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Muon g-2/EDM

Fermilab’s final result for muon g-2 has a precision of 127 ppb, and with BNL the world average is 124 ppb .
Fermilab also gave the most stringent direct limit on the muon EDM: Id_pl < 1.10x10 ° e.cm.

The White Paper 2025 theory value is based on lattice calculations, and the data-driven e’e” evaluations are
still ongoing in various groups.

J-PARC uses a technique independent of BNL and Fermilab, which allows a cross-check of their result.
J-PARC uses a small 3 T ring with a low-emittance muon beam and no electric focusing, so its systematic
uncertainties are different.
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Muon g-2/EDM measurement

Spin precession vector with respect to cyclotron motion in EM field

N > | EXE Nl » - E
w——a CluB— au—yz - +§ ﬁXB‘F?

BNL/FNAL approach J-PARC approach

-

=73 =0 E=0

2 i [ §+n(§ §+E)
— i s X
w y > [

&

Magic momentum (p = 3.094 GeV/c) Re-accelerated thermal muon beam is

used

5=~ (a5 +1(5 x|

N
¥

% 5

-

Spin precession in
cyclotron motion




Muon g-2/EDM measurement

Once electric field contribution is eliminated, g-2 and EDM can be obtained from the time

spectrum of the number positrons from muon decay.
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Muon g—2/EDM measurement at J-PARC

% Low emittance muon beam
% No strong focusing

% Compact storage ring

% Full tracking detector

Source of systematics are different from FNAL/BNL




MLF H-Line at J-PARC

H beam line at J-PARC will be used for the muon g-2/EDM experiment.

Current MLF building will not be able to accommodate the whole experimental setup

Extended building will be constructed towards the north side of the MLF building

New H2 beam line

—— e — = B — — '-!—" " S ) o
et =Neutrino — Materials'and'llife:Science= ‘
Expre:r'imental Facility  Experimental Facility

P & .

J

3-GeV Prot

3

5

o S | !
3-GeV Synchrotron

o

-

& Neutrino
o'/ —




Muon beam at J-PARC

Emittance
1000x mm.mrad
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Re-accelerated thermal muon beam

Strong beam focusing by an electric field is not
needed.
— Gradient magnetic field for beam focusing
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¢ Free from magic momentum of 3.094 GeV/c
— Lower momentum beam of 300 MeV/c

¢ Compact storage region with highly uniform
magnetic field

¢ ['ull tracking detector for decay positrons
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Thermal Muon Beam
e  Surface muon beam from the H-line is

stopped in a laser-ablated silica aerogel

target to produce muonium ('e").

A laser strips the electron from the

muonium, producing thermalized muons.

The resulting thermal muon beam is used as

the muon source.




Muon acceleration
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3D spiral beam injection

A new 3D spiral injection scheme is developed due to the compact storage
ring.

3-D injection scheme recently demonstrated using low energy electron
beam.

The 3D spiral injection scheme uses a multi-turn vertical kick to guide the
beam into the storage region.

Beam storage was successfully observed for more than 1 ps, confirming
stable beam storage using low energy electron beam.

The scheme provides a pathway toward ultra-compact storage rings for

future muon g-2/EDM experiments.

134an/2012 | 164230 66 cm

Upper plate tunnel
(pure iron) /
Pole tip (pure iron)

S~

Return yoke
(pure iron,
cylindrical shap

Main coil

AT/

beam

Radial fringe
field B, compress
spiral motion

coil

_f Vertncal kick bv

-

.j ]
Solenoid

a radial pulsed
fleld B(t)

T
1111

é

A . .
Solenoid axis

//M

beam

Solenoid
coil

10



Storage Magnet and positron tracking detector

Storage magnet Positron tracking detector
> 3 Tesla MRI-type superconducting solenoid magnet > 40 vanes each 200mm (radial) x 400mm (axial)
is under design with the uniformity of 0.1 ppm > Each vane consists of 16 Si sensors (10x10 cm2 , 320 pm
> Radius and height 333 +- 15 mm and +- 50 mm thickness)
> Injection field: 0.4 <z < 1.1m > Detector is required to operate in the highest muon

decay rate of 6 tracks/ns.
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Software and Computing

> Software framework (g2esoft) was developed to manage detector simulation and track reconstruction.
> End-to-end simulation which starts from the muon beam from H-line to the detection in the storage magnet

has been conducted.

> To support computing requirements at the actual experiment, Grid and CernVM File System (CVMFS) servers

are set up at KEK Computing Center.

Reconstr
uction

Surface Thermal Accelerati Transport &

muon muon on injection Storage Detection
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Track reconstruction
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Challenge: Achieve high-speed track reconstruction for
real-time data processing.

Expected rate: ~3 x 10 signal tracks/s at the experiment.
Current approach: A high-speed Hough-transform-based
algorithm in the z—¢ plane has been developed.

Next step: Further optimization is needed to achieve the
required processing speed using ~1,000 CPUs.
Alternative approaches have been studied like GPU
based tracking finding and the GNN based tracking
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Alternative approaches in Tracking

GPU based track finding i
. . sal- +¢#¢ﬂ‘;#&
e We have seen a factor of 10 X improvement in the speed “F 4t y ot
using the GPU H200 for 10* muons (0.06 muons decay/ ns) § 0'6;_ 5 #h ﬁlr
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GNN based tracking
e We have developed GNN based pipeline for track finding and
Neural Network for Track fitting completing the tracking
with the ML

® The preliminary result has shown promising result in

Computation Time (s)

performance as well as in efficiency.

e The test is performed in H200 GPU with 256 GiB of memory

CPU/GPU Type
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Expected g-2/EDM sensitivity with current design

Comparison of the muon g — 2 and EDM experimental parameters for BNL E821, Fermilab

E989, and J-PARC E34 (projected).

BNL E821 Fermilab E989 J-PARC E34
Muon momentum 3.09 GeV/c 3.09 GeV/c 300 MeV /c
Lorentz factor ~ 29.3 29.3 ~ 3
Muon lifetime in ring 64.4 ps 64.4 ps 6.6 s
Beam polarization P ~ 100% 97% 50%
Storage magnetic field B 1.45 1 1456 T 3.0T
Focusing method Electrostatic Electrostatic Very weak magnetic
Ring diameter 14 m 14 m 0.67 m
Detected positrons et 8.5 x 10° 143 x 10 5.7 x 101! (proj.)
Statistical uncertainty 460 ppb ~ 100 ppb 450 ppb
Systematic uncertainty 280 ppb < 80 ppb < 70 ppb
Total uncertainty 540 ppb 127 ppb < 455 ppb

EDM sensitivity (stat.)
EDM sensitivity (syst.)
EDM limit (95% C.L.)

0.2x 10719 ¢-cm
0.9x%x 10719 e-cm
1.8 10712 ¢.cm

1.10 x 107192 e-cm

1.5x 10721 ¢.cm
3.6 x10722 ¢.cm
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Higher sensitivity study

Current sensitivity . .
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Recent commissioning studies at J-PARC

1. Surface muon beam
commissioning

3. MuSEUM (H1 area), positron
tracki




Summary

In the J-PARC E34 experiment, measurement of muon g-2 and EDM is planned with a method different from
BNL/FNAL experiments.

Initial precision is expected to be 450 ppb (stats) and 70 ppb (sys) with the 300 MeV muon beam and 3T
Magnetic field

Upgrades are being studied to surpass Fermilab's precision, targeting less than 100 ppb (statistical
uncertainty).

Recent progress:

a) demonstration of 3D spiral injection scheme

b) first cold muon beam acceleration

c) muon acceleration through RFQ to 100 keV

We have also achieved promising results in efficiency and in computation time tracking using GPU and GNN

based approach
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Thank You

Thank you for listening
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Backup

J-PARC MLF H-line

* A new beam line (H-line) at J-PARC MLF will be used for the experiment.

3 GeV proton from RCS
2x1015 /s @1 MW

H-line

Muon target

Hadron Hall.__ (graphite, 20mm)
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Backup

First step: muon cooling

“;9 emittance
@ ~1000mt mm * mrad
W Ge -

pion decay

Conventional surface muon beam:

_ . Muon
. ngh em|ttance - needS Strong cooling

focusing and leads to muon losses w

- emittance
* Background from m contamination

Thermal -~ Immm - mrad
J-PARC muon beam by design: ————— ,0n beam
* Low emittance (1000x improvement!)

» Disadvantage: not ~100% polarized

Flashlight
e

Laser light
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Backup

Second step: muon re-acceleration

* Muon Cooling

demonstration:

Phys. Rev. Lett. 134, 245001
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The birth of low-emittance muon beam

Before cooling

€x = 170 T mm mrad
€y = 130 m mm mrad

y [mm]

5{)\fter re-acceleration

€x = 0.85 m mm mrad
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Backup

 Surface u™ stop in Aerogel and .

Ultra-cold (thermal) muons

Muonium (p*e-)
Silica aerogel with 0 meV (after cooling)
laser-ablated holes

(Si0,, 30 mg/cc)

Electron will be removed by

form Muonium ('Ll+e_ ) that ) -8 Laser resonant ionization by irradiating

Laser beam (122nm+355nm)

diffuse into vacuum through [N
Beam - N o =
laser ablated surface pawiy w4 ® 702220 (mmy

O RMI%L
® RNIHY |

g

Efficiency of ~ 3 - ]_0—3 (before coolin

2
-]

lonize e~ with two lasers:

S:

“i?‘?(“h{umg)
g

) =9 9
~ L0508 8806

1S > 2P > unbound. ¥ i
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Time (us)

Maximum u* polarization: 50% "3 1 Experiments at TRIUMA
- (2011, 2013, 2018)

Thermal muons re-accelerated with E-field, RFQ, linear structures that inherit from proton
and electron acceleration, up to E=212 MeV (p=300 MeV/c), retaining low transverse p
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Backup

Second step: muon re-acceleration

Surface muon Thermal muon Accelerated Muon
E (kin.) 3.4 MeV 30 meV 212 MeV
p 27 MeV/c 2.3 keV/c 300 MeV/c
Ap/p 0.05 0.4 4x10™4
\ ‘___.___‘_A._——-—\.\
Surface \:_:::‘____—‘— T : . }‘ Re-acceleratEd
muons p* ’;:‘\_ N — : :'_.— ........ — PN —
P e u+ , -
/ Mu [ — . _ R -
/ (ue’)

H-line Mu production v Electrodes

Fig.
(See Fig. 2) target ioriation fassrs (Soa)

From silica aerogel (122 nm, 355 nm)
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Muon beam at J-PARC
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