
R&D on Advanced Liquid Scintillators 
at Mainz, TUM, Padova, Perugia, JYU 
and INFN Milano

Paolo Lombardi – INFN Milano

Physics Opportunities of Large Liquid Scintillator Detectors (II) 

Mainz – Oct. 13, 2026



2

Outline

01 Group Synergy:
Mainz  
Munich TUM
INFN Milano and Perugia Chemical department
Padova University and INFN
JYU Jyväskylä

02 Mainz / TUM / Padova / Jyväskylä activities

03 INFN Milano / Perugia activities



3

Group Synergy
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 Long time collaboration between our groups since Borexino experiment in Gran Sasso
 Since 2014 an even closer collaboration on the JUNO liquid scintillator recipe, performance 

characterization and purification systems:
 Design and operation of Juno Distillation and Stripping plants
 Design and operation of OSIRIS detector
 JUNO filling and data analysis

 Established formal collaboration for the submission of an ERC Synergy grant (2027) on 0νββ
demonstrator experiment: INFN, Mainz, TUM, Zaragoza, JYU Jyväskylä
 Slow bi-solvent scintillators (τ≥10ns) for separation of Cherenkov signal and background improvement
 Loading Techniques for Organic Scintillator: Te, Mo, Se (see talk from Hans S.)
 LS purification techniques

 Some published papers for reference:
 Refractive index in the JUNO liquid scintillator, NIM A 1069, 2024
 Development of a bi-solvent liquid scintillator with slow light emission, JINST 19, 2024
 Fluorescence emission of the JUNO liquid scintillator, JINST 20, 2025
 Doping of a Borexino-like Liquid Scintillator with Tellurium-Diols, JINST 21, 2026

Group Synergy
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 Mainz:
 Michi Wurm, Manuel Böhles, 
 Daniela, Johannes, Daniela Fetzer, Johannes Molins, Maxi Rausch

 TUM :
 Hans Steiger, Adil Muggo
 Kilian Porth, Konstantin Walter, Moritz Kolb

 INFN Milano:
 Paolo Lombardi, Barbara Caccianiga, Davide Basilico
 Cecilia Landini, Marco Beretta, Fatima Houria

 Perugia chemistry department:
 Fausto Ortica, Aldo Romani,  Catia Clementi

 Padova:
 Alberto Garfagnini, Riccardo Brugnera, Andrea Triossi
 Lorenzo D’Auria, Andrea Serafini

 University of Jyväskylä (JYU):
 Kai Loo, Mariia Fedkevych, Timo Ahola

Groups composition for LS development
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Mainz / JYU / TUM / Padova  
activities
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?
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Mainz / TUM
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Mainz / TUM
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TUM
Emission spectra of fluors in diluited Cyclohexane Emission spectra of LS samples

Spectra recorded in front-face geometry
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90% LAB - 10%DIN - 0.5 g/l PPO    

90% LAB - 10%DIN - 1.0 g/l PPO    

The measured emission timing for 𝛽𝛽 excitation of  samples. The measurements are shown in linear scale 
around the Cherenkov peak (left) and in log scale to highlight  the scintillation tail (right).
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A clear improvement in the separation of the pulse shapes is noticeable due to
the DIN co-solvent. PSD performance improves with increasing concentration of
the fluor (here PPO) for both, pure LAB and LAB/DIN mixtures as solvents.
Using BPO, even at low fluor concentrations, increases both the high light yield
and the alpha/beta performances.

XXX-05 /10 /20 = 0.5 /1.0 /2.0 g/l

PSD capabilities of different LS cocktails
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Mainz / TUM purification systems and quality control 

DIN purification using an aluminum oxide column 
and fractional distillation with Raschig rings

Top: current packing material 
Bottom: planned use of 
Raschig Super-Ring® PLUS

Quality control using ESI 
mass spectrometry & UV/Vis

© RASCHIG GmbH Shimadzu UV2600i @ TUM
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Mainz
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Milano / Perugia activities
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Laboratory infrastructures

HL-PMT

LL-PMT

Already available several experimental setups to characterize different properties of organic 
liquid scintillators: SHELDON and S-REWIND facilities

 Fluorescence time profile (α/β - discrimination)
 Absorbance spectrum and attenuation length
 Emission spectrum with spectrofluorometer (Perugia)
 Refractive index and group velocity
 Cherenkov contribution

Deeply cooperation with the Perugia group for these measurements and to measure the 
emission spectrum

Laboratory UPGRADE:
 New Light Yield setup
 Vacuum Distillation glass facility
 Chemistry for Slow-scintillators, Water Based LS, Deep Eutectic Solvents, Perovskites
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Current setups

HL-PMT

LL-PMT

 System of two photomultiplier 
tubes in coincidence enabling the 
use of Time-Correlated Single 
Photon Counting technique

 Experimental setup to accurate 
measure the fluorescence time 
profile of liquid scintillators
(400 ps resolution)

 Reduced-scale LS detector 
(3.1×2.8× 3.3) cm3

SHELDON setup
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Current setups

HL-PMT

 Absorbance spectrum

 Dual ray spectrophotometer: JASCO V-760
(Wavelength range: 190 - 1100 nm)

 Measurement with 2 cuvettes
 cuvette with air/cyclohexane for baseline
 cuvette with the mixture to be analyzed
 cuvette available: 1 cm, 5 cm, 10 cm

SHELDON setup



LAB 90% + DIN 10% + 1 g/L BPO

Starting from the samples sent by Hans,
we produced samples with different Te
concentrations:
 0% and 2% provided by Hans
 0.125%, 0.25%, 0.5%, 1% produced

We analyzed their optical properties :
 Time Profiles with α and β sources
 Absorption spectrum
 Preliminary measurement of light yield

Study on Te-doped scintillators
SLOW LS
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Study on Te-doped scintillators
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SLOW LS Time Profiles with α and β sources

90% LAB - 10%DIN - 1.0 g/l BPO + 0.25% Te



Study on Te-doped slow scintillators
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Cherenkov ?

SLOW LS Light yield

The quenching should affect only
scintillation and not the
Cherenkov light. So we expect
the light yield to decrease for
both α and β sources as the Te
concentration increase, but for
the β case we expect it to reach
kind of a plateau due to the
Cherenkov contribution which is
absent instead for the α case

90% LAB - 10%DIN - 1.0 g/l BPO + X % Te



Study on innovative scintillators
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Water based scintillator

We started to collaborate with the Milano chemistry department 
in order to understand if and how it is possible to produce 
innovative green scintillator

They provide us a sample of salt:
 Chemical formula: C45H38Na2O8S2

2-

 Exact mass: 816,18 u
 soluble in in water (at the level of g/L, order of magnitude)
 It emits light  potential scintillator

We are currently trying to characterize it to see if its property are 
suitable for particle detection and if it is scalable to larger scales



Laboratory UPGRADE
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New Light Yield setup

γ source

PMTPMT
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Laboratory UPGRADE
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Vacuum distillation setup

We are planning to introduce a distillation
setup to enhance the optical property of
our liquid scintillators

For the moment we just set the order
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S U P P L E M E N T A R Y  M A T E R I A L

Backup slides

Additional details, cross-checks and supporting results

P h y s i c s  O p p o r t u n i t i e s  o f  L a r g e  L i q u i d  S c i n t i l l a t o r  D e t e c t o r s  ( I I )  
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Study on Te-doped scintillators
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PC + 1.5 g/L PPO

We analyzed different Te concentration:
 0% original  
 2% provided by Hans
 0.125%, 0.25%, 0.5%, 1% produced

Analyzed:
 Time profile

BOREXINO LS



Study on Te-doped scintillators
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Evidence of 
queching on time 

profile, as expected

BOREXINO LS Time Profiles with α source



Study on Te-doped scintillators
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Milano = α source
Munich = β source

BOREXINO LS Light Yield
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