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Abstract The Coulomb-Bom (CB) approximation has been employed to study charge transfer cross sections in collisions of C^, and 
{q = 1-5) with atomic hydrogen in ground state in the energy range of 30-200 keV/amu The interaction of the active electron with the 

incoming projectile ion has been approximated by a model potential containing both a long-range part and a short-range part Variations of total 
capture cross sections with impact energy compare favourahle well with the available experimental observations and with other theoretical 
findings In addition, sub-shell distributions of total capture cross sections are given in graphical form However, we arc unable to find any 
oscillation in the charge-state dependence of total capture cross sections
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1. In t ro d u c tio n

Charge tra n sfe r  d a ta  in  h e a v y  io n -a to m  c o llis io n s  a re  in 

demand fo r th e ir  in te rd is c ip l in a ry  a p p lic a tio n s  [ 1- 5 ] in 

various b ra n c h e s  o f  p h y s ic s . F o r  th is  re a so n , a  lo t o f  

investigations [6 ,7 ] h a v e  so  fa r  b een  m a d e  in s tu d ie s  o f  

inelastic p ro cesse s  in  h e a v y  io n -a to m  in te ra c tio n s  d u rin g  last 

two decad es. In  th is  re s p e c t ,  m o s t o f  th e  th e o re tic a l 

investigations a re  c o n f in e d  to  th e  c o llis io n s  o f  fu lly  s tr ip p e d  

ions w ith n eu tra l a to m s. H o w e v e r , so m e  th e o re tic a l s tu d ie s  

[8- 1 0 ] have b een  p e rfo rm e d  fo r th e  c o llis io n s  o f  p a rtia lly  

sn ip p e d  io n s  w ith  a to m s .  U n d e r  s u c h  u n b a la n c e d  

circum stances, e x p e r im e n ta l in v e s tig a tio n s  [ 1 1 , 1 2 ] a re  w ell 

balanced on  b o th  c o u n ts . D u e  to  th e  g ro w in g  n e e d  o f  

accurate a to m ic  d a ta b a se , s tu d ie s  o n  in e la s tic  p ro c e s se s  in 

collisions o f  p a r tia lly  s tr ip p e d  io n s  w ith  n e u tra l a to m s are  

still in full sw ing . D u e  to  n o n -e x is te n c e  o f  e x h a u s tiv e  ch arg e  

transfer d ata  fo r  th e  c o ll is io n s  o f  C ^ ,  a n d  O*'" {q =  

1 '5 ) w ith a to m ic  h y d ro g e n  in  g ro u n d  s ta te , w e  a re  m o tiv a ted  

to study such p ro c e s se s . A  b r i e f  re v ie w  o f  th e  in v e s tig a tio n s

carried ou t so  far, fo r  th e s e  c o ll is io n a l sy s tem s , a re  n a rra ted
below.

O lso n  an d  S a lo p  [13] h av e  em p lo y e d  th e  c la s s ic a l 

tra je c to ry  M o n te  C a rlo  (C T M C ) s tim u la tio n  m e th o d  to  s tu d y  

ch a rg e  tra n sfe r  c ro ss  sec tio n s  in co llis io n s  o f  

an d  {q > 3 ) w ith  g ro u n d  sla te  a to m ic  h y d ro g en . T h ey  

h av e  tre a te d  th e  in te rac tio n  o f  th e  ac tiv e  e le c tro n  w ith  th e  

p ro je c ti le  ion as C o u lo m b ic  w ith  an  e ffec tiv e  c h a rg e  o b ta in e d  

fro m  sp e c tro sc o p ic  d ata . H o w ev er, su b -sh e ll d is tr ib u tio n s  o f  

to ta l ch a rg e  tra n sfe r  c ro ss  sec tio n s a re  n o t a v a ila b le  fro m  

th e ir  c a lc u la tio n s , E ich le r et a /  [14] h av e  c a lc u la te d  ch arg e  

tran sfe r  c ro ss  sec tio n s  in co llis io n s  o f  d if fe re n t d eg ree  

ions o f  L i, C , N  and  O  w ith  a to m ic  h y d ro g e n  w ith in  th e  

fra m e w o rk  o f  O p p e n h e iin e r-B r in k m a n -K ra m e rs  (O B K ) 

ap p ro x im a tio n . In th e ir  in v es tig a tio n s , th ey  h av e  tre a te d  th e  

p a rtia lly  s trip p ed  p ro jec tile  ion  as b a re  ion  w ith  c h a rg e  eq u a l 

to  th e  a sy m p to tic  ch a rg e  o f  th e  p a rtia lly  s tr ip p e d  ions. In 

o rd e r to  co m p en sa te  th e  o v e r-s im p lif ie d  a ssu m p tio n s , th ey  

h av e  su ccess iv e ly  m u ltip lied  th e  c a lc u la te d  c ro s s  se c tio n s  in 

O B K  a p p ro x im a tio n  by a re d u c tio n  fa c to r o b ta in e d  from  

e ik o n a l a p p ro x im a tio n  an d  th e  P au li b lo c k in g  fa c to r [14 ]. In 

th is  c a lc u la tio n  as w ell, th e  ch a rg e  tra n s fe r  c ro ss  se c tio n s  in to  

each  in d iv id u a l su b -sh e ll a re  n o t a v a ilab le .
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U n d e r th e  p re v a ilin g  c irc u m sta n c e s , w e  a re  m o tiv a te d  to  

stu d y  to ta l ch a rg e  tra n sfe r  c ro ss  sec tio n s an d  th e ir d is trib u tio n s  

in to  sh e ll/su b -sh e lls  in c o llis io n s  o f  C ^ ,  an d  
{q =  1- 5 ) w ith  g ro u n d  sta te  a to m ic  h y d ro g en  w ith in  th e  

e n e rg y  ran g e  o f  3 0 -2 0 0  k eV /am u . In th is  sp ec if ie d  en e rg y  
ran g e , d if fe re n t p e rtu rb a tiv e  m e th o d s  a re  u su a lly  ap p lied . 

T h e  s tren g th  a n d  w e a k n e ss  o f  su ch  p e rtu rb a tiv e  m e th o d s  

in th e  a p p lic a tio n  o f  h eav y  io n -a to m  co llis io n  h av e  b een  
w ell d isc u sse d  by  D ew an g an  an d  E ic h le r  [15] in th e ir  

rev iew  a rtic le . W e h av e  fo rm u la ted  o u r  p ro b le m  in th e  
fram e-w o rk  o f  th e  C o u lo m b -B o m  (C B ) ap p ro x im a tio n . T h e  

e ssen ce  o f  th e  C B  a p p ro x im a tio n  h as  b een  w ell u n d e rs to o d  

a fte r  th e  fo rm u la tio n  o f  th e  b o u n d a ry  c o rre c te d  firs t B o m  

( B I B )  [15 ] a p p ro x im a tio n . A p p lic a tio n s  [1 6 -1 9 ]  o f  th e  C B  

a p p ro x im a tio n  in  th e  th re e - an d  fo u r-b o d y  p ro c e s se s  h av e  

rece iv ed  c o n s id e ra b le  su c c e ss  in d e p ic tin g  e x p e rim e n ta l 

o b se rv a tio n s .

T h e  o rg a n iz a tio n  o f  th e  p a p e r  is as fo llo w s. T h e o re tic a l 

fo rm u la tio n s  a re  n a rra te d  in  b r ie f  in  S ec tio n  2. C a lc u la te d  

re su lts  a re  d is c u sse d  w ith  g ra p h s  a n d  ta b le s  in S ec tio n s  3. 
F in a lly , th e  p a p e r  e n d s  w ith  a  c o n c lu d in g  re m a rk  in S ec tio n

4. A to m ic  u n its  a re  u se d  th ro u g h o u t th e  w ork .

2. T h e o r e t ic a l  fo rm a lis m

T h e  c o o rd in a te  sy s tem  fo r th e  c h a rg e  tra n sfe r  reac tio n

Figure 1. Coordinate representation for the reaction -¥
+ AT (A' “  C. N. O and ^ * 1-5).

is sh o w n  in F ig u re  1, w h e re  X̂ * re p re se n ts  an d

(q -  1 -5 )  ions re sp e c tiv e ly . T h e  to ta l h a m ilto n ia n  o f  th e  

w h o le  c o llis io n a l sy s tem  m ay  b e  w ritte n  as

H = H o + y T ,M  + yp,(rp) + yrp(R)
w h e re

( 1)

” 2u. '̂ r 7a f2p.
1

2 / / /

2a
1

Hr 2 6

C o n s tm c tio n s  o f  th e se  tw o  b o d y  p o te n tia ls  a re  co n sid e red  

a s  fo llo w s. Vj’eifT) is  u n iq u e ly  d e te rm in e d  b y  C o u lo m b

p o te n tia ls  i.e. Fje (rf) = — Int e r ac t i on  o f  th e  active
rr

e le c tro n  w ith  th e  p a r tia lly  s tr ip p e d  p ro je c ti le  io n  h as  been 
a p p ro x im a te d  by

Vp,{rp) = - j - - ^ { ( Z - q )  + br,)^ (?)

w h ere  Z  a n d  q a re  re s p e c tiv e ly  th e  n u c le a r  c h a rg e  and 

a sy m p to tic  c h a rg e  o f  th e  p ro je c ti le  ion . A a n d  b a re  two 

a rb itra ry  p a ra m e te rs  c h o se n  v a r ia tio n a lly  in su ch  a  w ay  that 

th e  c o rre sp o n d in g  h a m ilto n ia n  o f  th e  a c tiv e  e le c tro n  in the 

f in a l s ta te  is d ia g o n a lis e d  to  re p ro d u c e  c o rre c t b ind ing  

e n e rg ie s  w ith  re sp e c t to  a  S la te r  b a s is  se t. P o te n tia l p aram eters  

fo r  d if fe re n t io n s a re  g iv en  in T a b le  1. H o w e v e r , accu rac ies

Table 1. Model potential parameters X and b in eq. (3) are given for 
different

Ion X b

C* 2 0333 3.2930^

3,2280 9 2930

C’" 4 2280 6 6850

8 0080 8 9850

10  008 3 5700

N* 1 9533 1 5679

3 2790 9 9932

4.0074 9.9432

5 4670 9 9897

9.0074 98132

0 ^ 2 0 1 1 0 0 7132

3 0010 l A m

3 9490 9.9222

5.3670 9.9997

0 *̂ 8.3333 5 5597

(e n tra n c e  c h a n n e l)  (2 a)

(e x it c h a n n e l)  (2 b )

/i„  a an d  b a re  th e  re d u c e d  m asses  a s so c ia te d  w ith  re la tiv e  

c o o rd in a te s  Ri, ri an d  ry. re sp ec tiv e ly . V su b sc r ip te d  by  
tw o  in d ices  re p re se n ts  th e  p a ir in te ra c tio n  b e tw een  tw o  
o b je c ts  w h ich  a re  id en tif ied  as  ac tiv e  e le c tro n  (e ) , ta rg e t ion 

(T ). an d  p ro je c ti le  ion  (P )  resp ec tiv e ly .

o f  th e  f in a l s ta te  w a v e fu n c tio n s  h a v e  b e e n  te s te d  b y  th e  virial 

th e o re m  a n d  h a v e  b e e n  fo u n d  to  b e  a c c u ra te  w ith in  0 .0 1 %. 

T h e  in te ra c tio n  o f  th e  p ro je c ti le  io n  w ith  th e  ta rg e t nucleus 

h a s  b e e n  tre a te d  a s  C o u lo m b ic  w ith  a sy m p to tic  c h a rg e  q ie.
q

K77. () ? )  =  - ^  . T h is  is w e ll ju s t i f ie d  b e c a u se , e v e n  i f  some 

sh o r t-ra n g e  p a r t e x its , c h a rg e  tr a n s fe r  c ro s s  s e c t io n s  w ill not 

b e  a ffe c te d .

W ith  a ll th e se  c o n s id e ra t io n s , c h a n n e l h a m ilto n ia n s  and 

in te ra c tio n s  m ay  b e  w ritte n  a s  

E n tra n c e  c h a n n e l :

H ,= - 1
2/i, f<T 2 a  't r-i' ’

]/ _  J L __
' "  r,»

2a
o~Arp

{ ( Z - q )  + brp}^

(4a)

(4b)
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Exit channel ; 

H f = -______- — V
f 2pf  2b ’>

' P  ' P

Vj = T “ ~^ R rr ■

(4c)

(4d)

The corresponding transition matrix element may be 
written as

T t f = { x i l V l ¥ , ) ,  (5)

where F = K, (prior) or Vf (post) . (6)

Here are defined by

=0. (7a)

=0. (7b)

The solution for i//, and x~f may be written as

i/f, =e “‘' , (8a)

X f  = e-’^ nr {\- ia )e f ' j .

x ,F ,(ia ;l; - i{kfRp +kf .Rp))^f {rp ) .  (8b)

Using the integral representation of a confluent 
hypergeometric function and choosing either form of 
interaction potential, the transition matrix element (T,f) may 
be written in a general form as

If + lim D(f,,yff,A)

-lar-I (9)

where C is some constant originating from initial and final 
bound state wave function, /?, A) being the parametric 
differential operators to generate different higher excited 
states and the explicit form of J  may be written as

pdRpe~*r £
,—Xrp 9-sRp

Rp

' = - [  J dQ

where = ( y b -a ) k , .

qi = { \ - t ) k f - a k , ,  
Mi = X l b ,  P 2 = £ i - i k f t .

(12b)

(12c)

= jd r ,

Here £ = - i k f i .

Taking Fourier transform of terms involving rr, rp and 
and using the properties of delta function, J  may be

reduced as

Using the integral representation of a general three- 
denominator integral of Lewis [20], J  may be reduced to a 
simplified form as

J = f dx
62 J P^Q t 

0
(13)

So the transition matrix element in the reduced form may be 
written as

T,j =Ce-«^nr{\+ia)  lim Z)(f,,/?,/l)
Ci-^0

16;r^
b^

Ot (14)

Now, the complex integration may be evaluated by Cauchy's 
residue to obtain the final form of the transition matrix 
element (7^) as

TV =Ce-'™/2/’(l+ ;a) lim D(£,,^,A)
Cj —̂0

jd x P -'“- \ P  + QY (15)

This one dimensional integral and the integration over 
scattering angles are performed numerically using 60- and 
30-point Gauss Legendre quadrature method respectively to 
obtain the final charge transfer cross section with an accuracy 
of 0.1%. However, it may be pointed out that higher excited 
states are generated by parametric differentiations which go 
upto sixth order for all the purposes. All these differentiations 
have been carried out analytically in the present investigation.

3. Results and discussion
Charge transfer cross sections into each individual sub-shell 
have been obtained by multiplying the calculated cross 
sections for the corresponding shell by Pauli blocking factor 
given by

(16)

( 11)

(12a)

where ^  is the calculated ctqss sections and is the 
number of electrons occupying the sub-shell (n, /) of the 
incoming partially stripped projectile ion. We have displayed 
our calculated results for total charge transfer cross sections 
in comparison with other existing results (both theoretical 
and experimental) in Figures 2-4, Here, total cross sections 
have bMn obtained by summing up all cross sections upto 
the maximum principal shell, n = S. Under such circumstances, 
it may be mentioned that the total cross sections are 
convergent within 20% even with the projectile ion of charge
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Figure 2. Variation of total capture cross sections with energies for 
« 1-5) + H{{s) interaction.

Theory : (— , ^ * 1 ,------, ^ “ 2, . , q ^ 3 , ---- , <7 = 4 ,. , ^ “ 5),
present CB results, (U , ^  =  1, O, ^  “  2, A. ^  “  3,), the theoretical result 
of Eichler et ai [14J, (V, ^ = 4; 0, ^ = 5). the CTMC result of Olson and 
Salop fl3J; (B, ^ = I; ®. </ = 2 ; ^  <7 = 3, V. ^ = 4. <7 = 5). the CTMC
results of Purkail ef al [2 1 )
Experimental results (■, ^ = I; • , ^ = ^ “ 3 ,^-, ^ = 4, ^ = 5),
of GofTe et al \ \ \ ]

Figure 4. Variation of total capture cross sections with energies for O’* 
(V “ 1-5) ♦ /y(lj) interaction 
Nictations same as in Figure 3

State q = S over the entire energy region under study. 
However, convergence gradually improves with decreasing 
charge state of the projectile ion and becomes 3% for q -
1. In the present investigation, quantitative data for sub-shell 
distribution of total charge transfer cross sections have not 
been given in tabular form and may be obtained on request. 
However, sub-shell distribution for total charge transfer 
cross sections have been given in diagrammatic form in 
comparison with the results of Purkait et a/ [21] in CTMC 
method in Figures 5-9 for {q = 1-5) as projectile ions

2 (E=80 keV/amu)

Figure S. Electron capture into nl levels for 80 keV/amu collisions of 
nitrogen in charge state q * 1 with atomic hydrogen. X-axis gives the 
orbital-angular-momentum quantum number /.
□  , CB (present work); ■, the CTMC results of Purkait et al [21].

2 80 keV/amu

Figure 3. Variation of total capture cross sections with energies for
iq = 1-5) + H {\s) interaction.
Notations same as Figure 2 except the experimental results of Phaneuf 
et al [ 12 ].

only. There is no specific reason for this choice of such 
projectile ion because the charge transfer cross sections for 
other ions as well bear almost the same resemblance.

Variation of total charge transfer cross sections with 
impact energy for collisions of {q = 1-5) with atomic 
hydrogen has been displayed in Figure 2. From the figure, 
we may find that the results for C* ion as projectile have fair 
agreement with CTMC results of Purkait et o/ [21] at lower 
energies but disagreements are observed with increasing
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p ro jec tile  e n e rg ie s . S im ila r  p a tte rn  is o b se rv e d  in co m p ariso n  

w ith th e  e ik o n a l re su lts  o f  E ic h le r  et al [14 ] an d  the

80 keV/imu

S
a 0 I

I

IE-3 7  0 I 2 0 1 2 3 0 I 2 j 4

Finri-Miicqiumium numbv-k

F ig u re '7. Same as Figure S except for incident ion charge slate <7 -  3

80 keV/amu

80 keV/amu

IT

1

2  01

i
% 001

I
1E-3

0 I 0  ̂ i ' 0

Fioil̂ Ui qu«iwm nianbtrt
1 2  3 4

Figure 9, Same .as Figure 5 except for incident ion charge stale ^ “  5.

experim ental o b se rv a tio n s  o f  G o ffe  et al [I \], F o r  co llis io n s  

ions w ith  a to m ic  h y d ro g e n , o u r  p re se n t re su lts  

com pare fa v o u ra b ly  Well w ith  th o s e  o f  P u rk a it et al [21]

and  th e  resu lts  o f  E ich e r et al. E x p e rim en ta l re su lts  o f  G o ffe  

et flf/ [ 1 1  ] h o w ev e r o v e re s tim a te  o u r  fin d in g s  o v e r  th e  en tire  
en erg y  reg io n . F o r co llis io n  o f  (q =  3 - 5 )  ions w ith  

a to m ic  h y d ro g en , w e m ay  fin d  th a t o u r c a lc u la te d  re su lts  in 
C B -ap p ro x im a tio n  co m p are  v e ry  w ell w ith  all a v a ila b le  
th eo re tica l and  ex p e rim en ta l re su lts  [1 1 .1 4 ,2 1 ] . E x cep tio n  
lies o n ly  w ith  the C T M C  resu lts  o f  O lso n  an d  S a lo p  [13 ] 
w here  th e ir resu lts  u n d eres tim a te  o u r fin d in g s w ith  in c rea s in g  
e n e rg y  for the ch arg e  sla te  o f  ca rb o n  ions to  be  4  an d  5  

resp ec tiv e ly . E nerg y  d e p e n d e n c e  o f  to ta l ch a rg e  tra n sfe r  

c ro ss  sec tio n s in H {q -  1 -5 )  in te rac tio n  is sh o w n  

g rap h ica lly  in F igure  3. F o r and  co llis io n s , p re sen t 

c a lc u la ted  resu lts  do  n o t hav e  co n sis ten t ag re e m e n t w ith  th e  

th eo re tica l resu lts  o f  E ich le r et a/ [14 ], P u rk a it et a /  [21] and  

ex p erim en ta l resu lts  o f  P h a n e u f  et al [ 1 2 ] o v e r  the  en tire  

en erg y  reg io n  u n d e r co n sid e ra tio n . H o w ev er, v ery  g o o d  

a g re e m e n t is o b se rv e d  in c o m p a r iso n  to  a ll a v a ila b le  

th eo re tica l and  ex p erim en ta l re su lts  in case  o f  co llis io n s  
{q =  3“ 5) ions w ith  a to m ic  h y d ro g en  in g ro u n d  sta te . P re sen t 

co m p u ted  resu lts  fo r to ta l ch a rg e  tra n sfe r  c ro ss  sec tio n s  fo r 

co llis io n  o f  {q = 1 -5 )  w ith  a to m ic  h y d ro g en  hav e  b een  

d isp lay ed  in F igure  4 . W e find  from  the  figu re  th a t the  resu lts  

hav e  a lm o st th e  sam e ch a ra c te ris tic  fea tu res  as have been  
found  in ca se  o f  (q =  1 -5 )  co llis io n s . It is fo r genera l 

o b se rv a tio n  th a t th e  m ag n itu d e  o f  the  c ro ss  sec tio n  a t each  
en erg y  en h an ces  w ith  in c reas in g  c h a rg e -s ta te  o f  th e  p ro jec tile  

ion. T h is  is w ell ju s tif ie d  b e cau se  th e  cap tu re  p ro b ab ility  
in c reases  as the  s tren g th  o f  th e  p o ten tia l b e tw een  th e  ac tiv e  
e lec tro n  and  th e  p ro jec tile  ion in creases.

Sub-shell d is trib u tio n  o f  to ta l charge  tran sfe r c ro ss  sections 
fo r (q = 1 -5 )  + M{\s) in te rac tio n s have b een  d isp lay ed  

in  F ig u res 5 - 9  resp ec tiv e ly . D ue to  n o n -av a ilab ility  o f  any  

o th e r  resu lts , w e hav e  co m p ared  o u r re su lts  w ith  th o se  o f  

P u rk a it et al [2\] in C T M C  m ethod . F rom  th e  fig u res, w e 

m ay  find  th a t o u r q u an tu m  m ech an ica l re su lts  in C B - 

ap p ro x im a tio n  a t 80  k eV /am u  co m p are  fav o u rab ly  w ell w ith  

th o se  o f  P u rk a it et a /  [21] in a  c lass ica l m e th o d  e x c e p t fo r 

a few  o ccasio n s , i t  m ay  b e  o b se rv e d  th a t th e  p e a k  o f  th e  

ch a rg e  tra n sfe r  c ro ss  sec tio n s  fo r an d  io n s o c c u rs  at 

th e  p rin c ip a l shell n  '  2. W e m ay  fin d  th a t th e  re su lts  fo r 
ion, as p ro jec tile  ion  h av e  th e ir  m ax im u m  v a lu e  a t d ie  

p rin c ip a l sh e ll /i -  2. H o w ev er, c o n tr ib u tio n s  fro m  n  *  3 shell 

a re  q u ite  ap p re c ia b le  in c o m p ariso n  to  th e  e a r lie r  on e . F o r 

co llis io n  o f  ion, ch a rg e  tra n sfe r  a tta in s  th e ir  m ax im u m  

v a lu e  a t th e  p rin c ip a l sh e ll n =  3 b u t s ig n ifican t c o n tr ib u tio n  

co m es from  n  =  4  sh e ll as  w ell. In  ca se  o f  c o llis io n s  w ith  

ion , c ro ss  sec tio n s  a tta in  th e ir  p e a k  v a lu e s  a t n  ==* 3 shell. 

H o w ev er, ch a rg e  tran sfe r  in to  n =  4 sh e ll is q u ite  c o m p e titiv e  

to  th e  p rev io u s o n e  in  th is  ca se  u n d e r c o n s id e ra tio n . It is 

o b se rv ed  th a t th e  su b -sh e ll d is tr ib u tio n s  o f  c h a rg e  tra n sfe r  

c ro ss  sec tio n s  in to  a  p rin c ip a l sh e ll (n )  h av e  la rg e s t v a lu e  at 

/max = - 1 • A ll th ese  c h a ra c te ris tic  fe a tu re s  m ay  b e  ex p la in e d  

in te rm s o f  e n e rg y  re so n a n c e  (o r  n e a r  re so n a n c e )  a n d



90 A Dhara. M Purkait, S Sounda and C R Kiandal

velocity matching of the active electron in the initial and 
final state. However, the situation changes gradually with 
increasing impact energy. Non-dependence of total charge 
transfer cross sections on the structure of the projectile ions 
with charge state q > 2 may be due to the fact that the 
maximum contribution to the total cross sections come from 
n t 3  shell and as such, coulomb interaction is predominant 
in the electron-projectile sub-system in such circumstances.

Kim et al [22] have observed oscillations in charge 
dependence of total electron capture cross sections in 
collisions of Ti'' ,̂ and Au*"̂  with atomic and molecular 
hydrogen at impact energies of 25-102 keV/amu. They have 
explained this feature in terms of interference between the 
amplitudes obtained from the short-range part and long- 
range part of the interaction of the active electron with the 
lighter projectile ion. However, they have found no such 
oscillation in case of collisions with projectiles viz. Si^\ Fe*'̂  
and Mo*̂ . From Figure 10, we find that no such oscillation 
exists in our calculation. The theoretical explanation for such

Figure 10. Variation of toial cross sections with charge-state for C**, N** 
and O’* (9  = 1-5) at 100 keV/amu. u-carbon; o-nitrogen; A-oxygen

oscillations given in the experimental paper by Kim et al [22] 
does not seem to be appealing because, as the charge-state 
of the projectile increases, charge transfer into excited states 
dominates. So the effect of short-range part of the potential 
is negligibly small in comparison to the long-range part. As 
a consequence, we cannot expect significant contribution 
from the interference term. In addition, ions under present 
studies are even lighter than Si^.

4. Concluding remarks
In comparison to our computed results with the experimental 
observations and other theoretical findings, it is evident that 
fair estimate of cross section may be obtained by CB- 
approximation in the framework of model potential approach

in case of collisions of partially stripped ions with neutral 
atoms. However, much care has to be taken in the construction 
of the model potential particularly for very low charged ions 
As the charge state of the projectile increases, the differences 
among the results for charge transfer cross sections for 
different projectile ions with same charge diminishes as the 
impact energy increases. Still we are unable to find a simple 
^-scaling law. Good agreement of the sub-shell distributions 
of total charge transfer cross sections obtained from a purely 
quantum mechanical method and a purely classical method 
indicate that ensemble interpretation may be well accepted 
in determining the classical limit of quantum mechanical 
formulation.R e frrcn cn[1] R K Janev (ed ) Atomic and Molecular PriKesses in Fusion Edge 

Plasmas (New Y(,ik Plenum) (1995)[2] B H Bransden and D P Dewangan Adv Ai Mol Opt Phys 25 343 (1998)[3] J S Briggs and J  H Macek Adv Ai. Mol Phys 28 I (199(1̂ )[4] W Fritsch and C  D Lin Phys Rep 202 1 (1991)[5] D  S F Crolhers and I. J Dube Adv Al Mol Opt Phys 30 287 (1992)[6] D Z  Belkic, R Gayct and A  Salin At Data Nucl Data Tables 51 59 (1992)[7] D  P Dewangan and J  Eichicr Phys Rep 247 59 (1994)[8] J  P Hansen and A  Dubis Phys Scr T62 55 (1996)(9| D  R Schultz, P S Krstic and C  O  Reinhold Phys Scr T62 69 (1996)[10] M  Das. M  Purkait and C  R Mandal Phys Rev A57 3573 (1998)I I I ]  T V  Goffe, M  B Shah and H B Gilbody /  Phys B12 3763 (1979)[12] R A  Phaneuf, F W Meyer and R II Mcknight Phys Rev AI7 534 (1978)[13] R E  Olson and A  Salop Phys Rev A16 531 (1977)[14] J  Eichler, A  Tsuji and T Ishihara Phys Rev A23 2833 (1981)[15] D P  Dewangan and J  Eichicr J  Phys. D18 L65 (19851, D  P Dewangan and J Eichler J  Phys B19 2039 (1986)[16] C  R Mandal, S Datta and S C  Mukherjee Phys Rev A24 3044 (1981)[17] D  Z  Belkic and I Mancev Phys Scr 42 285 (1990)[18] I Mancev Phys Rev AS4 223 (1996)[19] M  Das, M  Purkait and C  R Mandal J. Phys. B31 4387 (1998)[20] R  R Lewis (Jr) Phys. Rev. 102 537 (1956)[21] M  Purkait, A  Ohara, S  Sounda and C  R  Mandal J. Phys B34 
(2001)[22] H J  Kim , P Hvelplund, F W Meyer, R  A  Phaneuf, P H Stelson and C  Bottcher Pfys. Rev. Lett. 40 1635 (1978)


