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The parity violating effects in nuclear interactions is extremely enhanced in resonant neutron absorption processes via compound nuclear states for some of medium-heavy nuclei. The
enhancement is explained as a result of the interference between parity-unfavored partial amplitudes of the compound nuclear process, which is referred to as "s-p mixing". The "s-p
mixing" is expected to enhance the visibility of the effect of the breaking of both parity and time-reversal symmetry (P-odd T-odd). Based on these considerations, an experimental
approach to search for the P-odd T-odd effects to activate a novel type of new physics search beyond the standard model is in progress using the pulsed neutron beam from the pulsed
spallation neutron source of Japan Proton Accelerator Research Complex (J-PARC) under the collaboration "Neutron Optical Parity and Time-Reversal Experiment (NOPTREX)" as the
program number J-PARC E99. P-odd T-odd effects will be studied in neutron optics in which fake T-violating effects can be controlled, with the enhanced sensitivity biased to chromo-
EDM. We discuss the studies of the "s-p mixing" in 13La(n,y)'4°La and the plan of T-violation search with polarized lanthanum target
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T-violation in compound nuclei

Enhanced symmetry violation appears - P-violation L
in neutron resonance capture reaction. = - _
. © g
Statistical nature of <=

d
c-(kxI) compound states In the case of 139La,

& ~ P-violation is 10¢ times enhanced.
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R&D for T-violation search ety

Many correlation terms of (n, y) ‘ Q g 7'[' NN

reaction can be used to study the
statistical nature of compound states.

Neutron beam polarization

3He spin filter for eV neutrons is i 1 {
2
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Demonstration of T-violation search

Asymmetry of absorption
was observed.
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J-PARC E99 Study of Discrete Symmetries in Polarized Epithermal Neutron Optics

NOPTREX

Neutron Optical Parity and Time Reversal EXperiment
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P-violation in Nuclear Interaction
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P-violation in Compound State
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Choice of Target Nuclei
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Key-technique: Polarized Target
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\CVRA OB ATWETEREE]  biased sensitivity to chromo-EDM

Propagation of CP-violation beyond the Standard Model into Low Energy Observables

A Pospelov Ritz, Ann. Phys. 318 (2005) 119
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biased sensitivity to chromo-EDM

conceptual visualization based on deuteron-case
% not true for general target nuclei
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TR N ETOTE RG] visualization of measurements
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TR N ETOTE RG] visualization of measurements

We consider the case that neutrons polarized along y-axis transmit through the
lanthanum target polarized along x-axis.

One spin filter will be set upstream of the polarized target and another spin filter
downstream. Neutron transmission will be measured by the detector put downstream of
detector the second spin filter.

spin filter spin filter
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y y
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NIRRT X N VO SREE)  visualization of measurements
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TR N ETOTE RG] visualization of measurements
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New Type of New Physics Search

Comparison with EDM is shown under the assumption of isotensor

Any upper limit delivers a new restriction.

V.P.Gudkov, Phys. Rep. 212, 77 (1992)

contribution is zero and only pion can contribute to our approach. P. Herczeg, LA-UR-87-2574 (1987)
— 1.S.Towner and A.C.Hayes, Phys. Rev. C49, 2391 (1994)

1077

.................................................................................................

103
;o = neutron EDM one tr-loop contrubution to
..................... . dn — 10—260 . cm nEDM (SUSY) gop
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Polarized Lanthanum Target
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Lanthanum Aluminate diluted with Neodymium as the Polarized Lanthanum Target Material

Advantage / \
Al
. Narrow ESR linewidth : ~ 5G ( ~40G in LaF, )

L
. C,, symmetryin Laions ]
. Diagonalization of quadratic coupling in the crystal C,
axis

g-factor of Nd** gy =2.12,9, = 2.68 ’

Spin Hamiltonian
vN : gyromagnetic ratio (yn /27 = 0.6 kHz/QG) e
I : nuclear spin of La (I = 7/2) '

c =13.11A
D, : quadratic coupling constant (D,, /27 = 0.36 MHz)
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Crystal Growth at the Institute for Material Research, Tohoku Univ.

Melting : 2100°C Mixed sample : powder of La(OH); + Al,O,

Material rod rotation

Halogen lamp

ey
..

2ol Py - ‘// » ‘5 %
. \ \\ 4 ‘ ‘1‘ ;7.1’ -”':‘\\‘*“”&h‘
\\onmg PR S S R

5 “ TR
y ' NG ey D Floating zone

Filament of

Elliptical m{k

Grown crystal ———»

Halogen lamp

Melt

Halogen lamps
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Complete Determination of Occupancy Distribution (consistent with single spin temperature)

Signal intensity [a.u. ]
NI

o)

'[ T
l IWMM : ﬁﬁl H{lm
[[E ] |

Iy

'y Sy

ity

il I

I

) ] {

11

16000 ————————————————— 3
C . /]
i negative /I
14000 /
/
l/
12000 |- /A
/
/ ]
/'E\ 10000 4 ]
— ]
o, 8000 p ;
| [ s ]
6000 - :
i &
4000 | - .
L //" ]
2000 - 8 N
L e J
O 1 v vy
0 20 40 80 80 100

2.001

2.224

2.112

2,335

Magnetic field [T]
Optimization/Control of the Doping Rate of Paramagnetic Centers

2.446

2.557

Nd P (La) Tl

(mol%) 2.3T7T,1.3K 2.3T,0.3K | 2.3T,1.3K 0.1T,0.1K
0.3 comm. small

0.05 IMR 0.2% 15 min.

0.03 comm. 20% 49.8% 85 min. >60 min.
0.01 IMR >20% (>81%) | >120 min. (>180 min.)
0.003 IMR crystal growth scheduled in May and June, 2024
0.001 IMR enhancement was below our sensitivity

 2.668

Dependence of the spin relaxation time (T1)
on the magnetic field is being measured.
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SHe Spin Filter
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Application of Rb-K Hybrid Spin Exchange Optical Pumping (SEOP)
Hybrid SEOP 3He polarization > 0.7 (up to ~ 0.8)

Rb atom 3He nuclei

spinexchange A

NN $ ................................ N

circularly

. larized
conventional SEOP laser photon

] Katom
Rbatom  g4in exchange

NN

hybrid SEOP circularly v
polarized -
laserphoton i 20%
1% .. ¢

|
2025/05/26 “P- and T-Symmetries in Polarized Epithermal Neutron Optics” (H.M.Shimizu) @ ISINN31, Dongguan, China

page 33



Development of Larger Cells

3He gas thickness > 3 atm. x 15 cm (up to 3 atm. x 20 cm)
cell fiducial cross section 25 cm x 5 cm

'\ KUMONIADA -
D=0.8Y
21.14 atm co

KARAKUSA : ®
n=1.93 j P45cmx 75 em
2205 ptm cm e N Hybrid Cell
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In-situ SEOP

J-PARC : engineering test done in May for 4 day continuous operation
LANL : successfully operated for one beam cycle
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Phase-l
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NOPTREX (Phase-l) Transverse spin control is not necessary.

target nuclear polarization forward scattering amplitude f = O + IB o

oa=A+ P H (k,- I

P-even T-even P-odd T-even
B=PBI+{C +PK (kn- I)} ko + PLD! (ko x )

5=(8-pY2 7="">

n

neutron polarization

S
||
><
_I_
.

sin

cos B* {PlB’ — et Bext + C' cos0 + Py K’ cos? 9}

N ainiis JIF sween

72 P, cosf sin® flmD"? K’

Sensitivity deterioration due to magnetic and pseudomagnetic spin rotation cancellation remains also in this case.

Step-1: Dynamic Nuclear Polarization at Bext~2.3Tand T ~ 1K
Step-2: Spin Freezing at Bext~ 0.1 Tand T<0.1 K
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Y measurement of A

(-............
------ pgrddilinanay

| |
nu®
at
at®
4

reversal of circular polarization
by mechanical readjustment of X/4 plate

adiabatic fast passa,g:%..

polarized target

[

A L No-N - :
pnP1N+ N_
t

T target nuclear polarization detector detector
incident ncutron polarization O\
Ny 7N\ N_
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measurement of P

j polarized target

reversal of circular polarization
¥ by mechanical readjustment of A/4 plate

generated neutron polarization R i ::””""‘:::I
/ Ny B A“""" ....B'A
P p— p—n pil = L log N'q_ — log V- »’ R adiabatic fast passage “‘\
P Agiger log N +log N ’l‘ JERCPTTLLLLLLD LR ‘{‘
1 ‘t‘;" detector "'x detector

A\ N/

1) L
target nuclear polarization 3 IT& ) 8 3He
N-I— — N\
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E99 (NOPTREX) Study of Discrete Symmetries in Polarized Epithermal Neutron Optics

NOPTREX Phase-1 (E99 Stage 1) |
neutron beam il
—p .
« |  neutron detector
R © N: -
T target nuclear polarization © N —

incident. nentron polarization

3He neutron polarizer Sep. 2024 Apr. 2025 Oct.I 2025 Apr. 2026 Oct. 2026

commissioning run h siJ:s run
3He gas cell completed g pny

= |
pumping laser completed simultaneous operation of pol. 3He and > measurement of A and obtain a

completed | 30% achieved [IEGEGIPG™

magnetic field g assembly and tuning pol. 13La at a neutron beam line (BL04) loose upper limit to T-violation
installation to i i
: ; experimental basis of
139 lariz I beam line : :
a polarized target systematics evaluation
Superconduc"ng magnet breakdown parts to drawing System assembly and

dilution refrigerator insert manactring™asserth]
Nd3+:LaAlOj3 crystal growth
electron spin resonance
nuclear magnetic resonance
installation mechanism S

W:-%11uBi[11:8 proposal submitted to J-PARC MLF for 2025A

installation to beam line

— | I
on-site opm

test and tuning

—

critical technologies
spin freezing ('¥La) to be submitted at the

T : ) beginning of FY2026
magnetic field separation -4 TDR et

for neutron spin control |

test of commercially available materials

study of MeiBner shield Dec. 2024
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(a, A)

Unknown force search Extra-dimension, Dark energy
New limit for Yukawa-type New interferometer with high precision
intermediate force mL

Ap = 27[_2AE£°< tt—Of Pulsed

neutrons

V(r) = —GN@(I +ae? o
‘ r £
| : 5}
— NIST ———— Dynamical diffraction | | Hbeam __..
¢ o!is .. ) Interferometer
- ;Nm;:mm

-
-
—

———
]

o

®

N o

P 3
~ o »
- o
B 3
oy o
A8V o

CH,

(400)
- / Hb
4 gn5' [eV] 2 1 -
LA AN 1 - ~ -
, nano-particles
101" — iPokotiIovski 2005 iy vin Moﬁideen et al. 1998
102+
@ ) Phase-shift Hq:
o] b d 0.8 {
1024 L1016 : was observed "
. due to refractive ;
index of sample §¢H
1094 : : B 1018 ___! _____________ 03k £
' PY. -
; ano-particle o | Hydrogen %E
107 st : : [ ! . 1734 36 a8 40 42 44 46 48 50 52
10-1 10-10 109 10-8 ) Storage a"oy ': Time of flight (ms)
As, [m] Precision measurements of neutron-nuclear

C. C. Haddock, et al., Phys. Rev. D97, 062002 (2018) scattering lengths were demonstrated.

B. Heacock et. al., Science 373 6560 (2021) T. Fujiie, et al., PRL 132, 023402 (2024)
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d Neutron EDM using high-flux UCNs Neutron Lifetime
1N

CKM Unitarity check
T reversal Permanent EDM signals ‘ Big Bang Nucleosynthesis
- Time-reversal violation.

Decay to dark channel?

/ .
| /' _ gos New type of in-beam
TUCAN Source & nEDM Spectro ter y o{ ':E'—,‘ . measurement with
TRIUMF fHe cryostat, LD: cryosfa?] \ S E - pulsed neutrons
Magnetically Shielded § S e ek
2 Y. Fuwa et al.,

880} .

e .?' P le o PR

g75 Bottle method: 878.4 +0.5s

| 1 1 [ [ 1
1995 2000 2005 2010

1

2015 2020 2025Y

ear
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el

= AW - /
S Neutron beam
» - >

| ? ]
S. Ahmed, et.al.,
Phys. Rev. C 99, 025503 (2019)
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Proton Decay
(AB=-1, AL=-1/ A(B-L)=-0)

B, B-L nonconservation B-L Triangle

nnbar oscillation: spontaneous transition from neutron to antineutron by R.N.Mohapatra

AB—=-2 AL=0 *
o< 2 s
LJ& s % sphalcron A/%(m\

p—e'x® QQQAL

L — My 1 . .
m [ n ] M { My, dm ] g V2 (e} + [73) , \ ex‘
" n ) dm s, M2 = i £ 0m QQQQQQ T <= 7l ee———— ) — [/ LL
om t\? 1
P L — SiIl2 t ~ Tnm = L Neutron-Antineutron Oscillation Neutrinoless Double Beta Decay
n—n — ﬁ - T o= T dm (AB=-2, AL=0/ A(B-L)=-2) (AB=0, AL=2 / A(B-L)=-2)
o T

D.G.Phillip Il et al., Phys. Rep. 612 (2016) 1
planned at ESS firect acceptance
€ ~ 10psr

(European Neutron Source)

deleglor .
CONVErsion target)
18 +02)r

\ .
200-250)MeV 7
(200-250) pr,/;'?y

UMY e

Ton.free > 0.86 x 10% s (CLI0%)

M.Baldo-Ceolin et al., Z. Phys. C63 (1994) 409

2-3 order improvement

v

Ton = O(10™s)

K.S.Babu et al., Phys. Rev. D87(2013)115019 oLt Source

FOM = (NT?)
T:flight time

acceptance with reflector

2 ~ 10msr
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