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Outlook

® Physical concept: directional WIMP recoils search
® Technology advances as part of NEWS R&D

® Ongoing activity at LNGS

® Prospects and potential at LNGS

® News as DM search experiment

® Conventional DM

® Boosted DM

® Different NIT and emulsion technology applications



NEWSdm experiment concept

Direction sensitive dark matter search with nano-tracking

technologies for super resolution nuclear emulsion J
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Nano Imaging Tracker (NIT) developed for NEWSdm

Density : 3.2+ 0.1 g/cm3

Crystal size : 20+80 nm (tunable)
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Number of events

Direction detection challenge

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



Optical readout beyond the diffraction limit

® 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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LSPR-based super-resolution imaging based on
join deconvolution set of 8 polarized images

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-z

Optical images with 8
polarizations

L =213 nm
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Joint Image Deconvolution - Comparison with SEM
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LSP In the NIT emulsion

100keV C-ions

Image size 15 pm x 15 um Image size 15 um x 15 um

Head-tail discrimination!



Experimental Activity @ Gran Sasso Lab (ITALY)

Neutron flux @ surface Lab ®LNGS surface Lab

LNGS underground Lab
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Jan. 2021 - to date
~1.1 kg of dry NIT produced
>75 developments done
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Lead shield : 5.6 cm
Polyethilene : 31.5cm



Jan 2021
EGS011

prod.

Activity at LNGS since Jan 2021
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| sensitivity calibration / gamma BG measurement

neutron measurement —
at ext. lab
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Run 9
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EG5017 neutron measurement
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Radon BG measurement

1 Prod at ext. lab (n-Run2)

Jul

n-Bun2

| Aug | Sep
EGS018

Long Term Fading study |
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| Gamma BG measurement |

Run 15 Run 16
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Radon Free room (CR1) test
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P EGS020 Sunts
scanning stage | [ FOOT )
trouble TNIT iced
Fading test storage
(not sensitized, max 2maonth) test
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Run 20
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n-Rund

Radaon free + shielding test

12 Gel production batches
41 deionization runs;
6763 g wet gel

Emulsion Film production
734 films / 342 g / 2.63 m?

19 underground runs

3 neutron measurement runs
>80 development batches

+ many calibration runs

7 exposures with QUPLAS group

Activity in CR1 since Dec 2022
Thanks to LNGS and DarkSide!

(CR1 radon free
+100 g month scale)




First underground exposure inside shield

Track direction

Elliptical shape trigge

Automatic readout Requirement
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Neutron bg study at LNGS (external and underground)
first sub-MeV energy & direction n-spectrum measurement
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NIT as a Neutron Detector [ 1, .o cornos wony i}

Single-a in U series
Recoil proton signal
Topological or
Range cut
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Clearly distinguishable
(3 v-ray (B-ray) 2
Exposed 5x107 y-ray/cm?
from 242Am v" There is no background in sub-MeV region (2 ~ 14
(5 years accumulation of pm = 0.25 ~ 1 MeV in proton energy)

environmental y-ray)

v MeV region can be analyzed excluding single-a

v' Environmental y-rays (especially 2°Po peak around 24um)
cannot become
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Figure 3.(a) Range distribution of recoil protons in the sub-MeV region for Sample 1 (2 days, blue) and Sample
2 (29 days, red) at LNGS. (b-d) Sub-MeV neutron measurement results after subtracting the data of Sample 1
from Sample 2 for an equivalent exposure of 27 days. For the MC simulation, neutron signals of elastic
scattering and 14N(n, p)14C reaction are represented by blue filled and shaded histograms. Detection
efficiency was accounted for in the MC simulation. (b) Proton energy spectrum, (c) plane angle, and (d) Zenith
angle.




Time independent Alpha tail associated with emulsion
production phase

Excess hypothesis: Range distribution

—~ 100
® Emulsion films are contaminated with radonand 2 90 — | (Qvalue = 626keV) TE n-Runi 2 days
its products during the production phase € E Ni4(n p)Cag r— n-Runt 29 days
. . 80 n-Run2 58 days
® Emulsion becomes sensitive before the gel settles S T F *1°Po *14Po I n-Run2 0 d Y
and remaining AgBr crystals mobility can lead to 70 i —n aye
breaking of a tracks into smaller segments soF- |
Two NIT emulsion batches prepared: soF.
® Instandard conditions 40 !
® InaRn-free clean room 30E | l lql l I|.| |J'i|ﬂ||"
: : : - il Lyl
Time-independent (?*4Po) peak, presentin 20 £ il
the standard conditions, has disappeared in N ]
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In-shield exposure of the Rn-free NIT is ( m)

ongoing
Production in standard conditions: >2000 ev/g, Rn-free: <5 ev/g



Future facility for NEWSdm: 10kg and beyond

Emulsion facility and shielding with an
equatorial telescope

POLAR AXIS

(a) =i (b)

NEWS 10 kg - 1 year
1073
— 100 nm
10°% —— 50nm
~ g% DAMA/LIBRA

WIPM-nucleus cross section (cm

Distributed setup with re-use of the existing
facilities is possible and under consideration

Il |
10 10° 10° 104




Boosted DM scenario

Cosmic ray (p, He)

~

Sensitivity curves of the 10 kg NEWSdm detector
for 1 year of exposure at the surface (Asserg)
level and exclusion plot from PROSPECT surface
experiment. The boundaries go through the dots
corresponding to three H and CNO recoil events
with track lengths of more than 70 nm.
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M. Andriamirado et al., Limits on sub-GeV dark matter from the PROSPECT reactor antineutrino

experiment, Phys. Rev. D 104 (2021) 012009
e.g. 10.1103/PhysRevLett.126.091804

Other boosting scenarios are also under study
e.g. multi-component DM annihilation of MeV WIMPs producing keV hadrophilic DM




Conclusion

NEWSdm Collaboration

NEWSdm a double break-through in the Nuclear Emulsion technology:
Eur.Phys.). C78 (2018) no.7, 578

® Nanometric granularity with NIT

® Super-resolution in optical domain by LSPR 10T - - neutrino Background
10 SBE —— 30 nm - 10 ton x year
Detection principle of WIMPs by nuclear recoil demonstrated T 10 -~ 50 nm - 100 ton x year
. . . . i 40E
Production & handling facility operational @ Gran Sasso Underground c " F
Background studies in progress with 10g scale in shielding at -50 C° 2 jouf
First-time directional measurement of sub-MeV neutron flux at surface Lab  § :g
will be extended to underground 2 o 2
Q2 o
. O E
Physics goals at reach 2 10
= 47 ...
® 10kg-year ->DAMA region N
; 10 48:5
® Boosted Dark Matter scenarios 10k
L N - - E ] JllllJlj 1 Jlllll]i 1 lJJJlH] 1 lllllll.
Scalability and discovery potential (challenging background!) 107 0 " e o

2
® 10-100 ton-year -> neutrino floor WIPM mass (GeV/c")

A CDR with all supporting measurements is submitted in July 2023 90% C.L. upper limits for the NEWSdm
detector with exposures of 10 ton year (30

nm threshold) and 100 ton year (50 nm
threshold) in  the  zero-background
hypothesis
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« Discrimination based on
measurement of recoil direction

« Unique possibility to search for WIMP

signal beyond “neutrino floor”

interactions

023524 (Xe/Ge target)
L—-—- -

REQUIREMENTS
« Larger mass scale detector

* Reduction of track length threshold

Towards Neutrino Floor

NEWSdm Collaboration

Eur.Phys.J. C78 (2018) no.7, 578

Neutrino coherent scattering
indistinguishable from WIMP

Phys.Rev.D89 (2014) no.2,
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The neutrino bound is reached with:
—[10 ton x year exposure if 30 nm threshold

—[100 ton x year exposure if 50 nm threshold
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Plasmon analysis of isolated grains
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LSP (Localized Surface Plasmon) resonance

Annu. Rev. Phys. Chem. 58 (2007) 267-297

‘ ‘ ‘ Colored optical image of silver rod

*polarization rotating

q dipole moment
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Appl. Phys. Lett. 80, 1826 (2002) ' ‘

Ag grain size - resonance wavelength 1Q0,nm L

~45 nm : blue  ~45 nm : blue
~80 nm : green ~120 nm :orange—red


http://www.annualreviews.org/doi/abs/10.1146/annurev.physchem.58.032806.104607
http://dx.doi.org/10.1063/1.1461072

Other (not DM) applications for NIT and emulsion
technology

® Neutron directional measurements in sub-MeV region

® Microscopy and fast scanning systems development

® Neutrino physics: SND@LHC experiment ongoing at CERN
® Medical physics: FOOT (Fragmentation On Target) project
® QUPLAS for antimatter gravitation study

® Muon radiography



Alpha-ray Counting Rate

Analyzed mass # of internal # of top
event (/g) (/em?)
/Run16 ID1 Aside T 0.24 4+-4 0.9 0.2\
Run16 ID1 Bside fmelies 0.47 4+-3 1.1+02 | Poured&driedinCR1
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Runl6 ID2 Bside

Dry in Rn free room
(no-shielded)

Not yet scanned due to camera trouble
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_ (Chamber dry)
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________ _> Almost thin & horizontal
Run13 ID8 Chamber dry 0.08 650 +-90 ------"""~ 5’0'+ 3 .y v tracks
Run7? Chamber pre-dry and 0.44 220+-20----""11.040.5
dried in Shield T .
—
>ohsBunl Dry outside chamber 0.65 2200 +- 60 -~~~ 280 +- 6 29



Backgrounds

Environmental Intrinsic

(Astropart. Phys.. 80 (2016) 16—

y measurements by Nal detector | womwwen-|
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500 1000 1500 2000 2500 g P « ~ 102 by lowering T down to -70°C
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POIyethIIene : 315 cm Environmental y-rays <103 “3 =05 ;9; ° ~ 10_8 @ '70°C ‘gith traCk Iike”hOOd
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;_:-Uj LE-DB @ LEO2 3
10 kg detector shield (1 m HDPE o "
80 a0 0 0 Sensitivity vs. T:
Source | Rate [10 l@ kl\lﬁa 5) bioivioaiclbcl NIM A845 (2017) 373
Environmental gammas | (1.97 +0.17) x 10* _ _
Environmental neutrons A(1072) Ultimate solution:
Cosmogenic neutrons 141+0.14 replace organic gelatin with a radio-pure

polymer



