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Directional sensitive WIMP-search
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考えられるので、少ない事象数で図 7.2のような前方散乱が確認できることは非常に重要であ
る。さらに図 5.1 に示される通り、飛跡の前後判定により暗黒物質に対する制限曲線は 3倍近
く更新される。以上の点から、方向に感度を持つNEWAGEにおいて、飛跡前後判定の研究は
非常に重要であることが分かる。本研究では飛跡の前後を判定することを目的とする。

　　 　

図 7.2: シミュレーションによる cos θ分布。斜線部が暗黒物質による事象、黒塗り部が中性子
バックグラウンドを表す。上図:前後判定なし (CF430torr)、下図:前後判定あり (CF420torr)。こ
こでは暗黒物質の到来方向に対する散乱角を γとしている [61]。
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Expected cosγ distribution

γ

• Solar system moves to cygnus
Ø WIMP flux has anisotropic distribution

• Target Nuclear is scattered with WIMP
Ø Angular distribution of recoil nucleus has anisotropy

• Anisotropic angular distribution is a strong signature of WIMP

PLB578 (2004) 241–246 



NEWAGE Experiment
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Figure 4.0.1: Sensitivity goals of the NEWAGE project. Thick and dotted lines show expected 3σ asym-
metry detection sensitivities by the ST(semi-tracking) and FT(full-tracking) modes, respectively. Details
are described in [73]. An experimental result of NAIAD (thin dashed dotted line labeled UKDMC) and
MSSM predictions (thin line labeled MSSM) are also shown [41, 74].

4.1 NEWAGE-0.3b’ detector

A new detector, NEWAGE-0.3b’, was designed and developed to improve the sensitivity by

one order of magnitude. NEWAGE-0.3b’ consists of a micro time projection chamber (µ-TPC),

its electronics system, and the gas circulation system (Figure 4.1.1).

Figure 4.1.1: The photograph of whole system of NEWAGE-0.3b’ in Kamioka underground laboratory.
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Figure 4.1.3: The µ-PIC and the GEM during their installation (upper) and inner structure of TPC
including the 10B-evapolated glass plate (lower).

The electric field is formed by the drift plane and wires on the side walls of the drift region

with a spacing of 1 cm. Applied voltages for the µ-PIC, the GEM and the drift plane are listed

in Table 4.1.1, where a stable operation with a combined (µ-PIC×GEM) gas gain of 2500 was

obtained. A glass plate with a thin layer of 10B is installed at the position of (−5,−12, 0) cm

for the energy calibration. The size of the 10B layer is 2 × 2 cm and the designed thickness is

0.6µm. The µ-TPC is placed on a 2.5 cm thick stainless-steel vacuum vessel filled with CF4

gas at 0.2 atm. As mentioned in Section 3.2.1, CF4 gas is suitable for a direction-sensitive spin

dependent dark matter search.
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• Challenge: very short recoil track
Ø Low pressure gas TPC
Ø Micro pattern gas detector

• Detection Volume: 
31×31×41cm3

• Gas: CF4 at 76Torr (50 
keVee threshold)

• Gas circulation system 
with cooled charcoal

• Installed in Kamioka
Laboratory

μ-PIC
Strip pitch: 400μm

μ-PIC

Gas	circulation	system



Previous results
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PTEP 2015, 043F01 K. Nakamura et al.
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Fig. 17. Limits of SD cross-section, σ SD
χ−p, as a function of WIMP mass Mχ . The thick solid red line plots the

result of the present directional method. The results of the conventional method (thick dotted blue line) are
plotted as a reference. The thin red lines labeled “NEWAGE surface run” and “NEWAGE 2010 (RUN5)” are
previous results measured at the surface and Kamioka, respectively [10]. The allowed region (DAMA [13])
and the upper limits of other experiments are shown for comparison. The solid green and blue lines are
the non-directional limits imposed by liquid or solid detectors in conventional analysis (DAMA/LXe [14],
NAIAD [15], KIMS [16], Tokyo(CaF2) [17], XENON10 [18], CDMS2(Ge) [19], PICASSO [20], COUPP [21],
SIMPLE [22]) and the limits set by gaseous detectors (DM-TPC [23], DRIFT [24]), respectively.
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Fig. 18. χ2 values in comparison with measured | cos θcygnus| and those of models. Red points are χ2 values
with the WIMP-wind model. Black points are the minimum χ2 values with the isotropic background model.

in preparation). We have begun developing a new µ-PIC with low background radiation and are
planning initial investigations of the DAMA region within the next few years.

5. Conclusion

NEWAGE-0.3b’ was employed in a direction-sensitive dark matter search in the Kamioka under-
ground laboratory, undertaken from July 17, 2013 to November 12, 2013. The exposure was evaluated
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PTEP 2015, 043F01
• Obtained limit : 557pb @200GeV

(Best direction-senstivie limit)

α BG

Drift region

μ-PIC 

GEM

• Main background : 
Alpha particles in μPIC mateiral



Low background gas detector
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• Development of μ-PIC with low radioactive materials (Low-alpha μ-PIC) 

238U[ppm] 232Th[ppm]

Standard material 
(PI+glass cloth) 0.39±0.01 1.81±0.04

New material
(PI+epoxy) < 2.98×10-3 < 6.77×10-3

• Main	background	of	previous	results:	surface	alpha	from	μ-PIC
Ø Replace	of	surface	material	to	low	radioactive	material

Low-alpha μ-PIC (30×30cm2)

• Physics run  started in 2018 

• Gas gain is almost the same as 
standard μ-PIC 400 μm

30 cm

30 cm

work	by	K.	Ichimura (XMASS),	K.	Abe	(XMASS)

work	by	Dai	Nippon	Printing	Co.,	Ltd



Detector performance
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10B	plate

Energy calibration
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• Thermal neutron capture of 10B
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4.4.2 Energy calibration and energy resolution

Since our purpose is to detect the recoil nuclei by dark matter, we calibrated the energy

scale of µ-TPC using α particles instead of γ-rays and β-rays to measure the detector response

to the nuclear tracks, because that is the case we expect in the dark matter nucleus scatterings.

A glass plate on which 10B is deposited in 2× 2 cm is placed at the position of (−5,−12, 0) cm

for the calibration (see Figure 4.1.2). By irradiating the 10B plate with thermalized neutrons

from 252Cf surrounded by polyethylene, α particles are generated in the µ-TPC by the following

reactions,

10B+ n −→4 He +7 Li + 2.79MeV(6%) (4.1)

10B+ n −→4 He +7 Li + 2.31MeV + γ(0.48MeV)(94%). (4.2)

Since the cross section of reaction (4.2) is ∼ 15 times larger than that of (4.1), neutron capture

reaction of 10B emits prompt gamma-rays with 478 keV in most cases, and the 7Li nuclei and

α particle share 2.7− 0.478MeV, thus the generated α particle has 1.5MeV of kinetic energy.

Because of the thickness (designed value was 0.6µm) of the deposited 10B, the 1.5MeV α

particles make the shape of an edge rather than a peak. Figure 4.4.2 shows the result of the

energy calibration. By comparing the simulation (blue line) and measurement (red points), we

determined the energy scale.

.e.αkeV
0 500 1000 1500 2000 2500 3000

co
un
ts
/k
eV
/k
g/
da
ys

0

20

40

60

80

100

120

140
310×

measurement

simulation

Figure 4.4.2: The result of an energy calibration using α particles from 10B(n,α)7Li. Blue line is
simulated energy spectrum and red points are measured one.
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Particle tracks
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Event selection
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Two event selections for rejection of electron event.
• Energy-Length cut • TOT-Energy cut

electron

nuclear

Track length of 
electron is long

Track length of 
nuclear is short

waveform

Time	over	threshold	(TOT)

Electron has 
small dE/dx

Nuclear has 
large dE/dx

electron

nuclear

• Inside of red dot lines was selected as nuclear event 



Detection efficiency
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• Nuclear detection efficiency: 

14% @50-60keV

• Electron detection efficiency:: 

5.9×10-6 @50-60keV

Relative	efficiency	map	
@detector	coordinate
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• Irradiate with fast neutrons from 6 directions



Angular resolution
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• Angular resolution was 
measured by  252Cf neutron 
source

nucleus

θneutron
252Cf

• Angular resolution:
49.3 ± 6.5	degree @50-100 keV



Physics results
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RUN22 
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• RUN22
Ø First data using Low-alpha μ-PIC  

RUN22-1 June  2018  0.49 kg・days

RUN22-2 Sept. 2018  0.63 kg・days

• Exposure:
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RUN22 Accumulated Data

Fluctuation of gas gain

• Calibrate every 2 weeks
• Energy scale
• Energy resolution
• Detection efficiency



Data before event selections
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Data after event selections 
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Data after event selections 
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• Main background @50-100 keV: Alpha particles in μPIC mateiral

Ø Successful in reduction due to Low-alpha μ-PIC
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The directional analysis
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• Region of interest: 50 to 60 keV

• Observed events in ROI: 2 events

DM	mass	=	100GeV

Ø Observation is consistent to 
the isotropic BG model

Ø The 90% C.L. limit of SD cross 
section (including systematics)

24.5 pb @ 100 GeV 

• Expected anisotropic ratio
29.9*+,.-.+/.-	%

• Using a binned likelihood-ratio 
method

• Low statistic (high statistic error)

|cosθcygnus|



The result of a directional method
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The 90% C.L. upper limit of SD cross section

• The sensitivity was improved by about 50 times comparing with 
previous results

PRELIMINARY

Phys. Rev. D 70, 123513 (2004)



Background study
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• Alpha particles from Rn220 and Rn222

was observed in high energy region

• Simulated the radon BG by Geant4
• Estimated amount of Rn

Ø 220Rn 4.5 mBq/m3

Ø 222Rn 1.0 mBq/m3

Energy spectrum in high energy region

Energy of 
α (MeV)



Surface alpha background
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• A surface alpha of Low-α μ-PIC 
was measured by Ultra-Lo 1800 
(XIA LLC) 
Ø Observed 210Po peak
Ø (2.35±0.48)×10-4 α/cm2/hr.

Low alpha uPIC

run# 307 (707cm2 active region)

purge 90min

duration 6.87days (Aug. 28th, 2017 - Sep. 05th, 2017)

sample Low alpha uPIC
(Low alpha uPIC polate (30cmx30cmx1.1mm).  
Surface is made by 49% copper and 51% Polyimid. 
No electric potential (<10V) both before/after 
wiping using ethnol. Requested by 
Miuchi/Hashimoto (Kobe).). First 1 day data cut.

emissivity (5.52±0.74)x10-4α/cm2/hr
(9.38±2.97)x10-5α/cm2/hr (2.5<E<4.8MeV)
(2.35±0.48)x10-4α/cm2/hr (4.8<E<5.8MeV)

Ultra-Lo 1800 (XIA LLC) 

Worked by K.Kobayashi (XMASS)

210Po



Summary of background
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Summary
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• NEWAGE is directional dark mater search using gas 
detector

• Low background gas detector (Low-α μ-PIC) was 
developed

• RUN22 data taking and analysis

• Reach the sensitivity of 24.5pb @100GeV with 
directional method

• Main background in ROI is surface alpha of Low-α μ-
PIC

• Continued R&D for search of DAMA region  



Thank you! 

2019/9/9 TAUP2019@Toyama 25


