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We would like:

Nphotons  = Y Eincoming

What is a scintillator?

With ‘Y’ as large as possible

Monochromatic photons
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We would like:

Nphotons  = Y Eincoming

What is a scintillator?

It would also be nice to get some 
particle identification information. 
This is typically from the timing 
profile of the emitted photons.

Monochromatic photons
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What is a scintillator?

The mechanism for producing light 
depends on the media: 

• Organic liquid scintillators 
• Organic crystal scintillators 
• Inorganic crystal scintillators 
• Molecular gases 
• Noble liquids 
• etc.
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8

Element
Liquid 
density

g/ml

Boiling 
point
(K)

Electron 
yield

(e-/keV)

Photon 
yield

(γ/keV)

Singlet 
decay time

Triplet 
decay time

Scintillation 
wavelength

(nm)
Radioactive

2
4He 0.13 4.2 39 22 10 (ns) 13 (s) 80 No

10
20Ne 1.2 27.1 46 32 10 (ns) 15 (μs) 78 No

18
40Ar 1.4 87.3 42 40 7 (ns)

1.5 
(μs)

128
39Ar
1 Bq/kg

36
84Kr 2.4 119.9 49 25 7 (ns) 85 (ns) 148

85Kr
1 MBq/kg

54
132Xe 3.1 165.0 64 42 5 (ns) 27 (ns) 175

136Xe
<10 μBq/kg

Noble Liquid Properties

James NikkelArizona State University, March 8, 2010

Scintillation in nobles
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Scintillation in nobles
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Liquid neon in 
nanoCLEAN

~2004
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Pulse tube 
refrigerator

2x Hamamatsu
R5912-02-MOD

PMTs

3.1 litre
argon/neon

target volume

James Nikkel

microCLEAN

Copper liquifier
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Example of digitised PMT signals 
from ‘tagged’ sources

+



13

Nuclear Recoils

Electronic Recoils
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Nuclear Recoils

Electronic Recoils
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f P
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We observed an unexpected 
temperature/pressure dependance
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We observed an unexpected 
temperature/pressure dependance
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Triple Point:  24.556 K, 0.4337 bar

Unfortunately, 
microCLEAN was 
constrained by the 
phase boundary 

We could not 
separate out 
temperature from 
pressure effects 

The detector also 
had a limited range 
of operation
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15!

CLEAN Budget for 40 tonne Detector!

Project cost items! Cost estimate ($M)! Contingency ($M)!
Water tank! 2-6 (depth-dependent)! 1-3!

Clean room! 2! 1!
Inner vessel! 5! 2!
Outer vessel! 5! 2!
Optics, wavelength shifter! 2! 0.5!

PMTs and electronics! 7! 3!
Purification system! 2! 0.5!
Cryogenic system! 2! 0.5!
Calibration manipulator! 2! 1!
Safety systems! 1! 0.5!
Engineering! 2! 0.5!
Construction personnel! 3! 1!
Neon! 3! 1!
Depleted argon! 0-16 (increases scope)! 0-8!

Total! 38-58! 14.5-24.5!

A.!Hime,!Physics!Division,!LANL!

Liquid neon has a 
density of  
1.2 g/cm3  

The pressure increases 
120 mBar per metre of 
depth 

A 5 metre tall detector 
(~100 tonne) 
will have an excess 
pressure of 0.6 bar at 
the bottom 

Why do we care?



In LEELA, the temperature 
and pressure can be set 
independently, and over a 
much wider range 

A single pmt detects the 
scintillation light collected 
from a PTFE cavity 

Target volume ~50ml 

LEELA

Copper

75mm PMT 
(R6091-MOD)

CF/Sapphire 
 window

20 James Nikkel
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Copper vessel

Sapphire window

Cut-away view
Level 

sensor

Inner volume 
(50 ml) coated 

with wavelength 
shifter

PTFE

75mm PMT 
(R6091-MOD)
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Source tube

Vacuum chamberPMT 
(R5912, later replaced)

Gas lines

Pulse tube 
refrigerator



Triple Point:  24.556 K, 0.4337 bar
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low energy thresholds that are required for the direct detection of pp-solar neutrinos and potential

low-mass WIMPs whose scattering rate is enhanced with the use of a light target mass as provided by

Ne. So far, the use of Ne as a scintillating target medium appears most ideal, however, due to the A2

dependence mentioned earlier, the use of Ar would be more suited to the direct detection of average

sized WIMPs.

Figure 6: The phase diagram of natural Ne in the pressure-temperature domain. The three coexistance

lines between solid (s), liquid (l) and gas (g) phases are shown. Continuous lines are the results derived

from the MC conducted in [13] while the dotted lines are representative of classical data. Closed

circles represent critical points. Figure taken from [13].

2.3.2 Argon

The noble element of Ar (see Table 1 for a list of physical properties) is found present in the atmo-

sphere, 500 times more abundant than Ne, and is extracted in the same way as Ne. The electron

configuration of Ar: 1S22S22P 63S23P 6.

The use of liquid Ar as a scintillating target medium has proved most beneficial to an array of di-

rect detection experiments with the only issue being with the large amounts of backgrounds produced

as a result of the radioactivity of its inherent isotopes. For example, while discrimination between

nuclear recoils (WIMPs, supernova neutrinos) and electronic recoils (backgrounds, solar neutrinos) in

12
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Nuclear recoils

Electronic recoils
f P

As the goal was to map out 
pressure and temperature, 
2 sources were used 
simultaneously to generate 
nuclear and electronic 
recoils: 

241Am as a gamma source 
AmBe as a neutron source 
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Nuclear recoils

Electronic recoils
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The changes of 
fprompt with 
temperature are 
consistent with 
the microCLEAN 
measurements, 
but over a wider 
range, including 
into solid phase

Liquid 
Ne

Solid 
Ne

microCLEAN 
data



Nuclear recoils

Electronic recoils

There appears to be little pressure 
dependence on fprompt

28 James Nikkel

Temperature ~ 28 K Liquid 
Ne



Some dependence 
of light yield is 
observed as a 
function of 
temperature 

Yield is obtained 
from a 60 keV line 
source, however 
there may be 
some pushing of 
the peak due to 
the trigger as 
fprompt  changes

29 James Nikkel

Liquid 
Ne

Solid 
Ne



The pressure 
dependence 
of the yield 
appears to 
be small

30 James Nikkel

Temperature ~ 28 K
Liquid 

Ne
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Temperature Dependent Scintillation in Solid and Liquid Argon

are applied it is then possible to fit the plot to a Gaussian approximation. This allows
the peaks, values for the full width at half maximum, and associated errors to be read o↵.

Treating the peaks as Gaussian approximations allows us to collect values for the dis-
tribution’s full width at half maximum, FWHM. This is useful as it provides the oppor-
tunity to study the detector’s resolution. Particularly, the detector’s energy resolution
for widths in photoelectron yield. And also, the detector’s spatial resolution for widths
in fPrompt, where the spatial resolution is the detector’s ability to recognise di↵erent
types of signals that are being produced. The energy resolution is important because it
provides information on the way light passes through the detection volume, and investi-
gating how it varies with pressure and temperature would help fine tune the sensitivity
of the detector. Similarly, the spatial resolution of the detector is important because the
ability to distinguish di↵erent types of interactions in the detection volume is the main
purpose of detectors of this kind, and studying how this quantity varies with pressure
and temperature provides the ideal opportunity for optimisation in these areas.

Figure 5: the fPrompt ratio as a function of temperature, where the distribution shows
a ”step-like” function through the phase transition. The error bars are comprised of
statistical and systematic uncertainties.

fp =

R 120ns
0 V (t) dt
R 16µs
0 V (t) dt

(1)

Maymuna Shaheem 9 100637068

f P Liquid 
Ar

Solid 
Ar

Measured 
prompt 

fractions for 
electronic 
recoils in 

argon as a 
function of 

temperature

LEELA filled with liquid argon

Triple Point:  83.78 K, 0.6875 bar
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Temperature Dependent Scintillation in Solid and Liquid Argon

Figure 7: fPrompt ratio as a function of pressure. Graph shows two essentially horizontal
lines, suggesting that light yield has little to no pressure dependance. Error bars arise
from both statistical and systematic uncertainties

Figure 8: fPrompt ratio as a function of pressure. Graph shows the pressure dependence
in a small region between 81.89K and 83.31K near the triple point of argon. Error bars
arise from both statistical and systematic uncertainties
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Temperature Dependent Scintillation in Solid and Liquid Argon

Figure 6: Photoelectron peak value as a function of temperature for the instances that
there are multiple data points that lie at the same temperature it is reasonable to take
into account the di↵erent runs of data. The error bars are of statistical and systematic
uncertainties.

of pressure dependence by focussing in on specific regions of temperature and varying
their pressures to see results. Taking a region about the triple point, where the bulk
of the data was recorded, it is possible to see a good distribution of values for di↵erent
pressures around the same temperature. However, from doing this, it is clear that the
way scintillation travels through the medium has little to do with the pressure of the
system as there are no real stand-out features in the behaviour of the interactions or
the graphs produced from them, this is seen in Fig. 7 and 8. The graphs consist of two
distinct horizontal lines, perhaps one for fPrompt as a function of pressure before the
phase transition, and one for after the transition. This is plausible because fPrompt
before the transition is generally of a lower value than after, which us what we learnt
from Fig. 5. Furthermore, it is clear to see that this lack of pressure dependence is a
feature upheld for the photoelectron peaks, see Fig. 9. This supports the idea that scin-
tillation through a detection volume would not be hindered by the pressure it’s held in.

As was just touched on, looking at graphs for photoelectron peaks as a function of
pressure yields similar results as those observed for fPrompt as a function of pressure.
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LEELA filled with liquid argon

As there appears to 
be an abrupt 
transition,  
both phases are 
present in some 
data sets

Liquid Ar NR

Solid Ar ER

Liquid Ar ER

Solid Ar NR

T = 82.3 K

As argon detectors 
use fp to reduce 
backgrounds, one 
must be vigilant to 
keep parts of the 
detector from 
freezing
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Thank you for 
your time 

I hope that was 
enjoyable and 
I welcome any 
questions

LEELA’s first light


