
Comparative study of proton induced
radiation damage in plastic scintillators 

for the Tile Calorimeter of ATLAS

Presented by:  Harshna Jivan
On behalf of the Wits Scintilator team: 

B Mellado, E Sideras-Haddad, R Erasmus, J 
Keartland, S Liao, M Madhuku, C Pelwan, G 

Peters, K Sekonya, O Solovyanov and H Tlou.  



The Tile Calorimeter of ATLAS



The Tile Calorimeter of ATLAS



The Tile Calorimeter of ATLAS

1: MBTS scintillators 2:Crack scintillators
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Radiation environment

Ref.: A. Sidoti 2014 JINST 9 C10020 doi:10.1088/1748-0221/9/10/C10020

• During Run 1 MBTS accumulated ~ [0.1-0.4] x 104 Gy
• At 104 Gy Predict ~50% Light loss due to transmission

http://dx.doi.org/10.1088/1748-0221/9/10/C10020


fluorescence

Energy level diagram of an organic molecule with π-electron structure

The Scintillation Mechanism 



The Scintillation Mechanism 

• Radiative transfer of energy from polymer base to primary and secondary fluors



The Plastic scintillators studied

• Scintillators produced 
for the Tile Calorimeter 
and presently used in 
detector:

• Dubna scintillator (MBTS)

• Protvino scintillator 
(TileCal barrels)

• Commercially obtained
• from ELJEN 

Technologies :
• EJ200

• EJ208

• EJ260 (green emitting)

• From Saint Gobain
Crystals:
• BC408

Base: Polystyrene

Primary fluor: PTP

Secondary fluor: POPOP

Base: Polyvinyl Toluene

3% added organic fluors



Sample preparation
Samples of each grade were prepared to dimensions of 5 mm by 5 mm with 
thicknesses ranging between 0,32 and 0,38 mm. The following process was followed:



• For our small scale comparative study, we required that:

• The following experimental procedure was followed:



Chamber containing scintillator sample

Microscope to monitor 
beam position

Quadruple magnets for 
beam focusing



• During irradiation, the proton beam is focused and then scanned in x and y across the
sample to achieve an irradiation area of approximately 1.8 mm by 1.8 mm

• Two samples of each grade were irradiated to doses of 80 MGy, 25 MGy, 8 MGy and 800
kGy respectively.



Light Transmission Testing
 Conducted using the Varian Cary Spectrophotometer.

 Taken over wavelength range of 200-800 nm.

 Spectra are measured before and after irradiation.

 The ratio of transmission in the irradiated vs unirradiated
sample is then taken
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Feature could lead to a potential 
breakdown of light transfer 
mechanism

Shifting of absorption front 
 formation of new absorptive 
species, e.g. free radicals

ATLAS work in progress



Dose (Gray) 
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Relative Transmission loss at 420 nm

 Consider transmission loss around 420 nm. Wavelength range where blue scintillators 
typically emit and absorption peaks in Y11 fibers occur. 

 EJ208, Bicron and Dubna (MBTS type) perform well.
 For overall transmission loss however,  consider collective loss along regions coinciding with 

absorption regions.

ATLAS work in progress



Immediately 
after irradiation

1 day after 
irradiation

Healing of 25 MGy irradiated EJ200 scintillator sample.
Across all grades, healing occurs exponentially, with the most significant 
healing occurring overnight. Photobleaching is the likely cause of this healing. 

ATLAS work in progress



Light Yield Testing

The source is scanned along x and y
and the PMT signal is registered for
as a function of source position.
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Light Yield Testing

Un-irradiated 80 MGy

NB: Plots are an ATLAS work in progress



Raman Spectroscopy



Un-irradiated

800 kilo Gray

8 Mega Gray

ATLAS work in progress

20



δ(C-C) aliphatic 20-21

ν(C-C) alicyclic or aliphatic chain vibrations 9-12, 14-19, X

ν(C-C) aromatic ring chain vibrations 13

δ(CH3) 8

δ(CH2) or δ(CH3)asymmetric 7

ν(C=C) 6

ν(C-H) 3-4

ν(=(C-H)) 1-2
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Peak Number
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The percentage of each peak’s intensity to that of peak 13 gives an indication of the changes 
to the population of that functional group relative to the population of aromatic rings.

ATLAS work in progress



Implications of the Raman Results



We study unpaired electrons 
in the plastic scintillators using 
EPR, by placing them in  a 
large magnetic field and 
applying a resonant frequency 
that satisfies:

From the value of the magnetic field at the 
peak, the g-factor can be computed using:

Electron Paramagnetic studies

The spin density can be computed using 
the following equation:



The g-factor tells us about the 
environment the unpaired electrons see. 
With an increase in dosage, the g-factor 
changes from that of the un-irradiated 
plastics.

EPR Results and Analysis
The spin density gives an indication of 
the number of unpaired electrons in 
each sample. This increases as dosage is 
increased.



Summary









Affect of dose rate on damage



• 8 samples per grade irradiated to dose of 1 MGy with dose rates of approx 50 Gy/s, 
150 Gy/s, 750 Gy/s and 3kGy/s 

• Found that varying dose rate did not affect damage to the scintillator transparency at 
a dose of 1 MGy. The effect on light yield is still to be tested however. 

Effect of irradiation dose rate on damage in EJ208 
and Protvino

ATLAS work in progress ATLAS work in progress



Simulating proton damage in plastic scintillators using 
TRIM



Light yield testing currently being set-up


