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The XENON Project + DARWIN

Years 2005 - 2007 2008 - 2016 2012 - 2018 2019 - NOW 2030s - 
Total Xe mass 25 kg 161 kg 3200 kg 8500 kg >= 50 t

WIMPs 
sensitivity

~10-43  cm2 ~10-45  cm2 ~10-47  cm2 ~10-48  cm2 ~10-49  cm2

XENON10 XENON100 XENON1T XENONnT DARWIN/XLZD

• DARWIN/XLZD実験：液体キセノンによる暗黒物質探索の将来実験


• >=50トンクラスの検出器を用いて観測を行う計画


• XENON実験の後継計画DARWINと、米国のLZ実験が将来的に合同 => XLZD
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FIG. 2. The science channels of a next-generation liquid xenon observatory for rare events spans many areas and is of interest
to particle physics, nuclear physics, astrophysics, solar physics, and cosmology.

former values when one adopts the same local speed v�.89

Local methods in contrast yield a wider range of % =90

(0.4�1.5)GeV/cm3 [39–41] with some tendency towards91

higher values [42]. Note though that the two methods,92

global and local, measure, in principle, di↵erent quanti-93

ties: the properties of a sphere of 1 kpc radius around94

the Sun could be di↵erent with respect to the average95

(D/kpc)2 spheres located at the same galactocentric dis-96

tance D which are considered by global methods. When97

presenting results from direct dark matter searches, it is98

common to assume % = 0.3 GeV/cm3 [43], which ensures99

both historical compatibility of the derived direct detec-100

tion results, as well as a conservative interpretation of101

such results.102

While the existence of dark matter is thus well estab-103

lished, its physical characteristics remain elusive. The104

absence of electromagnetic coupling observed in the cos-105

mic microwave background, the lack of any observed ther-106

mal emission from dark matter, and the dynamics of107

merging galaxy clusters, indicate that dark matter takes108

the form of new quanta outside the current Standard109

Model (SM) of particle physics [44]. The nature of this110

non-baryonic dark matter is still unknown: its existence111

is one of the strongest pieces of evidence that the current112

theory of fundamental particles and forces, summarized113

in the standard model, is incomplete. A number of pro-114

posed candidates have been put forward over time, with115

some of the most popular candidates being probed by the116

experiment discussed here, as elaborated in sections II117

and III.118

C. Dark Matter Direct Detection119

The fact the cosmological dark and luminous matter120

densities are of the same order [21], as well as observed121

scaling relations in galaxies [45], suggest that the dark122

sector and the standard model are coupled through ad-123

ditional interactions stronger than gravity. Since the124

1980s, there have been large e↵orts to develop experi-125

ments on Earth that are able to directly search for dark126

matter, particularly for Weakly Interacting Massive Par-127

ticles (WIMPs) [46–49], one popular dark matter candi-128

date. Given the low expected interaction strength, the129
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sector and the standard model are coupled through ad-123

ditional interactions stronger than gravity. Since the124

1980s, there have been large e↵orts to develop experi-125

ments on Earth that are able to directly search for dark126

matter, particularly for Weakly Interacting Massive Par-127

ticles (WIMPs) [46–49], one popular dark matter candi-128

date. Given the low expected interaction strength, the129

DARWIN/XLZD: Physics targets

• WIMPに対する目標感度：10–49 [cm2]


• 太陽・大気ニュートリノが支配的
なBGとなる領域

J. Phys. G: Nucl. Part. Phys. 50 013001
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C. Dark Matter Direct Detection119

The fact the cosmological dark and luminous matter120

densities are of the same order [21], as well as observed121
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DARWIN/XLZD: Physics targets

• 0nBBに対する目標感度：3x1027 y


• Material Gammaの他、場所によるが
muon-induced の137Xeなどが問題に
なってくる 

J. Phys. G: Nucl. Part. Phys. 50 013001
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DARWIN/XLZD: Physics targets

• 数keV-数10keV領域での太陽ニュー
トリノの精密測定


• ppニュートリノで数%の統計精度

J. Phys. G: Nucl. Part. Phys. 50 013001



DARWIN/XLZD: Backgrounds

現状の主なER BG：Rnの娘核 
• SUSやケーブル等からRnが湧き出す

M. Schumann – Future LXe-based DM searches 13

260 cm

260 cm

DARWIN Dark matter WImp search with liquid xenoN

Baseline design
~50t total LXe mass
  40 t LXe TPC
~32 t fiducial

neutrino-dominated
background

Neutrinos: JCAP 01, 044 (2014)
WIMP/BG: JCAP 100, 016  (2015)
Concept: JCAP 11, 017 (2016)
Solar ν: EPJ C 80, 1133 (2020)
0νββ: EPJ C 80, 808 (2020)
Light MC: JINST 17, P07018 (2022)  
Cosmogenics: EPJ C 84, 88 (2024)

現状の主なNR BG源：U / Th 
• PMT, 圧力容器のU / Thからの中性子

• ２種類のBG源：電子反跳事象(ER BG)・原子核反跳事象(NR BG)


• どちらのBGでも、太陽・大気ニュートリノが支配的なBGとなる領域を目指す

J. Phys. G: Nucl. Part. Phys. 50 013001 JCAP11(2020)031
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どちらも現状から１桁程度
の削減が目標！

J. Phys. G: Nucl. Part. Phys. 50 013001 JCAP11(2020)031
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PMT (R13111)

Low Dark Count SiPM 

• 低BG光センサーの開発 
• 現状、PMTは主要な中性子BG源の一つ 

• 低BG PMT 
•  XMASSでの開発 

• SiPMベースのセンサー開発 
• 低ダークカウントSiPM 
• ハイブリッドセンサー 

• 液体キセノンの赤外発光測定

R&Ds for NR BGs:

今回の学変で特に推進



• 現行のLXe検出器は全て同じPMT (R11410)を使用


• => BGの削減が必要(ステムのRIなど)


• XMASS実験が開発したR13111(3inch)やPandaX実
験が開発したR12699(2inch)がより低い放射能レ
ベルを達成している


• 特に238Uは1/10まで削減している他、R13111は
光電面の39Kも削減に成功している

R13111

R11410

R12699

R&D on New Photosensors

From talks at Nagoya workshop 



• PMT以外の候補：SiPM

•純粋なSiチップのため、RIを低減できる


•しかし：SiPMはダークカウントレート(DCR)が高く、そのまま
では閾値が上がってしまう

•現状のSiPMのDCRはおおよそO(0.1)Hz/mm2


• 7hit程度に相当 ⇔ 2-3hit @XENONnT


• PMTと同レベルのO(0.01)Hz/mm2まで下げたい


•日本グループで現在取り組み中：


• SiPMの低DCR化


• PMTの光電面と組み合わせたハイブリッドセンサー

Low Dark Count SiPM 

Hybrid Photosensor

R&D on New Photosensors



•SiPMのダークカウント 
•室温~-100付近まではキャリアの熱励
起が支配的 => 温度依存 

•-100度以下ではトンネル効果が支配的 
=> Siチップ内部の電場構造に依存 

•試作では、現行から約1/5の削減を達成 
•さらなる改善へ浜松ホトニクスと協力 
•PDEの測定も実施予定

DCR 
[Hz/mm2]

現行品との
比較

New-1 
(50um
)

0.049 – 0.073 13 - 16% 

New-2 
(50um
)

0.060 – 0.087 15 - 20 %

OV = 5 V

現行品1

現行品2

試作品1

試作品2

Dark Count Rate: 50um pixel sample



•現在、冷却装置と真空紫外分光計を組み合わせたセットアッ
プを立ち上げ中 
•-100度で175nmの光を分光・照射 
•SiPMやPMTのPDE測定、ハイブリッド検出器も試作品が出
来次第、各種測定を実施したい

New VUV setup @Nagoya



Summary
• DARWIN/XLZD: 50-100トンの液体キセノンを用いた将来の暗黒物質探索実験


•太陽・大気ニュートリノが主要なBGとなるような感度(10-49cm2)を目指す


•上記達成のため、現状から放射性BGを削減するためのR&Dが進行中


•目標： 現状のXENONnTから1/10までの削減


•学変の計画としては、特に光センサーの低RI化やキセノンの発光波長測定を
進めていく


•低RI PMTやSiPMをベースとした光センサーを開発中


•低温でVUV光に対する応答を測定するセットアップを立ち上げ中



BACKUP


