Particle Physics beyond the Energy Frontier
via Nuclear Physics

B IR R FRREE AIn X AR F IR E

Hirohiko M. SHIMIZU

Department of Physics, Nagoya University

hirohiko.shimizu@nagoya-u.jp

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu



mailto:hirohiko.shimizu@nagoya-u.jp

L B #F
BV IR (mmL— | PR AE

:
I physics | [RIE mathematics |Z3IE

ﬁ induction \§ / principf;( — / axiom \

g8 [ 4R || @& AR MEEE MBEEE S TE| | TE
RR || AR 17 BHR || BR MITEER WIEER MIEsER| | B | | B
phenomenon phem phenomenon|_phenomenon physics law || physics law || physics law theorem| |theorem

pd T~ _ MR I S
I IR ] R~ EHiE || WS = =
BRR HR RER Jg |ldeduction™ LA Bl gl

phenomenon| |phenomenon |y phenomenon|_|phenomenon prediction| - prediction.~ prediction

\“\

PR
R

phenomenon

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu




MR =
BV IR (mmL— | PR AE

:
I physics | [RIE mathematics |Z3IE

ﬁ induction |~ ; § / principl;( — / axiom \

g8 [ 4R || @& AR MEEE MBEEE S TE| | TE
RR || AR 17 BHR || BR MITEER WIEER MIEsER| | B | | B
phenomenon phem phenomenon|_phenomenon physics law || physics law || physics law theorem| |theorem

pd T~ _ MR I S
I IR ] R~ EHiE || WS = =
BRR HR RER Jg |ldeduction™ L) Bl gl

prediction prediction

phenomenon| |phenomenon | phenomenon|_|phenomenon prediction
‘
N :
T physfcs law || physics law theorem| [theorem
SRS EVpERES

*a | | P 2T

prediction prediction prediction :
new physics

IR
R

phenomenon

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu




Introduction of Neutron Fundamental Physics in Japan
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T-violation in compound nuclei

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

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

& ~ P-violation is 106 times enhanced.

Target candidate search

Determlne enhancement faCtor ~1 06 139La T. Okudaira et. al. , Phys. Rev. C. 97 034622 (2018)

also for T-violation in 139La T. Yamamoto ef al. Phys. Rev. C. 101, 064624 (2020)
T. Okudaira er. al. , Phys. Rev. C. 104,014601(2021)

M. Okuizumi et al. Phys. Rev. C. accepted (2025)
— T 117G J-Koga et. al., Phys. Rev. C. 105, 05461 (2022)
AO.T = K (J ) AO-P S.Endo et al., Phys. Rev. C.106 064601 (2022)
131X @ T.Okudaira et al. Phys. Rev. C 107, 054602 (2023)
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R&D for T-violation search e

Many correlation terms of (n, y) 'tl - za,\F g 7‘[‘ | \l | \l

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

795nm L—%¥—%

3He spin filter for eV neutrons is o 1 , 1
available now! P~80% at 0.75eV w2 {“—"*ﬂ"“ Hr g on taxk)tay (“‘“ ) _5) ¥ }
'd ™
In-situ system is also available.
y 1 b B g
. . . DNP snc naI enhancement ______ e detector
Target nuclei polarization 71 %k " -polarimeter
» @
iw available now!
Dynamic nuclear polarization N _ . Pol. neutron Pol. target )
. H
for 139La with LaAlOs crystal ™ LA JL 11 /\ /\ T. Yamamoto et. al., Phys. Rev. C101, 064624 (2020)
PL.—31.9% ] T. Okudaira et. al., Nucl. Instr. Meth. A977, 164301 (2020)
e K. Ishizaki, et.al., Nucl. Instr. and Meth. A1020, 165845 (2021)
H ' \/i . K. Ishizaki, et.al., Rev. Sci. Instrum. 95, 063301 (2024)
DemonStratlon Of T V|0|at|0n SearCh S. Endo et. al. Eur. Phys. J. A 60:166 (2024)

Asymmetry of absorption
was observed.

> 0.006 F ++T
§_ 0.005 |- ++‘++
g 0 0.75eV resonance b
> 0004 Np—N, F &
E A=V IN 4+ 68mK
5 0.003 | pToA s % (PLa=4.3%) | Sl
§ 0.002 |- . ”.43” }
3 oom| PRI H% @oﬁ 0@ "o,
g <> Su by i . . . .
£ oWW byt gy 7 8 ¢ i le This asymmetry can be foA4+Bo-I+Co-k+Do-(Ixk
1 K (PL.=0. 3%) translated into an upper
—0.0010 0‘5 — ll 15 2 2‘5‘ — ’3 limit on CP violation. R. Nakabe et al., Phys. Rev. C. L041602 (2024)
Time of flight (ms) Same order of nNEDM with 10-19 e cm  (~ first nEDM limit)
T. Okudaira et al., Phys. Rev. C., 109, 044606 (2024) R. Nakabe, PhD thesis (2024)
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Unknown force search

New limit for Yukawa-type
intermediate force
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New interferometer with high precision
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C. C. Haddock, et al., Phys. Rev. D97, 062002 (2018)
B. Heacock et. al., Science 373 6560 (2021)

Phase-shift ~ 3:f ¥

was observed
due to refractive
index of sample

Out
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Time of flight (ms)

Precision measurements of neutron-nuclear
scattering lengths were demonstrated.

T. Fujiie, et al., PRL 132, 023402 (2024)
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d Neutron EDM using high-flux UCNs Neutron Lifetime
1
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T reversal Permanent EDM signals | Big Bang Nucleosynthesis
<> Time-reversal violation. Decay to dark channel?
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P :888.0 +2.0
roton trap t 5 pu|sed neutl’OnS

TUCAN Source & nEDM Spectrometer .
|He cryostat, LD: cryostat| - ¢
TRIUMF
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Neutron lifetime[s]
[+ [+
© ©
a =]
\

|Y. Fuwa etal., "é'rXiv:2412.19519v1
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. i
880* .
| R R #- oxoxooxoxvxo&%x%x?o ‘;rc‘) o@xo_’y
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Drift cage and MWPC SFC in lead shield

S. Ahmed, et.al.,
Phys. Rev. C 99, 025503 (2019)

J-PARC BL05 NOP J-PARC BL0O5 NOP
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B, B-L nonconservation

B-L Triangle

Proton Decay
(AB=-1, AL=-1/ A(B-L)=-0)

p—ela? QQQAL

nnbar oscillation: spontaneous transition from neutron to antineutron by R.N.Mohapatra
A(B-L) = —2 I e
@ = < S % sphalcron Xm,
L— '{Tﬂ{(f’ . . 1 C oy . Al‘/va—\
o [ n ] » { My O ] .zl = V2 (rej = [} , \ q
il ST dmomy, My = im L oin QQQQQQ n <« 7 Y —T LL

2
. 5 Om t Z
P, .z =s8n" —t>~ | — Tnd = T
h Tni .

D.G.Phillip Il et al.,
planned at ESS

(European Neutron Source)

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

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

2-3 order improvement

v

10
K.S.Babu et al., Phys. Rev. D87(2013)115019

neutromn source
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Neutron-Antineutron Oscillation
(AB=-2, AL=0/ A(B-L)=-2)

Phys. Rep. 612 (2016) 1

2 ~ 10msr

FOM = {NT?)
T:flight time

acceptance with reflector

Neutrinoless Double Beta Decay
(AB=0, AL=2 / A(B-L)=-2)
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Neutron Optics
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Neutrons conversions among kinematic variables and an example of energy range names

1eV
9 6 v 3 - -
temperature 1 ‘| 1.0 1 1 1 0 1 1 0 1 1 1 00 1 1 1.0 3 1 1 1 .0 6 1
(K) 1 | 1 1 1 1 i 1 1 ’ 1 1 | 1 1 | 1
kinetic 106 103 100 103 106 109
energy i | i i i i i i i i i i i i :
(eV) MeV keV eV meV peV neV
oty 107 106 105 104 105 102 . 10" 100 1O
(m/S) T T 4 T T i i : i
wavelength 1 9-14 1 I0-13 1 .0-1 2 1I0-1 1 1 9-10 1 .0-9 1 l0-8 1 9-7 1 9-6 1 9-5
(m) ) ' I 1 ! | 1 f | 1
pm A nm Hm
wave 1014 1013 1012 101 1010 100 108 107 106
number 1 i 1 = i i 4 i i
(m) 100 nrp-1 10 pm-‘ 1 nm-1 0.1: nm'  0.01 nm? 0.001 nm
10 A 1 A1 0.1 A1 0.01 A' 0.001 A* 0.0001 A
EEA RIS i 2 I SR S | BES
far-epithermal” : = mid-epithermal near-epithermal i B . Weakly-very-cold * “mid-very-cold” stfongly-very-cdld
fast epithermal ““thermai  cold very cold ultracold
= #:5 2 B8 )] 85
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7R E) 1 109 106 103 100 108 105
(< 1 1 1 | |
TEiE- 108 103 100 10 109 10
V) —f— — —p —t
Mgv keV eV meV peV neV
oty 107 106 105 10  10° 102 | 10t  10° 10
EE : : 1 : : " : : :
(m/s)
ws 101 1018 1012 107" 1070 109 108 107 106 103
m) } } i } 4 } } 4 } "
pm A nm pm
" 1014 101 1012 19{1 1010 10° 100 107 106
(m) ' ' ' 100 :1m' 10||'1m-I 1 nm 0.1f'nm-1 0.01nm*' 0,001 nmt
Ve 10 A 1A 0.1A"  0.01A" 0.001A" 0.0001 A"
o o o o o o \)Ep?:z:al M ::E"?mit >< nefef?hfrt\al PP \;..f:iﬁ {:::fff ;a,ﬁt%: »
O0000O0 fast epithermal ““thermal ~ cold very cold ultracold
) 000000 = aa 5 B b
@ » 000000
000000
000000
000000

Ryl

72w I R4 |
@ /

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu




R ED

v e
! -
v e
= J
v e
¥ e
¥ e
' -
v e
v e ‘
o ;
A R A S A
- ‘O" ‘v'-‘°.
Vo o bt o
' C 00 9 o e O rmn
0.'-“"00'& ‘
e @ "‘.:.‘ L
‘.’.05“.‘~"0‘~&
' - @ "Q‘&Q-g“"&
P Al N Mo B D
o a¥%Y% PV SO e
&“OO‘.J“*..';“,.‘
& 0~~.~.,.". (3
Voo O..‘.“..‘ [ T ‘.0‘ '
ooy o 0. B K=l
',"."""Osvs
“.,‘O‘v-i
[

2026/03/04 Seminar@CSNS, Don
H.M.Shimizu I &



NOP collaboration

Crude Sketch of the History of (900 —
Neutron Optics and Physics in Japan () «ur |neutron interferometry

neutron optics and detectors” “NOP: systematic research of neutron optics and detectors

NOP: systematic research of neutron optics and detectors

) Jaentikra [DNP-proton spin filter

) «expse | PEN, SEOP-3He spin filter

() rik [neutron refractive optics

NOP: systematic research of neutron optics and detectors” “NOP: systematic researc

) 2000s :
RIKEN, KUR, JAEA, NOP: Neutron OPtics
on Accelerator Researc| ompiex -PARC: Japan Proton Accelerator Researc omplex RC: Japan Proton Accelerator Researc ompiex -PARC: apancce erato?ergtégrégpgﬁs omplex RC: Japan Proton Accelerator
Neutron New Force Pulsed Ultra High
Lifetime Search Interferometry UCN  Definition Imager NOPTREX o005-  |neutron guides
) o ) ) J-PARC MLF |focusing optics
ATn Imaging detectors
10s Xe compact
pulsed neutron ® ol 2009 |accelerator-
interferometer ; KEK |driven neutron
5 BL05 NOP JAAWS
S sources
1s nano scattering 2010 1 YCANS
with particle ¢ length TUCAN Intl.
magnetic Janan| JCANS
field “dark” search P
: : : . : : v . HUNS, KUANS,
; lllllllllllllll ;l llllllllllll ; lllllllllllllllllllll FEEEEEEEEEEESR ; llllllll; llllll %l llllll : llllllllllllllllllllllllllll RANS, NUANS,
scattering lengths — hR 230 S— TITANS, ..
7’ 39 9 9 ew researc eactor at Fukuli
gf:':g?all rglaartli(vits)?amh = symmetry violation, number non conservation,
leosynthesis, nuclear data for physics, ...
RC IV nd Target Station J-PARC N nd Target Station J-PARC N nd Target Station J-PARC N nd Target Station J-PARC N nd Target oyn EVSIS L.|c t |o ' ¥§IC§ nd Target Station J-PARC N
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T-violation
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T - 6i(k-r—wt)x N 6z'(—k:-'r—l—cut)XT

T-violation ———=—— T-odd observables

CP-violation via CPT-theorem changing sign under T
electric D-coefficient
dipole in neutron y-ray angular ternary fission ternary fission forward scattering
moment B_decay dIStI‘IbUtlon
' I
Y . EM 40 T i
. t /kei, (% k., [ Strong
@k é
We k kn n
ke Strong Weak
dn On - (kP X kC) Oy (k" X kW) On - (k/h X k/lz) kn - (k/l1 X k/lz) On - (k‘n X I)

final state interaction (T-odd T-symmetric)
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T - 6i(k-r—wt)x N 6z'(—k:-'r—l—cut)XT

T-violation - - T-odd observables
CP-violation via CPT-theorem changing sign under T
electric
dipole forward scattering
moment
b R o 1
, t'Strong
| . Weak
ey s¢
d, oy - (kn x I)
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electric
dipole forward scattering

moment
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A
Fundamental
“CP phases
TeV—_ \
ocr ] ‘ 8, dqy,dy, w J
TUCAN NOPTREX (y-parc Po9)
y 8NN
electric b
dipole LS E'\l[?l\liltzgg forward scattering
moment nuclear RN~ z
* 1 | EDMs of nuclei
and ions
b ". i (dD! etc')
. [ ~ (da F di) — 0-20flf5, + dy) + Go{ 02505 dg)]
d, i ‘ D o) W
— || EDMs of diamagnetic Cloy, - k c W
dn — _(15 :t 07) X 10 166QCD atomic atoms (Hg! Xe, Ra! Rn) ; "
dy ~ 1.1c(0.5d° + dS) + 1.4 x (—0.25dy + dg) dr) ~ —585d. — e43GeV x (CF — 0.2¢{")
a VT 53 % 104 |Boeo]
W~ Rer
W

~ |=1.0(dy + da) + 24(dy — dg)| x 10** cm ™!

W
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TUCAN NOPTREX (J-parc P99)

electric dipole moment forward scattering
dn = —(15£0.7) x 10~ "%6qop o 5.3 10 gco]
dn ~ 1.1c(0.5d° + d§) + 1.4 x (—0.25d, + dqg) -

Wr

~ |=1.0(dy + dq) + 24(dy — dq)| x 10*° cmn ™!

. . Theory |4
Experimental limit A
expectation
10 19 l L l L l L l L l L l L l A l L l A l L l l
5 = RN Havar S 2
20 %r O  MIT, BNL 1.5.Towner and A.C.Hayes, Phys. Rev. C49, 2391 (1994)
10 ‘o@ A LNPI M. Pospelov, Phys. Lett. B530, 123 (2002)
(7 _4
EINCY ol i I - 13915 target materialz LaAlO3
10'22 Qz n2EDM @:)Sl (wal) } Senslllvlty : N
o () 8 - 103

1 0-23 O 7] 1 0_5 force(dl conversion
Py = via g®® comparison one r-loop contrubution to
g v . I > -n _III-llI--I:III_II L II:II.IIIIII-I-.:III-IIIIII lllllllllllllllllllllllllllllllllllllllllllll

A = > - H h
= A 5T 2 0 Q 1 0-4

O 25 3= © i ) taneous CP- _ ger

10 ViAy a psiz E [P R o sonarion e S

10-26 Current limit d | § 2 ;llllllllll.f!llllllll I:lllllllIl dn:10_270.clu W

10” ‘ i

TUCAN goal 5 ,

102 § 107~ : . :
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Parity Violation in Compound States
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P-violation in Nuclear Interaction

ST WK
strong weak
interaction interaction
p 979 k—-k even odd

o-k— —0oc-k \ l A

nucleon-nucleon cross section o0 = o + AU(O‘ - k)

o k
—g—r—Q)— 09— Ao 90

o-k=-1
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P-violation in Compound State

4 La-139
10 | gl llllll' | B | llll”l LI lllllll LI lllllll LI lllllll LI lllllll LI llllll' LI llllllltOtlall llllll'
-------- 'elalstic:.
. O B s
On kn
10°
8:1/2 l=0,1,(2..,) . ‘-llllllllll..‘
= 10 P . total cross section
5 : (1=1) = \IF" ~ >
g 10 T
— <] m |
0 =00+ o " s-wave (I=0) = i L
§ 10 "llllllllllll‘ ,ll E ;
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NN
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TR

absorption cross section
(compound nuclei)

ERTTT EETERERT
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Mitchell, Phys. Rep. 354 (2001) 157
Shimizu, Nucl. Phys. A552 (1993) 293

00
107 for NN 1 0-2

1073

1 gg510 100
NN-interaction 10-7 (10-°%)
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compound states

[1] maeeessssss——— 248.2 eV
[0] meeesssssss—— 72 .3 eV
— 1 mp———(.734 €V p-wave resonance
h+139La 0 4 -48.63 eV
A:8071.323keV A:-87235keV g S'Wave resonance
12 712 i orbital l J >
: o
S I compound n,y
n spin nuclear spin nuclear
spin
>
e
° compound orbital nspin target spin
o D bl 162,658k nuclear P get sp
: spin
J=l+s+1
4+ 63.171keV | |
1- 43.812keV .
- 34.6467keV .
e F 2'5 E 29.9640keV .7 n total spin
: final state spin

............ Y e ————— 3- 1.6781d
p-
140La \

A: -84325keV 1 40 Ce
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4 On,y

S-wave resonance
\ p-wave resonance

E. 0 E, >En
@ compound state

A

(A+1)*

time
e

A A

1
VI, vah
E—Ey+il/2V "

n




4 On,y

S-wave resonance
\ p-wave resonance

E, 0 E,

entrance channel compound state exit channel|

1
p-wave amplitude \/\ E—E,+il'y/2
F'Y

parity = —1

1
E— E, +1iT,/2 yrﬂ

s-wave amplitude VT, N VI
parity = +1 \

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu




entrance channel ||| compound state

ﬂ/I

1
E—E,+1il,/2
p-wave amplitude
arity = —1
parity X .
E—E,+il;/2 —~ E—E,+1il}/2
VIe W)
------------------------------------ S-p MiXing Mode | EEEEr B P P P EE e
1 1
E—Ep+irp/2/\E—Es+iFS/2
VT? W

s-wave amplitude

parity = +1 1
E— E,+il'y/2
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1 1
= /I» 114 /T3
Vs SE—Es+ily/2 E—E,+il[,/2V P

1 —
— Fn W 'Y D /f [ 1
Ve p3E—E,+i,/2 E—E, —I—zF Vs VI Viv

1 \
=,/ /T3 ;
V2 PE _ E, +ilp/2 ‘7
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Crude Estimation of P-violation Enhancement

2 2 2 2
17 = |fec + fenc|” = |fecl” + 2Refrc fone + | frnel
X .
\ E—Es+irs/2/\E—E,,+irp/2f('

VA
o\ — 2Refpcfene 2\fPNc| 9
B : frc
‘fPC ‘ | ‘ \/%‘ E— Ep1+ il'y/2 f;ﬁ

7 N

1 1
D /I‘s
117E—Ep+z‘1“p/2WE—ESJrz‘l“s/2 " W I's
— 9 ~ 2 _n

kinematical
enhancement
103

p p
E—E v, 2Vin

dynamical
enhancement

102-103
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Details of Kinematical Enhancement and Entrance Channel Boundary

compound state
A
p-wave Pi=312 Fp%
\/ﬁ -----
P j=1/2 Ios
A\
A
S-wave
VIs ..
¢ : mixing angle of p12 and p3.
v mostly unknown

I‘n
A, = —2 i ncosqb

E,— E;\/ Tz
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Neutron-total-spin representation and Channel-spin representation

compound nuclear spin orbital n spin nuclear spin

J—l S I

n total spin J S channel spin
!((IS)SJ)J>=Z((I,(sl)j)Jl((Is)S,l)ﬂI(I,(sl)j)J> = 1/2 _ TR 3/2 F’é(s:pf—%> _[rhs= I+

s - I S l . T z
=Z(_1)l+ +I+J\/(2]+1)(2S+1){ J S }|(I,(sl)])J) ZJ:{y i ;?;g gsz{yj (g §+i§§§ Zg = Z l+1+g+sx/m{ I J ‘Js}za

S-p mixing < channel-spin mixing

J

P :|lsI) — (=1)|IsI) T : |isI) = (—1)"™>v K |IsI)
[ =0,1 [[X%6 S=1+1/2
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Channel-spin mixing = Kinematical Enhancement of T-violation

et channe
A
p32 ,/I7s
p-wave 2
\/ITp """ V. P. Gudkov. Phys. Rep.,212:77, 1992.
pi2 /T2, I‘}? =Its2 T-violating matrix element
v 2 P-odd T-odd effect ‘ 1 /
------------- P-odd effect
T (. Aot = k(J)—Ac
s-wave 1T — ‘ )‘ / P
= Vo :
Vin P-violating matrix element
S=I—3
Iy
A 4 -
spin factor
(=12 (14 1,/2 =L tan ¢ (J=1-13)
2 I+1 2
k(J) =

(—D)** 5 (1 - E@tanqS) (J =T+ 3)
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Conversion factor of P-violation Enhancement and T-violation Enhancement

10°

139La (1=7/2, J=4)
102 S 131X e (1:3/2’ le) .........................................
- | 17Sn (I=1/2,)=1) |
10 i | W N |
— g
~ L
~— =
< z
107
10—2 é_ ..................
10—3 L " " : " " | " 1 " " L " " : N N | N | N N
0 90 180 270 360
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Measurement of (n,y) Correlation Terms

for the determination of gb mixing angle of p12 and ps;2 partial amplitudes
which leads to the estimation of T-violation enhancement

for the refinement of resonance parameters including negative resonances

for the suggestion of ,/ compound nuclear spin
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Flambaum, Nucl. Phys. A435 (1985) 352

(n,y) spin-angular correlation terms with s- and p-waves

doy, 1 & s 2 7 L.k 1
oz (CLO + a1kn - ky + a20y - (kn X k’)’) + a3 (<kn | k7)2 N _>

aQ, 2
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dowy,  _

o,

(n,y) spin-angular correlation terms with s- and p-waves
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Flambaum, Nucl. Phys. A435 (1985) 352
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Flambaum, Nucl. Phys. A435 (1985) 352

(n,y) spin-angular correlation terms with s- and p-waves

aw = ¥, WP +ZJ S IVe( L)
ar = 2Red, ; Vi(J)Vs (Jpi)P (JJPQJIIF)
On az = —QIHIZJS,JP,]Vl(J)VQ( Tpd)Bi P(JsJp 3 j U F -
—_ . g 'S
ag. = Re}, ;i Va(od)V5 (Jpi) P(JpJ}j5 21 F) @
k 5 >
n < o =
do 1 Lo, 1 = —ImY Va(Jof) Vi (J25" )P (T T ji' 21 H = 2 3B < =
=L = f(ao+ull%n-fc7+a2an~(fcnxicw)+u3 ((kn~k7)2—f) s = M 2g.g.04.50 V2\Ipd) V2 (Wpl p/pJJ c S = = < =4
e, 2 3 - = Py ° = S @
t+ aalon - By (o (o X Foy)) + 50 - Foy) (0 - ) , , L a2 5 e 2 p = 5
) ) ) S as = —Re |3, ;Vi(Jsj)Vi'(Jij")P(JsJi5 5 U F) A = 8 P = o £ ®
+ ag(oy - ky)(on - kn) +ar(oy - ky) <(C"n'k7)(k7'kn)*§an'kn) 9 £ 8 8 E £ ‘©
. ag = —QRGZJS Vl(Js])Vz*(e]p Js %) S 8 d!—, 2 8 g’ ‘E
R ((an.zn)@n.gv)_gan.a) ar = ReY, , Vi(J)Vs (Jp3)P(JJyd 321TF)
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. Toam ag = —2Re |, 5 VilJu)Vs (Jf)P(JJIESLIF) J E 1‘1 Fn :[1’7
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(n,y) spin-angular correlation terms with s- and p-waves

The experiments to determine k(J) is ongoing at ANNRI (Accurate Neutron-
Nucleus Reaction measurement Instrument) beam line in J-PARC

BL04 ANNRI Beam stopper

Ge detectors -

[Ge Detectors @ ANNRI

Disk chopper

Filter Cluster detector

TO Chopper

-
-
-
-
-
-
-
-
-
-
-
“
-

8 Coaxial Detector (side) 8ch

2 Cluster Detector (up-down) 7ch x2 : 14ch
Total 22ch

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu page



Flambaum, Nucl. Phys. A435 (1985) 352

a1: angular distribution without polarization

unpolarized case

do 1 1
2
dQ 2 T ) 3
1 1
__ 2
= — | ap + a; cosbO, + as(cos” 6, — =)
2 3
energy dependent angular distribution < angular-dependent distortion of resonance shape
— ok ao =Y IViJ)I" + ) Va(Jpi)I’
= N J. Js,J
cs.g : s S
= 4F ag i =Me 3 VAUV (o) P(Jup g J1IF)
= B — Jardp
;% 2r 2 1 1
S ok Z (Jpd) Vs (JL7 )V P(JpJL55'2F)3v10¢ 0 & 1
A T 2 j 7
2 F a1 oo L [B Vot a1
— - 2ks V EF F— Es+1ils/2 ‘/2(]:—) — V2 COS¢
O _4E 2
' / gply 3
| P PP BT B | IS BTN PP BT B | 2] " — ) — :
04 05 06 07 08 00 1T Qk F E - E, +zrp/2 Va(y 2) Vs sin ¢
Neutron energy [eV] . : . _ i oAk 11
courtesy of T.Okudaira PUTITRIE) = (1) 3V DRI DEI+1)E) +1){ rJJ }{ FoJg }
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Okudaira, Phys. Rev. C93 (2018) 034622

ai: angular distribution without polarrzatlon

>
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_ . 2
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ai: angular distribution without polarization Okudaira, Phys. Rev. C93 (2018) 034622

S 36deg detector
: e and compared with the s-p mixing model
1 T S e e e e
M lﬁ Nm 0. 388:|:0024-—0295cosq5 —034581n¢
3 e
B NL _ NH ...................................................................................

2%% { E Eﬁ% ~ NL+ Ny Experlmental result Theoretical calculation
1 %ﬁ@ } %MW to restrict the allowed region of the mixing angle

0\\\\\\\\:\\'\\\\\ L
02 04 06 08 1 12 14

Neutron Energy[eV]

angular-dependent asymmetric resonance shape
analyzed as
the angular distribution of low-high asymmetry

02|
I X
s B
<
-02 LF(x)=Ax+B Fit
' A=-0.388:0.024
_0.4B=-0.07520.011
e _ +6.3\0 +5.3\0
05 0 _ 05 ¢ =(99.2723)°,  (161.9773)°.

CcoS 97

2026/03/04 Seminar@CSNS, Dongguan
H.M.Shimizu




Okudaira, Phys. Rev. C93 (2018) 034622

a1: comparison of the cases for J=4 and J=3
Js=J, =4

applicable to determine J
(compound nuclear spin)

Another approach to detemrine compound nuclear spin
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az: left-right asymmetry with transversely polarized neutron "o ™ fen SrEmIes

5161 keV single-y-ray transition

% {) Spin down

? Spin up % y

—_
o
(=)

y-ray yield

o 3
»—o—e;”_g:“o_’_'
ey
—
TR e
— E o
. S
oo
e
=20

|
wn
(=)
T T

Asymmetry
S} ;L (=] — \S}
o 1———
—
4 o
—_——
—O——— |
—_— 00—
——O—
FO
—o

1500 1600 1700 1800 1900 2000 2100
time of flight (us)

---------------------------------------------------------------------------------
ooooooo

— 1 Nup — Ndown  rreeersesessenss® et
P, Nup + Nown Experimental result Theoretical calculation with s-p mixing
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courtesy of Endo

as,a13: y-ray polarization (A=oy-ky)

Neutron energy dependent y-ray polarization polarization

y-ray polarization with y-ray polarization with
polarized neutrons unpolarized neutrons
a6)\(0n : kn) CL13)\
[S: A £ f\
§' 5% l\ — 4 .'g. 6_ /\ — 4
S 4f [\ |—ap=0i6 S °F / \ — 4 =0.16) |
R W R / \ — 4, (6=-095) |..
= / -
3 o S {\\ g 3F /
S i D N m—— S ./
S f ~—~ T S L
| S— — .
—15 B— \MJ/{ § ~—
i O ==
—2§ \/ _15 ‘\j
B4 05 06 07 08 08 1 1 04 05 06 07 08 09 1 _ 1
Neutron energy[eV] Neutron energy[eV]
P-even P-odd
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133 a+n spin-angular correlation terms for F=4

S e |42 | Measured
L= =
- SRS—— T~ i - -
TR Ry — e — P_VI o I atl n g
SQLJL 1as £ 06
é 3 é 3 \J—ML é 3 \JL
] :- — 2 (z»- g \’Zl— ﬁ& " "
i i1 y-ray polarization
PO  S— - S —
Neutron energy [eV] Neutron energy [oV] Neutron energy [eV]
do_nfy 1 - ~ - ~ ~ - 1
. ~ _ f 2
:,E: 6F a7 é 6: as g 6:a9 dQ == 5 ao + alkn . ka/ + a20'n . (kl'l X kﬂy) + a3 (kn M kﬂy) - g
[ SR — _ of E A — L R ) ) A
5_’;: <k s F +  a4(kn - ky)(on - (kn X ky)) +a5(0y - ky)(on - ky)
s I\;)(Ifu\ I'Z)I:l c‘t’x‘i‘rgi':?[?rv‘; " " nlch?l?rn:Hm\:v‘;y D[igV] o " DISNOD\?\J';: (‘r“‘z‘l:"g)'n;i"v o 7 7 7 L. 7. T. 1 I
_ + a6(0y - ky)(on - kn) + a7(oy - ky) <(‘7n ky)(Ky « kn) — 3n k’n)
£ 6F S g 0.;
gd_alo £ b (1’11 2 os (1’12
$ oF § o — 00 g
E'r % i é— gg + CLg(O'a, . ka/) ((O’n . kn)(kn . k,y) — gO’n . k,y)
0:‘ 0:5 N’;‘?Jtlglzl c:)‘lzlg}ollg[cvil l.ll OYIA OIjI\ICL‘l);erI(:;LnCOIngy (E(I)gv] II Lll B 0"4 OgNCzii]'O[I)l%Cll:I:gyoiiV] II ]..I [l = T T 7 1 7.
N B o + a9onky+ a100n - ko +an ((a‘n cky)(ky kn) — s(On- kn))
%Z; — g 2; z :z + alQ(Un En) (’%n ‘ E )_ 1(o-n I:: )
S i &5 v 3 v
D.‘A 05 D‘() 07 08 D,:J 1 l,ll D,IG 05 0.6 D,‘7 08 O,‘Q |I 1 Il D,:l D.IS 0.6 D‘7 O,IX 09 |I 1 .|
Neutron energy [eV] Neutron energy [eV] Neutron energy [eV] -~ -~ -~ -~
+ 130y ky +a1u(oy - ky)(kn - ky)
e aie Tt % P
<0 = x=-0.95 . . . . A 1
K ’—L e +  a15(0y - ky)on - (kn X ky) + a16(oy « ky) <(kn cky)? - g)
5 ® x=-0.15
-1 0;‘ 0,‘5 0'6 0,'7 0,'8 0,:) |I l,l| 0,'4 0:5 0,'6 0,.7 0,‘8 0,‘9 |I l,l|

Neutron energy [eV] Neutron energy [eV] _.l_ a17 (a-‘y . i%')') (’2:1’1 . E'Y) (a’n . (’%n X E‘Y))) ,
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P-violation in Compound State on k

o=0y+ Ao o, - kn) 107 for NN

s=1/2  1=0,1,(2,..)
initial state compound state final state
(entrance channel) (exit channel)
A o % > %
n+ 1397 4 p]/ﬂ 40r s % S @ \ (140La )1// _|_,.rm
" vl-\g% La (J=4) —
] v N ot :
P compound
o @ i I 1 pj=1/2 nuclear spin or;tal n spin n.t;I_ear spin ”’@9\\\& (140L ax)l _1_,!,/
- Y p— —
Vo™ J : + '.ST + | @ - 140
A4 4 " La+ ¥
X
gy j S
3 Ffl n entrance spin channel spin @ @ ISQLa +n
y
entrance channel boundary exit channel boundary
2 ., .2 _ 1n n S22 o n vy Y
cos“p =1 —I‘p;/l"p sin“o =y —l"pg/l“p Fi/P
. La-139
L i, R B BRALL AL B B AL Rl i
2 T
= ielsic % Iyt :
= totalcrossge;c’tl_ng\ 1;
[ —_— — 3
o St~ A
3 e A =20 %0
i s-wave (i=0) 3 oo Op
g 10-1 YssmmnmEnEmE® —é‘ 10-2
5 :
10° ¢ i E
1043 ; : \-‘./ 5. .' '. L WY 4 4
E absorption cross section ' i} ¥ %
10% - {compound nuclel) 1
60 oo vovewd vooomnl vieved v vorund v veond wvvmd fesinnd vl ] i
07 07 0t 100 107 10t 0t 108 a0 10 10 Liik
1eV 1keV 1MeV
neutron energy [eV]
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P-violation in Compound State /‘ on ka @ N 1.0, . Il 10 for NN
s=1/2  1=0,1,(2,..))

(entrance channel) (exit channel)
139 4 pij=32 2 @ 1407 %
n+ La pl/_ﬁ 0L 4*(7—4) U e @ﬁ (HOLa*Y" 4 ™
o Vg WY W, :
S TP x compound h :
& L pj=1/2 nuclear spin  orbital  nspin nuclear spin =N 140L¢x I A
¢ o J=1+s+1 ® . |y
xo \ 4 L j 11 S | @/ 140La +
§ r's n entrance spin channel spin
3 vin @ o 13979 +n
A
entrance channel boundary exit channel boundary
2 ., .2 _ 1n n S22 o n Y ¥
cos“ ¢ =« pr‘i'/l"p sin“ o =y al‘pg/l‘p Fi /P
P-violating matrix element of the compound state level density of compound states
S P-violating matrix element
A F wsp for single particle state
L= E E Fp CoS @ N p
P-violating asymmetry ~400 sSp Isﬁ:‘gallesggﬂll::?ed
states
~3200

estimation assuming the symmetry-violating interaction is sufficiently
small to be treated as a perturbation

Since T-violating effect can be naturally assumed to be sufficiently
small, it can be enhanced by the same mechanism.
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T-violation in Epithermal Neutron Optics

f= At Bow- T4 Coy ot Dow- (b x )

—_— ——
Spin independent||Spin dependent
P-even T-even P-even T-even

P-violation
P-odd T-even

T-violation

P-odd T-odd

epithermal
polarized neutron polarized target
k., o .
5 T-violating matrix element T-violating
1=0,1,( lbein measured nucleon
1397 . 131x,, 117q, 81 to be measured D g coupling
o a, e, 1, I,... _ W constant
Lo T gpeT
measure l ~,y — -
spin factor sasured M/ JP  Ppviolating
P-violating matrix element nucleon
~ coupling
CI/:;: constant
nuclear nuclear nucleon Gudkov, Phys. Rep. 212 (1992) 77 8 AN
effect /v, Koonin, Phys. Rev. Lett. 69 (1992)1163 < 7(2) 3
<8|WT| > Q(” > Qf(:oo:rim_;g.;v (1992)1163) j T \@/%
( |W |p) (W) Fadeev, Phys. Rev. C 100(2019)015504 e Nl
2| &
0) 7(1) 2|4
(Wr) g 2rE
~ gm_ gm_ 5| S
Wy = 0.47 NI + 0. 26 }1 Y.H.Song et al., Phys. Rev. C83(2011) 065503 <
I
2|
7 < 0.5x 10711 «atomic EDM 5’) 8
Al ~3x1077 nip >diy . _7(r0)
. .
10 ' «neutron EDM

g$,°> < 2.5 X

(Wr)
(W)

+estimated discovery potential

<39x%x107¢
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NOPTREX

Neutron Optical Parity and Time Reversal EXperiment

(ROITEIRESE final-state interaction free

yALENENER  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
ULLITZE  in(n,y), spin-spin correlation

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

Step 1: find P-violation
\ T®,
W e . P35
A;l= 2E —&\ T 'cosq’) cos ¢|= FB
_1)2! 1 /2I-1 —J7-1
Step 2: determine ¢ and W () :{ (=0 (143 I+1Imn¢’) (1=1-2)
| Cqy2r+l 1 (41 [20%s 71
or polarized target in (n,v), Spln Spln correlatio (=1) T (1 24/ 252 tan (b) (J=TI+3)
CL1—2( 1J+J+ +I+F J+1(2J +1)
1 1 3
¢’ F ] 7, a Cos‘p‘*ﬁz{ I I . )
882 (I7) FF*‘<F/5 (B—E)(E - B, + "

(E E.) +—=-L) ((E—Ep)Q-i-E:R)

ettt Step 3: measure D’ (T-odd)
D’ W T-violating matrix element

Reliable values of potential parameters, spin assignment,
resonance parameters, are the basis of NOPTREX.

=
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T-violation in Compound Nuclear States

A, dan’r(

— 0 (Ey,)
P-even T-even dQ’Y
O (oo k) (@7 (@07 @7 106 enhancement
o T iy ) in compound nuclear state
P-odd T-even n

dQ,
B, (o'n'f)
?
P-even T-even
o) (k. 1) 106 enhancement

. >< .

i"“ . in compound nuclear state
P-odd T-odd
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T-violation in Compound Nuclear States

A, dam- (
Ey)

P-even T-even

polarized neutron

C’ o ky  DVN@A)ET) 106 enhancement
S doy (En) in compound nuclear state

Q.

polarized target

B’ (0. 1)
?
P-even T-even
Iy o x B 106 enhancement
. )l =
T - \Fn 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

QCD

(2) theory

(Wr) nucleon-nucleon

Neutron (3) nuclear theory, resonance parameters

T EDM (d.) .
nuclear a
: EDMs of nuclei 1 I'\| nucleon-nucleon
and ions | KI + 9 Wr|I - §>} in nucleus
Vo (dn, ete.)
n l(4) experiment (n,y) measurement
m (s|Wt|p) compound resonances
‘I'Q:V
_ | 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

[ (0) 02 590 m2
Vep = |97 9n "gn My 9w Guw Mg, A @
P 2mpy 4m I (@) + 2mpy 4w e AR . d ~ —0. 14(9(0)
_(0) m2 50 g, m?2 ;
_Gn gxm o '9p™ _ L O
+ 2my 47r Yi(en) + 2my 4 Yi(zp)| 71 20— -7 § 5
[ @, 2 _(2) T
gﬂ. gﬂ' v gp gp p VA A
—Y1(z, Y; T o -
+ Smn Ar (@) + 53— omn A 1(%) 120 T dy ~ 0. 199(1)
[ (1) m2 gD g, m2 _(1) Do 2
_9n gz 9n gn "gn M 9p gp 9w " Guw M, R
Y —2Y; -
+ 2mpy 47r Yilw) + omn 2mny 4 Yi(z ")+ 2mpy 4w 1($p)+ 2my 4w 1($w) (R
iV m2 =(1) 2 ~(1) iDa m2
_9r'gn Mz _Yn "Gy Ty 9o g™ Gw ' G My A
|y am @)~ g ) = e () + 5 e ‘*’) T+ T Aocp _ —0.185b
20'1',0‘0 Otot
oL =01 %09 T=17r1—T9 Tg = MgT
. I\ o 1 docp
LA Y 2 . — - ——
Resronn e - (1) N dz

9= =13.07, g,=2.24, g,=275, g, =28.25
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dy ~ 0.14(gl% —

(2))

)

dspe ~ (—0.0542d,, + 0.868dy,) + 0.C

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

[g,@) +0. 269(1))

= (—65rad - fm?) [g_],(ro) + 0.
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Present Sensitivity Estimation in Effective Field Theory

nuclear nufc]gleetlr nucleon Gudkov, Phys. Rep. 212 (1992) 77
<S|WT | p> eliec <WT> (Koonin, Phys. Rev. Lett. 69 (1992)1163)
Q Q Fadeev, Phys. Rev. C 100(2019)015504
(s|W1p) (W)
W —(0) —(1)
((M/’F>> ~ —0.47 (ghLl + 0.26ghL1 Y.H.Song et al., Phys. Rev. C83(2011) 065503
7T T

g <0.5%x 107 «atomic EDM
hy ~3x1077 n+p—d+y

v

§7(r0) < 25x 10710 +«neutron EDM

}

| (W)

<39%x10% —estimated discovery potential
(W)
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T-violation in Epithermal Neutron Optics

f= At Bow- T4 Coy ot Dow- (b x )

—_— ——
Spin independent||Spin dependent
P-even T-even P-even T-even

P-violation
P-odd T-even

T-violation

P-odd T-odd

epithermal
polarized neutron polarized target
k., o .
5 T-violating matrix element T-violating
1=0,1,( lbein measured nucleon
1397 . 131x,, 117q, 81 to be measured D g coupling
o a, e, 1, I,... _ W constant
Lo T gpeT
measure l ~,y — -
spin factor sasured M/ JP  Ppviolating
P-violating matrix element nucleon
~ coupling
CI/:;: constant
nuclear nuclear nucleon Gudkov, Phys. Rep. 212 (1992) 77 8 AN
effect /v, Koonin, Phys. Rev. Lett. 69 (1992)1163 < 7(2) 3
<8|WT| > Q(” > Qf(:oo:rim_;g.;v (1992)1163) j T \@/%
( |W |p) (W) Fadeev, Phys. Rev. C 100(2019)015504 e Nl
2| &
0) 7(1) 2|4
(Wr) g 2rE
~ gm_ gm_ 5| S
Wy = 0.47 NI + 0. 26 }1 Y.H.Song et al., Phys. Rev. C83(2011) 065503 <
I
2|
7 < 0.5x 10711 «atomic EDM 5’) 8
Al ~3x1077 nip >diy . _7(r0)
. .
10 ' «neutron EDM

g$,°> < 2.5 X

(Wr)
(W)

+estimated discovery potential

<39x%x107¢
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T-violation in Compound Nuclear States

A’ dcrnp7
ao, (En)

P-even T-even

polarized neutron _(0)
, X (@, 7) (0, %) (&, 7) gerN T-violating nucleon meson coupling
C (on - kn) dgr-h.
(En) —_ :
d97 T-violating nuclear matrix element T-violating nucleon matrix element

polarized target (s|Wr|p) Q<WT>
< |W‘p> nuclear <W> m

, A
o, I o e :
B (0 - 1) P-violating nuclear matrix element factor  p.yiolating nucleon matrix element
T-violating nuclear matrix element

P-even T-even

s D’ (s|Wr|p) “nuclear
_Dl o, - (kll X I) —, — ,{(J)
(s|W|p)

/
P-odd T-odd C angular
momentum  P-violating nuclear matrix element
factor

Ay =4ReA™D + 4ImB*C P, = 4ReA™D — 4ImB*C

epithermal neutron optics ~ © = ¢ %/ =4+ 5011 Co ks Do (xk)
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T-violation in Compound Nuclear States

A’ dcr,n,7
aq, (En)

P-even T-even StatiSticaI nature Of
polarized neutron compound nuclear states

o ) (&,7) (n factorization of
(@n-kn) o (&, nuclear properties
P'°dd Teven dQ i i T-violating nucleon matrix element

Q (Wr)
nucleaW

factor  p.yjolating nucleon matrix element
T-violating nuclear matrix element

polarized target

B, (0 - f)

P-even T-even

nuclear theory

Dl 0'11'(12711 Xf) — (J) <S|WT|p>
C, angular <S | W |p>
mofr:;r;trum P-violating nuclear matrix element

Az = 4ReA*D + 4ImB*C P, = 4ReA*D — 4ImB*C
epithermal neutron optics ~ © = ¢ %/ =4+ 5011 Co ks Do (xk)
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T-violation in Compound Nuclear States

A 190y (g, )

dQ, statistical nature of

compound nuclear states

P-even T-even

polarized neutron

/ " (1, 7) (n
S o
-0 -even dey n

polarized target

B, (on - f)

P-even T-even

factorization of
nuclear properties

T-violating nucleon matrix element

(Wr)

nuclear theory

NV p nuc%%‘"

& element factor  p.yjolating nucleon matrix element
T-violating nuclear matrix element
LY (s|Wr|p)
D' on-(ky x 1) = (J)
C angular <S| l l |p>

omentum P-violating nuclear matrix element

—

Az =4ReA™D + 4ImB*C P, = 4ReA*D — 4ImB*C
epithermal neutron optics ~ © = ¢ %/ =4+ 5011 Co ks Do (xk)
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New Physics Search via T-violation
!

/ . .
A dom CP-violation
P-even T-even dQ T

CPT-tII1eorem dn d (199 H g)

polarized neutron
d(129X€) dp

C/ (O'n . I;:n) (dno,';) (Il, ’7) (1’1, 7)

(B) .
dQ,Y T-violating nuclear matrix element

polarized target (s|Wr|p) =Q (Wr) nuclear theory

(s|Wp)  nctear TV ——

, A
B (on-1 ) P-violating nuclear matrix element\alctor P-violating nucleon matrix element

T-violating nuclear matrix element
Dl o, - (iéu ¢ I") 2’ _ H(J) <8|WT|p>
C, angular <S|W|p>

omentum P-violating nuclear matrix element

ammg.aucleon matrix element

P-even T-even

Ay =4ReA™D + 4ImB*C' P, = 4ReA™D — 4ImB*C

epithermal neutron optics ~ © = ¢ %/ =4+ 5011 Co ks Do (xk)
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APPENDIX

Enhancement Mechanism
(questions from us)
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Enhancement Mechanism

n n @
s=1/2 1=0,1,(

2,..)

compound state

o =0y —|—a'n : I::n)

final state

10-7 for NN

(entr. (exit channel)
139 & 1407 _ *
n+ “7La 40La*(J=4) /4@ \\@@ (140La )/// LA
c :
§ confoound N ” :
nugtear spin  orbital i I i @ 1407 . *
o @ _orlla_|_n'ssmn+ n.l;_earspln @\k ( La )/ + ,,’,/
(%)

x . L j 11 S 1 e/ l40La + ¥
3

'3 n entrance spin channel spin @ @ ISQLa +n

A

initial state
(entrance channel)

entrance channel boundary

compound state

exit channel boundary

A p]:3/2
e
N/l"gﬁ

\ 4
T pi=e

1
V’I‘fli

PR
10T 5% (] =4) @
N AN v

|s) = Zaz‘ |i)

N
Ip) = sz’ |9s)
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randomness of expansion coefficients
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Enhancement Mechanism

N
(entrance channel) —
3¢ A hi=3p 4 e & 1,7
n -+ 1?9La i z}r\? 140La*(J:4) @ 1 1
Wi & NoToo 106 eV /N
. = Pi=12 BEDIXAD ™~ <W>
© @ V/f? i]:\fl N ~ AE -~ 105 V N V N
X Y D
s /Ts p) = bilv)
g Vi } i=1 L randomness of expansion coefficients
compound state = strongly correlated (isolated) quantum system
enhancement = deviation of perturbative symmetry-breaking of randomly distributed
contributions in the densely correlated quantum system with huge number of freedom

direct connection between the entrance channel to the compound state

We are going to apply this statistical nature to search for new physics.
How reliably can we expect the enhancement of T-violation?

How does the system evolute from the entrance channel to the compound state?

entrance channel : wave-like compound state : particle-like (looks quantum mechanically uncorrelated accumulation)
Friction? Where does it come from?

Intermediate channel(s) seems very thin (since the cross section and correlation terms are consistent with Breit-Wigner-type amplitudes).

How precisely valid? <- The large enhancement may be built very quickly due to possible quantum mechanical random walk?
Microscopic assessment of the random matrix theory may be difficult.

Accumulation of experimental results, which deny hypothetical possibilities out of random matrix theory, may be the possible approach.

What kind of observables is appropriate to pick up deviations from the random matrix theory?



Enhancement Mechanism

N
ot v compound state (slWlp) =D aib;(i|Wy;)
TR e @ 11
O%@ SV % p:/;;_z |3>—%ai¢i> N g_g’ T ~ \/N \/N<W>\/N
[ vm P L T

compound state = strongly correlated (isolated) quantum system

enhancement = deviation of perturbative symmetry-breaking of randomly distributed
contributions in the densely correlated quantum system with huge number of freedom

direct connection between the entrance channel to the compound state

We are going to apply this statistical nature to search for new physics.
How reliably can we expect the enhancement of T-violation?

What kind of observables is appropriate to pick up deviations from the random matrix theory?

“Anomalous Fluctuations of s-Wave Reduced Neutron Widths of 192194Pt Resonances”

Porter-Thomas distribution “Neutron Resonance Widths and the Porter-Thomas Distribution”
A.Volya, H.A.Weidenmuller, V.Zelevinsky, Phys. Rev. Lett. 115 (2015) 052501

What is the possible influence(s) to the enhanced sensitivity to T-violation?
(under the constraint of the experimentally observed P-violation enhancement)



B, B-L nonconservation

SO(10) SU¢(5) x U(1)x
SU(5) D SU(S)C X SU(Q)L X U(l)y

SO(10) D SU4) x SU(2), x SU(2)r
D SU(S)C X SU(Z)L X U(l)y X U(l)B—L
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¥ F R AR T HRED

Toit free > 0.86 x 10%s (CL=90%)

A S RPMEFAOERNESE HEOLWEZFICREBREEESES
(not to scale)
Cold n-source
25K D2
@ » fastn, ¥ background
HFR @ ILL Bended n-guide  Ni coated,
ST MW L~63m, 6x12cm 2
HS53 n-beam
~1.7-10"n/s Focusing reflector 33.6 m
Flight path 76 m
OF>~0.109 s ,
Detector:
Magnetically Tracking&
shielded Calonmetry
95 m vacuum tube
2
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R R FIRED nnbar oscillation causes nuclear instability
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R R FIRED nnbar oscillation causes nuclear instability
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K.S. Babu et al., Phys. Rev. D87, 115019 (2013)
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