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Efficient production of ultra-slow muonium

Mibe, Tsutomu
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Muonium is a two-body leptonic bound state consisting of a positive muon and
an electron. A very low emittance muon beam can be realized by eliminating an electron from an
ultra slow muonium at thermal energy, followed by acceleration. This enables a new methodology for
precise measurements of anomalous magnetic moment and electric dipole moment of muon. The current
bottleneck is low production efficiency of thermal energy muonium. In this research, we produced
muonium emitting material made of silica aerogel with holes or grooves on its surface by laser
ablation. We confirmed reproducibility, long-term stability of muonium production, and spin
polarization of muonium. We have reached a quantitative understanding of relation between muonium
yield and incident muon momentum distribution.

g-2 EDM



(ne)

g-2 EDM
( @)
(2.2~p s)
10
( 1(b).(c))
14%
TRIUMF
10p m
TRIUMF
LASIR
( )
TRIUMF

(a) IaA = LEFBRE

L—H—hT
LYhIFTOSIL
GRE - BEFHE)

RESaA BMIat =m0l
E~4 MeV E~25 meV
{RIBE100% {RIBE50%
(e HE)
() L—HF—MT () SaA="LERBOLE
AT Fas L (IRlUMF'GHR?%LT:‘?—Q)
B o= | [ omzmL
b E 1500} oL —HF—NT
E 1000 ' .
w
500} k, . -
aol Do‘("'-"c;"-}.=
0 ! TII:E tu:l i
FLHARELE=AE

L—H—RITLiUAIFOSILERWNS
ZETI aA = A0EREENH1 OREHEM

Focusing lens

30 mg/cc, 110 mm ,

300p m

2 J/cm?

LASIR

800nm



140 fs 50-300 mW (NA)

(LASIR)
| S W
B B RSG
* :" » B8 2 5
» 0 9% -
a Sle s
= Yo B '»
351 —
TR 2 F :
] =30 -
1UMF s . . .
251 . .
E o""' .
20 — . . ¢
o e = Aerogel (grooves)
15 o « Aerogel (holes) =
F i & o Aerogel (flat)
- = & v Silica plate
0 -~ +PMSQ (holes)
E »PMSQ (flat)
5,° + Aerogel in Ref. [14] (holes)
b Aerogel in Ref. [14] (flat)
0_7..I...I...I...I‘..I
0 0.2 04 0.6 0.8 1
Fope"[a.u.]
e 8r
2 _F © J-PARC data
82 7; l ¢ TRIUMF data (scaled)
oF %
sF ' t
g . }
J-PARC M3
3F
2
TRIUMF !
1_
Eo e
J-PARC TRIUME K R - 10
d, e [mm]
2020 6 arxXiv:2006.

01947



PSI

PSI
J-PARC
1S-
2P
TRIUMF
122nm, 355nm
1S-28 2
1S-2P
MCP
1S-1S -

g-2



6 5 6 4

J. Beare, K. Suzuki, T. Mibe, et al.

Study of muonium emission from laser-ablated silica aerogel 2020
arXiv (Prog. Theo. Experiment. Phys. ) -
DOl
T. Aoyagi, Y. Honda, Y. Sato, T. Yamanaka, T. Mibe, et al. 15
Performance evaluation of a silicon strip detector for positrons/electrons from a pulsed a muon 2020
beam
Journal of Instrumentation P04027
DOl
10.1088/1748-0221/15/04/p04027
Y. Nakazawa, S. Bae, H. Choi, S. Choi, T. lijima, H. linuma, N. Kawamura, R. Kitamura, B. Kim, 937
H.S. Ko, Y. Kondo, T. Mibe, M. Otani, G.P. Razuvaev, N. Saito, Y. Sue, E. Won, T. Yamazaki, H.
Yasuda
Beam commissioning of muon beamline using negative hydrogen ions generated by ultraviolet light 2019
Nucl. Instrum. Meth. A 164-167
DOl
10.1016/j .nima.2019.05.043
M Abe, T. Mibe, T. Yoshioka, et al. 2019
A new approach for measuring the muon anomalous magnetic moment and electric dipole moment 2019
Prog. Theo. Exper. Phys. 053C02

DOl
10.1093/ptep/ptz030




S. Bae, R. Kitamura, Y. Kondo, M. Otani, T. Mibe, et al. 21
First muon acceleration using a radio-frequency accelerator 2018
Phys. Rev. Accel. Beams 50101
DOI

10.1103/PhysRevAccelBeams.21.050101

B. Kim, S. Bae, T. Mibe, et al. 899
Development of a microchannel plate based beam profile monitor for a re-accelerated muon beam 2018
Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, 22-27

Detectors and Associated Equipment

DOl
10.1016/j .nima.2018.05.014

19 15 16

Muon g-2 experiments

KEK-PH 2019

2020

Muon (g-2)/EDM at J-PARC

10 Muon

2020




Status of muon EDM experiment at J-PARC

Kick-off workshop for the search of a muon EDM using the frozen spin technique at PSI

2020

Muon g-2/EDM measurement at J-PARC

2nd IBS Conference on Dark World

2019

Experiment update J-PARC

INT Workshop INT-19-74W, Hadronic contributions to (g-2)p

2019

Muon g-2 experiments

FFK-2019

2019




Muon dipole moments

International school on charged lepton flavor violation

2019

Muon g-2/EDM measurement at J-PARC

Seminar at Peking university

2019

Measurement of muon®s g-2 and EDM with a reaccelerated thermal muon beam

Workshop on muonium and related physics

2018

K. Suzuki

Development of the muonium production target for the J-PARC g-2/EDM experiment

Workshop on muonium and related physics

2018




Muon g-2/EDM measurement at J-PARC

The 15th International Workshop on Tau Lepton Physics

2018

Tsutomu Mibe

Muon g-2/EDM Experiment at J-PARC

Hadronic Light-by-Light Working Group Workshop

2018

Sirui Li, T. Mibe, et al.

J-PARC muon g-2/EDM experiment: 2017 experiment result of muonium emission from laser-ablated silica aerogel

2018

K. Suzuki, T. Mibe, et al.

Studies on muonium emission from laser-ablated silica aerogel targets for the polarized, ultra-cold muon source of the muon
g-2/EDM experiment at J-PARC

2017 International Workshop on Polarized Sources, Targets, and Polarimetry

2017




Sirui Li, T. Mibe, et al.

Optimization of thermal muonium yield from silica aerogel with laser-ablated holes for muon g-2/EDM experiment at J-PARC

2017

Glen Marshall

Muon g-2/EDM Experiment at J-PARC

Workshop on Flavour Changing and Conserving Processes

2017

Tsutomu Mibe

Muon g-2/EDM Experiment at J-PARC

18th Lomonosov Conference on Elementary Particle Physics

2017

Tsutomu Mibe

Muon g-2/EDM Experiment at J-PARC

International Workshop on et+e- collisions from Phi to Psi 2017

2017




Tsutomu Mibe

Muon g-2/EDM Experiment at J-PARC

First Workshop of the Muon g-2 Theory Initiative

2017

J-PARC Muon g-2/EDM http://9-2.kek.jp/

URL:

URL:

KEK

URL:

International school on muon dipole moments and hadronic effects
https://indico. inp.nsk.su/event/14/
Physics of muonium and related topics
2018 12 10-11 48
http://www-kuno.phys.sci.osaka-u.ac.jp/muonium2018/
Workshop on hadronic vacuum polarization contributions to muon g-2
2018 2 12-14 70
http://www-conf._kek. jp/muonHVPws/index.html

2019 9 17-22

55

(Katsuhiko Ishida)

(Kazuhito Suzuki)

(Kamal Saeid)




(Marshall Glen)




