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Directional Dark Matter Search with Nuclear Emulsion
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|deal sensitivity of emulsion detector
SI limit [25 kg=year R>125 nm], 90% C.L.
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We already have experience of 100-1000 kg emulsion detector.
(e.g. DONUT, CHORUS experiment)



Detector Production

Production ability : ~2 kg emulsion detector / week
™

Self production and R&D in Nagoya
University, Japan from Apr., 2010
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Detector Production

Production ability : ~2 kg emulsion detector / week
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Freguency

Minimum crystal size

Mean : 18.0 +- 0.2 [nm]
sigma: 4.9 +- 0.2 [nm]

Crystal size [nm]
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1. Current system (phasel) : 2 kg/week &
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2. Next system (phase2) : 8 kg/week
= ~10kg R — )L
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3. Future plan : phase2M I TS
= £§10-100 kg A7 —)L

MEIARXR: ~15585 H/kg
& : ~10005 H/facility
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Prototype of readout system
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3D position information (x,y,z)
* quality of grain

- brightness

- shape

- area etc

Camera : DALSA 1M 120fps

= TestH 4M 180 fps

cell size : 7.4 um

cell size : 5.5 um

Light source : Hg-Xe lump
= short wavelength readout

Optical filter

NA:1.25

Magnification : x100
= high NA lens
new design lens
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Demonstration using heavy recoil nuclei tracks induced
by 14 MeV neutron (D-T nuclear fission reaction)

’

632 nm 337 nm 308 nm

217 nm 592 nm 392 nm

Mostly Br recoil (170 - 600keV) because of low sensitivity tuning.



All automatic signal selection
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X-ray Microscope @ SPring-8

Ax is better than 70 nm.

Ta 8 keV, 6 = 4.0E-5, B =3.7E-6
[c.f. Ag 8 keV, 6 = 3.0E-5, B = 2.7E-6]
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X-ray energy : 8 keV
Focussing lens : zone plate ( 50 nm)
optics method : Zernike phase contrast
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Matching of recoiled tracks between Optical and X-ray MS
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Signal Selection by Optica signal region [
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Angular resolution is better than about 25
deg. for 80 keV C recoil tracks.

[Crystal size : 44.6 +- 0.4 nm]

Ang. Resolution will be better with confirmation
of X-rays microscope.

Low velocity ion created by
an jpn-implantation system
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FTFRENTORE

- DALSA1M120 (cell size : 7.5 x 7.5 pm?) - SENTECH CMB4MCL ( cell size : 5.0 x 5.0 um?)
- Wavelength for readout : 550 nm (green) - 450 nm (blue)

- Numerical Apperture : 1.25 - 1.40
125 nm track

100 nm track

150 nm track 175 nm track 200 nm track

Optical simulation
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K T Dscanning speed
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R&D underground facility in Gran Sasso

Gran Sasso (LNGS), Italy
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Status and Near future R&D Plan

2011 2012 2013 2014 2015 2016
| " D
Study of self-production Sensitivity tuning for L .
method for fine grained phase.1 type and Sensitivity tuning for

i s fine grained emulsion
nuclear emulsion stability check g

Start of BG study and R&D  BG study and upgrade
Construction of readout system for BG discrimination for high-speed and
based on the optical microscope (neutron, electrons) high-resolution

R&D of X-ray microscope and pin-point Standard run + R&D of large emulsion
checking system at BL47, 37XU of SPring8 setting and high contrast

Construction of R&D
facility at Gran Sasso 1 —10 g scale BG study Scale-up
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