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Introducing myself and «muon g — 2»
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The muon g — 2/EDM experiment at J-PARC

Proton beam (3 GeV)

Kinetic energy Momentum

Surface muon (3.4 MeV, 27 MeV/¢)

Thermal muon (25 meV, 2.3 keV/c)

Reaccelerated muon
(212 MeV, 300 MeV/c)

MLF muon experimental
facility H-line

Muon storage orblit
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Fig. 1 Schematic view of the muon g — 2/EDM experiment at J-PARC MLF.

M. Abe et al, physics.ins-det:1901.03047 (2019)

See previous presentations by Mihara-san and Cedric for J-PARC,
and by Angela for muon EDM
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Outline

* Motivation for higher sensitivity studies

* What «higher sensitivity» entails

* Studies and challenges towards higher sensitivity

/ . : \
‘ Comparisons with

Fermilab muon g — 2

Questions from
other participants

\ in the past week




Post-Fermilab scenario
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Same technique since CERN-III, even same superconducting ring
since BNL (but improved field, etc)




Anomalous spin precession in a B-field
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Uberschlagsrechnung

For back-of-the-envelope calculations of the statistical
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’____________

N\ G. Venanzoni, PoS (EPS-

f Key precession values | HEP2025) 427 (2026)
\ /

\————————————

BNL E821 Fermilab E989 J-PARC E34

Muon momentum 3.09 GeV/c 3.09 GeV/ce 300 MeV/e

Lorentz factor y 29.3 29.3 ~3

Muon lifetime in ring 64.4 us 64.4 us 6.6 us

Beam polarization P ~ 100% 97% 50% ) Wq

Typical asymmetry A 0.40 0.40 0.40 Fa ctors In — |Stat .
Storage magnetic field B 1.45T 145T 30T Wq

Focusing method Electrostatic Electrostatic ~ Very weak magnetic ° \/N | ncreases 1 ] 9 4X
Ring diameter 14 m 14 m 0.66 m .

Storage radius 711 cm 711 cm 33.3cm i (,()a iIncreases 2.06x
Cyclotron period 149 ns 149.1 ns 7.4 ns

Spin precession period T _> 4.37 us 4.40 us 2.11 us * P d €Creases 1 '94X
Spin precession frequency wg 1.43 MHz 1.43 MHz 2.96 MHz ° y d ecreases 9 77X
Detected positrons e* 8.5 % 10° 1.43 x 10! 5.7 x 10" (proj.)

Statistical goal (stat.) 460 ppb 100 ppb 450 ppb

Systematic goal (syst.) 280 ppb 80 ppb < 70 ppb

Events in final fit N 5% 10° 1.5 x 10" 5.7 x 10"

EDM sensitivity (stat.) 02x107" e-ccm O(107?') e-cm 1.3% 107%! e-cm

EDM sensitivity (syst.) 09%x107% ecm O(1072) e:cm 3.6 x 10722 e-cm




' Breakdown of systematics

Roughly: Fermilab TDR - 2025

Are they evenly spread
also in J-PARC?
- Angela

Roughly from J-PARC TDR
g — 2 syst: ~ 70ppb

. EDM syst. comes

‘ almost entirely from
‘ detector misalignment:

‘ 0.36 Xx 107%'e - cm

mywa mCe nC p mwpcalibb. mw_pmap
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Absolute number of detected positrons

e Muon flux: ~ 108u* /s from J-PARC H-line

* Bottleneck: Mu emission with 0.4% efficiency

* Additional efficiencies: laser ionization (73%), transport of
muon (high efficiencies but many factors), injection (85%)

» Stored muons: ~ 2 X 10°ut /s
2 X 107seconds of data taking over 2-3 years

e Detected positrons in energy range: ~ 5 X 1012 total
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’________________

« Fermilab: 6 years of data takmg |

~________________

Last update: 10-11-2023; Total statistics = 322.1 (billions)
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Relative uncertainty 6wa/ws [ppb]

Statistical uncertainty of w; vs muon momentum (J-PARC E34)
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G. Venanzoni, PoS (EPS-
HEP2025) 427 (2026)

Assuming both momentum
and B-field increase, while
curvature is fixed
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Magnet: from 3T to 6T

H. linuma et al, Nucl. Inst“fum.
Meth. A 832 (2016)

Supercon ducting solenoid magnet
*Main field 3T

*3m in height wo &
*Outer radius of iron yoke 2m

1 Solenoid axis
Br ) ..... P Kaak
beam o) LR 5 oy Y
Radial fringe field <_.._
B, compresses (2) b
spiral motion (o)
Solenoid Solenoid
oil o ; L oil
o Vertical kick by
o / aradialpulsed %
;o field, Byt % Y

* 3-D injection scheme recently
demonstrated: R. Matsushita et al,
physics.acc-ph:2602.01504 (2026)

* Magnet puts muons in orbit and keeps
them stored in [31.8,34.8] cm radially and
-5,+5] cm longitudinally

* Field homogeneity needs to be below
1ppm over full 3D storage volume, to keep
systematics contained = challenge for 6T!
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’______\

[ Kicker system
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Inflector Magnet cancels 1.45 T main field

Q1
Rﬁ” ~ 13Hz

N, /fill ~ 10*
Ne+ £-1.8ev/fill ~ 5 x 107

(L EEUEEGE X3 (40-55 kV)

radially center beam

Focussing quadrupoles EEFEIRY
Collimators vertically focus beam

Qa3

3 fast magnetic
kickers provide 10
mrad kick and place
muons in orbit

Fermilab-like injection would require 30 mrad
kick in 7 ns -> unfeasible

3D-injection scheme requires final kick to
compress p on 2D storage plane and limit VBO
to S5cm
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Challenges for 6T

* Build MRI-type magnet of 6T with space limitations: is it
possible? ASG is studying it

* Homogeneity under 1 ppm for design field systematics

* Challenges: compact magnet; homogeneity requirements;
injection scheme needs to be preserved; kicker current
limitations

There are ideas, work in progress...
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Muon polarization after Mu ionization

surface muon thermal muon accelerated muon 22P3/2 :

E 4 MeV 30 meV 212 MeV - e B

o 30 MeV/c 2.3 keV/c 300 MeV/c 22S / 10922MHZ‘——F=1
Ap/p 0.05 0.4 4x10-4 12 ——F=1 /
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lonizatlon Laser

Is laser shot // or L to
the beam?
- James

See blackboard considerations about
eigenstates



Plans and challenges for higher polarization

e Optical pumping: circularly

polarized laser can trigger ! | | ' -
. . Mg : || ",I I-'I 'II ; I,'I || electronic

repeated excitation and ST W A WY A W i
emission and populate higher A U A
: Y R T SR T B BV
hyperfine levels AT VT

+1 | IIII II IIII | I* IIII | IIII ‘I' lower

* CW laser is ideal, but does not mg 0 ~ st

exist at the required
wavelength right now




Acceleration scheme

RFQ

324 MHz

40 MeV 212 MeV

L=3.2m 1.4m 16 m (14 modules) 10 m (4 structure)
--------------------------------------------------------------------------------------------------------------------- - ~40 m

Thermal & L _J
muons after Y Y

Mu ionization Inherited from proton acceleration Inherited from e™

\ acceleration

Start from emittance of ~ mmm - mrad, factor 1000 better than surface muon beams
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)f,'-Pﬂﬂ:

an Praton Atcelerator Research Complex




Acceleration to 300 = 600 MeV/c

* Requires new design of DLS acceleration, using either S-
bands or C-bands. Low-emittance must be preserved!

S-band C-band

Used in baseline
Pros configuration for 300
MeV/c -> can be reused

Baseline gradient: 40 MV/m
or higher; high efficiency

Smaller beam acceptance;
new components not
included in the design before

Lower gradient: 20 MV/m

Cons is baseline. 30MV/m?




velope
Uberschlagsrechnung = Back of the en

3 ™

- \_‘
(.". Compa‘ct MRI magnet at6T: wip

[ Acceleration of low-emittance beam
L to 600 MeV/c: Wip




Conclusions and future prospects

* We are exploring several ways to push down the statistical uncertainty
of J-PARC g-2 to Fermilab levels

* The collaboration profits from all kinds of expertise. Development of
these technologies will have many other future applications

* Goals for g-2: stat. 450 ppb = 90 ppb; syst. 70 ppb
Goals for EDM: ~ 107 %%e - cm sensitivity

More inputs from you? We can
chat about it :D
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