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Observation of hyperfine structure of positronium using a static periodic
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Positronium (Ps), composed of a positron and an electron, has hyperfine
structure in the ground state. The measurement of the transition frequency is attracting attention
for the QED test. In this study, we tried to observe motion-induced resonance (MIR) using an
energy-tunable Ps beam. To produce a periodic magnetic field, the multi-layered magnetic grating was

developed using iron foils. We succeeded in observing the MIR of the hyperfine structure of the Ps
atom. This is the first observation of the MIR in the sub-THz region, and the first step for the

antimatter research using the MIR.

sub-THz




Q) Ps
QED
2
\Y; a
f=via
3) Ps 0.4 keV
3.3 keV
Ps Ps (203
GHz)
N &
S &
(1) Fe|Cu| Fe| Cu| Fe|Cu| Fe| Cu
0-Ps p-Ps
. o |
Ps Fe|Cu| Fe| Cu| Fe|Cu| Fe| Cu BHes
Ps N 1R
Ps i
Ps 0-Ps 1Ps
f Ps p-Ps p-
Ps 125 ps Ps
)] Ps 1.8 10'm/s
90 um 10
50ps 01T
1mT
©)
D 2 a 50 um
40 um
45um SmCo 2 b
01T
1T

Ps Zeeman



Ps Ps
(a) I:Ionhpole (b)
SmCo magnets South pole Copper and carbon steel layers L5
Pilot hole $0.1mm é é_
45 um Z E
o 14
- & E
= 3 135
Soft 1 - _g %— ®  Experiment
- 3 1.22— ——
. T N W
Frequency f(GHz)
2 (a) [1] (b) z [1]
3 Ps
210 GHz Ps
3
(f = fo)? L
I(f)=¢|lAexp| ——==—+1 |/|1—Cex (——)
() e( p( o2 P\ 7ar
. 15c
A C fo c & 5 i—
ol
f=211.5+1.9 GHz & E
203 GHz o =
3 13F
?:3 E— @ Experiment
Ps 5 12F Fit
211.1GHz £ E
200 220 240 260 280
Frequency f(GHz)
[1] 3 Ps [1]
(2)Ps
Ps Zeeman
X
4
100 2 207GHz 211GHz 200

p-Ps

Y. Nagata, K. Michishio, T. lizuka, H. Kikutani, L. Chiari, F. Tanaka, and Y.
Nagashima, Phys. Rev. Lett. 124, 173202



2 2 0 1

Nagata Y. Michishio K. lizuka T. Kikutani H. Chiari L. Tanaka F. Nagashima Y. 124

Motion-Induced Transition of Positronium through a Static Periodic Magnetic Field in the Sub- 2020

THz Region

Physical Review Letters 173202
DOl

10.1103/PhysRevLett.124.173202

Michishio Koji Kuma Susumu Nagata Yugo Chiari Luca lizuka Taro Mikami Riki Azuma 125

Toshiyuki Nagashima Yasuyuki

Threshold Photodetachment Spectroscopy of the Positronium Negative lon 2020

Physical Review Letters 63001

DOl
10.1103/PhysRevLett.125.063001

18 4 6

2020

, , , Chiari Luca, , , ,

2020




45

2020
2 3

77
2022

77
2022

46

2021




L. Chiari

2021

, , , Chiari Luca, , , ,

2021

Y. Nagata, K. Michishio and Y. Nagashima

A monoenergetic energy-tunable positronium beam and its applications

4th International Workshop on Models and Data for Plasma-Material Interaction in Fusion Devices

2019

Y. Nagata, K. Michishio, T. lizuka, H. Kikutani, F. Tanaka, L. Chiari, Y. Nagashima

Hyperfine resonance of positronium atoms using a static periodic magnetic field

POSMOL 2019 (XX International Workshop on Low-Energy Positron and Positronium Physics XXI International Symposium on
Electron-Molecule Collisions and Swarms)

2019




Y. Nagata, K. Michishio, T. lizuka, F. Tanaka, H. Kikutani, L. Chiari, Y. Nagashima

Atomic resonance of the hyperfine structure of positronium using a multi-layered transmission magnetic grating

ICPEAC 2019 (XXXIst International Conference on Photonic, Electronic, and Atomic Collisions)

2019

Y. Nagashima, K. Michishio, L. Chiari, Y. Nagata, F. Tanaka, T. lizuka, H. Kikutani and K. Tokesi

Applications of a high-brightness energy-tunable positronium beam produced using the photodetachment of positronium negative
ions

ICPEAC 2019 (XXXIst International Conference on Photonic, Electronic, and Atomic Collisions)

2019

Y. Nagashima, K. Michishio, L. Chiari, Y. Nagata , H. Terabe , S. lida , F. Tanaka , T. lizuka , and N. Oshima

Progress in the study of energy tunable Ps beams employing the Ps- photodetachment technique

15th International Workshop on Slow Positron Beam Techniques and Applications (SLOP0S-15)

2019

L. Chiari, K. Michishio, Y. Nagata, T. lizuka, F. Tanaka, H. Kikutani and Y. Nagashima

A novel high-brightness and energy-tunable positronium beam and future applications

15th International Workshop on Slow Positron Beam Techniques and Applications (SLOP0S-15)

2019




L. Chiari

44

2019

L. Chiari
2019

L. Chiari,
sub-THz

2019







