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Muon g-2 and EDM in the post FNAL era
September 24, 2025
Tsutomu Mibe (KEK)




Muon g-2 at present 2

On Sep. 10, 2025, the updated white paper | “&  -.EMEE.. U

was pUbIIShEd In PhySICS Report :f"t'i.é..‘a‘nomalous magnetic moment of

update

R. Aliberti 1 2, T. Aoyama 3, E. Balzani * 5, A. Bashir 67, G. Benton ® 9, J. Bijnens '°,
V. Biloshytskyi * 2, T. Blum ™ 2 D. Boito %, M. Bruno * %5, E. Budassi ' 7, s. Burri **
L. Cappiello 1% ¢ M. Carloni Calame 7, M. C& 14 15, v, Cirigliano 2021 p A, Clarke 2,
G. Colangelo 18 0 = L. Cotrozzi 23 M. Cottini '8...A.S. Zhevlakov 28

The community already moves forward to next steps
theory initiative workshop in Orsay, Sep 8- 12 https //|nd|co ijclab.in2p3 fr/event/11652/
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https://doi.org/10.1016/j.physrep.2025.08.002
https://indico.ijclab.in2p3.fr/event/11652

Muon g-2 at present

The NEW BaBar =

| [Lattice] RBC/UKQCD(2024)

[e+e-] BaBar2009
[e+e-] WP2020 (average)

[Lattice] BMW(2020)
[e+e-] SND (2021)
[e+e-] CMD-3 (2023)
[Lattice] Mainz(2024)

[Lattice] WP2025(average)
[e+e-] BaBar2025(new)

measurement
confirmed their
2009 result.

BNL(2006)
FNAL(2021)
FNAL(2023)
FNAL(2025)
World Average

J-PARC (projection)

systematic uncertainties
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Anomalous magnetic moment of muon

More to come
from SND, KLOE,
BES Ill, Belle Il
and MuonE



Community growth at around Japan 4

The seventh plenary workshop at KEK (Sep 9-13, 2024) htips://conference-indico.kek.jp/event/257/
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Simon Eidelman school on muon dipole moments and hadronic effects (Sep 2-6, 2024)
supported by Wilhelm and Else Heraeus Foundation https://indico.kmi.nagoya-u.ac.ip/event/8/

Simon Eidelman School on TQ’

Muon Dipole [

Moments

and &
Hadronic X
Effects T3

supported by Wilhelm and Else Heraeus Foundation

Sep 2nd-6th 2024 <
KMI, Nagoya University, Japan I‘
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J-PARC muon g-2/EDM experiment

J-PARC MLF H-line
Constructed FY2024

Prog. Theor. Exp. Phys.

Studies on physics 2019, 053C02 (2019)

beyond the standard
model in quantum loops

.%

M4 g
g-Z C, P, T conserved f

C, 30me = 2 \\
Examples: Super —~— Dﬂfiq v 4,
Symmetric particles ! l 5 " ev
| i {JJ;, N A
M \‘. UR

New features:

B
2 Toviolati * Low emittance muon beam (1/1000)
P& T-vio at”_]g * No strong focusing (1/1000) & good injection eff. (x10)
s * Compact storage ring (1/20)

The only experiment to test FNAL/BNL g-2 results.
g-2 : 450 ppb
EDM: 1.5 E-21 ecm
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The muon storage ring 7

Calculated average field uniformity
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Expected data

Spin precession w.r.t. momentum
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Time spectrum of e* in u>e*vv decay
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Pictures from the recent collaboration meeti




Conventional muon beam 10

proton v ut ®

® e emittance
—0 ® ® ~1000t mm mrad
°® o
pion decay - Strong focusing
production Muon loss
BG 1t contamination

Source of systematic
uncertainties




Muon beam at J-PARC 11

roton N * .
P e emittance
® ~1000t mm ~mrad
pion decay @ Stronglfocusing
production Muon loss o
BG 1t contamination
8 Source of systematic
@) uncertainties
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thermal muon
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Acceleration of thermal muons 12

surface muon thermal muon
E 4 MeV 30 meV

D 30 MeV/c 2.3 keV/c
Ap/p 0.05 0.4
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Mu production I Electrodes(Soa)

accelerated muon
212 MeV
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Efficient Muonium production demonstrated

in TRIUMF 13
h<

Silica aerogel with
laser-ablated holes
(Si0,, 30 mg/cc)

i

Muonium (ute-)
30 meV (after cooling)

Electron will be removed by
Laser resonant ionization by irradiating

Laser beam (122nm+355nm) /
Muon
Beam Region 1
4 MeV 10 <z <20 (mm)

O JINIT AL
® /NI HY

(before cooling

'-6

4
Tlme (uS)

Experiments at TRIUMF
(2011, 2013, 2018)
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Implementation at J-PARC (2023) 14

J-PARC S2 area
(A) Mosh  Mesh W A
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_g:::mm O uonium | @ —
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4 MeV o
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Silica
aerogel
target

. Laser ablated silica aerogel

4 produced at UBC




Demonstration of acceleration to 100 keV (2024)

Cooling Acceleration Diagnosis
30 meV 100 keV 5
Photodiode

Deflectors RFQ Diagnois line
- 1973 mm

Mirror =
Incoming I 2
muon W'
4 MeV
SiO, aeroge
224 ns RF coupler \
Incoming muon RFQ acceptance
beam profile (data) (simulation)
=150
§1oo- RF frequency: 324 MHz
e RF power: 2.6 kW
g ob RF pulse width: 40 ps
= 50t Acceleration energy: 100 keV
-100F €= 1 1 mm mrad
A e el e e

-15-10 -5 0 5 10 15
X (mm)




Results: time of flight

Acc. u
On Target Pen. u Laser (0-100keV)

le-5 v v v v

~ = RFQ On / On-Resonance |
4" mm RFQ On / Off-Resonance | 2x1073 /pulse

I : : - "* (consistent with

i “ RFQ Of.:f/ On-Resonance || ~100% acceleration
3_— efficiency)
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N
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Results: transverse emittance at 100 keV 17

rms, squared [mm?]
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quadrupole current [, [A]
before cooling
ex =170 ™ mm mrad

after cooling + acceleration

ex = 0.85 +0.25%-22_3 13 1+ mm mrad

The birth of low-emittance muon beam

quadrupole current I, [A]

before cooling
gy = 130 T mm mrad

after cooling + acceleration
gy = 0.23 £0.03*%%_9 02 1 mm mrad
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Acceleration of positive muons 18

Muon acceleration to 100 keV
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Acceleration of posmve muons 19
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Muon acceleration to 100 keV
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History of accelerator technology
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New beamline : MLF H2 area 21

Dedicated beamline for the muon cooling and acceleration
Surface muon rate : 1 x 108/sec

. Muon |
3 GeV % production ||
proton -t
solenoid K . muon % 7
4 MeVEH B

LH F I

muon cooling

muon LINAC [
(0.34 MeV) —. i H2 area

4.3 Mev)

| ey I




New beamline : MLF H2 area
2025.4.7 13:15 = T

t | t
i A | LT ki L

Successful delivery of the beam
on April 7, 2025




Group photo on top of
the new experimenta
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Next step: Acceleration to 4 MeV 24
H2 area_ __FY2025-2027

. ‘ | ...L ] | ‘ b'“ e . i S . .. L \: _b b.. -—.hq ...- R . .,b .‘ ’v | N e
b“ - ICooling Acceleration by RFQ Acceleration by IH-DTL '..v";_ N ’.'v.;
~ (30 meV) (5 keVv > 0.34 MeV) (0.34>4.3 MeV) x ¥
Muon \ v.'..;... ~
(4 MeV) 4 R
2(m)
Mu production chamber J-PARC LINAC IH-DTL Scale
(available) RFQ (avallable) (fabncated and evaluated in FY2022)

Currently, the cavity is Iocated at J- PARC LINAC




Disk And Washer (DAW)
(from 4 MeV to 40 MeV)

Evolution of emittance
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Disk Load Structure (DLS)
(from 40 MeV to 210 MeV)

at 324 MHz [z deg MeV]

RMS emittance

|
T e e e 1

[ | ||
[ | 1

: E . : Transverse : 1 X

[] 15 20 25 30
| | [ 1
| | [ 1
| | [ 1

| | [ —

Lo i T i N
L [ I
‘ : Longitudinal 3

: — = —




Muon g-2/EDM : intended schedule 26

2017->2021

:Ll+(4 MeV)

M+ (2 5
Cﬂﬂf:ng

Beamline First beam
*

Bldg. &
facility refinement Construction

design

Source, source % lonization testatH2 area

LINAC, LINAC *4.3 Me@H2 210 MeV %
storage | |
Storage procurement Installation %

I S I
Detector positron tracker
magnetic field monitors

Installation %

History
2009 proposal
2015 TDR
2016 IPNS focused review
2016 SAC (priority #3)
2019 KEK-IPNS stage-2, KEK-IMSS stage-2
2024 MEXT funding (partial construction)
2025 MEXT funding (partial construction)




Towards higher experimental precision 27

Aw, 1 2

W, w,YyTP \ NA?

6B current precision

Wa = Q= 450 ppb

valuable definition value
Wy anomalous spin precession frequency, a,, - (eB/m) 2/2 us
B magnetic field strength 3T
Y 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




Possibilities of higher precision

Aw, 1 \/ 2
w, WyyTP Y NA2
eB
m

Wq = Ay

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

Being studied by the collaboration

28



Applications of accelerated muon beam 29

Drive-thru cargo scanning K. Shimomura Transmission muon
Funded by JST K-program (2024-2029) microscope
Energy (/'c:!:’/(s) Resolution Ins?icta“c;ion T —— g ?- e l.l #
iy “av. | 102 | 30m | 10min slice g
(continuous) —_
| vt | 2 GOV (S0P 1 cm afew 10 - g Living cell

et O <

< R 5 < . 7]
N -:—.' e O\

| <
Transmission Transmission
image (slice) image (bulk) @
Transmission image (bulk)

N\
< \
~

Reconstructed 3D image

slide by Y. Miyake et al.

Imaging of large infrastructure

cosmic muon accelerated muon (3 GeV)

Side view i Top view 5 EI 500
ncre T

concrete Y ? ?
Z ol //t r/t Z -8 E
z . O 3 ;|
77| 4@ muons 1M qmmuons 2 E
\\ /I/; ;I” / § §
N /; ”’%é 2

N 7 7

steel 7

X | X 50
concrete stee

Y (mm) 50
Y (mm)

M. Otani, H. Miyadera, T. Shiba,OSA Imaging and Applied Optics Congress 2021 (3D, COSI, DH, ISA, pcAOP)




Summary 30

* The muon g-2/EDM experiment at J-PARC is the only experiment testing the FNAL
results.

 Significant achievements in 2024 and 2025
* Demonstration of the room temperature positive muon source
* First-ever demonstration of positive muon acceleration to 100 keV
* Completion of the surface muon beamline and first beam delivery

e Coming up
* Acceleration to 4 MeV
* Studies on higher precision

* We are open to new ideas to use the unique muon beam from the first-ever muon LINAC.

/\-.\\ A cooling = acceleration storage

& measurement
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