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Eos
• Hybrid neutrino detector; optimized to 

detect both Cherenkov and scintillation 
light [1]

• Exploring the capabilities for 
nonproliferation applications and 
fundamental physics

Hybrid Detection
• Cherenkov light – directionality and low 

backgrounds
• Scintillation light – energy resolution

The Source
• Constant light intensity, independent from 

scintillator light yield
• Encased by UVT acrylic
• Transmits wavelengths above absorption 

peak of PPO (primary fluor in scintillators)

Analysis

NSF Physics Frontier 
Award number 2020275

Background

Objective
To understand and improve modeling of the Cherenkov source in water phase Monte 
Carlo (MC) simulations. 

Figure 3: Normalized prompt hits for All PMTs, 
agreement improved with the new optical model. 
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Optical models
• Adjusted optical parameters in 

simulation to improve 
agreement 

• Fig. 3 is a sideways 
deployment, 90 degrees North, 
at the center of the detector

• New model provides better 
agreement for prompt hits on all 
PMTs

• Best measure of Cherenkov 
data/mc agreement we have

Reconstruction
• Event position and direction is key information to understand the 

Cherenkov light from the source
• Fig. 4 shows the most recent status of reconstruction agreement 

for position and direction. 

Cherenkov source 
positioned at 90 degrees

Source Position
• χ2 measures data/mc agreement for 

prompt hits on all PMTs – best measure
• Two source geometries: 90° N (side) and 

Down
• Position dependence reflects optical path 

and boundary effects
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Figure 5: Reconstructed event position and direction, using SeedNDestroy. Same 
deployment as Fig. 1, the source direction and position values are marked. 
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Figure 6: Comparison between source configuration and 
position, with respect to the reduced chi squared between 
data and mc. Downwards pointing run agrees more at 
negative z positions. Sideways run has an unclear trend. 

Cuts
• “Prompt Hits” occur within a time residual 

window of -2 ≤ t ≤ 4 ns, where the direct 
Cherenkov photons are expected to arrive

• Counted events occur within the detector’s 
fiducial volume(FV, r < 700 mm, |z| < 700 
mm)

• Counted events have at least 15 triggered 
PMTs within the prompt window (prompt hits)

• Valid quadfitter

Methods
• Many ways to modify the 

simulation
• Adjust the optical properties of 

the source acrylic and the 
detector parameters in the 
simulation

• Study agreement across 
multiple deployments (e.g. 
source position/configuration)

Timing Wavelength Angle

How to distinguish Cherenkov from scintillation?

Figure 4: Absorption spectra with old and updated 
optical modeling. The key change is for wavelengths 
lower than 300 nm.  

Conclusions
• Updated optical model improves data/MC 

agreement for prompt hits across PMTs
• χ² indicates best agreement achieved with 

new optics
• Downwards pointing source shows better 

agreement at low z positions

Future Work
• Further refine optical parameters
• Use models to study light attenuation in 
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