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Discrete Symmetries in Quantum Field Theory
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CP #1 T #1

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

] gluon

self-couplings

EDM (d,)

Neutron

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

valence quark contribution
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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
f=A'"+Bo-I1+C'o- k

Do -
—
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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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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compound state
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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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compound state
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Universality Check

entrance channel
compound state
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Universality Check
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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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(1), (2) Estimation in Effective Field Theory

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

T-odd P-odd meson couplings
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(1), (2) Estimation in Effective Field Theory
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(4) Details of Entrance Channel
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Flambaum, Nucl. Phys. A435 (1985) 352

(4) Details of Entrance Channel
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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

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

— e'i(n—l)k'z n=1- 2]:'2,0
0=A+Bo-I+Co-kHDo- (I Xk fake T-odd negligible
Spin Independent  Spin Dependent T-violation
P-even T-even P-even T-even P-odd T-even P-odd T-odd
oy at »sin b
A = QZZA cos b B = ZCZZA b — 7B
2T rsin b
z="2"P, C =ietZA 270"
k b
'LZA’ SlIl b

b=Z(B?+C?+D?*)'? D=ie?="zD R

validity of this description can be checked via the consistency among A, B, C
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Analyzing Power and Polarization Polarization Transfer Coefficient

= S8ImC*D K,V — (Y, = 4ImC*D
LO—& 14:0—& G—»—»

.— P, = 8ImD*B K *—K:?, = 4ImD*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

(n,y) measurement ractor with known A

P-violating matrix element
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Estimation of Discovery Potential

w - 7 —26
If —~=— e |dy| ~|dn]| <2.9%x107°° [ecm] (90%C.L.)

v gp

and neglecting isovector and isotensor

then a discovery potential is at the level of

|A0Zf~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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Choice of Target Nuclel

1399 81Br 17Sn  131Xe 15|
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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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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.

= next talk by Takuya OKUDAIRA

= poster by Shusuke TAKADA

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

= R&D in progress: poster by Katsuya HIROTA
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