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fluorescence

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



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



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

• Dubna scintillator
• Protvino scintillator

• Commercially 
obtained
• from ELJEN 

Technologies :
• EJ200
• EJ208
• EJ260

• From Saint Gobain
Crystals:
• BC408

Base: Polystyrene

Primary fluor: PTP

Secondary fluor: POPOP

Base: Polyvinyl Toluene

3% added organic fluors





• Irradiation experiments were 
conducted at iThemba LABS, 
Gauteng. 

• A beam of 6 MeV protons was 
provided by the tandem accelerator. 

• The beam current was measured using 
a faraday cup.

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

Line used for radiation

Injection lineExtraction line 
Tandem accelerator 
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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



 Light  transmission experiments were conducted using the Varian Cary 
Spectrophotometer at Wits.

 Transmission over UV and visible wavelength range (200-800 nm)
 A tungsten lamp source and diffraction grating is used in order to increment light 

over this range.
 Transmission of light in each irradiated scintillator sample as well as the un-

irradiated samples were measured relative to transmission in air.
 The ratio of transmission in irradiated over unirradiated sample is then plotted.
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70% loss

60% loss

17% loss

Increased transmission could indicate the 
breakdown of the light transfer mechanism 
between base and fluor dopants. 

2.4% increase
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60% loss

40% loss

2% loss

Decrease in transmission shifting to higher 
wavelengths with increase in dose indicate 
the formation of new absorptive species 
such as free radicals 



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. 



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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Un-irradiated 200-370 Kilo Gray 2-3 Mega Gray 14 Mega Gray

EJ200

Light loss relative 

to un-irradiated

EJ200
31.03% loss 55.60% loss 73.74% loss

EJ208

Light loss relative 

to un-irradiated

EJ208
19.06% loss 63.82% loss 68.30%  loss

Dubna

Light loss relative 

to un-irradiated

Dubna
10.47% loss 59.95% loss 61.98%  loss

Light yield testing of final irradiated sample batch will be carried out over December













Un-irradiated

800 kilo Gray

8 Mega Gray



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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3 days after irradiation

10 days after irradiation

1 month after irradiation

(C-C) aliphatic

(C-C) aromatic ring 

(C=C)

(C-H)

(=(C-H))

CH2 /CH3

(C-C) aliphatic

(C-C) aliphatic 
or alicyclic
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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.


