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Abstract
We report on a series of surface roughening and bonding tests for the BB TH scintillator bars and light guides. We also provide our resulting recommended procedures
for repairing the bars. Please note the completeness of these studies were severely affected by the global 2020 coronavirus pandemic. We recommend these procedures as a
result of the findings presented and corresponding best judgements based on evidence
collected during the restricted time allowed and limited access to supplies.
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Introduction

In early 2020 during de-stacking of the BB TH, it was observed that the majority of TH
bars exhibited a broken glue joint between the scintillator bar and light guide on at least
one side. In the original TH bar assemblies, the scintillator bar and light guide surfaces
were left as finished by the manufacturer (Eljen Technologies), with the smooth surfaces
resulting from the molds, for bonding. The smooth surfaces were bonded using Dymax
3094 UV light curable plastic bonding adhesive. In preparation for repairing these joints,
surface roughening, gluing and strength studies were recently performed at the University
of Glasgow (UoG). Several tests were performed and only the most relevant reported upon
here.
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Experimental Set Ups

Tests were performed using an original TH bar, with curved light guides, which had remained
in UoG and was previously used for TH prototype studies (Figure 1).
Only one TH PMT base was available in UoG during these studies, therefore signals
from only one side of the bar were recorded and analysed at a time. The PMT signals, in
response to cosmic rays traversing the bar, were extracted to CAEN V792 ADC and V1190A
TDC modules. The trigger for the DAQ was formed by coincidence of the bar with a trigger
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Figure 1: TH bar used for testing the effects of surface roughening and different glues on
light loss.
scintillator centred on top of the bar. This trigger signal also formed the reference signal for
the TDC module. Pedestal measurements were periodically taken using a random trigger
set up with a gate generator.
For testing the strength of glue joints, the set up was as shown in the forefront of Figure 2.
The units of mass readily available for the strength tests in UoG were lead bricks, each with
a weight of 5.8 kg. The masses were hung at 18 cm from the glue joint under test. Typically
we started with one brick and moving on to two etc.
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Preliminary Studies of Arbitrary Sand Paper Grades

Initial tests were performed with arbitrarily selected grades of sand paper. The goal was to
investigate the effects of surface roughening on light transmission and gain experience on the
roughening procedure.
For roughening surfaces, the selected sandpaper was fixed to a glass plate. The surface
to be roughened was first cleaned and then held directly over the plate and moved in one
direction across the sand paper. Sandpaper ISO/FEPA grit sizes 1 of P120 and P180 were
tested and compared to the original smooth surfaces. P120 and P180 correspond to average particle diameters of 125 µm and 82 µm respectively. First side 1 of the bar with the
original smooth surfaces joint was tested. The joint was then broken, which took 2 × 5.8 kg
lead bricks, indicating a breaking torque of ∼ 20.5 N. The UV glue was removed from both
surfaces, which were then cleaned. The surfaces were both roughened with the selected grit
size and re-bonded with the UV light curable adhesive. This was repeated for the other sand
paper grit size.
The resulting pedestal subtracted ADC spectra (left) and TDC spectra for the different
surface finishes (Figure 3) demonstrate that, as expected, as sand paper grit size (average
particle size) increases, the mean ADC position shifts towards lower values and the tail
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Figure 2: Set up at the forefront shows an example of that used for testing the strength of
glue joints. The centre of a mass was hung at a known distance from the glue joint.
towards high energy pulses decreases, indicating a loss in light transmission at the joint.
The width of TDC spectrum also increases with increasing sand paper grit size, implying a
worsening of the expected time resolution.
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Selection of Surface Roughening Level

Several outcomes of reviews on surface roughening for plastic scintillators/light guides are
summarised below.
The TH scintillator bars are Eljen Technologies 2 EJ200 plastic scintillator and the light
guides are Eljen Technologies UVT acryllic rods. We contacted Eljen Technologies to ask for
the recommended procedure for joining both together. The advice was: “We always sand
both surfaces to be glued with P400 grit sandpaper. This finish will look frosty, but when
glued with our EJ-500 Optical cement the glue joint will be optically clear. This will give
you a very strong glue joint. In most cases the plastic will break when trying to separate.”
Advice obtained from Saint-Gobain Crystals 3 , who also offer plastic scintillating products, was: “We use our BC-600 optical cement for joining light guides to plastic. If the
surface area is relatively small (5 - 10 mm), we do roughen the surface with either 600 grit or
400 grit sand paper, but for larger surfaces, we leave them polished.”
2
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Figure 3: Normalised (to their areas) pedestal subtracted ADC (left) and reference corrected
TDC (right) spectra obtained from side 1 of the TH bar with the scintillator and light guide
surfaces either smooth (black) or roughened (sandpaper grits 180 (green) and 120 (blue)).
400 grit silicon carbide sand paper has also been used and its affect on plastic scintillator
and light guide glue joints reported upon for the CLAS12 CTOF detector [2].
Silicon carbide sand paper with grit P400, which corresponds to an average particle diameter of 35 µm, was resultantly selected for further tests relevant to the TH. The assumption
being that if significant light losses were observed, finer grits would be subsequently studied.

4.1

Studies with P400 Grit Sand Paper

The second side of the TH bar (side 2, figure 1) was used to study the P400 grit size silicon
carbide sand paper. First signals obtained with the original smooth surface glue joint were
recorded. The joint was then broken. In this case, it only took one lead brick to break
the joint, i.e. 10.2 N, as opposed to two with the smooth joint of side 1. Visible inspection
indicated that the UV curable bonding agent had not been completely evenly spread across
the bond surface. The light guide and scintillator surfaces were roughened with grit 400 sand
paper, using the same technique described in Section 3. The surfaces were bonded using UV
light curable adhesive. Examples of the light guide surface before and after roughening are
shown in Figure 4. The resulting comparisons between the ADC and TDC spectra are shown
in Figure 5.
Roughening the surfaces with grit 400 sand paper appears to reduce slightly the higher
energy tail of the ADC spectrum and reduce the mean value recorded. It also broadens the
TDC RMS by ∼ 7 % (which should roughly correspond to an expected ∼ 5 % degradation in
the mean time resolution of the TH bar). The bond required two lead bricks, i.e. a torque of
20.5 N, to break. The level of light losses observed should still offer satisfactory performance
for the TH considering the assumed increased reliability in bond strength.

4

Figure 4: Visual comparison between a smooth and roughened light guide surface.

Figure 5: Normalised (to their areas) pedestal subtracted ADC (left) and reference corrected
TDC (right) spectra obtained from side 2 of the TH bar with the scintillator and light guide
surfaces either smooth (black) or roughened with 400 grit silicon carbide sand paper (blue).

4.2

Recommended Surface Roughening

Based upon the results in Section 4.1, grit 400 silicon carbide very fine abrasive sheet is
recommended for the surface roughening of the scintillator bars and light guides prior to
bonding. The sand paper used in these studies was 3M Silicon Carbide Very Fine Abrasive
Sheet, 400 Grit, 230 mm×280 mm and was procured from RS COMPONENTS LTD 4 , RS
Stock No. 162-3575, Mfr. Part No. A02010.
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Preliminary Studies of UV Light Curable Adhesive
Versus M-Bond 200 Cyanoacrylate

Literature research revealed an appealing option for a high strength adhesive for the TH the M-Bond 200 cyanoacrylate 5 , which has a refractive index and overall properties close
to those of PMMA. M-Bond 200 was selected for the CLAS12 CND based mainly upon its
strength properties, with a series of studies reporting that M-Bond 200 is stronger than the
commonly used BC-600/EJ-500 epoxy (name depends on procurement company) [1]. The
CND incorporates a complicated U-turn light guide design, which demands a high strength
joint between the scintillator bar and light guides. Their results were based upon several
strength tests of bonds between PMMA-PMMA and PMMA-BC 408 Saint-Gobain Crystals
plastic scintillator.
We procured M-Bond 200 adhesive from Micro-Measurements 6 7 in 20 g bottle sizes. It is
preferable to buy multiple 20 g units, since humidity in the air may onset the polymerization
of cyanoacrylates. Unfortunately interactions with this company were extremely slow and
difficult and we were unable to obtain the catalyst for the adhesive before the UK-wide
coronavirus lockdown came into place. Therefore all of our tests have been performed with
the adhesive alone, and no mixing of the catalyst. From CLAS12 CND reports, private
communications with CND engineer J. Bettane (IPN Orsay) and the M-Bond 200 data
sheet, the catalyst is expected to reduce the curing time to be on the order of a few seconds.
Without the catalyst we found in all our tests that the bond needed at least 24 hours to cure.
The side 1 joint of the TH bar, previously studied with arbitrary sand paper grit sizes
(Figure 3), was broken for a third time. During this the surface of the scintillator became
chipped/damaged. The surfaces were cleaned and re-roughened to grit size 120. M-Bond
200 adhesive was applied to both surfaces, which were then brought together in a jig. The
bond was left to cure for 24 hours. The resulting ADC and TDC spectra are compared
to the equivalent result obtained with the UV curable bond in Figure 6. The response of
the M-Bond 200 glued joint is worse, visible in the shifting of the ADC spectrum to lower
energies and the widening of the TDC. spectrum. This is assumed to be a result of the glue
joint having already been broken three times, causing damage to the scintillator surface and
not the performance of the M-Bond 200 adhesive.
A similar test was performed with side 2 of the TH bar. The results are summarised
in Figure 7. Upon breaking the 400 grit roughened and UV cured joint, unfortunately the
surface of the scintillator also became damaged. The effect of this is visible in the significant
broadening of the TDC spectrum and again is attributed to the damage caused to the
scintillator during breaking rather than the M-Bond 200 performance.
Unfortunately due to the damage caused to the scintillator bar surfaces, these tests are
not conclusive to confirm no significant loss of light when switching to M-Bond 200 glued
from UV light cured adhesive bonds. The joint was broken by hand in the subsequent
strength test.
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Figure 6: Normalised (to their areas) pedestal subtracted ADC (left) and reference corrected
TDC (right) spectra obtained from side 1 of the TH bar with the surfaces roughened with
grit 120 sand paper and either UV cured (green) or M-Bond 200 (blue) glued.
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Further Strength Tests and Bond Strength Summary

Further strength tests were performed using spare Eljen light guides and pieces of perspex
(which were cut to dimensions similar to the light guides). In these tests, either light guides
were bonded together or the perspex pieces were bonded together. The set up was similar
to that shown in Figure 2, except that we also had available units of 2.9 kg.
The spare light guides were used to compare the UV cured bond strengths of the original
smooth surfaces with grit 400 roughened surfaces. It took torques of 15.3 N and 25.6 N to
break the smooth and 400 grit roughened surface joints respectively.
The perspex pieces were used to compare the UV curable adhesive with M-Bond 200.
The surfaces for these tests were roughened with grit 400 sand paper. The UV cured and
the M-Bond 200 glued joints required torques of 20.5 N and 30.7 N respectively to break.
The strength test results are summarised in Table 1. The results indicate that initial
application of the bonding agent on the TH bars may not have been uniform (due to the
varying breaking torques of 10.2 - 20.5 N). Although, it is difficult to confirm this via the
observation of only two joints. The results also indiate that, if no previous breaks have been
made on the joint, M-Bond 200 is stronger than the UV curable bonding agent, and that
400 grit roughened surfaces are stronger than smooth surfaces.
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Recommended Procedures

The following sections offer recommended procedures and tools for the upcoming repairs of
the TH bars, based upon literature review, private consultations and the limited series of
tests reported above. Unfortunately, due to the coronavirus lockdown restrictions, we could
not access UoG to photograph the different steps of the procedures.
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Figure 7: Normalised (to their areas) pedestal subtracted ADC (left) and reference corrected
TDC (right) spectra obtained from side 1 of the TH bar with the surfaces smooth (black) or
roughened with grit 400 sand paper and UV cured (green), or roughened with grit 400 sand
paper and M-Bond 200 glued (blue).
Table 1: Summary of strength test observations.
Bond
Previous Breaks
Configuration Surfaces
TH bar,
Original Dymax
None
side 1
smooth
3094
TH bar,
Original Dymax
None
side 2
smooth
3094
TH bar,
Grit
Dymax
One
side 2
400
3094
TH bar,
Grit
M-Bond
Two
side 2
400
200
Light
Original Dymax
None
Guides
smooth
3094
Light
Grit
Dymax
None
Guides
400
3094
Perspex
Grit
Dymax
None
Pieces
400
3094
Perspex
Grit
M-Bond
None
Pieces
400
200

7.1

Breaking Torque (N)
20.5
10.2
20.5
By
Hand
15.3
25.6
20.5
30.7

Polishing of the Outer Surfaces of the Light Guides

Inspections of the TH bar assemblies have revealed that some of the outer surfaces of the
light guides are scuffed/damaged. To determine if this has happened on a light guide, it is
8

recommended to use a laser pointer and test for internal reflection within the light guide (B.
Wojtsekhowski, Jefferson Lab). If light is scattered outside of the light guide and internal
reflection is not well maintained, the outer surface should be polished/repaired.
Eljen Technologies Inc has provided us with guidance on how to polish the outer surfaces
(Figure 8). The components mentioned are manufactured by NOVUS Plastic Polish 8 .

Figure 8: Recommended procedure and components for polishing the outer surfaces of Eljen
plastic scintillators and light guides.

7.2

Adhesive and Bonding Procedure

Due to time constraints caused by the coronavirus lockdown it was impossible for us to test
bonding the TH joints with BC-600/EJ-500 epoxy.
M-Bond 200 was relatively easy in its application, however we were unable to test curing
with the appropriate catalyst. As a result, curing times were on the order of 24 hours. It
is expected that the catalyst would shorten this to the order of seconds. The bond did
appear to be stronger than the UV curable adhesive (Table 1), however light transmission
comparisons were inconclusive due to damage of the scintillator bar (Figures 6 and 7).
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Based upon the evidence available, the UV light curable plastic adhesive is recommended.
This selection is in part due to the existing experience of its use within the group at UoG.
The strength tests performed above indicate that with proper preparation of the surfaces to
be joined, the glue joint should withstand a breaking torque larger than that expected from
the TH PMT assemblies. Additionally, the TH is now planned to have a safeguard system
in place to support the weight of the PMT assemblies (design by A. Shahinyan (Yerevan
Physics Institute) and B. Wojtsekhowski (Jefferson Lab)).
Collective experience within the UoG group based on previous detector constructions
recommended against BC-600/EJ-500 due to longer to curing times (on the order of a day,
but depending highly on the ambient temperature). As a result, the pieces must remain
clamped for at least 24 hours, which may be difficult given space restrictions and may
require manufacture of several jigs for adequate efficiency. BC-600/EJ-500 has also been
known to peel off from plastic surfaces (especially if polished), and the joint is expected to
be less strong than with UV light curable glue.
UV curable adhesive was also studied in comparison to BC-600/EJ-500 epoxy in bonding
grit 400 roughened plastic surfaces for the CEBAF Large Angle Time of Flight detectors
(LATOF) [3]. The study implies that both adhesives provided sufficiently strong joints
for the application focussed upon in the note. However, the conclusions note that a strong
argument for using UV curable adhesive is its difference in curing time - < 1 hour was reported
for the Locite UV optically clear adhesive which was tested, compared with >44 hours for
the BC-600/EJ-500 epoxy tested.
If access to the necessary tools for UV curing is not possible for the TH repairs, it is
assumed that BC-600/EJ-500 will be a satisfactory substitute for the bonding agent. It has
been studied for bonding plastic materials in the CLAS12 CTOF, using surfaces roughened
with 400 grit sand paper, as reported in [2]. Alternatively, the use of M-Bond 200 with
its appropriate catalyst to speed up the curing time should also be adequate. Since the
company which manufactures M-Bond 200, Micro-Measurements 9 is based in Raleigh NC
and therefore may be convenient for procurement at Jefferson Lab. However, since neither
have been fully tested for the BB TH, the UV curable adhesive is the recommended one
based upon the results in this document.
The UV light curable adhesive we have selected, used previously, and recommend is
Dymax 3094-GEL-REV-A light-curable plastic bonding adhesive 10 . In the past we have
procured this from Intertronics 11 . It is available in several quantities (Figure 9). In the past
we have purchased the 1 kg bottle quantity and recommend this for repairs of the TH bars.
The most recent quote we have received (2018) priced this at £ 358, with an additional £10
delivery cost and a lead time of 3 - 5 weeks. The Intertronics part number and description
is: DYM3094-1KG, 1Kg bottle of Dymax 3094 12 .
For curing the adhesive UoG uses a Hamamatsu Lightning Cure UV spot light source.
There are similar machines available in JLab, which UoG have used previously on-site for
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Figure 9: Quantitites of Dymax 3094 bonding adhesive available from Intertronics. The 1kg
bottle is recommended. Prices are from 2017.
successfully repairing TH bars with the Dymax 3094 agent. The steps for bonding with the
UV curable adhesive are itemised below. Important note: the UV machine must be
operated in a well-ventilated room. The operator must wear gloves, a face mask
and UV-protective eye goggles.
1. Upon switching on the UV light spot machine, a light will flash on and off which
indicates that the machine is not ready for use. When the light stops flashing and is
constantly on, the operator can start using the UV machine. This procedure gives the
bulb inside the machine time to heat up properly without causing any damage to the
machine and ensuring the UV light is at the correct strength to cure the adhesive.
2. Before bonding, all surfaces to be glued should be cleaned with a mild mixture and
all dirt/foreign objects removed. A material such as natural cotton wool is recommended for cleaning, since synthetic materials can cause minute scratches in very soft
scintillator plastic (poly-vinyl toluene). For cleaning, ethanol or methanol is also not
recommended, since a light volatile alcohol can cause rapid cooling on the plastic scintillator surface, leading to crazing. Propanol or butanol should be safer.
3. Dymax 3094 is then applied to both faces of the surfaces to be glued, across their
surface areas.
4. Both surfaces are then held together, and any excess glue wiped away.
5. With the UV machine set to 15 seconds the gluing can commence. 15 seconds corresponds to the maximum curing depth. After 15 seconds the machine automatically
switches off, this is a safety precaution so that no material is damaged in the gluing
process. Please note, different UV light spot machines may have different preset times,
but 15 seconds is the accepted duration for the TH bars.
6. During curing, the head of UV spot light cable is rotated around the area to be glued.
This results in a smokey vapour arising from the area that is being glued. When there
are no visual signs of any more vapour, the glue has been set. Otherwise the process
may require a further 15 seconds’ curing.
7. If the operator is not familiar with this process, or is not sure of the time setting for
the UV spot light machine, a trial should be done first in order to determine the time
limit were no damage is done to any of the material being glued.
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7.3

Complete Repair Procedure

The complete recommended procedure is detailed below. Please note that when bonding the
curved light guides, it is vital to maintain the correct orientation of the light guides on both
sides of the scintillator bar and with respect to the TH design.
1. Clean both surfaces to be joined.
2. Clamp the scintillator bar/light guide to be roughened in its appropriate jig and lightly
roughen its surface with the sand paper. Maintain one direction for the roughening
process only. The finish will look frosty. Both the scintillator and light guide surfaces
to be joined should be roughened.
3. Polish the outer surface of the light guide if needed. This is determined by the laser
pointer test described in Section 7.1. The polishing instructions from Eljen Technologies and required materials for this are given in Figure 8.
4. Perform the bonding of the scintillator and light guide with the UV curable adhesive.
The steps for this are detailed in Section 7.2. The bond should take ∼ 15 seconds to
cure with the UV spot light machine.
5. After this, the integrity of the bond may be tested. To be consistent with previous
strength tests, since in the worst case the TH bar under test broke with one lead brick,
it is suggested to hang the centre of a ∼ 6 kg mass at a distance of 18 cm from the
glue joint, yielding a torque of 10.6 N. If a 6 kg mass is not available, a mass which is
heavier than the PMT assemblies should be selected.
6. Repeat the above steps for the second side of the bar.
7. The corners at the ends of the scintillator bar coupled to the light guides should be
slightly chopped on the order of ∼2 mm, to allow for easier light tight material wrapping
and to prevent any compromises of light tight wrapping at the corners.
8. The bar should then be wrapped in black tedlar, or light-tight black card if tedlar is
not available. The wrapping material should overshoot the length of the bar on each
side by a couple of cm.
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Summary

In summary, it is first recommended to prepare the scintillator bar and light guide surfaces
by roughening them with grit P400 silicon carbide sand paper. An example of an appropriate
sand paper is given in Section 4.2. This may degrade the mean time resolution of the bars
on the order of ∼ 5%, but is also expected to improve reliability of the glue joints and is
therefore concluded to provide a satisfactory compromise between detector performance and
reliability. The recommended bonding agent is Dymax 3094 UV light curable adhesive and
the recommended procedure is detailed in Section 7.2. The overall recommended repair
12

procedure is given in Section 7.3. If the outer surfaces of the light guides are damaged, the
recommended procedure for re-polishing is detailed in Section 7.1.
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