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Forward Scattering Amplitude I
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T-violation in Compound Nuclear States
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(1) P- and T-violation in Compound Nuclear States

10 enhancement of P-violation in compound nuclear state
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P- violation In hucleon-nucleon interaction
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P-violation in Compound State
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Mitchell, Phys. Rep. 354 (2001) 157
Shimizu, Nucl. Phys. A552 (1993) 293
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Dynamical Enhancement
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Dynamical Enhancement
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T-odd = Channel-spin Interference
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(2) Neutron Optics

description via forward scattering amplitude
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T-violation in Neutron Optics
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(3) Phenomenological Estimation of T-violation
Sensitivity

factorization of nuclear properties
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Estimation in Effective Field Theory

Y.-H.Song et al., Phys. Rev. C83 (2011) 065503
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Estimation in Effective Field Theory

d, ~ 0.1 4( g(O) _ (2)) Y.-H.Song et al., Phys. Rev. C83 (2011) 065503
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Estimation in Effective Field Theory

nuclear nuclear nucleon Gudkov, Phys. Rep. 212 (1992) 77
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(4) Determination of Angular Momentum Factor

Energy dependent angular distribution of individual y-rays

139 a(n,y)140La for the complete determination of partial
amplitudes of s-wave and p-wave incident neutrons

k(J) = 4.84T528  0.997065 Okudaira et al., PRC7(2018)034622
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Details of Entrance Channel
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Detailed Study of Entrance Channel
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Detailed Study of Entrance Channel
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Pseudomagnetism

f=A+Bo-I+Co-k+Do-(Ixk)

& e i

Spin Independent Spin Dependent P-violation T-violation
P-even T-even P-even T-even P-odd T-even P-odd T-odd
pseudomagnetism

V.Gudkov and HMS, Phys. Rev. C95 045501 (2017)

compound resonance potential scattering

1 (Jg =1+ 3)
A -
‘JK_{—l (JK:I_§
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T-violation in Compound Nuclear States

A’ dony
Ey
10 (B

P-even T-even

polarized neutron

O o i) (&,7) (n,7) (&, 7) 106 enhancement
E dosy in compound nuclear state
P-odd T-even dQ»Y ( n)
polarized target
B’ (on-1)
P-even T-even
I . 109 enhancement
. X .
o - (ko X 1) in compound nuclear state

P-odd T-odd
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J-PARC P76 NOPTREX Collaboration

Neutron Optical Parity and Time Reversal EXperiment T

BL07 (NOPTREX) polarized target
W polarized neutron

(2) Radiation Shield
(4-a) Polarized 3He Filter (8-a) Polarized 3He Filter
(4-b) Polarized Proton Filter (6) Polarized Targ et (8-b) Polarized Proton Filter
(1) Moderator (4) Polarizer (13) y-ray Detector HEE (8) Polarization Analyzer (10) Transmission Detector
(3-a) Epithermal Collimator
(3-b) Epithermal Mirror (12) Scattered Neutron Detector
(3) Pre-system Optics (5) Upstream Spin Transport f(s-a) Target (Laaios) ' (7) Downstream Spin Transport (9) Post-system Optics
G — o ——— |§| - — — ‘
(11) Monitor (11) Monitor (11) Monitor (6-b) Magnetic Shield 11) Monitor 44 Monitor (11) Monitor
(6-c) Cryogenics

(12) Scattered Neutron Detector

(11-a) Transmissive (n,y) Monitor (13) y-ray Detector NN for non-forward scattering
(11-b) Beam Halo (n,y) Monitor
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J-PARC P76 NOPTREX Collaboration

Neutron Optical Parity and Time Reversal EXperiment T

BL07 (NOPTREX) polarized target
W polarized neutron

RCNP, Hiroshima Univ.,
Nagoya Univ., KEK

polarized targe on detector

neu

T —

disk chopper eutron spin analyzer

(3He/spin filte

" neutron collimato

Indiana Univ,. Kentucky Univ.,
L s RCNP, Nagoya Univ.
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8ReA*D = 5.3 x 107°

: discovery potential
-4 corresponding to

| dn=3.0x10% & cm

' (W)
(W)

7 discovery potential
-+ corresponding to

dn =3.0%1027 e cm
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Measurement Tiime [day]

with reported polarizations
reaches to the discovery potential in a week

v

with ultimate polarizations
reaches the discovery potential in a day
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Summary

105 Enhancement of P-violation

Interference between s- and p-waves in the entrance channel

Statistical nature of compound nuclear states

— Reaction mechanism
direct process and compound process

(kinetic freedom dissipation — quantum decoherence?)

Polarized target and spin control in it

|

New physics search with enhanced sensitivity to T-violation
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Summary

105 Enhancement of P-violation

Interference between s- and p-waves in the entrance channel

* Statistical nature of compound nuclear states

— Reaction mechanism
direct process and compound process

(kinetic freedom dissipation — quantum decoherence?)

* Polarized target and spin control in it

|

New physics search with enhanced sensitivity to T-violation
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Physics using Slow Neutrons

Neutron Lifetime

New type of in-beam measurement with pulsed neutrons

@ D¢~ CKM Unitarity check
D Big Bang Nucleosynthesis
/ Decay to dark channel?
/

/
v, 4

K.Hirota el al., arXiv:2007.15302, doi:10.1093/ptep/ptaal69
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Our 1st result
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Publication year
upgrade with enlarged acceptance is in progress

2021-: AT < 1s
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New Force SearCh M.Kitaguchi H.M.Shimizu

New limit on Yukawa-type medium-range force by scattering

Extra-dimension?
New gauge boson coupled to mass?

C.C.Haddock et al., Phys. Rev. D97, 062002 (2018)
Highlighted in APS

Chttps://physics.aps.org/synopsis-for/10.1103/PhysRevD.&7.062002)
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1028 :‘ |

- Nesvizhevsky e§ al.
10°° = / l\

(EXCLUDED REGION)
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upgrade by new target of nano-particles
and large area detector is in progress

2021-: improve the upper limit of a




Physics using Slow Neutrons

KEK 2018512, J-PARC P76 ‘ ‘

i i i i NOPTREX Collaboration |
T V I O I at I o n I n CO m po u n d N u c I e I Neutron Optical Parity and Time-Reversal EXperiment M.Kltaguchl H-M.Shimizu
Enhanced symmetry violation in neutron resonance capture reactions suggesting discovery potential comparable with neutron EDM
— T.Okudaira ef al., Phys. Rev. C97, 034622 (2018)
<:2 . Wer
Aot = k(J)—=Aop
P-violation is 106 times enhanced in 1¥La+n (En=0.74eV) W

k(J) = 0.997585 4.8475.08

NOPTREX Collaboration

133 a resonance Neutron EDM
Further study of reaction mechanism 30days 10% e cm
using polarized epithermal neutrons at J-PARC
*He spin filter Hecl Development of Polarized Nuclear Target
: ’ ;/ Fglstal Growth IMR, Tohoku Univ. W ( RECr;:\%ls\aﬁaelm:nt of Nuclga‘riPollgrizatlion;
NeUn i i g cuom #

"
i‘ Dynamical enhancement of lanthanum polarization has been identified in LaAlO;. B%
[ (Dec.2020)

Only neutrons
with spin parallel
to ?*He nuclear
spin can pass.

Neulron spin
not aligned.

: ’ Detector l- —‘ “;; al I;II n —
aligned. IMR, Tohoku Univ, rge
Gemma-ray detectors Hiroshima Univ, gfxﬁﬁ?ﬁaxnw
T.Yamamoto et al., Phys. Rev. C101, 064624 (2020) ? Nagoya Univ. Nagoya Univ.
. Yamagata Univ. :
_ Neutron energy (eV) = - - - —
Z 1 0.9 0.8 0.7 0.6 Cryogenics Control of Spin-lattice Relaxation Time
I 1 I T T
S ok I LaAlO, 9'?9'9 Natural Science Center for N
~ = sp.m leI.il“e] 1 + Peak intensilty depends on spin :ﬁ?gﬁa univ. m Basio Research md . i
..:% . ® Spin antiparallel 1 :-"' direction of incident neULrons Japan Women's Univ. \neodymium / Development, Hiroshima Univ.
T hak Ashikaga Univ. Hiroshima Univ.
@ ‘. ] + : Hiroshima Univ. Nagoya Univ.
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G 10 Ge0 10 180019002000 2100 2021-: Polarized La target — Spin control technique — T-violation Search
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NUCIear EmUISion for NeUtron Detection emulsion 10um

/carbon 30nm
N.Naganawa et al., Eur. Phys. J. C78, 959 (2018) = NiC 60nm
Fine-grained®uglear emulsion detectoryth 0B neutron converter asaneutron  n+10B—ali — ' 1084C G0nm l l l I l l , I
imager with the position resolution less than 100 nm. ¥ silicon base , ,
Neutron quantum states in gravitational potential 2021-: beam experiments neutron A5 A

Industrial application to obtain neutron image with ym position resolution >

nEDM Search

using Extremely Strong Electric Field in Single Crystals

nEDM search of neutron dynamical diffraction in crystals 0120
S.Itoh et al., Nucl. Instrum. Methods A908, 78 (2018) oaf

K.Hirota ef al., submitted to J. Imaging

0.08|-
0.06

Pendellosung interference fringes

0.04

Neutron counts [cps]

with pulsed neutrons was observed clearly
to be basis of crystal-EDM technique. ooz EE,[:(nio i 147)* N *ﬁ;gT{;}igm] * up spin

Ultra High Precision Machining

Potential search in the vicinity of material surface (dark energy?)
B.Heacock et al., Acta CI’}’St. A75, 833 (2019) - . 2021-: dark energy search

Contribution to EDM Search with Confined Ultracold Neutrons at TRIUMF

x down spin

L PRI RN N T S W
0.63 0.836 0.64 0.645 0565 0.855 0.68

Bragg angle [rad]

TUCAN Collaboration E.Pierre et al., J. Neutron Res. 20, 87 (2018)
TRIUMF Ultra-Cold Advanced Neutron source S. Ahmed et. al. (TUCAN Collaboration), Phys. Rev. C 99, 025503 (2019)



Search for Neutron-Antineutron Oscillation FOM = (NT?)

direct acceptance
Q-~10psr

detector

(conversion target)
(4.8x0.2)
(200-250MeV) ¥

T _ @—»@%ﬁ

precise imaging is not

acceptance with reflector
(single reflection)

Q-~10msr

@

neutron source



