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The integral formulation of the close coupling method is used to calculate the cross sections of direct and resonance 
photoionization of Ar near the 3p -2 (3p)4s4p 1p resonance. The data obtained are compared with the experimental results 
and with calculations made elsewhere. 

The spectrum of the quasistationary 1p states of the 
Ar atom was studied experimentally in ref. [1]. Theo- 
retical estimates of the Ar resonance parameters were 
obtained only for the lowest resonances of the par. 
ticle-hole type by calculating the photoionization 
processes [2,3] and the cross sections of Ar ionization 
by electrons [4], as well as in the processes of  electron 
scattering by ions [5]. The aim of this work is to cal- 
culate the two-particle-two-hole type lowest state 
prof'fle in the cross sections of resonance photoioniza- 
tion of the Ar atom. 

The lowest resonances of Ar are located against the 
background of direct transitions from the 3p-subsheU 
to continuum. We have calculated the 3p-subshell 
contribution to the cross section of direct photoioni- 
zation of Ar in a broad energy range. The Ar wave 
function above the ionization threshold was obtained 
by solving the set of two integral equations for the K- 
matrix: 

K(x, x', ~) + ]~ f <x'~t f'l~,~'> K(X, ~,, ~') d~' 
0 6 -- 6 u 

= -<X'e l f " lXex>.  (i) 

Here e x = E - E x; E is the excitation energy of Ar; 
E x is the ionization potential of  an atom in channel X, 
V is the residual interaction (V =/1 - H0);/-] and/t0 
are the exact and model hamiltonians of  Ar; I ke> are 
basis functions in channel X at energy e which are 
eigenfunctions of the hamiltonian H 0. The sum in- 

cludes two terms corresponding to the 3p-1 es and 
3p-1 ed channels. The integral is taken in the sense of 
the principal value. The expression for the continuum 
wave function, used to calculate the resonance photo- 
ionization cross section, includes the K-matrix in the 
following manner: 

qIAE = ~ [1 - iK(X, V, E ) ] - I  
# 

'o  7---~. Ix'e> . (2) 

The asymptotic of the basis functions I Xe> was chosen 
to be of  the form of a standing wave;therefore, the 
expression (2) ensures the T-matrix asymptotic for the 
function q'XE" The calculations were made using the 
Hartree-Fock functions to describe the ground state 
of Ar. The basis functions IXe> were calculated in the 
field of a frozen 3p -1 core. The cross sections of 
direct photoionization from the 3p-subshell are pre- 
sented in fig. 1 which also shows, for comparison, the 
one-channel calculation results [6] and the experimen- 
tal data [7]. The results of the calculation reproduce 
the cross section minimum arising from the shape 
resonance in the d-wave [6]. 

Resonance photoionization cross sections were cal- 
culated making allowance for close coupling of the 
two open channels mentioned above to two closed 
channels corresponding to the 3s-14p 1p and 
3p-2(3p)4s4plp states, with the set of two integral 
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Fig. 1. The contribution of the 3p-subshell to the cross section 
of direct photoionization of Ar. The solid line shows the pres- 
ent calculations, the dotted line shows the experiment [7], the 
dashed line shows the calculations [6]. 

equations (1) being replaced by  a set of  four integro- 
algebraical equations with singular kernels. The set o f  
such equations is given in ref. [8], which presents the 
results o f  the same calculations for Ne. LS-coupling 
was assumed to be valid for the classification o f  the 

states in the interval of  the Ar excitat ion spectrum 
studied [5,9]. 

The basis functions in the subspace o f  closed chan- 
nels were calculated with the H a r t r e e - F o c k  approxi.  
mat ion with complete selfconsistency, like the func- 
t ion o f  the Ar ground state, whereas the basis functions 
of  the open channels were calculated in the frozen 
3p -1  core. The results obtained are presented in table 1. 
We made use of  the commonly adopted Fano designa- 
tions for the resonance parameters [10]. 

From table 1 it is seen that the parameters of  the 
two-par t ic le- two-hole  resonance in the version V of  
our calculations are in good agreement with experi- 
mental data. This result is insensitive to the replace- 
ment  in the set of  four integro-algebraical equations 
of  the H a r t r e e - F o c k  energy of  this state by the exper- 
imental energy. 

As to the 3 s -14p  state, the calculations [2,4] have 
shown that  the parameters o f  this resonance calculated 
with the H a r t r e e - F o c k  or Herman-Ski l lman  one-con- 
figuration approximation,  disregarding the decay chan- 
nel coupling, are close to those obtained experimental- 
ly. 

The calculations [2] have demonstrated a high 
model  sensitivity o f  the 3 s -14p  parameters. In par- 
t i tular,  this conclusion was drawn in ref. [2] from 
calculations in which the contr ibut ion o f  the two- 
par t ic le - two-hole  state was estimated but  approxi- 
mately. The conclusion has been confirmed by  our 
calculations. Table 1 presents the results o f  our calcu- 
lations in the cases when the experimental  and 

Table 1 
The parameters of the lowest resonances in the cross sections of resonance photoionization of Ar. 

State 1p Param- Present calculations Ea exp E HF Experimen- 
eters . tal data a) 

L V L V L V 

Calculations made in 

ref. [3] 

L V 

ref. [2] ref. [4] 

3p-Z(aP)4s4p F, eV 0.026 0.013 0.02 -+ 0.001 
q -0.5 -0.16 -0.2 -+0.1 
o 2 0.08 0.06 0.10 , 0.02 

3s-14p F, eV 0.04 0.04 0.04 0.04 0.080- + 0.005 
q -0.6 -0.66 -0.22 -0.20 -0.22 +-0.05 
o 2 0.43 0.51 0.89 0.79 0.86 -+0.04 

0.068 
-0.33 

0.855 

0.068 
-0.29 

0.86 

0.085 
-0.27 

0.89 

0.068 
-0.33 

0.86 

a) Ref. I1]. 
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H a r t r e e - F o c k  energies o f  states were used as the basis 

energies Ea  in the set o f  four  integro-algebraical  equa- 

tions. 

The  energy shifts o f  the states due to interconfigura-  

t ional  in teract ions  prove to be insignificant. 
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