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THE INCLUSION OF THE ELECTRON SCREENING
POTENTIAL IN IMPACT-PARAMETER
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A.Orban, B.Sulik

Institute of Nuclear Research, Hungarian Academy of Sciences,
P.O. Box 51, H-4001 Debrecen, Hungary

We investigate the electron screening effect of the projectile on the amplitude of a
target atomic transition within the framework of the semiclassical approximation
(SCA). The aim is to provide a general tool for accounting projectile electron
screening effect in impact parameter calculations, even when the target or projectile

wave functions are numerical.

In the implementation of this problem we need the modified spherical Bessel
functions of the first and third kind and their derivatives. We have elaborated closed
expressions for the nth order derivation of the modified spherical Bessel function of
first and third kind. The numerical stability against the arguments, the order of
functions and the order of derivation has also been analyzed.

Theory

In atomic collisions, where the projectile
is a neutral atom or an ion carrying electrons
the target excitation processes are strongly
influenced by the projectile electrons, which
screen the Coulomb field of the projectile
nucleus. In this work, we focus on the
electron screening effect of the projectile on

i [ar e B By Oa) (Y Ja

—00

We denote the initial and final target
states with |a) and |b), and their energies

with E,, and E, , respectively.

Considering one target electron, the
interaction  potencial V() may be
approximated as a sum of target electron —
projectile nucleus and target electron -
projectile electron Coulomb potential terms.
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Supposing no electronic transitions on
the projectile, the electron screening effect
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the amplitude of a target transition, within
the framework of the semiclassical
approximation. Our calculation is based on
Ref.[1].

If the target transition is described within
the framework of the time dependent
perturbation theory, the transition amplitude
has the following form:
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can be taken into account by introducing the
electron screening potential ¥ (R —r). This

function is defined by the diagonal matrix
element of the projectile ground state.
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where N is the number of projectile
electrons, R is the internuclear position

vector, r, r, are the position vectors of the
target and projectile electron and y,(r,)is
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the projectile one-electron ground state wave where F and n, are positive integers, ¢, is
function.

When the projectile electron wave
functions are approximated by hydrogenic or
Slater-type orbitals [2], a spherically
symmetric screening potential has the
following form:

real and ¢, is a positive number.

For numerical projectile wave functions
we use a nonlinear least-squares fitting
technique to estimate the screening potential
parameters [3].

For evaluation of ¥, (R—-r), following
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where!,,,,, K,,,,, are the Lth order spherical Bessel function of the first and third kind,
r. =min(R,7), r, = max(R,r).
For the screening potential, we get the following closed formula:
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In the expression of the screening potential, there appears the derivate of the product of
spherical Bessel functions. This factor may be written as:
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ZL(Z)_VZZIHW(Z) and kL(Z)—\r’{ ZZKL””(Z) can be built exclusively from Bessel

being the L-th orther modified spherical functions:

Bessel functions of the first and the third

kind respectively 2 = Z Ak S (2), i—even.
We developed a closed formula for i=0

calculating the Akth order derivative of

modified spherical Bessel function of different

orders. The main advantage of this formula is

that the k-th order derivative f'(z) of a AP =C@E~-1)A’ +BE+1)Ar

The expansion coefficients can be
calculated by recursion:

i+l 0
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where 4, =1 and B,C are simple functions
of i.

Results

We have elaborated closed expressions
and recursion relations for the nth order
derivation of the modified spherical Bessel
function of first and third kind and
respectively for their products.

We analyzed the numerical stability
against the arguments, the order of functions
and the order of derivation. We tested our
routines for »=0,..,10, £k=1,..,6 and
z=0,...,1000. Our numerical results have been
compared with the Mathematica {4} software
results.
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Instrum.

BKJIIOUYEHHS IOTEHIIAJIY ETEKTPOHHOTO
EKPAHYBAHHS B PO3PAXYHOK ITAPAMETPIB
VIIAPY

A.Opban, b.llyaik

IHCTHTYT gaepHUX JOCHiUKeHs Yropebkoil Akajemil Hayk, JleOpeuen, YropmuHa

Hamu pocnmimukeno BIIMB edekTy €NeKTPOHHOTO eKpaHyBaHHA Hajlitaryol
YacTHHKM HAa aMILLITyJly aTOMHOIO Iepexoiy MillleHi B pamMKaX HaNiBKJIaCHYHOIO
HaOmmkeHHs. MeTOl [bOr0 € OTPUMAaHHS 3arajbHoOro 3acofy [ BpaxyBaHHA
edeKkTy eneKTPOHHOTO eKpaHyBaHHA HaliTailoqol YacTHHKH IpPH PO3PaxyHKax
napaMeTpiB yrmapy, HaBiTb koau XBWnboBi (QyHkuil wmiwreni aGo Hanitarouol

YAaCTHHKH € YUCCJIBHUMH.

Jina po3s’sazaHHS [BOrO 3aBJaHHA IOTpiOHI Momudikosani cohepuuni GyHkuil
Beccenst nepumioro i Tpersoro BuIy Ta ix noximsi. Mu otpuMany 3aMkHeHi BMpasu
IS TIOXIAHOI M-TO mopsanky Bix MomudikoBasoi chepinoi ¢yHkuii Beccens
TepIIoro i TPeThOro BUAY. TakoX NpoaHanizoBaHO YUCEAbHY CTabINBHICTD 3aI€2KHO
BiJ apryMeHTiB, TOPAAKY ¢yHKUill i HOpsaKy HOXiZHUX.
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