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3Layout of muon g-2/EDM experiment
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Latest Commissioning results: FR1A002, Low-emittance muon beam acceleration using a radio frequency quadrupole for the J-PARC muon g−2/EDM Experiment
Aug 21, 2026, 8:50 AM, Yuga Nakazawa (High Energy Accelerator Research Organization)



4Muon Linac (& H2 area)

The H2 area
» The H2 area covers the front-end part of the muon linac, from 

ultra-slow muon generation to IH-DTL acceleration.

» The beam is accelerated by the RFQ to 0.34 MeV and then by 
the IH-DTL to about 4.3 MeV.

» MEBT-I connects the RFQ and IH-DTL, providing beam 
transport, matching, and diagnostics before IH-DTL injection.

Energy [MeV] 212

Intensity[/s] 106

Repetition [Hz] 25

Pulse length [nsec] ~10

Normalized εt [π mm mrad] ~1.5

Δp [%] ~0.1

H2 area New building



5Generative Model for Muon Linac

» Muon beam intensity is very low.
» Destructive / slit-based diagnostics are impractical. 
» Conventional quad-scan only gives 2D phase space RMS information, not full 4D 

beam structure. 
» Can machine-learning-assisted reconstruction recover the initial 4D/6D beam 

distributions?

» Generative Phase Space Reconstruction uses a neural-network beam 
generator and differentiable particle tracking to infer the full 4D/6D initial 
beam distribution from downstream screen images.

» This method does not require any novel slit (or pepper-pot) technique.

» It only rely on the beam projection to reconstruct phase space distribution.

Aritome, S., et al. 
"Acceleration of 
positive muons 
by a radio-
frequency 
cavity." Physical 
review letters 
134.24 (2025): 
245001.

FR1A002, Aug 21, 2026, 8:50 AM, Yuga Nakazawa

Latest achieved intensity results:

March and April of 2024 test:



6Generative model -  workflow
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74D GPSR -  Synthetic Data reconstruction 

# of particles relative error to ground truth # of dataset relative error to ground truth

Muon Linac MEBT-I beamline
4D reconstructed and ground truth phase space

Synthetic data in Diagnostic Chamber-I



86D GPSR  - Previous Studies
1. Argonne Wakefield Accelerator (AWA) 2. Pohang Accelerator Laboratory (PAL)-XFEL



96D GPSR for Muon Linac: Low-𝜷 Buncher Model

Benchmark: SlicedEzCell model vs. GPT phase scan

» GPT-like differentiable model of the MEBT buncher cavity. 

» Uses the single-cell longitudinal field map, Ez(s), divided into 
short slices. 

» Each slice applies: drift + RF energy kick + transverse RF kick 

» Includes finite RF transit-time effect, important for low-β 
muons: β ≈ 0.08. 

» Enables realistic buncher-phase scans for GPSR.

SlicedEzCell  Cavity Class in Cheetah 



106D GPSR Results: Longitudinal Projections

Comparison of Ground truth and Reconstructed beam LPS 
projections

Training Progress

.gif image



11Conclusion 

» Generative model is a promising tool for low-intensity beam characterization  in the J-PARC Muon Linac MEBT-I.

» 4D transverse phase space can be reconstructed from quadrupole-scan profile images, even with limited particle statistics.

» The method can reduce the required number of measurements, which is important because one MCP profile can take about 20–30 min.

» 6D reconstruction is possible using buncher-phase scans and a downstream dispersive screen.

» A sliced field-map buncher model was implemented to reproduce the low-β cavity response needed for realistic 6D GPSR.

» Different diagnostic tools, including the Beam Width Monitor (BWM) and MCP-based Beam Profile Monitors (BPM), will be installed at 

several locations along the MEBT-I line. 

» MEBT-I commissioning is planned for FY2027, with complementary diagnostic approaches: bunch-width measurement, quadrupole-

scan phase-space characterization, and generative model-based reconstruction.

Detailed Discussion: MOOP011


	Slide 1: Generative Phase-Space Reconstruction for Low-Intensity Beam Characterization in the J-PARC Muon Linac MEBT Line
	Slide 2: Table of Contents
	Slide 3: Layout of muon g-2/EDM experiment
	Slide 4: Muon Linac (& H2 area)
	Slide 5: Generative Model for Muon Linac
	Slide 6: Generative model -  workflow
	Slide 7: 4D GPSR -  Synthetic Data reconstruction 
	Slide 8: 6D GPSR  - Previous Studies
	Slide 9: 6D GPSR for Muon Linac: Low-start equation bold italic beta Buncher Model
	Slide 10: 6D GPSR Results: Longitudinal Projections
	Slide 11: Conclusion 


  𝜷


   10 6

