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Outline

ʳ Physics motivation

ʳ Nano Imaging Trackers

ʳ Super-resolution readout

ʳ Machine learning techniques to nanometric image analysis

ʳ Underground facility and current setup

ʳ Conclusions: intermediate and final goals
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WIMP directional detection
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ÅStrong correlation between the direction of WIMP and scattered nuclei Ą strong signature and 

unambiguous proof of the galactic DM origin

ÅUnique possibility to overcome the òneutrino flooró, where coherent neutrino scattering creates 

an irreducible background

ÅNuclear Emulsion is a high-density solid-state medium Ą large mass with a compact detector
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Detection principle

1. Ionization induced by a particle

ð 2.6 eV band gap

2. Electrons trapped at a lattice defect on the 
crystal surface

ð Attract interstitial silver ions

ð Produce a òlatent imageó = Agn

3. Chemical amplification of signal

ð Development Ą silver filaments

ð 107 - 108 amplification

4. Dissolve crystals

5. Observe it at optical microscopes
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A long history, from the 

discovery of the Pion (1947) to 

the discovery of  ǪǩĄǪǱ
oscillation in appearance mode 

(OPERA, PRL 115 (2015) 121802)

ÅNuclearemulsions: AgBrcrystalsin organicgelatine
ÅPassageof chargedparticle produce latent image
ÅChemical treatment make Aggrainsvisible

ÅNew kind of emulsion for
DM search
ÅSmallercrystalsize

SEM image
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NIT: Nano emulsion Imaging Trackers



Directional detection challenge

Need super-resolution to measure tracks shorter than 200 nm
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expected recoil length in the nuclear emulsion

WIMP mass
ɢ: 100 GeV/c2
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Inaccessible due to diffraction limit

3.2 g/cm3

target : C,N,O, Ag, Br
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Shape analysis

Å Elliptical fit to measure the shape 

anisotropy 

Correlation between track lengths measured 

by X-ray microscopy and ellipticity 

obtained with optical analysis

Correlation between readout efficiencies 

and track lengths for different ellipticity 

thresholds 

100 keV Carbon

PTEP (2019) 063H02


