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CLEAN stands for:

Cryogenic
Low
Energy
Astrophysics
Noble Gasses

Neutrino-electron scattering events: 
ν + e- → ν + e-

Neutrino-nucleus scattering events: 
ν + Ne → ν + Ne

Wimp-nucleus scattering events: 
χ+ Ne → χ+ Ne



Why neon?
• Has no long lived 

radioactive isotopes

• Can be purified with cold 
traps

• Relatively inexpensive

• Transparent to its own 
scintillation light 

• Denser than helium

• Good pulse shape 
discrimination
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“Pico-CLEAN”

5 cm diameter, 5 
cm tall

“Micro-CLEAN”

20 cm diameter, 
10 cm tall

“Mini-CLEAN”

50 cm diameter



6 meters

10 meters

12 meters

H2O shielding

Dewar support

77 K

27 K

Photomultipliers

Liquid
 neon

Fiducial volume

10-tonne CLEAN

5,000 neutrino events/year, assuming SSM, LMA





Dark matter sensitivity with Liquid Neon



Space 
Requirements:

• Main detector:

• 12 m diameter, 14 m height

• Experimental room above

• 100 m

• Connected “control room”

• similar in size to experimental room
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Connected by 10 bar

 “blast door”



Infrastructure
Requirements:

• Water Purification:

• ~10     g/g   U/Th

• Power:

• 300 kW during filling

• 50 kW during regular operations

• Cryogen purge shaft (~5 m /min)
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based on the simulation. The proposed sensitivity for CLEAN is reachable at the depth of

Sudbury.
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FIG. 3: The detector sensitivity as a function of depth of underground laboratories.

Negative stopping muons can be captured by neon nuclei [10, 11], leading to one of the

isotopes that are listed in Table III. However, the spallation reactions from muon capture on

neon will not directly produce 14C, 7Be and tritium, but only neutrons with energy up to a

few 10’s of MeV. Neutron inelastic scattering on neon can then produce dangerous isotopes.

However, the event rate of stopping muons is on the order of 0.1% relative to through-

going muons. Therefore, at a proper depth, the isotopes that are produced by neutron

inelastic scattering induced by negative stopping muons are negligible in comparison to

muon spallation.

C Simulation of CLEAN

A detailed simulation of a liquid neon detector was coded using the GEANT4 package [12].

The details of these simulations and the significance of these simulations for the future

sensitivity of a CLEAN detector will be described in an upcoming publication[13]. The

GEANT4 package is used for tracking of electrons, !’s, "-particles, recoiling nuclei, and

Depth
Requirements:

• Muon induced 
backgrounds:

• fast neutrons

• cosmogenic products

• stopping muons in 
detector
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induced radioactivity is calculated using n-Ne cross sections with the neutron energy up to

150 MeV. For the neutrons with the energy higher than 150 MeV, we assume that the cross

sections are the same as the neutrons with the energy at 150 MeV (flat distribution). In the

calculation, we also assume that the neon is purified and there is no purification after the

initial purification. Table II lists the results.

Site 3H 7Be 14C

WIPP 301 0.4 10.8

Soudan 108 0.14 3.9

Kamioka 43.2 0.06 1.6

Boulby 37.5 0.05 1.4

Gran Sasso 10.7 0.01 0.4

Sudbury 0.6 8 !10!4 0.02

TABLE II: Relevant radioactive isotopes production rate, in units of atoms/kg/year.

Table II shows that tritium production is the dominant background at low energies.

However, there is about 8.64% of tritium beta decay events in the energy range of interest

(12 keV to 27 keV). In this energy range, the only signal of interest is WIMP-nuclear

scattering, and we expect to have significant beta-nuclear recoil discrimination. Taking into

account these parameters, Table III shows the calculation of the sensitivity of the CLEAN

for six underground sites. The uncertainty on these numbers is about 34%.

Site 3H 7Be 14C

WIPP 5.8 !10!3 2.3 !10!5 5.0 !10!7

Soudan 2.1 !10!3 8.4 !10!6 1.9 !10!7

Kamioka 8.3 !10!4 3.6 !10!6 6.9 !10!8

Boulby 7.3 !10!4 2.4 !10!6 6.1 !10!8

Gran Sasso 2.1 !10!4 7.2 !10!7 1.9 !10!8

Sudbury 1.1 !10!5 4.4 !10!8 1.0 !10!9

TABLE III: The sensitivity of the CLEAN detector, in units of events/kg/year.

Fig. 3 shows the detector sensitivity as a function of depth. The fitted function is 0.022

!e!1.297"10!3X+X!0.1404
, X is the depth. Note that the uncertainty (34%) in this plot is



Summary:

• We have completed preliminary measurements of:

• Scintillation properties in Ar and Ne

• Purification with charcoal for Ne

• Low temp PMT testing

• We will soon start construction of mini-CLEAN

• Long term: 100 tonne detector for p-p neutrinos 
and WIMP dark matter




