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Electron correlations in single-electron capture from heliumlike atomic systems
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Total cross sections for single-electron transfer from two selected heliumlike atomic systems by bare pro-
jectiles are computed by means of the four-body continuum distorted-wave approximation. The effect of
dynamic electron correlations is explicitly taken into account through the complete perturbation potentials.
Specifically, we consider the symmetric HeHe and asymmetric HLi* collisions in a large energy range
from 50 to 10 000 keV. With regard to a previous work of Belkical. [Phys. Rev. A56, 3675(1997], where
a major influence of electronic correlations on single-electron capture by fast protons in helium was found, the
present paper expands the study to higher projectilé {(Hand target (Lt) nuclear charges, with the purpose
of determining whether electronic correlations remain important. di@ and posttotal cross sections are
found to be in satisfactory agreement with the available experimental [&it850-294{@9)04707-1

PACS numbdis): 34.70+e, 82.30.Fi

[. INTRODUCTION The process$l.1) has previously been treated theoretically
by a number of authors. In Refg,5] the prior form of the
The three-body continuum distorted-wa €DW-3B) CDW-3B method was employed with various wave func-
method(with the original accronym CDW[1-5] is one of tions for helium. In fact, as pursued further later in R&f7],
the most adequate approximations for treating charge exhe CDW-4B approximation was adopted in R¢#&5] in an
change in fast ion-atom collisions. In the case of two-initial stage of the study of reactidil.1). However, the sub-
electron transitions, the CDW-IPM and CDW-IEM approxi- sequent analysis of Reff4,5] was simplified by an addi-
mations were used in Refi®,7] and[8,9], respectively. IPM  tional approximation, yielding an effective three-body tran-
refers to the independent particle model and IEM refers tasition amplitude containing only one scalar product of the
the independent event model. During the last few yearsgradient operator as the perturbation. The CDW-IPM was
much attention has been paid to developing an appropriateriginally introduced in Ref[6] for double charge exchange
framework for four-body continuum distorted wa€DW-  and later applied to transfer ionization in Ré¢f]. The
4B) models with the primary purpose of describing two- CDW-IEM was suggested in Ref§8,9] and implemented
electron transitions at intermediate and high impact energie$or Eq. (1.1) at energies 100—800 keV/amu. The effect of the
Such a full guantum-mechanical CDW-4B method for two- static correlation in helium was explicitly taken into account
electron capture from heliumlike atomic systems by bareby the use of the Pluvinage wave function, while the dy-
projectiles has been introduced in Ref40,11. The ob- namic correlation, which originates from tleee Coulomb
tained results for formation of Hin H*-He collisions were interaction during the collision, was ignored. Such a CDW-
in excellent agreement with the pertinent experimental datdEM gave total cross sections that are larger than the avail-
Subsequently, the CDW-4B approximation for double-able experimental data. The IPM was frequently utilized for
electron capture was used for other collision systems encontalculating the total cross sections for electron capture in
passing some singly and doubly excited final sthi&$. An- He?*-He collisions within various approximations. Accord-
other version of the CDW-4B method with certain additionaling to this model, the capturddctive electron is considered
approximations in perturbation potentials was utilized inas moving in an effective potentidlt, generated by the
Refs.[13—-15 to examine simultaneous transfer and excita-alpha particle and the passive electron. The IPM and the
tion, such as: $"+H(19—Si**" (nl,n’'l"’)+H" and Roothan-Hartree-Fock target screening were adapted in Ref.
He'(1s) +He(1s?) —He(nl,n’l")+He"(1s). Moreover, [18] within the boundary-corrected first Born (CBB1B)
simultaneous transfer and ionization has also been succegserturbation model. The ensuing results were in very good
fully devised by the CDW-4B mod€]16]. In addition to  agreement with the measurements. Total cross sections for
these two electron transitions, the CDW-4B approximationEq. (1.1) were also computed by means of the IEM in Refs.
has recently been employed in REE7] for the description [19-21 within the Bassel-Gerjuoj21] first-order perturba-
of single-electron capture. The computed total cross sectiontton theory. The coupled channel semiclassical IPM employ-
for H*-He collisions were in excellent agreement with avail-ing a traveling atomic orbital expansion was utilized in Ref.

able experimental data above 100 keV. [22] for a description of various one- and two-electron tran-
In this work we shall apply the CDW-4B method from sitions in collisions between fully stripped ions and helium.
Ref.[17] to study single charge exchange: In Ref.[22], the IPM was applied to two different effective
target potentialsV;=—1/r —(1+0.4143)exp(—2.499)/r
He?* +He—He" +He", 1y andVr= —7%Mr with effective charges™. The main draw-

backs of the IPM arei) the dynamic correlation effects are
ignored from the onset an@) the three-body formalism is
p+Lit—H+Li%". (1.2 used, despite the fact that the considered problems dealt with
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two active electrons. Throughout the present paper, the stat'tgrget nucleug; by the model interaction- Z1/r;—Z1/r,
correlations refer to the effect of the interelectron interaction 1/, — — Zr,—Z%Ir,. The wave function of Li ion was

in an isolated heliumlike atomic system without recourse to; simple product of the hydrogenic orbitals with the effective
its collisions with another particle. Both radial and a”9U|archargeZ$“. Although the results of Ref.25] show some
static electron correlations can be taken into account in thgnprovement over the CTMC approximatiof26], both
IPM through, e.g., configuration interacti¢@l) wave func-  methods completely ignore the dynamic electron correla-
tions as accomplished within various models including thejons. The total cross sections of the CTMC approximation
CDW-IPM. The dynamic correlations describe the interacdie above the experimental data of RE27]. The CDW-3B
tion between the two electrons of the hydrogenic systemapproximation was used to compute the total cross sections
(Zp,e1)s, and (Z7,e7)y, in the exit channel of the consid- in Ref. [28]. The target lithium ion LT was described by
ered single charge exchanggs+(Zr;e;,e)i—(Zp €1y, several wave functions, but the considered reaction was re-
+(Zt,e,);., where the parentheses indicate the boundiuced to a three-body problem. Such a CDW-3B model can-
2 not yield any information about the relative significance of

states. This interaction alone is capable of causing a transfpe e of thedynamicinterelectron interaction in collisions
tion of the complex projectile target from an initial to a final ||, qer study.

state of the entire collisional system. Such a dynamical effect 1o contribution from the-e interaction during the col-
automatically possesses both radial and angular correlations; o single-electron capture in the HeHe and H -Li*

through an inclusion of the interelectronic Coulomb pOtemialscattering has not been previously assessed. Therefore, the
—1/r_12=_— U|Fy—F5| in the final pe_r_turbat|on_ potential ap- main goal of the present work is to search for evidence of
pearing in a post form of the transition amphtuﬁi_ﬁ. Here  gynamic electron correlation effects in these processes with
ri(i=1,2) is the distance of theth electron from its parent he help of the CDW-4B theoryAtomic units will be used

nucleusZy of helium. throughout unless otherwise stafed.
The classical trajectory Monte Carl@lCTMC) method
was employed in Ref.23] along with a classical model for Il. THEORY
helium with the two active electrons. The CTMC approach ) ]
treats all of the participants in a collisidhe., the projectile, Reactions(1.1) and (1.2) belong to the following, more
the target nucleus, and two-target electiamsclassical point 9€neral category:
particles that interact through Coulomb potentials and move Zp+(Zrie1,00)i—(Zpie))g +(Zrie))r,  (2.0)

according to Newton’s law. However, such a model of he-

lium removes the electron-electron force and allows eaclyherez, and Z; are nuclear charges of the projectile and
electron to interact with the target nucleus through a separaqgrget, respecti\/e|y_ The electrons are regarded as distin-
Coulomb pOtentiaI. Hence, the CTMC method cannot prO'guishab]e from each other according to a duantum-
vide any information on electron correlation effects. mechanical nonrelativistic spin-independent formalism. Let

Thus far, the reactiofl.2) has been theoretically treated §,,andx, , be the position vectors of the electrams, rela-

in Ref.[24], where the total cross sections were computed ir{ive to Zp andZy, respectively. Further Id?§=>21—§1=>?2

the 50-250 keV energy range by means of the perturbative s, be the position vector &p with respect t&, . We also

“one-and-a-half-centered” expansiofPOHCE method. 5— =15 wheres is th L B h
Here, the single-particle model was adopted for the targef@V€R=p+Z, whereg is the projection oR onto theXOY

described through a local exponential screening potential dplane andZ is the Z component ofR. The vector of the
the typeVy=—2fr —exp(~3.3954)/r. In Ref.[25] an ex- distance between the two electrons is denoted™py-X;
pansion was used in terms of a two-state orthogonal basis setXo=S1—S,. The final working expression for the “re-
including the so-called “united atom” with a charge depen-duced” matrix element of “prior” T~ and “post” T
dent upon the internuclear distance. Here the IPM was chdransition amplitudesT™;; =R ; /(27v) with the complete
sen in a way of enabling replacement of the correlation ternperturbation potentials in the CDW-4B theory is taken from
between the electrons and the Coulomb interactions with thRef.[17] as

REZNPTJjfdﬁdildizeiA'glﬂB'ilﬁoﬁ(gﬂ¢?2(>?2)1F1(iVTiliiUX1+i5'>?1)

X|Zp , (2.2

1 : : = o e . . .
R 3_2) @i(X1,%X2)1F1(ivp;1iivsy +iv-§1) = Vy @i(X1,X1) - Vs 1F1(ivp;Liivs; +iv-§;)

Ry =Nor | | [ dRax, g 58,3, o) of (Kol iy + 155

NI
IR s/ Tl x

(P?‘l(gl)lFl(i VT117| UXl-HI_J)~)—(’1)—V31(p?l(§l)-vxl 1Fl(i VT,1,|UX1+|1_})-()1)] .

(2.3



PRA 60 ELECTRON CORRELATIONS IN SINGLE-ELECTRN. .. 353

The term reduced is used to denote that, for the purpose of 1 TR

obtaining the total cross sectio® ; andQ*; , we have = o ,
omitted the overall phase factpf'ZP(ZT=1/y, which is due (Zr+@)® [(A+ 72+ 2214 (B— )%+ 22

to the Coulomb repulsion betweely andZ+—1 in the en- (2.9

trance and exit channels. Hefg—1 represents the charge

of the screened target nucleus, i.e., of the target corg, (Z1+a))
(Z7;e,). The symbol F;(a;c;x) in Egs. (2.2 and (2.3

stands for the confluent hypergeometric function, and the

wave function of the initial bound state is labeled by T"RTT

¢i(X1,X5). The final boundi states of theZg;e;);, and [(A— 72+ 2217 (B+ 7)2 +ak]2[T +(Zrt a2
(Zt ;ez)f2 systems are described by the hydrogen wave func- (2.10
tions ¢y (S;) and ¢y (X;), respectively. The quantitMpr is

given by Npr=N*(vp)N"*(v7), where N*(vp) and _ ivpuay

N~ (v) are the Coulomb normalization constants: (vy) Uy :—3(ZT+01|)
=T(1Fivc)e™ 2 (K=P,T), vp=2Zplv, vr=(Z7—1)/v.
The momentum transfers andB are defined by

Ty IR (1— i vr)B—i vrRoA (Zpi+iA)

e v AE|. o (v AE). % (A%+22)2(B?+ ad)? !
KA AR E e PR i (219
AE=E—E; —E, (2.4) 1 (Zr+a) Ty PR T, -
2— [}

2 2\2r(m_ 2\2 292r .2 272
whereE; andE;_, are the initial and final binding energies. Zp (A2 +Z2)°[(B—P?+ ) P+ (Zr+ o) 22 "
The vector 7 |s the transverse momentum transfey: '
=(mcose,,nsing,,0), and the incident velocity vectaris ivpei ¥T ) ) )
chosen ag)=(0,0p), so that7-=0. We have assumed a 1 To "Ry '[Zp(1—ive) +ivp(Zp—iv)To]
general factorized form for the bound state of the heliumlike X2 (A’+Z72)%(B%+ al)(Z1+ a))®
target Zr;e1,€5) 152 (2.13

#i(%1.%2) = X eak(X)a(X2), ey . ToPRy T [(1=ivp) A=ivpToB]- (ayu+iB)
| VT Z @) (AP 2B aD)?
where (2.149
ai(F)=Ng, Xp(— o), Najzajm (j=k,D), T, -=[Zp(1=ivp)+ivp(Zp—iv)T,]
(2.6 X[ap(l—iv) +ivr(a—iv)R_], (2.153
with N being the normalization constant. The values of the _ _ )
summation indice& andl, as well as the variationally deter- 7- +=[Zp(1=ivp) +ivp(Zp=iv)T_]
mined parametera; anda; , depend upon a concrete choice X[a(l—iv)+ivi(a—iv)R.], (2.15h

of the wave function.
After the analytical calculations performed via the stan-

dard Nordsieck technique, the above expressions for the re- To-=[Zp(1=ivp) Tive(Zp—iv)Tollar(1—in)

duced transition amplitudes become +ive(a—iv)R_], (2.150
Ri=M> NN, | ~Us+ o | — (Us—Us) X 2. o Roa
if  NayNay vio2 | 2 URTUs,) | _ (AL7T)-v—iZpv 1 A-v—iZpv
: Til=l42————, Tol=l+2—r—
27 (Ax7)2+72 A*+Z;
(2.19
Ri=M> NN,
! 1 (Bx7)-o—iayv B-v—iagw
—Uy — Uy, + 2J_2(UR—U32+U12)}, (BE7)"+ aj B ai
2 T (2.1
(2.9

The priorQ™; and posQ;; total cross sections for reaction

where M=2%7%(ZpZ1)%Np1. The remaining quantities in  (2.1) in the CDW-4B approximation are respectively given

R*; are defined as follows: by
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TABLE |. Total cross sectiongin cn?) as a function of incident energ (keV) for single charge
exchange reactiofHe?" +%He(1s%) —*He'(2)+*He'(1s). The displayed results are obtained by means of
the CDW-4B approximation using the one-parameter Hylleraas wave fundéibeled(a)] and the two-
parameter Silvermaet al.[29] orbitals[labeled(b)] for the initial helium bound state. The symb@s refer
to the post(+) and prior(—) cross sections with the complete perturbation potentials according tqZ#)s.
and(2.3), while Q; represent the cross sections obtained without the Bs(d/R— 1/s,); Q5 refers to the
cross section obtained without the termr(3/+ 1/x;) in Eq.(2.3). The numbers in the square brackets denote

IVAN MANC EV

the powers of ten by which the numbers are to be multiplied.

E (keV) Qi Q: Qs Qir Q!
100.0 (@ 1.97—-15] 1.37-15] 1.7q—15] 2.14-15] 1.5]-15]
(b) 1.9 -15] 1.39-15] 1.69—-15] 2.03-15] 1.4 —-15]
150.0 (@) 1.24—-15] 9.37-16] 1.03-15] 1.33-15] 1.01-15]
(b) 1.19-15] 8.9 -16] 9.8 —16] 1.29-15] 9.30-16]
200.0 (@) 7.894—-16] 6.19-16] 6.3 —-16] 8.3 —16] 6.671—16]
(b) 7.29—16] 5.81—16] 5.90—16] 7.47—16] 6.01—-16]
300.0 (@) 3.49—-16] 2.94-16] 2.71-16] 3.71-16] 3.14-16]
(b) 3.19—16] 2.71-16] 2.47-16] 3.2 -16] 2.79-16]
400.0 (@ 1.71—-16] 1.59-16] 1.37-16] 1.89-16] 1.69-16]
(b) 1.61—16] 1.43-16] 1.2q-16] 1.64—16] 1.4 -16]
500.0 (@) 9.8 —17] 8.91—17] 7.17-17] 1.09 —16] 9.4 —16]
(b) 8.94-17] 8.29—-17] 6.49—17] 9.14-17] 8.43—-17]
600.0 (@ 5.90—17] 5.4 —17] 4.19-17] 6.26—-17] 5.794-17]
(b) 5.3 —-17] 5.04—-17] 3.73-17] 5.471—-17] 5.17-17]
700.0 (@ 3.74-17] 3.51-17] 2.53-17] 3.9-17] 3.71-17]
(b) 3.3 —-17] 3.24-17] 2.24-17] 3.44-17] 3.34-17]
800.0 (@) 2.44-17] 2.3§-17] 1.67—17] 2.59-17] 2.49-17]
(b) 2.26—17] 2.19-17] 1.4 -17] 2.24-17] 2.29-17]
1000.0 (@ 1.17-17] 1.19-17] 7.39-17] 1.24-17] 1.21-17]
(b) 1.07—17] 1.04-17] 6.64—18] 1.1q-17] 1.17-17]
1500.0 (@ 2.74—18] 2.79-18] 1.53-18] 2.81-18] 2.89-18]
(b) 2.4 —18] 2.66—18] 1.3 18] 2.5 —18] 2.74-18]
2000.0 (@) 8.617—19] 9.24-19] 4.50—-19] 8.871—19] 9.3 -19]
(b) 8.03-19] 8.93-19] 4.07-19] 8.2 -19] 9.14-19]
3000.0 (@ 1.59-19] 1.701-19] 6.9 —20] 1.54-19] 1.6§-19]
(b) 1.49-19] 1.69-19] 6.37—20] 1.49-19] 1.79-19]
4000.0 (@ 4.201-20] 4.79-20] 1.7q-20] 3.99-20] 4.59-20]
(b) 3.99 —20] 4.79-20] 1.54—20] 4.04-20] 4.84-20]
5000.0 (@) 1.49-20] 1.79-20] 5.4 —21] 1.3 —20] 1.57-20]
(b) 1.47—20] 1.74-20] 4.971-21] 1.41—-20] 1.74-20]
6000.0 (@) 6.13—21] 7.19-21] 2.17-21] 5.47—21] 6.43-21]
(b) 5.89—21] 7.30-21] 1.93-21] 5.81—21] 7.29-21]
7000.0 (@) 2.87—21] 3.40-21] 9.37-22] 2.5(0—21] 2.94-21]
(b) 2.77—21] 3.47-21] 8.53-22] 2.71-21] 3.40-21]
8000.0 (@) 1.49-21] 1.7 -21] 4.54—22] 1.2 -21] 1.50-21]
(b) 1.43-21] 1.80—21] 4.194-22] 1.39-21] 1.79-21]
9000.0 (@) 8.13-22] 9.79-22] 2.41-22] 6.79-22] 8.23-22]
(b) 7.89—22] 1.00-21] 2.20-22] 7.57-22] 9.64—-22]
10000 (a) 4.7 —22] 5.70-22] 1.34—-22] 3.90-22] 4,79 -22]
(b) 4.64—22] 5.89—22] 1.29-22] 4.39-22] 5.64—22]

PRA 60
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TABLE Il. Same as in Table | except for the reactips "Li *(1s?) —H(2) + Li%*(1s).

E (keV) Qif Q: Qs Qif Q!
50.0 (@) 1.84—-17] 2.19-17] 2.49-17] 2.19-17] 2.494-17]
(b) 1.84-17] 2.14-17] 2.41-17] 1.80—-17] 2.14-17]
60.0 (@) 1.81—17] 1.89-17] 2.59-17] 2.09-17] 2.04-17]
(b) 1.8 —17] 1.84—-17] 2.50-17] 1.71-17] 1.84-17]
70.0 (@ 1.70-17] 1.74-17] 2.31-17] 1.87-17] 1.83-17]
(b) 1.74-17] 1.69-17] 2.34-17] 1.64-17] 1.67-17]
80.0 (@) 1.5 —17] 1.57-17] 2.10-17] 1.66-17] 1.61-17]
(b) 1.54-17] 1.51-17] 2.04—17] 1.54—-17] 1.5q—-17]
90.0 (@ 1.39-17] 1.3§-17] 1.84-17] 1.4 -17] 1.41-17]
(b) 1.34-17] 1.34-17] 1.81-17] 1.37-17] 1.33-17]
100.0 (@ 1.23-17] 1.19-17] 1.5 -17] 1.27-17) 1.29-17]
(b) 1.2 —-17] 1.14-17] 1.59-17] 1.21-17] 1.17-17]
150.0 (@) 6.29—-18] 6.10—18] 7.17-18] 6.30—18] 6.1 18]
(b) 6.1 —18] 6.01—18] 7.04—-18] 6.14-18] 6.0 —18]
200.0 (a) 3.271—18] 3.23-19] 3.51—-18] 3.2 -18] 3.24-18]
(b) 3.1 18] 3.14-18] 3.40—18] 3.14—18] 3.14-18]
300.0 (a) 1.0 —18] 1.04-18] 1.04-18] 1.01-18] 1.01-17]
(b) 1.00—18] 1.0-18] 9.84—19] 1.00-18] 1.01-18]
400.0 (@) 4.14-19] 4.194-19] 3.89-19] 4.20-19] 4.29-19]
(b) 3.84 —19] 3.9§-19] 3.5§-19] 3.84—-19] 3.94-19]
500.0 (@) 1.8 —19] 1.84-19] 1.63-19] 1.89—-19] 1.94-19]
(o) 1.73-19] 1.79-19] 1.57-19] 1.77-19] 1.79-19]
600.0 (a) 9.14 —20] 9.39—-20] 7.79-20] 9.41—-20] 9.64 —20]
(b) 8.57—20] 8.94—20] 7.24—20] 8.51—20] 8.99 —20]
700.0 (@) 4.99-20] 5.07—20] 4.04-20] 5.0 —20] 5.21—20]
(b) 4.61—20] 4.84-20] 3.7 —20] 4.67—20] 4.8 —20]
800.0 (@) 2.81—20] 2.97—20] 2.29-20] 2.90—20] 2.99-20]
(b) 2.64—20] 2.79-20] 2.09-20] 2.66—20] 2.81—20]
900.0 (a) 1.69—20] 1.7 —-20] 1.34-20] 1.74-20] 1.81—20]
(b) 1.59-20] 1.69—20] 1.29-20] 1.611—20] 1.70-20]
1000.0 (a) 1.0 —20] 1.11-20] 8.04 —21] 1.09-20] 1.14-20]
(b) 1.0 —20] 1.01-20] 7.5 -21] 1.09-21] 1.094-20]
1500.0 (@) 1.64—21] 1.79-21] 1.13-21] 1.66—21] 1.79-21]
(b) 1.57—21] 1.7q-21] 1.01-21] 1.60—21] 1.79-21]

2 and the Cl wave function (ls’) of Ref. [29] with the

Rit (%)
LA (2.18 radial static correlations,

27v

Qitad= [ a7

N
: . . , @i(X1,Xp) = — (e "W e224em 020k,
The integration ovep, can be calculated analytically with ™
the results z, due to the axial symmetry of the integrand, 1 1 16 —12 (3.2
while the quadrature over, has to. be+p.erformed numeri- N=|—5+—5+ CREPAL
cally. Hence, the total cross sectio@s; in the CDW-4B ap ap (a;map

theory for single charge exchange can be reduced to a four- The explicit computations of the total cross sections are
dimensional numerical quadrature. carried out only for the final ground statés=1s and f,
=1s. The obtained results are multiplied additionally by a
factor of 1.202 in order to include a contribution from the
Il RESULTS AND DISCUSSION excited states according to thve 3 Oppenheimer scaling
Numerical computations are performed describing the ini/aw. First, we shall consider the symmetric charge-changing

tial heliumlike ground state by means of the one-parametef€action(1.1). The results of the computations of the post
Hylleraas orbital, and prior total cross sections at energies 100—10 000 keV are

summarized in Table | and Figs. 1-4. The columns headed
by the symbolsQ;; and Q;; represent the post and prior
e i) cross sections obtained with the complete perturbations ac-
®i(X1,X2) = ?e v 3.1 cording to Egs(2.2) and(2.3). In order to examine the rela-
tive role of the various terms in these perturbations, we have

3
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computed total cross sections lfi) neglecting the term 107 F 7 — T
Zp(1/R—1/s,) in the post and prior version; these results in i

Table | are labeled a®; and Q; , respectively, andii) i\q .

neglecting the term ({,—1/x;) in the post transition am- 107 | N .
plitude; the corresponding findings are denoteddy. The i Nt ]

total cross sections obtained by means of the wave functions
(3.1) are labeleda) in Table I, while the results denoted by
(b) are derived using the two-parameter orbitals of [R29].

The total cross sections obtained with the Hylleraas wave
function (3.1) and the radially correlated orbitals of RE29]
are very close to each other, as can be seen in Fig. 1, where
we have compared the post total cross sections for these
functions. The radial correlations in the wave function of
Ref. [29] are taken into account to within nearly 95%. Al-
though the Hylleraas wave function is less accurate, it in-
cludes some form of the radial correlations through the pres- I ]
ence of the Slater-screened effective charge of the target 1o | A\ 4
nucleus. Further, the prior forrf2.2) does not contain the ; &
term 1f 15, which explicitly accounts for the dynamical cor- I
relations. As a result, the prior amplitude and, therefore, the =00 — — 7000
prior cross sections, are more sensitive to the accuracy of the E(keV)
initial state than the corresponding results form the post form
(2.9. This is verified in Table | by comparing the values of
Q;; andQ;; computed with Hylleraas’ and Silvermaat al.
[29] wave functions. The effect is less important for thi¢ . H(3)+7LiZ*(1s). The full and the dashed lines respectively

target due to a higher nuclear chargee Table )\ represent the po€d;; and priorQ;; cross sections of the CDW-4B
When in the prior form we neglect the ter@ip(1/R  approximation with the complete perturbation potentials. The long-
—1/s;), we have readily reproduced the results of Refsgashed curve refers to the theoretical CDW-4B results obtained
[4,5,8] for capture to the ground state for functiaf®1) and  without the term (If;,— 1/x,) in Eq. (2.3). Experimental data®,
(3.2. In Fig. 2 the prior total cross sections with the com- Sewellet al.[27].
plete perturbation potential are shown together with the re-
sults obtained only with the scalar product of the gradienfor the transfer ionizatiof16] in a-He scattering. In the
operators, i.e., the cross sections derived by ignoring theame figure, a comparison is made between our CDW-4B
termZp(1/R—1/s,). The difference between the two curves theory and the CDW method of RdB], derived using the
does not exceed 15% above 30 keV/amu. The tBpfl/R  Pluvinage wave function with the corresponding theoretical
—1/s;) also has a similar influence on the results obtained irbinding energies. Their method ignores the dynamic correla-
the case of the post formalism, which can be observed fronions and this may be one of the reasons for a less favorable
Table I. The potential—Zp/s, has the asymptotic value agreement with the experimental data. On the other hand,
—Zp/R at large distances betwe@p ande,. A relatively  this indicates that the dynamic electronic correlations in the
small contribution of the ternZp(1/R—1/s,) suggests that, active perturbation potentials are more important than the
for single electron capture at intermediate and high energiestatic ones in the target bound-state wave function. The exact
the potential-Zp /s, is nearly cancelled by-Z/R. There-  wave function for He($?) is unavailable at present and this
fore, in a rougher computation this term can be ignored. leads to the so-called post-prior discrepancy in the cross sec-
The post total cross sections derived with the full pertur-tions. Further, the discrepancy between the post and prior
bation according to Eq(2.3), as well as without the term cross sections depends essentially on the level of approxima-
(1/r,—1/xq), are displayed in Fig. 3, where a number of tion made to determine the ground-state wave function of
experimental data are also plotted. Our CDW-4B approximahelium. This discrepancy is greater in the case of the Hyller-
tion with the complete perturbatidithe full line in Fig. 3 is  aas wave function than the Silvermanal. orbital [29]. For
in good agreement with the available measurements abowae former case, it does not exceed 2@$#e Table | and Fig.
150 keV/amu. We recall that the lower limit of application of 4) for the a-He collision in the considered energy interval,
the CDW-3B theory has been established in R&f. When  while for the Silvermaret al. function[29], it is in the range
we neglect the relevant term for the dynamic electron correup to 5%(see Table)l For instance, at impact energies 600,
lation (1fq,,—1/x;) from Eq. (2.3), we have obtained the 6000, and 10000 keV, the post-prior discrepancy for the
results (the dashed curve in Fig.) 3hat underestimate the Hylleraas wave function is 6.2%, 10.8%, and 17.9%, respec-
experimental findings. The difference between the twatively, while at the same energies for the Silvermetral.
curves becomes more significant at higher impact energiesrbital [29], it is 2.2%, 1.2%, and 4.9%, respectively. The
This means that the dynamic electron correlations play aost-prior discrepancy would not exist if an exact wave func-
very important role, especially at higher impact energies. Ation was utilized.
similar conclusion has been previously reached in REf] The obtained theoretical results for reacti@r®) are plot-
for single electron capture in the-He collision, as well as ted in Fig. 5. Our total cross sections are compared with the

10718 3
10-19 F \ E

1 0-20 3 \ E

-

Total cross section Q{cm?)
P

L

FIG. 5. Total cross sectior@ cn?) as a function of the labo-
ratory incident energyE(keV) for the reaction:p+7Li"(1s?)
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experimental findings of Ref27]. Unfortunately, their mea- prior total cross sections. In this formalism, both the static
surements are limited up to 250 keV. As can be seen, ousnd dynamic electron correlations are automatically included
theoretical results slightly underestimate these experimentahrough the perturbation potentials and/or via the bound state
data. The CDW-4B model is a high-energy approximationwave function. The relative importance of the various terms
and we expect better agreement at larger impact energies the perturbation potentials is evaluated. The obtained re-
New measurements for the considered reaction are neededlts indicate that the dynamic electron correlations are very
for a better assessment of the validity of the CDW-4Bimportant, especially at higher impact energies. Comparisons
theory. We note that there is good agreement between oldretween the present theoretical cross sections and a number
results and the POHCE calculation of Rg#4]. The CTMC  of experimental data in the-He collision yield good agree-
results show a different trend. Namely, this cross sectiooment at impact energieE€=150keV/amu, while in the
shows a peak around 175 keV; this is not seen in our calcup-Li™* scattering, our results slightly underestimate the avail-
lation nor in the experimental data or the in POHCE methodable experimental data, which are limited up to 250 keV.
of Ref.[24]. New measurements covering higher energies are necessary
for this reaction.
IV. CONCLUSION

We have investigated the problem of single-electron cap-
ture in thea-He andp-Li™ collisions at intermediate and
high impact energies. The four-body continuum distorted Thanks are due to Professor @ad Belkicfor helpful
wave (CDW-4B) methods is used for computing the post anddiscussions and a critical review of the manuscript.
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