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暗黒物質探索の将来の攻め口	

Figure 1: Plot of rescaled spin-independent WIMP detection rate ⇠�SI(�, p) versus m� from
several published results versus current and future reach (dashed) of direct WIMP detection
experiments. ⇠ = 1 (i.e. it is assumedWIMPs comprise the totality of DM) for the experimental
projections and for all models except RNS and pMSSM.

scale. The scans over parameter space typically range up to weak scale soft terms of 4 TeV
and are subject to a variety of constraints including LHC sparticle search limits and that
⌦TP

�1
h2  0.12. For general projections from a three parameter model involving just electroweak-

inos, see Ref. [56].

3 Spin-independent direct detection

We first examine a grand overview of prospects for spin-independent SUSY WIMP direct de-
tection. In this case, the neutralino-nucleon scattering cross section is dominated by Higgs
and squark exchange diagrams. (Here, most results do not include extensive QCD corrections
so theory predictions should be accepted to within a factor two unless otherwise noted [57].
Since squark mass limits are now rather high from LHC searches, the Higgs exchange h dia-
gram usually dominates the scattering amplitude. The results are presented in Fig. 1 in the
⇠�SI(�, p) vs. m� plane. We leave the factor ⇠ in the y-axis to account for a possible depleted
local abundance of WIMPs. For the experimental projections and for all models except RNS
and pMSSM, it is assumed that ⇠ = 1 (i.e. it is assumed that WIMPs comprise the totality of
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100%	of	DM	
pure	wino	
2.3e-47cm2	

2.7-3.1TeV	

この図に含まれない暗黒物質探索も重要 (axion)	



神岡地下での暗黒物質研究の展開	

•  お互い異なったステージを目標とする研究が協力
し、並行に進んできた。ANKOKなど新たな研究の参
入も検討されている。今後の展開は？	

ConfirmaEon	(PICOLON)	
DAMA季節変動の検証	

Future	(NEWAGE)	
Smoking	gun	signal	

Discovery	(XMASS)	
大型標的で	
証拠をつかむ！	

暗黒物質の正体	



NEWAGE　戦略　マイルストーン�
現状　500pb                             　←　100dru  @ 50keVee 30日×0.03m3 

①　DAMA領域（10pb）5年程度      ←      1dru  @ 50keVee 100日×1m3 

②　ガス最良（0.1pb）　                  ← 1e-2dru  @20keVee 300日×10m3 
③　SD最良 SUSY(1e-3 pb) 国際協力← 1e-4dru @10keVee 1000日×100m3　�

NEWAGE	
[Kobe+]	

• 	µ-PIC	(400µm	pitch)	
• 	direc8on-sensi8ve	limit	
• 	Underground	

30cm	
40cm	

dru=/kg/keV/day �



CYGNUS proto-collaboration 
steering committee（N. Spooner (英 実質的な牽引), K, Miuchi, S. 
Vahsen (米), E. Baraccini(伊), E. Barbario(豪)  ） 
後半3名はDMの実績はなし。 
DRIFT　   →　CYGNUS Large detector で予算申請 
NEWAGE →　CYGNUS/NEWAGE チェンバー 

CYGNUS部分 
（CYGNUS-KM Observatory）: 

   他グループのモジュール受け入れ。 
NEWAGE部分： 

    µ-PICでこれまでの延長を。 
 

（目論見）既成事実で神岡主導で 
大型検出器を稼働させたい 

国際競争力・協力�

CYGNUS/NEWAGE 
vessel 
20torr ～100g/m3　　	

SF6　
	

DRIFT Plane	

1.6m	

0.5m	

1.6
m	

0.5m	



PICO-LON計画(NaI(Tl)による宇宙暗黒物質探索) 
DAMA DM-Ice Ingot	26~37	

(2016)	
Goal	of	PICO-
LON 

natK	(ppb) <20 660 <4	 <20 
232Th(ppt) 0.5-0.7 2.5 0.3±0.5 <4 
238U(ppt) 0.7-10 1.4 4.7±0.3	 <10	
210Pb	
(μBq/kg) 

5-30 1470 29.4±6.6 <	30 

DAMA:	NIM	A592	(2008)	297.	
DM-ICE:		Phys.	Rev.	D90	(2014)	092005.	

K.Fushimi	et	al.,	arXiv:1705.00110 
ほぼ目標に到達。 



v ~3.5	events/keV/
day/kg	@6keVを
達成！	

v 国際競争力充分!		
v (VS		ANAIS(西)/COSINE(韓
米英)/DM-ICE(米)/
SABRE(米))	

極放射能NaI(Tl):Ingot #37 

40K	3	keV 210Pb	46.5keV 

210Pbの混入とエネルギー分解能を	
再度Ingot-#26レベルに戻せれば	
結晶の低BG化はほぼ完了 

競合NaI(Tl)開発グループ最新値と比較 



54	kg	
~2020 

250	kg	
~2025 

Scale	up 



XMASS	

•  2000年に低エネルギー太陽ニュートリノの観測を目標に実
験計画を立ち上げ。	

•  大型の液体キセノン検出器を用いた、暗黒物質直接探索、
0νββ探索を標榜する宇宙素粒子実験の幕開け。	
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Low Energy Solar Neutrino Detection by using Liquid Xenon
(September 5, 2008)

Y.Suzuki
(for the Xenon Collaboration [1])

Kamioka Observatory, Institute for Cosmic Ray Research, University of Tokyo, Higashi-Mozumi,

Kamioka, Gifu 506-1205, Japan

(Talk presented at LowNu workshop, June-15-2000, Sudbury, Canada)

Abstract

Possibility to use ultra pure liquid Xenon as a low energy solar neutrino
detector by means of ν+e scatterings is evaluated. A possible detector with
10 tons of fiducial volume will give ∼14 events for pp-neutrinos and ∼6 events

for 7Be neutrinos with the energy threshold at 50 keV. The detector can be
built with known and established technologies. High density of the liquid- Xe
would provide self-shields against the incoming backgrounds originating from

the container and outer environments. Internal backgrounds can be reduced
by distillation and other techniques. Purification of the liquid Xe can be

done continuously throughout the experiment. The spallation backgrounds
are estimated to be small though an experimental determination is neccessary.
The liquid-Xe detector can also provide a significantly better sensitivity for

the double beta decay and a dark matter search. However the 2ν double
beta decay of 136Xe would be most background. It could be overcome if the
2ν lifetime is longer than 1022yr. However, an isotope separation of 136Xe is

inevitable for a shorter lifetime.
The isotope separations would, intoroduce a new opportunity to defini-

tively identify dark matter. The interesting feature in addition to the solar
neutrino measurements will also be discussed.
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XMASSの目指す物理と方法	

•  太陽ニュートリノ、暗黒物質、0νββを研究するために
液体キセノンを使う。1相式と2相式を比較し進めた。	

l  Xenon MASSive detector for solar neutrino (pp/7Be) 
l  Xenon neutrino MASS detector (ββ decay) 
l  Xenon detector for Weakly Interacting MASSive Particles (DM search) 

Multi purpose low-background experiment with liq. Xe 

Phase I: 0.1t fiducial 
mass (Total 835kg) 
�

XMASS-I 

Final goal:10t fiducial 
(total 25t) 

XMASS-II 
XMASS-1.5 

1t fiducial 
(total 5t) 
<10-46cm2 

x10 FM�

x10 FM�

<10-47cm2�5	

XMASS-I�

DM 
100kg fid. (800kg) 
0.8mφ, 642 PMTs 
2010- 
DM search�

XMASS-II�

DM, solar, ββ
10ton fid. (25ton) 
Detailed study of DM 
including e channel 
pp Solar nu 
ββ ~30meV(IH) �

XMASS-1.5�

DM 
3 ton fid. (6 ton) 
1.5mφ, ~1000 PMTs 
pp solar ν limited 
Ultimate BG for elec. 
�x10-47cm2 

Annual/spectral info.� 11	



XMASSのもたらしたbreakthrough	
•  Krが多く見向きされないXeを、蒸留を用いて一気に低バック

グラウンドの素材に（世界標準）	

XMASS1.5 R13111
• PMT　R13111 
• さらなる極低RI化(特にAlリング
中の不純物) 

• ドーム型の光電面 
• 表面BGによる発光を捉える 

• 以下の性能試験について説明する 
1. PMT側面の性能評価 
2. 低温時における動作の試験

R13111,	Co	free	(3’’)	
R7281	Q,MgF2	
glass	tube	(2’’)�

R8778	
metal	tube	(2’’)	

2002�2001� 2008� 2014�

R10789	
hex	shape,	metal	(2’’)	LUX	used	R8778	later		

Gen
	1�

Gen
	2� Gen

	3�

•  水チェレンコフ型遮蔽体の
導入により大型検出器も建
設が容易で、中性子の心配
も極小（世界標準）	

•  PMTの低BG化を細々とやっ
ていた浜松ホトニクスだが、
XMASSとの協力関係で新素
材の提案、スクリーニングで
急速進化（世界標準）	

水チェレンコフ型遮蔽体	

蒸留塔	



XMASSが磨き上げたノウハウ	
（一部SK,	KLから輸入）	

•  スクリーニング関係	
–  ゲルマニウム検出器	
–  ラドン測定	
–  α線検出器	
–  帯電防止技術	

•  検出器のモデリング技術	
–  液体キセノンの発光時定数、光学的特性	
–  検出器とバックグラウンドの精密モデリング	
–  PMTの角度依存性・反射の詳細モデル化	

将来の低バックグラウンド検出器
検出器のデザイン新型３“凸型PMT開発

液体TPCの基礎研究

液体キセノンからのRn除去

Rn対策フィルムの開発
低エネルギー単色中性子線源

アルファ線検出器による
表面測定と内部の鉛測定

Geスクリーニング サンプルの出し入れ方法

14

• 中央の鉛ブロック８個にはM5エンザートがついており、アイボルトをはめることで取り
出すことが可能。 

• 低210Pb鉛ブロック、銅の円盤はサクションリフターで取り出せる

図 5.6: 修正後の光電面反応。図 3.5に対し、赤を点線から実線のように、入射角 30◦～70◦

の確率を減らした。

5.3 光電吸収後の角度依存性
反射・吸収長・散乱長を調整させても実データのM字型を再現できないことがわかっ
た。そこで、その他の要素として、PMTの光電面で光子が吸収される確率に変化を加え
ることでの解決を試みた。正確には、吸収が起こり光電子が生成されたのちの、それが増
幅されて信号として記録される確率の角度依存性に修正を加えて変化を見た。
検出器はおよそ球形をしており、各 PMTは検出器の中心を向いているため、発光点か
ら PMTへ直接光が入射する場合だけを考えれば、中心付近の光の多くは光電面に対して
垂直に近い角度で入射するが、壁に近くなるにつれて大きい角度で入射するものが増える。
今議論している問題点は、主な発光点が中心から離れることによって影響が出ているので
あるから、PMT光電面の角度に対する反応に修正を加えることによって問題が解決でき
るのではないかと予想できる。
そこで、大きい角度で入射したイベントによる寄与を減らすために、

(cos θ)0.4　　（θは入射角） (5.1)

をかけた。すると±30cm以内ではよく合うようになったものの、±40cmでは実データよ
りもかなり下がってしまった。またソース位置-40cmにおける各PMTの光電子数も、ソー

39

less are also emitted. Thus, multiple electrons with various kinetic
energies can be emitted from an incident gamma-ray. The mean
kinetic energy of the electrons Eelectron is evaluated from a Monte
Carlo simulation. The uncertainty for Eelectron is defined as the root
mean square of released electron energy.

The energy dependence of the decay time constant in the
<E 100 keVelectron region has already been reported in prior re-

search [14,16,19]. The difference between γE and Eelectron for τ2
might be used for some experiments, such as specific dark matter
searches [9,25], and two neutrino double electron capture sear-
ches [26], by discriminating the gamma-ray induced events and
electron induced events.

Fig. 3 shows the decay time constant τ2 as a function of the
electron kinetic energy Eelectron. This analysis gave consistent re-
sults with Akimov et al. [14] and extended them to the lower
energy region relevant to direct dark matter searches. Ueshima
[16] reported a much longer decay time constant than this ana-
lysis. It was found that this previous result was not corrected for
the detector response: the observed waveform, without account-
ing for the detailed detector response such as the 1 PE waveform
shape, was fitted by a single exponential function. The present
analysis, on the other hand, decomposed waveforms into 1 PE
pulses and compared their timing distributions between data and
simulation to account for the detector response.

5. Conclusions

The time profile of scintillation in liquid xenon has been mea-
sured with the XMASS-I detector. The measurement was con-
ducted in a wide energy range, between 5.9 keV and 122 keV for
gamma-ray energy, with various radioactive sources, 55Fe, 241Am,
and 57Co. Energy dependence of the decay time constant was
observed. The decay time constant increased from 27.8 ns to

37.0 ns, and the error was smaller than 1.5 ns. The obtained decay
time constants are consistent with Akimov et al., but inconsistent
with Ueshima. The discrepancy could be explained by the differ-
ence in the analysis methods. In addition, the 2.2 ns fast decay
component, which corresponds to singlet excitation, was neces-
sary to reproduce data. The number of photons that follow the fast
decay component relatively decreased as incident particle energy
increased. The ratio differed from 0.15 to 0.05 at the measured
energy region.

The measurements in this study provided a time profile of LXe
scintillation below 10 keV with induced gamma-ray energy and
revealed an energy dependence of τ2 and F1. They are important
for pulse shape discrimination of nuclear recoil from the gamma-
ray signal, and also for possible discrimination of electron incident
from gamma-ray incident, or vertex reconstruction using the
scintillation time profile in the experiments such as dark matter
and rare decay searches.
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� 有効体積解析：
� 全体積でバックグラウンドを評価
� このバックグランドに有効体積カットをかける

2016年秋の学会での小川さんのスライド



XMASSがもたらし、開拓した物理	
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2相式LXe検出器の急激な大型化の成功	

•  これまでXMASS-1.5(有効質量3トン)は予算が
つかず、今年始めてもサイズ上勝つのは難し
い。強力な粒子識別も必要。	
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FIG. 4: The spin-independent WIMP-nucleon cross sec-
tion limits as a function of WIMP mass at 90% confidence
level (black) for this run of XENON1T. In green and yellow
are the 1- and 2� sensitivity bands. Results from LUX [26]
(red), PandaX-II [27] (brown), and XENON100 [23] (gray)
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events would appear at unusually low cS2b due to charge
losses near the wall. The inward reconstruction is due to
limited position reconstruction resolution, especially lim-
ited for small S2s, near the 5 (out of 36) top edge PMTs
that are unavailable in this analysis.

Sixth and last, we add a small uniform background in
the (cS1, log cS2b) space for ER events with an anoma-
lous cS2b. Such anomalous leakage beyond accidental
coincidences has been observed in XENON100 [23], and
a few such events are seen in the 220Rn calibration data
(Fig. 2a). If these were not 220Rn-induced events, their
rate would scale with exposure and we would see nu-
merous such events in the WIMP search data. We do
not observe this, and therefore assume their rate is pro-
portional to the ER rate, at (0.08+0.11

�0.06) events based on
the outliers observed in the 220Rn calibration data. The
physical origin of these events is under investigation.

The WIMP search data in a predefined signal box was
blinded (99% of ERs were accessible) until the event se-
lection and the fiducial mass boundaries were finalized.
We performed a staged unblinding, starting with an ex-
posure of 4 live days distributed evenly throughout the
search period. This did not result in changes in the event
selection.

A total of 63 events in the 34.2-day dark matter
search data pass the selection criteria and are within the
cS12 [3, 70] PE, cS2b 2 [50, 8000] PE search region used
in the likelihood analysis (Fig. 2c). None are within
10 ms of a muon veto trigger. The data is compatible
with the ER energy spectrum in [9] and implies an ER
rate of (1.93 ± 0.25) ⇥ 10�4 events/(kg⇥ day⇥ keVee),
compatible with our prediction of (2.3 ± 0.2) ⇥ 10�4

events/(kg⇥ day⇥ keVee) [9] updated with the Kr con-
centration measured in the current science run. This is

the lowest ER background ever achieved in a dark matter
experiment. A single event far from the bulk distribution
was observed at cS1 = 68.0 PE in the initial 4-day un-
blinding stage. This appears to be a bona fide event,
though its location in (cS1, cS2b) (see Fig. 2c) is extreme
for all our physical background models and WIMP signal
models. One event at cS1 = 26.7 PE is at the �2.4� ER
quantile.
For the statistical interpretation of the results, we

use an extended unbinned profile likelihood test statis-
tic in (cS1, cS2b) with the asymptotic distribution for-
mula from [24]. The signal and background models were
evaluated in (cS1, log cS2b) bins. We propagate the un-
certainties on the most significant shape parameters (two
for NR, two for ER) inferred from the posteriors of the
calibration fits to the likelihood. The uncertainties on the
rate of each background component mentioned above are
also included. Finally, we employ the procedure from [25]
to account for mismodeling of the ER background.
The data is consistent with the background-only hy-

pothesis. Fig. 4 shows the 90% confidence level upper
limit on the spin-independent WIMP-nucleon cross sec-
tion, power constrained at the �1� level of the sen-
sitivity band [28]. This does not constrain our re-
sult. For the WIMP energy spectrum we assume a
standard isothermal WIMP halo with v0 = 220 km/s,
⇢DM = 0.3 GeV/cm3, vesc = 544 km/s, and the Helm
form factor for the nuclear cross section [29]. No light
and charge emission is assumed for WIMPs below 1 keV
recoil energy. For all WIMP masses, the background-
only hypothesis provides the best fit, with none of the
nuisance parameters representing the uncertainties dis-
cussed above deviating appreciably from their nomi-
nal values. Our results improve upon the previously
strongest spin-independent WIMP limit for masses above
10GeV/c2. Our strongest exclusion limit is for 35-
GeV/c2 WIMPs, at 7.7⇥ 10�47cm2.

These first results demonstrate that XENON1T has
the lowest low-energy background level ever achieved by
a dark matter experiment. The sensitivity of XENON1T
is the best to date above 20 GeV/c2, up to twice the
LUX sensitivity above 100 GeV/c2, and continues to im-
prove with more data. The experiment resumed opera-
tion shortly after the January 18, 2017 earthquake and
continues to record data.
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XENON1Tの最新結果	

•  0事象。34.2日のデータ。	
•  ラドン量はXMASS-Iに近い。	
•  着実に感度を伸ばしている。	 F
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fü
r
K
ern

physik,
W

estfälische
W

ilhelm
s-U

n
iversität

M
ü
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１相式と２相式のpros	&	cons	

•  技術的なところで１相式のconsの解決が進まず、一方　　
２相式はなんとかうまくやってきた。	

•  1相式の得意分野は２相式の苦手分野をカバーする。	

Pros	 Cons	

１相式検出器	 大型化　容易	
構造　単純	
ガンマベータ弁別	
ラドン等対策　容易	
不純物　強い	

粒子識別能力　低	
事象再構成（壁）　？	
	

２相式検出器	 粒子識別能力　高	
事象再構成　高	
	

HVが放電？	
アノードのサイズ？	
ラドン等対策　1/10-1/100？	
電子捕獲不純物低減	



ディスカバリーを目指すためには	

•  根本的な興味は変わらずWIMPs,	solar	ν,	0νββ。	
•  その実現には	

–  大きなターゲット	
–  バックグラウンド低減	

•  この物理の展開を狙う以上、将来	
–  世界で一つしか作れない大型検出器へ向かう。	
–  当然のように大型共同実験になる。	
–  あと２ステップ。今こそ合流して協力を開始すべき。	

��������

��
�	��
	����� 
�
�������

？	



大型キセノン検出器で標榜する感度の例	

•  暗黒物質探索の感度はニュートリノフロアー（太陽・大気
ニュートリノが生じる原子核反跳がBGとなる感度）に至る	

•  太陽ニュートリノは	7.2(pp)+0.9(7Be)事象/日 <30keV	
•  0νββ崩壊探索はdegenerateの途中までカバー	
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Figure 1. (left) The attainable bound on spin-independent WIMP nucleon cross-section as a function
of the WIMP mass of present and future nobel liquid detectors. Shown are upper limits from PandaX-
II [28], DarkSide-50 [31], XENON100 [25], and LUX [27] as well as the sensitivity projections for
DEAP3600 [16], XENON1T [32], XENONnT [32], LZ [33], DarkSide-20k [34] and DARWIN [35], for
which we also show the 1-� (yellow band) and 2-� (green band) regions. DARWIN is designed to
probe the entire parameter region for WIMP masses above ⇠5 GeV/c2, until the neutrino background
(⌫-line, dashed orange [36]) will start to dominate the recoil spectrum. (right) Upper limits on the
spin-dependent WIMP-neutron cross section of ZEPLIN-III [19], XENON100 [37] and LUX [38] as
well as projections for XENON1T, XENONnT, LZ and DARWIN. DARWIN and the high-luminosity
LHC will cover a common region of the parameter space. The 14 TeV LHC limits for the coupling
constants g� = gq = 0.25, 0.5, 1.0, 1.45 (bottom to top) are taken from [39]. The LHC reach for spin-
independent couplings is above 10�41 cm2. Argon has no stable isotopes with non-zero nuclear spins
and is thus not sensitive to spin-dependent couplings. Figures updated from [35], using the xenon
response model to nuclear recoils from [27] for the DARWIN sensitivity.

in the LUX programme, which plans to operate a 7 t LXe detector with an additional scin-
tillator veto to suppress the neutron background [33]. The DarkSide collaboration proposes
a 20 t LAr dual-phase detector, with the goal to reach 9 ⇥ 10�48cm2 at 1TeV/c2, based on
extrapolations of the demonstrated PSD efficiency of the smaller detector [34, 40].

The DARk matter WImp search with liquid xenoN (DARWIN) observatory, which is the
subject of this article, aims at a ⇠10-fold increase in sensitivity compared to these projects.
Figure 1 (left) summarises the status and expected sensitivities to spin-independent WIMP-
nucleon interactions as a function of the WIMP mass for noble liquid detectors including
DARWIN. Figure 1 (right) shows the situation for the spin-dependent case, assuming WIMP
coupling to neutrons only. DARWIN and the high-luminosity LHC will cover common pa-
rameter space [39] in this channel.

This article is structured as follows: After a brief introduction to the DARWIN project
in Section 2, we discuss its reach for several astroparticle and particle physics science channels
in Section 3. DARWIN’s main background sources are introduced in Section 4, followed by a
detailed discussion on design considerations and the status of the ongoing R&D towards the
ultimate WIMP dark matter detector in Section 5.

2 The DARWIN project

DARWIN will be an experiment using a multi-ton liquid xenon TPC, with the primary goal
to explore the experimentally accessible parameter space for WIMPs. DARWIN’s 50 t total
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XMASSの理想的将来像	

•  XMASSのノウハウを生かし第２世代実験
(XENONnT/LZ)に参加して格段に感度を上げ
る。（そのことでヒントが得られると期待）	

•  並行して神岡で第３世代の研究開発を進め、
新たなより大型の検出器を提案できるように
用意する。	

•  神岡に戻り第３世代の検出器を建設し、暗黒
物質の発見を行う。（＄＄＄人人人）	



XMASSの第２世代実験	
（有効質量〜５トン）への参加	

•  XMASSの持っているノウハウや資産を生かしてグ
ループとして合流する。XMASSの延長上。	

•  宇宙線研として大学の活動を取りまとめ、XMASSの
継続発展の実現ともなる。現在の人員でも実現が
可能な高感度探索実験。	

•  XENONnTの場合、特に液体キセノンの純化が必要。
LZより１年早く始めるが若干キセノンが少ない。	
– 液体キセノン純化をこれまでのノウハウを元に開発	
– 手持ちの低BGPMTを持って行く	
– 我々のキセノン1.9トンを貸す	

•  設計変更から入っていきたい。	



XMASSの神岡での研究	

•  XMASS-Iのデータはしゃぶり尽くし、超新星モ
ニターとしてあと１年少し運転を続ける。第２
世代検出器のテストベンチとしても活用する。	

•  第２世代実験で何かしらの信号が見えれば
第３世代実験の実現へ加速がつく。	

•  神岡に持ってきたい。	
– ２相式検出器の弱点を解決しておく。	
– キセノン等のターゲットの入手方法の研究開発。	

•  第３世代実現のための、将来のR&Dを行うこ
とが必要で、神岡での低BG研究は継続する。	



XMASS-Iからまだまだ出てくる物理成果等	
•  目玉解析	

–  有効体積カットを用いた暗黒物質探索	
–  季節変動の探索（データ追加、解析改善）	

•  高感度化した探索	
–  二重電子捕獲事象探索（beta/gamma)	
–  129Xeの励起を伴う暗黒物質散乱	
–  Hidden	photon探索	

•  新物理・現象の探索	
–  太陽KKアクシオン探索	
–  光子発生を伴う（低質量）WIMP探索２種？	

•  低バックグラウンド技術	
–  無酸素銅中の210Pbなどの同定と評価	
–  光電子増倍管の開発成果	

•  。。。	



将来へ向けた神岡でのR&Dのいくつか	
•  現在の大きな課題	

–  ラドンなどの内部放射能	
–  電子を捕獲するようなテフロン等から出る不純物	
–  S1信号の検出効率の位置依存性の低減,	S2	only実験の遂行	
–  放電の問題、液面安定化、ワイヤーにまつわる問題	

•  これらを解決するため様々なR&Dを神岡で進める。	
–  １相式液体キセノンTPC	
–  石英容器を用いた分離２相液体キセノンTPC（KamLAND型）	

��PMT��

	�PMT��
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神岡における第３世代実験の例	

•  ２相式液体キセノン検出器に不純物低減と、側面よみ
出しによる低しきい値化の工夫を施す。	

•  側面のフォトセンサーはコストダウンを行う。	
•  Winoもカバーし、ニュートリノフロアーまで探索。	

XMASS(SK,	KL)	
の伝統 全面	
フォトセンサー	
（PMTに限らない）	 石英容器を	

導入し、ラドン他	
不純物を低減。	
循環不要にする。	
ワイヤーサギング	
対策にも有用。	
S2	onlyも推進。	

キセノン	
生産技術？	



まとめ	

•  神岡の地下実験の将来展望	
– DAMAの検証	
– さらに将来に向けた方向感度検出器の開発	
– 発見を目指した大型キセノン検出器	

•  XMASSは３つの物理目標を掲げて低バックグラウ
ンド実験を進めてきた。多数のbreakthroughと物理
成果を上げてきた。	

•  究極感度を目指して共同実験を始めることを考え
ている。神岡での研究は続ける。DM究極感度、pp
太陽ニュートリノ高統計実験、0νββ実験を神岡で
展開したい。	


