Neutron Experiments at J-PARC

Masaaki Kitaguchi

Center for experimental studies, KMI, Nagoya University

Laboratory for Particle Properties (®-Lab. )




Neutron Experiments at J-PARC,
KMI2019, 18 Jan. 2019,
Masaaki Kitaguchi, Nagoya University

Laboratory for Particle Properties



5 __BESR
08)—* sk ehitt F 1T 4 8

= 07)
TR REAEE o ,’06 o PHETHFRRMERREE
m AP » P FRRGAERE
Eomeen (2 .44
F 3 J/\—ﬁ}‘uga " oo
& ~ e RBBREGME
) kﬂ : M RAT A E
| 2
i
» ARTTEMPNTF
T PR B
— T—
1 Ry~
&
_
3
AT 2 oM S ' SEEAREEELERE
Fav/IN—-BoNE A R | )
S » ‘- SRR AR S AR AR 2
SRR Y ,
R &wza ] o TR O T

Neutron Experiments at J-PARC,

KMI2019, 18 Jan. 2019,
Masaaki Kitaguchi, Nagoya University

Laboratory for Particle Properties

Neutron Optics and Physics



T-wolatlon In compound nuclei
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Neutron lifetime
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Neutron lifetime

In-beam method
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Neutron lifetime 1s an key parameter for
CKM unitarity check
Big Bang Nucleosynthesis

Discrepancy between methods may suggest new physics?

Neutron Experiments at J-PARC,
. KMI2019, 18 Jan. 2019,
Masaaki Kitaguchi, Nagoya University

Laboratory for Particle Properties Neutron Optics and Physics



Principle of measurement in J-PARC

In-beam measurement with pulsed neutrons
Direct measurement of decay-electrons (0~782keV) (Kossakowski,1989)

Count up only when
the bunch is in TPC

R SHe(n,p)t
_—) ’\ ‘C‘ 7:0) incident flux is also

Well-defined neutron bunch

measured in TPC
with SHe capture

~350keV
L e
. 1 Sn/en B decay Sp = €cN— g —)
" Sg/e e p© ]
OgU :
PooYo \ B/ €p 3He reaction S, = €, NpoL ~0.4 keV
190 keV
3

T - lifetime € , : efficiency for 3He reaction a |:> /CO/ H

v :velocity o : density of 3He 3He
€ o : efficiency for electrons 0 :absorption cross section of 3He IV = T0l0
572 keV

Event ID by energy deposit,
track topology, and so on.

No External Flux monitor, No wall loss
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Spin Flip Chopper and Time Projection Chamber
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Neutron lifetime

Our first result

7, = 896+ 10(stat . ) 15 (sys.) = 896117

Neutron lifetime[se

K. Mishima,
Particle Physics with Neutrons at the ESS,
Stockholm, December 2018.
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We have already taken data corresponding to 0.5% statistics.
Analysis 1s ongoing.
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Neutron lifetime upgrade plan

Upgrades are ongoing.

Systematic uncertainty will be smaller with more intelligent cuts.

3He mjection will be 0.11%.
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Beam optics upgrade (enlarging SFC mirror) makes beam intensity by 5 times.

Y -ray background
scattered by LiF shutter
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Search for unknown force
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Intermediate force search by neutron scattering

. . mm., _r
non-Newtonian gravity V( 7’) =G v, l+a-e A

Newtonian + & 1n nm range
can be searched by neutron
scattering.
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Neutron scattering apparatus
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Neutron scattering result and plan
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Upgrades are ongoing.

New type of target (nano particle?)
will be used for more sensitivity.
Other beamline with large area
detector will help us for more
neutrons.

Highlighted
in APS

C. C. Haddock, et al.,
Phys. Rev. D97, 062002 (2018).
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T-violation in compound nuclel
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Symmetry violation in compound nuclei

Energy

Fundamental
A ©R phases
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Y ! RN
EDMs of paramagnetic A
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Atoms in traps (T1,Rb,Cs)

Pospelov Ritz, Ann Phys 318 (05) 119
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Symmetry violation in compound nuclei
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P-violation 1s enhanced 1n the interference between s-wave
and p-wave of compound nuclei.
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Symmetry violation in Compound nuclei
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Symmetry violation in Compound nuclei

The interference between s-wave and |\ SWavey/1%5 ip-wave, /D
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Enhancement of symmetry violation

The 1nterference between s-wave and p-wave results 1n the
interference between partial waves with different channel spin.
Gudkov, Phys. Rep. 212 (1992) 77.

W T-violating matrix element

AoT = m Ao .
T—ViolationT ( ) W P p_violation

P-violating matrix element

Angular momentum factor

S CDM (13 U=1-))
K, —
P (14 8) =1+

rPJ=z rPI=2 s o T = COS ¢
T = y = +y =1 o _gne Unknown parameter
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Experimental setup for T-violation search
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Measurement of enhancement factor

(n, y) reaction (for unpolarized case) Flambaum, Nucl. Phys. A435 (1985) 352
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Measurement of enhancement factor

Ge crystal
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T. Okudaira et. al. , Phys. Rev. C97 (2018) 034622.
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Measurement of enhancement factor

k(J) = 0.9970-524.84 28
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T. Okudaira et. al. , Phys. Rev. C97 (2018) 034622.

Neutron Experiments at J-PARC,

KMI2019, 18 Jan. 2019,
Masaaki Kitaguchi, Nagoya University page 24




Feasibility of T-violation experiment

T-violation is also enhanced!

AO‘CP — H(J) WM}I‘AO'P ‘ﬁ’

T-violation _ _
gcr/ge  P-violation

Estimation in effective field theory
Y.-H.Song et al., Phys. Rev. C83 (2011) 065503

Wr  Act P gt gt
A s 047)<h1 +(026)h1>
k(J) ~1

Discovery potential

Aor| < 1.0 x 10~* barn

Neutron Experiments at J-PARC,

KMI2019, 18 Jan. 2019,

compare with EDM 0

from upper limit of NEDM
d,| < 2.9 %10 %%ecm

70 <25x 10710

from upper limit of Hg EDM
|dig| < 3.1 x 107#e - cm

g1 < 0.5 x 1071

from NPDGamma
hl ~3x10" "
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Feasibility of T-violation experiment

Pulsed Neutron Polarized
Neutron Source Polarizer Target
J-PARC SHe spin filter LaAlOs Epi-thermal
100 atm cm 4 cm x 4cm X 6 cm neutron
Polarization 0.7 detector

Transmission 0.4 Polarization 0.4

‘ E—— ‘—"

107°F

1 dn=3.0x1026ecm equiv.

8ReA*D

10°F 4 Neutron Pol. = 0.7, 139La Pol. = 0.4

| Neutron Pol. = 1.0, 13%La Pol. = 1.0

Measurement Time (day)
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R&D

Neutron Polarizer Target Polarizer

g e . 77" 1 Nd3+LaAlOs
Dynamic Nuclear Polarization
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=" = :
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P S S
Other target candidates eV neutron
large Acp low E, small spin method of pol. detector

81By Triplet DNP?
178 09 ?
131Xe @ Optical Pump?
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Other topics
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Others, R&D

Pendellosung interference fringes
with pulsed neutrons was observed clearly
to be basis of crystal-EDM technique.

Dynamical diffraction inside crystal

S. ltoh et. al.
Nucl. Instr. Meth A908, 78-81 (2018).

Nuclear emulsion detector with 9B thin layer
can detect neutrons with position resolution
less than 100 nm.

N. Naganawa et. al. ,
Eur. Phys. J. C (2018) 78:959

Neutron resonance in gravitational potential

Neutron interferometer for pulsed neutrons
IS developing for dark energy search or gravity experiments.
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Summary

Neutron lifetime measurement with new in-beam method are
continuing on BLOS.
It will be upgraded to 0.1% precision.

Neutron scattering made a new limit of Yukawa-type unknown
force, non-Newtonian gravity.

Discrete symmetry violation is enhanced in Compound States
induced by Epithermal Neutron.

T-violation in compound nuclei has a discovery potential of new
physics beyond the standard model.

Many kind of neutron devices are developed for various experiments.

Neutron Experiments at J-PARC,

KMI2019, 18 Jan. 2019,
Masaaki Kitaguchi, Nagoya University page 30




