&> CHIBA UNIVERSIT

¥ KX

M FEISERET S RITRashbah R

JRAEA—Z

FERFRERMAEHEHEH

Binding energy (eV)
>
|
|

09 10 1.1 12 13

k, (A7)

< 0.0
xﬂ—().l —
0.2 + . — - b
0.2 0.4 0.6 08 1.0
k (A

Dec. 18, 2009 @ ISSP kazuyuki_sakamoto@faculty.chiba-u.jp



M FEISERET S RITRashbah R

JRAEA—Z

FEREAZERAHEHRR

1. Introduction
Results and discussion
TI/Si(111)-(V3xV3), -(1x1)
(PRL 102, 096805 (2009), PRB 74, 075335 (2006))
Bi/Si(111)-(V3xV3)
(PRL 103, 156801 (2009))
3. Conclusion
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Introduction, Rashba effect £
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with Rashba effect LR
[E(k,1) = E(-k,|)] time-reversal symmetry

H=a,(el) o-(k, xe)
or ; Rashba parameter
a, =h’k,/m*
o; Pauli spin matrices
g; electric field determined by
the potential gradient

Y.A. Bychkov and E.I. Rashba,

JETP Lett. 39, 78 (1984).
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Introduction; Rashba effect L2
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Introduction: TVsi(111) has

Group Il metals (Al, Ga, and In) on Si(111);
magic cluster arrays at modest temperature (PRL 81, 164 (1998))
(\/3 X \/3) reconstruction at higher temperature (PRL 81, 164 (1998))

TIl; peculiar behavior in the form of the so-called “inert pair effect”
On a Si(111) surface; IML (1x1) phase monovalent atom

1/3 ML (V3 X V3) phase trivalent
\

variable valency for Tl on a Si(111) ?
(SS 543, L663 (2003), PRB 66, 233312 (2002))

SS 543, L663 (2003)
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Results, Tl 5d core-level LA

| axa) (V3 x v3) =31

(1x1) surface; 1ML,
(V3 % \3) surface;1/3 ML

constant binding energy

Intensity

—B of the
or the TI*

0.58 eV
1532 (2004)

difference |
5d core-level

and TI3* -
J.Phys.Soc.Jpn.

16 15 14 13 12 Identical valence state
Binding energy (eV)

Coverage-dependent Tl 5d core-level spectra
obtained with a photon energy of 50 eV.
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Results; TUSi(111)-(1x1) Si 2p core-level

Intensity (arb. units)

common unreconstructed
(1x1) structure
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Relative binding energy (eV)

Si 2p core-level spectra of the
TI/Si(111)-(1x1) surface measured
with hv=135 eV .
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PRB 67, 035414 (2003)
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Results; TVSi(111)-(/3xV3) Si 2p core-level
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Si 2p core-level spectra of the
TI/Si(111)-(N3x\3) surface
measured with hv=135 eV .
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the two (V3 x V3) surfaces have

cdifferent atornic struciuraes

Relative Binding Energy (eV)
g gy eV,

PRB 67, 035414 (2003)
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Results, TVSi(111)-(V3xV3) ARPES s
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ARPES spectra measured using hv=21.2 eV
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Results; TUSi(111)-(1x1) valence band LA
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Results> T¥Si(111)-(1x1) SR-ARPES s
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Spin-resolved photoemission intensity
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SR-ARPES spectra measured along the I'-K direction

kazuyuki_sakamoto@faculty.chiba-u.jp

R



~ .
> i
L : ] -
N’ -
> » 15 =
M " 1.2 I.3| —_
o VAR N =
= -
Q -
) S—
: I —
o py( =
g= I o
= .
©
= -
| —
I
Lo | |I L
1.5

k, (A

Valence band along the I'-K direction

Dec. 18, 2009 @ ISSP kazuyuki_sakamoto@faculty.chiba-u.jp



Discussion; extended RB effect

@, ()= %exp(ik “T)u, (r)

Effective SOl Hamiltonian of the “extended RB effect”
H,,, (k)=0" ((xn(k) xK)+0-B (k)

H=a,(el) o-(k, xe)

L h*N

()= =5 J et [ V()

o h N 1 dV(r

B (k) = Cellcf— G )unk(r)(l)u (r)
4m c’Q
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Discussions origin of the standing spin
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Introduction; Bi/Si(111)-(V3xV3) LA
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Results, Bi/si(111)-(V3xV3) ARPES L

Binding energy (eV)
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Binding energy (eV)

Binding energy (eV)

04 (.6 0.8
k, (A"
Materials E, (meV)
S1 120 0.105 I. Gierz et al., PRL 103,
046803 (2009)
SP 70 0.08
S3 70 0.08
Bi/Ag(111) 200 0.13 C. Ast et al., PRL 98,

186807 (2007)
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Results, Bi/Si(111)-(V3xV3) ARPES £
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Bi/Ag(111) 21010) 0.13 C. Ast et al., PRL 98,

186807 (2007)
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Results: Bi/si(111)-(/3xvV3) ARPES s
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Conclusion

Observation of peculiar Rashba spins

TI/Si(111)-(1x1)

@ Spin standing perpendicular “’

Bi/Si(111)-(V3xV3)
Rashba spin at a point without time-reversal symmetry
Non-vortical Rashba spin structure

<

knowledge on the 2D symmetry is indispensable
to understand the Rashba effect properly
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