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Our previous theory of spin-polarized L,;M,;M,; Auger electrons from fer-
romagnetic materials is improved by taking account of the life time broadening 7I; in
the Auger initial state and the spin-orbit interaction in the 2p state. Experimental data
of Auger electrons from Feg;B,, are re-analysed by using revised parameter values for
the exchange interactions (the exchange constant J, between 3d and 2p spins and J;
between 3d and 3p spins), which are essentially important in the spin polarization of
Auger electrons. It is shown that the effect of J, is strongly affected by I';. A possibility
of another mechanism for the spin polarization is also discussed.

§1. Introduction

Spin-polarized Auger electron spectroscopy
is a newly developing field in the study of
magnetic materials. The spin polarization of
Auger electrons from ferromagnetic samples is
expected to provide us with important infor-
mation on the spin-dependent electronic states
and their interactions in the material. Mainly
due to technical problems, however, precise ex-
perimental data were not obtained until quite
recently. The first successful observation of
spin-polarized LMM and MMM Auger elec-
trons has recently been made by Landolt and
Mauri? by using a ferromagnetic glass sam-
ple of Feg;Bys. According to their results, the
My;MysMys  Auger  electrons, as well as
L3M4sMys and L3My3Mys Auger electrons, ex-
hibit the positive spin polarization, where the
positive spin polarization means that the
Auger electron spin polarization is parallel to
the ferromagnetic spin direction. Since these
transition processes include the 3d electron
transition, the observed spin polarization can
be interpreted,” at least qualitatively, as
originating from the exchange splitting of the
3d band of Fe. For the Li:M»M,; Auger elec-
trons, on the other hand, Landolt and Mauri
observed two considerably large peaks of spin
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polarization of the order of +10%, although
this Auger process does not include directly
the 3d electron transition. The positive and
negative spin polarization peaks are located at
the Auger electron kinetic energies correspon-
ding to the singlet and triplet final states of the
3p hole pair, respectively.

For the mechanism of the spin polarization
of L;Mx3My; Auger electrons, Bennemann?
proposed an interpretation based on the
multiplicities of the 3d electron and core hole
spins. In his theory, however, the role of the
ferromagnetic ordering of the 3d spins, which
should be responsible for the spin polarization
of the Auger electron, is not clearly shown.
Recently, the present authors*® presented a
model in order to explain the experimental
data. Reference 4 is referred to hereafter as I.
In I, the 3d spins were approximated by well-
localized spins with the magnitude $**=1, and
their ferromagnetic ordering was treated by
the molecular field approximation. The ex-
change interactions between 3p spins, between
3d and 3p spins, and between 3d and 2p spins,
were shown to be important in the spin
polarization of the L,3sM»;M,; Auger electrons.
In this theory, however, the effect of the life
time of the 2p hole in the initial state of the
Auger transition was not taken into account.
The spin-orbit couplig in the 2p state and the
orbital contribution to the multiplets of the
two 3p holes were also disregarded, for
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simplicity. The purpose of the present paper is
to improve our previous theory I, and also to
consider another mechanism which may affect
the spin polarization.

In §2 and 3 we improve our model by taking
accout of the life time effect of the 2p hole.
Furthermore, the spin-orbit interaction in the
2p state and the orbital effect on the multiplets
of two 3p holes are considered in §4. In §5 we
investigate a  possibility of another
mechanism. Section 6 is devoted to the discus-
sion.

§2. Formulation

We consider a system which consists of the
2p, 3p, 3d electrons and an incident primary
electron. In the initial state of the L;MxMy;
Auger transition, a 2ps; hole is created by the
Coulomb interaction ¥V, between the primary
electron and the 2p electron. We call this state
Auger initial state. By the L;M3M,; Auger in-
teraction Va, the system goes to the final state
which contains two 3p holes and an Auger elec-
tron. We call this state Auger final state. We
describe the Hamiltonian of the system in the
Auger initial state and that in the Auger final
state as H; and H;, and denote their eigen-
values and eigenstates, respectively, as E;, |i>
and E;, |f>. When the primary electron has
the energy &, x and the spin g,, where n, is the
band index and k, is the wave vector, the
number of emitted Auger electron N, is ex-
pressed as follows:

(LI Validy<i| Voar x 6|02
NA=ZZf| NIXURLANTN

»"p%p
f i

Eo+ée,x,—Ei+ili/2

[}/27[
>< 2
(Eoteny, —E)*+(I1/2)

where |0> is the ground state of the system
consisting of the 2p, 3p and 3d electrons (ex-
cluding the primary electron), E, is the energy
of |0>, I} and I} represent, respectively, the
energy widths of the Auger initial state and the
Auger final state. Here, I is mainly due to the
L;MM Auger decay (the life time effect of the
2p hole) and I} is due to the M»3MysMys Auger
decay (the life time effect of the 3d hole pair),
although the effect of a finite experimental
resolution is also included effectively in I7.

In this section, we formulate the Auger elec-

2.1)
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Fig. 1. Schematic representation of our model
system.

tron spectrum with the same model as that in I
except for the existence of Ii. The model is
shown in Fig. 1. The 3d states are approxi-
mately treated as localized spins with the
magnitude $>=1, and the interaction between
the localized 3d spins is taken into account by
the molecular field approximation. The 3d
spin is assumed to couple with the 2p hole spin
by the exchange interaction J, in the Auger in-
itial state, and with the 3p hole spin by the ex-
change interaction J; in the Auger final state.
Furthermore, the 3p hole pair is assumed to
couple each other by the exchange interaction
Jo. Here, we disregard the spin-orbit interac-
tion in the 2p state and the orbital contribu-
tion to the multiplets of the two 3p holes, but
their effects will be studied in §4.
The state |0> is expressed as

[0>=11,1)]|g),

where |1, 1> and |g> represent, respective-
ly, the 3d spin state |S$**=1, S}*=1> and the
stae where all the 2p and 3p levels are oc-
cupied. Here and hereafter, we describe ex-
plicitely the 2p, 3p and 3d states only on the
single atomic site at which the 2p hole is
created by the primary electron, since the
Auger transition is an essentially intraatomic
process. The energy E, is given by

E():Eg—‘Hm,

2.2)

where E, is the energy of the state |g> and H,,
is the molecular field acting on the 3d spin
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under consideration. ing between the primary electron and a 2p elec-
When we assume that the two electrons (n;, tron through V,, the Hamiltonian of the
ki, g1) and (ny, k,, 0,) are created by the scatter-  Auger initial state is expressed as

tron through Vpthe Hamiltonian of the Auger initial state is expressed as
H=E;— &+ &nk, +Enpe,— Hn S — 1,857, 2.3)

Here, &, is the 2p core level and s is the 2p hole spin, where the direction of s* is taken in the op-
posite direction to that of the removed 2p electron. The eigenstates of H; can easily be obtained
as linear combinations of the following basis functions:

| nik1a, nakao2; 2pma; strd>:ar-fl,k,,alart,kz,azaZp,Am,—a| 1, S¥) |g>. 2.9
On the other hand, the Hamiltonian of the Auger final state is given by
Hy=E;—2¢3,+&np,+ Enpe,+ €~ Hn S — 18 (sP+53) — Jost° - 537, (2.5)

where &3, is the 3p level, ¢ is the kinetic energy of the Auger electron, and si® and s3” are the spins
of the 3p holes. We can diagonalize H; by using the linear combination of the basis functions

. 3 . — 3d
| nikiG1, nokaas, epmay LPLP, SPSP; Sy =a;f & o.@n k0. 0ema| LPLP, SPSPY |1, S3%),
(2.6)
where

1 11
|LPLEP, S7SPy=7= 3 35 (lmlmy| LPLE) <— 01—~ 0»

3pQ3
S pSzp>a3p,—m,,—ala3p,—m2,—oz‘g)a
mym, 0,0, 2 2

2.7

where {1m;1m,| L*LP) and (1/2 611/2 6, S*S*) are the Clebsch-Gordan coefficients.
We approximately write ¥, and V4 as follows:

VD:Z)P Z Z Z an+,,k,,a'part,kz,a2a2p,m,azanp,kp,o'p; (28)

nn, kk, mo,

and
Va= Z Vao(€),
&0
with
Vas(€)=va Z a;{a,m,aaﬁ),m’,a’aSp,m’,a’aSp,m,o" 2.9)
mm'a’

where v, and v, are assumed to be constant. When the primary electron is not spin-polarized, the
number of the Auger electrons with energy ¢ and spin o is expressed as

1 (S Vac(@) | D) <i| Voan k0,10 |2 It/2n
Ne)=5 33 33 |3 T R T T
25 7|5 Eoten 5, —Ei+il}/2 (Eotenp,—E)*+(I1/2)

(2.10)

Then the intensity and the spin polarization of The expression (2.10) of N,(¢) can easily be
the Auger electrons with energy ¢ are given by extended to the case of finite temperature by
_ replacing |0> and E, as |1, $*>|g> and
H@)=Ni(e)+Nie), @.11) E,—S*H,(T), respectively, and by taking the
P(E)ZNT(S)—NL(E) 2.12) ensemble average over S:¢. Here, Hn(T) is the
Ni(e)+Ny(e) * ’ molecular field at temperature 7, whose ex-
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pression is given in I.

We have assumed in I that the 2p holes with
1 and | spins are created with equal probabili-
ty by the spin-unpolarized primary electron
(except for the spin-flip effect by J;). This is
directly followed when we assume that the
density of states of the excited state (n, k, o)
[see eq. (2.4)] is independent of the spin . On
this assumption our calculation in §3 and 4
will also be made, but a consideration beyond
this assumption will be given in §5.

§3. Numerical Calculations

Our model includes six parameters Jo, J2, J3,
H,, Ii and I}, and they are estimated as
follows: The value of H,, at zero temperature
is estimated to be 0.135 eV by using the Curie
temperature 7,—1042 K of pure iron and J; is
estimated to be 6.5 eV from the experimental
peak separation in I(¢). For convenience, we
show in Fig. 2 the experimental spectra, which
exhibit two main peaks in /(¢) and a positive
and a nagative peaks of the order of +-10% in
P(¢). (The hatched region represents the uncer-
tainty coming from different estimations of

(a)

INTENSITY (arb. units )

580 590 600 €lV)

20t

\590

0 580 ' 500 eV)
- 10 L

(b)

SPIN POLARIZATION(%)

Fig. 2. Net intensity (a) and spin polarization (b) of
L;M,;M,; Auger electrons from Feg;B,,. These are ob-
tained from the experimental data” by subtracting
the background.
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Fig. 3. Intensity (a) and spin polarization (b)
calculated by using J,=6.5¢V, J,=0.14 eV, J;=0.5
eV, I'=0.36 eV, I;=6.0eV and $**=1.

the backgroud, as well as the statistical error
in experiments.) The value of the width I5 is
estimated to be 6.0 eV from the experimental
spectral width. For the value of the width I3,
we use a theoretical result 73=0.36 eV obtain-
ed by Krause and Oliver.® Reference 6 is refer-
red to hereafter as KO. Finally we estimate
J,=0.14 eV and J;=0.5 eV so that the largest
values of P(g) become of the order of +10%.

The results for I(¢) and P(g) are shown in
Fig. 3, where ¢ is measured with 2&3,— &, — &vac
(&vac being the vacuum level) as origin. When
we consider several simplifying assumptions in
our theory and the large uncertainty range in
the experimental data, these results are found
to agree satisfactorily with the experimetal
data in Fig. 2. As we investigated in I, both
effects of the exchange interactions J, and J;
are essentially important in the spin polariza-
tion. The exchange interaction J; in the final
state affects only the 3p spin triplet final state
and gives a positive peak and a negative peak
of spin polarization as shown in Fig. 4(a),
where J; is varied with vanishing J,. Through
the exchange interaction J;, the 3p spin triplet
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Fig. 4. Spin polarization calculated for various values
of J; with vanishing J, in (a), and for various values
of J, with vanishing J; in (b). Other parameters are
taken as J,= 6.5eV, I;=0.36 eV and I;=6.0¢eV.

final state splits into the 3p-3d quintet (around
£~5.8¢eV), triplet (around &£~4.8¢V) and
singlet (around ¢ ~4.3 eV) final states. The 3p-
3d quintet final state gives the negative spin
polarization and the 3p-3d triplet and singlet
final states give the positive spin polarization.
The negative peak of the experimental spin
polarization is considered to originate mainly
from the 3p-3d quinted final state.

On the other hand, through the exchange in-
teraction J,, the 3p singlet final state gives the
large positive spin polarization and the triplet
final state gives only the small negative spin
polarization as shown in Fig. 4(b), where J, is
varied with vanishing J;. The off-diagonal
term of the 3d-2p exchange interaction is writ-
ten as (J2/2) (S%s*+S%s?), by which the {
spin of the 2p hole can flip to the T spin with
the simultaneous flip of the 3d spin from
S$34=1 to 0, but the 1 spin cannot flip at zero
temperature. Thus the probability of the 2p
hole having 1 spin is more than that of the 2p
hole having | spin. By this spin flip
mechanism, the 3p singlet and triplet final

Hiroshi MizuTA and Akio KOTANI
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Fig. 5. Temperature variation of the intensity (a) and

the spin polarization (b). Parameters are the same as
those in Fig. 3.

states give, respectively, the large positive and
small negative spin polarizations. The positive
peak of the experimental spin polarization is
considered to originate mainly from the 3p
singlet final state. The positive peak coming
from J; is considered not to be resolved from
that coming from J, because of the broaden-
ing I5.

Next, we calculate the temperature variation
of I(¢) and P(¢), and the results are shown in
Fig. 5. The spin polarization P(g) decreases
monotonically to zero when the temperature
approaches 7. and this fact can easily be
understood because we attribute the spin
polarization to the exchange interaction bet-
ween an average magnetic moment (i.e., fer-
romagnetic moment) of the 3d spin and core
hole spins.

Instead of S**=1 which corresponds to the
Bohr magneton number n=2.0, we also
calculate I(¢) and P(¢) at zero temperature by
using $*¢=3/2 (i.e., ns=3.0). Since the Bohr
magneton number of iron, ng(Fe), is not exact-
ly 2.0 [ns(Fe)~2.2 in pure iron], it is con-
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Fig. 6. Calculated results of the intensity (a) and the
spin polarization (b) similar to Fig. 3, but with
$9=3/2, J,=0.105 eV and J,=0.33 eV.

sidered that the calculation of the spin
polarization with $*¢=3/2 is necessary in
order to check the propriety of our model.
The results are shown in Fig. 6 and we can ob-
tain much the same results as those in Fig. 3
only by reducing the exchange interactions to
J>=0.105 ¢V and J3=0.33 eV so as to compen-
sate for the increase of $*¢.

For the energy width of the Auger initial
state, we have so far used the theoretical value
I;=0.36 eV which is given by KO. Here we in-
vestigate the effect of the variation of I; to the
spin polarization. In the limit of I;—0, eq.
(2.10) reduces to the following simplified ex-
pression:

1
NO=53 L 11 Vare)]d
X (| Vpar,*,;,kp,,,plO)|2

> Ff/27[
(E—E)*+Tt/2)°

which corresponds to the expression that we
used in I. Figure 7 shows the spin polarization

3.1
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Fig. 7. Spin polarization calculated for various values

of I'; with J;=6.5eV, J,=0.2¢eV, J;=0, [;=6.0eV
and S*=1 at zero temperature.

calculated for various values of I; with
J,=0.2 eV and J;=0 (the contribution of J; to
the spin polarization being not affected by I3).
With I7=0, the 3p singlet final state gives the
positive spin polarization of about 40%.
However, the spin polarization decreases
rapidly with increasing I;. The magnitude of
I represents the strength of the Auger decay of
the 2p hole, and thus the decrease of the spin
polarization with increasing I signifies that
the Auger transition occurs before the 2p hole
spin flips due to the exchange interaction J>.
For the value of I3, a theoretical estimation of
I;i~1.3 eV, which is much larger than that by
KO, has also been reported by Chen et al.” If
we use this value of I'j, we must take a much
larger value of J; in order to reproduce the ex-
perimental result. In this connection, some
disccusion will be given in §6.

§4. Effect of Spin-Orbit Interaction in the 2p
State

In this section we improve our model by tak-
ing account of the spin-orbit interaction in the
2p state. In the expression (2.3) of the Hamilto-
nian H;, &, is replaced by

Exp+ AL S, @.1)

where A is the spin-orbit coupling constant
and / is the orbital angular momentum of the
2p hole. Then the 2p level splits into 2p;/, and
2py/2 levels, so that the L,;M,3M»; Auger Spec-
trum also splits into L3;M»M,; and L,My;Mz;
Auger spectra. Experimentally, the L,MxMy;
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Auger intensity is very weak because of the
decay of the 2p,/; hole into the 2ps,; hole, so
that its spectral structure is not observed clear-
ly. Therefore, we also confine our calculation
to the L;M»3M,; Auger process. Since the value
of A(~20eV) is much larger than 75 and J,,
the total angular momentum of the 2p hole,
J®, is a good quantum number, and H; is
diagonalized by using the basis functions

| niki01, nakao2; 2p 7525 S3)
1
— ot + 2p :
—a”vkl’alanz’kz’az Z <1m 5 g |J2p.1§p>
mao

a2p,-—m,7a‘ 1: Sgd> |g>a (42)

instead of eq. (2.4). In eq. (4.2), (1ml/2q]|
J®/%®y is the Clebsch-Gordan coefficient (j*
being taken as 3/2).

In the Auger final state, we also take ac-
count of the orbital contribution to the L-S
term energy of the 3p hole pair. Then, in the
expression (2.5) of the Hamiltonian H;, the ex-
change coupling term — Jy 53+ s3° is replaced by
the L-S term energy E(L*®, S%). For the
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Fig. 8. Intensity (a) and spin polarization (b)

calculated at zero temperature by taking account of
the spin-orbit interaction in the 2p state. Parameters
are taken as F,=1.07 eV, J,=0.35¢V, J;=0.6¢V,
I;=0.36 eV, I'=6.0eV and S$*=1.
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multiplets 'S. 'D and *P which are represented
by the eigenstates (2.6), the L-S term energy E
takes the following values:

E('S)=Fy+10F,,
E(D)=Fy+F,,
E(P)=F,—5F,,

where F, and F, are the Coulomb integrals for
the 3p hole pair.

The eigenvalues and eigenstates of H; and
H; thus obtained are substituted into egs.
(2.10)-(2.12), and the calculated results are
shown in Fig. 8, where ¢ is measured with
2&3,— (€2p+A/2)+Fy—éve as origin. In this
calculation, the value of F, is chosen as 1.07
eV from the experimental peak separation in
I(¢), and J, and J; are taken to be 0.35 eV and
0.6 eV, respectively. The other quantities I3,
I, H, and S*¢ are fixed to be the same values
as those used in the calculation of Fig. 3.

In Fig. 8, the two main peaks in I(€) corres-
pond to °P and !D final states, and a new small
peak at e~ —10eV (which in not observed
clearly in experimental data) corresponds to
the 'S final state. The essential results of the
present calculation are found to be almost un-
changed from those of Fig. 3 except the
difference in the estimated value of J,, and the
agreement of the calculated spectra with ex-
perimental data is still statisfactory. For the
value of J,, we find that in order to obtain the
positive spin polarization of the order of 10%
we have to take J,~0.35¢eV, which is con-
siderably larger than the previous value 0.14 in
Fig. 3. This result comes from that the spin
flip of the 2p hole due to the exchange interac-
tion J, is partly compensated by the spin flip

<f52p>i

05F ememm—mmmmes L2s
// L
// 3
//
///
o . J2(ev)
0.1 0.2 0.3
Fig. 9. The quantity {g,,); calculated with the spin-or-

bit interaction (solid curve) and without the spin-or-
bit interaction (dashed curve).
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due to the off-diagonal part of the spin-orbit

interaction (A/2)(/-s®+[_s¥). To see this

effect, we calculate the following quantity:
(02p>i:22<i]S%p|i>]<il Vol ik o |0) ]

PP p

/3 i Vot o |0V 2, (43)

which represents the average value of the z-
component of the 2p hole spin in the Auger in-
itial state (where I is taken to be 0) at zero
temperature. The result is shown in Fig. 9,
where the solid (L;) and dashed (L»;) curves
represent the results obtained with and
without the spin-orbit interaction, respective-
ly. We can find that the spin-orbit interaction
suppresses the increase of {g,); due to the ex-
change interaction J,.

§5. Possibility of Another Mechanism

We have so far assumed that the density of
states of the electronic state (n, k, ) to which
the 2p electron is excited by the primary elec-
tron is independent of the spin . However,
this assumption is not valid when the 2p elec-
tron is excited to the 3d band, which has the ex-
change splitting in the ferromagnetic state. In
this case the excitation of the 2p electron with
! spin to the 3d band with | spin (i.e., the
minority spin) can occur more strongly than
that of the 2ptT electron to the 3dt band,
because the 3d{ band has more unoccupied
states than the 3d?T band. Therefore, the 2p
hole spin can be polarized in the Auger initial
state, and we expect to have Auger electron
spin polarization even when the exchange in-
teractions J, and J; are absent.?

Since the 2p electron can be excited both to
the 3d band and the other bands which have
no exchange splitting, we define the quantity r
by

p— T3q— Tt

) 5.1
Tior G-D

where T34, is the transition probability of the
2p electron (with o spin) to the 3d band with @
spin, and T is the total transition probability
of the 2p electron (with T and | spins). With
the value of r as a parameter, we calculate P(¢g)
from eqs. (2.10) and (2.12) by disregarding the
exchange interactions J; and J;. The quantities

Theory of Spin-Polarized Auger Electrons from. . . .

4459

SPIN POLARIZATION (%)

Fig. 10. Spin polarization calculated for various
values of r at zero temperature. Parameters are taken
as J,=J;=0, I'=1.4¢eV and I';=6.0¢eV.

I; and I} and taken as 1.4eV and 6.0eV,
respectively, and the spin-orbit interaction in
the 2p state is taken into account. The result is
shown in Fig. 10. By this 2p—3d excitation
mechanism, the singlet final state contributes
to the positive spin polarization while the
triplet final state contributes only the small
negative spin polarization. These spin polariza-
tions increase with increasing r. As found
from comparison between Fig. 10 and Fig.
4(b), the effect of r is similar to that of J,. This
is because both of r and J, cause the spin
polarization of the 2p hole in the Auger initial
state, which is the origin of the Auger electron
spin polarization.

As shown here, we can generally say that for
the positive spin polarization of the singlet
final state there coexist two mechanisms com-
ing from r and J,. The value of r is propor-
tional to the exchange splitting of the 3d band,
as well as to the density of states of the 3d
band. Further, it depends on the kinetic
energy of the incident primary electron &; r is
very large when ¢, is close to the binding
energy of the 2p electron, but r decreases with
increasing &,. In the experiment by Landolt
and Mauri,? g, is taken as 2900 eV, which is
much larger than the 2p binding energy, so
that the value of r will be very small
(presumably smaller than 0.1). Thus we expect
that the contribution of J, is much larger than
that of the 2p—3d excitation mechanism.

§6. Discussion

In this paper, we have extended our
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previous theory I by taking account of the life
time broadening I; in the Auger initial state,
the spin-orbit interaciton in the 2p state, and
so on. In I, we estimated the exchange interac-
tions J35=0.5e¢V and J,=0.05eV from the
analysis of the Auger electron spin polariza-
tion P(g). The value of J; is estimated from the
analysis of the negative peak of P(¢), which is
not much modified in the present improved
theory, and we conclude that J;is 0.5~0.6 eV.
However, the positive peak of P(g), from
which the value of J; is estimated, is found to
be very much sensitive to I;. It is also found
that the spin-orbit interaction in the 2p state
tends to suppress the effect of J,. Thus we have
revised the previous estimation of J,; by assum-
ing I3=0.36 ¢V, which was given by KO, we
have obtained J,=0.35¢V. This estimation
seems to be reasonable as mentioned below.

Experiments of the L; X-ray photoelectron
spectroscopy (XPS) provide us with some in-
formation on I; and J,. Fuggle and Alvarado®
studied systematically the experimental line
width of L;, L, and L; XPS for various
elements with atomic number Z=10~35.
They found that the observed line width is in
considerable agreement with the theoretical
result by KO, but in transition metals the ex-
perimental value is much larger than the
theoretical one. They interpreted the origin of
this anomalous line broadening in transition
metals as the exchange coupling between the
3d and core hole spins. For the L; XPS of
iron, the difference between the experimental
and theoretical line width is about 0.4 eV,
which is consistent with our value J,=0.35
eVv.

Theoretical calculations of the 3d-2p and
3d-3p multiplet splitting in iron have been
made only for the free atom, but no estima-
tion has been made for the metallic system.
We obtain the following theoretical estimation
for J, and J; for the free atom of iron:

J,~0.8¢eV and J;~3.2¢V,

by using the exchange integrals? G'(np, 3d)
and G*(np, 3d) with n=2 and 3, and by averag-
ing the energy separation between spin singlet
and triplet states over the P, D and F orbital
states. In the metallic system, these values are
reduced by the larger extension of the 3d wave
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function, as well as by the screening effect due
to conduction electrons. However, the ratio
Js/J» will not be very much modified. In our
estimation, the value of J3/J, is smaller than
this atomic value, but seems to be situated
within a reasonable range.

Although our estimation J,~0.35eV and
J3~0.6 eV with I';~0.36 €V is considered to
be most reasonable, we cannot completely ex-
clude the possibility of different estimation.
The value of I'; does not seem to be very well
established. For instance, Chen et al.” obtain-
ed a theoretical value about 1.3eV. As we
have shown in §3, the estimation of J, depends
strongly on what value is assumed for 7;. Fur-
thermore, the 2p—3d excitation mechanism
coexists with the mechanism of the exchange
interaction J, for the positive spin polarization
of the singlet final state. As we have mention-
ed in §5, the exchange interaction mechanism
is expected to be predominant in the experi-
ment by Landolt and Mauri,” but there exists
some ambiguity because it is difficult to
estimate theoretically the precise value of r.
Since the value of 7 depends on the energy of
the primary electron, &, it is very interesting
to compare the experimental data with
different values of &,,. Moreover, if the spin-
polarized Auger measurement becomes possi-
ble to be made with the 2p electron excitation
by the monochromatic light, the effects of the
two mechanisms will be able to be measured
separately.

Very recently, Landolt et al.? have also
observed the spin polarized Auger electrons
from ferromagnetic nickel, and its analysis is
an interesting problem left in future investiga-
tions.
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