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Argon Scintillation Light 
•  Energy deposits in liquid argon 

produce copious scintillation 
light 

•  The photon yield is tens of 
thousands of γ / MeV at 
128nm 

•  Argon is highly transparent to 
its own scintillation 

•  Light travels much faster than 
charge 

•  Thus scintillation detection 
gives an excellent tool for 
obtaining timing information in 
neutrino detectors 
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Tetraphenyl Butadiene 
�  128 nm light will not 

penetrate, glass, air, 
acrylic, etc. 

�  This is a problem for 
the design of optical 
liquid argon 
detectors. 

�  Common solution is 
to use a fluorescent 
chemical like 
tetraphenyl 
butadiene (TPB)  

�  TPB absorbs 128nm 
light and emits it in 
the visible. 
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MicroBooNE 
Optical System  
 
 

Cryogenic photomultiplier 
tube (PMT) assemblies 
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First mounted optical assembly 

PMT rack installation test 

Handsome grad student in the recently opened cryostat 
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LBNE Optical 
System 

photon detection  
paddle 

PMT 

10 paddles 
per APA plane 

Long light guiding acrylic 
bars between wireplanes 
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or SiPM 
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Impurities play a key role  
in this process. 



This Talk: 
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GCMS Studies 
�  Gas chromatography to separate ions of different 

mobility, followed by mass spectrometry 
�  In all cases, TPB peak is by far the dominant GC 

peak 
�  Impurities are visible to the GCMS at ppm levels. 

 

11 



This plot shows diffusion time through the  
GC column 
 
Compounds of different mobility diffuse at 
different speeds 
 
Each bin then has a mass spec taken. 

WHITE TPB 
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Diffusion Time -> 



TPB Mass Spec, 
measured 

TPB Mass Spec, 
NIST 
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TPB                Benzophenone 
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Benzophenone 

One of the only sensible oxidation products 
of TPB 

Wikipedia says: 
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BP for sale as a UV 
blocker to add to 
plastic sheeting 
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Systematic BP buildup study 
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Produce ~30 TPB 
coated acrylic 
plates, store in 

dark 

Extract 1 or more 
plates, measure 

performance 

Expose to UV 
lamp (300nm) for 

several hours 

Measure 
performance 

again 

Sonicate in 
toluene to 
dissolve off 

coating 

Run prescribed 
GCMS sequence 

to quantify BP 
concentration 
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Yellowing? 
�  BP is not yellow- so decay to BP does not explain 

yellowing in itself. 
�  Many of its simple derivatives are yellow, however. 
�  Possibly a second stage after BP production, to 

produce yellow BP derivatives? 

Both of these very yellow 
and very UV blocking… 
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Impact of Added BP on 
Yellowing 

TPB + benzophenone TPB only 

This observation supports the interpretation on the previous slide… 
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benzophenone 

Hints at the Next Stage? 
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Log scale here – initial 
~exponential rise 
suggests radical 
mediated reaction 
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Terminating Radical Reactions 
�  Can we show more conclusively that this is a radical 

reaction? And can we stop it? 

�  Radical mediated decomposition is common in UV 
polymer degradation.   

�  Chain terminators sometimes added to end the 
radical chain reaction prematurely and protect 
polymers. 

�  We tried two common radical eaters: 
�  Butylhydroxytoluene (BHT) 
�  4-tert Butylcatechol (BC) 

�  If they slow down this reaction, confirmation that we 
see a radical mediated photo-oxidation. 

BHT 
BC 
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- Best improvement in initial performance for 20% BC by mass 
- Best improvement in lifetime for 10% BC by mass 



20% BC 
No BC 
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Conclusions 
�  We have identified an impurity, benzophenone, which is a 

known UV blocker and photo-initiator, which builds up with UV 
exposure in TPB 

 
�  Rate of buildup indicates radical mediated photo-oxidation, 

this was confirmed by stabilizer tests 

�  We can improve coatings by 20% and significantly stabilize 
them with 4-tert butylcatechol. 

�  Yellowing also connected to BP, likely production of derivatives 
in a second stage reaction – precise decay products not 
identified, but hints seen in NMR. 

�  Coatings can be stabilized by removing radicals – maybe 
someone can suggest “the killer compound”… 
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