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Scientific Goals

Astrophysics
the Sun and Supernovae are bright neutrino sources
neutrinos provide insights in the processes of solar
fission and stellar core-collapses

Geophysics
radioactive decays of Uranium or Thorium emit neutrinos
they provide information on Earth‘s elemental composition

Particle Physics beyond the Standard Model
Neutrino Properties: oscillations, Dirac/Majorana nature
Proton Decay: stability of baryonic matter
Detection of Dark Matter



Liquid Scintillators & Noble Liquids
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! both technologies are adapted for rare-event searches,

such as low-energetic neutrinos, proton decay and 2"0! decay

! detectors can be adjusted to the detection of individual particles



SNO+
1kt

LENA, 50kt

HanoHano, 10kt or more

Borexino
300t

KamLAND
1kt

Liquid-Scintillator                       ... and tomorrow
       Detectors today ...



Neutino Events in a Liquid Scintillator

!

light production

light yield
signal decay time

mass
low
backrgound

Light propagation

optical transparency
wavelength

Photodetector

type, efficiency



Scintillator Components

Solvent
PC, PXE, LAB … target  fp/p/n-ratios
purification, addition of energy transfer to fluor
parafins, n-decanes propagation of scint. light

Wavelength Shifter (Fluor)
PPO, bisMSB, PMP … signal decay times
combinations possible large Stoke‘s shifts

no self-absorption

Additions
n/! catchers (Gd, In …) stability of the scintillator
"" candidates (Nd, …) absorption of scint. light

all these properties have to be investigated and optimized ...



Work @ TUM
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Solvent Candidates

LAB, C16-19H26-32 

density:  0.86 kg/l

light yield:  ~100%
fluorescence decay: # ~ 6ns

attenuation length @ 430nm:

 ~20m

PXE, C16H18 

density: 0.99 kg/l

light yield:

~10.000 ph/MeV
fluorescence decay: # ~ 3ns

attenuation length @ 430 nm:

!12m (mostly scattering)

+80% Dodecane, C12H26

density:  ~0.80 kg/l

light yield:  ~85%

fluorescence decay slower

attenuation length increases!

In terms of solvent transparency,

a 30m diameter detector is feasible.

• effects and complexity of purification

have to be considered.



PPO, C15H11NO

primary fluor

absorption band:

280-325nm

emission band:

350-400nm

bisMSB, C24H22

secondary fluor

absorption band:

320-370nm

emission band:

380-450nm

Possible Wavelength Shifters

• large detectors require Stoke‘s Shift

to wavelength of 430 nm where

scintillator is more transparent

• a combination of a primary and a

secondary shifter can be used

! might lead to self-absorption

• fluors with large Stoke‘s Shifts like

PMP have to be tested

• other parameters like fluorescence

time, solubility etc. have to be

considered as well

The Aim: A detailed MC study of light

production and propagation in a

large-volume detector like LENA.



Further R&D on liquid scintillators

• Intrinsic Purity of the Scintillator:

Production, Handling, Transport

• Purification Methods, both Transparency and Radiopurity:

Column-Chromotography (Silica Gel, Al2O3 etc.),

Distillation, Water-Purging …

• Scintillation Light Production and Propagation:

Wavelength-dependent emission, absorption and scattering of the light

Experiments and MC simulations for energy & time resolution

• Investigation of New Materials:

solvents: high transparency, short signal decay time …

fluors: overlap of absorption with solvent emission,

           large Stoke‘s shifts (>430nm)



Liquid-Scintillator and Liquid Noble Gas Detectors

provide good energy resolution, particle identification

and favourable background conditions.

The main R&D objectives and chanches for collaboration

with industry for the next-generation of large-volume

astrophysical neutrino and proton decay detectors are:

• Optimization of light production process (yield, decay times)

• Optical transparency of the solvent

• Radiopure scintillator components

• Economic means of purificiation

• Chemical long-term stability of the mixture (+additions)

Outlook


