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Concept of NEWSdm experiment using very high resolution
nuclear emulsion

WMvice ~

exposure using telescope

10 kg-year simulated sensitivity [90 % C.L.] + zero BG

Case for current readout ability
Case for extrapolation lower energy ||
Case for intrinsic detection ability

Underground laboratory

® Device-self production in underground
and clean room

® Exposure on the telescope with shield

® Chemical development treatment

Current readout ance

WIMP-nucleon cross section [cmZ]
=
8

Readout + analysis
VIMP Mass [GoVic’ Using microscope techniques

Device potential
10° 10’ 107 10° 1¢*




NIT device for dark matter experi

Elemental composition of NIT

% ’ Mass fraction Atomic Fraction
% Ag 0.44 0.10
e
< Br 0.32 0.10
.0
T L | 0.019 0.004
S —
- C 0.101 0.214
=
. a 0] 0.074 0.118
= " " ‘Q i &
— - g — N 0.027 0.049
T I\ R YA X[ERERFIE 2 y 0016 0.410
= ] - ' '
ARICEoTHE  Ee : ! |
“The developmen! of super fine-grained = [ S/Na+others 0.001 0.001

Particle tracking with nuclear emulsion”, PTEP (2017)063H01

Intrinsic radioactivity :

nano-scale
U-238 Th-232 K-40 Ag-110m C-14
27 6 35 (~400) 24000
.. .. [mBa/kg]
€@ Intrinsic neutron emission:

~ 1.2 /kg/y (by SOURCE simulation)
= ~ 0.1 /kg/v (> 100 nm nuclear recoil)

Detail shown in Astropart. Phys. 80 (2016)16-21 3



Readout technologies

Automatic optical microscope readout system for nano-tracking Super-resolution plasmonics tracking

»

First event trigger

Elliptical shape selection
high-resolution optical
condition

= > 100 nm length tracking

+ the additional information

(R&D)
Color information
Phase-contrast

High precision measurement . 00 n frame 120 at xyz: -5.15 -3.74 126.30
using LSPR - B-
* 5 nm resolution was
achieved o B
* Multi information in the 1=t} i
“Submicron track readout in fine-grained nano-scale structure m:_ 10
nuclear emulsions under optical microscopy", . hi | . *
Nucl. Inst. and Meth. A 680 (2012) 12-17 Machine learning R
“New readout system for submicron tracks with “Super resolution plasmonic imaging microscopy for submicron tracking

nuclear emulsion”, JINST 12(2017)T04002, emulsion detector” PTEP 2019, 013D02 (2019)



2019 + current activities

Underground Activity

O Device production and study of
quality
O Device handling environment
- chemical handling
- pure-water supply
- clean condition
O Safety control
O Exposure system with telescope

Readout system

O Scanning speed improved

[ Selection efficiency and
threshold improve

O Signal recognition improve

Detector performance study

[ Low-velocity ion calibration
O Nuclear recoil detection

[0 Background study

[ Simulation study

Dark matter search



Underground activities



Underground laboratory at Hall F and

Hall B, LNGS [2019 activity]

Production facility as
" clean room@ Hall F

W

Chemical development facility
@ Hall F

New Underground facility concept @Hall F
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1 production target mass: ~ 100 g
Time /production : ~ 3 hours

= 2 production /day

= ~ 1 kg /week




Status of underground laborator
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Scanning system @LNGS
(for device quality check)



Readout system



Nano-tracking readout syste

Nagoya U.

Toho U.

Standard scanning

= trigger thresholdZ R E

Speed up study
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Detector performance



NIT simulation demonstration

Track Projection of 3415 tag = 0 Track Projection of 3415 tag =0 Simulation image
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Comparison of NIT simulation with low-velocity ion'€

ellipticity distribution about Carbon 100 keV ellipticity distribution about Carbon 60 keV ellipticity distribution about Carbon 30 keV
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Neutron experiment
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CNO recoil detection induced by Neutron of 880 ke

Comparison between data and simulation

Ellipticity distribution as first selectlonh;ciglgger 3 OPSangieALL ’%Pﬁﬁ’i*ﬁ’ﬁ#'} H—%Z(+
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NIT device condition CNO rgcoﬂ 50 —240 keV IF1K . zero consistent
Crystal size: 73.8 +- 1.1 nm (Y41 X481 8.9 nm) H recoil : 10 —200 keV
Density : 3.3 g/cm3 B Angular distribution has agreement — =
with simulation S ELRAN-ER
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Sub-MeV neutron

measurement as bi-product

Mean brightness vs Range

2 i AIST neutron energy 540.5keV
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Earth axis

Background study
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Conclusion
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