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Residuals, cpd’kg/keV
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Environmental Neutron Measurement @LNGS
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Neutron Detector Energy Range y-rayrel g)’ Directionality
power Resolution
Liquid Scintillator 1MeV - 100MeV Bad Good None
BF; ,3He
3 Thermal - 20MeV Good None None

Proportional Counter

Proton-recoil Proportional
Counter

NMano Imaging Tracker (NIT) Thermal & 100 keV - Good Good Good

10keV - 2MeV Bad Good None



Neutron Detection Principle by Nano Imaging Tracker (NIT)
NIT film

Latent Image Speck \
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Neutron Detection Methods for Various Energies

meV (thermal neutron) 100 keV (~ 1 pum) Sub-GeV — Neutron Energy

Neutron Capture Proton Elastic Scattering

Deep Inelastic Scattering

Self-contained target

880 keV neutron w0 fragments
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n+“N->p+14C+0.62 MeV
2 barn @ 26meV

Additional target

'Li (2.5 um) 3H (41 pm) -
- ¥

a (4.8 pm) & 8

L

Boron powder

o (7.3 pm)

n+1°8 - q+Li +2.31 MeV n+6Li > a+3H+4.78 MeV
4000bary @ 26meV 950 barn @ 26meV

Reconstruct 3D trajectory with sub-micron accuracy
— Capable to get position, energy and direction even in sub-MeV
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High-speed Readout and Image Processes

PTS system @ Toho Un|v
=l [ R\ N EE Tomographlc Image Acquirement (0.5s / 170frames) ~ Image Analysis (0.2s /170 frames) ﬁ
High-speed GPU image filter + 4 . .
(a) Raw image (b) 3D tracking (c) 3D crop image
Camera Contour extraction
: 71
\_ 170 frames / FOV )

microsep

X

>

Z direction (um)

Achieving 0.5 kg/year/machine with 1 um range cut
& g/y / H & T. Shiraishi, et al., PTEP 2021 4, 043H01 (2021)
T. Shiraishi, et al., Phys. Rev. C 107, 014608 (2023)

Under constructing an upgraded PTS machine in Kanagawa Univ.

o2 expected to be 1.5 kg/year/machine 6



3D Convolutional Neutral Network
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Background in Neutron Detection

Recoil proton signal

Range cut

Topological or

Clearly distinguishable

" yray (B-ray)
Exposed 5x107 y-ray/cm?
from 24Am and ®°Co
(5 years accumulation of
environmental y-ray)

v' Environmental y-rays

~

cannot become background

/

oL-ray
Th star (228Th - 208pp) \
: Single-a in U series

v" There is no background in sub-MeV region
(2-14 um -> 0.25 - 1 MeV in proton energy)

v' MeV region can be analyzed excluding single-a
(especially 21°Po peak around 24 um)



Calibration with Monochromatic Sub-MeV Neutron

880 keV neutron

Monochromatic 880 keV neutron exposure from T(p n)3He reaction at AIST !

Calibration sample
with thermal insulator

g (R
tra system

Exposed 7.9 hours with a stable temperature at -26°C
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Calibration — Comparison with Simulation

GEANT4 simulation

*Color corresponding to neutron energy

v Detected recoil protons are almost good
agreement with kinematical expectation

v Detection efficiency for R < 1.5 um seems to

be not 100%
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Calibration — Angular and Range Dependency
of Detection Efficiency

/9< NIT

Z .

Base

Horizontal 150 keV proton efficiency ,,

~ 50% from ion implantation
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Neutron Measurement by NIT @ LNGS

n-RunZ Motivation of Surface Run
(May 2022) )
10" n-Runi ! » Demonstration of spectrum measurement for
(Nov. 2021) environmental neutron and CR-DM search

» There is no detailed data in the sub-MeV region

|

Surf d |

urface groun :
8 | n-Run4 even on the surface ground

|

|

(Oct. 2023 -)

Expected Number of Event
=)

Refrigerator Box
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v" Without shielding!

because there is no sensitivity for muon and gamma
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Fvent Classification e Single-prong Event \

Neutron elastic scattering Single a-decay from 21%Po
Nano Ag Layer (Top)
0% 0, @ 0,%, 0, 0 0,%, 0,00, 0,¢ ¢
I =
op Cut || S
c Multi-prong !
= Single-prong (>2 um) 5.3um 2 '
:kg — \ (Ep % O.SMEV) g (Ea ~ 5'30MEV) ’
Fiducial Volume
e i - . Muiti-prong Event N
228Th star (5 prong o-decay) Neutron inelastic scattering

COP Base

Frégments
» External a-rays are excluded by fiducial volume cut,

then events are topologically classified to Single-
prong and Multi-prong

» Unfortunately, n-Runl samples accumulated a lot of
Radon daughters, we focused on sub-MeV region
(2~¥14pum -> 0.25~1MeV) of Single-prong event to
anaiyze with background free




Event Rate (events/(g day))

Event Rate (events/(g day))

o o o O

Data/MC Comparison (n-Run1l)
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01 02 03 04 05 06 07 08 09

Number of Events

MC:11.92£0.5 event/g/day
Data : 11.1 = 0.6(stat.) = 2.4(sys.) event/g/day

Neutron Flux [0.25 ~ 10 MeV]
PARMA model : 9.0 x 103 cm=2 s
Data:(8.4+1.8) x 103 cm2s?

- Due to low efficiency

1

coshy.y,  fOT vertical T. Shiraishi, et al., Phys. Rev. C 107, 014608 (2023) 14




MeV Region (n-Runl)

Proton Energy
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Reduction of “'*Po Contamination at Drying

Hall F (NEWSdm facility)

Proton Energy w—
% - —— n-Runl | n--Run.Z, n-R n J
L 10 __ MC Elastic p (climatic cha %u
T / e
5 I
3 L
© n-Runl

1072
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(Radon free room, oo
CR1 @ HallC) |y a2
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Nn-Runl and n-Run2 Result

Track Range
— 100 .
0 - : ——n-Run1 2 d
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O 80F “N(np)t4C n-Run2 58 days
© oF- Q=626ke\:{ / —— n-Run2 0 days
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Sub-MeV region
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Surface Run Result (*after reference subtraction)

Proton energy spectrum (linear scale) (log scale)
T;—?; 45 1N(n p)liC —+— Data n-Run1 %» - —} Data n-Run
o 351 / Data n-Run2 -t } Data n-Run2
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250 +
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Neutron Run Go to Underground

214pg contamination | Exposure Time 2 diluCed AUELELL Proton Energy
Installed Place (/e) (days) Scale Scale Threshold (keV)
g y (g*month) (g*month)
n-Runl
(Nov, 2021 -) >urtace ground 0(1000) 29 2 1.3 2=
n-Run2
(May 2022 - ) Surface ground 0(100) 58 20 2.1 250
n-Run3 Underground 0(100) 120 30 1.4 100
(Jan. 2023 -) Hall C& F Analysis ongoing
n-Run4 Underground 0(1) 120 100 - 100
(Nov. 2023 -) Hall C Exposure ongoing

At least 10 g*month scale is needed for underground neutron measurement
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n-Run3 (Underground) Result
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n-Run3 (Underground) Result
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n-Run3 (Underground) Result
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n-Run3 4 month

n-Run3 a-ray Analysis

g’soo_—
E b
Range distribution B 250
— 250 % - \
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| nt ri n S i C Cx ACt i Vity 228Th star(5 prong oc-ecay)

o Multiplicity

5 (228Th to 208pb)

1 (238u)

1 (234U, 230Th, 226Ra)

1 (Zlopo)

2024/2/7

Expected # of event # of event from # of event from
by Ge detector n-Runl n-Run3
(g month1?) (g month1?) (gt month?)
16=+2 (Th) 15+5 15+3
2.1£0.5 (U) 8.4%+1.4 y-ray measurement by
Ge detector
(228Th: 6.0=0.6 mBq/kg)
6.3+1.5 (U) 26+3 (**°Ra: 0.8+0.2 mBq/kg)
+
conesualll, 165+16 790123

N 4

210pg seems to be increased from n-Runl
24



summary

> T. Shiraishi, et al., PTEP 2021 4, 043H01 (2021)
* 3-dimensional sub-micrometric tracking technique has been developed for NIT
analysis
* Achieved 100 keV threshold analysis for recoil proton with 0.5 kg/year/machine
= Analysis speed will be further upgraded to 1.5 kg/year/machine

e Neutron run in Gran Sasso

e Surface run (n-Runl, nRun2)
* Succeeded to measure neutron spectrum and direction - T. Shiraishi, et al., Phys. Rev. C 107, 014608 (2023)

» 214po contamination problem was found in MeV region
- Solved by using radon free room at the sample preparation in current experimental scale

e Underground run (n-Run3, nRun4) Preliminary
* Aiming 100 g*month scale to measure neutron spectrum
e Unknown horizontal background were found in < 300 keV
* Maybe mis-reconstruction of alpha accumulated at wet condition?
* |f we avoid this region, there is no signal in sub-MeV region as expected
* n-Run4 with further 2 orders lower 214Po contamination is now ongoing
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