
kek50th anniversary
page

2025/01/04 NOPTREX Workshop @ CSNS, Dongguan 
H.M.Shimizu 1

Neutron Optical Parity and Time Reversal EXperiment

Introduction to Polarized Nuclear Targets

hirohiko.shimizu@nagoya-u.jp

Hirohiko M. SHIMIZU

Department of Physics, Nagoya University

mailto:hirohiko.shimizu@nagoya-u.jp


kek50th anniversary
page

2025/01/04 NOPTREX Workshop @ CSNS, Dongguan 
H.M.Shimizu 2

Neutron Optical Parity and Time Reversal EXperiment

Cross Section 
Resonace Parameters 
Reaction Mechanism

Time Reversal ViolationParity Violation

Technology

Neutron Spin Polarizer/Analyzer
Neutron Spin Transport
Polarized Target

γ-ray Polarimeter
γ-ray Detector

Neutron Detector

…

P-odd T-odd

P-odd T-odd

P-even T-odd

P-odd T-even

P-odd T-even

P-even T-even

P-even T-even



kek50th anniversary
page

2025/01/04 NOPTREX Workshop @ CSNS, Dongguan 
H.M.Shimizu

Cross Section 
Resonace Parameters 
Reaction Mechanism

3

Neutron Optical Parity and Time Reversal EXperiment

Time Reversal Violation

J-PARC E99 Phase-I

J-PARC E99 Phase-II

Parity Violation

Technology

Neutron Spin Polarizer/Analyzer
Neutron Spin Transport
Polarized Target

γ-ray Polarimeter
γ-ray Detector

Neutron Detector

…

P-odd T-odd

P-odd T-odd

P-even T-odd

P-odd T-even

P-odd T-even

Masaaki KITAGUCHI (北口 雅暁)

Takuya OKUDAIRA (奥平 琢也)

Masataka IINUMA (飯沼 昌隆)

P-even T-even

P-even T-even



kek50th anniversary
page

2025/01/04 NOPTREX Workshop @ CSNS, Dongguan 
H.M.Shimizu 4

Neutron Optical Parity and Time Reversal EXperiment

Neutron Spin Polarizer Polarized Target Neutron Spin Analyzer

Polarized 3He Polarized 139La

Polarized Proton

Polarized 3He
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DNP (Dynamic Nuclear Polarization)

function

device
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DNP (Dynamic Nuclear Polarization)DNP (Dynamic Nuclear Polarization)



kek50th anniversary
page

2025/01/04 NOPTREX Workshop @ CSNS, Dongguan 
H.M.Shimizu 5

e p

Brute-force Method

B~10T 
T≤0.1K

熱平衡

静的核偏極
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Dynamic Nuclear Polarization (DNP)

B~2-5T 
T≤1K

常磁性中心 熱平衡 熱非平衡

動的核偏極

paramagnetic center 
at thermal equilibrium

microwave

polarization of paramagnetic centers is transferred to nuclei 
via forbidden transition induced by microwave irradiation

マイクロ波
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Microwave-Induced Optical Nuclear Polarization (MIONP) 
Triplet-DNP

B~0.3T 
T≤77K 

(⇧300K) π電子

光励起

π電子の自発的スピン整列

熱非平衡

マイクロ波

熱非平衡

三重項光励起動的核偏極 apparent polarization of a 
pair of specific magnetic 

substates of π-electrons in 
aromatic organic molecules 
is transferred to near-by 
nuclei via forbidden 
transition induced by 
microwave irradiation

π-electron

photo-excitation microwave

spontaneous spin alignment of π-electron
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Nuclear Polarization in Solid
nuclear polarization at thermal equilibrium

固体中の核偏極
熱平衡下での核偏極度

磁束密度/温度

偏
極
度

電子

陽子

major methods to polarize nuclei in solid
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Spin Exchange Optical Pumping (SEOP)

B ~1 mT 
T ~ 450 K

スピン交換光ポンピング

→

outermost electrons of rubidium vapor is polarized by the 
selective absorption of circularly polarized laser photons

circularly polarized laser photons

rubidium gas

円偏光光子

気体Rb

封入された気体中の核偏極

major method to polarize nuclei in confined gas

Nuclear Polarization in Confined Gas

atomic polarization of alkali vapor is transferred 
to nuclei via the super-hyperfine interaction on 
atomic collisions

rubidium gas potassium gas

circularly polarized laser photons

円偏光光子

気体Rb 気体K

Hybrid SEOP
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近熱外
near-epithermalmid-epithermalfar-epithermal

thermal coldepithermalfast very cold ultracold

中間熱外遠熱外

速 熱 冷 極冷 超冷熱外

弱極冷 中極冷 強極冷
weakly-very-cold mid-very-cold strongly-very-cold

103106109 100 10-3 10-6
temperature 

(K)

100103106 10-3 10-6 10-9

eVkeVMeV meV µeV neV

kinetic 
energy 

(eV)

10-1010-1210-13 10-9 10-8 10-6

pm nm µm

10-710-1110-14 10-5

Å

wavelength 
(m)

101110131014 1010 109 107

1 nm-1

1081012 106

0.1 nm-1 0.01 nm-1 0.001 nm-110 nm-1100 nm-1

1 Å-110 Å-1 0.1 Å-1 0.01 Å-1 0.001 Å-1 0.0001 Å-1

wave 
number 

(m-1)

103 102 101 10-1100104105106107
velocity 

(m/s)

Neutrons conversions among kinematic variables and an example of energy range names

1eV
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