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蓑輪一派（一部）と、神岡	



（私の）有史以前ころ	

•  1992年、修士１年生	(quarter	century	ago)	
•  世間の話題	

–  CMBが見えた	
•  身近な話題		

– ニュートリノの出ない二重ベータ実験：冷やしシンチ	
– 北大での学会がうらやましい	
–  17	keV	ニュートリノ	
– アクシオン：自分はこっちだった。暗黒物質は横目。	
– 暗黒物質探索	

•  ボロメーターがいいぞ（阪大出身の渡辺さんがもってきた）	
•  阪大のELEGANTのNaI(Tl)の棺桶	
•  神戸大学の戎さんの方法（このへんは神戸大から）	



おそらくこれはWiFen直後から	

•  抜きん出た先見の明	



これが最初なので	

•  飛びついた感がありますが、日本の暗黒物
質探索のパイオニアは神戸大にあることがわ
かります。	



戎さんの研究	from	神戸大	

•  私の知った最初の国内の暗黒物質探索	
•  梶田さんの論文も入っている。	
•  宇宙線研で昨日探したが、行方不明なほど人気。	



蓑輪家：最初は、のこぎり山	
•  宇宙線研の山越さんが管理していた穴	
•  水銀遮蔽体とかあったはず。	
•  渡辺・坂本・伊藤・井上・大谷・西垣・岸本が中心	



日本物理学会　online:	1999-	

•  すでにだいぶ進展：でも「暗黒物質」これだけ	



そして神岡に暗黒物質が	

•  この辺は身内・竹田・関谷さん
が中心	



1999年宇宙線研にて	

•  鈴木さんが特定領域科研費で、低エネル
ギー太陽ニュートリノの研究を開始。	

•  当時はneutrino	oscillaLonにも様々な解釈が
あり、θ12を精度よく決める意義や、低エネル
ギー太陽ニュートリノを観測する意義が大き
かった。	

•  GSO(Gd2SiO5)を用いたpp,	Be7太陽ニュートリ
ノの観測を検討。	

•  その頃のlogbookのタイトルは”pp	Be7”	
	



τ=50 ns

176Lu

123

195

72

0+

176Yb (12.8%)

0

τ=5.3hr

339

β

144

1+

1+

e

τ = 87 ns 64

478

160Tb

160Gd (21.8%)

0+

τ = 8 ns

0
103 d

63.7

5711+

1+

75

664

ν(pp)

ν(7Be)

1+

Yb-Lu: Qν= 301 keV Gd-Tb: Qν= 244 keV

51Cr
(751)

51Cr
(426)

138

40 Gyr

1+

e

β

GSO:	Gd2SiO5(Ce)	

•  ~300pp	ν
events/
10ton	Gd	
expected	
	

•  Proposed	by	R.S.Raghavan	in	1996	
•  (R.S.Raghavan,Phys.	Rev.	LeF.,	78(1997)	



次は	
•  HERON(He)とか、CLEAN(Ne)とかの実験の提案

はそれまでもあった。	
•  2000年の夏ころ、鈴木さんが部屋に入ってきて、

「液体キセノンは放射性同位体がなくて筋がいい。
クリプトンがあって嫌われているが、それさえ取
り除けばいいんだ。二重ベータ崩壊もやれるし、
それをどかせばpp	solar	nuがやりやすいし、ダー
クマターも原子核を適当なところで分ければ奇
数核、偶数核にわけられて面白い探索ができる。
ppの前にダークマターがやれる。」と発言。すぐ
さまその旨の論文がarxivに入れられる。	

•  FV内のBGは予言しやすい(internal	BG,	pp	solar	
nu)。BGを差っ引いて、信号を探せ！	



arxiv	paper	

•  当時はXenon	CollaboraLon	だった！	
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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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コンパイルした日	

arXiv:hep-ph/0008296v1  29 Aug 2000
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プロジェクト発進	



早稲田に学ぶ	
•  デッドコピーを	
•  2000年9月	



LINAC室での活動	

•  2000年末？	









SKクリーンルームでの活動	
１リッター検出器	

•  2001年3月	



当時MEGではジャボ付けだが、	

•  KEKにて	



２０００年夏	

•  CollaboraLonの名前を決めようという話に	
•  名前を投票して決める	
•  XMASS:	中畑さんの案（との記憶）	
•  当時はクリスマスと呼ぶのかどうか議論をし

たが、やめて、エックスマス、とした。	



100kg検出器	

•  とても大変な作業	



2003/6/13 NDM03@Nara	

MgF2	window	

100kg	detector	 難波先生のNDM03のスライドより	



遮蔽体	

•  カイヅをつぶした男が営業だった。	
•  技術の人から「地震がおきたらどうするんだ」と	



そのころ最初のindicaLonが	

•  Wall	effectと呼ばれる現象。	



始めての100kg検出器でのデータ	



Self shielding performance�

Good agreement with MC�
Self shielding power works well as 
expected�
(Need to improve fitter)�

Gamma rays

Z= +15Z= -15

137Cs (662keV) 60Co (1173 & 1333keV)

Data
MC

Data
MC

Z position distribution of photoelectric peaks

難波先生のNOON2004のスライドより�



Self shielding power�

Background decreases with the fiducial volume cut
� � �Ultra-low BG at the inner volume�

Something exists at low energy region�
� � � �85Kr??�

�

85Kr??�
(3ppb)�



Estimated DM sensitivity�

Spin independent case�

Annual 
Modulation 
3σ discovery 

Raw spectrum, 3σ discovery 



Detector	ConstrucLon	

•  2009.11:	PMT	holder	
and	PMT	installaLon	

•  2010.09:	ConstrucLon	
Completed	

2012/11/01	 31	



はじめての運転（２０１０年）	

•  驚愕の生データ　(nhit	distribuLon)	

HistViewer

9

• click on the “Histogram Viewer” 
icon

• Select “ID Summary canvas”, 
click “Draw” to show it.

これはいったい、、	 こっからが本番勝負	



ははあ、	

•  チェレンコフ事象	
•  PMTのフォトカソードのカリセシの40K!	

Masaki Yamashita, ICRR,  Univ of Tokyo
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application of the timing distribution width cut. The filled points show the result of the
Cherenkov event cut. Details are presented in the text.
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software!
threshold

•136.1 live time days x 835 kg  (2010.12 ~ 2012.5) 
➡=> 0.31 ton year (DAMA/LIBRA 1.33 ton year 14年間） 

➡software Eth = 1 keVee,一部低い閾値のデータがあるがこの値で統一　 

•Quality Cut  + Cherenkov Event cut only                                                       
➡位置較正はせずにシンプルに 

➡粒子弁別をせずあらゆる物理に対応（DM, Axion ...)
Energy spectrum



それではこれは？	

Masaki Yamashita, ICRR,  Univ of Tokyo

季節変動を用いた探索
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Figure 7: Simulated WIMP energy spectra in the XMASS detector assuming the maximum
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0.3 keVee.
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FIG. 3. Comparison between the observed data (points with
error bars) and expected spectrum (solid histogram) for ax-
ion masses with 0, 5, 10, and 50 keV. The solid histograms
are showing the maximum and possible contributions to the
masses of axions that limit on the axion-electron coupling gaee

at 90% C.L.

axion-electron coupling constant gaee, the coupling is ad-
justed until the expected event rate in XMASS does not
exceed the one observed in any energy bin above 0.3 keV.
Figure 3 shows the expected energy spectra with the cou-
pling constants obtained by the procedure above. Figure
4 shows the summary of the bounds of gaee. For a small
mass of axions, a gaee value of 5.4 × 10−11 is obtained.
This is the best experimental limit to date and is near
the theoretically obtained limit, which is based on the
consistency between the observed solar neutrino flux and
expected flux, gaee = 2.8 × 10−11 [28]. For higher mass
of axions, the constraint is not as good because the pro-
duction of heavy axions in the Sun is difficult. How-
ever, in the energy range of 10–40keV, our limit is more
stringent than the theoretical one because the sensitivity
depends on the square of gaee for the theoretical limit
but on the fourth power of gaee in the current study.
Systematic uncertainties on the coupling constant due to
bin-by-bin fluctuation, energy scale uncertainty including
energy threshold, errors on the Cherenkov cut efficiency,
and energy resolution are evaluated at 2%, 1%, 2%, and
1%, respectively. The total systematic error, 3%, is ob-
tained by taking the quadrature sum of the aforemen-
tioned values, and the limit in Fig. 4 (90% C.L.) takes
this error into account.

The nature of the events surviving the analysis cuts is
also of interest. According to a study on the origin of
the events, most of them originate in the inner surface of
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FIG. 4. Limits on gaee. The thick solid line shows the limit ob-
tained in this study. The other solid lines are limits obtained
by laboratory experiments: Ge [14], Si(Li), 169Tm, reactors,
o-Ps, beam-dump experiments, and dark matter search ex-
periments. (See [15, 27] and references therein.) The dash–
dotted lines show astrophysical limits from red giant stars
[19] and solar neutrino flux [28]. The dashed lines are the-
oretical predictions for the DFSZ (cos2 β = 1) and KSVZ
(E/N = 8/3) models. This study is the first to give a fac-
tor of two stronger constraint than the existing experimental
limit for the mass ≪1 keV, and the best constraint at 10–
40 keV which is better than any astrophysical argument for
the Sun.

the detector [29]. These events are attributed to radioac-
tive contamination in the aluminum seal of the PMT en-
trance windows, 14C decays in the GORE-TEX R⃝ sheets
between the PMTs and the copper support structure,
and light leaking from gaps in between the triangular el-
ements of this support structure. Although this study
cannot reject the possible existence of an axion signal
hidden under the observed spectra and background, the
parameter space above the line shown in Fig. 4 is ex-
cluded.

In summary, the solar axions produced through axion-
electron coupling were searched for in XMASS, a large
liquid-xenon detector. The energy threshold after a se-
ries of event reduction is low (0.3 keV) because of our ex-
ceptional photoelectron yield, which is the largest among
current low-background detectors. As the observed spec-
tra do not have any prominent feature of axion signals,
the constraints on gaee are obtained instead. The limit
on gaee for axions with mass much smaller than 1 keV
is 5.4 × 10−11. The bounds on the axion masses for the
DFSZ and KSVZ axion models are 1.9 and 250 eV, re-
spectively. In the mass range of 10–40keV, this study

XMASS, PLB 719 (2013) 78 XMASS, arXiv:1212.6153
エネルギースペクトラム

暗黒物質 Solar Axion

暗黒物質探索 太陽アクシオン探索
銀河を進む太陽系に対して!
地球の公転による速度の違い。!
数％から数十%の違い。!
6月に最大（12月に最小）!
10keV以下（反跳核）

太陽と地球の距離に依存!
Ω=(1/4) π d2, !

6.9%の違い。!
1月に最大（7月に最小）!
0-10 keV (反跳電子）      !

14.4 keV for  57Fe

ほぼ逆

low	mass	
WIMP	
search	



Aluminum	sample		
which	was	measured	
by	this	meeLng	
6.7g	

Aluminum	sample		
which	was	started	to	be	measured.	
Remaining	parts	ager		KA1180	(~last	1/6)	
ager	chemical	etch	(30	pieces,	~10g)	

~300hours	



30	hours	
data	

•  Clear	signals	
at	63keV	and	
92keV.	

•  Efficiency	
need	to	be	
calculated.	

これか、、(2012年）	



負けないぞ	

•  竹田さんの見つけ
たバンドカット！	

•  これが幾多の論文
を生んだ	
–  129Xe	inelasLc	
–  super	bosonic	
WIMPs	

–  double	electron 
capture	

   Band cut analysis     

(1) Before rotating 
Upper sphere Lower sphere 

(2) After rotating and sliding 
Upper sphere 

Lower sphere 

(left) top view. PMTs in 
   the upper sphere is plotted. 
(right) top view. PMTs in 
    the lower sphere are plotted. 

z Event axis is set to zenith 
  direction (center in the left figure) 
z Rotating along z axis 
     so that pe_ratio is maximized. 
z Window (pink line) position is 
   also slid so that pe_ratio is maximized  

 

rotating 

sliding 
pe_ratio = (pe inside window) 
                          (total pe) 

(＊)Event axis: line from center to 
           reconstructed position 

generated 
reconstructed 

2011/12/3 4 

(*) averaged pe map (gap11-2) 

-> This value is used for cut. 

MC events generated from gap11-2  

0 
1 

2 
3 

4 
5 

10 6 
7 

8 

9 

11 

z MC events were 
    generated in several 
    positions inside gap. 
    Each position shown in 
    right figure has 3 depth 
    (0, -0.75, -1.5mm) 
z 200 events were generated 
      in each positions 
z Energy (10/1.2keV a) 

Gap#: even (corner) 
            odd (center of line) 

2.5mm 

1.5mm 
0mm 

-0.75mm 
-1.50mm 

3 depthes 

pmt341 
pmt335 
pmt338 

Clearest band 
Is seen in this gap 

2011/12/3 20 



たくさん頑張った（楽しんだ）	
岸本さんのスライドより	



Physics Letters B 719 (2013) 78-82 
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129Xe inelastic scattering by WIMPs  

Simulated spectrum 

c + 129Xe Æ c+129Xe   

                       Æ c + 129Xe+ g  (Eg=40keV, t=1.0ns) 
 

 N.A. of 129Xe =26.4% 



 Axions are produced  in the Sun and detected in the XMASS 

Solar Axion search 

gaee 

gaee 

Bremsstraulung and  
Compton effect 

Axio-electric effect  

Axion travels  
to the Earth 



Light	WIMP	search		
•  All	volume	(835kg	of	LXe	w/o	fiducializaLon),	>=4hits.	
•  Large	p.e.	yield,	14.7p.e./keV,	thre.	confirmed	by	LED’s	
data					è	low	Energy	threshold	300eVee	was	achieved.	

•  Simple	cut	to	remove	Cherenkov	events	was	used.	

Phys. Lett. B 719 (2013) 78 

XMASS	

DAMA	

XENON100	

XENON10	

CDMSII-Ge	

EDELWEISS	
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Bosonic	super-WIMPs	
•  This	is	the	first	direct	
test	in	the	mass	range	
40-120keV	and	most	
strict	constraint	so	far.	

•  For	vector	bosons,	this	
excludes	the	possibility	
that	the	vector	bosons	
consLtute	all	the	DM.	

•  Published	in	PRL	113,	
121301	(2014)	as	
Editors’	SuggesLon.	
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constraints	on	the	coupling	constants	for	
electrons	and	super-WIMPs	



Bosonic	super-WIMPs	
•  More	importantly,	BG	level	is	~10-4/kg/keV/day	
which	is	the	world	best	background	without	parLcle	
idenLficaLon.	

•  Remaining	
events	are	
consistent	
with	int.	BG	
214Pb	(222Rn).	

Demonstrait	the	
advantage	of	
XMASS!	

XMASS-I	

XMASS	line	overlaid	
with	a	Rick’s	slide	



臭いものを隠そう（２０１３年）	



•  Thin	plate	installaLon	
–  July	29	–	Aug.	6	
–  Incident:	

•  Difficulty	on		M1	Cu	screws	
–  Enlarge	holes	on	the	thin	plates:	

»  Cu	washer:	
–  Broken	M1	heads:	
–  Stainless	Fillip	screws:	

Good	Cu	M1	screw	

Stainless	Fillip	screw	Cu	Washer	

Cu	Washer	
(φ 3mm)	

#	of	stainless	screws	=	61(2.7%)	
#	of	damaged	head			=	35(1.6%)	
#	of	not	well	driven	screws=13(0.6%)	
#	of	Cu	washer	=	13(0.6%)	





With	thin	plates	(Aug	9,	2013)	

Without	thin	plates(Jan.	30,	2010)	



•  2010.10-2012.05 : XMASS-I 
検出器によるdata taking 
–  予期せぬバックグラウンドが観測さ

れる。: PMTのアルミシール起源 

•  2012.05-2013.10: 改修作業 
•  2013.10- : XMASS.Ref (改

修.refurbishment) 検出器による
暗黒物質探索。  
–  バックグラウンドの低減に成功 

•  本講演目的： 
–  改修後の検出器バックグラウンドの

理解をし、 
•  暗黒物質探索の感度向上 
•  将来検出器へのフィードバック 

　　を目指す。 
特に低エネルギー事象についての理

解を進めたい。	

アルミシール	

改修前	 改修後	ONGOING! 

Commissioning run data 
After RFB data 

~1/10 



•  PMT アルミシールは銅リングおよび銅プレートで覆う. 
–  銅リング : 100keV以下のバックグラウンド源であったβ線

およびX線を遮蔽する。 
–  銅プレート : 検出器表面構造をシンプルして、検出器内

側に間違って再構成される事象を低減させる。  
•  PMT窓の側面はPMTと銅リングの隙間でおこる事象の影響

をなくすため、極低ＲＩアルミの蒸着で遮光した。      

2. 改修後バックグランド評価 
バックグラウンド低減のための改修について	

Cu plate 

※マイクロスコープによるPMT断面	

アルミシール	

銅リング	 極低ＲＩアルミの蒸着	

PMT窓　　　　	

銅プレート	



さらにこれ	

•  無酸素銅に210Pbが入っているなんて誰もおしえ
てくれなかった。	

OFC ingot plate (EP)

run# 154 (707cm2 active region)

purge 90min

duration 7.06days (Jan. 28th, 2016 - Feb. 4th, 2016)

sample OFC ingot EP plate
(Made by Mitsubishi material. 4 plates 
(17cmx17cmx4mm). Plates are made by 
Takata-seimitsu. EP by Asahi-Kinzoku 
(50um))

emissivity (3.27±0.54)x10-4α/cm2/hr (2.5<E<4.6MeV)

10



•  ６角玉を作る時に、すでにこの案を浜松にお願いした
ら、断られた。	

•  当時は石英の切削技術がなかった？	

ドーム玉	



長期運転の成果	



Results	from	XMASS-I	
•  ModulaLon	analysis	~1yr	

experimental residuals of the single-hit scintillation events rate vs time and energy  

DAMA/NaI + DAMA/LIBRA-phase1  Total exposure: 487526 kg×day = 1.33 ton×yr 

2-5 keV!

2-6 keV!

A=(0.0179±0.0020) cpd/kg/keV 

χ2/dof = 87.1/86   9.0 σ C.L. 

2-4 keV!

The data favor the presence of a modulated behavior with proper features at 9.2σ C.L. 

A=(0.0135±0.0015) cpd/kg/keV 

χ2/dof = 68.2/86   9.0 σ C.L. 

A=(0.0110±0.0012) cpd/kg/keV 

χ2/dof = 70.4/86   9.2 σ C.L. 

Absence of modulation? No 
χ2/dof=169/87 ⇒ P(A=0) = 3.7×10-7 

Absence of modulation? No 
χ2/dof=154/87 ⇒ P(A=0) = 1.3×10-5 

Acos[ω(t-t0)] ;  
continuous lines: t0 = 152.5 d,  T = 1.00 y  

Absence of modulation? No 
χ2/dof=152/87 ⇒ P(A=0) = 2.2×10-5 

Model Independent DM Annual Modulation Result 

DAMA	100-250kgx14yr	

XMASS	832kg	x	~1yr	

The	first	extensive	
search	against	the		
DAMA	region,	including	
electron	recoils.	

13	
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Fig. 3. (Color online.) Limits on the spin-independent elastic WIMP–nucleon cross 
section as a function of WIMP mass. The solid line shows the XMASS 90% C.L. ex-
clusion from the annual modulation analysis. The ±1σ and ±2σ bands represent 
the expected 90% exclusion distributions. Limits as well as allowed regions from 
other searches based on counting method are also shown [2,3,23,8–10,5].

of background at each energy bin assuming the same live time as 
data and including systematic uncertainties. The ±1σ and ±2σ
bands in Fig. 3 outline the expected 90% C.L. upper limit band 
for the no-modulation hypothesis using the dummy samples. The 
result excludes the DAMA/LIBRA allowed region as interpreted in 
[8] for the WIMP masses higher than 8 GeV/c2. The difference 
between two fitting methods is less than 10%. The upper limit 
of 5.4 × 10−41 cm2 is obtained under different astrophysical as-
sumptions of vesc = 544 km/s [24]. The best fit parameters in 
a mass range between 6 and 1000 GeV/c2 is a cross section of 
3.2 × 10−42 cm2 for a WIMP mass of 140 GeV/c2. This yields a 
statistical significance of 2.7σ , however, in this case, the expected 
unmodulated event rate exceeds the total observed event rate by a 
factor of 2, therefore these parameters were deemed unphysical.

For the model independent analysis, the expected event rate 
was estimated as:

Rex
i, j =

t j+ 1
2"t j∫

t j− 1
2"t j

(
Ci + Ai cos2π

(t − t0)
T

)
dt, (4)

where the free parameters Ci and Ai were the unmodulated event 
rate and the modulation amplitude, respectively. t0 and T were 
the phase and period of the modulation, and t j and "t j was the 
time-bin’s center and width, respectively. In the fitting procedure, 
the 1.1–7.6 keVee energy range was used and the modulation pe-
riod T was fixed to one year and the phase t0 to 152.5 days 
(∼2nd of June) when the Earth’s velocity relative to the dark mat-
ter distribution is expected to be maximal. Fig. 4 shows the best 
fit amplitudes as a function of energy for ‘pull term’ after correct-
ing the efficiency. The efficiency was evaluated from gamma ray 
Monte Carlo simulation with a flat energy spectrum uniformly dis-
tributed in the sensitive volume (Fig. 4 inset). Both methods are 
in good agreement and find a slight negative amplitude below 
4 keVee. The ±1σ and ±2σ bands in Fig. 4 represent expected 
amplitude coverage derived from same dummy sample above by 
the ‘pull term’ method. This test gave a p-value of 0.014 (2.5σ ) 
for the ‘pull term’ method and of 0.068 (1.8σ ) for the covariance 
matrix method. To be able to test any model of dark matter, we 
evaluated the constraints on the positive and negative amplitude 
separately in Fig. 4. The upper limits on the amplitudes in each 
energy bin were calculated by considering only regions of positive 
or negative amplitude. They were calculated by integrating Gaus-
sian distributions based on the mean and sigma of data (=G(a)) 

Fig. 4. (Color online.) Modulation amplitude as a function of energy for the model 
independent analyses using the ‘pull term’ method (solid circle). Solid lines rep-
resent 90% positive (negative) upper limits on the amplitude. The ±1σ and ±2σ
bands represent the expected amplitude region (see detail in the text). DAMA/LI-
BRA result (square) is also shown [11].

from zero. The positive or negative upper limits are satisfied with 
0.9 for 

∫ aup
0 G(a)da/ 

∫ ∞
0 G(a)da or 

∫ 0
aup

G(a)da/ 
∫ 0
−∞ G(a)da, where a

and aup are the amplitude and its 90% C.L. upper limit, respectively. 
The ‘pull term’ method obtained positive (negative) upper limit of 
2.1(−2.1) × 10−2 events/day/kg/keVee between 1.1 and 1.6 keVee
and the limits become stricter at higher energy. The energy reso-
lution (σ /E) at 1.0 (5.0) keVee is estimated to be 36% (19%) com-
paring gamma ray calibrations and its Monte Carlo simulation. As a 
guideline, we make direct comparisons with other experiments not 
by considering a specific dark matter model but amplitude count 
rate. The modulation amplitude of ∼ 2 × 10−2 events/day/kg/keVee
between 2.0 and 3.5 keVee was obtained by DAMA/LIBRA [11]
and we estimate a 90% C.L. upper limit for XENON100 as 3.7 ×
10−3 events/day/kg/keVee (2.0–5.8 keVee) based on [17] as it was 
not claimed as a signal. XMASS obtained positive upper limits of 
(1.7–3.7) × 10−3 events/day/kg/keVee in same energy region and 
gives the more stringent constraint. This fact is important when 
we test the dark matter model.

5. Conclusions

In conclusion, XMASS with its large exposure and high photo-
electron yield (low energy threshold) conducted an annual mod-
ulation search. For the WIMP analysis, the exclusion upper limit 
of 4.3 × 10−41 cm2 at 8 GeV/c2 was obtained and the result ex-
cludes the DAMA/LIBRA allowed region for WIMP masses higher 
than that. In the case of the model independent case, the analy-
sis was carried out from the energy threshold of 1.1 keVee which 
is lower than DAMA/LIBRA and XENON100. The positive (negative) 
upper limit amplitude of 2.1 (−2.1)×10−2 events/day/kg/keVee be-
tween 1.1 and 1.6 keVee and (1.7–3.7) × 10−3 counts/day/kg/keVee
between 2 and 6 keVee were obtained. As this analysis does not 
consider only nuclear recoils, a simple electron or gamma ray in-
terpretation of the DAMA/LIBRA signal can also obey this limit.
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between 2.0 and 3.5 keVee was obtained by DAMA/LIBRA [11]
and we estimate a 90% C.L. upper limit for XENON100 as 3.7 ×
10−3 events/day/kg/keVee (2.0–5.8 keVee) based on [17] as it was 
not claimed as a signal. XMASS obtained positive upper limits of 
(1.7–3.7) × 10−3 events/day/kg/keVee in same energy region and 
gives the more stringent constraint. This fact is important when 
we test the dark matter model.

5. Conclusions

In conclusion, XMASS with its large exposure and high photo-
electron yield (low energy threshold) conducted an annual mod-
ulation search. For the WIMP analysis, the exclusion upper limit 
of 4.3 × 10−41 cm2 at 8 GeV/c2 was obtained and the result ex-
cludes the DAMA/LIBRA allowed region for WIMP masses higher 
than that. In the case of the model independent case, the analy-
sis was carried out from the energy threshold of 1.1 keVee which 
is lower than DAMA/LIBRA and XENON100. The positive (negative) 
upper limit amplitude of 2.1 (−2.1)×10−2 events/day/kg/keVee be-
tween 1.1 and 1.6 keVee and (1.7–3.7) × 10−3 counts/day/kg/keVee
between 2 and 6 keVee were obtained. As this analysis does not 
consider only nuclear recoils, a simple electron or gamma ray in-
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ニュートリノ関係も	





そしてもうすぐ	

•  ２０００年に夢見たBG	subtracted	search	for	
DM	parLcles!	


