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Why Is directionality?
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Directional DarkMatter Search

earth@summer Rotation of earth

30 km/sec \ 0.3km/se

Direction of solar syste

Target nuclei DM

(230km/sec)
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s000 [ Dark Matter velocity distribution
4000 £ s assumed allaxwellian
3000 £ (this is big assume itself)
7000 £ t velocity at earth frame is less
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Frequency

Directional Dark Matter Search with Nuclear Emulsion

50 GeVc? DM
Maxwellian
Target . Carbon
Density : 3 g/ch
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Entries 6212515
Mean 67.24
RMS 52.84
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Track length [nm]
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Required Detector Performance

0 High spatial resolution

U enough angular resolution
U low-background

U scalability

Can the nuclear emulsion work as directio
sensitive dark matter detector?



Detection Principle of emulsions detector

Polymer (C, (N,0))
Charged Particle / Silver halidecrystal

(Ang « 200 nm = Semiconductor (VG ~ 2¢X)

' A Spatial resolution

'+ Crystal size and density
' A Angular Resolution

\) Latent image 'i crystal size
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For example, in the case of usual type,

Developt]t treatment I NE&aGFE &AATS Y wHn

Density : 2.8 g/cr
|
@

(Vol. occupancy of crystal : 30 %)

Silver grains @
‘ﬁ 2.4 crystals / um

‘ Detectable more than pm order!!

. Resolution is poor yet for directional DM searcl




Higher resolution

—— Polymer (C, (N,0))
Charged Particle / Silver halide crystal

(AQBF)

Developtlt treatment

‘ ‘ﬁ Silver grains




Nuclear EmulsioRroduction for Dark Matter searc|

2008 : start of discussion
2010. Apr. : Start of install of machine in Nagoya university
(2014 : Install of larger scale machine)

A Development of new original device
A Elemental Study for detection mechanism

A Supply of emulsion device to the world

AgNO, KBr
solution solution

rZ Production scale : 1 kdevice/week
- Production cost: 1 k EURO/device of kg
( 60 % of all costis AgN®



FineGrained Emulsion
| NanolmagingTraker: NIT]

nsity 133 'z+(j)"».~1‘/§./cm3 5

Weightoccupancy
C 10.12
H 1.63 ?
O 7.41 0
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New simulation for nuclear emulsion
[ Intrinsic resolution with direction sensitivity]
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Potential of NIT
| Angular resolution ]

scattering + crystal effect
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only scattering

Angular resolution[rad]
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0,1 ----SRIM
—track
0 lonized electrons are closed in the
0 20 40 60 80 100 crystal.
energy [keV] t angular resolution is defined by

_ scattering and crystal size effect
Scattering effect : ~ 30fhrad.

Intrinsic resolution : ~ 250nrad (crystal size effect)



Readout Strategy

-

N
Highspeed roughly Selection and screening

t optical microscopy

- /

4 . .. . R
High precision analysis

8 Various new technology will be innovatgd

-Higher resolution microscopy
- nano-scale information

- 3D angle information

etc.



Optical Readout Machine for shorter
length tracks

ity

- | LNGS(Gran sasso)

All systems are adopted theepi-
illuminated optics.




Example of nuclear recoil signal

D_Trackength vsEllipticity
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Current selection is used the simple elliptical shape k i S @Sy 0 &

Another out put parameter
- position information
- brightness
- area of signals

I NB SEL

distributed aroundEllipticityof one.



Hard Xxray microscope

30 m
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Beam Stop
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Rotating Beam ] Imagin
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Zone plate Zernike phase plate
( outer most zone width of 50 nm)

8 or okeVXx-

SPring8 @ Japan

Ta 100 nm thicknesgertarn
on SiNmembrane (2um)

70 nm line/70 nm spacg

80 nm line/80 nm spac:




Machingof recoiled tracks between Optical and-vay microscope

-

Matching position accuracy < 5 um

2d02so0.o1W eando

-
-
-

Maching efficnecy> 99 %
Imaging speed : 1000 events /days




