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Breakthrough prize in fundamental physics 2
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History of muon g-2 measurements 3

ppb = parts per billion, 107

Relative precision

(not shown) CERN (1978) 7300 ppb
—— BNL(2006) 540ppb || 50-fold
FNAL(2021) improvements
- FNAL(2023) in 50 years
HEH FNAL(2025) 130 ppb
HEH World Average
o J-PARC (projection)
o final goal <100 ppb
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J-PARC muon g-2/EDM experiment

Studies on physics

beyond the standard
model in quantum loops
g-Z C, P, T conserved
Examples: Super
Symmetric particles
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J-PARC MLF H-line
Constructed FY2024 FY2025

Prog. Theor. Exp. Phys.
2019, 053C02 (2019)
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New features:

* Low emittance muon beam (1/1000)
* No strong focusing (1/1000) & good injection eff. (x10)
» Compact storage ring (1/20)

The only experiment to test FNAL/BNL g-2 results.
g-2 : 450 ppb = beyond 100ppb
EDM : 1.5 E-21 ecm
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Experimental areas at present 5
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Acceleration of positive muons at S2

https://doi.org/10.1103/PhysRevL ett.134.245001

PHYSICAL REVIEW LETTERS 134, 245001 (2025)

Muon acceleration to 100 keV

Acceleration of Positive Muons by a Radio-Frequency Cavity
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PRL Collection of the Year 2025

This certificate is awarded to the authors of

Acceleration of Positive Muons by a Radio-Frequency Cavity
Phys. Rev. Lett. 134, 245001 (2025)

(s98ed 830 Opp) STOT duUnf 0T ‘106672

which has been selected for the Physical Review Letters second annual
collection of the year. Only about 2% of PRL Letters are chosen.

" Ps Physical Review
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https://doi.org/10.1103/PhysRevLett.134.245001

Successful delivery of the surface muon beam
to H2 area on April 7, 2025
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Muon Source
5 keV ¢ 30 meV & 4 MeV
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Muon storage magnet &1 baseline) 9

CaIcuIated average fleId unlformlty
— 80E= T
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r [mm]

FNAL Run 1 pra 103, 042208 (2021)

e+ tracking | 8
detector v
B: 3 T 666 mm 1.0

M. Abe et. al., NIM A 890, 51 (2018)




Step-by-step implementation plan 10

e Step 1:4 MeV acceleration
e Step 2:40(110) MeV acceleration
e Step 3:210 (500) MeV acceleration

step 1(-2027)

w

tep 3 (;203X)

step 2(2027-2031)
% :
= Y
I P - -

1 —

= Exp. area A muon micros E Exp. area C
fd, Exp.area B
Test exp. Muon storage
[ — — .
I LI tol L Ol L Al
4 MeV 40 MeV (default) 210 MeV (default)
n 1 1734 sam £440 s44 110 MeV (high-E option) 500 MeV (high-E option)
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Towards higher precision 11

Strategy: Doublings of parameters
while keeping the statistics (N)

Spin precession frequency

Relative precision

Aw, 1 2

W,  WgYyTP Y NA?

current baseline : 450 ppm

] valuable ‘ definition ‘ value ‘
Wq anomalous spin precession frequency, a, - (eB/m) 2m/2 us
B magnetic field strength 3T
0% Lorentz gamma factor, E/m 3
p momentum of muon 300 MeV/c
T muon lifetime at rest 2.2 us
P muon polarization 50%
N number of detected decay positron 6 x 10!
A average analyzing power of positron 0.42

1. Higher polarization (P) X2
2. Higher energy (y) X2
3. Stronger magnetic field (B) x 2

Aw,/w, (PPD)

- 8-fold improvements

. |—pol=50%
current sensitivity |....... ............... ..... — pol = 90%
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Challenges in high-sensitivity design 12

* Higher polarization (P)
e Circularly-polarized Ly-o. (122nm) never realized
* Optical pumping never demonstrated with muonium

* Higher energy (y)
* Higher-gradient RF cavities
* Spacial constraints

e Stronger magnetic field (B)
* Flux saturation in Iron vs Yoke design
e Stronger kicker for injection



We are learning developments at PSI 13
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Summary 14

* The J-PARC muon g-2/EDM experiment
* delivers an independent g-2 value beyond the magic-y approach
* muon LINAC + compact magnetic storage ring

* Design revisions being studied towards higher precision
* Magnetic field: 3T26T
e Beam momentum: 300 MeV/c = 600 MeV/c
* Beam polarization: 50% = 90%

* We are looking for collaboration opportunities
* Development of high-field storage magnet
* Injection & kicker system
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