ........ ) 2 S • .  (a ) a .  "" 1J J a B .1

(11) 

Defining the momentum variab les and the Hamiltonian H through the 

equations 

p . :::: 2 5  . • ( a )  B .  , 
1 1J J 

( 12)  

1 - 1 1 - 1  -1  H ( a , p ) = H ' ( a ,  2 S p ) = V (' a ) + 4 pi p j (S \i (S \j � 1 ,

where (S-1) . . is the matrix inverse of S • .  , the dynamical equations
1J lJ 

become , finally , 

• 3 H
p .  = - --1 

aa . 

a . = 

( 13) 

( 14) 

3. Heavy ion scattering. -- In order to des cribe heavy ion s cattering,

it seems reasonab le to cons truct the ket I 41 ( a )  > by fi l ling up single 

particle s tates in two dis tinct potential we lls , a and b , a refering to 

the projecti le and b to the target  nucleus . The variab les a1 , a 2 are now

the polar coordinates 0 , r defining the re lative posi tions of the two 

potenti al wells . Since 0 is j ust  a rotation angle , we may wri te 

I t ( e , r ) > • exp ( - i e J ) I t ( o , r) >z (�) 
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After some straightforward algebra,  the Hamiltonian becomes 

H(  r , p , p ) m V( r )  + p2 
/ (2 m) + p8

2 
/ ( 2 I) , 

8 r r 
2 1/(2 m) = M221(4  S 
22

)

1/ (2 I) = < t I J2 ( H - V(  r ) ) I � > / < t I J2 ! � }
z z 

( 16) 

Of course , during collisions , collective degrees of freedom of the 
ions may be excited , or transfer of particles may occur. For instance , if 

the projectile does not really penetrate the target ,  transfer of particles 
may be described by a wave function of the form 

I t c e , r , a 3 > > a exp c i a 3 w c e ,  r > > I � c o , r > > 

+ . * + W ( 0 , r )  a t ( w  • .  a . a. . + w . .  a. . a . )1J a1 PJ 13 bJ  a1 

(17) 

( 18) 

where a:i creates a particle in well a ,  orbi tal i ,  and a:j creates a

particle in orbital j of well b .  Since the wells are parametrized by 0 ,  r, 

it is clear that these operators are also parametrized by e ,  r .  Moreover, 

it  is natural to relate the operator W ( 0 ,·r ) to the matrix elements of 

the potential barrier separating the projectile from the target, so the 

matrix elements w . . may themselves be functions of r .  When we wish to
1J 

describe transfer o� particles , the Hamiltonian becomes , therefore , 

2 2 2 H ( r , a3 , Pe , Pr , p3) = V ( r ,  a3) + P/ Ct I) + p/ (2 m) + p3 / (2K) , (19)

1 / ( 2K) = < t I w ( ii - V) w + w 2 ( ii - V ) I t > / ( 2 < t I w2 1 t > 
2 

) 

V ( r ,  a3 ) == < 41 I H I t > + ia3 < t I [ H ,  W ]  I 41 > .

The probability for transfer of particles will be given by / < � l w2 1  � > •3 
The present formalism is flexible enough to allow for the excitation 

of collective degrees of freedom of the target and projectile , provided the 

wave fwiction is properly parametrized. 
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