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1. Introduction

A 4-tower prototype of a Central Preshower (CPR) Module was constructed. The basis for the design is found in [1].  The module was constructed using existing scrap scintillator from the MINOS experiment. Similarly some techniques, equipment, and components from the MINOS experiment were utilized in preparing this prototype.  Much of the background for materials and methods chosen can be found by referring to relevant MINOS documentation such as [2,3].  The module was made as a sandwich panel with the scintillator strips acting as the core material and two 0.020" aluminum skins as the outer skins.  WLS fibers were glued into grooves existing in the scintillator.  The assembly process and materials used are discussed in Section 2.  A discussion of some of these steps, the lessons learned, and suggestions for future modules are presented in Section 3.

2. Assembly Steps And Module Description

2.1 OUTLINE OF ASSEMBLY PROCESS

The assembly process consisted of the following steps:

Bottom Assembly

Cut scintillator to length

Paint scintillator edges

Cut aluminum for bottom skin

Assemble bottom

Fiber Gluing

Attach spacer bars to scintillator

Attach connector 

Glue WLS fibers into scintillator

Route fibers through bulk optical connector

Pot connectors

Polish fiber ends

Top Assembly

Cut aluminum for top skin

Assemble top

Light seal module

2.2 BOTTOM ASSEMBLY

The scintillator strips (shown in Fig. 2) are extruded to nominal dimensions of 41mm wide and 10mm in height.  A 2 mm deep groove was formed into the middle of the top surface of the strips for placement of the fiber.  Also, a TiO2 cap was co-extruded around the outside of the strip to act as a reflective surface for the scintillator.  For a complete description of the scintillator strip composition and performance, see [4-6].   The strips were cut to a length of 4.46".  A total of 72 trips were cut and arranged in the module in an 8 x 9 grid as shown in figure 1.  Since the cut edges of the strips were butt end to end, the cut edges of the strips were covered with Bicron BC-620 reflective paint to prevent possible cross-talk problems between strips.

Each two columns of 9 strips are considered one tower, and therefore there are 4 towers in this prototype.  The width of the MINOS strips was not ideal and instead groups of three scintillator (width wise) will be  readout together and considered as one logical area; for example, strips 1-3 will be read out together,  4-6,etc. The area of each tower is then partitioned into a 2 x 3 grid after the fibers are combined.

Originally the bottom skin was made with the two long edges formed up at a 90º angles for a height of 48mm.  This was done to accommodate the crimping process to create a light tight seal.  It was later determined crimping would not feasible and the light case was cut to the height of the scintillator (10mm).   The bottom aluminum skin was cut to 1160mm in length and formed to 370mm wide.  The strips were placed on to an aluminum sheet that was covered with 3M 2216 two- part epoxy and compressed under a vacuum overnight to form a good bond.  The scintillator occupied and area of 914mm x 369mm. The remaining area of the bottom skin was reserved for fiber routing and corresponds to a similar gap between the last tower and end of module in the existing CPR modules.

2.3 FIBER GLUING

Kuraray 1.2mm diameter WLS fiber was used.  Each of the 72 strips had fiber glued into a groove in the scintillator.  The fiber was then run the length of the module to the optical connector.  The fibers were all labeled temporarily at the ends so that the associated scintillator strip could be identified.  The fibers were glued using a Shell brand two part optical epoxy: Epon 815C (resin) and Teta (hardener) in a 6:1 ratio by volume.  The epoxy was placed in the groove, the fiber set into it, pushed down using a tongue depressor, and aluminized Mylar tape was placed over the top.  It has been shown in tests for MINOS that  light yield is improved considerably when the fiber stays close to the bottom of the groove and is well covered with epoxy.  The glued fibers were left undisturbed overnight for the epoxy to cure sufficiently.  The fibers were cut so that all fibers reached to a point 1.4m from the back end of the module. This was to ensure that there was enough fiber to make multiple routing options available.  In the end much of this was trimmed off as the optical connector was placed within the area of the bottom skin approximately 130mm in from the front edge of the module (see fig. 1).  

The 72 total fibers had to be routed from each strip over the other strips and into the connector.  However, a top aluminum skin would have to be attached to the top scintillator surface to complete the sandwich construction and maintain structural stiffness.  To prevent damage to the fibers and also maintain a consistent surface area to attach the top to, spacers were attached to the scintillator.  These 1/4" x 3/8" aluminum spacers ran the length of the modules in between the scintillator fiber grooves.  These were attached using super glue.  These strips now provided a pathway for the fibers to run the length of the module leaving a safe 1/4" of space between the scintillator and the top cover.  These strips should be placed before gluing the fibers. Figure 3 shows the glued up fibers and the spacer bars in place.

The bulk optical connectors (fig. 5) were of a custom type designed particularly for the needs of MINOS.  They had 30 holes.  Since there were a total of 72 fibers, it was decided to divide the fibers equally over three connectors to minimize the amount of bending that the fibers would need to make.  The connectors were attached to the bottom skin using GE black RTV 103 to help form a light seal under the connectors.  The fibers were carefully placed into the connector such that each of the grouped three scintillator  (see sect. 2.2 and Table 1) were adjacent to each other.  The fibers were potted in the connector through a slot made at the top of the connector.  The same optical epoxy was used with the addition of a black dye to prevent light leaks through the slot.  

2.4 TOP ASSEMBLY AND DETAILING

The aluminum top skin was cut to 370mm wide and 1125mm in length.  The top cover ran from the back of the module to the connector and covered the entire scintillator area as well as the fiber routing area before the connector.  The top was attached to the aluminum spacers using two sided carpet tape to facilitate easy removal for further investigation if necessary.  Before placing the cover on, ½” x ½” black insulating foam was placed in the space between connectors and RTV was applied to the gaps and tops of the connector to provide a light seal in the area of the connectors.  

The term detailing is used for the final assembly steps such as flycutting and light leak sealing.  The edges of the module were covered with Scotch 33 black electrical tape (for light seal) and this was covered with Scotch aluminum tape (to provide long term protection to the electrical tape).  RTV was applied in hard to seal areas and transitions and then covered with the two tapes as protection.  

The fibers going through the connector were purposely left ½” long until the polishing step.  The fibers were then trimmed close to the connector face using a hot knife and then hand polished using emery.  It was originally planned to polish the fibers using the MINOS flycutter.  However, the location of the connector and the tightness of the bundled fibers after routing made flycutting risky without modification to the flycutter (this is discussed further in sect. 3.4).

3. Discussion of Procedures and Lessons Learned 

3.1 FIBER GLUING

Fiber gluing was the most labor intensive and complex process in making the module.  It was decided to glue the fibers in after the strips were glued to the bottom skin.  This avoided having to handle the strips after the fibers were glued in place.  As discussed previously, it is important to keep the fiber low in the groove.  This turns out to be difficult in light of the placement of the strips.  Refering to fig. 6a-c, the center of the fiber in strip n is nominally 1.3mm below the surface of the scintillator. This fiber must then gently curve up above the surface to avoid running into the fiber of strip n+1 without violating the bend radius (approx. 10 cm in this case).  This curve up gives the fiber a natural tendency to rise up in the groove before the epoxy is cured.  For strips 1-18, a low temperature hot-melt glue was used to attach the fiber at both ends of the scintillator to ensure the fiber would stay low in the groove until cured.  Unfortunately, this method made it difficult to ensure that the epoxy was properly filled in the gap between the groove wall and the bottom of the fiber.  Attempting to put glue in before the hot melt posed difficulties as well since the epoxy would run and contaminate the surface preventing the proper adherence of the hot melt glue.  For the remaining strips, 19-72, the Mylar tape was depressed down at the ends in order to help keep the fiber down.  It is difficult to tell with destroying the module, but from looking at the completed module, it appears that neither method was consistently successful.  It was also seen by removing the tape on two of the strips that voids existed in the top layer of the epoxy which are known to produce drops in light output on the order of 10%.  These voids were due to inexperience in hand gluing and application of tape. It will be imperative to work out a proper method of gluing that will ensure consistent epoxy coverage and proper fiber depth as well as a tape application method that does not cause voids.

Upon evaluation of the completed module with top removed, the fiber for strip 18 was found broken completely at the point which it leaves the scintillator strip.  It is not known yet if there are additional damaged fibers at that sensitive transition point.  A technique of properly making this transition will be needed.

The hand gluing was time consuming.  As the production of these modules will require a large amount of gluing, it will be well worth the effort to devise a customized gluing set-up.  At a minimum, this should include a dedicated work station with an easy and accurate way of dispensing the proper fiber lengths and a hand held epoxy mixer/dispenser should be available.  This could be mounted overhead on a cable system for ease of use.  Additionally, a simple hand held tape dispenser/applicator should be available as it has been found that improper tape application is a leading cause of voids in the cured epoxy. Additional tooling will likely be justified by improved quality as well as increased productivity.

Once again, consider the scenario of two adjacent strips such as 9 and 18.  Recall that the fiber for strip 9 must come up out of the groove and pass directly over the tail end of the fiber in strip 18.  No end preparation was done to the ends of the fibers to either block light or reflect it.  The light in the fiber of strip 18 may leave the end of the fiber and get into the fiber of strip 9.  Or the light may just be lost.  The physics implications of this should be considered and if deemed necessary, an additional step may be needed at the fiber gluing station.

3.2 TOP COVER SPACERS

The choice of aluminum for the spacers was made for convenience without too much thought.  This choice turned out to be a poor one.  The aluminum spacers had sharp edges that made routing the fibers dangerous.  Attempts were made to cover these sharp edges with tape but this should be avoided in the future.  It should also be noted that adding the spacers before gluing the fibers is well advised.   The strips were attached first using the same 2216 epoxy as in bottom assembly but with poor results.  A second attempt was then done using a super glue with better but still unsatisfactory results.  It was found in removing the top skin that these bars were peeling up at the edges and in some places fibers were able to slide under the bars.  It is not certain if this happened prior to the top removal but in any case a better bond is needed.  It is likely that a combination of the uneven surface resulting from multiple scintillator strips and the poor adhesion quality of the TiO2 cap are the leading causes of this difficulty.  A simple spacer and the proper adhesive will need to be found that are cheap and achieve a better bond either through thoughtful spacer design or better adhesion properties.  For example it may be found that a series of discrete spacers along the length may better accommodate the uneven surface of the scintillator strips.  This spacer must also provide no danger to the fibers from contact.

3.3 LIGHT SEALING

The MINOS modules use a custom designed crimping machine that provides a light tight crimped edge along the length of the modules that requires no further light sealing.  This was originally going to be used for these modules but could not after the change to add the top cover spacers for the fiber routing.  This changed the thickness of the module from that of the MINOS modules and would have required adjustments to the MINOS crimping machine.  While these adjustments were not extensive, it was decided to abandon crimping in this module to avoid disruption to the MINOS production.  This machine will likely be available at the time of full production of the CPR modules and therefore this method should not be ruled out at this time.

The method of mounting the connectors using the RTV and then sealing with the foam installation tape took time and may be prone to light leaks if the modules are handled roughly.  It would not be a large expense to fabricate a receptacle that would seat the connectors, could be glued solidly to the light case, and make light sealing much simpler.  This method should be investigated.  This of course assumes continued use of the MINOS bulk optical connectors which is not certain at this time.

3.4 FIBER ROUTING /FLYCUTTING

As discussed in Section 2.4, the fibers were not polished with the flycutter after difficulties were found with the connector placement.  The connector was placed in the middle of the free area at the left side of the bottom skin to allow for maximum bend radius of both the fibers coming from the scintillator and the clear cable connecting to the PMT’s.  Since it was also important to keep certain groups of scintillator next to each other, there was limited freedom in choosing which fiber occupied which holes in the connector.  Figure 4 shows the routing.  In order to use the MINOS flycutting fixture, the connectors and fibers had to be rotated 45 deg vertically away from the plane of the bottom skin.  This would have put a large strain on the fibers which prompted the decision to hand polish.  In the future, it should be expected to utilize the flycutter.  This will require either careful planning of the fiber routing, relocation of the connector to allow the existing fixturing to work, or modification of the flycutter fixturing.  This will also be complicated by the additional fibers and connectors that exist in a full 10 tower module.

3.5 SCINTILLATOR STRIP CUTTING

Cutting of the scintillator was done by hand and consumed considerable time. A cutting station should be developed that can be as simple as a modified commercial saw with some fixturing.
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[image: image1.wmf]Figure1 Schematic for Strip Identification in 4-Tower Prototype
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Cross section and isometric view of extruded scintillator.
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 Close up view of scintillator strips after gluing and spacer bars attached (top removed).
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 Front end view of module showing fiber routin

g with top removed.
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Table 1 Fiber/Strip/Connector Routing Cross Reference
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Figure 6c. Detail view of fiber routing outof scintilator groove and over adjacent strip fher





