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Experimental Fact
Enhanced P-violating Effects in Compound Nuclear States induced by Epithermal Neutron Absorption

l

Applicability of the Enhancement Mechanism to T-violation <-> CP-violation
to deliver new physics searches in T-violation, complementary to EDM searches
(mostly in P-odd T-odd interactions)
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Introduction of Neutron Fundamental Physics in Japan
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searches for new physics
beyond the standard model

new-force search
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, searches for new physics
Neutron Fundamental Physics beyond the standard model
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Propagation of CP-violation beyond the Standard Model into Low Energy Observables

A Pospelov Ritz, Ann. Phys. 318 (2005) 119
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NOPTREX

Neutron Optical Parity and Time Reversal EXperiment

(MOITEIRESE final-state interaction free

pALENENER  dynamical and kinematical enhancement

3. New Type of New Physics Search eI {s]yleR 2]l
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Sketch of NOPTREX Steps
Step 1: find P-violation

Step 2: determine ¢ and W
ULZIIZE  in(n,y), spin-spin correlation

Step 3: measure D’ (T-odd)
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Sketch of NOPTREX Steps

neutron polarizer Step 1: find P-violation W
\ i
1%, I'n P%
A l= =2 = |cos ¢ Ccos ¢|= n
=25 = ke o

y-detector Step 2: determine ¢ and W
ULZIIZ™ | i (n,y), spin-spin correlatio

a1 |= Js + 1J(2J, + 1)

C/

neutron polarizer/analyzer

and polarized target Step 3:

T-violating matrix element

Wr
C") ~(J) M/ Reliable values of potential parameters, spin assignment,
resonance parameters, are the basis of NOPTREX.
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P-violation in Compound State
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compound states
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\ p-wave resonance
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Enhancement of P-violation
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Enhancement of P-violation
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Dynamical Enhancement
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Dynamical Enhancement
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Detailed Study of Entrance Channel Boundary

entrance channel
compound state
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Detailed Study of Entrance Channel Boundary
in 139La(n,v)140|_a(*) 037 _
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Detailed Study of Entrance Channel Boundary %
in 139La(n,v)140La(*) Gedet’ec'trobrb . ‘
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Detailed Study of Entrance Channel Boundary

in N+139
inn+1%La redundant information in pseudomagnetism

f=A'"+Bo-1I

ﬁ ?
Spin Independent Spin Dependent
P-even T-even P-even T-even

pseudomagnetism

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

- —

compound resonance potential scattering
_J 1 (Jg =1+ 3)
ﬁK_{—l (Jx=T-1)

T.Okudaira et al., Phys. Rev. C104 (2021) 014601
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compound nuclear spin orbital n spin nuclear spin
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T-odd = Channel-spin Interference
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Forward Scattering Amplitude I
polarized neutron polarized target
no fake T-violation
o 13975, 131Xe, 117Sn, 81 Br, . ..

fO)=»f=A+Bo-I1+Co-k+Do-(Ixk)

ﬁ ?
Spin Independent Spin Dependent P-violation T-violation
P-even T-even P-even T-even P-odd T-even P-odd T-odd

kx

Y
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Forward Scattering Amplitude I

polarized neutron polarized target
no fake T-violation

\ 4

o 1397 5 131X 117Gy 81By, . |

q ?
Spin Independent Spin Dependent P-violation T-violation
P-even T-even P-even T-even P-odd T-even P-odd T-odd
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P-odd T-even P-even T-even PEGOREC N e— s P-even T-even

P-odd T-odd P-even T-odd
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polarized neutron polarized target
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T-violation in Compound Nuclear States

A’ dony

P-even T-even dQ (E )

O (oo k) (1, ) (n, ) (1, 7) 106 enhancement
R C dosy (Ey) in compound nuclear state
P-odd T-even dQ

B, (an’j)

P-even T-
'’ b x 1) 105 enhancement
n '’ n X F
i" ( in compound nuclear state
P-odd T-odd
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T-violation in Compound Nuclear States

A, do A0ny
i, (En)

P-even T-even

polarized neutron

O (oo k) (1, ) (n, ) (1, 7) 106 enhancement
an : d“rw(E) in compound nuclear state

d€2,

polarized target

B, (O j)

P-even T-even

Iy L 106 enhancement
on - (kn X I) in compound nuclear state
P-oddT-odd
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Propagation of CP-violation beyond the Standard Model into Low Energy Observables

A Pospelov Ritz, Ann. Phys. 318 (2005) 119
Fundamental
“CP phases
TeV—_
Qcp | iy e —
g - ~nNB NOPTREX
2 theory
. ( ) (W) nucleon-nucleon
e N 2
Neutron . (3) nuclear theory, resonance parameters
A EDM (d,) .
nuclear 1 “a
: EDMs of nuclei 1 1'\| nucleon-nucleon
v and ions ‘ KI + 9 Wr I — §>} in nucleus
bl (doetc) .
dn l(4) experiment (n,y) measurement
m (SlWT\p) compound resonances
_ | EDMs of diamagnetic
atomic atoms (Hg, Xe, Ra, Rn)
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Present Sensitivity Estimation in Effective Field Theory
Y.-H.Song et al., Phys. Rev. C83 (2011) 065503  (deuteron case)

T-odd P-odd meson couplings

:

dy ~ 0.14(g® — g(2)y
dp ~ —0.14(g%” — g?)

Vep = @

dspe ~ (—0.0542d,, + 0.868dy,) + 0.C

dq ~ 0. 199(1)

dsys ~ (0.868d, — 0.0552d,) — 0.072 [ (0

( J

oL =01 t0o9 T=17r1—T9 Tg = MgT

T
gr =13.07, g,=224, g,=2.75 g,=2825

1 —X
15 = 31715 —T1 - To Yi(z) = (1 + ;) e
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Present Sensitivity Estimation in Effective Field Theory

nuclear nuclear  nucleon Gudkov, Phys. Rep. 212 (1992) 77
(s|Wr|p) _0 (W) 0 r(too;mihyg. R2ev. Lett. 69 (1992)1163)
(s|W|p) (W) " Fadeev, Phys. Rev. C 100(2019)015504

Y.H.Song et al., Phys. Rev. C83(2011) 065503

g <0.5x 107 «atomic EDM
fL71rf\J3><1(J_7 n+p—>d+-y

v

70 < 25x%x 10710 «—neutron EDM

}

| (W)
(W)

<39x%x10* —estimated discovery potential

2023/07/20 J-PARC PAC “Study of Discrete Symmetri
(H.M.Shimizu) page 40 [




T-violation in Epithermal Neutron Optics

epithermal I
polarized neutron polarized target
kn
1=0.1,(2,... l
o 1397 9 131Xe 1178y 81Br, . .. to be measured D
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Development of Polarized Target

Study of Dynamic Nuclear Polarization RCNP Project, Osaka University

in progress under the support of
Study of Crystal Growth Institute of Material Research, Tohoku University
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Development of Polarized Target La(Nd3+) AlQ3 P.Hautle and M.linuma, Nucl. Instrum. Methods A440 (2000) 638
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NOPTREX

Neutron Optical Parity and Time Reversal EXperiment

139|_a 117Sn 131Xe 115|n 81Br 133CS

106 Enhancement of P-violation in Compound Nuclear States

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 neutron spin control

!

New physics search with enhanced sensitivity to T-violation
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Neutron Optical Parity and Time-Reversal EXperiment

longitudinal asymmetry AL(a1 0)
Parity Violation
statistical treatment WVSD

(ny) aias

Reaction (n,y) 2
Mechanism a9
Channel ny) ags

Boundary
polarized target

B’ (pseudomagnetism)

detector
Devices
beam optics
Time
Reversal

2023/07/20 J-PARC PAC “Study of Discrete Symmetries i
(H.M.Shimizu) page 46 ' &




FY2020

longitudinal asymmetry AL(a10)
Parity Violation
statistical treatment WVSD

NOPTREX

Neutron Optical Parity and Time-Reversal EXperiment

139] g

studied
before us

studied
before us

(ny) aias

. >
Reaction (n,y)
Mechanism a9
Channel ny) ags
Boundary
polarized target
B’ (pseudomagnetism)
detector
Devices
beam optics
Time
Reversal

(H.M.Shimizu)

(B3)

2023/07/20 J-PARC PAC “Study of Discrete Symmetries in Pc

unde d

2 (@

in progress

being prepared

in progress

scussion

131 Xe
studied
before us
studied
before us

in progress

in progress

in progress

in progress

n progress

e

1 17Sn
studied
before us
studied
before us

in progress

in progress

Pd

in progress

81Br 111,113Cd 115|n
studied
before us

studied
before us




F I 2 0 2 1 Neutron Optical Parity and Time-Reversal EXperiment
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Neutron Optical Parity and Time-Reversal EXperiment

1393 131X e
longitudinal asymmetry AL( a1 0) |bztfl(l)crl:gegs |bztfl:)(::aegs
Parity Violation — ———
statistical treatment WvsD (B before us |before us

(n,y) ai,as [@N 0

in progress

: Py d2 [
Reaction (n,Y) 2
Mechanism
. G E3) in progress
Channel  (ny)
Boundary
polarized target
in progress in progress
B’ (pseudomagnetism) [{%)
in progress in progress
detector (1)) ’
. in progress in progress
Devices Pros Pres
beam optics E
in progress . in progress
Time ﬁ % ﬁ
Reversal

(H.M.Shimizu)

2023/07/20 J-PARC PAC “Study of Discrete Symmetries in F

1 17Sn
studied
before us
studied
before us

in progress

in progress

Pd

in progress

81Br 111,113Cd 115|n
studied
before us

studied
before us




Summary

Some p-wave compound resonances enhance parity-violating effects.
due to dense quantum-mechanical freedom
in closely-located parity-unfavored states

Enhancement of time-reversal-breaking effects is expected.
(equivalent to CP-violating effects under the CPT-theorem)

Further study of P-enhancement mechanism and
device development for T-violation are in progress.
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Neutron Optical Parity and Time Reversal EXperiment
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KEK-BSF PEN Nuclear Physics AS82 (1993) 293-305

North-Holland
3kW spallation source

polarized proton filter 150G solenoid

50G solenoid
plastic scintillator Permalloy
Fe

boric acid resin

In foil Pb o
| B loaded liquid
| scintiliator
D fargat
spallation
': i E 94C BaF, crystal !.
O'm 4.5m 5.'2m 6.ém 94m

Fig. 1. Experimental arrangement of the beam line is schematically shown with the BaF, y-ray counter
used for the measurement of A, in a large solid angle and a, .(8). The BaF, crystals are arranged to
detect capture y-rays at 8 = 55° 90° and 125°. The crystals cover 85% of 4 steradians in total.
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