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Direct Dark Matter Search

Target : Xe, Ge, Si, Nal, Ar etc
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How to detect the WIMP

Detect the nuclear recoil by WIMP

annual modulation detection Directional detection

WIMP wind—_>*
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Require long exposure and large mass. highly reliable confirmation of WIMP
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Directional Dark Matter Detector
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Collaboration  Technology  Target Interactions  Head-tail Readout V (m?)
DRIFT NITPC CSq, CS3-CFy  SI/SD Vs MWPC 2D + timing 1
DMTPC TPC CF4 s1/5D Ves Optical (CCD) 2D 0.01
NEWAGE TPC CF4 sS1/5D no pPIC 2D + timing 0.03
MIMAC TPC 'q'lfli*_.-"f']H sl/5D yes Micromegas 213 + timing  0.00013

Emulsions emulsions AgBr S1/5D o Microscope 3D N/A




Principle of the Track detection
#57~ _ ____in Nuclear Emulsion
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AgBr crystal

@ Development

only Ag (grain)
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Resolution depend on AgBr size and density.




Required resolution of Nuclear Emulsion
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High resolution emulsion
(Nano Imaging Tracker:NIT)

normal emulsion(OPERA emulsion) | __ NIT

size 20016 nm size 409 nm
density 2.8g/cc j/VAgBr Vg =317 density 2.8g/cc DVpgp, i Ve =3:7
J

2.3 grains/um 11 grains/pum

5times high resolution



Check of the sensitivity of nuclear emulsion to
the low velocity Kr ion.
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SEM image

~ Kr3* 1200km/s (600keV)

t

OSKV 5S0.8KX 7Z00n 0213 -

Kr* 680km/s (200keV)

¥t

R T

A % Al
% 3 > :
i -

50

angle (degree)
o

|
W
(=]

50

angle (degree)
o

|
W
o
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NIT can detect tracks recoiled by WIMPS!
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Strategy of readout of submicron NR track
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1. Expanding emulsion
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Swell the low velocity ion tracks recorded In the
NIT

Swell technigue of NIT emulsion

1% % D emulsion
Kr ion . ' : ' : ._
swe u u [ ]
/+| h f % jl> 10 timefs B Stimes
Range ~100nm order Expected range ~ ym order

ph treatment + glycerin treatment =Larger swelling (possible to 10 timesl)



200keV 400keV 600keV No exposure
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emiulsion Random fog
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T'Naka et 2. Nucl. Inst. Meth. A 581(2007) 761



600keV Kr 3D image of optical microscope
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Automatic scanning R&D by UTS
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Automatic scanning R&D result
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Gold nano particle
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Spectrum y P

Wavelength shift event
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Background rejection concept

= lect Sensitivity of emulsion is corresponded to generated
S rate of latent image. = depending on dE/dx of incoming

=Sensitivity control particle.
“nuclear emulsion itself —— | <10~ rejection power

aray range vs energy

development control

“shield
For aray

-range discrimination
-development control
-fiduecial cut

Not background

range [/um]
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alpha from Th,U chain and Rn is not background aray energy [keV]

For neutron

-shield
-development control
-directional
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1kg=year best limit for NIT

cross section(WIMP-nucleon) [pb]
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Summary
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