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Population kinetics of long-lived metastable states in multiply charged ions
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The mechanism of the “ lost resonance lines” in promethiumlike ions, which
have been three-decades-old question, has been clarified by studying time evolution of the
population of a long-lived metastable state both experimentally and theoretically. Visible
transitions in open-4f-shell multiply charged ions that are proposed to be used in a new type of
atomic clock have been observed and identified. Spontaneous electric octupole transitions have been
observed for the first time, and the emission mechanism has been clarified through population
kinetics analysis.



Curtisand
Ellis, Phys. Rev. Lett. 45, 2099, 1980 30

Kobayashi et a., Phys. Rev. A 89, 010501R, 2014
o Webb

et a., Phys. Rev. Lett. 107, 191101, 2011
Dzuba et a, Phys. Rev. A 91,

022119, 2015 Af

Electron Beam lon Trap: EBIT

EBIT
4f
EBIT
EBIT EBIT
3 DT1-3
X
1
4f
4f
400F T "
z
é 2001
0
10: Pm m/g -
g o
T T T e 1000
Time (ms)
()
Pm



490 eV
19+

v 450 eV
18+

L 4 ' N
RS T IR

) ,Wuw/wd\w.ﬂww eyt st o
¥

L] Vb b ey

Wy [PYLIN IR AL, LF LV Ty TS LI, ST

14+

Intensity (arb. units)

4f6 iy

Lot oY 0
W L’“W” SLIVR PR WP WOPR i
Af LB vy 4 LY 14+
4f? al MNV““”J‘"‘”‘N\*«W'\«‘AWWMM Y WY

MMWMLML&? ::
4f3 44 ‘ ‘

I .
450 500 550 600 650 700

74
bs-4f
70 79

rate (s )

‘dod -oely S§

5d
5p

74

S5p
5s

5p-5d branching ratio

5s % 70 80

Atomic number Z

5
Shunichi Murata, Takayuki Nakajima, Marianna S. Safronova, Ulyana |. Safronova, and Nobuyuki
Nakamura, “Visible transitions in Ag-like and Cd-like lanthanide ions”, Phys. Rev. A 96 (2017)
062506.
Momoe Mita, Hiroyuki A. Sakaue, Daiji Kato, Izumi Murakami and Nobuyuki Nakamura, “Direct
Observation of the M1 Transition between the Ground Term Fine Structure Levels of W VIII”,
Atoms 5 (2017) 13.
Momoe Mita, Hiroyuki A. Sakaue, Daiji Kato, |zumi Murakami and Nobuyuki Nakamura, “Extreme
ultraviolet spectra of multiply charged tungsten ions”, J. Phys.: Conf. Ser. 876 (2017) 012019.

Daiji Kato, Hiroyuki A. Sakaue, |zumi Murakami, Nobuyuki Nakamura, “Population trapping: The
mechanism for the lost resonance lines in Pm-like ions”, Nucl. Instrum. and Methods B 408 (2017)
16.

Takayuki Nakajima, Kunihiro Okada, Michiharu Wada, Vladimir A. Dzuba, Marianna S. Safronova,
Ulyana |. Safronova, Noriaki Ohmae, Hidetoshi Katori, Nobuyuki Nakamura, “Visible spectra of
highly charged holmium ions observed with a compact electron beam ion trap”, Nucl. Instrum. and
Methods B 408 (2017) 118.

19
74 2018/3/15
R : . L “EBIT
74 2018/3/15
, “4f-5s (E3)



@

z 43 2018/10/13
Shunichi Murata, Takayuki Nakajima, Marianna S. Safronova, Ulyana |. Safronova, and Nobuyuki
Nakamura, “Visible spectra of heavy ions with an open 4f shell”, 19th International Conference
Physics of Highly Charged lons (HCI2018) 2018/9/4
H. A. Sakaue, D. Kato, |. Murakami, H. Ohashi and N. Nakamura, “Observation of electric octupole
(E3) transitions in the EUV spectra of tungsten ions”, 19th International Conference Physics of
Highly Charged lons (HCI2018) 2018/9/4
NAKAMURA Nobuyuki, “Visible spectra of multiply charged heavy ions obtained with a compact
electron beam ion trap”, The 7th China- Japan-Korea Joint Seminar on Atomic and Molecular
Processes in Plasma (AMPP2018) 2018/7/26

2017 2017/9/21

42 2017/9/9
Marianna S. Safronova Ulyana |. Safronova , “af
42 2017/9/9
, W VII-XIV
EUV ” 42 2017/9/9

Masashi Monobe, Daiji Kato, Nobuyuki Nakamura, “Measurements of time-resolved EUV spectra
for studying the population kinetics in an electron beam ion trap plasma”, 30th International
Conference on Photonic, Electronic and Atomic Collisions (ICPEAC XXX) 2017/7/28
Shunichi Murata, Takayuki Nakajima, Marianna Safronova, Ulyana Safronova and Nobuyuki
Nakamura, “Visible M1 transitions in 4f open shell heavy ions observed with an electron beam ion
trap”, Electronic and Atomic Collisions (ICPEAC XXX) 2017/7/28
Daiji Kato, Hiroyuki A. Sakaue, Izumi Murakami, and Nobuyuki Nakamura, “Collisional-radiative
model for EUV spectra of Pm-likeionsin EBIT”, Electronic and Atomic Collisions (ICPEAC XXX)
2017/7/28
Momoe Mita, Hiroyuki A. Sakaue, Daiji Kato, |zumi Murakami and Nobuyuki Nakamura, “Extreme
ultraviolet spectra of multiply charged tungsten ions”, Electronic and Atomic Collisions (ICPEAC
XXX) 2017/7/28
: : , “4f
72 2017/3/19
) v v, W VII-XIV
EUV 72 2017/3/19
Takayuki Nakajima, Kunihiro Okada, Michiharu Wada, Vladimir A. Dzuba, Marianna S. Safronova,
Ulyana |. Safronova, Noriaki Ohmae, Hidetoshi Katori, and Nobuyuki Nakamura, “Visible
spectroscopy of highly charged holmium ions observed with a compact electron beam ion trap”, 18th
International Conferences on the Physics of Highly Charged 1ons (HC12016) 2016/9/13
Daiji Kato and Nobuyuki Nakamura, “Population trapping: the mechanism for the lost resonance
lines in pm-like ions”, 18th International Conferences on the Physics of Highly Charged lons
(HCI2016) 2016/9/13

”, 71 2016/3/21

113

KATO Daiji

8 60370136



