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Abstract

This document details the tooling, procedures, and QA requirements for wrapping
the Tedlar layer that covers the scintillation bars for the CLAS12 CTOF counters.

1 Overview

Once the gluing of the CTOF counter assemblies was complete, which amounted to gluing
both the upstream and downstream Acrylic light guides to the scintillation bars, the next
step in the counter preparation is to wrap the counters, first in a highly reflective layer and
then in a highly opaque layer. The highly reflective wrapping layer for the CTOF counters
employs the Enhanced Specular Reflector known as VM2000. This layer serves to increase
the light transmittance along the counter from the charged particle ionization path to the
PMTs at the ends of the counters. The outer opaque layer for the CTOF counters employs
a polyvinyl fluoride film from DuPont known as Tedlar.

A cross-sectional view of a CTOF scintillation bar is included in Fig. 1 and shows how
the inner VM2000 layer and outer Tedlar layer are wrapped for each counter. The nominal
wrapping material thicknesses are:

• VM2000: 2.6 mils = 66.0 µm (per layer)

• Tedlar: 2 mils = 50.8 µm (per layer)

The nominal gap between bare CTOF scintillation bars in the design model is 800 µm.
In order to have sufficient room for detector component manufacturing tolerances, it is
imperative that there are only two layers of VM2000 and a single layer of Tedlar on the
inter-counter face of each scintillation bar. This requirement means that the wrapping must
be completed so that there are no wrinkles on the inter-counter sides of the scintillation bars
and that all tape seals be applied only to the inner and outer surfaces of the bars. Note that
in the nominal counter wrapping scheme four small VM2000 sheets were employed to cover
the full length of the scintillation bar. The individual VM2000 pieces overlapped each other
by ∼0.5 in. Thus the effective VM2000 material wrapping for the scintillation bars consists
of two 66.0 µm layers. The outer Tedlar layer is comprised of two separate pieces that span
the full extent of the scintillation bar and overlap only on the inner and outer surfaces of
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Figure 1: (Left) Cross sectional view of a CTOF scintillator (in black) and a representation
of the VM2000 wrapping layer (in blue) and the Tedlar wrapping layer (in brown). (Right)
Side view of a CTOF scintillation bar showing the approximate locations of the overlap of
the VM2000 pieces used to wrap the bars.

the each bar such that the Tedlar thickness for each bar on the surface between the counters
is 50.8 µm. The final material layer consists of a wrap of 2 mils (=50.8 µm) of Mylar tape
at the ends of the scintillation bars where they bend to meet the light guides. The nominal
inter-counter gap for the wrapped CTOF counters is thus 332 µm (= 800 µm - 2×50.8 µm
- 4×66.0 µm -2×50.8 µm). The counter wrapping details are further illustrated in Fig. 1.

This document details the procedures for wrapping the Tedlar layers around the CTOF
scintillation bars as the VM2000 wrapping has already been completed. The scheme for
wrapping the Tedlar layer is based on cold-forming of Tedlar templates using tooling designed
to give precise Tedlar forms that can be mated to the counters and sealed with electrical tape
along smooth, wrinkle-free seams. Fig. 2(a) shows a single representative CTOF counter.
The portion of the Tedlar wrapping handled by the cold-forming system is shown in Fig. 2(b).
This region covers the wedge-shaped scintillation bar and the transitions to the tapered and
cylindrical upstream and downstream light guides. The remaining portions of the Tedlar
wrapping that span from the template shown in Fig. 2(b) to the PMTs is easily covered
using a rectangular piece of Tedlar wrapped around the light guides.

The primary technical issues with using the Tedlar templates to wrap the CTOF counters
are apparent at the transition regions labeled in Fig. 2 as “outer elbows” and “inner elbows”.
At the outer elbow regions, the Tedlar must be stretched and distorted to follow the outer
contour of the scintillator bar. In developing this cold-forming process during the R&D
project phase, we verified that the stretched Tedlar remains light-tight provided that the
stretching of the material is affected over a region several inches in length. At the inner
elbow regions, there is actually an excess of Tedlar that requires the implementation of
multiple folds in the Tedlar along the inner face of the scintillation bar.

2 Wrapping Tooling Components

The CTOF Tedlar cold-forming system includes three basic tooling components:
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Figure 2: (a). View of a single unwrapped CTOF counter. (b). View of a prepared Tedlar
template laid on top of the CTOF counter.

• Tedlar cutting templates - two templates for cutting out the Tedlar for the two different
CTOF counter geometries (known as “high” and “low”). (Drawing B00000-01-04-3803)

• Tedlar folding templates - two sets of templates for the two different CTOF counter
geometries used to cold-form the Tedlar to the exact shapes required by the CTOF
counters. (Drawing B00000-01-04-3804 “low”, B00000-01-04-3805 “high”)

• Template clamp tooling - fixture for holding the Tedlar folding templates in position
during the Tedlar cold-forming process. (Assembly drawing: B00000-01-04-3800)

As noted above, there are two different CTOF counter geometries known as “high” and
“low” that refer to the two different bend angles of the upstream light guides relative to the
scintillation bars. The CTOF system design alternates neighboring counters between a low-
bend upstream light guide and a high-bend upstream light guide in order to have sufficient
room to position the CTOF magnetic shields into the upstream CTOF mounting structure.
As the “high” and “low” designs are different, two different Tedlar cutting templates are
provided (see Fig. 3).

The Tedlar folding templates (see Fig. 4), which are narrower than the Tedlar cutting
templates, reflect the actual geometry of the CTOF scintillation bars when wrapped with
their VM2000 layer. They are the forms upon which the two Tedlar templates are cold-
formed to give the two different Tedlar wrap “shells” shown in Fig. 2(b).

The Template clamp tooling (see Fig. 5) supports the Tedlar folding templates during
the cold-forming procedure. Note that two separate cold-forming procedures are required
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Figure 3: Photograph of the tooling for the two CTOF Tedlar cutting templates. There are
two templates because of the two different CTOF counter geometries.

Figure 4: Photograph of the tooling for the two sets of Tedlar folding templates. There are
two sets of folding templates because of the two different CTOF counter geometries.
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to fashion the two separate Tedlar wrap “shells” needed to wrap a single counter. For one
“shell”, the Tedlar is bent upwards on the Tedlar folding templates. For the other “shell”,
the Tedlar is bent downward on the Tedlar folding templates.

Figure 5: Photograph of the Tedlar clamp tooling for supporting the Tedlar folding templates
during the Tedlar cold-forming process.

In the remaining sections of this document, the procedures to wrap the CTOF Tedlar
layer around the scintillation bars is detailed along with the required quality assurance tasks
for each step.

3 Tedlar Template Cutting

The width of the Tedlar roll is ∼60 in. The first step to prepare the Tedlar templates is to
unroll a length of Tedlar from the roll of 75 in. The 75 in width is sufficient to accept the full
Tedlar cutting template size. A piece of Tedlar 75-in long by 60-in wide is sufficient to yield
10 template pieces to wrap 5 CTOF counters. To begin the Tedlar cutting, the aluminum
CTOF assembly table is cleared and wiped down with alcohol. A cutting mat is then laid on
the table, wiped down with alcohol, and the Tedlar piece is positioned to accept the Tedlar
cutting template. Fig. 6 shows the positioning of the cutting template on the Tedlar sheet
and the required positioning of the tooling clamps.

To cut the Tedlar templates from the Tedlar sheet, an X-acto knife is used with sufficient
pressure to cut cleanly through the Tedlar. It is critical that in the high-stress outer elbow
regions of the template, the cut is made in one smooth motion without picking up the blade.
This ensures that there are no nicks or tears on the Tedlar template. Fig. 7 shows a number
of the pre-cut templates waiting inspection before the cold-forming process.

The final step in accepting a Tedlar template for use is to ensure that it is fully intact
without defects or pinholes. The presence of defects in the form of tears or permanent
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Figure 6: Photograph of Tedlar cutting template clamped to the 75 × 60 in2 Tedlar sheet
in preparation for cutting.

Figure 7: Photograph of prepared Tedlar templates awaiting inspection before the cold-
forming process.
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wrinkles is determined by a visual inspection of the cut template. To search for pinholes,
the cut template is held up in front of a bright light source and inspected by eye over its full
area.

4 Tedlar Cold-Forming Procedures

To begin the Tedlar cold-forming procedure, the first part of the process is to prepare the
Tedlar template for installation into the Template clamp tooling. The following steps are
required to carry this out:

• Lay the cleaned Tedlar cutting template onto the work surface.

• Lay the bottom part of the Tedlar folding template onto the Tedlar cutting template
attaching it using the installed pins (see Fig. 8) at each end.

• Lay the Tedlar template on top of the bottom Tedlar folding template such that it is
roughly aligned with the Tedlar cutting template.

• Using a silver permanent marker, mark the middle of the ends of the Tedlar template.
Be sure that the marks are drawn such that they are visible on what will be the outside
of the Tedlar templates (see Fig. 9 (left)).

• Lay the top part of the Tedlar folding template onto the bottom part of the Tedlar
folding template and attach it using the pin assemblies at each end.

• Complete final alignment of the Tedlar template with respect to the Tedlar cutting
template.

• Apply a hand clamp to each end of the Tedlar folding templates such that the clamp
locks the bottom and top parts of the Tedlar folding template together but does not
clamp the Tedlar cutting template.

• Using a permanent silver marker, mark rays at the outer elbows at the center of the
radius of curvature. Be sure that the marks are drawn such that they are visible on
what will be the outside of the Tedlar templates (see Fig. 9 (right)).

At this point the Tedlar folding template captures the Tedlar template and is ready to
be moved into the Template clamp tooling. Position the assembly into the clamp tooling,
aligning it so that all clamps roughly come down in the middle of the Tedlar folding template
(see Fig. 10). Attach two additional hand clamps at the region of the Tedlar folding template
elbows (see Fig. 11). These additional clamps are necessary to ensure that the Tedlar does
not shift during the cold-forming process. The next step is to cold-form the Tedlar. The
cold-forming operation was found to be easiest for the workers when the Tedlar was bent
upward. Thus for one Tedlar template the part number on the Tedlar folding template will
be visible and for the other Tedlar template, the part number on the Tedlar folding template
will face toward the table work surface. The region where the highest stress is applied to
the Tedlar is at the two outer elbows. Here the process is to stretch the Tedlar uniformly
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Figure 8: Photograph of the pins and mating hole at the ends of the Tedlar folding templates
used to align them relative to each other and to the Tedlar cutting template.

Figure 9: (Left) Photograph of the light guide alignment marks made at the ends of each
Tedlar template. (Right) Photograph of the alignment marks made at the outer elbows of
each Tedlar template. These marks are made on the what will be the outside of each Tedlar
template.

8



parallel to the Tedlar folding template until it is able to sit perpendicular to the Tedlar
folding template without stress. Care should be taken to stretch the Tedlar across the full
extent of the material sticking out past the folding template. A fully cold-formed Tedlar
template is shown in Fig. 11. Note how the Tedlar reasonably holds its shape at the outer
elbows after the cold-forming process.

Figure 10: (Left) Photograph of the Template clamp tooling for supporting the Tedlar folding
template during the Tedlar cold-forming process. (Right) Close-up photograph of the Tedlar
templates within the Tedlar folding templates.

After the Tedlar templates have been formed in the Template clamp tooling, the clamps
are released and the formed Tedlar template is released from the Tedlar folding template and
set on the assembly table. Care must be taken to ensure the formed Tedlar template pieces
are not allowed to be folded or have anything set on top of them after they are formed. After
the two separate Tedlar templates are completed for a given CTOF counter, they are ready
to be installed.

5 Counter Wrapping Steps

The counter wrapping takes place with the CTOF counters in position on their storage carts.
Within the storage carts, the counters are laid on their sides. To begin attaching the Tedlar
to the counters, the plastic support blocks should be moved out from under the scintillation
bar and placed on the last supports under the light guides. This is necessary to allow the
Tedlar to be positioned around the scintillation bar without obstructions. The first step is
to place an upper Tedlar template into position. Using the marks from the permanent silver
mark to ensure the Tedlar template is positioned properly along the bar and is not rotated
around to the bar, tack the Tedlar template into place using 0.25-in-wide “stitches” of 3/4-in
wide black electrical tape. The first two tape stitches are positioned directly at the outer
elbows as shown in Fig. 12 (right). After these two stitches are in place, apply three tape
stitches on the outside of the scintillation bar and three tape stitches on the inside of the
scintillation bar along its full length as shown in Fig. 13.
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Figure 11: Photograph of a cold-formed Tedlar template for the CTOF counter. Note the
positioning of the additional hand clamps at the locations of the Tedlar folding template
elbows.

Figure 12: Photograph of the tape stitches used on the inner (left) and outer (right) elbows
for the upper Tedlar template.
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Figure 13: Photograph of the tape stitches used to attach the upper Tedlar template to the
counter on the inner (left) and outer (right) faces of the counter.

The next step in the process is to form the Tedlar around the inner elbows of each
counter. As there is excess material here, two folds are needed at each inner elbow (see
Fig. 12(left)). In this process there can be no hard wrinkles in the Tedlar covering the inter-
counter surfaces. If any are present, the tape stitches need to be removed and the Tedlar
repositioned.

When the upper Tedlar template is secure on the counter, move the lower Tedlar template
into position following the same positioning steps as for the upper Tedlar template. Again,
tack the Tedlar down with a tape stitch at each outer elbow (see Fig. 14) and then apply
three tape stitches on the inside of the scintillation bar and three on the outside of the
scintillation bar (see Fig. 15). It is imperative to rely on the silver marker fiducials to ensure
proper alignment of the two Tedlar templates relative to each other along the bar and around
the bar. Before tacking the lower Tedlar template into position, be sure that there is uniform
overlap of the two Tedlar templates along the full length of the counter and that no VM2000
is visible.

Then just as was done for the inner elbows for the upper Tedlar template, form the
Tedlar around the inner elbows for the lower Tedlar template using two folds and up to four
tape stitches (see Fig. 14(left)). At this point the initial attachment phase of the Tedlar
templates should be inspected carefully. If the Tedlar templates have been properly cold-
formed and positioned on the scintillation bar, the Tedlar should lay nicely up against the
VM2000 wrapping layer and there should be absolutely minimal stress on the tape stitches.
It is imperative to ensure that there are no hard wrinkles in the Tedlar on the inter-counter
surfaces.

The Tedlar folds on the inner elbows represent a potential source of light leaks for the
counters. As a preventative step, a syringe with a narrow tipped needle should be filled with
RTV sealant and a small dot injected into the folds as shown in Fig. 16.

The next step in the Tedlar wrapping procedure is to apply long strips of electrical tape
(3/4-in-wide) to join the upper and lower Tedlar templates together. The tape should be free
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Figure 14: Photograph of the tape stitches used on the inner (left) and outer (right) elbows
for the lower Tedlar template.

Figure 15: Photograph of the tape stitches used to attach the lower Tedlar template to the
counter on the inner (left) and outer (right) faces of the counter.
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Figure 16: Photograph of the seams on the outer elbow filled with RTV sealant dispensed
from a syringe.

of wrinkles and should fully cover the tape stitches to minimize the chance for light leaks.
Be sure to apply pressure over the full extent of the tape strips to ensure good adhesion to
the Tedlar. Figs. 17 and 18 show the tape strips that join the two Tedlar templates together
and cover the tape stitches. Next, additional tape strips are added to cover the full extent
of the inner and outer counter elbows to provide the best opportunity to seal against light
leaks (see Fig. 19).

The next part of the sealing process is to seal the ends of the Tedlar templates that run
along the light guides. As this portion of the counter is a cylinder, use of two tape stitches
should be sufficient to provide a uniform surface over which to apply the final long piece of
electrical tape to complete the sealing.

The are two final steps to the counter Tedlar wrapping procedure. The first is to wrap a
5-in-long piece of Tedlar about the regions where the Tedlar templates end and the Tedlar
pieces that wrap around the light guides begin (see Fig. 20). This must be done at both
the upstream and downstream ends of the counters and was found to be necessary due to
wrinkles and puckers introduced into the Tedlar at these junctures due to the complex shape
of the light guides in these regions. The second is to provide stress relief to the electrical
tape seams at the location of the counter inner and outer elbows. This is done by using three
bands of 2-mil-thick yellow Mylar tape wrapped about the upstream and downstream elbow
regions (see Fig. 21). In applying this tape, it is important to ensure that no wrinkles are
present on the inter-counter faces. These final tape wraps should ensure that the electrical
tape in these higher stress areas cannot loosen over time and allow for light leaks.

After the counter Tedlar wrapping is complete, full light leak checking is the final step to
complete QA on the wrapping procedure. For this step, magnetic shields must be installed
on each end of the counter and PMTs mounted. Fig. 22 shows the two different shield
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Figure 17: Photograph of the first tape strip on an outer elbow region that covers the tape
stitches. Note the smoothness of the Tedlar on the surface between neighboring CTOF
counters.

Figure 18: Photograph of the first tape strip on an inner elbow region that covers the tape
stitches. The two folds in the excess Tedlar material on the outer elbow are visible.
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Figure 19: Photograph of the final taping configuration for the inner elbow (left) and outer
elbow (right).

Figure 20: Photograph of the 5-in-long Tedlar sleeve overlaying the Tedlar template and
light guide wraps.
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Figure 21: Photograph of the three bands of Mylar tape used to provide stress relief for the
electrical tape that seals the CTOF counter elbow regions.

configurations employed. The nominal dark current specification for the Hamamatsu R2083
PMT (H2431-MOD PMT/divider assembly) is 100 nA (quoted as typical). The light leak
checking should therefore yield PMT dark currents at -3 kV on the order of ∼100 nA with
no sensitivity to either shining a flashlight on the counter or covering the counter with a
black cloth.
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Figure 22: Photograph of the nominal CTOF shielding configuration for final QA testing
(left) and a temporary configuration used for light leak checking (right).
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