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Discrete Symmetries in Quantum Field Theory
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CP-phase in CKM-matrix is not sufficient to explain the baryon asymmetry
New physics related to additional CP-phase is strongly desired.
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CP-violation in Low Energy Phenomena
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CP-violation in Low Energy Phenomena
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T-violation in Neutron Optics
KEK-2015512 “Applications of Pulsed Polarized Epithermal Neutrons”

I

o
polarized neutron  polarized target

f=A'+Bo-I1+C'o-kHDo-

P-violation T-violation
P-odd T-even P-odd T-odd

Spin Independent Spin Dependent
P-even T-even P-even T-even
final-state-interaction free
enhanced sensitivity to T-violation in compound states
toward new physics beyond the standard model via CP-violation

x k

enabled by short-pulse spallation neutron sources
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Compound States
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Projectile-Helicity Dependent Asymmetry (AL)
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Enhanced P-violation in Compound States
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S-wave resonance
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Enhancement of P-violation
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Enhancement of P-violation
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Dynamical Enhancement

entrance channel
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Dynamical Enhancement
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Universality Check
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Universality Check

232Th
1395 . T
10 _ 108pd
) 2%2Th 113Cd ¢
131 ® 238 432Th oy
Xe wipg 22U ;}
¥ @
> I 232Th
“E’ s1Br likelihood analy3|s on X
3 -
N
S O { 115|n §
53;1 |W|~1meV
S o 15]n -
E i 7 13Cd # ‘ll‘l__ ’ !F
> 117§ : NE |
2 ! 1 | .
NS .
1339; Tllel ‘I
L \
© 1 -
0.1 il 13 ||..

1 10 100 1000

En [eV] Mitchell, Phys. Rep. 354 (2001) 157

Title(Discrete Symmetry Tests in
Conf(Workshop on Discrete Symm
Date(2017/06/10-11) At(Krakow)




compound nuclear spin orbital  nspin nuclear spin

J=0+s+1
| |
n entrance spin j S channel spin

((Z)S,0)7) = Y (I, (sD)F)T|((Is)S. )T} |1, (s0)3)J)

J

- s o ‘ { { _

:Z(_l)ll-lf J\/(Z]—{—l)(ZS-Fl){ 7 ;, j }l(I(Sl)])J)
j
oo JTRG=1/2)  _ [tRG=3/2) _ Jrhs=1-%) _ [TR(S=1+})
B T A T T v TV
_fe G=12) L _fws (S=I-1/2) N~ ireies jmii i s
5=y s s={ae Gorry =L CVTISVenEst{ | 5 4 ls
3

Conf(Workshop on Discrete Symmetries
Date(2017/06/10-11) At(Krakow)



T-odd = Channel-spin Interference

entrance channel

compound state

]_"131 S-wave
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P-violation

enhancement~106
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CP-violation in Low Energy Phenomena
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Energy Fundamental
A ©PR phases
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(4) Details of Entrance Channel
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Flambaum, Nucl. Phys. A435 (1985) 352
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compound states
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K(J) for 139La(n,y)140La(F=3)
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T-violation in Neutron Optics

f=A'+Bo-I1+Co -k+

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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Order Estimation of T-violation Sensitivity
f=A'+Bo-I1+Co -k+
i Indepen:rl; S-plmpendent P-violation T-violation
pP-even T-even P-even T-even P-odd T-odd GUdkOV, Phys. Rep. 212 (1 992 ) 27

T-violating matrix element

T-violation angular P-violation
momentum
factor
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Order Estimation of T-violation Sensitivity

f=A'+Bo-I+Co k+

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

T-violating matrix element

Gudkov, Phys. Rep. 212 (1992) 77

T-violation angular P-violation
momentum

( 5Y) measurement factor

w(7=11 L V2T +1(2V1x — /21 + 3y)

2;(@1;)15; e een p-violating matrix element

o 2V + 1z + 21 — 1y
V2 T+ 1)(2I —1) ) (I +3)vV2I — 1z + (41 =3I + 1y
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Estimation of Discovery Potential

2 ,
T gcrp

() ap

and neglecting isovector and isotensor

dn,

.. ~ |dp| < 2.9 x 107%° [e cm] (90%C.L.)

then a discovery potential is at the level of

|A0?'1"~A| < 2.5 x 107%[b] x x(J)

I present upper limit ~ 1

T-odd term to be measured
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Candidate Resonances for the T-violation Experiment
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Candidate Target Nuclei

1399 81Br 17Sn  131Xe 15|
large Aop @) O © © ©

low E; [eV] @) @) O O A\
small nonzerol 72/ 320 120 320 92A
isotopic abn © O X JAN ©
large |k(J)| ? ? ? O? 7
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Candidate Target Nuclei

1399 81Br 17Sn  131Xe 15|
large Aop @) O © © ©

low E; [eV] © © O O JAN
smallnonzerol 72/ 320 120 320 92A

isotopic abn © O X JAN ©

large |k(J)| ? ? ? O? ?
method of pol. OP
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Choice of Target Nuclel

1399 81Br 17Sn  131Xe 15|
large Aop @) O © © ©

low E; [eV] @) © O O /\
small nonzerol 72 A 320 120 320 9I2A
isotopic abn © O X JAN ©

large |k(J)] O? ? ? O? 7
method of pol. DNP — — OP —
La(Nd)AIO3
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Choice of Target Nuclel

1399 81Br 17Sn  131Xe 15|
large Aop @) O © © ©

low E; [eV] @) © O O /\
small nonzerol 72 A 320 120 320 9I2A
isotopic abn © O X JAN ©

large |k(J)| O? ? ? O? ?
method of pol.  DNP TISII!IOIIDQ’} — oP —

La(Nd)AIO ,B' Br ,
T =0
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Choice of Target Nuclel

1399 81Br 17Sn  131Xe 15|
large Aop @) O © © ©

low E; [eV] @) © O O /\
small nonzerol 72 A 320 120 320 9I2A
isotopic abn © O X JAN ©

large [k(J)] O? ? o? O? ?
Triplet  __ -
method of pol.  DNP _DNP? OP

La(Nd)AIO ,B' Br ,
T =0
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Choice of Target Nuclel

1399 81Br 17Sn  131Xe 15|
large Aop @) O © © ©

low E; [eV] @) © O O /\
small nonzerol 72 A 320 120 320 9I2A
isotopic abn © O X JAN ©

large [k(J)] O? ? o? O? ?
Triplet  __ -
method of pol.  DNP _DNP? OP
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T-violation in Neutron Optics

f=A'+Bo-I1+Co -k+

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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T-violation in Neutron Optics

f=A'+Bo-I1+Co -k+

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

fake T-odd negligible
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T-violation in Neutron Optics

f=A'+Bo-I+Co k+

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

Us = 6U;

27 P
J2

-~ -~
0o=A+Bo-I+Co-k
CEET
Spin Independent Spin Dependent P-violation
P-even T-even P-even T-even P-odd T-even
2 /
A =" cosh

2
P,

§ = e'zi('n. 1kz n=1-

Do -

T-violation
P-odd T-odd

7 —
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Analyzing Power and Polarization Polarization Transfer Coefficient

A4Re A* D

=
+
"
[
0.0
e
@D
>
S
¢
I
=
g
[

= 8SImC*D K, % — = AImC*D
—P~ = 8ImD*B K; —K?, = 4ImD*B
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Analyzing Power and Polarization Polarization Transfer Coefficient

" = S8ImC*D K, Ky = 4ImC*D
LO—& 14:0—& G—»—»
A, — P, = B8IlmD"B K;?—-K?, = 4ImD*B
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Experimental Possibility

A crude estimation with promising technologies ...
epithermal source  spin polarizer polarized target  spin analyzer

J'PARC/MLF BL07 4cmx4cm(x200m)
Q=4.4x105sr 3He (100 atm cm)  natXe (9000 atm cm)

detector
® 5 i »

r=0.1eV P,=0.7 T=0.4 Pye=0.25
Bps=0.019T
>

<

15m
discovery potential ~ 5 day statistics (to be improved and refined)

Systematics can be examined in the observation of the spin behavior

as a function of time-of-flight.
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Summary

Short-pulse spallation neutron sources have become operational.

!

Details of the entrance channel to neutron-induced
compound states with large P-violation is in progress.

Z

New discovery potential of new physics beyond the
standard model is introduced at the sensitivity level
competitive with nEDM.

Key-technique: Polarized Target
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NOPTREX Collaboration J (Neutron OPtics for Time Reversal EXperiment)

Nagoya University Indiana University
H.M.Shimizu, M.Kitaguchi, K.Hirota, W.M.Snow, J.Curole
T.Okudaira, N.Oi, C.C.Haddock, _ .
T.Yamamoto, T.Morishima, G.Ichikawa, Univ. South Carolina
Y.Kiyanagi V.Gudkov

Kyushu University

T.Yoshioka, S.Takada, J.Koga Oak Ridge National Lab.

JAEA J.D.Bowman, S.Penttila, X.Tong
K.Sakai, A.Kimura, H.Harada Kentucky Univ.

Univ. British Columbia B.Plaster, D.Schaper
T.Momose

Yamagata Univ. Paul Scherrer Institut

T.Ilwata, Y.Miyachi P.Hautle
Osaka University Southern lllinois University
H.Kohri
Hiroshima University _ B.M..Goo.dson
M.linuma Univ. California Berkeley
RIKEN ;
N.Yamanaka, Y.Yamagata A.S.Tremsin
KEK
T.Ino, S.Ishimoto, K.Taketani, K.Mishima
Kyoto Univ.
M.Hino
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