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The overall idea (in a nutshell)
Inspired by LiquidO technique for neutrino detector 
(A. Cabrera et al. LiquidO Commun Phys 4, 273 (2021) )

Requirements:
• fine sampling 
• scintillation light locally contained

Typical sampling calorimeters:
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A possible candidate: ZnWO4

ISMA has done specific R&D and has produced grains & plates of ZnWO4
• “flux method” production of ZnWO4 is under control 

• ~ 1kg of ZnWO4
• grains of BGO (200 g) 
• small plates of BGO & of ZnWO4  
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Price reduction ~ 2.5 for ZnWo4 wrt crystal 
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WLS fiber selection

preferred choice

Absorption spectra for Y-11, O-2 and R-3 fibers from
Kuraray and emission spectra for BGO and ZnWO4 
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Cosmic rays test bench

o Active volume = 2.8 x 2.8 x 6 cm3 (~200 g of ZnWO4)
o Fibers spacing: 7 mm
o 16 fibers read-out by SiPM
o Possibility to repeat the study with BGO
o Blue/Green LED injected in the middle
o Cosmic rays triggering

top view
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Vue de face
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Entrée liquide
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Vue de droite
Echelle :  1:1

Srtie air/liquide
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Mécanique impression 3D

Mécanique impression 3D

Scintillateur 20x20mm

Box étanche

A

Détail A
Echelle :  4:1

PM horizontaleQueue de carpe PMMA

Scintillateur 20x20 mm

Mécanique impression 3D

PM verticale

Guide de lumiere PMMA

Capot box etanche

LEDBouchon

Méca pour led

Fibre optique

Real object and test bench ! 

No reflective material at the end of the fibers 
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Prototype characterization
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Centrality =& '()*+,- '.,))(-/012
dark current noise subtracted (about 2% for the central fibers) 
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Sum
ZnWO4

ZnWO4 
+ H2O

ZnWO4 
+ EGL

Total signal depends upon :
• amount of light emitted by the depolished part of the fiber (measured to be lower with liquids than in air)
• better matching between the medium and the ZnWO4 refractive indices à smaller impact of the absorption in the 

grains 
• efficiency of the WLS fibers for the signal collection varies with the medium refractive index. 

• Larger signal with liquids 
• Small difference between EGL & H2O is 

of no concern for the cosmic test 
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Centrality
ZnWO4

ZnWO4 
+ H2O
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ZnWO4 and medium refractive indices more different à light is more confined 
(the photons have higher probability to bounce back and to stay closer of the emission point)

More confined light
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First cosmic rays results 
ZnWO4

ZnWO4 
+ H2O

ZnWO4 
+ EGL

Rate is low (~4 cosmics per hour) 

Sum

Larger signal when the refractive index 
is better matched with ZnWO4 
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ZnWO4 + 
EGL

Sum

Fit : G⊗Landau

Expected energy deposit by a cosmic 
muon in this 6 cm high device: 40 MeV  

à~ 10 000 photo-electrons/GeV
opens the road to a statistical fluctuation of 
1% /sqrt(E) due to photon statistics  

Publication in preparation
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o Study of the heavy liquid 

o Similar study with BGO 

o Another test bench to characterize the uniformity of response (µ close to a fiber or half-way) and the 
angular dependence of response. Constant term in the energy resolution 

o Test beam with muons

o A full-size module demonstrator (17 × 17 × 40 cm3) (25X0 in depth) 

What’s next ?


