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Ultraviolet photoemission has been used to investigate the Mn local moment in Ag& Mn alloys
for x =0.02, 0.05, 0.10, and 0.15. Both angle-resolved and angle-integrated spectra were obtained.
A picture of the local moment as a scattering center emerges which is consistent with known trans-
port properties of these alloys. On the other hand, the screening cloud around the Mn ion is suffi-

ciently localized to exist in an 5= —, spin state. The state is delocalized to the point that no super-

Coster-Kronig transition can neutralize a 3p core hole, although an autoionization resonance is ob-
served at the 3p core threshold. This is in contrast to metallic Mn and Mn in certain other com-
pounds.

INTRODUCTION

The study of alloys is a technologically and scientifical-
ly important aspect of research. Alloys are created for
various properties, among which are strength, hardness,
weight, anticorrosion, and many other properties, usually
in combination. Alloys are also found which are impor-
tant in catalysis and chemical reactions. Alloys also exist
as a means of isolating or creating many physical phe-
nomena which either do not exist in elemental materials
or compounds, or which are suppressed by other stronger
properties of materials. For example, the Kondo effect is
a phenomenon which occurs only when a small percentage
of a magnetic impurity is present in a nonmagnetic host.
&g& „Mn„(x «1) is an example of a Kondo alloy. '~ It
is well known that addition of even minute amounts of a
second metal to a good conductor will lower the conduc-
tivity. It is also an elementary fact that resistivity (the in-
verse of conductivity) decreases as the temperature is
lowered. The Kondo effect is in contradiction to the de-

crease with lower T: There is a minimum in the resistivi-
ty as T is lowered toward 0 K. In addition, the resistivity
in dilute AgMn alloys shows a subsequent maximum fol-
lowed by a linear decrease in resistivity as T is lowered to
-0.1 K. AgMn alloys with dilute amounts of Mn are
also known to be spin-glasses —systems which show a
sharp cusp in the low-field ac susceptibility at the "freez-
ing temperature" Tf, but no Bragg reflections indicating
long-range order.

The low-T behavior of AgMn with dilute amounts of
Mn, as well as other alloys having nonmagnetic host ma-
terials with impurity states having stable magnetic mo-
ments, is known to be due to the exchange-split moment.
Mn in noble-metal hosts exists in an almost pure S = —,

spin state, which is referred to as a local moment. ' The

aim of much previous experimentation in obtaining photo-
emission and optical spectra has been to determine the
magnitude of the energy splitting of such spin states.
From photoemission, it was found that the majority
states of Mn were more than 3 eV below the Fermi ener-

gy, EF, in AgMn, with no sign of any minority states, in-
dicating the minority states lay almost entirely above EF.
Optical data were inconclusive, showing additional struc-
ture due to the Mn, but not necessarily showing the
separation between the filled and empty parts of the
exchange-split spin state. Recently inverse photo-
emission —or bremsstrahlung isochromat spectroscopy—
experiments' ' located the minority state some 2. 1 eV
above EF in AgMn alloys.

3d transition metals have recently been shown to exhib-
it interesting resonance phenomena as the optical excita-
tion energy is increased through the 3p threshold energy.
The "6-eV satellite" in Ni (Refs. 13 and 14) is an example
of the resonance in which a super-Coster-Kronig (SCK)
decay of a 3p core hole causes a two-hole final state which
can also be created by direct excitation of a 3d electron.
There is a phase relationship between these two processes
which causes the resonance. To some extent, the density
of empty 3d states affects the resonance, but the resonant
satellite can be created even if there are virtually no empty
3d states, as in elemental Cu metal. ' '

In photoemission from a-manganese, ' a giant SCK sa-
tellite appears to resonate with a valence-band satellite at
the 3p threshold. The valence-band satellite is visible
below the 3p threshold but not above it, so it is not clear
that it is really a satellite. Photoemission studies on gas-
phase Mn (Ref. 18) and on Mn in Cd& „Mn„Se (Ref. 19)
show clearly that Mn goes through a resonance at the 3p
threshold.

The present work consists of examining photoemission
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data for several AgMn alloys in the spectral region includ-
ing the Mn 3p core threshold. The aim is to see if the Mn
resonance is modified by changing the environment and if
further information can be obtained about the minority
spin state in Mn in the alloys.

The next section gives the details of the experiment, in-
cluding sample preparation and data acquisition. Follow-
ing is a section detailing the results and then a discussion
of the results.

EXPERIMENTAL DETAILS

Single-crystal samples of Ag, AgQ 98MnQ p2,

AgQ 95MnQ Q5, AgQ 9QMnQ ~Q, and AgQ 85MnQ ~5 were cut so
that a (001) face was presented. The size was such that
the crystals could be mounted on a molybdenum heater
compatible with a standard Varian flip assembly. Prior to
mounting, the crystals were mechanically polished and
then etched in a solution of 50% NH3 and 50% H2O2, a
standard etch for Ag. The etch seemed to work in a simi-
lar manner on the AgMn alloys. In the vacuum system in
which the experiment was conducted, the crystals were
Ar-ion etched at low beam energies ( —200—300 eV) and
annealed briefly at modest temperatures (300—500'C).
Higher temperatures were found to leave the surface re-
gion of the alloys depleted of Mn. Unfortunately, neither
Auger electron spectroscopy nor low-energy electron dif-
fraction were available to monitor surface composition or
structure; however, techniques were developed to check
both aspects of the experimentation.

The photoemission data were obtained in two different
sets of experiments. The first phase was done at relatively
low photon energies (10—25 eV). The source was a Mac-
Phereson 225 1-m normal-incidence monochromator
(NIM) located on Tantalus I, the 240-MeV electron
storage ring of the University of Wisconsin-Madison Syn-
chrotron Radiation Center (SRC). Angle-resolved ultra-
violet photoemission spectra (ARUPS) were obtained with
a combination 127' and plane mirror analyzer (PMA for
short). The PMA is constructed with the plane mirror
parallel to the axis of rotation of the instrument. The
127' cylindrical analyzer is the entrance state and the
front end is arranged to only accept electrons with trajec-
tories perpendicular to the axis and emitted from a point
on the axis. The nature of the spectra and the symmetry
displayed were consistent with the (001) face of a single
crystal. A double-pass cylindrical mirror analyzer (CMA)
was used to obtain angle-integrated spectra which, for the
alloys, yielded spectra comparable to previously published
results.

The second phase of the experimentation was carried
out at the SRC on a toroidal grating monochromator
(TEAM) in the same vacuum system used with the NIM.
The useful range of the TOM is from -20 eV to —110
eV or slightly higher. Only the CMA was used to obtain
data on the TOM. Most of the data were obtained in the
traditional mode of recording photoelectron energy distri-
butions (PED's). The "extra" emissions from the Mn are
always visible in the valence region of the spectra, but the
Mn 3p core level is only apparent in spectra at photon en-
ergies greater than 50 eV above the excitation threshold.
The location of the Mn 3p emissions provided solid evi-

dence that Mn was present near the surface of the sample.
The variation of Mn emissions from sample to sample
was consistent with the nominal amount of Mn in the
sample.

The data of greatest interest consist of intensity varia-
tions of the Mn valence emissions (the local moment) as
the photon energy hv was increased from several eV
below the Mn 3p core threshold to 20—25 eV above the
same threshold. PED's were obtained at 1.0- or 0.5-eV h v
intervals. As the conduction band of Ag is essentially
structureless —i.e., a plateau —in this region, the intensity
of the Mn emissions superimposed on the plateau are easi-
ly obtained. Best results were obtained by subtracting a
Ag PED taken at the same energy as the alloy PED. The
resulting difference spectra were normalized to the photon
flux of the monochromator and the beam in the storage
ring. Numerical integrals of the regions from —3.8 to
—2.0 eV initial energy of these different spectra were ob-
tained. The resulting integrals were plotted point-by-
point Versus photon energy. This amounts an indirect
means of obtaining a constant initial-energy spectrum
(CIS) as would be obtained by synchronously scanning the
CMA retarding voltage along with the photon energy
such that h v —EcMA ——E; =const.

Constant final-energy spectra (CPS's) can be obtained
by holding the CMA energy constant at a low kinetic en-

ergy (typically 4—15 eV) and scanning the photon energy.
Traditionally, the CFS method is sensitive to Auger tran-
sitions near core excitation thresholds if those transitions
result in increased photoyield rather than obvious struc-
ture in the PED's. The CFS's usually bear a resemblance
to the light-flux curve of the monochromator, so that
dependence has to be removed, usually by dividing the
CFS by the yield curve for the monochromator. An alter-
native method was used here: Since this is a study of di-
lute AgMn alloys, most of the structure in the CFS's was
still due to the Ag host. CFS's were obtained for a Ag
crystal and a "composite" CFS for Ag was obtained
which represented the partial photoyield of Ag and flux
of the monochromator. The alloy CFS's were then nor-
malized to the Ag CFS in order to remove both the Ag
and the monochromator yield dependences.

RESULTS

A. Low-energy angle-resolved results

The Agp 95MnQ Q5 and AgQ 9MnQ &
samples were both ex-

amined in the light of angle-resolved photoelectron spec-
troscopy (ARPES) with the PMA. The PMA was mount-
ed so as to accept electrons emitted into the plane of in-
cidence of the light on both the incident and reflected
sides of the sample normal, as shown in the inset in the
upper portion of Fig. 1 ~ The PMA could be rotated con-
tinuously from one position to the other. The angle of in-
cidence of the light was 70. The large angle of incidence
has a striking effect on the emissions from the Ag host.
In Figs. 1 and 2 the two PED's sample symmetric regions
of k space but the Ag d-band emissions (between initial
energies of —8.0 to —4.0 eV) have different shapes for
the "+ " and "—" angles. Equally striking is the
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FIG. 1. ARPED's for AgQ9QMnQ IQ(001) at hv=17. 0 eV.
The emissions are collected at 0=+40' in the plane of incidence.
The emissions from the d band are different in appearance be-
cause of the asymmetry of the angle of incidence relative to the
two angles of emission. The VBS ( ——4.0 to —2.0 eV) is large-
ly unaffected.

conduction-band emission, found at ——1.2 eV in the
+22.5 PED in Fig. 2. The same feature is found at
—22.5', but is greatly suppressed. The differences in the
Ag emissions arise from the different values of A-p on
the different sides of the sample normal. A is the vector
potential of the incident photon field, and p is the dipole
(momentum) matrix element for transitions from the ini-
tial state to the final state which appear in the PED's.
The contributions to the PED's from Mn are mostly unaf-
fected by this same difference in emission angles. Neither
the intensity nor the position in the PED of the Mn emis-
sions were seen to change appreciably with angle at any
hv. In Fig. 3, we present normal emission PED's from
both Ag(001) and a similar crystal of Ago 9Mno &

at
hv=17. 0 eV. The d bands are similar and the Ag con-
duction band is evident on both. When the Ag PED is
subtracted from the alloy PED, the residual between —4.0
and —1.0 eV is interpreted as the Mn contribution. The
shape of those emissions is clearly affected by the Ag con-
duction band —probably due to a slight misalignment of
the analyzer relative to one sample when compared to the
other. The relative intensity of the PED's at energies less
than the d-band emission energy is due to two probable
causes. First, the analyzer was in a developmental stage
when these data were accumulated and subtle modifica-
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FICx. 2. Similar to Fig. 1, but 0= +22.5'. The VBS is still be-
tween ——4.0 and —2.0 eV, but is partially obscured by the
presence of the Ag conduction band at —1.2 eV. Again, the
asymmetry of the angle of incidence relative to the two direc-
tions of emission is responsible for the differences in the Ag
emissions.

FIG. 3. Normal emission ARPED's at hv=17. 0 eV for
Ag(001) and AgQ9QMnQ &Q(001). The angle of incidence of the
light was again 70 . The peak near —3.0 eV is mostly due to the
Ag conduction band. The peak between —4.0 and —1.0 eV in
the difference spectrum is attributed to the Mn VBS. The shape
is affected by the Ag emissions. Note that the d band is shifted
lower in energy in the alloy.



2120

Mn„(POI )

R L BENBOW AND Z HURYCH

( Angle —Integrated )

hP = 53.peV

QN(E. hP ): Ag sMno. os Ag(OOI)

E ~ Integral from

E = 38 to -2.0eV
I

35

.Acb9o "o.(o

Ago 9sMnoos

+o98 0.02Mn

Ag~ I ~ ~ ~

-lO-25 20
I„ltlal Energy (ev)

at h~=53. 0 eV for Ag andFIG. 4. Angle-integrated PED s at hv=
three AgMn alloys. The photon energy

'
r is such that the VBS

—2.0 eV) in the alloys are near the max-ernissions ( ——4.0 to —. e in
imum intensity exhibited in Figs. 5—7.

tions were being continually tried to improve the low-
of the analyzer. Second, thekinetic-energy transmission o y

halloy samples produced more scatte red electrons than t e
ure Ag samp e, a c ear1 1 indication of the decreased

h h alloys. Other spectra at energiesscattering lengt in t e a
irre ularh the Ag conduction band are not so irregu arnot showing e

h . A large amount of data was obtaine orin s ape.
loy of Figs. 1—3 and of Ago 95Mno o5 and the da ppdata su ort
two observations: (1) The Mn state is dispersionless, and

it variation with(2) the Mn emissions show little intensity variation wi
polar- or azimuthal-angle variation.

B. High-energy angle-integrated results

The bulk of the data consists of a large setset of PED's
t for variations insuch as those shown in Fig. 4. Excep

QN(E hP)' A9098Mno. 02 9-A (00 ' )

E ~ IntegroI from

E; = -5.8 to -2.0eV

~O~OMn s' 'g 4'„,
c A94p(rz

I I I I a III I & I « I I ' ' ' ' ' ' ' ' '
65 70 754o 45 50

hv (eV~

FIG. 6. garne as Fig. 5 but for Ago. 9&Mnp p5.

the Ag d bands due to a different (100) surface onentat&on
e s ectra are similar. Thefrom sample to sample, the p

differences are mostly found in t e g'he re ion between —4 e
an F, where the Mn emissions appear. It is noticed, as
ex ecte, ad, th t the Mn contribution generally increasesp

Mn resent in the sample.wi'th the increased amount o Mn p
It is from PED's such as those in Fig. 4 thathat the CIS's in

t d The Ag PED was subtractedFigs. 5—7 were constructe . e
'cal inte ralh of the others in turn and a numerical integra

taken over the region between —. an
integral then becomes a point on t e IS which is rea y a

Althou h the overall shapes of the three
different, there are significant common ea urescurves are i eren, e

creasin in intensi-as well: (1) The curves are generally decreasing
'

t from low energy to high energy upr u to —65.0eV; (2)ty rom
there is a local minimum almost exact y1 at the Mn 3p

8.1 eV)' (3) there is a localcore excitation threshold (48. e
1.0—51.5 eV—some 3.0—3.5 eV above themaximum at 5 . — . e

Mn 3p threshold.
r the allo s; allIn ig. we pI F 8 e present selected CFS's for t e a oys; a

1' d to a composite partial photoyield gof Aare norma ize o a c
r . The method ofthe same region of photon energy. e meover e

normalization is apparently validated y eb the flatness of
the normalized CFS's. Note that instead of a CFS for

6N(E'hp)' Ago~Mno( Ag(OOI)

E ~ In teg ra I from

E: = -3.8 to -2.0eV
I

Ag 4p
Ag 4p(rzMn 3p

0
OO

a Iaaa ~ I ~ a ~ ~ I ~ ~ aa ~ ~ ~ ~ I ~ aa a Iaa aa I aa ~ ~

60 65 70 7540 45 50 55
hv (eV)

FIG. 5. CIS of VBS for Agp. 98Mno. 02. The CIS was con-
structe poin y pd t b oint from PED's of Ag and the alloy. Each

oint is create y ad b t king a numerical integral of the region
twee; ——. d E = —2.0 eV in the alloy and sub-tween E; = —3.8 eV an

Both s ectra were normal-t ting the similar integral in Ag. o specrac i

and the beamized to t e ig uxh 1' ht fl from the monochromator a
currents before the subtraction.

Mn 3p Ag 4p Ag 4p

I I I I I I I I I I I I I I I I I I I I I

40 45 50 55
hv

I I I I I I I I I I I I I » I

60 65 70 75
(eV)

FIG. 7. Same as Fig. 5 but for Agp 9pMnp lp.



35 SYNCHROTRON-RADIATION-INDUCED PHOTOELECTRON. . . 2121

O

C:
O

LLI
~ A

Z

~0
~00oo 00000

~ 000000

~ 00 Ago 8g Mrlo I5~0
~0~ 00 00000 ~00'~ 000 00000~~0000 ~0 ~ ~ 0000000 000

095 0 05

Mn 3p Ag 4p Ag 4p

CFS 's
Ag, „Mn„

Norma I ized to

Ag /Monochromator Yield

I II I ~

a I a I I

~ 00 ~ 0 ~ 000~ 000 ~ 000~0000000'00 ~ '0 ~ 00000000 ~
~ 00 000 ~ 000~

~ ~ 0 00 ~ ~ ~ 00~0 ~0
'~ 00 00~ 0

Ago ge Mno. o
~ 0000~ 000

~ 00~ 0 ~ 0 000 ~ 00 00 00 000 0000 ~ 0000 ~ 000 ~
~ ~ oo ~ 0000000

F00000000
~ 000

charge neutrality of the crystal demands that a screening
charge —the VBS—be set up around the Mn ion. In the
case of transport properties of such an impurity state, the
VBS introduces increased scattering. For a Kondo sys-
tem, the additional requirement of having the VBS pos-
sess a spin magnetic moment is imposed.

In the angle-resolved photoelectron energy distributions
(ARPED's) the concept of a scattering center is not incon-
sistent with the data, which show the VBS emissions as
dispersionless and with little intensity variation upon a
change of angle. However, the high-energy data are more
consistent with a bound state. The independence of the
Mn intensity on angle and the complete absence of disper-
sion of the state with angle shows that the local impurity
potential is far more important than the crystal potential
which would tend to at least affect the intensity as the
direction of emission is varied.

B. High-energy results
I a I ~ I I I I a I I I I I I I I I I I I I I ~ I ~ I I ~ I I ~ I ~ I I I I ~ I ~

40 45 50 55 60 65 70 75

h& (ev)
FIG. 8. CFS's for three AgMn alloys. The kinetic energy for

Ago»Mnoo2 was 7.0 eV; for Ago»MN005, 7.0 eV; and for
Ago 85Mno», 10.0 eV. All three were normalized to a composite
Ag CFS, corrected for beam current decay, and made in a con-
tinuous scan.

Agp 9Mnp &
we Present one for Agp 85Mnp &5. Through an

oversight, no suitable CFS for Agp9Mnp &
was obtained.

On the other hand, it is evident from our data that the
Agp 85Mnp» sample was annealed at too high a tempera-
ture and that the surface, or photoemission, region was
partially depleted of Mn. However, the CFS is a partial
photoyield at low kinetic energy. Thus the CFS measures
a yield of scattered electrons which can arise from deeper
within the crystal, and even for a surface region (4—6 A)
partially depleted of Mn, the CFS is expected to reflect
the bulk concentration of Mn.

The salient feature common to all three CFS's is the
peak at about 50.5 eV, the intensity of which is approxi-
mately proportional to the concentration of Mn. This
peak in each case occurs about 2.5 eV above the Mn 3p
photoexcitation threshold. Note that this is about 0.5—1.0
eV lower than the similar peak in the CIS s—a significant
difference. Further, there is not necessarily a minimum
preceding the peak —it seems to rise above the back-
ground.

DISCUSSION

A. Angle-resolved results

The traditional picture of a virtual bound state (VBS)
(Refs. 21 and 22) starts with a large positive charge im-
bedded in an otherwise uniform matrix of a metal of
lower valency. This is the case of Mn in Ag. The Mn ion
will have —+5 more charge than the Ag ions. The Mn
3d electrons have a binding energy such that they overlap
the Ag conduction band, are degenerate with it, and in-
teract with it, thus becoming itinerant. However, the

Sugawara et al. ' have investigated the resonant prop-
erties of a-Mn over the range 30 eV (h v ( 130 eV, and
have observed resonant behavior in the emissions from the
top of the d band near EF. The other d-band structures
show enhanced emission above the 3p threshold, but do
not appear to be resonant in the same sense: The top of
the d band has a minimum in intensity at the 3p thresh-
old, while the others do not. The SCK emission is very
strong and, at threshold seems to overlap a feature which
may be a satellite. This feature is not in evidence at pho-
ton energies well above the onset of the SCK emissions.

In Figs. 5—7 we show the behavior of the Mn VBS
emission intensity as a function of hv for three alloys.
All three were found to show the same behavior —a
minimum almost exactly at the Mn 3p threshold energy,
followed by a maximum some 3.0—3.5 eV higher in ener-
gy. This maximum seems to be about 1.0 eV lower in en-
ergy than the similar d-band feature in a-Mn relative to
the 3p threshold and in the optical absorption coefficient
of Mn

In conjunction with the CIS s of Figs. 5—7, we examine
the CFS's of Fig. 8, again for three alloys, normalized so
as to minimize the Ag contribution to each CFS. Again,
we emphasize the region near the Mn 3p threshold. There
is no systematic behavior below the threshold; there may
or may not be an associated dip at the threshold. Addi-
tional spectra not shown here are inconsistent in that
some show a dip, and others do not. All spectra do show
a peak, approximately related to the amount of Mn,
which is at maxirnurn intensity some 2.5—3.0 eV above
the threshold, about 0.5—1.0 eV lower in energy than the
peaks in the CIS's. We interpret these curves to represent
better the optical absorption than the CIS's, as they show
less tendency toward complications due to any resonance.
If the peak near hv=51 eV is representative of 3p~3d
transitions in Mn, then the empty part of the VBS, or lo-
cal rnornent, should be 2.5—3.0 eV above EF, somewhat
higher than observed in the inverse photoemission experi-
ment. A possible explanation of the difference may lie in
the fact that the inverse photoemission does not create a
core hole. The configuration interaction involving the op-
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which resonates with the direct process,

3p 3d +hv~3p 3d +e (2)

The final state is the same in (1) and (2). This is contrast-
ed with the SCK mechanism

3p 3d +hv —+3p 3d —+(3p 3d )*+e (3)

where the (3p 3d )* is an excited state causing the elec-
tron in (3) to be emitted with lower energy. The direct
recombination mechanism is in evidence in Ni for the
emissions from the top of the (d) conduction band. It has
nothing to do with the satellite resonance in Ni metal.
This mechanism is also in evidence in the a-Mn data for
the part of the d-band near EF. Absent in our VBS, then,
is the SCK decay mechanism present in a-Mn. The ab-
sence of the SCK satellites is further evidence that the lo-
cal moment in the alloys is strongly modified from those
in o.-Mn or in Cd& Mn„Se. ' The spatial delocalization
has been sufficient to broaden the energy of the occupied
states, lower the energy of the empty states and remove
correlation with the 3p core hole. The energy broadening
is accompanied by a reduction in lifetime of the excited

tically excited 3p core hole raises the energy of the empty
d states, thus causing a slight shift in the apparent density
of empty states. This is similar to the delayed onsets in
autoionization for the low-Z members of the 3d row ob-
served by Zajac et al. The optical absorption spectrum
of metallic Mn peaks some 4.7 eV above the 3p thresh-
old, as does that of Cd& „Mn„Se.' This indicates that
the local moment of Mn in the alloys is modified because
of the overlap with the Ag conduction band. The spatial
delocalization of the charge cloud has resulted in a lower-
ing of the energy of the empty Mn 3d states in the alloys.

In the matter of the peaks in the CIS's, the process ap-
pears to be a modified resonant process. It is not a true
SCK-induced resonance as is the case of Ni and Cu. No
feature has been found in a PED for any of these alloys
which could be attributed to a Mn SCK satellite. This is
said advisedly, as it is possible that an otherwise detect-
able satellite could be obscured under the Ag 4d peaks.
Suffice it to be said that no feature has been observed to
"step" away from the Ag 4d band emissions as h v was in-
creased well above threshold.

The present mode of resonance starts with excitation of
a Mn 3p core hole followed by direct recombination of the
electron with energy transfer to the screening cloud of
electrons surrounding the Mn ion—an autoionization pro-
cess. While the VBS may be organized into a local mo-
ment (S = —,

'
spin state), evidently the lifetime of the local

moment is too short to allow formation of an excited
Coulomb-repulsion state which is necessary in a true SCK
process. We have

3p 3d +hv~3p 3d ~3p 3d +e

Mn 5d states to the point that a SCK process cannot
occur.

It is relevant to report that the CFS's were normalized
to the Ag CFS, not only to suppress the Ag emissions, but
also to enhance the contribution of the Mn effects. If the
method is sound, the result would be of the form

I(hv) =Io[1+5M„(hv)], (4)

CONCLUSION

In summary, then, we have examined both ARUPS and
resonant photoemission in several AgMn alloys. The
ARUPS data show that the VBS is primarily a scattering
center. The VBS is a state broad in energy and, as such, it
shows no dispersion with polar angle or photon energy.
The VBS also does not display very much variation in in-
tensity as the polar angle is changed.

The VBS does change intensity in angle-integrated
PED's as h v is increased through the Mn 3p photoexcita-
tion threshold. The Mn 3p core state is responsible for an
autoionization resonance, but there is no evidence for a
SCK resonance. Although the VBS can exist with spin-
correlation sufficient to produce the S = —,

' local moment,
it cannot be transformed into an excited Coulomb-
repulsion state, presumably because the lifetime of such a
state is too short.
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where Io is an arbitrary scale factor. 5~„(hv) is the con-
tribution due to the Mn. In fact, we seem to have

I (h v) =Io [1+5~„(hv) + b (h v)],
where the extra term, b, (h v), is due to differences between
the condition of the Ag surface and those of the alloys.
In Fig. 8 each curve is plotted relative to the correct base
line, and it is seen that the form (5) is valid. The overall
intensity is relatively flat, but 5~„(hv) is evidenced by the
step at the Mn 3p threshold. The terms b, (hv) are mani-
fested by the nonrepeatability from sample to sample of
other structures in the CFS's. The overall increase in pho-
toyield above the Mn 3p threshold is due to the increased
optical absorption and not due to any special decay pro-
cess.
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