
CDET Module and Superstructure 
Preliminary Design Report 

Overview 
This report will cover the basic design of the CDET (Coordinate Detector) to be used for the Gep(5) 

experiment. Figure 1 shows the preliminary design (of course, many details will be addressed) 

 

FIGURE 1: THE FRONT AND BACK ISOMETRIC VIEWS OF THE CDET DETECTOR. SHOWING SCINTILLATOR STRIPS, 

BUNDLING, PLASTIC BASES, MODULES AND THE SUPERSTRUCTURE. ALL MEASUREMENTS ARE IN MM. 

Scintillator Bundles 
Bogdan, Adam, and I (Jason) had a meeting on Skype three weeks ago (July 23rd) and discussed some 

specifics regarding the CDET. One major idea that was suggested was bundling fibres using Kapton 

tape/foil. With rectangular strips, the placement of them would be relatively easy, but simulations 



presented in Mark Jones and Lubomir Pentchev’s report (June 27th) on rectangular versus trapezoidal 

shaped strips, show better efficiency for trapezoidal strips. 

However, with the trapezoid shape and its small height difference between the front and back of the 

strips (5 mm front, 5.0287 mm back) it may be difficult/impossible to actually attain these 

measurements and have them produced. To compensate for that, every few strips can have a shim 

inserted in order to aim the strips to the target. 

The idea here would be to have bundles of 20 strips each, and wrap the bundle with Kapton tape. This 

would facilitate assembly and also allow easier shimming to ensure each bundle has the appropriate 

orientation. An example of three bundles is shown in Figure 2. A large plastic sheet, covering the entire 

plane (1.34 m x 1.35 m – this size difference, as opposed to 1.34 x 1.34 will be explained shortly) is used 

to securely position each strip bundle. This will be useful for construction purposes, and after each 

bundle is attached, it can be shimmed. One may think that adding this strapping will create dead-zones, 

which it will, however the total thickness of the strapping is 7 mm over 1.34 m (~0.5%) assuming 0.25 

mm thick straps. Thinner straps are most likely available. 

 

FIGURE 2: AN EXAMPLE OF SCINTILLATOR STRIP BUNDLING. A LARGE PLASTIC SHEET IS USED TO SECURELY 

POSITION EACH BUNDLE (DIMENSIONS IN THIE FIGURE ARENOT ACCURATE). ALL MEASUREMENTS ARE IN MM. 

 

The strips were portrayed as rectangular, only because of the difficulty of programming the trapezoid 

shape in such a 3D model. However, the large end of the trapezoid shape (5.0287 mm) was used for 

design purposes of this model.  



Item Front Height(mm) Back Height (mm) Thickness (mm) Width (mm) 

Strip 5 5.0287 30 670 
Bundle (w/o 
strapping) 

100 100.574 30 670 

Strapping (0.25 mm 

thick) 
100.5 101.074 60.5 N/A 

Plastic Support ~1350 ~1350 30 1340 

 

The total back thickness of the strips is: 268 strips x 5.0287 mm = 1347.692 mm. With 20 strips/bundle, 

and 268 strips, that leaves 14 bundles. Which adds another: ~0.5 mm/bundle * 14 bundles = 7 mm. 

The total thickness from top to bottom of one plane should be 1354.692 mm (this was rounded to 1350 

for simplicity of calculations and to simply show concept). 

Readout 
A recent update in an email thread is that there will be readouts at both ends of a plane. With 268 strips 

on each ½ of a plane, 17 PMTs are required for each side, meaning 34 PMTs per plane. The space 

constraints for the placement of these PMTs inside the PMT housing is limited and a compact “cookie” 

(a PMT holder) needed to be developed. Using ideas from Fermilab’s CDF detector cookies (these were 

seen by Mahbub, Vahe and I when we retrieved ~600 PMTs from Fermilab in December/2011), a slightly 

modified version was made and is shown in Figure 3. 

 

FIGURE 3: COOKIE, PMT AND CLIP ASSEMBLY. THE WLS FIBRES ARE GLUED SECURLY IN THE COOKIE. THE COOKIE 

IS THEN ATTACHED TO THE FRAME (NOT SHOWN), THEN THE PMT IS INSERTED AND SECURELY FASTED WITH THE 

CLIP. ALL MEASUREMENTS ARE IN MM. 



CDF used a flexible aluminum clip, like the one shown here, but instead of it sliding into a channel, it was 

hooked into a small dimple on the side of the cookie using only reflexive pressure from the clip. I noticed 

a few of the PMTs at CDF weren’t securely fasted using this method. To improve on this feature, a clip 

can be inserted along tracks, and then screwed into place. The screw will go through the hole in to top 

of the clip and press down on the PMT, securing it into the cookie. The other end of the clip will be stuck 

in the tracks and not slip out. Depending on what PMT is used (R5900 or H8711, latter is preferred) the 

clip may need to be modified to allow the PMT output pins to exit freely. Either way, the concept holds. 

Figure 4 shows more views of the cookie. 

 

FIGURE 4: A MORE DETAILED VIEW OF THE COOKIE (PMT HOLDER). THE COOKIE HAS OUTER DIMENSIONS (MM) 

OF 40X40X40. ALL MEASUREMENTS ARE IN MM. 

Modular Plane / Planar Module 
The most recent update from Bogdan is that each plane should be made individually, and hence are 

called modular planes or planar modules. Each plane of strips is 1.34 m x 1.35 m (again, this larger 1.35 

m is due to strapping and the trapezoidal shape of the bars – the constant between previously 

rectangular bars and now is a total of 268 strips, however if this isn’t the case, it is a detail and can easily 

be changed). A frame needed to be developed to support each modular plane. 

A 50 x 50 mm aluminum support beam is used to keep strips horizontal with minimal sagging to due to 

the load of the strips (~60 kg) across a 1.34 m distance. This leads to a max deflection (sag) of ~2 mm. So 

a larger support beam may be needed (another detail). 



Figure 5 shows a view of the scintillator strips strapped to the plastic support plate.  

 

FIGURE 5: AN ENTIRE PLANE OF SCINTILLATOR STRIPS (SHOWN AS BUNDLES) WITH STRAPPING AND A PLASTIC 

SUPPORT PLATE. ALL MEASUREMENTS ARE IN MM. 

A modular frame was made to support the strips and is shown in figure 6. The open columns at either 

end of the scintillator plane are to house the PMTs (and possibly NINO boards).  

***Note: An important detail. In an email thread with John Annand, I asked for the dimensions of the 

NINO boards, which are: 121.92 mm x 76.20 mm, and only a few mm thick. However, from the 

schematics it seems like the output pins are on the top of the board, which really makes the board 

thicker then a few mm (ie not stackable). Each NINO board can handle 16 channels, which means a stack 

of 17 NINO boards (one per PMT) is ~1360 mm (with only a 4 mm gap between them). The point I’m 

trying to make here is: if the boards are going to be housed with the PMTs, the housing needs to be 

bigger. Which brings my question. Why do the NINO boards need to be housed with the PMTs? The size 

of the PMT housing can easily be adjusted to accomidate the NINO boards, but I was trying to make the 

plane module as small as possible. 

I have taken into consideration the construction of these frames. Assuming construction at Saint Mary’s 

University (SMU) with the cookies, but without the PMTs (since they cannot be shipped across the 

border). The insertion of the PMTs can later be done at JLab. It is possible to have the cookies machined 

in Canada (most likely Halifax, NS) and installed on the frame at SMU, then have the WLS fibre inserted 



and glued into the cookies. The 160 cm dimension (shown in figure 6) is large enough for a person’s 

hand, holding a PMT, to be inserted into the module and secure the PMT to the cookie.  

 

FIGURE 6: THE FRAME OF THE MODULAR FRAME, SHOWING OUTSIDE DIMENSIONS. THE 160 MM DIMENSION IS 

THE SIZE OF A LARGE HUMAN HAND; TO ALLOW THE INSERTION AND ATTACHMENT OF PMTS. ALL 

MEASUREMENTS ARE IN MM. 

Figure 7 shows the placement of the cookies and PMTs inside the PMT housing.  

 

FIGURE 7: MODULAR PLANE SHOWING COOKIES WITH PMTS INSERTED. THERE ARE 17 PMTS PER SIDE.  



Figure 8 shows a top view of the PMTs in the PMT housing. 

 

FIGURE 8: THE TOP VIEW OF THE PMT HOUSING. THERE IS ENOUGH SPACE TO HOUSE ALL CONNECTORS AND 

WIRES FOR ALL CHANNELS, AND AN OPENING LARGE ENOUGH TO ALLOW A HAND TO PLACE PMTS INTO COOKIES. 

ALL MEASUREMENTS ARE IN MM. 

The plan is to have each WLS wrapped and light tight, from the scintillator strip all the way into the 

cookie. This will most likely be accomplished using opaque shrink wrap. However, to ensure light 

tightness and to provide additional structural support, both PMT housing’s will be enclosed with 

aluminum plates that will act as walls. 

Figure 9 shows an entire modular plane. The brackets on either side of the PMT housings will most likely 

not be used (in lieu of a better bracket), however they show the concept of where the module will be 

mounted, and how it will be held up. 

Each module will weigh roughly 300 kg, (256 kg of scintillator, supports and PMTs, then another ~40 for 

cables) so it will need to be placed using an overhead crane. 

Superstructure 
The most recent update is that 2 planes will be budgeted for, and then if Dr. Sarty can tender additional 

Canadian funds, a 3rd plane will be incorporated. For the purpose of this report, I have included 3 planes.  



 

FIGURE 9: THE COMPLETE MODULAR PLANE. THE OUTER DIMENSIONS ARE SHOWN. NOTE THE MOUNTING 

BRACKTS TO BE USED TO CONNECT THE MODULE TO THE SUPERSTRUCTURE. ALL MEASUREMENTS ARE IN MM. 

Figure 10 shows the superstructure without the modules attached (Note: It is certainly possible to stack 

the modules on top of each other, this will be discussed shortly). I have labeled the module supports 

(where the modules are set in place onto the superstructure and attached), and the construction 

supports. The construction supports are needed for structural integrity during the assembly of the 

modules onto the superstructure. The outer dimensions are ~2.75 m wide, 4.4 m high and ~1.9 m thick 

(deep). 

Figure 11 shows the assembly of the modules onto the superstructure. The assembly is completed by 

lowering modules into the superstructure using a crane (since modules are ~300 Kg, a crane is needed 

anyway).  

1. In pane (A.) of Figure 11, a module is lowered and attached to two module supports. The 

weight/deflection of the structure is assisted by the horizontal construction supports (labeled in 

Figure 10).  

2. (B.) Once the module is secured, two more module supports are placed above the first module.  



3. (C.) Then another module is lowered in place. 

4. This process continues until all modules are secured and steel support beams are attached at 

the top of each module column (F.). 

 

Figure 12 shows the complete assembly of CDET. Immediately it can be noticed that the vertically 

stacked planes are offset. The reason for this is to cut down on dead space that is forced by the 50 x 50 

aluminum support bar at the bottom of each planar module. By using this method an advantage is to 

eliminate the dead space due to the support, however, it forces an increase in the distance between 

consecutive planes (which may or may not be an issue). 

 

 

FIGURE 10: THE SUPERSTRUCTURE TO HOLD PLANAR MODULES. THE MODULE SUPPORTS AND CONSTRUCTION 

SUPPORTS ARE SHOWN. ALL MEASUREMENTS ARE IN MM. 



 

FIGURE 11: THE ASSEMBLY OF THE PLANAR MODULES WITH THE SUPERSTRUCTURE. (A) MODULE IS LOWERED 

AND PLACED ONTO TO MODULE SUPPORTS AND SECURED. (B) TWO MODULE SUPPORTS ARE ATTACHED ABOVE 

THE 1ST MODULE. (C) MODULE IS LOWERED ONTO THE MODULE SUPPORTS FROM PART (B). THIS CONTINUES 

UNTIL A FINAL STEEL BEAM IS ATTACHED AT (F). ALL MEASUREMENTS ARE IN MM. 

Conclusion 

This design contains a number of details still to be decided, or worked out. However, as far as being a 

cost estimate and good starting point, this design will suffice. 

Details to be addressed 
 

1. Does the idea of bundling sound reasonable? 

2. Will the improved cookie suffice? 

3. Should the plane be kept at 1.34 m x 1.34 m, as initially decided? Or should 268 strips be the 

constant (making the measurements closer to 1.34 m x 1.35 m)? 



4. What maximum deflection on each module is tolerable? (At the moment each module has ~2 

mm sag) 

5. Do the NINO boards need to be placed in the PMT housing? Or can they be ~2 m of cord away 

on the superstructure? 

6. Will the power supplies for the PMTs and NINO boards be placed on the superstructure? 

7. Modules to be offset (as shown in figure 12, minimizing dead space, but increasing distance 

between consecutive planes), or stacked vertically (creating more dead space, but minimizing 

space between consecutive planes)? 

 

 

FIGURE 12: THE COMPLETE SUPERSTRUCTURE AND MODULE ASSEMBLY. ALL MEASUREMENTS ARE IN MM. 

 

 

 


