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The interaction between the beryllium atom and short laser fields is treated on the basis of the nonrelativistic
time-dependent Schrödinger equation. We calculate total cross sections and electron energy distributions for
the double ionization of the valence electrons through one- and two-photon absorption. We introduce a model
potential to represent the 1s2 core. The emphasis is put on the double ionization of the valence electrons in the
context of ultrashort pulses. Results will be also presented for the ionization of the inner electrons.
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I. INTRODUCTION

With the emergence of new free-electron laser(FEL)
sources, it will be soon possible to explore light-matter in-
teractions with high frequency fields at high intensity and
short pulse durations[1–3]. The increasing efficiency of the
generation of high-order harmonics is also a promising short
wavelength light source[4]. This opens the way to study
nonlinear processes with short wavelengths at the time scale
of electronic correlations. A recent example of application of
harmonics is the experimental and theoretical study of two-
photon ionization of He with harmonics of the Ti:sapphire
laser[5]. The development of these new sources has led the
theoretical community to investigate multielectronic pro-
cesses in the nonlinear regime. In particular, recent studies
have concentrated on the double photoionization of two ac-
tive electron atomic systems in the UV regime, with more
than one photon absorbed. Much attention has been paid to
the electron energy distribution, which is directly related to
the ionization mechanism(direct or sequential). A large lit-
erature already exists for the helium atom(see Ref.[6], de-
noted as paper I in the following, and other references
therein) but the case of more complex systems has received
less attention. We note the recent work on two-photon double
ionization of magnesium[7]. The double and triple ioniza-
tion of beryllium has been also recently studied, from both
the theoretical and experimental sides, but in the context of
one-photon absorption[8–12].

We showed in paper I that the relative magnitude of the
pulse duration and correlation time in the initial atomic state
plays a crucial role in the electron spectrum produced by the
two-photon double electron ejection of He. This has led us to
explore similar processes in alkaline-earth atoms. It is easier
to double ionize the valence electrons in these systems be-
cause the time scale of the correlations in the uppermost
shell is closer to the femtosecond regime. For example, in
beryllium, two-photon ionization requires about 13.7 eV
photons, the electron interaction energy of the 2s2 state being
about 8.4 eVs0.49 fsd. These latter numbers have to be com-
pared to 79 and 30 eVs0.14 fsd, respectively, in helium.

Therefore, it should be easier to perform experiments involv-
ing atoms with a multielectronic core. From the theoretical
point of view, it is still a challenging problem to represent the
double continuum in complex atoms, and the presence of the
core places additional demands on the calculations.

In this paper, we extend our theoretical method to the
study of the one- and two-photon double ionization of the
beryllium atom. Besides the absolute cross sections for
double ionization, the electron energy distribution spectrum
is of great interest and it has to be determined. We have
shown that, in two-photon double ionization with long pulse
duration, the sequential regime is favored when it is energeti-
cally allowed, which results in two peaks in the electron
energy distribution[13]. In the regime of ultrashort interac-
tions (femto- or subfemtoseconds), the time scale of elec-
tronic correlations in the atomic ground state is reached and
the electron energy spectrum tends to a single peak. The
reason for such behavior is that, once one photon has been
absorbed, the relaxation of the parent ion has no time to
occur before the second photon is absorbed[14]. These ef-
fects have been thoroughly studied in helium(see paper I for
references). The aim of this work is to extend our investiga-
tions to the case of the Be atom. We focus on the case of the
ionization of the valence electrons, and, in a more prospec-
tive context, we also investigate the two-photon double ion-
ization of the 1s2 core. Note that the two processes occur at
very different wavelengths. On the one hand, the core ion-
ization requires photon energies larger than 160 eV; at these
wavelengths the ionization of the valence electrons plays a
minor role. On the other hand, the double ionization of the
2s2 valence shell is investigated with photon energies of
14–20 eV. The multiphoton ionization of the core is negli-
gible at the intensity considered in this work. We assume
here that the relaxation of the outer(inner) electrons is ne-
glected and consequently the photoionization process re-
duces to a two active electron problem. The “frozen” con-
figuration 2s2 s1s2d will be represented by a model potential.
This type of approach has been extensively used for the
photoionization of atomic systems(see Ref.[15] and refer-
ences therein).

We develop the theoretical approach in the following sec-
tion (it is of a spectral and configuration interaction type) and
we solve the time-dependent Schrödinger equation(TDSE)*Electronic address: laulan@celia.u-bordeaux.fr
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for two active electron systems. Emphasis will be put on the
description of the electronic structures in the presence of the
model potentials. The correlations between the active elec-
trons are fully included in the initial state and during the
propagation. The numerical approach, based onB-splines,
has been described in paper I and will not be developed here.
In the applications we present first the ionization of Bes2s2d.
One-photon double ionization cross sections are calculated
and compared with other theoretical calculations. Two-
photon double ionization cross sections and electron distri-
butions will be also calculated and discussed. Emphasis will
be put on the evolution of the electron distributions with the
pulse duration. Finally the case of the two-photon double
ionization of the 1s2 core of Be will be investigated.

The calculations are performed at an intensity of
1014 W/cm2, where three-photon absorption does not play a
significant role. Atomic units are used throughout the paper
unless otherwise mentioned.

II. THEORETICAL APPROACH

Our approach to resolve the TDSE has been described in
detail in our previous works; therefore, it will be briefly pre-
sented here. Here we will endeavor to include the effect of
the frozen configuration in our theory.

A. The two-active electron models

The electronic structure of the beryllium atom satisfies the
equation

sH − EndCn = 0, s1d

whereH is the nonrelativistic Hamiltonian.
First, we investigate the case of the representation of the

2s2 valence shell of Be. The Hamiltonian reads

H = H0s1d + VMs1d + H0s2d + VMs2d +
1

r12
+ Vps

= −
1

2
D1 −

Z

r1
+ VMs1d −

1

2
D2 −

Z

r2
+ VMs2d +

1

r12
+ Vps,

s2d

whereZ is the nuclear chargeshereZ=4d, and labels 1 and 2
refer to the two valence electrons.VMsid is a model potential
that describes the interaction between the 1s2 electronic core
and the valence electroni:

VMsid =
2

r i
−

2

r i
s1 + ar ide−2ari . s3d

VMsid is equivalent to the electrostatic potential produced by
the configuration 1s2 in the presence of a nuclear charge
a f16g.

Vps is a pseudopotential of the form

Vps= MP = MfPs1d + Ps2d − Ps1dPs2dg. s4d

M is an arbitrary large number, and we define theP projec-
tor as follows:

Psid = u1ssidlk1ssidu, s5d

where 1ssid is the lowest eigenvalue of the Hamiltonian
H0sid+VMsid. Note that this solution is unphysical since it
violates the Pauli principle. It generates unphysical 1snl
bound states and 1skl continuum states in theH spectrum.
The parametera defined in expressions3d is adjusted so that
the second eigenvalue of the HamiltonianH0sid+VMsid coin-
cides with the experimental Be+s2sd energy swith a
=2.333 71 weobtainEBe+s2sd=−0.666 54 a.u.d. The pseudo-
potentialVps is used to eliminate the unphysical solutions
of type 1snl sor 1skl continuum statesd of the equations1d
f17g. The pseudopotential approach has been widely used
to calculate autoionizing resonances in the Feshback for-
malism f18g. The diagonalization of Eq.s1d now directly
gives the fundamental state Bes2s2d. We obtain EBes2s2d
=−1.013 09 a.u., avalue in good agreement with the ex-
perimental value −1.011 85 a.u.f20g.

The solution of Eq.(1) is expanded on the basis of two-
electron configurations that are products of one-electron
functions as follows:

Cn
L,Msr 1,r 2d = A o

a;i,j ,l1,l2

cn,a
L,M Bisr1d

r1

Bjsr2d
r2

Yl1,l2
L,Ms1,2d, s6d

whereA is the antisymmetrization operator,l i is the angular
momentum of the valence electroni, andYl1,l2

L,Ms1,2d is a bi-
polar spherical harmonic. A direct diagonalization of Eq.s1d
gives the eigenenergies and the expansion coefficientscn,a

L,M

of the bound and continuum states. We point out here that
we useB-spline functionsBi

ksrd to represent the radial part of
the wave functionsf21g. The specificity of our numerical
approach is that the system is confined in a radial box whose
length Rmax is explicitly defined. Consequently the whole
atomic spectrum is represented by discrete states and the
density of continuum states can be controlled. This reduces
considerably the numerical difficulties in both perturbative
and nonperturbative approachesssee Ref.f22g for a reviewd.

We now investigate the case of the ionization of the 1s2

core. As seen above, it occurs at a short wavelength, and the
ionization of the valence electrons plays a minor role. We
will consider that the 2s2 valence shell is frozen during the
laser-atom interaction(this point will be discussed in the
following section). The electrostatic potential created by the
2s2 configuration is given by

VM8 sid =
2

r i
−

2

r i
S1 +

3

4
a8r i +

1

4
a82r i

2 +
1

8
a83r i

3De−a8ri , s7d

where the hydrogenic orbital 2s is calculated with the effec-
tive chargea8. In order to be consistent with the calculation
of the Be+s2sd state, we choose the effective chargea8
=2.309 18, which gives a hydrogenic energy of
−0.666 54 a.u.,i.e., the experimental energy of Be+s2sd.
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B. Time-dependent calculations

Let us now consider briefly the interaction between the
atom and the laser field. Within the dipole approximation, the
time-dependent Schrödinger equation to be solved is given,
in the length gauge, by

i
]

] t
Csr 1,r 2,td = FH − o

i=1,2
Estd · r iGCsr 1,r 2,td, s8d

with the electric field defined as

Estd = −
]

] t
Astd. s9d

The vector potential, polarized along thez axis, is defined as

Astd = A0Scos
p

T
tD2

cossvtdez, s10d

whereT is the total pulse duration, −T/2ø tøT/2, andv is
the photon energy. The time-dependent total wave function
is expanded on the basis of the field-free atomic eigenstates,
normalized to unity,

Csr 1,r 2,td = o
a;n,L

Ns,Lmax

CastdCn
L,Msr 1,r 2d. s11d

Equations8d is integrated over the total pulse durationT. The
initial condition is given by

Csr 1,r 2,t = − T/2d = Cin
L,M=0sr 1,r 2d, s12d

whereCin
L,M=0sr 1,r 2d is the initial state of the field-free sys-

tem.
At the end of the pulse, the population of a given station-

ary stateCklk8l8
LM=0sr 1,r 2d is obtained by projecting this state on

the total wave function:

PLsklk8l8d = ukCklk8l8
LM=0sr 1,r 2duCsr 1,r 2,t = T/2dlu2. s13d

We use a simple antisymmetrized product of orbitalfklsrd of
Be+ to represent the double continuum. It has been showed
in paper I that this approximation, of order zero in pertur-
bation theory, gives the leading contribution to the two-
photon double ionization process.

The one-electron energy distribution in the atomic double
continuum is given by

dPLskld
dk

= o
k8l8

PLsklk8l8drskld, s14d

whererskld is the density of states in the continuumkl.
We calculate the total-integrated cross sections by using

the following expression:

ssNg,2ed = Sv

I
DN Pkk

CsNdT
, s15d

whereI is the intensity in W/cm2, v the photon energy in
joules,N the number of photons absorbed, andT the total
pulse duration in seconds. Cross sections are expressed in
cm2N sN−1. The dimensionless coefficientsCsNd take into

account the time dependence of the intensity,Cs1d
= 3

8 ,Cs2d= 35
128. Pkk is the total probability of double ioniza-

tion.

III. RESULTS AND DISCUSSION

The TDSE calculations have been performed in the length
gauge and the probabilities are evaluated in the Schrödinger
picture att=T/2. We have checked that the results are simi-
lar in the velocity gauge and interaction picture. The cross
sections have been evaluated with formula(15). Such an
approach is valid as far as the total probabilityPkk is calcu-
lated in the perturbative regime, which is the case here. The
peak intensity is 1014 W/cm2, and the pulse duration is given
in the text.

A. Ionization of the valence electrons

Figure 1 shows the one-photon double ionizationsg ,2ed
cross section versus the excess photon energyv− Ip (Ip being
the double ionization potential) given in eV. Other theoretical
[8,9] and experimental[12] results are also shown in the
figure. The calculations have been performed with a pulse
duration of ten optical cycles. TheB-spline basis sets and the
configurations used in expansion(6) are given in Table I. In
the case of one-photon double ionization, the total angular
momentum of the final states isL=1, so here we have used
basis II, which has more angular pairssl1, l2d. Our results are
in good agreement with other theoretical calculations. We
can observe that the various calculations available agree with
the experimental measurements with error bars. In Fig. 1 we
also plotted the curve corresponding to the helium cross sec-
tions. The double ionization cross sections are of the same
order of magnitude in He and Be. At low excess energies, the

FIG. 1. Thesg ,2ed cross sections(full triangles) calculated at
various excess photon energies(in eV). Empty diamonds with error
bars: measurements on Be[12]. Theoretical values of Colgan and
Pindzola [8] (empty squares) and Kheifets and Bray[9] (empty
circles). Full curve: our calculations on He. Cross sections are ex-
pressed in kb. Results[8,9,12] are extracted from Fig. 4 in Ref.
[11].
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Be cross section dominates and falls for larger excess photon
energies. A similar feature has been observed by Citriniet al.
[11]. We have also checked that the one-photon single ion-
ization cross sectionsg ,ed is in very good agreement with
the experimental values given in Ref.[12].

In Fig. 2 we show the partial and total cross sections
s2g ,2ed for the double ionization of beryllium through two-
photon absorption, for photon energies ranging fromv=14
to 20 eV. The pulse has a total duration of eight optical
cycles, and we use theB-spline basis set I(see Table I).
Before studying in more detail the evolution of cross sections
with the photon energy, we examine the various channels
leading to the double ionization processes with the absorp-
tion of two photons(see the diagram in Fig. 3). For frequen-
cies lower than 0.52 a.u.s0.505 a.u.,v,0.52 a.u.d, the
double ionization process in Be is only direct; the two va-
lence electrons are directly ejected in the double continuum.
For photon frequencies larger than 0.52 a.u., the process is
either direct or sequential. This latter mechanism only in-
volves the ionization of Be+s2pd for 0.52 a.u.,v,0.66 a.u.
For v.0.66 a.u.s18 eVd, the Be+s2sd channel is open for
double ionization. It is important to note that the sequential
channel which does not require correlation to be populated

involves the production of Be+s2sd in the intermediate step.
Indeed, in contrast with the dipole coupling between 2s2 and
2skp, the 2s2-2pkl dipole coupling is zero in the zero-order
perturbation theory in 1/r12. Therefore, one can surmise that
the sequential process which involves the Be+s2sd ion in the
intermediate step will dominate forv.0.66 a.u.(this will be
confirmed later). We note that there is a maximum of the
cross section at 0.66 a.u. in Fig. 2. We have checked that
such a maximum also exists in the helium case for a photon
energy of 2 a.u. Therefore, the two-photon double ionization
rate has a maximum when the sequential channel opens. This
is also observed in magnesium[7]. Figure 2 shows that, as in
the case of He, the D wave dominates. The contribution of
the different angular channels is discussed in the following
section.

Figure 4(a) shows the total electron spectrum resulting
from two-photon double ionization of Be with a photon en-
ergy of 0.9 a.u.s24.5 eVd. The calculations include the chan-
nels given in basis I of Table I. Three total pulse durations
are considered: 14 optical cycles(about 2.36 fs), ten optical
cycless1.7 fsd, and six optical cycless1 fsd. We have drawn
the total density of probabilitydPLskld /dk [see Eq.(14)].
There are two well-defined peaks for the longest pulse dura-

TABLE I. The sl1, l2d pairs of angular momenta and total number of combination termsNcombused in Eq.
(6), for each total angular momentumL and for two differentB-spline basis sets, withk=7 and a linear knot
sequence.

Basis I Basis II

sRmax=50 a.u.;Nb=50d sRmax=30 a.u.;Nb=40d

Angular sl1, l2d sl1, l2d
momentumL angular pairs Ncomb angular pairs Ncomb

L=0 (0,0) (1,1) (2,2) (3,3) 5100 (0,0) (1,1) (2,2) (3,3) 3280

L=1 (0,1) (1,2) 5000 (0,1) (1,2) (2,3) 4800

L=2 (0,2) (1,1) (1,3) 6275 (0,2) (1,1) (1,3) (2,2) (3,3) 5660

FIG. 2. Thes2g ,2ed total cross sections(full curve) vs the pho-
ton energy(in eV). The contributions of theD wave(dashed curve)
andS wave(long-dashed curve) are represented. Cross sections are
expressed in cm4 s.

FIG. 3. Schematic Be energy level diagram, showing the direct
and sequential two-photon double ionization channels from 2s2. In
the sequential case the diagram shows the two paths to double ion-
ize Be. The first one involves the Be+s2sd ion, and the ejected
electrons have the energiesE1 and E2. In the second path, which
involves Be+s2pd, the ejected electrons have the energiesE3 andE4.
The energies are given in a.u.
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tion, at 0.25 and 0.50 a.u., respectively. The latter peak cor-
responds to the one-photon ionization of Be leaving Be+ in
the 2s state, the ejected electron having an energy of
0.55 a.u. The second peak is the signature of the ionization
of the Be+s2sd. The ejected electron has an energy of
0.24 a.u. The total energy in the double continuum is the
photon excess energy 2v− Ip. The energy difference between
the peaks is the electron interaction energy in the initial state;
here it is 0.31 a.u. Figure 4(a) confirms that the dominant
channel for double ionization is sequential, and involves the
production of the Be+s2sd ion in the intermediate step. In Fig.
4(b) we have represented the contributions of the main
double ionization channels for the case of a pulse duration of
ten optical cycles. The figure shows that, as expected, the
main contribution to the double ionization comes from the
channelsl1=1,l2=1d that does not require correlations to be
populated. There are also contributions from the channels
sl1=0,l2=2d and sl1=2,l2=2d. They are populated from the
2p2 component of the initial state, and the process involves

the intermediate channel Bes2pkld with l =0 or 2. The one-
photon ionization of Be leaving the ion Be+ in the 2p state
leads to an ejected electron energy of 0.41 a.u. The ioniza-
tion of the ion Be+s2pd produces an electron of energy
0.38 a.u. In fact, due to the laser bandwidth, the correspond-
ing structures cannot be resolved and the probabilities have a
maximum at about 0.4 a.u. in Fig. 4(b).

We now analyze the behavior of the energy distribution
spectrum for ultrashort pulse durations. We see in Fig. 4(a)
that the two peaks move towards each other for decreasing
pulse durations. In the limit of the shorter pulse duration
there is only one peak. This occurs when the Be+ ion has no
time to relax to the Be+s2sd stationary state before the second
photon is absorbed. We have noticed that the electron inter-
action in the initial state is 0.31 a.u.. In terms of time it is
0.49 fs, which is the full width at half maximum duration of
the shorter pulse in Fig. 4(a). In this latter case the distinction
between direct and sequential process is not pertinent.

B. Towards the ionization of the electronic core

In order to complete our study of the double photoioniza-
tion of beryllium, we now explore the main features of the
double ionization of the 1s2 core of Be. In our approxima-
tion, the 2s2 state is frozen and represented by the model
potentialVM8 [see Eq.(7)]. The energy of the 1s2 shell of Be
is calculated at −11.6 a.u.s−315.5 eVd, and the ionization
potential is found at 4.64 a.u.s126.2 eVd. The two-photon
double ionization of the 1s2 core requires a minimum photon
energy of 157.8 eV. It is direct for 157.8 eV,v,189.4 eV
and the sequential double ionization is energetically permit-
ted for v.189.4 eV. In this calculation, theB-spline basis
set is similar to the one used before, but we have scaled the
box lengthsRmax=25 a.u.d in order to represent correctly the
1s orbitals in the presence of the nucleus chargeZ=4. In Fig.
5 we show the one-photon single ionization cross sections of
the 1s2 core and 2s2 valence shell of Be(the latter curve is
calculated with the approach exposed in Sec. III A). As ex-

FIG. 4. (a) s2g ,2ed electron energy distribution spectrum for
v=0.9 a.u., I =1014 W/cm2, and a total pulse duration of six
(dashed curve), ten (long-dashed curve), and 14 optical cycles(full
curve). (b) s2g ,2ed electron energy distribution spectrum in the
channelssL=2,l1=1,l2=1d (full curve), sL=2,l1=0,l2=2d (long-
dashed curve), sL=0,l1=1,l2=1d (dashed curve), and sL=0,l1
=2,l2=2d (dotted-dashed curve), for a total pulse duration of ten
optical cycles.

FIG. 5. Thesg ,ed total cross sections for the 1s2 electronic core
(full curve) and 2s2 valence electrons(dashed curve). The cross
sections are expressed in Mb.
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pected, the ionization cross section of the 1s2 core is much
larger than the ionization of 2s2 for v.130 eV. The ioniza-
tion of the inner shell dominates at these photon energies.
The cross sections shown in Fig. 5 are in good agreement
with other recent theoretical results(see Fig. 1 in Ref.[10]).

In Fig. 6 we present the cross sections for two-photon
double ionization of the core versus the photon energy. The
photon energies range from 160 to 210 eV. They are calcu-
lated with a total pulse duration of ten optical cycles(i.e.,
T,1 fs). Figure 6 shows that, as previously observed for the
double ionization of 2s2, the cross section has a maximum at
the threshold of the sequential process, i.e., atv<190 eV.

It is worth noticing that the dynamics of the two-photon
double ionization process will strongly depend on the pulse
duration. Indeed, one-photon ionization of the core produces
a nonstationary state Be+s1s,2s2d. We assume that this ion
will mainly relax to Be+s1s,2lnld autoionizing states which
decay to the 1s2ks continua. In the context of sequential
double ionization, our model of the frozen 2s2 configuration
is valid as far as Be+s1s,2s2d does not decay to Be+s1s2,ksd
before the second photon is absorbed. We have estimated the
autoionizing lifetime of Be+s1s,2s2d on the basis of the reso-
nance parameters of Be+s1s,2lnld [19]: it is in general of the
order of 10 fs(or larger). Note that it is also the case for the
Be2+s2lnld resonances[19]. The conclusion is that our ap-
proach should be valid in the femto- and subfemtosecond
regime, where the 2s2 configuration relaxes in the post laser-
atom interaction channel(i.e., att@T/2).

IV. CONCLUSION

We have studied the double ionization of Be by ultrashort
laser fields by resolving the time-dependent Schrödinger
equation. We have obtained cross sections for one-photon
double ionization of the valence electrons, in good agree-

ment with other theoretical and experimental results. We
have focused on the two-photon double ionization of the
valence electrons, which occur for photon energies larger
than 14 eV, the sequential channel being open for double
ionization for photon energies larger than 18 eV. The asso-
ciated cross section increases with the photon energyv until
v<18 eV, and it decreases for higher frequencies. There-
fore, the two-photon double ionization cross section is maxi-
mum in the region of the threshold for the sequential process.
This feature is observed in other systems. Forv.18 eV the
electron energy distribution shows two peaks separated by
the electron-electron interaction in the Bes2s2d state. The
peak at large energy corresponds to the one-photon ioniza-
tion of Bes2s2d, populating the 2skpchannel, while the other
peak, positioned at a lower energy, is associated with the
one-photon ionization of Be+s2sd. At short pulse durations
sT<1 fsd the Be+ ion has no time to relax to the stationary
state Be+s2sd, and the two peaks move toward the same po-
sition. This feature has been already observed in helium. In
the case of beryllium, less energetic photons and longer pulse
durations are used. Therefore, the case of alkaline earths like
Be, Mg, or Ca should be more favorable for experiments.

The case of the double ionization of the 1s2 core of Be has
been investigated in the subfemtosecond regime. It requires
intensities and photon energies which should be available in
the near future with the FEL sources. Two-photon double
ionization requires a minimum photon energy of 160 eV. At
this energy the photoionization of the valence electrons does
not play a significant role, and we represent the frozen 2s2

configuration with a model potential. Note that the electronic
correlation time in the 1s2 state is close to 0.06 fs, which is
shorter than the pulse durationsT<0.2 fsd. We have checked
that our model gives one-photon single ionization cross sec-
tions that are in good agreement with other theoretical val-
ues. We have calculated cross sections for the double ioniza-
tion of the Be core through two-photon absorption, for
photon energies ranging from 160 to 210 eV. In this context,
our treatment is strictly valid as far as the relaxation of the
frozen configuration does not occur during the sequential
double ionization process. For long pulses durationssT
@1 fsd, the second ionization step should be strongly af-
fected, and the two active electron model is not valid. These
effects require further investigation.

The study of multiple electron ionization through multi-
photon absorption in complex atoms is in its infancy. With
femto- and subfemtosecond laser pulses the laser-atom inter-
action time is of the order of magnitude of the internal
atomic correlation times. This opens the way to observe new
dynamical effects. We have shown that alkaline earths are
good candidates for experiments.
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FIG. 6. Thes2g ,2ed total cross sections for the 1s2 electronic
core, at various photon energies(in eV). Cross sections are ex-
pressed in cm4 s.
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