Constructing Scintillator Detectors: 


A scintillator is a rectangular piece of acrylic attached to a light guide made of acrylic as well.  The end of the light guide is then attached to the Photo-multiplier Tube (PMT). As previously noted, each of these three pieces must be meticulously perfect, polishing, gluing and wrapping.  


Polishing was our first step when creating the detectors.  Polishing is a relatively simple yet tedious task.  We found, that after pieces of the scintillators and light guides were cut, large grooves remained from the milling.  These grooves would interfere with the easy passages of photons therefore we try to wipe these grooves away.  The easiest way to do this is to start with a 350 grit sandpaper perpendicular to the grooves of the milling.  Douse the sandpaper with water to contain the shavings and to reduce heat.  When the grooves from the milling disappear, and you see grooves from the sandpaper, you are ready for the next step.  Now switch to a 400 grit sandpaper and go perpendicular to the direction of the 350 grit marks.  Continue this process and stop after 600 grit sandpaper.  At this stage, we switched to an automotive polish called Meguiar’s Plastx.  

The glue used for the scintillators is also vital.  The connection between the scintillator sand the light guide must be optimally optically clear.  When one looks at a scintillator in the daylight, one can see that it emits light near the blue portion of the visible spectrum.  This is also near ultraviolet light on the spectrum.  Due to the fact we cannot see UV light, we cannot tell whether or not the scintillator is detecting cosmic rays and releasing UV photons.  We must have a glue that does not hinder these photons, but even if the glue appears invisible to us once cured, that does not mean that UV photons can pass through.  A good test to see if the connection is clear is to, cover the end of the scintillator with a black towel of some nature, and do the same to the light guide.  The result is that the middle part of the scintillator is exposed to light from the sun, and, if you look where the PMT will be connected in the future, it should be a deep blue.  The optical cuppling is just one concern that needs to be addressed when choosing a glue.  Many others are: strength, we found many types of glue that were optically clear were easy to break.  Curing time, manly glues did not cure with hours of waiting.  Availability, some of the best glues are very hard to find.  There must be no obstructions within the glue, like air pockets.  And there is the ever-looming cost. 

First attempt:  Norland Optical Adhesive 61- doesn’t cure
Second attempt:  Plastix- Optically great, expensive, cures quickly

Third attempt: Third attempt:  Surfboard Resin- not optically ideal, air bubbles
Fourth attempt: Fourth attempt:  Duco Plastic Cement- air bubbles
Fifth attempt: 

Fitfh attempt:  Epoxy- did not cure

Sixth attempt:  Five minute epoxy- possible air bubbles but easily extracted

We first chose to use Plastix.  Plastix was cyanoacralate, super glue, it cured so quickly at times that we were not able to align the light guide and scintillator correctly, therefore, practice makes perfect.  But this glue came in a .06 fl oz tube and was very expensive per tube.  We eventually used a five minute epoxy that  had a great optical coupling, and has been known by others to work more often that not.  

As a cosmic ray enters the scintillator, and excites an atom in the acrylic, a photon is released.  This photon must ‘bounce’ around the scintillator, which must funnel the photon into the light guide, which, as it’s name states, must guide the photon to the photo cathode of the PMT.  This must be done with no considerable loss of energy.  Ergo, there must be a highly reflective material surrounding the scintillator and light guide all the way up to the PMT, this insures no photons can escape.  Likewise, we cannot have any light entering the scintillator or light guide from the outside.  To rectify this problem, we wrapped the scintillator in mylar to reflect the photons and used Scotchwrap tape 10mil, a light tight tape for the purpose of preventing excess light form the outside penetrating the paddle.  From there, electrical tape was sufficient to hold down stray parts of the Scotchwrap tape.  An easy analogy for wrapping the near rectangular scintillator is to wrap it, as one would do a birthday present.  The tape is another issue.  It is best to cover the end of the scintillator in small pieces and then, starting at the end of the scintillator, at a slight angle towards the PMT, wrap the scintillator in one large helical strip. Note:  the trapezoidal shape of the light guide creates problems with tapping, be careful and try to make the tape as flush to the scintillator wrapped in mylar as possible.  The difficulty of taping the connection of the light guide to the PMT depends on the orientation of the PMT.  If the PMT is mounted directly on the end, the tape can easily be extended to cover the connection.  




If the PMT is connected perpendicular to the scintillator, the best way is to cut thin, long pieces of tape (electrical or light tight), place them between the light guide and the PMT near where the base would be situated, and wrap diagonally along the connection.  

 

