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Advantage of DM directionality knowledge

Overcoming the Neutrino Floor
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Nano Imaging Tracker (NIT) developed for NEWSdm
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Density : 3.1 £ 0.1 g/cm3
Crystal size : 20+-80 nm (tunable)
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Directional detection challenge

400 keV Kr ion

Optical Optical

expected recoil length in the nuclear emulsion Optical

WIMP mass
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Inaccessible due to diffraction limit

L =380 nm L=265 nm L=160 nm

Need super-resolution to measure tracks shorter than 200 nm




Optical readout beyond the diffraction limit

m Super-resolution idea: use the plasmon resonance effect to overcome the
diffraction limit:

— generated by a light wave trapped within conductive nanoparticles smaller than the
wavelength of light

— resonant frequency strongly depends on the composition, size, geometry, dielectric
environment and distance between nanoparticles

— occurs in the visible region for Ag and Au nanoparticles!
— improve resolution by analyzing scattered light polarization and spectrum
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. . . 8x input images 200 nm
LSPR-based super-resolution imaging based on JEu A e T Mk

join deconvolution set of 8 polarized images

-

Reconstructed image 200 nm

SEM image

Alexandrov, A., et al. Super-resolution high-speed optical microscopy for fully automated
readout of metallic nanoparticles and nanostructures.

Sci Rep 10, 18773 (2020). https://doi.org/10.1038/s41598-020-75883-2 Event 2-162 F 100 keV Carbon ior \



Joint Image Deconvolution - Comparison with SEM

Angular distribution Angular difference
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Sense recognition with color
Machine Learning approach

LOSS FUNCTION
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Backgrounds

External (with 1 m HDPE shielding @LNGS)

Source | Rate [10kg x y| !
Environmental gammas | (1.97 +0.17) x 10*
Environmental neutrons 0(1072)
Cosmogenic neutrons 1.41 +£0.14
Intrinsic (Astropart. Phys.. 80 (2016) 16-21) TE T
Intrinsic Radioactivity Rate [g x month]2 Rate [kg x year]? 10" :
Radiogenic neutrons (5.0 + 1.7) x 10 0.06 + 0.02 S 107k
Intrinsic R 33.7+1.8 (4.04 + 0.02) x 106 % 107
i m*_g l
Additional level arms being quantified: S 0°F
* Dedicated chemical treatments @ 10°
* Reduced sensitivity to electrons at low temperatures (104@77K) o o —
* Electron response to polarized light scattering (103-104) - R
 Plasmon wavelength difference for electron and ion tracks (103-104) N TN PR v rwves rewwarawed
* Replace the gelatin with synthetic polymers (final choice) 0 %0 100 TR0 20 20 S0 980

Temperature / K

NIM A 845 (2017) 373




Background reduction: Machine Learning approach

C30keV 100 C100keV Schematic view of the CNN architecture
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NEWSdm underground facility and detector
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Emulsion facility at LNGS Hall F

« Work carried out in the facility:
» Installation of containment vessels under the floor
* Improvement of electric system
» Installation of a thermostatic chamber

« Emulsion production machine

» Access to the emulsion facility since December 2020

Gel production room

Gel production machine produced in Japan
and certified compliant to EU safety

13 Development room




Future facility for NEWSdm: 10kg and beyond

Emulsion facility and shielding with an
equatorial telescope
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NEWSdm intermediate and final goals

» First directional dark matter detector with a 10 kg solid target 1022
* Explore the DAMA region with a completely different technique based on the visual
observation of recoil tracks in emulsion 10-23
* First high-sensitivity spin-independent measurement with a directional approach -
* First step in the application of the emulsion technology, scalable to larger masses 1072
* Fist BDM directional measurement
« Longer term: overcome the neutrino floor o7
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NIT: Nano emulsion Imaging Trackers

Silver Bromide crystal
in gelatin film

_"
s T o A long history, from the
){ ) r@ disolved discovery of the Pion (1947) to
) the discovery of v, v,
J wﬂ) oscillation in appearance mode
> Q (OPERA, PRL 115 (2015) 121802)
Developing
| . —t

® Nuclear emulsions: AgBr crystals in organic gelatine
® Passage of charged particle produce latent image
® Chemical treatment make Ag grains visible

® New kind of emulsion for
DM search

® Smaller crystal size

NIT U-NIT
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Shape analysis e ) 5

Original image Binarization Contour extraction Ellipse fitting

(c) (d)
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Ellipticity

» Elliptical fit to measure the shape
anisotropy

Correlation between track lengths measured ~ Correlation between readout efficiencies

by X-ray microscopy and ellipticity and track lengths for different ellipticity 100 keV Carbon
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Super-resolution microscope
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Sci. Rep. 10 (2020) 18773

Camera
Sensor

2250 Magnification
<« lLens

V L'.q:'ld CRryst:I Polarizer llluminating
ariable Retarder Plate Light

A/4 Plate

Backreflected |
Light
50:50
Beamsplitter — A .
Cube i Iris LED Light
i Source
1
Objective T Ref!ected
L —> | i Light
ens }
3 Sample
ar / . —
————  Opatial Accuracy = 3 nm
25000 4 4 N
K Mean -0.05317 25000 (— |Mean  -0.0273
L Sigma 2939 Sigma 2792
20000

20000 -

e

15000
15000

10000~ 100 L

5000 —

PR NI ¥ Crl PN W T
%0 -15(-0 5 0 5 10 15 20 %0 15
a



Original (all polarizations)

Microscope

QPSF

Modulated (rotating polarizations)

Reconstructed

Modulate the intensity of each pixel
in the image:
lg = acos[2(60 — )] +b

6 - polarization angle

@ - pixel “phase”,

b - pixel brightness mean,
a - pixel brightness change
amplitude

a + b = pixel brightness
a = pixel color saturation
@ = pixel color




easurement in 3D
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Plasmon resonance wavelength dependency

Nanoparticle size

- 10 nm (730785)
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Plasmon response for ion tracks

Alpha track

Alpha stop point

Image size 15 ym x 15 ym




Importance of the directional detection

. PHYSICAL REVIEW D 92 (2015) 063518 3
Detector mass [ton] Detector mass [ton]
10 10” 10 10 10" 10" 10’ 10" 10 0’ 10 10 10 10! o' 10"
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Need 3D with sense recognition for best results!




Directionality preservation of nuclear recoils

» Performance in the measurement of the recoil direction and comparison with other techniques
« Simulation of nuclear emulsion granularity: volume filled with AgBr crystals described as spheres of
diameters 44+7 nm for NIT, 25+4 nm for U-NIT

0.9
« Evaluation of energy-weighted 0.5 . |
) - ) ) Intrinsic Emulsion
cosine distribution 05 . - S —O—Realistic UNIT (40 nm)
: : : Intrinsic Crystal
075 -« Intrinsic LPG
b Z:?;:Sllisions AE; cos _ (AE COS 9>tmck o 07 Realistic NIT (71nm)
E&B”iswns AFE; (AE>t7‘ack 0.65

0.6

0.55

10 15 25 39 63 100 158 251 398 630 1000
WIMP mass [GeV/c?]

Realistic distribution of mean values of weighted-coszZfor NIT and U-NIT,
compared with other detectors

A. Alexandrov, G. De Lellis, A. Di Crescenzo, A. Golovatiuk and V. Tioukov, «Directionality
preservation of nuclear recoils in an emulsion detector for directional dark matter search» JCAP 04
(2021) 047




Shield simulation

Optimisation of the shield with Geant4 simulation to reduce:
- neutrons from environmental radioactivity

- neutrons produced by cosmic muon spallation in the surrounding rock and in the shield itself
- Environmental gammas

Source Rate [10 kg x y| ™!
_ _ Environmental gammas | (1.97 +0.17) x 10

Best configuration: 100 cm of polyethylene for a total Environmental neutrons 0(1072)
neutron rate of -~ 1.4 for an exposure of 10 kg year Cosmogenic neutrons 1.41 +0.14

)(;; Cosmogenic neutrons - water shielding

: .

© : : i ) =
15 : OO Lo (;l::‘: Z? -0 ()58|71735'70‘0(i:;;j
o 50 100 150 200 250 300 350 400

Shield thickness [cm]

Astroparticle Physics 80 (2016) 16-21

Intrinsic neutron background of nuclear emulsions for directional Dark
Matter searches



Data analysis flow for test run

Elliptical shape trigger

Track direction
Requirement

- CNO : > 30 keV
® High speed scanning minor
® Low energy threshold

Electron efficiency: 0.05
® Single noise (fog) reduction < 1um >

= 3 grain track recognition

® Candidate selection and narrow down the
number of event

® Image feature extraction

Training sample : ° 1.5um "
neutron induce recoil nuclei @AIST Confirmation
(880keV, -50°C) Electron rejection power :

104 @ room temperature
106 @ -50°C
Current Selection

28



Underground BG run status

50 °C operating Example of Selected candidate events
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