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暗黒物質直接探索検出器を用いた 

超新星ニュートリノの観測

第11回超新星ニュートリノ研究会2025/03/03, 04 @東大駒場キャンパス

計画研究 B02： 

超大型液体キセノン検出器で解明する宇宙暗黒物質の謎
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SNEWS 2.0
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https://snews2.org S Al Kharusi et al 2021 New J. Phys. 23 031201
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XENONnT@Gran Sasso in Italy
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Drift 
Length Diameter Sensitive 

Target Drift Field

1.5m 1.32m 5.9 tonne 23 V/cm

-2.75 kV

+0.3 kV

+4.9 kV

arXiv: 2402.10446

WIMP dark matter 
Neutrino 
Rare Decay（double electron capture, double beta decay)
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XENON Collaboration

•200+ scientists 
•30 institutions 

•12 countries 



Figure: Detection of solar neutrinos. Compilation courtesy R. Hammann.

22.5 kt

4 t

Neutrino detectors and XENONnT
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Coherent Elastic Scattering of  Neutrinos (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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Coherent Elastic Neutrino Nucleus Scattering

7

ν + A →ν + A 
nuclear mass weak nuclear charge

form factor incident ν energy

nuclear recoil energy

Neutron

Proton

~ 0.239

In the Standard Model:

D. Akimov et al, Science 357 (2017) 

~   N2

#Spin-independent Dark Matter case: σ ∝ A2

Rate ~ x1000  
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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
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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℃, 3 g/cm-3) 
• S1:  Scintillation 
• S2:  electron（->proportional light）

arXiv:2502.18005v1
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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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Signal (S1, S2)
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800 us (~ 50cm drift)

300 ns
10 us

3 hits 5 e-

S1 S2

S1 S2
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Solar Neutrino (8B) Result
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The background-only hypothesis is 

disfavored at 2.73σ
* Panda-X https://arxiv.org/abs/2407.10892 (2.64σ)

ν

First solar 8B flux measurement via CEvNS as  

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

https://arxiv.org/abs/2407.10892
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8B solar neutrino, which energy range?
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XENONnT

8B
x Efficiency



XENONnT: 3 detectors

Supernova Neutrino Detection 
through inverse-beta decay channel

TP
C

n-veto

m-veto

CEvNS

Gd-loaded water (EGADS, SK-Gd technology)

Xe Time Projection Chamber 
  - 5.9 t LXe target (WIMP detector)

Neutron Veto System: Gd-loaded Water 
 - 45 t (out of 700 t water tank) 
  - 120 PMTs in nVETO 
  - Highly reflective ePTFE and ultra-pure water to 
maximize light-collection  efficiency 
  - Tag neutrons through the neutron capture on hydrogen  
      which releases a 2.22 MeV γ-ray

Muon Veto System: Gd-loaded Water 
 - 655 t (out of 700 t water tank) 
  - 84 PMTs in μVETO

IBD

~60 events

~10 events

~100events

LXe

Water+Gd

Water+Gd
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Differential CE NS ratesν

@10 kpc ~  50-100 interactions

SNAX

CEvNS: Coherent Elastic Neutrino-Nucleus Scattering
Melih Kara@SNvD
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XENONnT  LXe TPC
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XENONnT and XLZD Sensitivity
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2030’s  x10 target
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Summary and Outlook
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• Dual phase dark matter LXe detectors can detect supernova 
neutrinos. 

• Large atomic number of xenon (A~131)  dominant signal in 
CEvNS. 

• XENONnT is ready to participate in Supernova Early Warning 
System. 

• More than 8σ significance within 10 kpc. 

• DARWIN/XLZD is the ultimate dark matter detector at least 
10x larger target mass.

XENON-LZ-Darwin 
(XLZD)


