
• The measurement of the velocity of the 
scintillation photon can be used to derive 
the refraction index in the VUV region  

• A 𝝌2 method is used to combine the 
measurement and existing data for liquid 
Argon at higher wavelength [6] 
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P0D
• Broad use of Liquid Argon based detectors in rare event 

searches as neutrino and dark matter [1][2][3] 

• Phenomena related to the propagation of scintillation photons in 
LAr still not fully understood 

• Better knowledge of the scintillation light photons is of deep in-
terest for future kton scale detectors  

• Propagation velocity of scintillation photons never measured 
before 

Experimental study of the propagation of scintillation 
light in liquid Argon 
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Simulation studies

Further Results

References 
[1] R Acciarri et al. , A Proposal for a Three Detector SBN Oscillation Program at Fermilab arXiv:1503.01520 

[2] R Acciarri et al. , The LBNF and DUNE Projects, arXiv:1601.05471 

14th Pisa Meeting on 
Advanced Detectors

200 300 400 500 600 700
 [nm]λ

1.2

1.3

1.4

1.5

1.6

1.7

R
ef

ra
ct

iv
e 

In
de

x

Liquid Argon (T = 90 K) [6]
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The Measurement 

• 2 8’' R5912-MOD PMTs with TPB coat-
ing turned face to face in a opaque 
polyethylene box of 120 cm length   

• Box immersed in LAr within a 1500 litre 
vacuum insulated cryostat  

• No purification system included. 
Dataset consistency ensured monitor-
ing the time constant of the scintillation 
light slow component ~1.4 𝜇s implying 
a negligible absorption on impurities 

• Event samples from cosmic tracks 
selected by an external trigger 
made by two movable scintillator 
pads 

• Cosmic tracks selected at a num-
ber of distances from the PMTs 
and at two different inclinations 

• Scintillation photon velocity deter-
mined from the difference in time 
of the signals in the two PMTs as a 
function of the track position 

• No selection of events, only 
rejection of empty or saturat-
ed events: MIP tracks clearly 
isolated from shower back-
ground  

• The PMT signals were record-
ed using waveform digitisers 
(5GHz) and their timing was 
determined using a software 
constant fraction technique 

• For each track inclination a number of constant fraction have 
been studied and found fully compatible.  Two sets of mea-
surements by track inclination are in perfect agreement 

• Analysis performed with two independent frameworks   

Experimental Setup

1/vg = 7.50 ± 0.07 (stat) ns/m

n = 1.369 ± 0.004 (stat) 

  𝓵Ray= 91.0 ± 2.8 (stat) cm 
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Propagation of 128 nm photon in LAr

 6.744 x±y = -0.047 
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Systematics related to different 
analyses under investigation

Preliminary
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• Rayleigh scattering length can 
then be determined [7]:

• Simulations performed with FLUKA [4] 

• Single photoelectron signal simulated with triangular shapes 
and rise time of ~3ns 

• PMT QE and response simulated based on ICARUS measure-
ments [5] 
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Systematics due to analysis and temperature 
fluctuation still to be evaluated.

• The measurement relies only 
on the external trigger posi-
tion. No calibration of the PMT 
transit time is required    
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