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暗黒物質

Figure from arXiv:1904.07915  

• 候補: 10-55 gから1040 gと100桁近くの幅広い領域が許されている


• B02班のターゲット: Thermal Dark Matter with Weak Charge (WIMP)

• 暗黒物質の直接探索: 弾性散乱により反跳された原子核の痕跡を捉える
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暗黒物質の直接探索
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•  弾性散乱により反跳された原子核の痕跡を捉える: 反応は極稀 (我々は標的にキセノンを使用)  

•  反跳エネルギー: < O(10) keV 


•  ガンマ線・ベータ線・中性子などの放射線が背景事象 
→ “低閾値” + ”大質量” + “低BG” が重要
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2XENON/XLZD実験 4

The evolution of dark matter detectors with LXe

9

~2000

Concept of using LXe for 
DM Detection

DAMA/LXe, ZEPLIN,                      
XMASS, XENON

2007

First Results from Two-
Phase Xe detectors

XENON10, ZEPLIN-II/III

2010

G1 Experiments 
(0.1~1 Ton)

XENON100, LUX, PandaX-I/II, 
XMASS

2017

First results from the ton-
scale detector

XENON1T

2020

G2 Experiments 
(1~10 Ton, two-phase)

XENON1T/nT, PandaX-4T, LZ

2025

G3 Experiments 
(10~100 T, two-phase)

DARWIN, PandaX-30T

(size not in scale)

XENONnT

~203

8.5 ton

XENON実験の歴史

現
在

未
来

現在
未来

(XLZD)

•液体キセノンを8.5トン用いたXENONnT実験が2021年より稼働開始: XENONnT実験の高感度化が本研究の焦点
•40/60トン級の実験(XLZD)に向けたR＆Dも焦点(次の小林のトーク)



XENONnT検出器 5

(Gd-)Water Cherenkov Muon Veto

700 t water, 120 8” high QE PMTs

Active veto against muon-induced neutrons (n)

Passive veto against γ and n from natural radioactivity

The XENONnT experiment

02/10The XENONnT Neutron Veto: Status and Latest Results | Emanuele Angelino | EDSU-Tools 2024, Île de Noirmoutier, France

3 nested 
detectors 
inside the 
Water Tank 

nVeto

mVeto

LXe

GXe
Dual phase Xe Time Projection Chamber

5.9 t active target mass, 8.5 t total mass

1.5 m drift length, 1.3 m diameter

494 Hamamatsu 3’’ PMTs

(Gd-)Water Cherenkov Neutron Veto

33 m3 volume around cryostat

 120 8” high QE PMTs

High reflectivity expanded PTFE

TPC
Cryogenics, Slow Control, 
Recovery & Purification systems 
in the Service Building

Triggerless DAQ which can operate TPC, nVeto 
and mVeto as a single system or independently



液体キセノンTPCを用いた暗黒物質の検出原理 6
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can be in principle be used to discriminate electronic from nuclear recoils. In practice, this is
difficult due to the small time separation, (2.2± 0.3)ns versus (27± 1)ns, of the two components.

If we denote Wph as the mean energy required for the production of a single photon, we can
express it as:

Wph =
E0

Nex +Ni
=

Wi

1 +Nex/Ni
=

Wi

1 + ↵
, (2.3)

where Nex, Ni are the produced number of excitons and electron-ion pairs, respectively, and we
assume for simplicity that the efficiencies for an exciton or a recombining electron-ion pair to
create a detectable photon are unity:

Nph =Nex + rNi, (2.4)

with r being the recombination fraction. If an electric field is applied, one can measure the
electrons which do not recombine, with the amount of extracted charge defined as:

Nq = (1� r)Ni (2.5)

Using above equations, the recombination independent sum can be defined, following [15], as:

E0 = (Nq +Nph)⇥Wph (2.6)

The recombination independent energy required to produce a single detectable quantum, Nq

or Nph, is often called the W-value, and Wph =W is used in the following. This assumes that
each recombining electron-ion pair produces an exciton, which leads to a photon. The widely-
adopted W-value in liquid xenon has been measured as W = (13.7± 0.2) eV with a small, 30 g
LXe detector using 122 keV �-rays from an external 57Co source [15]. Recently, a lower value
of W = 11.5+0.2

�0.3 (syst.) eV was measured with a small TPC using internal sources at energies
between 2.8 keV and 42 keV [16], which is consistent with the value measured at the MeV-scale,
W = 11.5± 0.5(syst.)± 0.1(stat.) eV with a larger detector [17].

1
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Figure 1. After a particle interacts in a xenon medium, various processes lead to ionisation, scintillation and heat. Only

scintillation and ionisation (via electroluminiscence) are observed in a two-phase Xe-TPC. Biexcitonic quenching [18] is

relevant for interaction with high ionisation density.

The partition between excitation and ionisation depends on the density of the electron-ion
pairs produced along the track of a particle, and is thus different for nuclear and electronic recoils.
The recombination fraction r depends on the applied electric field, as well as on the ionisation
density in the track. In particular, for nuclear recoils as generated by interactions of fast neutrons

2311.05320 

(not detectable in LXe)
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Figure 2. The operation principle of a two-phase xenon TPC. A particle interaction in liquid xenon gives rise to a prompt

scintillation signal (S1) and a delayed, amplified proportional scintillation signal (S2). The latter is caused by ionisation

electrons, which are drifted in a homogeneous electric field (of a few 100 V/cm) and extracted into the gas phase above the

liquid with a higher electric field, typically 10 kV/cm. The drift field is produced between the cathode at negative potential

and a grounded gate grid in the liquid, while the extraction field is obtained by means of the anode placed above the gate

in the gas phase. Both S1 and S2 signals are observed with photosensor arrays placed on the bottom and top of the TPC.

the charge amplification factor. We can then express equation 2.6 as:

E0 = (Nph +Nq)⇥W =

✓
S1
g1

+
S2
g2

◆
⇥W (4.1)

Rearranging this equation yields:
S2
E0

=
g2
W

� g2
g1

S1
E0

(4.2)

Since W and E0 (for a given mono-energetic signal) are known, we can determine g1 and g2 from
the measured S1 and S2 signals at several energies, in a so-called "Doke plot", a schematic of which
is shown in Figure 3, left. If we plot S2/E0 (charge yield, Qy) as a function of S1/E0 (light yield,
Ly) , we can obtain g2/g1 from the slope, and g2 from the intercept of the fitted line.

Another method to measure g1 and g2 by varying the signal ratio between S1 and S2 is to
use different electric fields with one or several calibration sources, exemplified in Figure 3, right.
The quantities g1 and g2 are thus detector dependant, for they include the detector’s efficiency to
detect the light and charge signals. Finally, the S2 gain can be determined directly from the mean
size of the S2 signal for single electrons extracted into the gas phase. Relative energy resolutions
(�/µ) at the level of 4-6% at energies of a few tens of keV and 2-3% at energies of a few 100 keV
were reached in xenon TPCs [10,23,24]. At higher energies, relevant for the neutrinoless double
beta decay of 136Xe, relative resolutions of 0.67%, 0.8% and 1.2% around 2.5 MeV were obtained
by LZ [25], XENON1T [26] and EXO-200 [27], respectively1.

A comprehensive framework to simulate scintillation and ionisation yields and resolutions as
a function of interaction type, energy and electric field in a TPC is the Noble Element Simulation
Technique (NEST) [31]. The code, based on phenomenological models informed by a vast array
of data, also allows for simulating detector specific effects, once the primary and secondary
scintillation gains, as well as the drift field, are specified. NEST models are regularly updated
when new data becomes available.
1Superior energy resolutions can be achieved in high-pressure gas TPCs with electroluminiscent amplification, see [28]. As
a concrete example, a relative resolution of 0.4% was obtained in the 5 kg scale NEXT-White detector [29], a prototype for
NEXT [30].

•放射線がキセノンと相互作用し、蛍光と電子が生成

•蛍光(S1)は直ちに光センサー(PMT)で検出


•電子は印加された電場によりガス相にドリフト

•一部はキセノンイオンと再結合し蛍光(S1)を生成


•他の電子は液体からガス相に抽出され、ガス中で比例蛍光(S2)を生成
(S2/S1)γ,e (ER) > (S2/S1)WIMP、中性子 (NR)

検出原理 粒子識別
•電離・励起 ・熱の割合は電子・原子核反跳で
異なる

•再結合の割合は電離密度に依存し、これも両者で
異なる

Phys. Rev. Lett. 131, 041002

• WIMPと中性子の区別はnVetoで行う(次ページ)

原子核反跳

電子反跳

https://arxiv.org/abs/2311.05320


7中性子検出器(nVeto)を用いた中性子の検出原理

• Gd添加型水チェレンコフ検出器:  
・EGADS-SKで確立された技術 
・目標: Gd質量比0.2% (3.4トンの 硫酸ガドリニウム八水和物 in 700トン純水)


• 反射率約99%のePTFEパネルで効率よくチェレンコフ光を検出

• 120本の8インチPMT (Hamamatsu R5912)でチェレンコフ光を測定

• LED calibrations (PMTゲイン), Laser calibrations (375 nmレーザーによる透過率の測定), 分光系(透過率の測定) 

• これまで: 純水で運用
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XENONnT実験のこれまでの成果



2XENONnT実験のこれまでの成果: 日本の貢献 9

純水

ガス純化のみの場合 

Full TPC 
drift time

electron 
lifetime

electrons surviving a 
full drift length

O2 Purification speed

1T 0.67 ms 0.65 ms 30% ~ 1 ppb 0.65 ms in ~3months

nT 2.2 ms > 10 ms > 90% ~ 0.02 ppb 5ms in ~5 days

液体キセノン純化装置

中性子検出器nVeto •中性子タグ効率 


• AmBeで評価: 4.4 MeVのガンマ線とのコインシデンスを活用 


• 68%のタグ効率 @ 600 μs window


•純水での中性子タグ効率として世界最高性能を達成 

• WIMP解析


•デッドタイムの影響を考慮して250 μs veto window


• 53 %のタグ効率

•約18時間で8.5トンのキセノンの純化が可能



2XENONnT実験のこれまでの成果 10

•蒸留塔を用いた削減 

•初期成果ではGXe中のラドンを除去 

•1.8μBq/kgを達成(1Tの1/8) 
•現在はLXe中のラドンを除去 

•0.8μBq/kgを達成 (Rn/Xe ~ 10-25) 
•LZ実験の1/4の濃度

これまで

1.8 μBq/kg

0.8 μBq/kg
現在

ラドンの削減 電子反跳事象の散乱エネルギー分布
他実験との比較

•主要なBG: 


•低エネルギー(30 keV以下): 214Pbのベータ崩壊 
(太陽ppニュートリノが二番目に大きなBG)


•高エネルギー (30 keV以上): 136Xeの二重ベータ崩壊 


• BGレート(30 keV以下) : (15.8±1.3) 事象/(トン・年・ keV)


•暗黒物質検出器の中で最も電子反跳BGの少ない検出器



2XENONnT実験のこれまでの成果 11

The last background component, accidental coinciden-
ces (ACs), is the only non-ER background in B0.
Uncorrelated S1s and S2s can randomly pair and form
fake events, and a small fraction survives all event
selections [30]. AC events overlap with the ER band in
cS1-cS2 space and produce a spectrum that increases
toward low energies. Its rate in the ER region is predicted
to be ð0.61" 0.03Þ events=ðt · yÞ using a data-driven
method, which randomly pairs isolated S1s and isolated
S2s data into fake events and subsequently applies the
aforementioned event selections.
After all aspects of the analysis had been fixed and a

good agreement between the background model and data
above 20 keV was found (p-value ∼0.2), the region
between "2σ quantile of ER events in S2 was unblinded.
The NR region below ER − 2σ remains blinded while the
WIMP analysis continues, as shown in Fig. 3.

We performed a fit in reconstructed energy space using
an unbinned maximum likelihood similar to that in [1]. The
efficiency at low energies is allowed to vary within its
uncertainty band. The best fit of B0 is illustrated in Figs. 4
and 5, and the results are listed in Table I. The SR0 dataset
agrees well with B0, and no excess above the background
is found. The efficiency-corrected average ER back-
ground rate within (1, 30) keV is measured to be
ð15.8" 1.3statÞ events=ðt · y · keVÞ, a factor of ∼5 lower
than the rate in XENON1T [1]. This is the lowest back-
ground rate ever achieved at these energies among dark
matter direct detection experiments. The spectral shape in
Fig. 4 is, for the first time, mostly determined by two
second-order weak processes: the 2νββ of 136Xe and
2νECEC of 124Xe.
The best-fit activity concentration of 214Pb is ð1.31"

0.17statÞ μBq=kg assuming the branching ratio to the

FIG. 6. 90% C.L. upper limit on different new physics models. Constraints on the axion-electron gae and axion-photon gaγ couplings
from a search for solar axions are shown in (a). Constraints on solar neutrinos with an enhanced magnetic moment (b), ALP DM (c), and
dark photon DM (d) are shown together with the 1σ (green) and 2σ (yellow) sensitivity bands estimated with the background-only fit.
Constraints between ð39; 44Þ keV=c2 are excluded in (c) and (d) due to the unconstrained 83mKr background. Selected limits from other
experiments [47–61] and astrophysical observations [62–66] are also shown.

PHYSICAL REVIEW LETTERS 129, 161805 (2022)

161805-7

First results from XENONnT: solar 
axions

33

๏ Constrains on the couplings of solar 
axions:  

๏ statistical inference in 3D space 

๏ projection to 2D space of gaγ and gae

XENON collaboration, PRL 129, 2022

First results from XENONnT: solar 
axions

33

๏ Constrains on the couplings of solar 
axions:  

๏ statistical inference in 3D space 

๏ projection to 2D space of gaγ and gae

XENON collaboration, PRL 129, 2022

• 97日間の観測で１トン・年の統計を達成


• WIMPの感度に関してはXENON1Tを1.6倍改善 

•電子散乱を起こす暗黒物質(ALP/暗黒光子)やアクシオン
に対して世界最高感度の制限

Phys. Rev. Lett. 129, 161805 (2022)
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本計画研究の今とこれから



13中性子検出器(nVeto)の高感度化: モチベーション
初期成果での中性子BG数: スクリーニングの結果から予想される量よりも5倍多い 

→ nVetoを用いた中性子BG削減がWIMP発見感度改善の鍵

•  3.4 トンの超高純度硫酸 Gd を既に調達済み


•Gdイオンや硫酸イオンは除去せずそれ以外の
不純物を除去可能な水純化システムを確立

BG ROI

ER 0.87 ± 0.07
Neutron 0.42 ± 0.10

Accidental Coincidence 0.363 ± 0.013

Surface BG

Total BG

Observation 3

0.34+0.01
−0.11

1.95+0.12
−0.16

WIMP探索BGの内訳 (1トン・年)

初期探索ではnVetoは純水(700トン)で運転 (2.2 MeVのガンマ線1本)


→ Gd質量比で0.2%溶かすと、中性子の90%近くがGdに捕獲 
→ 合計約8MeVのエネルギーを持ったガンマ線を3-4本放出

前新学術(地下宇宙)でのSK/EGADSとの連携により

•Gd質量比で0.2%(350 kgの硫酸ガドリニウム)
溶かしたランをスタート (詳細次ページ以降)

 L. Marti et al., NIMA 959, 163549 (2020)



中性子検出器(nVeto)の高感度化: Gd水濃度
•Gd質量比で0.2%(350 kgの硫酸ガドリニウム, 500 ppm)溶かしたランをスタート 

•Gd濃度モニタリング
•サンプリング水のICP-MS


•サンプリング水の導電率を測定 (水タンク上部・下部・nVeto)


•オンラインで水の導電率を測定

14

17GdSalt insertion
Marco Selvi | selvi@bo.infn.it

→予想の500 ppmで安定



中性子検出器(nVeto)の高感度化: 水純化システム
•Gd質量比で0.2%(350 kgの硫酸ガドリニウム)溶かしたランをスタート 

14The Gd-Water Purification Plant
Marco Selvi | selvi@bo.infn.it•EGADSと同じ水純化システムを確立  L. Marti et al., NIMA 959, 163549 (2020)

•水純度モニター
•AmBeキャリブレーションでの2.2/4.4 MeVのガンマ線ピークをモニター


→純水の場合の80%で安定

•レーザー光(375 nm)の光量 vs 時間分布の時定数をモニター 
→ガンマ線ピークのモニター結果と無矛盾

15



16中性子検出器(nVeto)の高感度化: 中性子検出効率
•AmBe線源を用いたキャリブレーション(キセノン容器から1cm)

•0.02%のGd濃度で得られた結果
•中性子捕獲時間: 163 → 76 μsecへ短縮 
•中性子捕獲由来のガンマ線信号量増加

H: 2.2 MeV

Gd: ~8 MeV
H + Gd

H

純水

0.02 % Gd

→中性子タグ効率: 53 → 77% (中性子BG数を1/2へ低減)
現在もこの環境で観測中



17XENONnT実験の目指す成果: WIMP

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,✓)
· fc(xi|✓)

#
· Lanc(✓) , (5.1)

where µtot(�,✓) ⌘
P

c µc(�,✓) and the ancillary term Lanc is defined as

Lanc(✓) ⌘
Y

k

Gaus(µ̂k| µk, ⇠k) , (5.2)
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BG ROI

ER 0.87 ± 0.07
Neutron 0.42 ± 0.10

Accidental Coincidence 0.363 ± 0.013

Surface BG

Total BG

Observation 3

0.34+0.01
−0.11

1.95+0.12
−0.16

WIMP探索BGの内訳 (1トン・年)

•統計20倍近く貯め、感度を10倍弱向上 

•Minimal DMモデルは完全に棄却可能 

•ウィーノDMは1 TeVまで棄却可能

•今: Gd濃度0.02% (中性子タグ効率77%)

•これから(時期未定): Gd濃度を0.2%へ増強し、中性子タグ効率を87%へ改善 

→中性子BG数を初期成果の1/4へ削減

•ラドン(ER BG)のより効率的な排除には、電極の改修(=電場の向上)が必要  
(行うかどうかも含めて未定)
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• 10 kpc先の超新星爆発由来の信号:  
~45 事象 in ~ 6 s (BG~18事象 )

• SK・カムランドと協力

Direct Detection of Dark Matter 36

Energy [keV]
1−10×5 1 2 3 4 5 6 7 8 910 20

]
-1

 k
eV

× 
-1

 y× 
-1

R
at

e 
[t

4−10

3−10

2−10

1−10

1

10

210

2=100 GeV/cχm

2=40 GeV/cχm

2=6 GeV/cχm

Sum CNNS

B8

atm

DSNB

hep

2 cm-4710×1

2 cm-4810×1

2 cm-4510×4

Figure 15. Di↵erential recoil spectra in xenon from WIMPs of various masses m�

and spin-independent cross sections and from neutrinos scattering coherently o↵ the
xenon nuclei (CNNS). At low recoil energies, the CNNS sum spectrum is dominated
by solar 8B neutrinos, at high energies by atmospheric neutrinos. A NR acceptance
of 50% is assumed and the detector signal is converted to the electronic recoil scale
(keVee) using the scintillation signal only.

3.4. Outlook: Towards the Neutrino Floor

The signature for WIMP dark matter in direct detection experiments are single scatter

nuclear recoils. The same signal is produced (in any detector) by coherent neutrino-

nucleus scattering (CNNS) which leads to an irreducible background for the WIMP

search. The cross section for neutrinos of energy E⌫ scattering coherently o↵ a nucleus

of mass mN (Z protons and A�Z neutrons), resulting in a nuclear recoil of energy Enr,

is given by [156]

d�

dEnr

=
G2

FmN

4⇡

⇥
A� Z � (1� 4 sin2 ✓W )Z

⇤✓
1�

mNEnr

2E2
⌫

◆
F 2(Q2); (23)

GF is Fermi’s constant and ✓W the Weinberg angle. As in the description of WIMP-

nucleon interactions the form factor F (Q2) depends on the momentum transfer and

can be described by the standard Helm form factor. The neutrinos are high-energetic
8B neutrinos from the Sun (dominating at low WIMP masses m�) and atmospheric

neutrinos (dominating above m� ⇠ 10GeV/c2). Neutrinos from the hep-process and

from the di↵use supernova background (DSNB) have subdominant contributions [158],

see Fig. 15. This neutrino background provides the ultimate border for “traditional”

direct WIMP searches [117, 159, 160], whereas directional detectors could go beyond the

border provided that a significant number of events are detected [97] (see also discussion

on directional detectors in Sect. 2.3 E).

The “neutrino floor” plotted in Fig. 12 was introduced as “WIMP discovery limit”

in [117]. It is defined by the detection of a WIMP signal at 3� on top of a background

J. Phys. G46 (2019) no.10, 103003
pp solar neutrino (ER)

8B solar neutrino (CEvNS)

Supernova neutrino (CEvNS)

• keVエネルギー領域での初観測

• XENONnTで3σ観測を狙う

•小林が解析チームのリーダー

•ラドン・クリプトンBGの精密評価が鍵

•コヒーレント散乱での初観測

• XENONnTで3σ観測を狙う

8B XENON1T discovery potential
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• XENONnT実験は電子反跳BG数として世界で最も少ない 
(15.8 ± 1.3) events / (keV × t × yr)を達成 

• 電子と結合する暗黒物質に対して世界最高感度を達成 
• WIMPに対してもXENON1Tを1.6倍超える制限を達成

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,✓)
· fc(xi|✓)

#
· Lanc(✓) , (5.1)

where µtot(�,✓) ⌘
P

c µc(�,✓) and the ancillary term Lanc is defined as

Lanc(✓) ⌘
Y

k

Gaus(µ̂k| µk, ⇠k) , (5.2)
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これまで

今・これから

• Gd質量比0.02 % (目標0.2 %)での観測を開始: 中性子BG数は1/2へ低減

• Gd水での運転に不可欠な水純化システム(EGADS/SKとの協力)や
透過率モニタリングシステムを確立

• 統計を20倍程度貯め、WIMPの発券感度を10倍弱向上する

• 低エネルギー領域でのニュートリノ天文学へも貢献
(pp/8B 太陽ニュートリノ探索が現在最もホット )

→ ただし、中性子BGが予想よりも5倍多い問題があることが判明


