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nature of matter wave plays a significant role in slow neutrons
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neutron EDM
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nEDMmeasurements using UCN
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Neutron Lifetime

9 Test of Standard Model

MTw ofthe CKM matrix can be calculated with
9 Neutron lifetime: W

1 Axis/vector coupling constant:k

( 8 8)0OAA

o |
1 An input parameter of the Big Bang Nucleosynthesis

1 Abundance of the light elements in early universe can be calculated with
{ Baryon to photon ratio
1 Nuclear cross section
M Neutron lifetime




Neutron Lifetime puzzle

Between two methods of measurement, which measudgedayand missing
there is8.5 s (4.0) deviation of the value of lifetime.
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Principle of PARC experiment

Cold neutrons are injected into a TPC.
The neutrorb-decay and théHe,p)3H reaction are measured simultaneously.

Neutron beam bunch

BLO5 Neutror beam (polarized) ‘ I S ‘ Principle Kossakowski, 1989
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X z Anodeffield wires, | "?74:%: ’Beam catcher
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L

» Detector: Time Projection Chamber (TPC)
» Gas: *He, CO,, 3He
(~85%, ~15%, 0.5 - 2 ppm, respectively)
Total pressure: 100 kPa or 50 kPa Drift wires

‘Neutron beam bunch

p : 3He dencity Beam axis
1 (SHe/EHe) ay : *He neutron absorption cross section Drift cathode
Th = Vg : Velocity of neutron
POoVy (Sﬁ/gﬁ) SHe : Number of *He neutron absorption event " . . ‘
Sg  :Number of neutron Fdecay Hosokawa, RCNP workshop "Fundamental Physics Using Neutrons and Atoms

EHe, €p ! Efficiency

This method is free from the uncertainties due to external flux monitor, wall loss, depolarization, etc.
The goal is the experiment is accuracyl aEc 12



Experimental Setup GPARC

Drift cage and MWPC | SFC in Iead shleld
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The first result from-PARC

The published result by using data usitij42016was
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gravity

wtest of Newtonian gravity
wsearch for new force

U quantum state in earth gravity (UCN)
U small angle scattering
U interferometer
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Gravity

{Hierarchy problem
1 Gravity Is too small compared with other interactions

1 Strong 1

{ ElectroMagnetic 107
1 Weak 10°
{ Gravity 1040

{Large Extra Dimension model was proposed to solve the problem

1 The gravity force is escaping to the other dimension
1 gravity become strong in the short distance

NimaArkaniHamed,SavaPimopoulosand GiaDvaliPhysics Letters £29.3(1998): 263272
1 in this theory, gravity is modified as

(i) O—p | Q!

correction term
| : coupling,_: range



Quantum states in earth gravity

A Gravity

potential well
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Small angle scattering with noble gas

Scattering cross section is modified by shor Results
range force
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Neutron Interferometer

The phase shift of the sample can be measured by the neutron

interferometer Neutron scattering
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n-nbar

wbaryon number violation
u free flight neutron
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n-nbaroscillation

{ Baryon number violation

\

SU(2)
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@
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shielded Calorimetry
95 m vacuum tube

Annihilation /;\
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~1.2510" /s

M.Baldo-Ceolin et al., Z. Phys. C63 (1994) 409.
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from atm. v
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K.S. Babu et al., Phys. Rev. D 87, 115019 (2013)
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n-nbaroscillation experiments

Proposal @ ESS
free flight cold neutron

precise imaging is not necessary

2m(radius)
direct acceptance

~200m Q~10psr detector
(conversion target)
(4.8:0.2)
(200-250M6V)/6,
focusing & ﬂ—-@éf:
mirror 2:10-50m

acceptance with reflector
(single reflection)

Q~10msr

@

cold neutron source

A > fewl10times better sensitivity than ILL
A strongly depend on the cold neutron source
performance

UCN storage

n
»

A

Pressure T
vessel, Neutron reflector
magnetic :
shield —

Tracker —

D.G. Phillips II et al., Phys. Rep. 612, 1-45 (2016)

UCN beam intensity ; @, = 108 n/sec

Storage time ; T, = 500 sec Flight time ; t;or = 1 sec
Detector efficiency ; € = 0.5
Measurement time ; T.,.. = 2X107 sec

B Toobar ~ 7% 108 sec 22



Summary

Slow neutrons are unique
probe

{'to test standard model
{'to search new physics

1 There is a plan to build a new
researchreactor(10 MW) in
Japan

{ we are designing to the slow

neutron source to conduct the
rich science programs .

SN S X8

nEDM

wTime reversal violation
wStrong CP problem

U UCN storage

U crystal diffraction method

gravity

wtest of Newtonian gravity

wsearch for new force

U quantum state in earth gravity (UCN
U small angle scattering

U interferometer

neutron lifetime

wtest of standard model (verification o
unitality of CKM matrix)

wBig bang nucleosynthesis
wneutron lifetime paradox
U UCN storage

U in beam

n-nbar

wbaryon number violation
U free flight neutron
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property of neutron

| Electremagnetic interaction
1 electrically neutral

{ magnetic moment : 60eVT
1 spin 1/2

{1 Strong interaction
| Scattering length

TWeak interaction
{1 -decay
1 lifetime: 878.4 0.5 sec
1 Gravity
 mass: 939.6 MeV#c
1 gravity
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Fundamental Physics using slow neutron

1T NEDM
1 Time reversal violation
1 Strong CP problem
U UCN storage
U crystal diffraction method

M neutron lifetime
1 test of standard model (verification of unitality of CKM matrix)
1 Big bang nucleosynthesis
1 neutron lifetime paradox
U UCN storage
U in beam

1 gravity
1 test of Newtonian gravity
9 search for new force
U quantum state in earth gravity
U small angle scattering
U interferometer

1 n-nbar
1 baryon number violation



Materials and Life Science Experimental Facility(MLI

Hadron Beam Facility

Materials and Life Science
Experirpental Facility

Nuclear
Transmutation

N ‘ J-PARC = Japan Proton Accelerator Research Complex

Joint Project between KEK and JAEA ]

|
Neutron Beam Line at MLF
A 21 Beam ling+ 2 vacant port)
A Mainly for Material and Life Science
A imaging
A diffraction
A Reflectometer
A spin echo
A One Fundamental Physics Beam line
A BLO5 : NOP
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BLO5: Neutron Optics and Fundamental Physics (NOP)

View of the Optics from Upstream

High Polarization Branch High Intensity Branch

Experiment Bela decay Experiment

Mirror Magnetic Supermirror(2.8Qcjf| Mirrors Supermirror (3Qc) :

Configuration Polygonal approximation Configuration Real Curve Low D|vergence Branch

12unit3 0.262 deg(R=82m) Curvature 100m .

Crosssection 40mn? 100mm Crosssection 50mm 40mm I\Eﬂ)_(perlment InteSrferometer

Channel 4ch Channel 5ch Clrr(f)_rs . 5 upermlrrGQC)

Bender Length 45m (375rarb6 3 2) Bender Length 4.0 m (2.6n2) on 'guration MIrTrors

Bending Angle  3.14 deg. Critical Angle  0.95deg.
Bending Angle 3.85deg.
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Hellum:, O deve 0pmen

Overview of the TUCAN apparatus . fogai
and KEK contribution

nEDMSpectrometef

Magnetica\\y Shielded Room
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W target

i | Proton Beam
| (480MeV,40> !

Spin analysis &
UCN detection
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Dynamical Diffraction Theory

2
ikg r

| 2 | Al klr 1 ikyr 2 iKlr 2
Vo, =Y +ty Ae” +Ae " HAe” +Aje

Q)

11 1 _ Al ke 1 ikyr 2.2 2 a2 iKlr 2 kg
vV o=y, ty, =A™ +Ae Y=yt =Ale +Ae

(8]

Crystal a-wave p-wave

w? o0 0 0 0 o o

Incident neutrons

//jin = elk'r

- S & & & & & Electric 90009000 Electric

potential potential

The superposition of transmitted and reflected waves with
the same wavenumber can be described by two standing
waves: a waves with maxima between crystal lattices and B
waves with maxima on the crystal lattice

In the case of non-centrosymmetric crystals, the a and 8
waves experience opposite electric fields.

—nEDM search

’ RENEWorkshop ™ Fundamental Physics Using Neutrons and Atoms”, 2022.8.12- 8.13 7

Shigevasultoh (D3) ®_Lab., Department of Physics, Nagoya-University

Neutron Optics and Physics



Principle of nEDM measurement of crystal diffraction

Neutrons with spins parallel to the electric field are subject to spin polarization
by the EDM at right angles to it

E : Electric field inside a crystal

U, : neutron velocity parallel to

E X0 crystallografic planes X
= —2" : Relativistic magnetic field
¢ (Schwinger magnetic field) 7
Y
X

U, The nEDM can be explored
from the polarization

PEDM - 0(10—6)

a4 )
W—l pEDM

__ mhv,
n 4E8L ¢EDM

Neutrons with spin

parallel to the electric "4 Crystallographic planes

"/////
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