T-violation in neutron scattering

Masaaki Kitaguchi

Kobayashi-Maskawa Institute (KMI)
Laboratory for Particle Properties (®-Lab. ), Department of Physics
Nagoya University

NOPTREX collaboration
NOPTREX




Why is there far more matter than antimatter? NOPTREX

Sakharov conditions

4 Observation @
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Neutron Electric Dipole Moment NOPTREX

Neutron Optical Parity and Time-Reversal EXperiment
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Neutron Optical Parity and Time-Reversal EXperimen t

Combinations of coupling constants NOPTREX
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T-odd Correlation in Compound Nuclei NOPTREX

Neutron Optical Parity and Time-Reversal EXperiment
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P-odd and T-odd

P-odd

polarized neutron
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Neutron Optical Parity and Time-Reversal EXperimen
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P-violation in Compound Nuclei NOPTREX

cal Parity and Time-Reversal EXperiment
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P-violation 1s enhanced 1n
the interference between s-wave and p-wave
of compound nuclei.
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P-violation in Compound Nuclei NdPTREX
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P-violation in Compound Nuclei NdPTREX
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T-violation in Compound Nuclei NdPTREX

. - S -
The interference between s-wave and |\ S"Wave /1% ip-wave, /T°P
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p-wave results 1n the interference
between partial waves with different
channel spin.

Gudkov, Phys. Rep. 212 (1992) 77.
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T-violation in Compound Nuclei NdPTREX

. - S -
The interference between s-wave and |\ S"Wave /1% ip-wave, /T°P
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between partial waves with different

channel spin.
Gudkov, Phys. Rep. 212 (1992) 77.
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T-violation in Compound Nuclei NOPTREX

The 1nterference between s-wave and p-wave results 1n the
interference between partial waves with different channel spin.
Gudkov, Phys. Rep. 212 (1992) 77.
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Feasibility of T-violation experiment

T-violating pion exchange coupling

Wo _ A0 Coan( E + 0265
W T Ao -0 hl +© )h,}

P-violating pion exchange coupling

ntp-dsy bl =(3.04 +1.23)x 1077

—p-
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Neutron Optical Parity and Time-Reversal EXperiment

Y.-H.Song et al.,
Phys. Rev. C83 (2011) 065503,
Phys. Rev. C84 (2011) 025501
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Discovery potential
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T-violation experiment at J-PARC NdPTREX
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RCNP, Hiroshima Univ., S
Nagoya Univ., KEK
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Neutron Optical Parity and Time Reversal EXperiment
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T-violation experiment at J-PARC NQPTREX

cal Parity and Time-Reversal EXperiment
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Feasibility of T-violation experiment NOPTREX

utron Optical Parity and Time-Reversal EXperiment
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T-violation in Compound Nuclei NOPTREX

The 1nterference between s-wave and p-wave results 1n the
interference between partial waves with different channel spin.
Gudkov, Phys. Rep. 212 (1992) 77.
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(n, vY) measurement for K NQPTREX
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(n, vY) measurement for K NdPTREX

for unpolarized case
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J-PARC MLF NOPTREX

Neutron Optical Parity and Time-Reversal EXperiment
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139La (n, y) measurement NdPTREX

cal Parity and Time-Reversal EXperiment
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Targets : "tLa 40mm x 40mm x Tmm
T. Okudaira et. al. , Phys. Rev. C97 (2018) 034622.
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139 a (n, y) measurement NQPTREX

Neutron Optical Parity and Time-Reversal EXperimen

Ge crystal
BLO4 ANNRI Beam. BGO_ //
Ge detector . ﬁ /
Disk chopper N | N _
. | Pb collimator
Filter
N /|
TO choppter \ \ 1
Ny "'\ i F‘i
N e u t ro n S A
aamma ray
Collimator — ..................
Target
= ,/rl E———
LiF |
vd

2 Cluster Ge Detector 7ch x2 : 14ch

(. . )
. LiH
8 Coaxial Ge Detector 8ch —

. 22ch > 7 angles

Targets : "tLa 40mm x 40mm x Tmm

T. Okudaira et. al. , Phys. Rev. C97 (2018) 034622.

violation in neutron scattering,

Sthhlntérnational Symposium in spin physics (SPIN2021),
ROEtI2021, Masaaki Kitaguchi, Nagoya University page 22 I




139La (n, y) measurement NOPTREX

Neutron Optical Parity and Time-Reversal EXperiment
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139La (n, y) measurement NOPTREX
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Estimation of Enhancement Factor NQPTREX
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T. Okudaira et. al. , Phys. Rev. C97 (2018) 034622.
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(n, vY) measurement for K NQPTREX
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(n, v) measurement with polarized neutrons NdPTREx

Neutron Optical Parity and Time-Reversal EXperimen

R 3He Cell 3He Polarization > 0.8
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T. Okudaira et. al.,

N e o 4 S p p amma-rays
beam | =Am=pip n’—n Gamma-tay Nucl. Instr. Meth. A977
Neutron spin not | Only neutrons with (2 020) 1 643 O 1

aligned. spin parallel to 3He

nuclear spin can passi™ ¥

Detector |

SHe nuclear spin
aligned. C——)

Gamma-ray detectors

Polarized neutron Unpolarized target

T. Yamamoto et. al.,
Pol. neutron experiments at BLO4 ANNRI in J- PARC Phys. Rev. C101, 064624 (2020)
3He cell\

Neutron energy (eV)
Neutron beam >

I I I

D
(=4
I

1 0.9 0.8 0.7 06 139 La
[ | ‘

® Spin parallel

® Spin antiparallel + Peak intensity depends on spin

direction of incident neutrons

o
Sﬁiﬁ*ﬁ%&#ﬁ# ;

1500 1600 1700 1800 1900 2000 2100
Time of flight of neutron (us)

N
(=]

S

: -';‘V -
\ /

Germanium detectors

|
o
(=
|

Gamma-ray counts (arb. units)

=violation in neutron scattering,

Sthrinternational Symposium in spin physics (SPIN2021),
R2ROCE 2021, Masaaki Kitaguchi, Nagoya University page 27 I L 4



Candidates for T-violation search NOPTREX

Neutron Optical Parity and Time-Reversal EXperiment
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Mitchell, Phys. Rep. 354 (2001) 157
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Polarized target R&D Masataka linuma’s talk NOPTREx
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! Neutron Optical Parity and Time-Reversal EXperiment

Discrete symmetry violation is enhanced in Compound States
induced by Epithermal Neutron.

Statistical nature of compound states

T-violation in compound nuclel has a discovery potential of
new physics beyond the standard model.

Feasibility study and R&D starts.

(n, y) for enhancement factor

Target polarization

Intense neutron source

Epithermal neutron polarizer
Triplet-DNP

We start US-China-Japan collaboration NOPTREX.
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