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Outline

* Physics motivation

" Nano Imaging Trackers

r Superresolution readout

r Machine learning techniques to nanometric image analysis
r Underground facility and current setup

r Conclusionsintermediate and final goals




WIMP directional detection
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Earth@Winter

A Strong correlation between the direction of WIMP and scattered nuchgistrong signatureand
unambiguous proofof the galactic DM origin

AUni que possibility to overcome the Oneutrin
an irreducible background

A Nuclear Emulsionis a highdensity solidstate mediumA large mass with a compact detector



Detection principle

AgBr

1. lonization induced by a particle . crystal

0 2.6eV bandgap Silver fila

2. Electrons trapped at a lattice defect on the_45 nm
crystal surface

d Attract interstitial silver ions
. i v :
 Produce a OlAgtent i mag e

: - : : image
3. Chemical amplification of signal
d Development4 silver filaments
0 107-108 amplification

4. Dissolve crystals
5. Observe it at optical microscopes

Grain as seen by a sensor of
optical microscope

AN




NIT: Nano emulsion Imaging Trackers
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A long history, from the

dissolved discovery of thePion (1947)to
the discovery of QA Q)
oscillation in appearance mode
(OPERAPRL 115 (2015) 121802)

Silver Bromide crystal — —
in gelatin film
ANucIearemuIsions AgBrcrystalsin organicgelatine ANew kind of emulsion for
APassageof chargedparticle producelatent image DM search
AChemicaI treatment make Aggrainsvisible A’Smallercrystalsae
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Directional detection challenge

expected recoil length in the nuclear emulsion

WIMP mass

: 100 GeV/&2
G : 50 GeV/e
G: 20GeV/e
G : 10 GeV/e

Optical

o4

3.2g/cm3
target : C,N,O, Ag, Br

100 GeV/¢&

ﬁ_ Track length[nm]

Inaccessible due to diffraction limit L =380 nm L =265 nm L =160 nm

Need superesolution to measure tracks shorter than 200 nm




Shape analysis PTEP (2019) 063H02

Original image Binarization Contour extraction Ellipse fitting

A Elliptical fit to measure the shape
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Ellipticity

Correlation between track lengths measureforrelation between readout efficiencies
by X-ray microscopy and ellipticity and track lengths for different ellipticity
obtained with optical analysis thresholds

100 keV Carbon



