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Applications: - fast neutron imaging
- neutron spectroscopy
- source localization
- basic physics experiments 

Organic Scintillators

A scintillator is a material that 
emits light when excited by ionizing 
radiation.	

Important to understand the relationship between the energy 
deposited by the ionizing particle and the light emitted.
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MeVee Calibration

60Co
Eγ = 1.17,1.33 MeV

137Cs
Eγ = 662 keV
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Low Energy Light Yield

M.A. Norsworthy et al, NIM A 842 (2017).
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Scintillator Characterization
Capability at LBNL
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EJ309 Measurement

θ

- 16 MeV deuterons on Ta breakup target
- Coincidence between Target, Scatter and Cyclotron RF
- 7 Hours of beam on target

Data Recording and Processing:
- Full digital traces recorded
- 300 ns integration length

En

En’



8

Overconstrained System
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Overconstrained System
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Overconstrained System
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Scatter Cell 0

Scatter Cell 1
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Scatter Cell 5

Light Yield vs Incoming TOF

Scatter Cell 6
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Proton Light Yield
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Proton Energy Resolution
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Light Yield Centroid Determination
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Systematic Error Analysis

EJ309
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EJ 309 has been measured during two different experiments:

• Different deuteron beam energies (16 MeV/33 MeV)
• Different PMT gains (1750V/1305V)
• Different scatter cell locations
• Different people doing the data analysis 

Comparison with other 
EJ309 measurement
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Birks Light Yield [1]:

L = Scintillation intensity
S = Light emission efficiency
kB = Quenching parameter

Expanded by Chou [2]:

Physics Models

𝑑𝐿
𝑑𝑟 =

𝑆 (𝑑𝐸 𝑑𝑟⁄ )
1 + 𝑘𝐵(𝑑𝐸 𝑑𝑟⁄ )

L= ∫ /
0123(45 46⁄ )𝑑𝐸

L= ∫ /
0123 45 46⁄ 17 45 46⁄ 8 𝑑𝐸

[1] J.B. Birks, Proc. Phys. Soc. A 64 874, (1951).
[2] C.N. Chou, Phys. Rev. 87 904 (1953).
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Birks’ fit

L= ∫ /
0123(45 46⁄ )𝑑𝐸

S = 0.94 ±0.02 [MeVee/MeV]
kB = 6.80 ±0.20 [(mg/cm2)/MeV]
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Chou’s fit

L= ∫ /
0123 45 46⁄ 17 45 46⁄ 8 𝑑𝐸

S = 0.94 ±0.03 [MeVee/MeV]
kB = 6.83 ±0.52 [(mg/cm2)/MeV]
C = -0.05 ±0.65 [((mg/cm2)/MeV)2]
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Other Functional Forms

M.A. Norsworthy et al, NIM A 842 (2017).

𝐿 𝐸 = 𝑎𝐸: + 𝑏𝐸 + 𝑐



21

Other Functional Forms

𝐿 𝐸 =
𝑎𝐸:	
𝐸 + 𝑏
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Other Functional Forms

𝐿 𝐸 = 𝑎𝐸>
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Other Functional Forms

𝐿 𝐸 = 𝑎𝐸 − 𝑏[1 − exp	(−𝑐𝐸4)]



24

• Experimental method + Software to characterize 
scintillators at the 88-Inch cyclotron at LBNL

• EJ309 Light Yield measured to lower energies than 
previously observed è better constrain physics 
model parameters

• Investigate different physics models (Voltz, 
KamLAND)

• Collaboration with SNL on material development

Summary & Future Work
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