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Recoil Effect of Bloch Electrons:Competition between Localization and
Delocalization
Yosuke Kayanuma, Satoshi Tanaka?, and Yasutaka Takata®
A Research Organization for the 21st Century, Osaka Prefecture University
B Graduate School of Sciences, Osaka Prefecture University
CSoft X-ray Spectroscopy Laboratory, RIKEN SPring-8 Center

O The recoil effect in the hard X-ray photoelectron spectroscopy is discussed with
attention to the case of Bloch electrons in valence band. In the case of compound
materials, it is predicted that the information on the site-specific partial density of
states will be obtained by careful analysis of the excitation energy dependence of

the spectra.

10000

U000 keVOO 10keVOOODOODO
gbobobobuooogoboboooad
obooboobooboobooobd
goboboboogogoboboooad
gbobbbuooodgobbobodoodad
gobobobooggoboboooad
gobbobooogobbobooogad
goboboobbodooooouooood
gobooboboooooboboooad
gbooboobooboobooobd
goboboboogoggoboboooad
gbobbbooodgbobbobooodad
gobobobuooogobobooogd
gbobbobuooogobobooogad
goboboboogooboboooad
gboboboobouooogobobooogd
gboboooboboobooboobd
gooogbgbdobobobobood

goggoobbbbobobbbbood
gogobobobboooooobbobodao
ggobbobouooogobobodo
gbobuoboodgbobobodoodbo

200000000

gbobobobobobobob 1sgb
ggobobouogooobbobodo
ggbobbbouooobobbbodo
gogobboboogogobobodo
0000000 oooooooooo
gogobboboogooobobobodad
goggobobboboodabboogo
gbooobobobobobobom™o
goobobooooobobobobodo
goon
gboobogbgogbuogbobogan
Ap0000DO0O00O0O0OCODDOO
gogobbobboogooobobodao
ggobbobouoooobobobobodo



Binding Energy (eV)

285.5 285.0 28‘45|

Graphite

284.0

?”o";’o .‘;L\

: IS ‘\"im
(a) Experiment 7 . .‘:O{

(b) Theory

hv=7940 eV

hv=5950 eV

05 05

Recoil Energy (eV)

10

000000000 MO000O000 m0
000000000000 E000OO
AE=Ex(m/M)000000000
000000000000000000
000000000000000000
000000000000000000
00000000000m/M = 1/22000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
0000000000000000000
000000000000000000
000000000000000000
000000000000000000
0ooo
00000000000000000
0000000000000000000
00000000000M100000
0000000000000000000
000000000000000000
0000000000000000000
0000000000000000000
000000000000000000

U 2. 00000000000000

0000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
0000000000000

00000000000000000
000000000000000000
000000000000000000
0000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
020KO000000000000000
00000000000000

00000000000000000
000000000000000 k00
000000000000 ¢(A000
000 w(@— R;) 0

G (F) = N3 MR- By) (1)

ggbobbbouoogbobobbodo
gogobbobboooooobobobodao
ggobbobouooooobobodo

10



o AuEExperimentg
e Al (Experiment) | |
----- Au (Theory)
——Al (Theory)

hv =7940eV
T=20K

Intensity (arb. units)

0
Binding Energy (eV)

0 3: Al0 AuD000000000000
0oooo 200

0000000000000 R,0000
000000000000000000
D00 R00000 @0 Ry = R +4
000000000000000000
000000000000000000
000000000000000000

Judbobobooogbooboood
g

gobobobdoouobbdooobbdo
gooboboogooobobobodo
ggobbbouooogobobbodo
ggbobobbooooooboobobodad
gbobobooobobubobobo
gboobooboobbobboob
ggoboobouooogobobodo
ggbobbbouooobobbbodo
goobboboogogobobobodd
gogobbbobboouooodoao
gogobboboogooobobobodad
ggobboboooogbobbobodo
obooboooboboboobobdd
OO0 fO0D0ODbObOOOOObOOOO

goboboboooouobbobbotoouu Usudopbbobobboogobboo

O«;0000000000000000
gboboboooogbbobobooodad
goboboboooooboobooood
gbomgoobooboobobad
gbobbbooodgobbobooodad
gbooboogoboboogd
ggbobobobooooobobbooood
gobobobooooobobooodad
0000000000 AFODODODO
gboogbooboobooboobooobd
O000000000ooooooo 2
gbobobodgbobobodbabd
gbbboobuoogdgbi1googobod
gbobbbuogodgobbobooodad
goboboboogoooboboooad
gbobobobuooogbobobooodad
gobobobooooobooboooad
gbobobobuooogoboboooad
gbobbbouooodgobbobodoodad
gboboboogoooooboooad
gbobbobuogodgobobooodad
gboboboggobobooood

goobbobouogoobobobbodd
ggobbbouoooobbbbdao
ggn
gogogobouobobgoooboon
gogoboboboooooobbbodao
ggobobouooooobobodao
oo TiNODooobobgooogb
0000 BJUTINO NaClOODODOOO
gogbobobbooooobbbbodo
gogobboboooooobobodao
ggobbobobouooooobbbodo
gbooboobboobbooboob
O00o00oDbO0bOoDbDOonD Tio 3doOd
UNO2p00000000000000
gogobboboooogobobobodd
ggobbbouooobobbbodo
gogoobooon
gobbobuooogboboboooon
ooobooooooooboo Tio NO
00000000 Tio 3dooO NO
2p00000000DO0O0O0O00bObOd
gbooooooboboTigbobgb

11



000000NOOODOOOOOO0OO
000000000000000000
00000003d02 00000000
000000000000000000
00000000000000
000000000000000000
000000000000000000
00 800eVO OO OO 8000eVO OO OO
0000000000000()0000
000000000000000000
000000000000000000
0000 DO ()000000 Tid 3d
ONO20000000000000
000000000000000000
000000000000000000
000000000000000000
000000000000000000
000000
00000000000000000
000000000000000000
Ti0 3d000000000000000
ONO2 0000000000000
0 ()I00000000000000
000000006vVOO0000000
O0O0NDO20000000000000
00000000000000000

gobooo

gogobobobooogoobobobooood
gobobobooogobobooogd
gobobobooooobobooood
gboboboobooogoboboooad
gbobbouooodgbobobobooodd
gboogouboobooobogbbd

ggbobobooooobobbooood
gobooboooooboobooood
gbobobobooogobobooodad
goboobooboobboobbod
gobobobouoooooboboooad

Total DOS ]
T=300K

(a)

== 800eV
——8000eV

Intensity (arb.units)

s N 1}
8.0 6.0 4.0 2.0 0.0
Binding Energy (eV)

Ti 3d pbos
(b)

T=300K

—=800eV (0
8000eV At

Intensity (arb.units)

8.0 0 0.0

6.0 4.0 2.
Binding Energy (eV)

N 2p pDOS |
(c)

T=300K

—=800eV
——8000eV

0.0 72 7
2.0 0.0

.
8.0

6.0 4.0
Binding Energy (eV)

0 4: ()TINODOODODODOOOOOOOO0O
0000 (b)Ti3d000000000 (¢) N
2p0000000000000000000
00000 [3]00

ggobobouoooobobobodo
ggbobbbbouoodoobbbodo
goobobobouooogobobodo
gbogbuoodgbobobuoobdgbo
gogobboboooooobobodad
ggobbobouoogobbobodo
0000 4o000000oooooo
ggbobobobouoogobobodo
goboo

goog

[1] Y. Takata et al., Phys. Rev. B75,
233404 (2007).

[2] Y. Takata et al., Phys. Rev. Lett.
101, 137601 (2008).

[3] Y. Kayanuma et al., to appear in J.
Electron Spectr. Relat. Phenom.

[4] A. Winkelmann and M. Vos, Phys.
Rev. Lett. 106, 085503 (2011).

12





