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Liquid Argon as scintillation detector
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Liquid Argon as scintillation detector

LAr @ ~87 K

in-coming  
radiation

5.1 Instrument and working principle

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3: Efficiency of HAMAMATSU VUV4 and VUV3 SiPMs for VUV photons, taken
from [4]. The LLAMA setup employs 16 SiPMs of the VUV4 type.

5.1.3 Key advantages of LLAMA

The novel design of LLAMA mitigates several systematic biases, which are present in

previous experiments measuring optical properties of LAr. This applies especially to the

determination of the attenuation length. The key characteristics of LLAMA are listed in

the following:

• Due to the usage of state-of-the-art VUV-sensitive SiPMs, the employment of

wavelength-shifting materials is entirely avoided. Thus, photons from the pri-

mary emission of LAr retain their original wavelength and hence obey the studied

attenuation length.

• An 241Am source is used, which produces low-energy gamma particles. Hence,

electrons are below the Cherenkov threshold after receiving the gamma particle’s

energy, which prevents the production of visible photons, which is necessary for

the reason stated above.
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Hamamatsu VUV4 type MPPC SiPM
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＜S13370-3050CN / S13370-3075CN＞ 

＜S13370-6050CN / S13370-6075CN＞ 

without  
window resin 

6 mm

Scintillation photon VUV: ~ 120 nm

photo-sensor sensitive to VUV
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Liquid Argon as scintillation detector

LAr @ ~87 K

in-coming  
radiation

how many?

how far? 

—> measure at  
       multiple distances  
       from the source

—> well understood  
       source 

(Yield)

(Attenuation length)
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Liquid Argon as scintillation detector

LAr @ ~87 K

in-coming  
radiation

Impurities: 
O2, N2, CO2

- reduce yield 
- more attenuation

The effects can be quantified  
from different measurement 
conditions



SiPM detector and light source mounting structures

8

~ 
90

 c
m

Φ ~ 15 cm 

LAr  
vessel

photon source

SiPM



9

To produce and operate liquid Argon 

LAr
Melting point 83.8 K -189.3 °C

Boiling point 87.3 K -185.8 °C

LN2

Boiling point 77.3 K -195.9 °C
LN2

LAr

surround the Ar vessel with LN2 
to liquify Ar gas,  
and to keep the LAr cold

https://en.wikipedia.org/wiki/Melting_point
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Boiling_point
https://en.wikipedia.org/wiki/Boiling_point
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Peso complessivo dei liquidi criogenici 
da contenere circa 75Kg

Ar gas bottles

lab wall
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OLAF
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Optical Liquid Argon Facility

- scintillation photon yield 

- (effective) attenuation length

- impurity effect (wo purification or doping)

- time constants 
- …

setup at Roma3 
Ar 6.0 gas liquefied by LN2 
direct SiPM(VUV) readout

LAr optical properties that can be studied

to benchmark/commission the  
LAr - SiPM 

readout for LEGEND-1000
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OLAF cryogenic setup at INFN-Roma3
configuration for Ar liquefaction test

readout  
feedthroughs

glove box for 
assembling

vacuum and cryogenic vessels, LN2 dewar  
by company CryoSystemEngineering

top  
window

temperature display



Experimental skill box
• high vacuum 


• cryogenic 


• detector readout 


• signal processing 


• trigger logic


• data acquisition, packaging, analysis
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{Liquid Argon 

optical 


property 

measurement 


in OLAF

Plenty of chance to get your hands dirty on all of these


