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My presentation will cover:

● LiquidO a description of the technology
○ Why use opaque scintillator?
○ How do we read out light?

● How is light confined
○ “Light Ball” formation

● Reactor Antineutrinos
○ Inverse beta decay topology in LiquidO

● Muon events in LiquidO
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Why use opaque scintillator?

An opaque medium means we 
stochastically confine light around 
its creation vertex

This creates “light balls” in our 
opaque scintillator

Leading to distinct event topology 
that we can use for particle 
identification
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Monochromatic light behaviour in scintillator block of varying 
scattering length
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The size of light balls can 
be controlled with 
scattering and absorption 
lengths

Our ideal scenario:
● Short scattering length
● Long absorption length

Decreasing absorption length

Z scale shows the relative number of hits on a fiber
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How do we read out light if the light is confined close to where it is created?

Single direction fibers                        Alternating fibers  

Inside the scintillator volume, there is an array 
of wavelength shifting fibers

The fibers pass through light balls 
and carry the light out of the opaque 
scintillator

We read out the light with Silicon 
PhotoMultipliers

SiPMs have a high gain, they have 
good timing resolution and detection 
efficiency

Figure 2: Sussex Cube & Tile prototypes, Tile prototype lit up with laser pen
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How do we read out light if the light is confined close to where it is created?
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Topological particle zoo

Electron event Gamma event Positron event

Noise 
hits
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Nuclear reactor produces ~6 anti 
neutrinos per fission reaction

Commercial ~ 3 GW = 2x1020 s-1

Research ~ 0.1 GW  = 6x1018 s-1 

Peak around 2-4 MeV with a 
range from 0.1 to 10 MeV 

Used by Daya Bay, RENO and Double 
Chooz experiments for θ13 
measurements

JUNO for mass ordering and θ12 
measurements

Detected with Inverse beta decay…

☢



Simulation - Inverse beta decay

9

Ben Cattermole
Email: bc392@sussex.ac.uk

μ

β

n

μ

n
p

Stopping - μ

Michel e-

Cosmogenic contribution to 
background in Double Chooz

IBD signal events:

Prompt: e+ - 1 - 10 MeV
➢ γ   - 511 keV

… ~200μs capture time - ≤ 1m …

Delayed: n thermalises through 
elastic scattering

➢ H capture - 2.2 MeV
➢ Gd capture 6 - 12 MeV

○ Multiple γ could be 
produced
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What does a IBD event look like in a LiquidO detector?

Prompt signal:

Positron annihilation produces light ball

Two 0.511 MeV gammas, light ball for each compton scatter

Delayed signal:
Time delay as neutron thermalises

Single gamma emitted when neutron captured
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Vertical muon through large LiquidO detector
μ A Muon will have a track like 

deposition, which looks like a Light 
cylinder in our detector

Along the Muon track Delta rays are 
visible

Delta rays perpendicular to fibers 
will appear as tracks

Parallel to fibers and we observe a 
peak
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In conclusion

● By moving to a opaque medium we gain access to unique event topology

● When looking at IBD events this gives us another handle to reject 
background events, improving signal to background ratios

● Events that include a muon should be easy to identify, and spallation 
products of that muon can also be observed
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Thank you for listening!
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Backups 
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Sussex Cubes LiquidO cube prototypes developed 
at the University of Sussex

Muons passing through the cube 
have been studied in detail (See 
Jess Lock’s talk)

Simulation used to study effects of 
fiber width, scattering and 
absorption lengths and vessel 
reflectivity

Reconstruction of data from 
simulations…

Muon

Truth information
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100 by 100 with fake muon track and noise

The Hough transform can 
be used to find straight lines 
in images…

…or tracks in a pixel 
detector

Lines that pass through a 
pixel given by X, Y satisfy 

c = y - mx

Use polar coordinates to 
avoid m = ∞
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The Hough transform is able to track 
muons in our cube prototype

It can also be used to find delta rays

We expect that in larger LiquidO 
detectors it will work even better

Possibility to use circular Hough transform 
to find light balls?
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Simulations were built in Geant4 but there is now 
an effort to move to using the simulation toolkit 
ratpac two exclusively for every simulation (95% 
completed at time of writing this line)

Ratpac two offers a simple interface for macro and 
geometries that is easy to use and understand

The next big implementation will be a converted 
from 3d .stp files to gdml


