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Years 2005 - 2007 2008 - 2016 2012 - 2018 2019 - NOW 2030s - 
Total Xe mass 25 kg 161 kg 3200 kg 8500 kg 60-80 t

WIMPs 
sensitivity

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

XENON10 XENON100 XENON1T XENONnT XLZD

• XENONnT/XLZD実験：液体キセノンTPCを用いた暗黒物質直接探索実験


• XENONnT(現行): 8.6トン検出器


• XLZD(将来実験): 60-80トン検出器



Dual phase liquid xenon detectorXENON experiments: liquid xenon TPC
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Two-phase Xe Time Projection Chamber as WIMP detector

APS April Meeting — Denver, Colorado — April 13-16, 2019 3

• Particle interactions in LXe lead to primary 
scintillation (S1) and the release of ionization 
electrons

• Ionization electrons drift towards the liquid-
gas interface under the uniform electric field, 
get extracted and accelerate in the GXe, 
producing secondary scintillation (S2), whose 
magnitude is proportional to the number of 
extracted electrons

• Electron lifetime is used to characterize the 
absorption of the ionization electrons drifting 
in LXe by electronegative impurities (mainly 
oxygen):

Qf = Qie− td
τe ⇒ τe = td

−ln(Qf /Qi)
• S2/S1 depends on the type of interaction 

• Electronic recoils: Gamma, Beta, Axion… 

• Nuclear recoils: Neutron, WIMPs… 

• ER has larger S2 than NR events: BG rejection 

• Very high sensitivity for WIMPs

• DM and BG particles generate signal in LXe: 

• S1: Scintillation photons 

• S2: Ionization electrons
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• ER has larger S2 than NR events: BG rejection 

• Very high sensitivity for WIMPs

• DM and BG particles generate signal in LXe: 

• S1: Scintillation photons 

• S2: Ionization electrons

• 二相式検出器: LXe + GXe 
• 暗黒物質や放射線が入射するとシンチレーション光
(S1)と電離電子を生成 
• 電離電子は電場でドリフトされ、液面付近の強電
場で比例シンチレーション光を生成(S2) 

• S1, S2をそれぞれPMTで観測する

• S1/S2観測の強み：粒子識別能力 
• 電子反跳(ER)    : β, γ, Axion,… 
• 原子核反跳(NR): Neutron, WIMPs,… 
• ERとNRでS1-S2分布が異なるため、特にWIMPs探
索において強力にBGを排除できる
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Status of XENONnT
• XENONnT実験: 2021年にデータ取得開始


• これまでにおよそ~8 ton・yearのデータを取得済


• 部材のスクリーニング、蒸留によるラドン除去などの徹底した低BG化で、低エネル
ギー電子反跳事象を世界最低まで削減 (~16 evt/t/yr/keV)

• しかしながら電極に問題があ
り、電場が想定の1/4までしかか
けられなかった


• ER/NR 分離性能が悪化、
WIMPs探索で想定したほどの
感度が出ず

Masatoshi Kobayashi
E.Aprile, et al. (XENON Collaboration) Phys. Rev. X 15, 031079 



Detector upgrade
• 2025年3月に検出器にデータ取得を一時休
止、検出器のアップグレードを実施 


• 電極の問題：Cathode電極とPMTの保護電極
がショートしていた


• アップグレード作業時、実際に１本のワイ
ヤーが切れていることを確認


• 電極や一部問題があったPMTの交換を行い、
運転再開に向け準備中


• アップグレードで電子反跳BG ~1/10が期待


• 最終的には現在より1桁低い感度を目指す

Figure 6: Projections of the XENONnT sensitivity and discovery power in the search for spin-
independent WIMP-nucleon couplings. (Left) Median 90% CL exclusion limit (black solid line) for
a 20 t y exposure, with the 1� (green) and 2� (yellow) bands. The current strongest exclusion limit,
obtained with XENON1T [3], is shown in blue. The gray dashed-dotted line represents the discovery
limit of an idealized LXe-based experiment with CE⌫NS as unique background source and a 1000 t y
exposure [70]. The improvement of the discovery potential with increasing exposure below that line
would be significantly slowed down by the atmospheric neutrino background. (Right) Sensitivity as
a function of exposure, for the search of a 50GeV/c2 WIMP in the assumed 4 t fiducial mass. The
dashed (dotted) black lines in both panels indicate the smallest cross-sections at which the experiment
would have a 50% chance of observing an excess with significance greater than 3� (5�). A two-sided
profile construction is used to compute the confidence intervals.

atmospheric neutrinos and DSN (44%), due to the impact of the neutron-X population. A fraction of
71% of the CE⌫NS PDF from solar neutrinos falls inside the reference signal region, even though it is
confined to very small cS1 and cS2b signals. Numbers in this portion of the observable space can only
give an indication of performance, but are useful for comparison with other detectors. The sensitivity
study presented below does not use any ER discrimination cut or specific signal region selection, but
it is based on the profile likelihood analysis in the full (cS1, cS2b) observable ROI.

The neutron and CE⌫NS background rates are primarily constrained by ancillary measurements,
as discussed in section 4.3, and likelihood terms are included to account for the relative uncertainties
reported in table 4. On the other hand, even a short first run of XENONnT will constrain the ER
rate better than the 10% prediction uncertainty, therefore we do not include a related term in the
likelihood. Systematic uncertainties on the detector response to NRs primarily impact the search for
low-mass WIMPs. However, such uncertainties were sub-dominant in the XENON1T WIMP search
results and we therefore neglect them in this work.

5.2 Statistical model
The likelihood-based statistical modeling of the experiment uses an extended unbinned likelihood, L,
with PDFs in x = (cS1, cS2b):

L(�DM,✓) =Pois(N | µtot(�DM,✓)) ·
NY

i=1

"
X

c

µc(�DM,✓)

µtot(�DM,✓)
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#
· Lanc(✓) , (5.1)
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~2030

Masatoshi Kobayashi
JCAP11(2020)031



Analysis
• アップグレードと並行して取得済データの解析も進行中


• 特に低質量暗黒物質で高感度：8B ニュートリノが主なBGに


• 最近の論文：


• S2信号のみを用いた低質量暗黒物質探索 (arxiv: 2601.11296)


• Solar reflected 暗黒物質探索 (arxiv.org: 2512.19592)


• 214Biのベータ線スペクトル測定 (arxiv: 2510.04846)


    …

• 全データを用いたstandard WIMPs解析や低エネルギー太陽ニュートリノの解析も進行中
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XLZD: Physics targets
9

Supernova 
• Early alert 
• Supernova neutrinos 
• Multi-messenger astrophysics 

WIMP Dark Matter 
• Spin-independent 
• Spin-dependent 
• Sub-GeV 
• Inelastic 

Extended Dark Matter 
• Dark photons 
• Axion-like particles 
• Planck mass 

Neutrino Nature 
• Neutrinoless 

double beta decay 
• Double electron 

capture 
• Magnetic moment 

Cosmic Rays 
• Atmospheric 

neutrinos 

Sun 
• pp neutrinos 
• Solar 

metallicity 
• 7Be, 8B, hep 

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

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

XLZD DARK MATTER REACH: DETECTION

40

Exposure of 1000 t y: 1-,2- and 3-sigma (yellow, orange, red) CIs

EW multiplet, S. Bottaro et al., 
EPJ-C  82, 2022 , Single 
complex EW n-plet with non-
zero hypercharge added to SM  

XLZD collaboration 
arXiv: 2410.17137

Evidence 
contours for 20 
GeV and 80 GeV 
WIMPs

LAURA BAUDIS, UZH: DIRECT DARK MATTER DETECTION IN THE MILKY WAY - WHERE ARE WE, WHERE ARE WE GOING?

Eur. Phys. J. C 85, 1192 (2025)


• WIMPs探索： 
• 1000トン・年の統計を貯め、ウィーノやヒグシーノ
など電弱相互作用する暗黒物質の兆候を捉える 

• 大気/太陽ニュートリノが主なBG 
• 非弾性衝突を通した観測など新たなチャンネルも 

• 暗黒物質だけでなく、0νββや低エネルギー太陽
ニュートリノなどにも高い感度



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



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
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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

目標：１桁削減

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



Hermetic detector (PTEP: https://doi.org/10.1093/ptep/ptag028)
Hermetic TPC
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talk at Wakate workshop by R. Miyata (M2, Nagoya)

 poster by K. Fujikawa (M1, Nagoya)

Target 
reduce 222Rn < ~0.1µBq/kg 
→ block emanated radon 

Sealing performance was 
tested with small setup 
→ Radon reduction rate of 
　 (9.1±1.5)x10-3 

scaled to XLZD size 
→ 222Rn < 8.17x10-3 µBq/kg

•石英ガラスとPTFEを用いた密閉型検出器 
•クライオスタット、PMTケーブルなどから
のラドンを遮蔽したい 

•ラドン線源と循環装置を用いたGXe内でのテス
トでは、定常状態で 
  (内側ラドン濃度)/(外側ラドン濃度) <1% 達成 
•Accepted by PTEP 
•現在LXe中での遮蔽能力試験測定の準備中

https://doi.org/10.1093/ptep/ptag028


Radon removal with FEA222Rn removal with FEA

2025.03.08 富山大学 第10回極低放射能技術研究会 17/18

posters by Caio (M2, IPMU) 
and Xiaoxin (IPMU)

Target 
Improvement in radon removal efficiency 
→ concentrate radon by current injection 
　 using Field Emission Array (FEA) 

Successful injection of positive current 
is achieved.

222Rn removal with FEA
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Target 
Improvement in radon removal efficiency 
→ concentrate radon by current injection 
　 using Field Emission Array (FEA) 

Successful injection of positive current 
is achieved.

•FEAを用いたラドン除去 
•Field Emission Arrayを用いて液体キセノン中に電流を流し、ラド
ンをドリフト 
•ラドンを凝集することで、効率的にラドン蒸留塔に送り込む 
•液体キセノン中でFEAの試験を実施し、安定的な電流の印加に成功 
•ホールカレントの印加にも成功した



Trace Hydrogen measurement
•トリチウム：ラドンと同様に低エネルギーBG源 
•XENON1T excess (2020) 
•Q-value = 18 keVでβ崩壊 
•環境中の水素に~10-13程度の割合で含まれている 

•キセノン中の微量水素を測り、そこからトリチウム量を
間接的に測りたい 
•HT/Xe = HT/H2 * H2/Xe 
•XENON1T excessのの説明にはpptオーダーの測定
が必要 

•神岡でのアルゴンを用いたR&D実験 
•パラジウム製水素分離膜を用いて水素を選択的に分
離、RGAで測定 
•~50ppt感度での測定に成功

3H concentration measurement

2025.03.08 富山大学 第10回極低放射能技術研究会 15/18

talk at Wakate workshop by M. Utoyama (M1, Nagoya) 

• 3H: important BG component especially 
for Low-E ER new physics search 

•Currently no method to constrain 
due to the low concentration 

Goal 
Developing the method to measure  
ppt level hydrogen in xenon gas 

→ hydrogen separation membrane + RGA 

working principle is checked with 
O(10 ppb) H2/Ar mixture gas



Measurement for U/Th in PTFE

 PTFEのTh,U濃度測定のロードマップ

9

PTFE

①灰化 ②溶液化

https://www.chem-agilent.com/pdf/flyer-8800-
upgrade-ICP-MS-5994-7942ja-jp-agilent.pdf

③測定

灰化装置 ICP-MS

①灰化 PTFEを灰化
②溶液化 白金皿内にある不純物（Th,Uなど）を酸に溶かす
③測定 溶液内のTh,UをICP-MSで測定

灰化後

溶液化後

ICP-MS

• PTFE中の微量ウラン・トリウムの測定 
• ウラン・トリウムの核分裂や(α,n)が中性子BG源 
• 筑波大の坂口先生と協力し、ICP-MSを用いた測定 
• 最終的な目標：0.1pptレベルの測定 

• まずPTFEパウダー中のU/Th測定法を確立したい 
• PTFEは耐薬品性が高く、溶液化の前に高温で分解
する必要がある(灰化) 
• 現在灰化に伴うコンタミの評価・低減中 
• 最終的には複数メーカーのパウダーを比較し、より低
いRIの物を探索していく

PTFEパウダー

灰化炉



•光センサーのウラン・トリウムも主要な中性子源 
•現行PMTの更なる低RI化 / SiPMベースのセンサー開発 
•冷却装置＋真空紫外分光計セットアップ@名古屋 
•-100度で175nmの光を分光・照射 
•浜松ホトニクスと協力して試作品の性能評価を実施中

Photosensor development
Low Dark Count SiPM Hybrid photosensor PMT
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Photosensor development
•最近の進展：Hybrid detector 

• PMTの光電面とSiPMによる増幅の組み合わせ


•ステムなど部品数が少なく、低RI化が期待される


•光電子収束効率を改善した試作品を試験中 

•電圧印加試験


• 3kVでの安定動作確認


• LEDを用いた1光子に対する性能評価


• PMTに比べて良い1光子分解能


• UV光を用いた(相対)光検出効率測定


• 2.5kVでプラトーに到達を確認


•今後キセノン発光波長(175nm), 低温での試験を進めていく
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Summary
• XENONnT/XLZD: 液体キセノンを用いた暗黒物質探索実験


• XENONnT実験では現在電極の補修を中心としたアップグレードが進行中


•並行して、取得済データも鋭意解析中


• XLZDでは現状から放射性BG(ラドン・トリチウム・中性子)を1/10に削減するためのR&Dが進
行中


•中性子BG：PTFEの低RI化、低RI光検出器開発 (PMTの低RI化・SiPMベースの新型検出器)


•トリチウムBG：微量水素測定技術開発


•ラドンBG：密閉型検出器、FEAを用いたラドン除去などの削減技術の開発


• Accepted by PTEP: https://doi.org/10.1093/ptep/ptag028

https://doi.org/10.1093/ptep/ptag028


BACKUP


