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PEEK材

注ᚡᲫᲣႻ手フランジᲢICF70WNI/L180,コスモテックᲣ内径はΦ39.4(カタログ値)。

注ᚡᲬᲣႻ手フランジᲢICF70WNI/L180,コスモテックᲣは、ሥとの溶接で内径が཰くならないように注意。

注ᚡᲭᲣICF70ガスケット内径Φ39(標準値)

注ᚡᲮᲣჽᒍ基板幅が25.8mmの時、ჽᒍᢿ分対ᚌ寸法37.92mmのため、PEEKスペーサ径(※)をΦ38mmとした。
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•XENON experiment at Gran Sasso 

–XENON1T Recent Result 

– XENONnT Status 

• Liquid XENON detector R&D at Nagoya
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XENON1T Recent Result
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The XENON Collaboration: ~170 scientists

3 researchers
 Yoshitaka Itow, Masaki Yamashita, Shingo Kazama
+ 4 graduate student from Nagoya
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•Direct Dark Matter  (WIMP) 
search detector 
•3.2  tonne total/ 1 tonne 
fiducial LXe 
•Two phase Xe TPC 
•~250 x 3 inch PMTs 
•2012-2018 (terminated)

5

XENON1T Detector

Cryogenics & 
Purification

DAQ & Slow Control

Xe  Storage & 
Recovery

Kr distillation column  
& Xe Analytics

Cryostat &  LXeTPC

Muon Veto
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Two-phase Xe Time Projection Chamber
Two signals for each event:  
• 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)

�,�

• Scintillation light - S1 
• Ionization electron -S2

Nuclear Recoil

Electronic Recoil
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PRL 123, 241803 - Migdal effect
PRL 123, 251801 - Light dark matter
PRL 121, 111302 - Main WIMP search

XENON1T

XENON1T

XENON1T
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XENON1T Electronic Recoil band band
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Nuclear recoil energy scale -> Electronic recoil energy scale
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FIG. 4. A zoomed-in and re-binned version of Fig. 3 (top),
where the data display an excess over the background model
B0. In the following sections, this excess is interpreted under
solar axion, neutrino magnetic moment, and tritium hypothe-
ses.

exhibit a clear time dependence. More detailed studies
of the temporal distribution of these events are described
in Sec. IVE.

Several instrumental backgrounds and systematic ef-
fects were excluded as possible sources of the excess.
Accidental coincidences (AC), an artificial background
from detector e↵ects, are expected to be spatially uni-
form, but are tightly constrained to have a rate of
< 1 event/(t·y·keV) based on the rates of lone signals
in the detector, i.e., S1s (S2s) that do not have a corre-
sponding S2 (S1) [51]. Surface backgrounds have a strong
spatial dependence [51] and are removed by the fiducial-
ization (1.0 tonne here vs. 1.3 tonnes in [3], correspond-
ing to a radial distance from the TPC surface of & 11 cm)
along with the stricter S2 threshold cut. Both of these
backgrounds also have well-understood signatures in the
(cS1, cS2b) parameter space that are not observed here,
as shown in Fig. 5.

The detection and selection e�ciencies were verified
using 220Rn calibration data. The � decay of 212Pb, a
daughter of 220Rn, was used to calibrate the ER response
of the detector, and thus allows us to validate the e�-
ciency modeling with a high-statistics data set. Similarly
to 214Pb, the model for 212Pb was calculated to account
for atomic screening and exchange e↵ects, as detailed in
Appendix A. A fit to the 220Rn data with this model and
the e�ciency parameter described in Sec. III C is shown
in Fig. 6 for a 1-tonne fiducial volume, where good agree-
ment is observed (p-value = 0.50). Additionally, the S1
and S2 signals of the low-energy events in background
data were found to be consistent with this 220Rn data
set, as shown in Fig. 5. This discounts threshold e↵ects
and other mismodeling (e.g., energy reconstruction) as
possible causes for the excess observed in Fig. 4.

FIG. 5. Distribution of low energy events (black dots) in
the (cS1, cS2b) parameter space, along with the expected
surface (purple) and AC (orange) backgrounds (1� band).
220Rn calibration events are also shown (density map). All the
distributions are within the one-tonne fiducial volume. Gray
lines show isoenergy contours for electronic recoils, where the
excess is between the 1 and 7 keV contours, highlighted in
blue.

FIG. 6. Fit to 220Rn calibration data with a theoretical �-
decay model (see Appendix A) and the e�ciency nuisance
parameter, using the same unbinned profile likelihood frame-
work described in Sec. III C. This fit suggests that the e�-
ciency shown in Fig. 2 describes well the expected spectrum
from 214Pb, the dominant background at low energies.

Uncertainties in the calculated spectra were consid-
ered, particularly for the dominant 214Pb background.
More details can be found in Appendix A, but we briefly
summarize them here. A steep rise in the spectrum at low
energies could potentially be caused by exchange e↵ects;
however this component is accurate to within 1% and
therefore negligible with respect to the observed excess.
The remaining two components, namely the endpoint en-

Accidental events

surface 

Nuclear Recoil

Electronic Recoil Electronic Recoil
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The Low Energy Excess (ER)

9

Excess between 1- 7 keV!

Observation: 285

Expectation: 232±15

Excess is most abundant between 2-3 keV
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Tritium and Solar axion Fit

6.2± 2.0⇥ 10�25 mol/mol
<latexit sha1_base64="z/agMrUFvletRlZfEaWopBwFzAU=">AAACFXicbVDLSgMxFM3UV62vqks3wSK40HFmfC6LblxWsA/ojCWTZtrQZDIkGaEM9SPc+CtuXCjiVnDn35g+Ftp64MLhnHu5954wYVRpx/m2cnPzC4tL+eXCyura+kZxc6umRCoxqWLBhGyESBFGY1LVVDPSSCRBPGSkHvauhn79nkhFRXyr+wkJOOrENKIYaSO1igdntgf9hEPPdqCvKScKus5dduidDh58jnRX8owLdmRq0CqWHNsZAc4Sd0JKYIJKq/jltwVOOYk1ZkippuskOsiQ1BQzMij4qSIJwj3UIU1DY2TWB9noqwHcM0obRkKaijUcqb8nMsSV6vPQdA7vVNPeUPzPa6Y6uggyGiepJjEeL4pSBrWAw4hgm0qCNesbgrCk5laIu0girE2QBROCO/3yLKl5tntsezcnpfLlJI482AG7YB+44ByUwTWogCrA4BE8g1fwZj1ZL9a79TFuzVmTmW3wB9bnD18unSk=</latexit>

3H:Xe concentration

Tritium Rate

3.2σ

Tritium Soar Axion

3.5σ

Unbinned profile likelihood  analysis

 XENON1T BG + Axion (ABC, Primakov, 57Fe)
gae < 3.7⇥ 10�12

gaeg
eff
an < 4.6⇥ 10�18

gaega� < 7.6⇥ 10�22 GeV�1
<latexit sha1_base64="axhHK6wo1sJwVJ1gGAsvLW4rOrc="></latexit>

Excludes one of: 
•      
•

gae = 0
<latexit sha1_base64="HA1376oCe6VdzP5QqDS8xztlQ3o=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9CIUvXisYD+wDWWznbRLN5uwuxFK6L/w4kERr/4bb/4bt20O2vpg4PHeDDPzgkRwbVz321lZXVvf2CxsFbd3dvf2SweHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqd+6wmV5rF8MOME/YgOJA85o8ZKj4NeRnFCronbK5XdijsDWSZeTsqQo94rfXX7MUsjlIYJqnXHcxPjZ1QZzgROit1UY0LZiA6wY6mkEWo/m108IadW6ZMwVrakITP190RGI63HUWA7I2qGetGbiv95ndSEV37GZZIalGy+KEwFMTGZvk/6XCEzYmwJZYrbWwkbUkWZsSEVbQje4svLpFmteOeV6v1FuXaTx1GAYziBM/DgEmpwB3VoAAMJz/AKb452Xpx352PeuuLkM0fwB87nD2WykBM=</latexit>

ga� = geffan = 0
<latexit sha1_base64="hTR0Jp2YBxcCUwhRZkqkWChlx2Q=">AAACCHicbVDLSgMxFM3UV62vqksXBovgqsxUQTdC0Y3LCvYBbS130kwbmmSGJCOUoUs3/oobF4q49RPc+Tdm2llo64HAuefcy809fsSZNq777eSWlldW1/LrhY3Nre2d4u5eQ4exIrROQh6qlg+aciZp3TDDaStSFITPadMfXad+84EqzUJ5Z8YR7QoYSBYwAsZKveLhoJdAZwBCwARf4rSSk/uEBkFaYrdXLLlldwq8SLyMlFCGWq/41emHJBZUGsJB67bnRqabgDKMcDopdGJNIyAjGNC2pRIE1d1kesgEH1ulj4NQ2ScNnqq/JxIQWo+FbzsFmKGe91LxP68dm+CimzAZxYZKMlsUxBybEKep4D5TlBg+tgSIYvavmAxBATE2u4INwZs/eZE0KmXvtFy5PStVr7I48ugAHaET5KFzVEU3qIbqiKBH9Ixe0Zvz5Lw4787HrDXnZDP76A+czx8nX5jB</latexit>

strong tension from stellar cooling
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XENON1T results are … 
inconclusive. 
Then?
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Next Step: XENONnT

12

Larger active volume

Reduced background level

Commissioning ongoing

3x

~1/6 XENONnT

Sensitivity Paper :arXiv:2007.08796
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New Apparatus in XENONnT
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• Inner region of 
existing muon veto 

• optically separate 
• 120 additional PMTs 
• Gd in the water tank 
• 0.5 % Gd2(SO4)3

Neutron
veto LXe

purification
• Faster xenon cleaning 
• 5 L/min LXe 

(2500 slpm) 
• XENON1T ~ 100 slpm

222Rn
distillation

• Reduce Rn (214Pb) from 
pipes, cables, 
cryogenic system 

• New system, 
PoP in XENON1T

• Nagoya group contribute 
• Neutron Veto (Gd Water)

• identify single neutron scatter in TPC
• LXe Purification

• Rapid recirculation in liquid phase
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Next Steps: XENONnT
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XENONnT will discriminate axions from tritium 
with ~ few months of data

Based on energy spectrum alone.  
Uses best-fit from 1T search. 
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LXe detector R&D at Nagoya 
(+DM group in Japan (g3c)) 
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LXe detector R&D at Nagoya
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(2015 Hisano)

(2015 Hisano)

G3 experim
ent

Hisano, Ishiwata,  Nagata  JHEP06(2015)097

Qing Lin (Columbia)                    XENON1T: First Results @ Kamioka Observatory 

Phases of the XENON program

2005-2007
15 cm drift TPC – 25 kg

Achieved (2007)
σSI = 8.8 x 10-44 cm2

2008-2016
30 cm drift TPC – 161 kg

Achieved (2016)
σSI = 1.1 x 10-45 cm2

2013-2018  /  2019-2023
100 cm / 144 cm drift TPC -  3200 kg / ~8000 kg

Projected (2018)  / Projected (2023)
σSI = 1.6 x 10-47 cm2  /  σSI = 1.6 x 10-48 cm2

XENON10 XENON100 XENON1T  / XENONnT

5

LXe
O2 and Rn from 
materials

Rn
Rn

Rn

Rn

Rn

Goal
Rn <1μBq/kg 

O2O2
O2

O2

O2

•50 tonne LXe (such as DARWIN, XENONnT8.4 tonne)
•Main background Rn daughter (214Pb)
•drift ionized electron ~ 3m ( XENONnT 1.5m)
•Lower BG for double beta decay, 136Xe (light sensor etc)
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Hermetic TPC R&D  (arXiv 1910.13831.)

 quartz chamber

12

内径 φ60

• 合成石英 (ESグレード)

最大径 φ96

Rn除去 XMASS R&D用に小型quartz chamberの作成、電極の
デザインなどが進んでいる

→ この”quartz chamber”を 
 S2 Onlyに特化した検出器 
に発展させるRn or O2

Quartz

Reflector
or SiPM

• Separate sensitive volume from outside to reduce Rn and Oxygen.
• Possible light read out from side.
• We demonstrated small quartz chamber prototype detector.

• Light yield, drift electron lifetime/velocity etc. 
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•Uniform electric field near the wall. 
•Avoid charge up. 
•Candidate (SiO2 doped ITO, graphene etc) 
– sputtering on SiO2 palte 

•test chamber is under construction.
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SiO2 plate
with coating

Shaping ring Resistivity plate

JINST 12 P11022 (LUX collaboration)

e-e-
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Development of Low dark rate SiPM(arXiv:2007.13537)

Target value 0.01 Hz/mm2

LXe Temperature
SPL

STD

STD SiPMSPL SiPM

S12572 (Hamamatsu)

LED

SiPMSiPM

• Inner field modification to reduce 
the dark rate at low temperature.

• Development with Hamamatsu
• Test the proof of principle.

•  This is not for LXe light.
• VUV version for future.

~ PMT dark rate
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•XENON1T 
–  world best sensitivity for WIMP search 
– ER Excess in low energy (1-7 keV) 

– Solar Axion (3.5!) 
– Neutrino Magnetic Moment (3.2!) 
– Bosonic Dark Matter (3.0!) 
– Tritium Background (3.0!) 

• XENONnT under commissioning phase now and will tell us more about ER excess.  
•LXe detector R&D at Nagoya for future DM experiment 
–Hermetic TPC 
– low dark rate SiPM 
– resistivity electrode  

20

Summary


