
Investigating the Energy Transfer Mechanisms in Polystyrene 
based Plastic Scintillators

Dallar Babaian

SCINT 2026
25 May 2026

LLNL

LBNL



The Team

Federico Moretti 
Materials Sciences

Vassilia Zorba
Laser Spectroscopy

Weronika W. Wolszczak (PI) 
Scintillation Mechanisms

Dallar Babaian
Postdoctoral Fellow

Ultrafast Laser 
Spectroscopy

Ana Barrera-Jauregui
NNSA-IMPACT Intern

Chemistry
2



Current understanding of the scintillation mechanism
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Resonant Energy Transfer
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Ultrafast spectroscopy
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Interest range



The approach
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Studying Deconstructed Scintillators 



Sample Synthesis

7Bis-MSB (1,4-Bis(2-methylstyryl)benzene)
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Steady State Spectra
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1. Polystyrene

2. (Poly)styrene

3. (P)S + PPO

4. (P)S + POPOP

5. (P)S + Bis-MSB

6. (P)S + PPO + POPOP

7. (P)S + PPO + Bis-MSB

Berlman, I. B. (1965)
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Steady State Spectra
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Scintillation spectra are more strongly 
affected by self-absorption, causing a UV 
cutoff.
Scintillation emission spectrum is dominated 
by the lowest energy dye.



Styrene participates in the energy transfer chain due to 
efficient coupling to PPO.
PL can be used to probe earlier stages of energy 
transfer and determine its efficiency.

Decay of the Styrene Emission and Energy Transfer Efficiencies
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Optical Excitation Decay vs Scintillation Decay
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Light Yield Measurements
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Singly doped samples 
behave similarly

Co-doping nearly doubles 
the light yield.

POPOP and Bis-MSB have 
comparable light yields.

Light yield does not 
correlate with energy 
transfer efficiency.



Takeaways

• What are the advantages of using optical techniques?
• PL can be used to shine light on earlier processes using tunability of excitation energies.

• PL decay can be used to estimate energy transfer efficiency between host and solvents.

• What we learned?
• PL decay can be used to estimate scintillation decay.

• Breaking the energy transfer chain reduces energy transfer efficiency and light yield and slows 
scintillation decay time.

• Co-doping increases light yield but reduces the energy transfer efficiency from styrene.

• What is next?
• Understanding the role of residual styrene by removing it or measuring the amount.

• Varying dopant concentration to better understand their roles.
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Questions?
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