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Why Neon and Argon? 
Easy to purify; neon with charcoal, 
argon with a getter

Transparent to own scintillation light

Inexpensive

Good pulse shape discrimination

Can swap argon for neon to characterize 
backgrounds and test for WIMP signal 
without changing detector



CLEAN detectors:
Pico-CLEAN:  100 ml test apparatus

measurements of scintillation efficiencies and demonstrate 
pulse shape discrimination

Micro-CLEAN:  3 litre active volume R+D system

measurements of scintillation efficiencies and quantify pulse 
shape discrimination in argon

soon to switch to neon

Mini-CLEAN:  100 litre active volume

will be installed underground as a dark matter detector

CLEAN:  100 tonne

p-p solar neutrino and dark matter detector



Pico-CLEAN

2 x 75 mm PMTs

5 cm diameter
 inner volume

5 cm tall
 inner volume

Active volume 
 fully coated 
 with  TPB



Electronic Recoil Calibration:

 0.93 pe/keV

511 keV Compton edge

1274 keV Compton edge

(neon in pico-CLEAN)



2. 2.8 MeV

Nuclear Recoils:

E      =           [1+A-cos (0) - cos(0)  A+cos (0)-1]recoil
2E

(1+A)
2

2 2 2

(neon in pico-CLEAN)

Require:
 Delayed time of 
 flight

 Minimal  
 asymmetry 
 between PMTs
 viewing cell

 PSD in organic
 scintillator
 



291 keV NR

Nuclear recoil 
scintillation 

efficiency
of 0.26+- 0.11 

at 291 keV

(neon in pico-CLEAN)
Nuclear Recoil Scintillation Efficiency:

PRELIM
INARY



Example Traces: (neon in pico-CLEAN)

Nuclear Recoil

Electronic Recoil



Time Dependence:

Nuclear Recoils

Electronic Recoils

100 photoelectron events

(neon in pico-CLEAN)

F       =
Signal (t<100ns)

prompt Total Signal



100 pe events

Nuclear Recoils

Electronic Recoils

Discrimination power: (neon in pico-CLEAN)

Electronic recoil  
rejection 

exceeds 1:1400
(>99.9%)

 for 100 pe 
events



Micro-CLEAN
Results

2 x 200 mm PMTs

20 cm diameter
 inner volume

10 cm tall
 inner volume

Active volume 
 fully coated 
 with  TPB

PMT

PMT

Argon
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Electronic Recoil Calibration:

 4.5 pe/keV

(argon in micro-CLEAN)



Nuclear Recoils:

2.8 MeV

E      =           [1+A-cos (0) - cos(0)  A+cos (0)-1]recoil
2E

(1+A)
2

2 2 2

(argon in micro-CLEAN)

Require:
 Delayed time of 
 flight

 Minimal  
 asymmetry 
 between PMTs
 viewing cell

 PSD in organic
 scintillator
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Nuclear Recoils: (argon in micro-CLEAN)
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Nuclear Recoil Energy (keV)
0 50 100 150 200 250

S
c
in

ti
ll
a
ti

o
n

 E
ff

ic
ie

n
c
y

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

LAr (Mini-CLEAN collaboration, Summer 2006)

LXe (Aprile et al., Phys. Rev. D 72, 072006 (2005).)

Nuclear Recoil Scintillation Efficiency:
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(argon in micro-CLEAN)



Example Trace: (argon in micro-CLEAN)



Time Dependence:

Nuclear Recoils

Electronic Recoils

280 photoelectron events

(argon in micro-CLEAN)

F       =
Signal (t<100ns)

prompt Total Signal



Discrimination power:

Nuclear Recoils

Electronic Recoils

(argon in micro-CLEAN)



Discrimination power: (argon in micro-CLEAN)
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Discrimination power: (argon in micro-CLEAN)
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Mini-
CLEAN

32 x 
 200 mm PMTs

54 cm diameter
 inner volume

Designed WIMP
 cross section
 limit:
  10   cm
 for 1 year 
 BG free
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FIG. 8: Predicted position resolution for 10 keV, 30 keV, and 100 keV electron-like events in mini-CLEAN.

This Monte Carlo result takes account of the finite number of photomultipliers (32), isotropic emission of

the wavelength shifter, and a 60 cm Rayleigh scattering length[36] for the scintillation light. It assumes a

signal strength of 2.25 photoelectrons/keV.

of mini-CLEAN, this prediction for the position resolution may be checked. Comparison of data

and Monte Carlo results for a collimated gamma ray source mounted outside the chamber will also

test the position resolution algorithms. A proper understanding of position resolution is crucial for

projecting the feasibility of CLEAN for an accurate measurement of the pp neutrino flux, since such

a measurement requires an accurate fiducial volume cut to remove external gamma ray backgrounds

and measure the pp scattering rate for a known target mass. Such a fiducial volume cut will also

allow the removal of fast neutron and x-ray backgrounds, a capability that will be crucial for

achieving sensitivity to WIMP cross-sections at the 10−46 cm2 level and below.

G. Low-Background Capability

Preliminary studies at LANL indicate a strong low-background potential for mini-CLEAN in a

dedicated WIMP search using LAr[40]. The primary concern, once discrimination against ionizing

events such as 39Ar beta decay is established, is any source of fast neutrons that can enter the

18

Position reconstruction: (Mini-CLEAN)
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Component Material U/Th Yield
(n / yr)

Yield in 
Target

(n / kg /yr)

Yield in ROI
(n / kg /yr)

Yield in ROI*

(n / kg /yr)

Fiducial Sphere 15 kg Quartz 3 ppb 19.1 0.090 0.029 0.004

5 kg SS 3 ppb 4.0 0.009 0.003 0.001

PMT Sphere 20 kg SiO2 30 ppb 255 0.055 0.018 0.003

4 kg B2O3 30 ppb 2295 0.495 0.162 0.023

85 kg SS 3 ppb 68.7 0.024 0.010 0.001

Outer Cryostat 125 kg SS 3 ppb 101 0.033 0.013 0.002

Total 2743 0.706 0.235 0.034

Background Study: (Mini-CLEAN)

PRELIM
INARY

D-M. Mei & A. Hime



Summary
New pulse shape discrimination results in 
LAr (preliminary). Discrimination 
measurements currently limited by 
ambient neutron backgrounds in above-
ground laboratory

Preliminary new nuclear recoil 
scintillation efficiency results for argon

Will be filling micro-CLEAN with neon 
soon

Currently commissioning Mini-CLEAN
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