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How do we explore the Universe?

BIG BANG!!

The Universe started as'e hgot, dense soup of ENERGY.
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The laws of Nature must be a little different
for particles and anti-particles

A particle is “rotating” ‘i ﬁ

A charged particle is a “magnet”
l.e. it has magnetic dipole moment
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A charged particle is a “magnet” A charged particle cannot have
i.e. it has magnetic dipole moment electric dipole moment

The Nature Law is symmetric
about time direction.




The laws of Nature must be a little different
for particles and anti-particles

The Nature Law is symmetric

A particle is “rotating” about time direction.

The Nature Law is symmetric
about particle & anti-particle.

A charged particle is a “magnet” A charged particle cannot have
i.e. it has magnetic dipole moment electric dipole moment



The laws of Nature must be a little different
for particles and anti-particles

A particle is “rotating” ‘i g

A charged particle is a “magnet”
l.e. it has magnetic dipole moment

The Nature Law is symmetric
about time direction.

The Nature Law is symmetric
about particle & anti-particle.
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Leptonen

The group is using the high
intensity proton accelerator at
PSI, which produces large
amounts of pions, muons and
ultracold neutrons.

Experiments are performed in
international collaborations of
10-50 people.

We improve beams and
measure fundamental properties
of subatomic particles, such as
the

size of the proton or the

electric dipole of the neutron.
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M— To find the tiny electric dipole
N nEDM = t moment of the neutron, a large
e S magnetically silent environment

KsC is needed.

'The ETH group built the active

' magnetic compensation coil
system (black cabling) and,
together with PSI, the large
passively magnetically-shielded
room (white cube). n2EDM will
improve the sensitivity by more

than a factor 10.
i | g B




Electric Dipole Moment (EDM) Search
EDM of Electron (Sakemi)

EDM of the electron ~ understand the fundamental symmetry (CP violation)

Electron EDM ~ enhanced with the heavy element (Francium ~ x 800) by relativistic effect
Artificial crystal of the Fr (Optical lattice) = Quantum sensor to measure the EDM with 10-30 ecm
Combine the accelerator (Fr production) and quantum electronics (Fr cooling) techniques
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Resonant collisions (30
Liquid He | 3

He cryostat3o00

Dilution refrigerator |30 Electric Field

T T T 1T T°1

Optical cooling | 3

o
) Lager cool{n y
Doppler Ilmitagz Laser

Recoil limit

Raman processesa 00

Evaporation cooling -BEC
Sub-kHz bandwidth

}W,m Quantum sensing with cold atoms to search for the new physigs



Status of the EDM project at UTokyo/RIKEN

Atomic interferometer with optical lattice for the EDM with 10-30 ecm sensitivity

@ Laser sources for Fr trap and co-magnetome@

1. Required Fr yield ~ 107/s ~realized with new surface ionizer | ey |
ged MOT image J{' A :,_ 7 :
w\ %\ - |

2. Laser sources for the Fr trapping and co-magnetometer ~Ready
3. Final stage: Optical lattice interferometer ~ under development
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EDM measurement ~ started within 2 years -

6Fr production ~ 10%

Raw energy histogram (1.0 puA, data 20200926-95937)
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J-PARC muon g-2/EDM experiment

g-2

Anomalous
magnetic
moment

Under scrutiny by - AL
lattice QCD, e*e
! data o SO . LPARC
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J-PARC MLF

EDM Standard Model Experiments
Standard Experiment
Model 1
Electric Dipole White 88— (3005)
Moment Paper |——@9—

(2020) FNAL

—— 502
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muon g-2
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Constructed in 2021

a, x 10" - 1165900

EDM of Muon (Mibe)

Hint of discrepancy between
the experiments and the
standard model.

J-PARC is the only experiment
to check FNAL/BNL results.
g-2 : 450 ppb

EDM : 1.5 E-19 ecm




J-PARC muon g-2/EDM experiment gy I VIS RGO

) EDM Standard Model Experiments

g Model Hint of discrepancy between
Anomalous Electric Dipole to —.— o .

magnetic Moment wne R @oe)  the experiments and the
moment o —a— 0% standard model.

Under scrutiny by FNAL

. —— (2023)
lattice QCD, e*e . _
data e SRS L J-PARC IS the only experiment
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J-PARC M

L I TR to check FNAL/BNL results.
g-2 : 450 ppb
: 1.5 E-19 ecm
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Elementary Particles

electron neutrino
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Elementary Particles
Quark ‘
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Elementary Particles
Quark ‘ '
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Liquid Xenon Gamma-ray Detector

u—-ey (Mori, Ootani)
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b To measure the charge radii of the
light nuclei (p, d, 3He, 4He) with
unprecedented precision, we
pioneered laser spectroscopy of
muonic atoms.

Presently, we are building a new
custom laser system to measure
magnetic properties of the proton
using muonic hydrogen.
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