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» Low Energy Physics($EFDITRILF—ELIDIFEHIE
— SMOIREE & FTERZR

Etot(n:j! [, F) =Ep +Epy

Dirac Reduced Mass

‘]‘EQED + Eyps + Eweai‘; + Egsm

E = hv 25,2p SM BSM
(1=0,1)
n=2 2p3/2 2p3/2
A i L E—
e o 2P1/2
Lyman-a: 121nm 281/2,2p1/2 2812
(2.47 X 10°GHz)
\ 4
n=1 15 151/2 151/2
Bohr Dirac QED

2025/2/16 ICEPP2025



« = 1 — A= A 1s-2sHiREFAN D EER
»Intro

»Method
- Doppler effect

- Cavity Design
» Result
« BEFIRIBE TOUVA T T DRADHAL
»Discussion
» Method
» Result

e Summary

2025/2/16 ICEPP2025



Intro - Muonium
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INtro - Mu 1s-2s 533¢
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INtro - Mu 1s-2s 533¢

« BN =3 A BEDERERE o et
C Z1—ACERORHENE e
—Z 2 —ACENDERYIIBTEEOIREE (CHIR |

ex) Vis_prs(Theory) DAMEMNE : 515 Hz (m, =511 Hz) -
M. I. Edies, Phys. Lett. B 795, 113 (2019) F ]j
s, IMMF_O '

RAL(2000) 9.8 MHz 820 ppb 4,000 Hz
LAMPF(1999)L3! 120 ppb 515 Hz
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INtro - Mu 1s-2s 533¢
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Method - Dopplers 7 ~ 8
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Method - 8B rvF5—> T~

« MENEFRIE : RwITS—2T MIFv> )L
« WAHFTETRV - BERYIS—ST b

ZS—DAEEATESE
>HBEBRrYIS—>T MRiEh S

Pumping Laser

mirror

Total 9.8
9.1

Statistics

VRes.Dop = o —sinf X Vis-2s

linewidth 1.2 - C
Freq. calib 0.8 ~ 2.44+0.7 [MHZ]
V Mayer et al. Phys. Rev. Lett. 84, 1136(2000) HAYIEFSEFAR

UL, 24aA1-9(2023.3H)
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Method - 2Ry 55—~
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Method - cavity=tr>
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Method - cavity=tr>
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Cavityf 260 mm
(mirror) R= 20,000 mm R= 350 mm
(lens) f= — f= 400 mm
waist size  wgp = 0.42 mm wo= 0.67 mm
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Method - set up
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Method - set up
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Method - set up
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Method - set up

Bending LGnS
Magnet MCP

@ J-PARC MLF S2 line

- (QObservation of TOF

244nm of laser ionized muons
Opt Cavity Lﬁ 8
Degrader 2m
I Electrostatic
Surface u* OO AN mirror
Aerogel/ SOA Lens

2m
4 ionized

125) 7y

244nm
A
244nm

115)
2025/2/16 ICEPP2025

v



Result - Mu 1s-2s HIRZ2A4I
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DIScussSION - Cavity=>—%m
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DISCUSSION - GefiE)Ezesis chA T« RS

D. Gangolff et al., Opt. Express 23, 18014(2015)
« =S (FREMNEWVIEER
- BT/ —Z(C K> TEIE

Sk

SREALIER =5 —(Si0,-Ta,05) DERIMNEZ Ta,0s5, SiO, TLEER
(FE422 nm, 7x10-°Pa)

@) 549

Loss : =5 —D%(biEU> T4

100}

I-I B oo §
e e e i s &

>R T. FHRISAIDHE
c L ORSTESRe, CHH
: \’_

3" | Sioz
2R

— Sio,
Ta — Tazo5

:-8.8 eV

:-7.8 eV

2025/2/16

100 150 200 250

time (hours)
SIO2OAMEE T RILF—hKEL,
FREABERZ RSO — b/

= REEICSIOJBZEMKT D & THILFLEN FIREE

ICEPP2025



Discussion - f§gas
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Method - set up

Scheme

« 244 nm CWTCHIRgEsZOw J(ZE1L)
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Result - =5 —:f
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Summary
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Back up - improvements

RAL(1999) 2025A Prospects
Uncertainty Expected Uncertainty
Statistics 9.1 MHz v 0.5 MHz > x 300 signal
Res. Doppler 3.4MHz Opt. cavity (this presentation)

Freq. calibration 0.84 MHz
Freq. lock stability 0.5 MHz

Line shape calc 1.2 MHz x 1/2 (TBC)
Total 9.8 MHz ~1 MHz

}J 0.05 MHz Opt. comb
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Back UP - How to lock the cavity
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Back up - Next step

ﬂ 2nd-order Doppler shift

, 1— 1+ 1 1
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€ Transit-time broadening
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12w
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Cool down Mu. (Decelerate Mu)

2025/2/16

ICEPP2025

3kyT
m

q
I

T : temperature
m . mass



Back up - catmmaesscoA Tz« o251t

C. Brand et a/, Phys. Scr. 98, 085521(2023)
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Back UP - Jungmann’s Triangle

(J-PARC muon g-2/EDM experiment)
B wg/ Wy
Wl tp — Wa/ Wy,

a,

uﬂ!mu

(MuSEUM) L pe g Our G
J-PARCTIZTNS I A TOERNEST (Our Group)
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