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Dark matter search
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Spin 
independent



Directional DM search

• A annual modulation by Earth revolution.

• A directional modulation by motion of Solar 

System.

‒ The direction of nuclear recoil is expected to 

have a strong modulation.

‒ The directional search is a prove of WIMP and 

halo properties.
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D. N. Spergel, Phys. Rev. D37 (1988)

F. Mayet, J.Phys.Conf.Ser. 469 (2013) 012013



Concept of NEWS

• Nuclear Emulsion for WIMP Search

• Targets: Ag, Br, C (N,O)

• high density (solid), spin-independent
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LOI submitted to LNGS science committee
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現在のラボ

ラボの屋上からの写真(2014年7月)
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The NEWS Collaboration
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Physics aims
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条件 : 10 kg∙year 90%C.L., zero BG, NIT40 w/ PPD development, ellipticity cut > 1.4

未較正のC < 60 keVのEff. を0%に
C < 60 keVのEff. を較正データから外挿
全エネルギーでEff. 100%
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10 um

Nuclear spallation taken with a microscope

Carbon ion
~100 MeV/n



Nuclear emulsion

• 3D tracking detector

• easy to enlarge a detector mass

• low cost (1k€ / 1Kg)

• no time resolution
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chemical development

silver grains

latent image 
specks

silver halide crystal

polymer (C, (N,O))charged 
particle

readout with microscope

Crystal size : 200 nm

WIMP-induced recoils are 
𝒪(10 – 100 nm) track 
length.



Fine grained nuclear emulsion

• R&D emulsion specialized in DM search 

by ourselves from 2010.
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gel stage

production machine in Japan
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Fine grained nuclear emulsion

• Silver halide crystal size has been controllable

‒ 20 – 60 nm (NIT type)

‒ not sensitive to MIP
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24±4nm crystal size

43±6nm

63±10nm

probability of penetrating two grains



Readout system

• total volume scanning

‒ optical microscope

• event by event scanning

with higher resolution optics

‒ X-ray microscope

‒ plasmon resonance
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automated scanning stage
resolution ~200 nm

X-ray microscope
resolution 70 nm

optical X-ray

T. Naka, el al. Rev.Sci.Instrum. 86 (2015) 073701

Fitting an ellipse

θ

@ NIT-40

Fast

high resolution



Efficiency and angular resolution

• Low energy 60 – 100 keV carbon exposure test

• Ellipticity cut > 1.25

• 80% tracking efficiency @80 keV

• 340 mrad (20 degree) angular resolution@ 80 keV
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@ NIT-40 emulsion
@ optical microscope

𝐸𝑓𝑓. =
# 𝑜𝑓 𝑠𝑒𝑙𝑒𝑐𝑡𝑒𝑑 𝑒𝑣𝑒𝑛𝑡𝑠

# 𝑜𝑓 𝑖𝑟𝑟𝑎𝑑𝑖𝑎𝑡𝑒𝑑 𝑒𝑣𝑒𝑛𝑡𝑠



Background study

• NIT emulsion radioactivity

• alpha-ray: rejection by track length difference

• (α, n) reaction: 0.11 neutron-induced recoils /kg /year

• beta-ray: Rβ < 10-8 electron rejection power is required

‒ NIT emulsion has Rβ < 10-6

‒ a desensitization by cryogenic approach

‒ a change in gelatin source (cattle bone -> petroleum-derived)

• Fake signal from raw materials or production process
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U-238 Th-232 K-40 C-14

activity [mBq/kg] 27 6 35 24000

process 
α decays

(alpha, n) reaction

β, γ 
decays

β decays

A. Alexandrov et al,
Astropart.Phys. 80 (2016) 16-21.
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Conclusion

• NEWS experiment

-> A novel approach for directional dark matter searches

• Concept

-> A solid detector would allow to explore spin-independent 10 – 1000 GeV/c2

WIMP mass region.

• NIT emulsion

-> 20 – 60 nm crystal size emulsion is available.

• Sensitivity to low energy ions

-> 80% tracking efficiency and 20 degree angular resolution have been 

confirmed @ 80 keV carbon ions.

• Preliminary schedule

-> Pilot Experiment in 2018 with 1 Kg target mass.
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