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Evolution of Our Understanding: Pure LAr

Immediate

Very different measurements of the long, 
triplet lifetime from 1100 to 2100 ns.  Ratio 
of triplet to singlet different for different 
ionizing particles and can change in the 
presence of an electric field. Doping with 
xenon has dramatic effects…

Now have the 
“intermediate light” 
from recombination in 
the model, small, but 
visible in data.
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Immediate

Diffusion 

Diffusion 

Doesn’t include known, large 
cross-section absorption of the 128 nm 
light by xenon, and observed 1600 nm IR 
line…

Diffusion time is 3.4 μs ÷ xenon ppm.

Diffusion time is 3.4 μs ÷ xenon ppm.

Evolution of Our Understanding: Xe-doped LAr
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Evolution of Knowledge: Absorption

D
iffusion 

Diffusion 

Immediate Getting closer, but doesn’t explain 
increase in the light yield with xenon 
dopant…

Immediate
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Evolution of Knowledge: Quenching

D
iffusion 

Diffusion 

Immediate

Quenching

Quenching

Quenching

Still not complete, as there are other IR 
lines seen in the data, but will stop here 
for now as most of the observed 
characteristics are contained…

Quenching times are relatively long (7.7 μs), so mostly affects 
the mixed state and the Ar

2
 triplet state, not Xe

2
 emission.
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Mixed (ArXe) 
excimer

The VUV emission of 
electron-beam excited liquid 
argon doped  (2 mm) 

Transmission of liquid argon 
doped with 0.1 ppm xenon 
measured with a deuterium light 
source and a length of the optical 
path of 11.6 cm 

Absorption is not straightforward

Xenon 
excimer

Argon 
eximer
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Iterate convolution

For λ
1
 = 12.7 cm, 

σ
abs

 = 47.6/(12.7 cm)/(0.1 ppm)= 37.5 Mb 

in agreement with Calvo et al. ArDM

∫

Strong 
absorption

Weak 
absorption

Integral

Red curve is 11.6 cm (0.1 ppm Xe), 
green is 23.2 cm, etc.

λ
1 λ
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k
x
 is calculated diffusion limited reaction rate in LAr for Ar

2
 to Xe 

(scales with Xe concentration) k
x
 = 2.9 × 10−4 x [ppm] ns−1

k
q’

 ~ k
q 
= 1.3 × 10−4 ns−1

 
are quenching rates

(Segreto, Phys.Rev.D 103 (2021) 4, 043001 ) 

           

Our Model

           

           

           

We take A from the fit to the absorption curve.

Note: Below 0.5 ppm, 
quenching is faster than 

diffusion.Note: We are adding the 
intermediate light in the model 
(can see the effect).
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Then these equations are easily integrated giving S(t), T(t), M(t) and X(t), and the 
light seen (128 nm + 150 nm + 175 nm) is given by:  

In terms of singlet fraction (sfrac)  N
1
 = N*sfrac, N

3 
= N(1-sfrac) 

N is the total number of dimers created by initial ionization 

Light yield (time)

Similar to Segretto, but includes absorption, and is based on diffusion times
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New Setup

• One Hamamatsu R11410 (sensitive to 
175 nm, but not 128 nm).

• Triggered 241Am source aka Llama 
(LEGEND LAr monitoring system from 
TUM).

• Three levels of 3 SiPM (Hamamatsu 
13370) detectors sensitive to both 128 
nm and 175 nm.

• One SiPM covered with Suprasil glass 
to block 128 nm light.
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Doping Procedure

In from LAr ulage

Out to recirculation pump

In from recirculation pump

Through getter, back to ulage

Xenon in at 
fixed pressure 
and temperature

Vacuum out (with 
local gauge)

U-tube (fixed volume)

Mixes with ulage
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Preliminary Data

Undoped 0.01 - 
0.07 ppm

Doped 0.1 ppm

Doped 0.2 ppm

Doped 0.5 ppm

Doped 1.0 ppm
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Preliminary Xe-Doping Data
Slopes from ~1.5 μs after singlet to 5 μs

0.1 ppm (added 
to initial)

0.2 ppm total 
added

initial xenon 
concentration in 
ulage measured 
to be 0.01 +/- 
0.07 ppm 13
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Preliminary Xe-Doping Data
Integrated charge from ~1.5 μs after singlet to 5 μs

0.1 ppm (added 
to initial)

0.2 ppm total 
added

Threshold raised 
on trigger 
SiPMs
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Model Prediction (NOT yet tuned to data)

● At doping levels  greater than 0.1, 
we take A to be constant (as in our 
fits), but at very low PPM, the 
assumption of constant absorption is 
no  longer valid, so we use values of 
A from the previous fit. 

● From the model we can understand 
the increase in light given the initial 
concentration of Xe in the LAr.

● Notice that there is still very strong 
reduction in light at 0.1 ppm Xe

● Even at 0.01 ppm, the yield is still 
only 80% of original (number of 
excitons).

● At 10 ppm Xe, light is recovered to 
>90% of original.

Initial Xe 
concentration

Calculated at d=11.6 cm
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Conclusions
• Xenon absorption of Argon 128 nm scintillation light is complicated and has a 

significant effect on the time spectra of emission and light yields even at very low 
concentrations.

• Quenching of long-lived states can account for increased light yields at Xe doping 
levels above 1 ppm.

• Our upcoming runs should narrow the parameter space for lifetimes and quenching 
times, and we can examine the effect on the fast/slow ratio for PID.

• Can also add N2, etc. to the model…

• Thank you for staying to the end!
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Backup

17
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Scintillation light in LAr
There have been many papers and much work done to characterize  and 
understand the amount and time distribution of scintillation light in liquid 
argon…
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Starting Point

Not working in an 
(academic) vacuum, 
but until now, noone 
has put all the pieces 
together…
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Plus Nitrogen

•The addition of Nitrogen involves a complicated cascade of 
reactions, some of which emit in the IR and UV…

•BUT, decay times are very long (from 10 μs to several ms), 
hence collisional quenching dominates and one can take 
excitation energy transfer to Nitrogen excimers as 
non-photonic.

•So, one could just add another loss term with a time constant 
equal to the diffusion time times the nitrogen concentration.

 


