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We studied low-energy (~1.5 keV) spin-polarized ‘He * ion scattering on Bi(111) ultrathin films epitaxially grown on
a Si(111) substrate. Even though Bi is a non-magnetic element, we observed that the scattered ion intensity differed
between the incident He * ions with up and down spins, i.e., a spin asymmetric scattering. The spin asymmetry was not
affected by the surface structure but depended on the scattering angle and the incident energy. These data indicate that
the spin asymmetry originates from the spin-orbit coupling that acts transiently on the He * 1s electron spin in the binary
collision and the resonant electron transfer between ‘He * ions and Bi electronic orbitals possibly alters the behavior of

the spin asymmetry compared to established models.
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Fig. 1. (color online). (a) Schematic illustration of the
experimental setup, (b), (c) A RHEED pattern of an
epitaxially-grown Bi(111) ultrathin film (b) before and (c)
after the SP-ISS measurement, respectively.
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Fig. 2. (color online). (a) ISS spectra of a Bi(111) ultrathin

film for up/down spin-polarized He * ion beams and the SP-
ISS spectrum, (b) spin asymmetry A as a function of azimuthal
angle, (c) ISS spectrum for fresh Bi(111) surface (dashed line)
and ion beam irradiated surface (solid line), (d) time
dependence of the spin asymmetry A through the 4-hour
measurement.

BIZh 2B MEDHHEDA F YV HELAR Y PV OELZ
Y. WEERHOARY VT Si kT 2 8L
—IZBPENTBY, A8y 51 V72X > TRIFICE
PWHEENTVWEIENbRE, COMBRINEHED
RHEED BIZIC X > TH MR L TBY, Fig.1 (o) TR
FTEIHMEPET LNy =V BRONE, Ly

(2015)

L, Fig.2 (d) WCRT LI, 20 & ) EREOME
ZBWTH A VIENHEICIZER IR LRV, b
OFENS, Bi RN THM SN2 2 VIFEFHEIE R
Y UHLEMEAERICHET 5 2 L b h b,

A2 VLB EAEICH RS 2 2 ¢ VIR A 1,
He' £ 4 VDAY ¥ He Bl T-OHMNIAFFEL, HD A
Y WA A AR AN G RT O ARMEH T % EAGET
5L, ROKX(1)IHEH) T BB TNE>Y,
vo® 005'(6’/2) (1)
1+1/sin(6/2)

ST, v BAWNA AV OHEETH D, Thbb,
BRAELS 0 & AGFA & v DB vo 1R L THBIMIC L
TAHILENRTHINS,

Fig.3 (a) (CEKELAARAAYEZ /797 BRAELFA 90 BEAF I
THKRZ LD, 180 Bz, WEHCM D> TAK D
5AFNDOHENZE D B & IEWFRBOFF5A%58 5 LT
W5, i Pb BRI CTBII S iz A ¥ VR4
FVHEL O D BV E @I —F L, K(1)iIcX
2TCTA VT4 YT TED,

AGHA T v OB Fig. 3 (b) WCRT LIS,
HEPREVIEEAE VIERHERREL Lo TV b,
ZhiE, BT O Mot HELICH SN X 91T, #Elz +
VE—DPREVIEFIEAE VHEHEAEHPREL 550
L TEEMICIZIHTE S, N(1) XY, A VIR
PRl A BAS A F VEED =T v’ IS 52 25T
BEh b, Fig.3 (¢) &, Bi ETORE ¥ IFtk il
FHED vo® AEEZ AT IIZEY & 0 51 L7z Au KIioxt
T52h0LEBIZTOY FT L, AuKFEDORRTIINX
()OEBY v ICHBIL, T 2L 1v7°=0TA=0
ThHbo B LizA F Vi LTk A ¥V IE Rl
LRV, COMPBIAWHTH S, —F, AIfFET
O N7 Bi REOFRIZ v’ TEPZIT->THEAEZ
WSV L7zd 5T, Bi L TORAY VIEWNHME v
Mz n, MEfifcRIBICEILLTWwa I Lbh
%o

COBMIIMTH S ) ho KATHIEY Tld 54 BRI
ROV T, FHUBEGAD D & TOAY VI
TAFERINT VD, 5d BBILE LTOXYE VI RN
PEIZ Au K TIRRATH Y, IRWTIr, P, €L TRe,
Hf, Ta TIXEHTEX21TILENE v, ZOILEEEEIE
He™ A 4 Y HVABHE FICHE LB o kb & 1 4 4
MBI S THBENRT WS, A+ kL7 He* 4
FVDAE VIR TH B 720, FA F VALORER)S
EIE EERINICAS A F Y E— A DAY VEENT
BN, TOHA A VLHERIIEER TR ITHKLEL, Re
IDIRVSIEBICETIIHFIEEST L), 202

A o



=8 WP f- W

] e «=(180-6)/2
o a=0
— fitting

11.60 keV He* 25
_0'08_|'|'|'|'|'
0 60 120 180 240
O (degree)
(b) iy
009 o= 45°
8=90° {
0.08
< tot
006—{ {
0051 T | T T
271 272 273 274 275x10°
vo(m/s)
(c)
0.08
0.06
<T 004
0.02+
0'OO_I I I I I 16
0.0 0.5 1.0 15 20x10
Vo (m?/s3)
Fig. 3. (color online). Spin asymmetries A as a function of

(a) scattering angle 0, where filled circle is measured
satisfying @ = (180 — 0)/2 and blank circle is measured at @ =
0, (b) incident velocity vo. (c) Absolute value of A as a
function of the third power of v.
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