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Inst i tute tor Nuclear. Study , Un1versity  of Tokyo , Tokyo 1 88 ,  Japan 

ln studying th& mo!ecular orbi tals in heavy- ion coll is ions ,  it is  

necessary to  take dynamical effects into account 1 • une or  tho�e effects , 

�or io l is force , has been included in our molecular orbitals (rotating 
molecular orb1tal� ) 2 . Fin ite mc1ss effect of nucleon which is often called 

recoi l ef fee t ,  however , has been only part ially included so far by taki ng 

the av1::rage of the post and prior form of the iuteract ions with the no­

recoil  dpproximat ion . ln th is paper the quant i tat i ve est imate of the reco i l  
1 2  1 3  effect is reported througn the numer i cal analysis  of C- C system and 

1 6o- 1 '1o system . 

we define the molecular orbi tals by the interaction in coupled­

rea<.:t ion-channel {CRC ) equation .  Transfer form factor K in CRC equation 

becomes non-local because of the recoil  e ffect . ln order to obtai11 the 

local operators we take the momentum expansion of K up to 1 st order . The 

rad ia l part of the recoil  effect i s  reflected in the 1 st order term and the 
c;1.ngular part is  1n K -mi xing terms as well as in tne total angular momentum 

J-depend�nc� of tn� local operators .

K-mix t ng terms ment ioned above are

mucn sma Uer tha11 Cor 1ol 1s  K-m1 x 1ug 
terms and the ir  contr i but ion to tht: 

d i fferent ial. cross sect ion is found to 

be nttgl lij;ible . Though the 1!!:_ oroer 

terms are fa 1rly apprec iable in 1 2c- 1 3c

sy!)tem , we def ine the rotat ing molecular 

bas is _by employing only the O� order 
terms • Reco i l  effect is small in the 

ad iabat ic  potentials of the rotat ing 

molecular orbitals . 

Cnaracter isti c  chonges ar ising from 

the reco i l  effect appear around the 

psuedo-cross ings between the ada i batic  

potent ials . As  shown in F ig . 1 ,  those 

chnges can be seen 1n the sharp radi al 
coupl i ngs of the Landau-Zener type .
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Fig . 1 Rad ial coupl i ngs between 
the ground and the 1 st exalted 
stat�s of the molecular 
orbi tals calculated with 
( sol id ) and without (dotted)  
the recoil effect . 
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Sometimes the posit ions of the crossings themselves are affected too . 
Theret'ore the recoil  effect is best seen in the the system where the 

1 2  1 3  !.auac&u-Zener transit ion occurs .  Recently i t  was shown that in the C- C 
�y�t.dm tht: rnelast. ic traras 1 t ion to ;::s \ 1 2  state .u1 the negati ve-par ity 
sta t.es of the total system is the Landau-Zener trans it ion and that in the 
pos it ive-pari ty states transition occurs adiabat ically . The part i al cross 
section shows clear ly that the reco i l  effect is larger in the negat ive­

parity �tates than in the posit ive-parity ones . Thus as shown in Fi g . 2 the 

differential cross section of 1 2c- 1 3c system exhi bits the considerable 
amount of the change due to the recoi l  effect even at low bombard ing 
energies . 
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Fig . 2  Differential cross sections or the inelastic scattering to the 2s1 / 2  
state calculated with (solid line) and wi thout (dotted) the recoil effect. 
Also Shown are the values calculated without the 1 st order terms ( dashed) 
and the K-mixing tems ( dash-dotted) respectively. 
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