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•太陽ニュートリノ8B�の観測 �
‒First�Indication�of�Solar�8B�Neutrinos�via�Coherent�Elastic�Neutrino-Nucleus-Scattering�with�
XENONnT���
‒PRL�133,�191002�(2024),��

•ニュートリノfogに差し掛かったWIMP探索��
‒First�search�for�light�dark�matter�in�the�neutrino�fog�with�XENONnT��
‒PRL,�accepted
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Outline
XENONnT Highlight

XLZD
•2024�コラボレーションの設立�
•XLZDの物理�(WIMP,�二重ベータ崩壊など）



Figure: Detection of solar neutrinos. Compilation courtesy R. Hammann.
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Neutrino detectors and XENONnT
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Coherent Elastic Neutrino Scattering (CEvNS)
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D. Akimov et al, Science 357 (2017) 

ν

1974  Coherent elastic neutrino-nucleus scattering 
(CEvNS) was predicted theoretically by D.Z. 
Freedman. 

1985 Drukier&Stodolsky and Goodman&Witten 
showed the possibility for the detection of 
astrophysical neutrino or dark matter through 
coherent elastic scattering 

2017  It was observed experimentally for the first 
time only in 2017 in the COHERENT experiment with 
neutrinos produced by the Spallation Neutron 
Source.

It took ~40 years to observe it.  Why?
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Neutrino-Nucleus Interactions
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M. Cadeddu et al.   EPL, 143 (2023) 34001

~ GeV~ 100 GeV ~MeV

λ~R (~ 5fm),      50 MeV,   Eν ≲

Emax:        ~ 1.5 keV
2E2

ν

M E ~ x 1/1000 w.r.t. neutrino detector

D. Akimov et al, Science 357 

Rate ~ x1000  
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Two-phase Xe Time Projection Chamber
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• simultaneously observe both S1 and S2 
• 3D event imaging: x-y (S2) and z (drift time) 
• Self-shielding, surface event rejection, single 

vs multiple scatter events  
• Particle identification using S2/S1 ratio 

(nuclear recoil vs beta, gamma)

�,�

• Target  Liquid Xenon (-100℃) 
• S1:  Scintillation 
• S2:  electron（->proportional light）

one drifted electron produces ~ 200 photon 
->  ~30 Photoelectron/electron 

Improve Energy threshold by usin S2-only 
for SN search :  
S2 only < 1keV (E threshold)
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太陽ニュートリノ(8B) の結果
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* Panda-X https://arxiv.org/abs/2407.10892 (2.64σ)

First solar 8B flux measurement via CEvNS as  

cm-2 s-1 at 90% C.L.

The background-only hypothesis is disfavored at 2.73σ

SR0�+�SR1

https://arxiv.org/abs/2407.10892
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* Panda-X https://arxiv.org/abs/2407.10892 (2.64σ)

First solar 8B flux measurement via CEvNS as  

cm-2 s-1 at 90% C.L.

The background-only hypothesis is disfavored at 2.73σ

SR0�+�SR1

フレーバーによらないコヒーレント散乱による超新星ニュートリノ観測に期待

https://arxiv.org/abs/2407.10892
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Search for 8B neutrino signal / low mass WIMPs
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Fig. From C. O’Hare 

First search for light dark matter in the neutrino fog with XENONnT  (PRL, accepted)

• 8B 太陽ニュートリノによるコヒーレント散乱 は
5.5GeV WIMPsとほぼ同様なエネルギースペクトラム 

• 8B 太陽ニュートリノ解析と同様にWIMP探索


• 8B 太陽ニュートリノはバックグラウンド 

• “neutrino fog”  に差し掛かった初めての WIMP探索


• 12GeV質量以下に上限値を与えた
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scattering (MDDM) [31] is also considered, characterized
by a modified SI interaction cross section of the form
��N = (q/q0)

2n �0, where n 2 {1, 2} and �0 is the DM-
nucleon cross section. Additionally, we search for mirror
dark matter, characterized by a di↵erential cross section
resembling Rutherford scattering [32, 33]. The recoil en-
ergy spectra are evaluated using Ref. [34], and the spec-
tra for SI interaction are shown in Fig. 1 (top). For
astrophysical models and nuclear form factors, we fol-
low Ref. [5] with the exception of mirror DM, where we
adopt a DM-mass-dependent Boltzmann velocity v0 as
assumed in Ref. [33] beyond the Standard Halo Model
recommended in Ref. [35].

FIG. 1. Top: The SI DM signal spectrum with a cross
section of 4.4 ⇥ 10�45 cm2 before (dotted) and after (solid)
accounting for the signal e�ciency. The 8B CE⌫NS spectrum
(gray) is shown for comparison. Bottom: The signal e�ciency
(black) is a combination of individual e�ciencies of S1 ROI
(blue), S1 reconstruction (light blue), S2 ROI (dark green),
S2 quality selection (light green), and event e�ciency (red).
These e�ciencies are evaluated per science run and weighted
by livetime.

The average number of scintillation photons and ion-
ization electrons from the energy of an NR interaction
(ER) is quantified by the light yield model Ly and the
charge yield model Qy. We model detector responses for
low-energy NR events [36] with 88YBe neutron calibra-
tion data [37] (with a mean ĒR ⇡ 2 keV per scatter),
and fit Ly and Qy following the methodology described
in Ref. [38]. Yields for ER < 0.5 keV are assumed to
be zero, and light DM signals with ER > 5.0 keV are ne-
glected. For ER < 5.0 keV, the 88YBe calibrated yield
model aligns with the Qy of the NEST v2.3.6 [39] yield

model within systematic uncertainty, while the Ly un-
certainties generally encompass the median of the NEST
model. The uncertainties of Ly and Qy are modeled us-
ing shape parameters tLy and tQy, respectively. tLy and
tQy determine the relative shift of Ly and Qy from the
median towards the upper and lower bound of their 68%
credible intervals [36].
A simulation-based detector response model converts

the produced photons and electrons to detector observ-
ables [40]. Using the depth (Z) and radius (R) posi-
tion of the event, the fiducial volume (FV) is defined as
�142.0 cm  Z  �13.0 cm, R  60.2 cm for SR0 and
R  59.6 cm for SR1. The region of interest (ROI) is
defined as 2 or 3 hits for S1 and [120, 500] PE for S2, cor-
responding to approximately [4, 16] extracted electrons.
Events reconstructed with R  63.0 cm in the ROI were
blinded before finalizing the analysis. Compared to the
previous XENONnT NR search [5], the ROI in this Let-
ter leads to a 17 times higher signal rate expectation for
a 6GeV/c2 SI DM. The overlap of ROI between this
Letter and the previously unblinded SR0 WIMP search
[5] was not used in the data selection development, and
is used in this search.
Three types of selection are implemented, following

the 8B CE⌫NS analysis [11]. For the S1 peaks, the re-
construction requires at least two hits from two di↵er-
ent PMTs within 50 ns, which is referred to as the 2–
fold PMT coincidence. For the S2 peaks, other than the
waveform width and PMT distribution quality selections
inherited from Ref. [5], an S2 boosted-decision-tree ma-
chine is developed as detailed in the background section.
To distinguish physical events from detector artifacts, we
implement selections that consider temporal and spatial
correlations with preceding high-energy (HE) events [11],
including S2pre/�tpre, defined as the ratio between the
S2 peak area of HE events and the time di↵erence from
candidate events. Following Ref. [5], a single-scatter
selection is applied. A selection based on the single elec-
tron (SE) rate within a preceding 5-second time window
is implemented to mitigate the impact of single electron
pile-up [17, 18].
The signal e�ciency consists of the ROI e�ciency, the

S1 reconstruction e�ciency, the S2 quality selection ef-
ficiency, and the event e�ciency, as illustrated in Fig.
1 (bottom). Excluding yield model uncertainties, the
systematic uncertainty of the combined e�ciency is esti-
mated to be 25%, predominantly due to the uncertainties
in the S1 reconstruction e�ciency and the S2 quality se-
lection e�ciency.
The ROI e�ciency is assessed through detector recon-

struction simulation and is sensitive to the yield model.
For a 6 GeV/c2 SI DM, the signal e�ciency uncertainty
due to the yield model alone is estimated to be 34%, re-
sulting from the propagation of tLy and tQy to the signal
rate computation.
The S1 reconstruction e�ciency originates from the

3

scattering (MDDM) [31] is also considered, characterized
by a modified SI interaction cross section of the form
��N = (q/q0)

2n �0, where n 2 {1, 2} and �0 is the DM-
nucleon cross section. Additionally, we search for mirror
dark matter, characterized by a di↵erential cross section
resembling Rutherford scattering [32, 33]. The recoil en-
ergy spectra are evaluated using Ref. [34], and the spec-
tra for SI interaction are shown in Fig. 1 (top). For
astrophysical models and nuclear form factors, we fol-
low Ref. [5] with the exception of mirror DM, where we
adopt a DM-mass-dependent Boltzmann velocity v0 as
assumed in Ref. [33] beyond the Standard Halo Model
recommended in Ref. [35].

FIG. 1. Top: The SI DM signal spectrum with a cross
section of 4.4 ⇥ 10�45 cm2 before (dotted) and after (solid)
accounting for the signal e�ciency. The 8B CE⌫NS spectrum
(gray) is shown for comparison. Bottom: The signal e�ciency
(black) is a combination of individual e�ciencies of S1 ROI
(blue), S1 reconstruction (light blue), S2 ROI (dark green),
S2 quality selection (light green), and event e�ciency (red).
These e�ciencies are evaluated per science run and weighted
by livetime.

The average number of scintillation photons and ion-
ization electrons from the energy of an NR interaction
(ER) is quantified by the light yield model Ly and the
charge yield model Qy. We model detector responses for
low-energy NR events [36] with 88YBe neutron calibra-
tion data [37] (with a mean ĒR ⇡ 2 keV per scatter),
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Fig. From C. O’Hare 
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FIG. 3. DM cross section upper limit at 90% confidence level with the 1� (green) and 2� (yellow) sensitivity band. The
results with and without sensitivity -1� PCL are shown by solid and dashed lines, respectively. Previous results are shown for
comparison [28, 30, 44, 49–53], where limits from other liquid-xenon-based experiments are power-constrained to sensitivity -1�.

(A) shows the constraint on SI DM-nucleon interaction. The neutrino fog [6] is defined as n = max�2[�,1]

h
�
�

d ln�
d lnMT

��1
i
, in

which n = 2, 2.5, 3 from lighter to darker gray. The 8B CE⌫NS equivalent DM of 5.5 GeV/c2 with cross section 4.4⇥10�45 cm2

is shown. (B) shows the constraints on SI-LM, where the di↵erential rate is proportional to �m�
4 assuming m� ⌧ 10 MeV/c2

[28, 54]. (C) shows the constraint on SD DM-neutron interaction assuming the median of nuclear form factors from Ref. [55].
(D) shows the constraint on MDDM with momentum dependence n = 1, 2 (red, blue), where �0 is the SI cross section. The 1
and 2� sensitivity bands are depicted using shadow and dots, respectively.

BDT score, and S2pre/�tpre. The bin edges are defined
by binning the AC background in each dimension with
equal probability, as shown in Fig. 2, resulting in a total
of 34 = 81 bins in the 4D histogram. The likelihood
function is expressed as:

L(�,✓) = LSR0(�,✓) · LSR1(�,✓) ·
Y

m

L
anc
m

(✓m), (1)

where � represents the DM-nucleon interaction cross
section, and ✓ are the Gaussian ancillary likelihood-
constrained nuisance parameters. The index m iterates
through the nuisance parameters, including the expected
rate of each background with their uncertainties shown
in Table. I, the signal e�ciency with 25% uncertainty,
and the NR yield model shape parameters (tLy, tQy).

Prior to unblinding, the sensitivity band was de-
termined by computing the profile-likelihood-ratio test
statistics between the signal-plus-background hypothesis

and the background-only hypothesis using toy Monte-
Carlo datasets [35, 58, 59]. We adopt a power-
constrained limit (PCL) [60] with a power threshold of
�1� to report the final limit. The power threshold is
changed from our previous 50% threshold [5] to be in
line with the limits reported by other experiments. A fu-
ture publication will discuss the di↵erence between PCL
thresholds and further motivate this choice.

Results — After unblinding, SR0 and SR1 reveal 9
and 28 events, respectively. The discovery p-value for
the DM of SI interaction indicates no significant excess,
with a minimum p-value of 0.18 at 3 GeV/c2. Their
distributions in the search space are shown in Fig. 2.
The background-only and signal-plus-background best-
fits for 4, 6, 10 GeV/c2 DMs are presented in Table.
I. Two goodness-of-fit (GOF) tests, with a reporting p-
value threshold of 0.025 determined prior to unblinding,
are performed on the spatial X-Y dimension. The re-

First search for light dark matter in the neutrino fog with XENONnT  (PRL, accepted)

• 8B 太陽ニュートリノによるコヒーレント散乱 は
5.5GeV WIMPsとほぼ同様なエネルギースペクトラム 

• 8B 太陽ニュートリノ解析と同様にWIMP探索


• 8B 太陽ニュートリノはバックグラウンド 

• “neutrino fog”  に差し掛かった初めての WIMP探索


• 12GeV質量以下に上限値を与えた
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•太陽ニュートリノ8B の観測　 

–First Indication of Solar 8B Neutrinos via Coherent Elastic Neutrino-Nucleus-Scattering with XENONnT   
–PRL 133, 191002 (2024),  

•ニュートリノfogに差し掛かったWIMP探索  

–First search for light dark matter in the neutrino fog with XENONnT  
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Outline
XENONnT Highlight

XLZD
•2024 コラボレーションの設立 

•XLZDの物理 (WIMP, 二重ベータ崩壊など）
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2021�XENON/DARWIN,�LUX-ZEPLIN�meeting�
�������������������������https://indico.cern.ch/event/1028794/�
2021��MOU締結�16カ国�104名が署名�:�XENON,�DARWIN,�LUX-ZEPLIN(米国)�
2022��1st�Summer�Meeting�at�KIT�in�Germany�
2023���2nd�meeting�at�UCLA�
2024��XLZD�collaboration発足�
�������������Spokespersons�Dan�Akarib�(SLAC),�Marc�Schumann�(Freiburg)��
    �Exec�board�

The�XLZD�Collaboration

•White�Paper:�A�Next-Generation�Liquid�Xenon�Observatory�for�Dark�Matter�and�
Neutrino�Physics��arXiv:�2203.02309�
•The�XLZD�Design�Book:�Towards�the�Next-Generation�Liquid�Xenon�Observatory�
for�Dark�Matter�and�Neutrino�Physics�����arXiv:2410.17137v1

液体キセノンを用いて20年以上に渡り最も良い感度でDM探索を行った実績�
50-100トンを用いた次世代の実験に向けて世界で一つの究極のキセノン検出器を�
XENON-LZ-DARWIN� ->���XLZD�コンソーシアム�->�XLZD�Collaboration

Xenon Lab
Logo

Xenon Lab
Logo Variants

参加日本グループ：神戸大学、東京大学、名古屋大学

10名�[�Masaki�Yamashita�(Tokyo)�]
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Science: Multi-purpose observatory

• WIMP暗黒物質探索


• 0𝝂ββ探索


• 他の DM 候補探索  
(Light WIMPs, Axions, ALPs, Dark Photons, etc)


• ニュートリノ

• Solar neutrinos (model, properties)

• Supernovae
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• Use 60 t diameter (~3 m in 1:1 ratio) as baseline design


• First phase:

• 40 t, shallow detector

• Build infrastructure for taller detectors 

(cryostat, water tank, etc.)

• 5 years run time

• Technical demonstration and early dark matter result 

• Main phase:

• >10 years operation

• Full science reach

• Ultimate size depending on xenon availability

• Nominal, 60 t, 1:1 ratio

• Opportunity, 80 t, tall detector

14

A staged approach 

4 m80 t

60 t 3 m

1step

3 m

2�m40�t

Next�step

agressive�
design�
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Searching  for WIMPs down to the neutrino “fog”

• Indistinguishable background from astrophysical neutrinos 

• Limited sensitivity improvement  (20% flux uncertainly) 

• Systematic uncertainty limit (1000 t∙yr) 

• 90% C.L. exclusion 2.5x10-49 cm2  (at 40 GeV, 200 t∙yr)

• Median evidence potential curves for 3σ for both exposures.  

• The example evidence contours for 20 and 80 GeV WIMPs 
are 1-,2- and 3-sigma (yellow, orange, red)  

• Example regions of interest for dark matter candidates

XLZD design book
arXiv:2410.17137v1
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136Xe二重ベータ崩壊

主な内部バックグラウンド 

• 214Bi β from 222Rn in the xenon (Q = 3270 keV)

• 137Xe β (Q = 4170 keV), neutron activation of 136Xe


• Mostly by muon-induced neutrons, depending on the installation site

ターゲット 

• 136Xe 0𝝂ββ Q値:  2458 keV


• 136Xe は 8.9% の自然同位体

• 80 t のターゲットに ~  7 t of 136Xe

XLZD Double Beta Decay
arXiv:2410.19016v1

5×1027 yr

8B
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未来の学術振興構想「学術の中長期研究戦略」に掲載
大型液体キセノンを用いた宇宙暗黒物質直接検出実験

(DARWIN/XLZD実験計画の推進 )

•目的　（多目的実験） 
•WIMP暗黒物質直接探索実験 10̶49cm2 
•pp太陽ニュートリノ観測 (~1% 精度) 
•超新星ニュートリノ 
•136Xe二重ベータ崩壊 ( ～1027 y)

•検出器 
•60-80トン　キセノン 
•液体キセノンTPC 
•極低バックグラウンド

グランドビジョン⑲：自然界の基本法則と宇宙・物質の起源の探求

•参加者、予算 
•アジア、欧米 
•XLZD (XENONnT +  LUX-ZEPLIN +  DARWIN) 
•日本（神戸大、東大、名古屋大） 
•約200億円(国内15億円） 
•光センサー,キセノン純化装置,中性子
反同時検出器など 

•海外情勢 
•米国P5 Generation3 Direct DM 
•欧州 APPEC LXe Direct DM

2030年代2025 20262020’s 2030’s2010’s

LUX/XENON1T LZ/XENONnT DARWIN/XLZD
2040’
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XLZD�(XENONnT�+��LUX-ZEPLIN�+��DARWIN)�
‒2024年にXLZD�collaborationを設立�
‒WIMP探索だけではなく、�(neutrino�fog) 太陽ニュートリノ,二重ベータ崩壊,�
超新星ニュートリノ観測など多目的実験�
‒ �2030’�初めに運転開始を目指す
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Conclusion

XENON�
•太陽ニュートリノ8Bをコヒーレント散乱を通して観測�

•フレーバーによらないコヒーレント散乱による超新星ニュートリノ観測に期待�

•ニュートリノfogに差し掛かり、WIMP探索を行った。�


