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NOBLE LIQUIDS

N2 boiling point: 79K; NaI density 3890 kg/m3

3

2He 10Ne 18Ar 36Kr 54Xe

Isotopes 3, 4 20, 21, 22 36, 38, 40 78, 80, 82, 83, 
84, 86

124, 126, 128, 129,130, 
131, 132, 134, 136

Mol. Mass (g/mol) 4.0026 20.183 39.948 83.80 131.3

Abundance ✓✓ ✓✓ ✓✓✓ ✓ ✓

Boiling point @ 1ATM (K) 4.2 (4He) 27.102 87.26 119.74 169

Liquid density (kg/m3) 130 (4.2) 1204 1399 2413 3100

Gas density (kg/m3) 0.1785 0.8881 1.7606 3.696 5.8971
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HELIUM TPC FOR DM DETECTION 
➤ Favorable kinematic for light dark matter 

particle detection (Mass < 10 GeV)

➤ Cheaper than LXe

➤ S2 only with PSD proposal: ALETHEIA 
(CIAE, PKU)

➤ More proposals with superfluid Helium

arXiv:1302.0534 4
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CLEAN
➤ Cryogenic Low-Energy 

Astrophysics with Neon

➤ CLEAN with neon would 
be more sensitive to 
lighter DM 

K. Rielage et al. / Physics Procedia 00 (2014) 1–9 3

in a stainless steel light guide with an acrylic plug at the end. The inside of the light guides are lined with
VikuitiTMESR foil by 3M 1 to improve their reflectivity and the foil continues past the front of the light
guide to fill in the gaps between modules. The acrylic plugs are shaped like hexagons and pentagons and
their front surfaces form a 92-sided sphere that contains the cryogenic volume. The acrylic was made by
Spartech [9]. The front surface of the acrylic plugs are coated with a thin layer of tetraphenyl butadiene [8],
a wavelength shifter. Figure 2 shows the front of some of the acrylic plugs inside the Inner Vessel before
the final assembly was completed. Each optical module was assembled in a reduced radon environment
underground. They were installed into the 92 ports on the Inner Vessel while under a flow of nitrogen gas
from liquid nitrogen boil o↵. This assembly sequence greatly reduced the expected surface backgrounds on
the modules from radon daughter plate out.

LAr/
LNe

Optical
Module

Inner
Vessel

Outer
Vessel

Calibration
Ports

Target
Volume

Top Hat 

PMT 

Light 
Guide 

Acrylic 
Plug 

Fig. 1. Model of the MiniCLEAN detector showing the optical modules.

The Inner Vessel is a stainless steel pressure vessel approximately 64” in diameter. Figure 3 shows the
fully assembled Inner Vessel inside a softwall cleanroom underground. The Inner Vessel was fabricated
as a ASME Div. 1 Sec. VIII pressure vessel by Winchester Precision Technology in Winchester, NH.
The Inner Vessel is contained within a vacuum cryostat called the Outer Vessel, a stainless steel vessel
approximately 104” in diameter and 106” high (see Figure 4). This Outer Vessel provides thermal insulation
and containment for the Inner Vessel. The Outer Vessel is positioned on a detector stand that allows for
seismic isolation of the detector. This entire assembly is located inside a water shield tank that is 18’ in
diameter and 25’ tall. A deck structure above the tank allows for access to the top of the tank for assembly
of the experiment and ancillary systems such as the cryogenic and process systems, calibration system,
electronics and data acquisition, and magnetic compensation coils. The water shield tank contains a muon
veto system composed of 48 additional photomultiplier tubes. Figure 5 shows a model of the MiniCLEAN
central detector and its shield tank layout.

The MiniCLEAN detector utilizes a number of subsystems. The target is purified as a gas using a SAES
getter to remove contaminants that a↵ect the scintillation light. A charcoal trap is then used to remove any
radon from the gas before it enters the Inner Vessel. To liquify the cryogen, two copper cold heads are

1Certain commercial equipment, instruments, or materials are identified in this paper to foster understanding. Such identification
does not imply recommendation or endorsement by the National Institute of Standards and Technology, nor does it imply that the
materials or equipment identified are necessarily the best available for the purpose.
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NEON FOR DM
➤ PSD in neon is not as good as hoped
➤ Discrimination of ~1/1000 

➤ 1/107 for argon

ER

NR

arXiv:0612108 

ER

NR

6



HAN, Ke (SJTU) 7



HAN, Ke (SJTU) 8



HAN, Ke (SJTU)

26 2. PET Scanning Systems

8 X 8 grooves
cut into

BGO crytals

PM tubes

Figure 2.2. A schematic block detector is segmented into 8 × 8 elements, and four
PM tubes are coupled to the block for pulse formation (Reprinted with the permission
of The Cleveland Clinic Center for Medical Art & Photography c©2009. All Rights
Reserved).

corner element with deep cut will be detected by the PM tube located under
that element, whereas the light from the middle interaction will be shared by
all PM tubes. The width of the detector elements, among other factors, deter-
mines the spatial resolution of the imaging device and is normally 3–5 mm
in modern PET scanners. The entire block detector is attached to several
PM tubes (normally four PM tubes) in the same fashion as in scintillation
cameras. BGO block detectors can use up to 16 detector elements per PM
tube, whereas LSO block detectors use up to 144 detector elements because
of higher intensity of scintillation emission. A typical commercial block detec-
tor is shown in Fig. 2.3. A PET scanner can contain many block detectors, the
number of which varies with the manufacturer. These detectors are arranged
in arrays in full rings or partial rings in different configurations discussed later.
The number of rings varies from 18 to 32 depending on the manufacturer. The
block detector design has the advantage of reduced dead time compared with
those of the scintillation cameras because of the restricted light spread in the
former.

A modification of the basic block detector has been made such that each
PM tube straddles over four quadrants of four different blocks (Fig. 2.4). The
technique of quadrant sharing permits the use of larger PM tubes and reduces
the total number of PM tubes used in the PET system. This design improves
the spatial resolution relative to the basic design, but has the disadvantage of
increasing the dead time.

In PET scanners with block detectors, each detector pair is not connected
by coincidence circuitry for practical difficulty, so the detectors are grouped
together into banks or sets, which are then connected in coincidence opposite
to each other. Essentially each detector in a set is connected by a coincidence
circuit with a time window to a set of opposite detectors (both in plane and
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TOF-PET IN JAPAN (WASEDA)

➤ TOF-PET with PMTs on 5 sides
➤ A timing resolution (FWHM) of 552 ps was obtained. This value is affected by the 

time difference between interaction positions and PMTs at each interaction point. 
(260 ps at center)
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PETALO: TIME-OF-FLIGHT PET WITH LIQUID XENON

➤ PET scanners with Time-Of-Flight measurement, which combines a liquid xenon 
scintillating volume and SiPM as sensors.
➤ No drifting, no ionization collection for fast timing

➤ Monte Carlo simulations point to a time resolution of 30-50 ps obtained using 
Cherenkov light

➤ Nuclear Inst. and Methods in Physics Research, A 958 (2020) 162397
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XEMIS: THREE-GAMMA IMAGING

➤ A specific radionuclide, 44Sc, that emits a γ-ray (1.157 MeV) and a positron.
➤ TPC configuration: ionization and scintillation 
➤ Gallego Manzano, L. et al. XEMIS: A liquid xenon detector for medical imaging. 

NIMA 787, 89–93 (2015).
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ENABLING TECHNOLOGY
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GAS PURIFICATION SYSTEM 

Get rid of water, oxygen, carbon dioxide, and 
hydrocarbons to maintain electron lifetime, a must for 
long drift length
➤ Molecular sieves
➤ Silica gel
➤ Commercial getters

➤ Liquid purification

15



HAN, Ke (SJTU)

CLEAN FAST CIRCULATION
➤ Custom-designed and fabricated by 

XENONnT: 474 slpm

16XENONnT
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MEMBRANE CRYOSTAT TECHNOLOGY 
➤ Widely used for Liquefied Natural Gas 

(LNG) transportation and storage 

➤ over 100 vessels that now could be as 
large as 250,000 m3 of volume 

➤ DUNE adopted this.
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ARGON LIGHT WAVELENGTH SHIFTING

➤ TPB (Tetraphenyl butadiene) coating
➤ PEN (polyethylene naphthalate) film
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(RADIOCLEAN) SENSITIVE PHOTOSENSORS IN VUV RANGE

➤ Always searching for high QE (@178 nm), low 

background, and extremely sensitive light sensors
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“
科学技术化

技术科学化
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“
道阻且长，行则将至；

行而不辍，未来可期。
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