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Spin-polarized electron emission during impact of fast ions on a magnetized F£00) surface
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We report on the emission of spin-polarized electrons during grazing and oblique impact of 2—100 keV H
He", Ne*, and Ar" ions upon a magnetized B0 surface. A combined analysis of spin state and energy of
emitted electrons elucidates processes occurring in inelastic ion-surface scattering such as electron cascading or
plasmon-assisted electron emission and indicates a significant enhancement of the spin moment at the topmost
layer of F€100).
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[. INTRODUCTION differential pumping stages to the beam line of a small elec-
trostatic ion accelerator with a 10 GHz electron cyclotron
Emission of electrons induced by collisions of energeticresonance(ECR) ion source. A well-collimated ion beam
ions with surfaces is an important phenomenon to study in(H*, He", Ne*, Ar") (angular divergence 0.02°) is inci-
elastic ion-surface scattering. Ample work has been devotedent at a small angi® (typically 1°) upon the100) surface
to ion-induced electron emission in studies on, e.g., numbesf 3 bee Fe crystal mounted on the gap of a soft-magnetic
and statistical distribution, electron energy and angle ofoke. The azimuthal angle of incidence is a few degrees off
emission, and projectile beam and target propefti€sr  the[010] direction in the surface plan@random azimuthal

scattering from a ferromagnetic surface, the spin state Ofjentation”). The surface is prepared by cycles of grazing
emitted electrons as an additional observable has receiv uttering (0~3°) with 25 keV Ar~ ions and subsequent

'?SS attenthn, presu'mably owing to experimental CompleX"annealing to about 700 °C. During measurements the crystal
ties of a spin analysis of electrons.

From a spin analysis of electrons ejected by impact ofS kept at room temperature in a remanent, single-domain

ions, one expects to identify various processes occurring iftate of magnetization along an easy gX61] or [001] in
inelastic ion-surface scattering and vyield information onthe (100 surface plane*in-plane magnetizationj, gener-
magnetic and electronic properties of surfaces. Although, fopted by current pulses through a coil and checked by the
the analysis of magnetic surfaces, spin-polarized electromagneto-optical Kerr effect. Residual magnetic fields in the
emission excited by fastlectronshas evolved into an estab- region of the target crystal are compensated to a &by
lished techniqué excitation byionsbears interesting aspects three orthogonal Helmholtz coils anduametal shield form-
as sputtering for magnetic depth profiling of filfher the  ing the inner wall of the UHV chamber.
sensitivity to the topmost atomic layers of flat surfaces by Electrons emitted normal to the surface plane are col-
using grazing incidence ion scatterifigin the latter case, lected within a detection cone of 30° full opening angle and
grazingly scattered ions are specularly reflected from the suenter a cylindrical sector field energy analyzer via a transfer
face without penetration of the bulksurface channeling®). lens (Focus CSA30D The CSA features a 300 mm disper-
Here we report on ion-induced emission of spin-polarizedsive distance and 90° deflection. After energy separation,
electrons from a magnetized @60 surface with the em- electrons are imaged by a subsequent lens into a spin-
phasis on grazing incidence impact of ions. Spin- andpolarized low-energy electron diffraction(SPLEED
energy-resolved spectra of electrons emitted in direction ofletectof In this detector electrons are backscattered at a
the surface normal of the target are measured for differentonstant energy of 104.5 eV from a clean M0 surface

projectile ions and beam energies. In our studies we havgnd the intensities of2,0) and (_20) low-energy electron
investigated effects such as cascading of electrons angffraction (LEED) spots are recorded by means of a pair of
plasmon-assisted electron emission. We explore magnetighanneltrons. From the asymmetriasof signals of corre-
properties of the R&00) surface, which is predicted to show sponding channeltrons, caused by different cross sections for
significantly enhanced spin moments at the topmost layer. |eft-right scattering, the “in-plane” component of the elec-
tron spin polarization can be deduced. In order to correct for
instrumental asymmetriggypically 20%9 owing to different
detector efficiencies, misalignment of incident beam, etc., the
The experiments were performed in an ultrahigh-vacuunpolarizationP is obtained from measurements under reversed
chamber(base pressure around 18 mbar), attached via magnetizationgelectron spin polarizatioraccording td

II. EXPERIMENT
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the analyzing powefeffective Sherman functionThe as- z ' 25 keV
sumption in our analysis is that electron trajectories are not 02 ‘4kev/ RN
affected by the reversal of the magnetization. Previous stud- 12 keV PNt
ies using a similar experimental setighowed that this holds 0.0 4 L e
only approximately for low-energy electrons. We therefore 0 S5 10 15 20 25
checked the asymmetrigs against asymmetrieAr, mea- (@) Electron Energy (eV)
sured for unpolarized electrons emitted during ion scattering 80
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Measurements were performed at constant pass energy @ 10 1 on Fel100)
(usually 80 eV and energy resolutio(8.0 eV FWHM) with 0 on Feftoo)
primary ion currents of 1 to 100 nA, depending on projectile o § 10 15 20 25
sort and beam energy, with electron count rates of up to some (0) Electron Energy (eV)

10* s™1. Emitted electrons were accelerated by a bias volt- . . .

age ofUg=—10 V applied to the target, in order to reduce . 'O 1- Normalized energy specthi(E) (@ and SF;'”. polariza-

effects of residual stray fields and discriminate against sectlon (b) 9f electrons emitted du”n.g grazing impact of ibns on a

. magnetized RA00) surface. The incidence angie to the surface

ondary eleptrons emitted .from th? chamber wall. Frqm lane is adjusted to warrant constant transverse en&gy

e]ectrorj—trajectory calculrilglons. using the el_ectron-optlc _ E,sird =8 eV. Target temperature 300 K, beam energy as in-

_S|mulat|on progransIMION, - we infer that the _blas voltage gicated. Inset: derivative spectid(E)/dE.

increases count rates at low electron energeg., about

30% at 5 eV and 10% at 20 eV for 10 V bias voltagg . o )

resulting in apparently “steeper” electron-energy spectra,the spin polgrlzgnon of 10-20 (_aV electrons is _close to the

whereas energy shifts of spectral featufiesaddition to the megn 1£_(1I7ar|zat|on of conduction electrons in bulk Fe

intended 10 eV shijftare negligible. In test measurements, (27%). ) L .

this has been found to hold for bias voltage§/g>5 V so The pronounced peak in the polarization spegff.

that measured energy spectra are expected to represent )] at about 13 eV was observed previously or(10)

original energy distributions. Moreover, we checked that a R€fs: 5,14,1pand F&110 (Ref. 1§ and attributed to the

bias voltage on the target does not affect count rate asymmé&Pin-dependent band structure above the vacuum feel

tries (spin polarizations provided— Ug>5 V. th_e crysta_lllnlty of the sampl¥® The guestion rises whether
this peak is related to structures in energy speldii&). We
therefore show derivative spectdN/dE in the inset of Fig.

IIl. RESULTS AND DISCUSSION 1(a), in order to discern weak structures. For high beam en-
ergiesky we indeed observe a feature at about 13 eV, which,
however, does not appear at 4 keV beam energy, where the

Figure 1 shows energy spectra and spin polarization spespin-polarization peak is well developed.
tra of electrons emitted under grazing bombardment of The feature in the energy spectra at 13 eV may be attrib-
Fe(100 with H* ions for different beam energi&,. Energy  uted to bulk plasmon excitation in Fe with an energy
spectra[Fig. 1(a)] exhibit the behavior well established for =17.8 eV1®*# |t has been proposed theoretically that exci-
obligue incidence of ions or electrons: a pronounced peak dation of bulk plasmons is effective even under grazing scat-
E=2-3 eV (E measured from vacuum leyeind a gradual tering where ions do not penetrate the surfdcBecay of
decrease towards higher electron energies with a slope dptasmons into electron-hole pairs leads to a structure in the
creasing with increasing ion beam energy, as observed f@nergy spectra &=E,— P =13.4 eV withd=4.4 eV be-
other d-metal targetd® The spin polarizatiorfFig. 1(b)] is  ing the work function of FEL00).° In order to estimate dif-
highest for small electron energies and falls to a lower leveferent threshold energies for plasmon excitation by electrons
for energies exceeding about 8 eV. The spectra thus resembded ions, we use a Fermi wave numker=1.1 A~ (Fermi
spectra of polarized electrons excited by keV elect’drd. energyEr=4.61 eV), deduced from Fermi-surface measure-
Yet, the spin polarization is slightly higher for ion excitation ments of Fe with the simplifying assumption of a spherical
compared to conventional excitation with electrons, whererermi surfacé? The threshold energy for direct plasmon ex-

A. Dependence on beam energy for H—Fe(100)
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FIG. 2. Dependence on impact energy of the maximum energy
Eem_aX of excited electrons produced in proton-electron collisions.
Eg" is the minimum electron energy for direct plasmon excitation
as explained in the inset. Inset: elementary excitation spectrum of
conduction electrons in Fermi units. 1: plasmon, 2 and @per
and lower borders of electron-hole-pair excitation. 3, 4, and 4
maximum energy transfer of an electron with enegyto conduc-

S 7
excitation), respectively, JE=20 eV//%//%

tion electrons foE,=E™", E.>E™", andE,<ET™" (no plasmon
lrrrrsrrseers

citation in the conduction electron system by an energetic FIG. 3. Angular dependence of electron excitation in direct col-
particle of masdM is given by® lisions of grazingly incident 25 keV protons with conduction elec-
trons for electron energieE=2 eV, 10 eV, and 20 eV. Escape
cones are given by maximum emission angle with respect to surface

M 1+me/M qc\2
ke 3 normal a,=25.2°, 46.5°, and 56.1°.

Ef=Er—| 1+
me

2 ke
with electron massn, and ishes. In addition, taking into account the velocity dependent
binding energy of the bound state calculated with a screening
e = of the moving proton based on an extension of the Friedel
k_F = V1+Ey/Ee—1, (4) sum rule to finite velocities, we derive a threshold energy for

plasmon creation during the capture process E’é’ifcapt
the plasmon cutoff wave numbey, as deduced from the _g e\ 2 This could explain the absence of a contribution
intersection of the plasmon d!spers!on curve with the UPP€fq electron emission at 13 eV for the lowest beam enédgy
border of the electron-hole pair continudourves 1 and 21in o\ and suggests an interpretation of the spectral feature in
the inset of Fig. 2 The resulting threshold for plasmon ex- torms of plasmon decay, instead of effects as diffraction of
citation in Fe by direct proton-electron interaction E§‘ electron<®
=21.7 keV. 7 ) The enhancement of the spin polarization of emitted elec-
It has been showifi~*that plasmon formation may take trons towards low excitation energiéBig. 1(b)] is known
place also at lower beam energies via secondary electrons ghm electron-induced electron emission, where it has been
sufficient high energie&.>Eg'=22.4 eV for Fe E. refers related to the formation of an electron cascade. Due to spin
to bottom of conduction band, i.€e.=E+Eg+®), aswell  dependent electron scattering cross sections, caused by an
as zgg;i,gg_ electron capture processes by the movingxcess of unfilled minority-spin electronic states in Fe over
ion.”><"“"Figure 2 shows the calculated beam energy depenunfilled majority-spin states, minority-spin electrons are scat-
dence of the maximum energy of excited electrons producegkred more effectively during their transport to the surface,

in direct proton-conduction-electron collisions resulting in enhanced emissions of majority-spin electrons
(“spin-filter effect”).3! Our observation of an enhanced po-
Ee®=Er(1+2m./MEq/Ef)?. (5 Jlarization of low-energy electrons indicates that cascade ef-
fects are important also for grazing impact of energetic ions.
We observe electrons clearly abo' even for 12 keV The presence of electron cascades in grazing ion-surface

beam energy, which is beloE/})hh However, with decreasing collisions seems plausible considering electron excitation
beam energfg'™* approache&y . Approximately at 4 keV,  functions. Figure 3 shows polar plots of the calculated angu-

the effect of plasmon excitation by secondary electrons vantar dependence of electron excitation in screened proton-
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electron collisions for a projectile enerdy,=25 keV and 100f ' ' '
energies of excited electros=2, 10, and 20 e¥? Excita-

10t r

tion takes place with a preference in the direction of the ion &

beam with large momenta of excited electrons parallel to the -~ 4

surface plane. Only a minor part of the excited electrons has § 3

a normal component of momentum sufficient to surmount £ 2
the surface barrier directly and escape into vacuum. This M w
requires excitation angles with respect to the surface normal Z é

smaller than the opening angte. of the so-called escape

cone?® The majority of electrons, however, undergo elastic

6t o ~

and inelastic electron-electron scattering prior to emission i gnw0v§:V) ; 0'6‘
and initialize an electron cascade. 0 5 10 15 20 25

In passing we note that our energy spectra differ from (a) Electron Energy {(eV)
spectra recorded by Raai al*32for comparable experimen-
tal conditions. For 27 keV H ions impinging upon F&.00) 70 L. |
a shift of the maximum to 4 eV and, more importantly, a ol Ny
nearly complete suppression of higher-energy electréhs ( g 60 :A‘?A-_ o 25 |]
> about 14 eV is reported for grazing-incidence conditions 5 50 ,";j& ° 12 |
(®=1.0°). Those authors have pointed out that the spectra s ot
are significantly different from spectra obtained for excita- N 40p g ."'zf:’l'lr- 1
tion by electrons or ions at largdp. As an important con- % 30+ %f;-ﬁg'?“"o "o A.,','..‘-:.
sequence, they concluded that electron cascade processes are % °°°"’°°°°°°°°ooo%oo'°°ﬁ°ﬁﬁ° s.'A‘A!
absent for grazing impact. These findings are in contrast to “3,- 201 °Qa°5"’°3m
results of our study, where differences between excitation by 100 ]
ions and electrons seem to be more subtle for energy and 0 H on Fe(? 00) , ‘
polarization spectra. This becomes particularly clear for the ] 5 10 15 20 25
dependence of electron emission on the incidence aigle (b) Electron Energy (eV)

for a fixed beam energy.
As a comment to this controversy we mention that for the FIG. 4. Normalized energy specth(E) (a) and spin polariza-

specific experimental conditions here total electron emissiotion (b) of electrons emitted during grazing impact of 25 keV H

yields amount to about 10. This cannot be explained withoutons on F€100 for different ®. Target temperature 300 K. Inset:

substantial contributions from kinetic emission. A detailedderivative spectraN(E)/dE.

discussion of this problem can be found in a recent revie

33 VYarge incidence angle® of ions is similar to polarizations
paper:

measured for electron-induced electron emisdibig. 5,
open symbolqdata taken from Ref. 17 With decreasing
B. Dependence on incidence angle for H—Fe(100) @, the relative contribution of the surface layer to the exci-

In Fig. 4 we show energy and spin polarization spectra o]tatu()jn v_qumt:a IS 'nfrgast'rt‘ﬁ atnd, fdptscbcf, elelctrons are
electrons emitted under 25 keV'Hbombardment for differ- Predominantly excited at the topmost surtace layer.

ent incidence angle®. We observe that polarization spectra 70
have a similar shape for all incidence anglegy. 4(b)], al-

25 keV H* on Fe(100)

T

t

i
though polarization values increase with decreasingin 2 %0 Ml
particular at low electron excitation energies. This becomes = 50r | O-4ev 1
clearer from Fig. 5, where the average spin polarization of % a0l } o |
low-energy(0—4 e\) and higher-energy electros0-20 eV s ‘ 10-20 8V
and 20-30 eVis displayed as function of incidence angle. 3 30% ]
The critical angle for surface channelingb{~2.1°) is _DE' 20 M ]
marked by a dashed line. For incidence angles belgw & | 20306V
penetration of protons into the bulk is suppressed, unless oro
mediated by structural defects as surface steps. We see that 0 L : :
for all electron-energy intervals the electron spin polarization 0 ,4 8 12
increases with decreasing incidence angle from Idrgep to Incidence Angle (deg)

about®. For®>®, the ions penetrate into the bulk and £ 5. spin polarization of electrons emitted during grazing
excite electrons in layers beneath the surface, the exmtaﬂqnmact of 25 keV H ions on F€L00) versus incidence angl®,
depth being limited by the escape depth of excited electrongyeraged over electron-energy ranges as indicated. Solid lines are
[typically 10 A (Ref. 34]. In comparison with the regime of drawn to guide the eye. The dashed line shows the critical angle for
surface channeling, no impact-parameter selection is effegenetration of ions into the bulkl{,~2.1°). Open symbols refer to
tive. These conditions are similar to excitation by keV elec-the spin polarization measured for oblique impact of 2 keV elec-
trons, which explains why the spin polarization observed fottrons.
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An enhancement of the spin polarization of ion-induced 1.0f e on Fe(100) i
electrons for incidence angles approaching the critical angle ) " /
for surface channeling was also reported by Raal3>=¢at 0.8 z
higher beam energiei,. For 150 keV H ions impinging E z
upon 4 ML Fe&100 films grown on P@LO0) surfaces, an & 06
increase of the spin polarization for 10-12 eV electrons from 5 N Eneray GV
28% for oblique incidence angles to 37% for grazing angles Z 04 \ ( 100KkeY |

is observed. Similar data are found for 25 keV ‘Nins | /\
scattered off thg100) surface of bulk F&> Assuming that 02 \
the polarization of electrons with energies between 10 and 20 0.0 ‘ ,
eV scales roughly with the average net magnetization, this 6 § 10 15 20 25
would imply an enhancement of the magnetization at the Electron Energy (eV)
surface layer. From Fig. 5, we infer for 10-20 eV electrons
an enhancement of the polarization from about 27% for larg
® to 35% ford~ P at a temperaturé =300 K. In order to
deduce from these values an enhancement of the ground st
magnetizatiorm(0) at T=0, enhanced thermal spin excita-

tions at the surface compared to the bulk should be taken into

account. Pfandzelter and PotthBfhave reported a reduction ”‘b%ﬂeo' toa preponderancg of Iargg-impact param'eters in the
of the ground state magnetization for(E@0) at T=300 K regime of surface channeling, which impedes high-energy

of m(T)/m(0)=0.91 for the topmost surface layer. We thus electron excitation. The situation is different for low-energy

deduce an enhancement of the ground state magnetizatic?t"i1scade electrqns, where a steeper dgcreg&mimalized
m(0) at the surface of about (35%/0:927 %)/27% energy spectra is observed fbr>® . This points to a well-

— 42%=10%. This finding corroborates theoretical predic- 9€V€loped electron cascade at large incidence angles, com-

tions of an increase in ground-state Spin moment at the oy Parable to conventional excitation with keV electréné.
face of F€100) films over that of bulk layers by 30—32 448

We note that an experimental verification of enhanced sur- C. Het, Net, Art—Fe(100

face moments requires a sensitivity to the topmost surface

layer, because already from the second layer bulk electronig (Lr;tgg.fo? Wrea zsi:OWirglrgg[[ %’;d Pl(leig\rglvgief Gir;erg%/
properties are expectéd® p grazing imp =1.

For incidence angles smaller than the critical andle Fe(100) for different beam energies. The spectra show a

. - ... similar behavior as discussed for excitation by kns. The
<®, we observe that the spin polarization of electrons Wlthmaximum enerav transfer by direct proiectile-electron colli-
higher energie$10-20 eV and 20—-30 eVdecreases with 9y y Proj

[ [ is findi ; [ Iculated from Eq5) is Ef?*=10.2 eV for 2 keV
decreasingb (see Fig. % This finding may be explained as slons ca e
follows. Within the regime of surface channeling, impact pa_beam energy, 34.2 eV for 25 keV, and 91.2 eV for 100 keV.

rameters in collisions of ions with surface atoms increaseThIS implies for the lowest beam ener@ykeV) a maximum

with decreasing incidence angkb initio calculations of the €Nergy of emitted electrons & =Eg¥—E-—DP=12eV.
electronic structure of K&00) (Refs. 7,38 show that the Thus, poteptlal electron emission with a maximum electron
spin density decreases strongly with distance from atomi€nergy estimated bf=1—2d—V;,~14 eV dominates I(
sites, thereby changing from predominardigharacter tsp ~ — 24-6 eV ionization potentiaVi,~1—-3 eV image poten-
character away from the surface layer. Low-energy electrontid)- o ) )
(0—4 e\) have a cascade character and originate from pri- The derivative spectrdFig. 6, insel show a structure
mary excited electrons with higher energy. Because for graz2round 13 eV foiEq= 25 keV and more pronounced for 100
ing ion impact most electrons involved in the cascade formakeV. The formal threshold gnergy/thfor plasmon formation in
tion stem from the surface layer with a higher electron spirflirect ion-electron interaction i€;=86.4 keV. Thus the
polarization, electrons enriched by the cascade mechanisfaint structure for 25 keV beam energy is ascribed to plas-
(spin-filter effect will have higher spin polarizations. Fol- mon formation via secondary electrons, becausg™
lowing Siegmanri® the polarization of low-energy cascade =34.2 eV>Eg‘=22.4 eV. This process is not possible for
electrons isP.~Py+ P;, whereP,, is the average polariza- Ey=2 keV, in agreement with our observation.
tion of primary electrons an®, the transport polarization, Figure 7 a shows direct and derivatitiese) energy spec-
given by the spin-dependent scattering cross sectidhs ( tra for grazing scatteringd=1.6°) of H", He", Ne*, and
=0.28 for F@. With P,~35%, as measured for grazing in- Ar* ions from the FEL00) surface for a beam energy of 25
cidence anglegFig. 5, circles, we deduceP.=63% for keV. The behavior of the nearly exponential tail at large elec-
low-energy electrons, in agreement with the experinEigt.  tron energies is consistent with Figal, in the sense that the
5, full squares probability for excitation of high-energy electrons increases
The tails at high excitation energies in the energy spectravith projectile velocity, i.e., from Af to H". From deriva-
[Fig. 4@] have slopes which decrease with increasing iortive spectrdFig. 7(a), insel we see the feature attributed to
incidence angleP up to ®~d, and stay constant when plasmon-decay induced electron emission fdr &hd He .
penetration into the bulk becomes possible. This can be afor Ne" and Ar" plasmon formation is not possible, because

~.
~~~~~~~~

e FIG. 6. Normalized energy spectf(E) of electrons emitted
during grazing impact of He ions on F€100). Incidence angle to
the surface planéd =1.6°, target temperature 300 K, beam energy
6éltgindicated. Inset: derivative spectthl(E)/dE.
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of electrons close to the Fermi surfacéb initio
calculations, find an enhanced surface magnetism &fLB6)
based on pronounced surface states made up drorbitals.
These surface states lie less than 1 eV below the Fermi en-
. ergy. A predominant excitation of the surface-state electrons
101 N might explain the larger spin polarization observed for heavy

' ion impact. We note that these arguments are supported by
] our previous study on electron emission by impact of highly
PENG charged N* ions!"“°where an increase of the polarization

o102 . of low-energy electrons with chargewas observed.
102} Energx (eV) ‘ 3

0 5 10 15 20 25
(@) Electron Energy (eV) IV. CONCLUSIONS

100

4
a.
2.

~.
~.
~

N(E) {norm.)

dN(E)/dE

70 T ‘ In this work we report on electron emission during graz-
ing and oblique impact of 2—100 keV'H He', Ne", and

Ar* ijons upon a magnetized @90 surface. A combined
analysis of energy and spin state of electrons shows that the
spin may serve as an additional observable to unravel pro-
cesses in grazing ion-surface scattering. The main observa-
tions are as follows.

(1) Energy spectra and spin polarization are similar for
oblique and grazing incidence angles. In particular, the spin
polarization is significantly enhanced towards the lowest
k ‘ , J electron energies. A similar enhancement is established for
0 5 10 15 20 25 electroninduced electron emission and ascribed to a spin-

(b) Electron Energy (eV) filter effect of cascading electrons. A pronounced spin-filter
effect for ion-induced electron emission thus shows a pre-

FIG. 7. Normalized energy specti(E) (a) and spin polariza- dominance of cascade electrons at low energies even for
tion (b) of electrons emitted during grazing impact of 25 keV,H  grazing incidence of ions. This finding corroborates results
He", Ne’, and Ar" ions on F¢100). Incidence angle to the surface from our previous study on proton-induced electron emission
plane ®=1.6°, target temperature 300 K, beam energy as indifrom Cr films grown on F&L00),°> where the mean escape
cated. Inset: derivative spectud(E)/dE. depth of emitted electrons increases from about one atomic

layer for higher electron energieE ¢ 8 eV) to about four

E is much highen(435 keV for Ne&') and ET®* is too low layers towards low electron energies.

(14.4 eV for 25 keV Né). Note that for Né potential- (2) A polarization fine strupture at electron energies
. . L around 13 eV, known foelectroninduced electron emission,
electron emission may give a contribution to the electron

- tra f lect . X _11 eV Is observed also for excitation bgns irrespective of ion
e_m|_ssut)_n spectra 201r 6e ectLon erlgrglel_s_upEI@ |~ Ie sort, beam energy, or incidence angle. At the same electron
(ionization energy 21.6 el thus rationalizing similar slopes energy, we observe a prominent feature in energy spectra,

of energy spectra for_ Heand Ne excitation. which is ascribed to plasmon-assisted electron emission. A
Th? spin polarization c;or.respondm.g to those ENErgy SPeGa|ation between plasmon shoulder and polarization fine
tra [Fig. 7(b)] shows a similar behavior for all projectiles, structure can be excluded owing to a different dependence on
irrespective of whether plasmon excitation is possible or Notion beam energy.
In particular, the peak around 13 eV and the increase of the (3) We observe a significant effect of the electron spin
.Sp‘r? polariz_at_ior) towards '°W. energies. are found for all pro'polarization on the incidence angle of ions, depending on the
jectiles. This S In contrast with a relation between' the plas.'electron energy. Assuming that the polarization of electrons
mon _fea’;ure in the energy spectra and the peak in the SPWith energies of 10—20 eV roughly scales with the average
polarl_zat_|on. . _ ... net magnetization, we find evidence for an enhancement of
It is interesting that the average spin polarization iN-the ground state spin moment at the topmost layer of
creases from H to Ar™ excitation. Tentatively, two effects Ele@. The observed effect of about 40% is in fair agree-

may be envisaged to explain this finding. From concepts o ent with band structure calculations for the (F&0)
surface channeling, the probability for penetration into thesurface?
bulk is reduced, so that the sensitivity to the topmost surface

layer is largest for Af. The contribution of kinetic electron

emission compared to potential emission decreases with de- ACKNOWLEDGMENTS

creasing projectile velocity, i.e., from Hto Ar". This

should also enhance the sensitivity to the surface and entails This work was supported by the Deutsche Forschungsge-
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