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1. Remove Detector From the Array
Detectors may be easily removed from Blowfish by a single individual. To begin, the
array must be rotated so the detector will not fall when its restraints are removed. To rotate
Blowfish, the fastening screws at each end of the array must be loosened. The array will then
move freely. When the array is in position, it should be clamped down again as removing a
detector will change the weight distribution of the array. It is recommended that detectors
are removed from the horizontal arms of the array.
Next, the hose clamp must be removed by unscrewing it. The hose clamp should be
removed and put in a safe place or it will fall from the detector at the most inconvenient
moment. Figure 1 outlines the placement of the detector in the array. For a more detailed
drawing of the detector package refer to Figure 19.

Next, a hex-driver is required to loosen the four bolts holding the PMT housing. Once
the four bolts have been loosened, the PMT housing is free. To remove the detector, carefully
slide it out until the light guide is past the neighboring cells and the detector can be rotated.
Rotate the detector so that the screws at the end of the housing line up with the appropriate
notches in the arm. Pull the detector free. Then tighten the cylinders with the washers and
re-fasten the hose clamp. The best place to store this equipment is from where it was taken.
Caution, when removing a detector, do not assume that the light guide is securely
attached to the housing. If the cable ties have come loose the detector could fall apart.
Supporting the detector by the light guide when removing it will reduce the chance of
damaging the detector.
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Figure 1: Diagram of the detector package in Blowfish
2. Remove Cell From Detector
To remove the cell from the detector, all attachments between the cell and the detector
housing must be severed. First, cut the cable ties that fit around the cell using wire cutters.
The cable ties should be cut at the front face of the cell, where the two ties overlap, but great
care must be taken not to create light leaks by puncturing the electrical tape or shielding
paper (See Figure 2). Pull the cable ties gently toward the far end of the plastic housing
(away from the cell) to remove them from the setup completely.

A sharp utility knife can be used to cut the cell free of the detector housing. Take care to
stay as close to the end of the housing as possible, and not to damage the light guide. Make
a small cut in the tape between the light guide and the housing. After peeling back some of
the tape, the end of the housing can be identified. Use the utility knife to cut the electrical
tape all around the bottom of the housing, freeing the cell from the setup.
Note that the silicon cookie should be left on the end of the PMT inside the housing.
If it is on the cell when the detector elements are separated, it should be moved to the
photomultiplier tube. Also note that after the elements have been separated, cap the end
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Figure 2: A detector to be disassembled
of the housing with tin foil. This is done both to protect the cookie and to reduce the PMT’s
exposure to light, which can be damaging.

3. Drill Hole for Fiber in Light Guide
The light guide hole can be made with either a drill press or a milling machine. The
bits used were a 1 32 end mill, and two # 60 drill bits. A note of caution before starting this
procedure is to test the chuck used to hold the drill bits to ensure that it does not have too
much play in its motion. Some chucks meant for larger bits will wobble over a millimeter
back and forth and are unsuitable for precision drilling. Due to the conical shape of the light
guide around the PMT contact area an end mill bit is needed to make a flat surface which
then can be drilled. The end mill bit cannot be used to drill the entire fiber hole because it is
too small. No end mill bit commercially available is 1mm in size. Also the end mill bit is not
very long so it could not reach the target depth of 8mm. The placement of the end mill ledge
should be next to the flat PMT contact area leaving 1mm of space between the flat surface
and the end milled ledge (See Figure 3).

The reason that the hole is not placed any further away from the flat top of the light
guide is housing space constraints. If the hole was placed further out, the µ metal shield and
housing would pinch the fiber when the detector is put together.
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Figure 3: End Mill and Drill hole placement
After the end mill had been used to create a flat drilling surface a # 60 drill bit is used
to make a 8mm deep hole into the light guide. Following the hole being drilled another #
60 drill bit with the end ground flat is used to flatten the bottom of the hole. This is needed
so that the maximum amount of light is transfered from the fiber to the cell. Note that no
additional drilling is required with the second drill bit. It only shapes the bottom of the hole.
If plastic material from the light guide is dug up during this process the drilling has gone too
far and the hole is being deepend.

4. Dremel Fiber Slots in Base Electronics Board
To create space for the fiber inside the detector housing and to maintain a reasonable
radius of curvature in the fiber, a slot must be made in the base electronics boards for the
fiber to travel through. The slot should be positioned in one of the blank areas of the board,
close to the the fiber’s connecting point on the base (See Figure 5).
A Dremel tool with a tungsten carbide cutter bit can be used to create the slot in the
board. See Figure 6 for a picture of the Dremel bit. With the Dremel tool turned on a
medium to high speed, apply light pressure with the side of the bit on the area of the board
where the slot is desired to be. Continue applying pressure until the slot is of the desired
depth. Note that caution should be taken with the Dremel to stay clear of any components,
such as resistors or copper trace.
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Figure 4: Dremeling Base Board

Figure 5: Electronics board slots

Figure 6: Dremel bits needed
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A small slot can also be made in the lower base electronics board that rests on the plug
for the PMT. It can be made in the same fashion as the slot in the upper board, directly
below the slot already in the upper board. Care should be taken not to remove very much
of the black plastic of the plug. Once all dremeling is completed, use pressurized canned air
to blow the dust off the base. During dremeling it will be necessary to clean the tungsten
carbide drill bit periodically. It will be apparent when the bit needs cleaning as its cutting
ability will become reduced. To clean the bit, use a utility knife or other thin edged object.
Once the material collected in the grooves of the tungsten carbide bit is removed dremeling
may resume.

5. Cut Detector Housing
The detector housing can be shortened by the needed 17mm using several methods.
Either a band saw, a lathe, or a belt grinder can be used. The U of S prototype was made
using a lathe. It should be noted that the lathe must have a sharp blade so only light pressure
is needed for cutting. If too much pressure is put on the housing while being lathed the
plastic may fracture. Before beginning the lathing process ensure the housing is mounted
into the chuck straight to avoid any wobble.
If a housing is ground down to size a belt sander is recommended. The housing must
be ground slowly so that the plastic does not melt, warping the finished product. It can be
expected that the ground housing material will collect around the rim and will have to be cut
off later. When grinding the housing it should be rotated so that the ground surface is even.
To do this easily an L shaped piece of metal (e.g. Al angle, iron angle) can be used. Clamp
the metal down on the grinding belt work bench and rest the housing on it. A scribed mark
on the metal is an easy way to ensure the appropriate amount it removed from every housing
(See Figure 7). Grinding should only be used to remove a short length from the housing,


5mm.

The recommended way to shorten the housings is to use both a band saw and a belt
sander. Apply masking tape around housing and mark the tape at the 245 mm point. Make
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Figure 7: Grinding Housing
the line about 1/3 or more of the way around the housing. If a felt tipped marker is used to
make the line, ensure that the 245 mm mark falls on the edge of the marker line farther from
the end of the housing that will be cut. The first


15 mm of the housing can be removed

using a band saw, taking care not to pass too near the scribed mark. The band saw cut will
not leave an even edge so the belt sander is used to level the edge and trim the remaining
1


2mm. The housing should be rotated as it is being ground down to size. The long length

of the scribed mark on the housing makes it possible to watch the progress. The housing is of
the correct length once the scribed mark has been completely ground away. After waiting at
least one hour for the housing plastic to cool and harden, the excess plastic on the lip of the
housing produced during sanding should be scraped away using a utility knife. The housing
when finished should make contact with the light guide around the whole circle where they
meet. A finished housing will be 245 mm long.

6. Dremel µ Metal Shield Supports
Once the detector housing has been shortened, the inner µ metal shield will protrude
from the plastic housing when resting on the current µ shield supports. To provide a proper
fit, the µ metal shield supports must be ground down. This is done using a Dremel tool with
a grinding stone bit. See Figure 6 for a picture of the Dremel bit used.
With the Dremel on at a medium to high speed, slide it into the housing. Grind a portion
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of each of the plastic notches off by placing the bit on top of the plastic notch (the edge
closest to the center of the housing), and pressing down until the section has been ground
flush with the inner wall of the housing (See Figure 8). Use a flat-head screwdriver to scrape
away any of the ground plastic shavings that remain.
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Figure 8: Dremeling µ metal shield supports
The process of grinding off small portions of the plastic notches should be repeated until
the µ metal shield cylinder rests approximately 1mm deep in the plastic housing (See Figure
9). A flashlight can be used to inspect the notches to make sure they are even, or to identify
which notches need to be filed for a correct fit.

After the grinding process is complete, the housing should be cleaned. Plastic grounds
generated in both the processes of shortening the housing and adjusting the mu shield
supports will be present on the inside and outside of the housing. To clean the housing, use
a large duster to take out the bulk of the plastic grounds, then use canned air to completely
rid the housing of any remaining material.
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Figure 9: µ shield and housing alignment
7. Epoxy Fiber to Light Guide
To epoxy the fibers into the light guide, first scrape a small amount of white paint around
the hole, so the epoxy can stick directly to acrylic. Then insert the fiber, 35cm in length, into
the hole in the light guide. The fiber should be cleaned before gluing to ensure that the glue
sticks to the fiber cladding and not dust or grit on the fiber.
Mix the epoxy on a non-absorbing surface such a tinfoil. Make sure that the batch is
large enough to ensure that the mix ratio is correct. This will likely mean some wasted epoxy,
but it is important to get the epoxy to cure properly.
Put a small dab of epoxy on the light guide at the point where the fiber protrudes from
the drilled hole. Make sure that no epoxy gets onto the polished contact surface of the light
guide. Repeat this for each of the light guides until the epoxy begins to harden. When the
epoxy begins to harden, throw it away. A new batch will be needed for the rest of the light
guides.
After ten to twenty minutes, the light guides may be carefully moved. They should not
be handled for twenty-four hours to allow the epoxy to fully harden. After the epoxy has
fully cured the bond strength of the epoxy should be testing by gently pulling up on the fiber
until the corner of the detector cell lifts off of the table. Note that this test is not intended
to test if the fiber can support the entire cell weight, but only to see if the glue joint has the
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strength to lift the cell onto an edge.

8. Attach ST Adapter to Housing
Push out the plastic plug in the back of the base. There are two teeth on the plug that
need to be pushed in when the plug is being removed. A screwdriver or some other edged
tool can be used to assist in removing the plug. When the plug is removed insert the ST
adapter into the hole with the threads on the outside of the base. The threads must be on the
outside so that the adapter could be detached from the outside if necessary (See Figure 10).
Always have the black plastic cap over the adapter when a connector is not attached to it.
Once the ST adapter is fastened in place all the connectors on the base will be lined with
black caulking. The application of the caulking at the base of the connectors will prevent
light from leaking into the detector unit. The caulking gun is too cumbersome to directly
apply the caulking to the connectors so some intermediate device is needed. Two options are
a syringe, without a needle attached, or a tooth pick. The caulking is to form a ring around
the connector where is makes contact with the base (See Figure 11). The ST adapter will
require more caulk then the other connectors as the nut holding the adapter will have to be
covered.

9. Crimp ST Connector to Fiber
Cut three pieces of tubing with diameters, 3/64”, 1/16”, and 3/32”. The small inner
tube and the large outer tube should be the same length,
larger then the other two,




8mm. The Middle tube should be

12mm. The middle tube is larger so that it acts as a protective

sheath providing mechanical support (See Figure 13).

Using a pair of needle nose pliers and a utility knife cut the inner tube along one side as
far as possible. Put the rubber tube on the pliers and complete the cut. Next using a pair of
scissors cut away some of the tube until it will fit into the middle tube. Place the tubes into
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Figure 10: Attaching ST adapter

Figure 12: Caulked connections

Figure 11: Caulking connections

one another and slide the fiber cable through them. Then slide the ST connector that will be
crimped onto the fiber (See Figure 14). Push the tubes into the ST connector firmly. Before
the crimping is done make sure that some fiber is coming out of the end of the connector, it
does not have to be very much. While holding onto the fiber crimp the ST connector twice
down the length of the barrel (See Figure 15). The crimp tool should be squeezed all the
way down until the handle locking bar releases. If fiber is not held it is possible that the
crimping action will pull the fiber into the connector so that a flush end is not possible. Once
the crimping is done place the connector on the table and using a utility knife cut off the
excess cable. The cut should be made flush with the ST connector ferrule.
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Figure 13: Size of tubing

Figure 14: Positioning parts for crimping

Figure 15: Crimped ST connector

10. Clean Silicon “ Cookies ” and Put Them on PMTs
The silicon “Cookies” can be cleaned using Isopropyl Alcohol and nonstick low residue
wipes (e.g. Kimwipes). After the Cookies have been cleaned they should be stored in tin foil
to keep dust and other particulates from settling on them. If the cookie that is removed is of
very poor quality a replacement cookie should be put in its place.
To put the Cookie on the PMT, first rest the Cookie on top of the light guide. Touch
one corner of the PMT to the edge of the Cookie and “roll” the PMT across the Cookie.
The purpose of this is to ensure there are no air pockets between the PMT and the Cookie.
The Cookie should come off of the light guide and stick to the PMT as it rolls across.
Alternatively the cookie could be put on the PMT directly using a Kimwipe tissue. After
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cleaning the cookie with Isopropyl Alcohol press the cookie on to the PMT using the
Kimwipe. Visually check to ensure there are no air pockets along the PMT and cookie
contact area.
After the Cookie is on the PMT, cap the end with the Cookie using tin foil to protect the
Cookie and reduce PMT afterglow.

11. Insert Base-PMT-Cookie Into Housing
Take the base-PMT-cookie unit and place it in the housing guiding the fiber through the
dremeled slots. When in reach put the ST connector into the adapter and fasten it. Align
the base holes with the housing holes and push the base gently into place. Replace the two
locking pins. Tape around the seam where the housing and base meet.

Figure 16: Inserting the base-PMT-cookie
For the other end cut eight pieces of black electrical tape 3 inches long. While the
housing is held in position (there should be some compression between the light guide and
the Cookie) place the pieces of tape lengthwise across the light guide housing joint uniformly
around the detector. Half the length of the tape should be on each side. Next wrap tape
around the detector starting from the top of the eight pieces of tape down to half the cell
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length. The tape should not be stressed or stretched very much when applying. If the tape is
stretched too much during wrapping the tape relaxes and pulls away from the cell collecting
itself into the light guide-housing seem. The corners of the light guide must be well wrapped
as they are a common source of light leaks.

12. Test for Light Leaks
To begin ensure that the high voltage source is off before you plug the detector into
the supply. Once the high voltage cable is connected also connect the signal output to the
oscilloscope. The oscilloscope settings should be around 2-5 mV divisions with 20 ns sweep
time. Check that the trigger is set to detector channel and the threshold is about minus 3-4
mV. Before the light leak testing begins the two most common light leak points should be
covered with tape. The SIG2 connector should have tape put over it and the ST adapter
should have tape put over the protective rubber cap. Ensure that the tape covers the entire
length of each port, and overlaps slightly with the caulking at the base of each port. This
ensures that a continuous seal is formed, preventing leaks at the lower edge of the tape.
When the room lights are shut off the high voltage can be turned on. After connecting
to a HV supply, step up the voltage in increments (-500V, -1000V, -1500V, -1800V). At -500
volts, there should be no events triggering on the oscilloscope. At -1000 volts, triggering
events should occur approximately once every second or two. At -1500 volts, events should
be rapid enough that a faint line becomes visible on the oscilloscope. At -1800 volts, the
line should be slightly more intense. This is the minimum voltage that leak testing should be
performed at, as some leaks have been observed that appear at -1800 volts but do not appear
at -1700 volts. A higher voltage may be used if desired, but internal noise will be greater,
which may obscure the signal produced by a light leak. With a flashlight probe around the
detector cell while looking at the oscilloscope. A light leak will be a sudden increase in
display intensity, and possibly a new peak will become visible, when the flash light passes
over the leak. Cover the entire cells surface with the flash light from several angles. If a light
leak is found cover the area with a piece of black electrical tape.
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When it is reasonably certain that there are no light leaks, flash the room lights on and
off a few times and see if the oscilloscope shows any signs of light leaks. During this last
test the HV could be increased to


-2000V.

13. Attach Cable Ties
For this step it is a good idea to first examine a housing that has been assembled already.
Using a sharp knife, cut four rectangular pieces out of the tape holding the cell to the
housing (down to the housing), so the cable ties can be epoxied right onto the housing. The
rectangular slots must be positioned around the housing so that they are lined up with the
flat faces of the cell. Using a template for this step is highly recommended. Do not cut off
the tape around the bottom edge of the housing, as this would become a difficult light leak
to repair.

Cut Notch
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Shortened
Cable Tie

Cable Tie
With no Ends

Figure 17: Cable tie placement on housing
Score the exposed plastic of the housing with a utility knife. This needs to be done to
create a rough surface such that the epoxy can make better contact between the housing and
the cable tie.
It is important to note that the shortened cable tie in Figure 17 must not stick out too far
or it will get caught on the neighboring cell when the detector is being replaced. Also note
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that the length of the cable tie attached to the housing behind the light guide must be flush
with the housing and covered with minimal amounts of tape. This is because detectors at the
extreme angles of the arms in the Blowfish array (close to theta=0 degrees or 180 degrees)
need to be pushed far into the holes in the arm.
Once the detector has been prepared, cut two large cable ties to a length of 2 inches. The
rest of the cable ties (they will have no connector end) should be saved for use on the other
faces. Also cut four short pieces and one long piece of tape, to be used to hold the cable ties
in place while the epoxy cures.
Before epoxying, make sure that the cable ties fasten together as required. The tracks on
the tie should be epoxied face down in all cases.
Mix a batch of 90 minute epoxy and apply it to each place where the housing is bare.
Position the cable tie into place and cover its cut end with a short piece of tape to hold it in
place. This should be done for all four cable ties on the detector. Note that the short pieces
of tape will be removed once the epoxy has cured. They are only used to hold the cable ties
in place during the application and curing processes.
Once all four cable tie sections are in place, use the long piece of tape to secure the ties
around the edge of the housing (the tape can overlap onto the light guide with no problems).
Take caution not to overlap the small sections of tape already in place, as they will need to be
removed after the epoxy has cured for the detector to fit properly in the array (they are only
used to hold the cable ties in place during the application and curing processes). However
if overlapping does occur the tape may still be removed with a utility knife. The last step of
the epoxying process is to secure a large cable tie over the long piece of tape, as close to the
edge of the housing as possible. This cable tie will ensure that the epoxied ties are flush with
the housing, and thus the detector will fit more easily into the extreme angles of the detector.
Once the epoxy has cured, remove the small pieces of tape from the epoxied cable ties.
Use small cable ties to complete the support system holding the cell and the housing together.
The cable ties can be tightened first by hand, and then using pliers, to ensure a snug fit around
the detector. All four cable ties that are epoxied to the housing have a joint that must be
tightened. Figure 18 show the joints for the long and short cable ties that must be tightened.
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Once every joint is sung the cable tie ends should be clipped with scissors or wire cutters.
Leave about 1 cm of cable tie length after the ratchet joint.

Figure 18: Cable tie placement on housing

14. Insert Detector into the Array
The process of inserting a detector in the array is simply the opposite process as
removing a detector. Slide the detector into one of the holes on Blowfish, making sure
not to damage the detectors on either side. Do not worry too much about detector placement
as it should be adjusted after all the detectors are in the array.
With the bolts loose enough that the metal cylinders can move, place the hose clamp
around the cylinders. Tighten the hose clamp so that all the cylinders are in contact and
applying pressure to the housing. Then tighten the bolts to hold the cylinders in place. It
may be necessary to snip excess tie ends to get a detector past it neighbor. However not the
entire end should ever be could off as tention of the cable ties may need to be adjusted.
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Figure 19: Detector Diagram
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