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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

Energy Fundamental
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CP-violation in Low Energy Phenomena

] gluon

self-couplings

EDM (d,)

Neutron

dn~1.1xe(0.5duc+dqc)+1.4 X (-0.25dy+dq)

valence quark contribution

|dn|<2.9x10-26 e cm § SM: |de|~10-32 e cm
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atomic (YbF, PbO, HfF*) atoms (Hg,Xe,Ra,Rn)
Atoms in traps (TI,Rb,Cs)

dri~-585de-e 43GeV X (Cs(0-0.2Cs()

relativistic effect

dn|<9% 1025 e cm
S [ 10 e o
E |de|<1.7x 1027 e cm

constituent particle EDMs

[E—
pion exchange

dug~7 % 10-3%x e(0.5d,c+dqc)
via pion-nucleon interaction
|dHg|<3.1X102 e cm

Pospelov Ritz, Ann Phys 318 (05) 119
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T-violation in Neutron Optics
KEK-2015512 “Applications of Pulsed Polarized Epithermal Neutrons” ====
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o
polarized neutron  polarized target
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Spin Independent  Spin Dependent P-violation
P-even T-even P-even T-even P-odd T-even P-odd T-odd
final-state-interaction free
enhanced sensitivity to T-violation in compound states
toward new physics beyond the standard model via CP-violation
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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

longitudinal asymmetry
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s-wave resonance
p-wave resonance
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compound state entrance channel
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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
compound state
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Dynamical Enhancement
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Universality Check
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Universality Check
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compound nuclear spin orbital  nspin huclear spin
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T-odd = Channel-spin Interference

entrance channel

compound state
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CP-violation in Low Energy Phenomena
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Energy Fundamental
A OR phases

TeV_— / l
T (Eall (e
4 "\ \

Muon EDM < \

\
C . \
\ \ \ N@&utron

—— N

(1 ) theory
dyyw

J gluon
self-couplings

nuclear eN Coupllngs\ \\\ ‘ (dn)
AN AR EDMs of nuclei
N S and ions
AFGERRN (deuteron, etc)
Y Y N \\ 2 th
NN
EDMs of paramagnetic A ¢ eory
-1 molecules EDMs of diamagnetic
atomic (YbF, PbO, HfF*) atoms (Hg,Xe,Ra,Rn) V.P.Gudkov
Atoms in traps (TI,Rb,Cs)
Pospelov Ritz, A s 318 (05) 119

nuclear theory  (WT)
resonance parameters

compound sta I+ 1
(n,Y) measurement M) q-<

in progress experiment <S I W T ‘ p)
Title(Study of Discrete Sym
Conf(SPIN2016)
Date(2016/09/26-30) At(Ch




(1), (2) Estimation in Effective Field Theory
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(4) Details of Entrance Channel
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T-violation in Neutron Optics

f=A'+Bo-I1+Co -k+
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fake T-odd negligible
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T-violation in Neutron Optics
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Analyzing Power and Polarization Polarization Transfer Coefficient

A, — P, = 8ImC*D Ky_"—K?iy = 4ImC*D

y 4 y D
Y T U H 1
A,— P, = B8ImD*B K;?—-K?, = 4lmD*B
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Order Estimation of T-violation Sensitivity

Gudkov, Phys. Rep. 212 (1992) 77

T-violating matrix element

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

Gudkov, Phys. Rep. 212 (1992) 77

T-violating matrix element

T-violation angular P-violation

momentum

we choose target nuclei
factor

with known Acp

P-violating matrix element
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Order Estimation of T-violation Sensitivity

Gudkov, Phys. Rep. 212 (1992) 77

T-violating matrix element

T-violation angular P-violation

momentum we choose target nuclei

(n,Y) measurement ractor with known A
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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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Parity-violating Asymmetry of Compound Resonances




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? 1
method of pol. OP
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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(x20cm)
0=4.4x105sr 3He (100 atm cm)  natXe (9000 atm cm)

detector
® s g »

r=0.1eV P.=0.7 T.=0.4 Pxe=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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compound states
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K(J) for 133La(n,y)140La(F=3)

1=7/2, J=4 (1%La)
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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 92A
isotopic abn © O X JAN ©

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

Title(Study of Discrete Symmetry
Conf(SPIN2016)
Date(2016/09/26-30) At(Champa



Choice of Target Nuclel

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

low E; [eV] @) © O O /\
small nonzerol 72 A 320 120 320 92A
isotopic abn © O X JAN ©

large |k(J)] O? ? ? O? 7
method of pol. ~ DNP TISII!IOIIDQ’} — oP —
La(Nd)A|O3 Br - Br

Br Br

Title(Study of Discrete Symmetry
Conf(SPIN2016)
Date(2016/09/26-30) At(Champai
page 93 it




Choice of Target Nuclel

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

low E; [eV] @) © O O /\
small nonzerol 72 A 320 120 320 92A
isotopic abn © O X JAN ©

large |k(J)] O? ? ? O? 7
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Key-technique: Polarized Target
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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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