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Directional signature in the Wimp Search
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on sensitive Detector

earth@winte

Solar system movement in the galaxy —> WIMP flux not
1sotropic @ Earth.

Directional measurement as a strong signature and unambiguous
proof of the galactic DM origin

Nuclear emulsions is a solid detector = high sensitivity with a
compact detector

Modular design = Scalability = high mass
Challenge: very short recoil track lengths, O(100 nm)



Nuclear Emulsions

Recorded silver grains
along.the particle trajectory
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30-40 grains/100 pum for M

50 micron
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crystal size 0.2-0.3 pm : " Microscopic Image

Resolufion of 0.3 micron

A long history, from the discovery of the to the discovery of v, v,
oscillation in appearance mode




Nuclear emulsions

AgBr-I: sensitive elements

Organic gelatine: retaining struc
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Both light and heavy nuclei



(Ultra-) Nano Imaging Tracker
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AgBr density 12 AgBr/um 29 AgBr/um

Range threshold | Carbon Energy

200 nm 75 keV
100 nm 35 keV
50 nm 15 keV

100 nm detectable




Detect tracks when their lengths become
comparable/shorter than the optical resolution

— Cons: Resolution w
—> need a breakthrough in the technology

e X-ray microscopes
— Pros: High resolution ~ 50 nm or better

— Cons: extremely slow and not convenient (need an
external lab)




OPTICAL MICROSCOPE READ-OUT: STEP 1

100x objective lens with
high N.A.

Resolution: 30 nm/pixel
View Size: 65 x 50 pm?

Krion

exposure Scanning with optical microscope
and shape recognition analysis




Selection of Kr 10n tracks with shape analysis
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NEUTRON TEST BEAM (@ FNS (JAPAN)

Emitted neutron D+ D % SHe + n(2,45MeV)

energy
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Neutron test beam analysis
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Neutron test Beam sample (FNS exposure)
Compare clusters with elliptical (e > 1.1) shape
with the proton recoil direction

Scattering contribution negligible

c =235 mrad=13°

12 I ndf
po0
p1
p2
p3

164.2 /82
396.9+7.1
0.01423 + 0.00355
0.2347 + 0.0036
33.23 + 0.83

1.5

delta_phi, rad



BEYOND OPTICAL RESOLUTION

X-ray microscope

- New technologies




RESONANT LIGHT SCATTERING FROM AG NANOPARTICLES

E, intensit

Ag 100 nm spheroidal
olarizing property

Wavelength [nm] Wavelength [nm]

The polarization dependence of the resonance frequencies strongly reflects the shape anisotropy



New Microscope

100 keV Carbon | 100 keV Carbon




POSITION ACCURACY
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Displacement, nm

x2 I ndf 7.475/ 44 x2 I ndf 6.108 / 46
Constant 10.42 +1.30 Constant 10.29+ 1.18
Mean -0.1133 + 0.8917 12— Mean  -0.07589 + 0.90741
Sigma 10.24 +0.92 B Sigma 10.51+ 0.80
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(pixel size 28 nm)

Breakthrough

Displacement, nm

Unprecedented accuracy of 10 nm achieved on both coordinates




3D NANOMETRIC READOUT

Vertical Plane Image
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Perform plasmon analysis in horizontal plane
Measure ¢ angle

Rotate mirror to make the vertical plane coincide

with the prediction’s direction (¢)

Perform plasmon analysis in vertical plane
Measure 6 angle
Measure 3D length




MULTI-WAVELENGTH PLASMON
RESONANCE ANALYSIS

C-ion 100 keV track
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resonant

Redder at the stopping poin

 Head-tail discrimination!

< 810 nm >



BACKGROUND STUDY




238U: 1.87 ppb (23.1 mBg/kg)
232Th: 1.26 ppb (5.1 mBq/Kg)

= 1.6
Process SOURCES simulation ~ Semi-analytical calculation g
(kg !y '] (kg1 y~'] z 4
212
(ct, n) from 232Th chain  0.12 + 0.04 0.11 + 0.03 2
(e, n) from 238U chain 0.27 + 0.09 0.26 + 0.08 g 1
Spontaneous fission 0.8 +03 0.8 +£0.3 3
Total flux 12 + 04 12 + 04 §°'°
g 0.6
e~ 5% — 0.06 -0.11n/(kg - yearmm .,

Astroparticle Physics 80 (2016) 16-21

Contents lists available at ScienceDirect c(; .

Astroparticle Physics

journal homepage: www.elsevier.com/locate/astropartphys

Intrinsic neutron background of nuclear emulsions for directional Dark @Cmsmk
Matter searches



FACILITY AND DETECTORS AT LNGS




FACILITY AND DETECTOR UNDERGROUND AT LNGS

Polyethylene Cooling
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SENSITIVITY




Events /(0.0785)

Exploit Directionality
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Profile Likelihood
Poisson Method
DAMA/LIBRA

'

10°
WIPM mass (GeV/c?)




TOWARDS THE NEUTRINO FLOOR

meca H mmmm Neutrino Background

Unlque p 0S8 =——— 30 nm - 10 ton x year

WIMP signal beyo

50 nm - 100 ton x year
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Neutrino coherent scattering
indistinguishable from WIMP
interactions
Phys.Rev.D89 (2014) no.2, 023524
(Xe/Ge target)

I

WIPM-nucleus crois sectio

REQUIREMENTS
Larger mass scale detector |

Lowering the track length threshold . e
WIPM mass (GeV/c?)

The neutrino bound is reached with:
= 10 ton x year exposure if 30 nm threshold

= 100 ton x year exposure if 50 nm threshold

https://arxiv.org/pdf/1705.00613.pdf




CONCLUSION AND PERSPECTIVES

Without any treatment, neutron background from intrinsic
radioactivity negligible up to ~ 10 kg year

Prepare a few kg mass detector as a demonstrator of the
technology and the first spin-independent search of this kind

R&D phase (2016-2018) funded in view of the pilot
experiment



