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Synopsis    We present recent demonstrations regarding the plasma-assisted laser spectroscopy of highly charged 

ions. The time-resolved plasma-assisted laser spectroscopy has revealed the hyperfine-structures and the electric-

quadrupole transition rate in highly charged heavy ions with many electrons, which were difficult to measure us-

ing conventional methods.  

 
Laser spectroscopy of highly charged ions 

(HCIs) is one of the remarkable topics in recent 

atomic physics research. Visible and near-

visible transitions in HCIs are attractive spec-

troscopic targets for studying relativistic and 

quantum electrodynamics theories. In addition, 

recent proposals for new types of atomic clocks 

using a highly charged heavy ion with many 

electrons have spurred the development of laser 

spectroscopy of HCIs.  

Laser spectroscopy of HCIs requires sophis-

ticated experimental approaches different from 

standard techniques for neutral atoms and singly 

charged ions. Historically, the laser-ion beam 

merging technique pioneered this research field 

[1,2] and measured the transition wavelengths 

of many electric-dipole (E1) and magnetic-

dipole (M1) transitions in several HCIs with a 

few electrons, such as H-like, He-like, and Li-

like ions. In recent two decades, electron beam 

ion traps (EBITs) have contributed demonstra-

tions of laser spectroscopy of trapped HCIs free 

from systematic Doppler shifts [3,4]. Recently, 

quantum logic laser spectroscopy and clock op-

eration were achieved by employing sympathet-

ically laser-cooled B-like Ar13+ transported from 

an EBIT to a radio-frequency quadrupole ion 

trap [5,6]. 

Here we present recent demonstrations of 

plasma-assisted laser spectroscopy of Pd-like 
127I7+ trapped in an EBIT [7,8]. Figure 1 briefly 

shows the experimental scheme with the energy 

diagram of I7+. We observed extreme ultraviolet 

laser-induced fluorescence with the aid of colli-

sional excitation processes in the EBIT plasma. 

This scheme enabled us to precisely measure 

the M1 transition between the high-energy met-

astable fine-structure levels and reveal their hy-

perfine-structures [7]. Additionally, we also 

succeed in measuring the electric-quadrupole 

(E2) transition rate  (4d3/2
-15s)J=2→(4d10)J=0

 us-

ing the present time-resolved plasma-assisted 

laser spectroscopy [8]. 

 

 

Figure 1. Experimental scheme with the energy diagram 

of I7+. 
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