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Development of ultra-cold neutron detectors with spatial resolution of several ten
nanometers for the measurement of quantum effect of ultra-cold neutrons in the
earth"s gravitational field

Naganawa, Naotaka
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Neutron detectors with extremely high spatial resolution are having been
developed for the measurement of position distribution of ultra-cold neutrons in quantized states in the
earth’ s gravitational field as tests of gravitational invers-square law and equality of gravitational
and inertial mass.

A detector made by loading LiNO3 into fine-grained nuclear emulsion was exposed to thermal and cold
neutrons and absorption events were detected. Its spatial resolution turned out to be about 0.5 micron,
which is hggher than other detectors by an order of magnitude. Its detection efficiency turned out to be
as expected.

Another detector was made by coating 10B layer of 10nm-thick with fine-grained nuclear emulsion. Its
spatial resolution should be several 10nm. It was exposed to cold neutrons, and absorption events were
detected. Stabilization of 10B layer is proceeding.



Nesvizhevsky

10nm

0.7

Nesvizhevsky

10nm

IOB

LiNO,

°Li

n+°%i - t+a

lOB

°Li

44p m



7.8u4m
GD
GD

LiNo,

oL 1.2x 10°mol/cm®
pom

CN-3

a -track

t-track

GD

Imm

X 10—3 2

LiNO,

LiNo,

/1y m

0.45

J-PARC MLF BLO5

a
GD
a
GD =1.4
0.5u m
a
SRIM
0.5u m
10meV
4.1x 10°
52
0.047%
5m/s
9%

2.5

10meV



lOB

n+¥ - ao+Li

o + Li
lOB
a
a Li
5.1y m 2.6pm
IOB
10nm B
Si 10nm B

J-PARC MLF BLO5

. B

1OB
(6%)
(94%)
Li
Li
lOB
10nm
10meV
lOB
lOB

®

10pum

IOB
IOB
1OB
lOB
1OB
%8 ! 60nm
NiC
KUANS
NiC
lOB

(1) V. V. Nesvizhevsky et al., NATURE
|VOL415 | 17 JANUARY 2002 |

(2) V. V. Nesvizhevsky and K. V. Protasov,
Class. Quantum Grav. 21 (2004) 4557-4566

(3)V. V. Nesvizhevsky et al ., Eur. Phys. J.
C 40, 479-491 (2005)

(1) G. Ichikawa et al., PhysRevLett.
112.071101 (2014)



0 2013 8
93-100

(1) T. Naka and M. Natsume, Nuclear
Instruments and Methods A 581 (2007)
761-764

(2) T. Naka, T. Asada, et al., Nuclear
Instruments and Methods A 718 (2013)
519-521

2014 2014 9 18

70 (2015 ) 2015

2015 2015 9
25

Naotaka Naganawa, Development of High

Position Resolution Ultra-cold Neutron
Detector by Using Nuclear Emulsion,
ISETS 15 ,2015 11 28 ,

Naotaka Naganawa, Development of High

Position Resolution Neutron Detector
Using Nuclear Emulsion, International
Workshop: Probing Fundamental

Symmetries and Interactions with UCN

€Y

,2016 4 12 , Mainz (Germany)

NAGANAWA, Naotaka



