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Investigation of the electronic states in low-density metals by inelastic X-ray
scattering technique
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In order to elucidate dynamics of valence electrons in liquid metals, we
carried out inelastic X-ray scattering experiments for investigating plasmon behaviors in liquid
alkali metals. Plasmon excitation energ¥ tends to decrease with decreasing fluid density, which is
consistent with the prediction of the electron gas model. However, the value of the observed
excitation energy takes a lower value than that of the model at a relatively high density region.
This discrepancy is explained by the effect of structure of ionic system through the electron-ion
interaction, which indicates that the structure of ionic system is crucial for understanding the
collective behaviors of valence electrons even in the liquid state. On the other hand, in order to
gain new information on the valence electronic state in liquid metals, we tried to develop a
technique to construct electron response functions (in real time and real space) from the scattering

spectra.



Wigner

[1]

[2]

( )

[1] E.P. Wigner, Phys. Rev. 46, 1002
(1934).

[2] K. Matsuda, K. Tamura and M. Inui, Phys.

Rev. Lett. 98, 096401(1-4) (2007).

X
X
X
X
@
X
X
S/IN
X
[31
X
1000
[4]
X 15 pm
1000

[3] K. Tamura, M. Inui, S. Hosokawa, Rev.
Sci. Instrum. 70, 144 (1999).

[4] K. Matsuda, K.Tamura, Rev. Sci.
Instrum. 75, 709-712.

&) X

SPring-8 BL12XU



Intensity [arb. units]

CdTe
@
1000
300 500 650 800 900 1000
X
300-500 0.28-0.80 A* 650
0.28-0.55 &' 900 0.28-0.70 ' 1000
0.36-0.60 A™
He
X
13.8keV X
0.2 eV

3
3

a
3
1

IS
3
1

I
3
1

n
S
|

800 °C, 5.5 MPa

100 %

500 °C, 0.26 MPa

080 [A™]

1

Ty 045[A™"]

£ 2 s = %ﬂ{
= % MN'J
20 % =
«%i:;;]

T T T T T T T T T T T T
5 6 1 2 3 4 5 6

Energy shift [eV]

1:
500 800
1 500 800
3 eV
2
3
1.25 g/cm?

Excitation energy [eV]

Ep(0) [eV]

[5] 3
1.25 g/cm?

60 °C
500 °C
800 °C (Run#1)
800 °C (Run#2)
900 °C

X

Rb

40m>e

3.6

34

|
L 4
>
-

3.2

3.0+

Temparature [°C]
800 500 300
| | |

® Experiment
—— Electron gas
[0 Electron gas (ion)

3.4

3.3
3.2

3.1

N

T l T I T | T
1.20 1.30 1.40
Density [g/cms]

1000



(0.36 A

[5] Hagiya et al., J.

submitted.

@

150

A*-15.8 A

19.4 keV

1.2eV

)

Soc. Jpn.,

Koji Kimura, Kazuhiro Matsuda, Nozomu
Hiraoka, Yukio Kajihara, Tetsu Miyatake,
Yotaro Ishiguro, Toru Hagiya, Masanori
Inui, and Makoto Yao, Inelastic X-ray
Scattering Study on Plasmon Dispersion in
Liquid Cs, J. Phys. Soc. Jpn. 84,
084701(1-5) (2015).
http://dx.doi.org/10.7566/JPSJ.84.08470
1

K. Matsuda, T. Fukumaru, K. Kimura, K.
Tamura, M. Katoh, Y. Kajihara, M. Inui, M.
Yao, M. Itou, and Y. Sakurai, X-ray Compton
scattering experiments for fluid alkali
metals at high temperatures and pressures,
AIP Conf. Proc. 1673, 02004(1-7) (2015).

http://dx.doi.org/10.1063/1.4928258

Masanori Inui, Yukio Kajihara, Koji
Ohara, Kazuhiro Matsuda, Daisuke Ishikawa,
and Shinya Hosokawa, Critical Indices v
and y Experimentally Obtained at the
Liquid-Vapor Critical Point in Fluid Hg,
J. Phys. Soc. Jpn. 85, 035001(1-2) (2016).

http://doi.org/10.7566/JPSJ.85.035001

K. Matsuda, K. Kimura, T. Nagao, T.
Hagiya, Y. Kajihara, M. Inui, K. Tamura,
M. Katoh, M. Itou, N. Hiraoka and Y.
Sakurai, Charge 1inhomogeneity 1in an
expanded fluid metal: X-ray Compton
scattering observation, EuroPhys. Lett.
117, 17004(1-7) (2017).
https://doi.org/10.1209/0295-5075/117/1
7004

Koji Kimura, Kazuhiro Matsuda, Takena
Nagao, Toru Hagiya, Yukio Kajihara,
Masanori Inui, Jumpei Nakamura, Ayano
Chiba, Kouichi Hayashi, Masayoshi Itou,
and Yoshiharu Sakurai, X-ray Compton
Scattering Study of Liquid Germanium and
Tin, J. Phys. Soc. Jpn. 86, 124703 (2017).

https://doi.org/10.7566/JPSJ.86.124703

Masanori Inui, Yukio Kajihara, Koji
Kimura, Kazuhiro Matsuda, Tetsu Miyatake,
Ayano Chiba, Shinya Hosokawa, Satoshi
Tsutsui and Alfred Q. R. Baron, Dispersion
relations of the acoustic modes in
divalent liquid metals, EPJ Web Conf. 151,




6002 (2017).
https://doi.org/10.1051/epjconf/2017151
06002

Yukio Kajihara, Nanako Shibata,
Masanori Inui, Kazuhiro Matsuda and
Satoshi Tsutsui, Inelastic  x-ray

scattering measurements of liquid water
glycerol mixtures, EPJ Web Conf. 151, 6003
(2017).
https://doi.org/10.1051/epjconf/2017151
06003

Shinya Hosokawa, Masanori Inui, Yukio
Kajihara, Tetsu Ichitsubo, Kazuhiro
Matsuda, Hidemi Kato, Ayano Chiba, Koji
Kimura, Kenji Kamimura, Satoshi Tsutsui,
Hiroshi Uchiyama and Alfred Q. R. Baron,
Phonon Excitations 1in Pd,NiP,, Bulk
Metallic Glass by Inelastic X-Ray
Scattering, Materials Science Forum 879,
767-772 (2017).
https://doi.org/10.4028/www.scientific.
net/MSF.879.767

X
SPRUC (SPring-8
)
2015 09 12
2015 09 12
Rb 1
2015 2015 09

16 2015 09 16

56 2015
11 11 2015 11 11 JMS

T. Hagiya, K. Matsuda, K. Kimura, N.
Hiraoka, H. Hayashi, Y. Kajihara, M. Inui
and M. Yao, Observation of plasmons in
liquid Rb at elevated temperatures, The
9th international conference on inelastic
X-ray scattering 2015 11 22 2015

11 26 , Hsinchu, Taiwan

K. Matsuda, T. Fukumaru, K. Kimura, T.
Hagiya, Y. Kajihara, M. Inui, K. Tamura,
M. Yao, M. Itou and Y. Sakurai, X-ray
Compton scattering measurements of fluid

rubidium, The 9th International
Conference on Inelastic X-ray Scattering

2015 11 22 2015 11 26 ,
Hsinchu, Taiwan

71 2016 03 21
2016 03 21
X
71 2016 03 21
2016 03 21

K. Matsuda, Inelastic x-ray scattering
study on the electronic state in fluid
alkali metals (oral invited), The 16th
international conference on liquid and
amorphous metals, (Bad Godesberg, Germany,
4- 9 September, 2016)

T. Hagiya, K. Matsuda, N. Hiraoka, K.
Kimura, H. Hayashi, M. Inui, Y. Kajihara,
and M. Yao, Inelastic X-ray Scattering
Measurements of Plasmons in Expanded
Liquid Alkali Metals (oral), The 16th
international conference on liquid and
amorphous metals, (Bad Godesberg, Germany,
4- 9 September, 2016)

Rb i
2016 2006 9 13 -16 ,

30

SPRUC
2017 1 7
X
72 2017 3
17-20 , )



(2017).

X Na

2018).

Kazuhiro Matsuda and Masanori Inui,
Advanced Applications of Supercritical
Fluids in Energy Systems (Chap. 4
(pp-102-134), "X-Ray Scattering Studies
of Expanded Fluid Metals™), IGI global,
(2017).

o
MATSUDA, Kazuhiro

50362447
@
HIRAOKA, Nozomu
NSRRC SPring-8 Office Assistant
Scientist
30795779

HAGIYA, Toru

INUI, Masanori
40213136
KAJIHARA, Yukio

20402654



