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Abstract

The production of the scintillator tiles for the ATLAS Tile Calorimeter
is presented. In addition to the manufacture and production, the prop-
erties of the tiles will be presented including light yield, uniformity and
stability.

1 Introduction

The hadronic calorimeter of ATLAS, TileCal, is a
sampling calorimeter using steel as the passive absorber and scintillating

tiles as the active medium.

Figure 1: The principle of TileCal operation.

The unique feature of
this hadron calorimeter (first
proposed in [1]) is the ori-
entation of the scintillating
tiles relative to the direction
of the particles from the in-
teraction point. In this de-
tector, as shown in Figure 1,
the tiles point radially to the
beam line.
Almost half a million

scintillating tiles of 11 dif-
ferent trapezoidal sizes were
needed to instrument all
of ATLAS’s 192 Tile Calorime-
ter modules. Their dimen-
sions vary from 200 mm to
400 mm in length and from
100 to 200 mm in width. All
are 3 mm thick. The total
weight of the tiles is about
60 tons, constituting one of
the largest amounts of scin-
tillating tiles ever produced for scientific purposes.
The optical properties of the tiles have to remain stable for many years of

operation in the harsh radiation environment of the ATLAS detector.
The tiles were produced by injection molding technique, which is very fast

and cost effective. The whole production was performed in several batches over
two and a half years. The optical and mechanical properties of the tiles were
carefully studied on calorimeter prototypes and well controlled during the mass
production. All tiles have good geometrical accuracy and consistency of optical
properties.

2 Design and specifications

Eleven sets of scintillator tiles of radial sizes from 97 mm to 187 mm form
the longitudinal segmentation of the detector. A pair of wavelength shifting
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(WLS) fibers running radially collect light from the tiles at both of their Φ
edges (Figure 2).
Read-out cells are defined by grouping together a set of fibers onto a photo-

multiplier tube (PMT) to obtain three dimensional segmentation. At η = 0 the
radial depths correspond to approximately 1.4, 4.0 and 1.8 λ. The Δη × ΔΦ
segmentation formed by the module geometry and scintillator cell structure is
0.1×0.1, where η is the pseudo-rapidity and Φ is the azimuthal angle in radians.
In the last radial layer, which is a tail catcher, the segmentation is 0.2× 0.1

Figure 2: The Main optical ele-
ments of Tile Calorimeter.

The scintillating tiles are the active
medium of the Tile Calorimeter. The cost
per tile and production rate are important
parameters in the choice of the tile mate-
rials and production technology. These is-
sues have led us to the technique of injec-
tion molding for tile production for the Tile
Calorimeter.
Having selected this technology, it was

important to determine the performance fac-
tors. Light yield, uniformity of response
within a tile and tile-to-tile uniformity are
key performance issues. A total of approx-
imately 460,000 scintillating tiles were re-
quired for the Tile Calorimeter, half in the
barrel, one quarter in each of the extended
barrel sections, and a small number in the
ITC (Intermediate Tile Calorimeter). Each
of the calorimeter sections - barrel, extended
barrel, and ITC - are equipped with tiles of
the same dimensions.

2.1 Geometry and tolerances

The generic tile geometry is shown in Figure 3.
Table 1 lists the dimensions and weights of the 11 sizes of tiles required for

the calorimeter. All tiles are 3 mm thick. Each tile has two holes, 9 mm in
diameter, through the surface for the passage of steel tubes in which a 137Cs
radioactive source is moved during the calibration runs[2]. The tolerances in all
the tile dimensions and holes are ±0.1 mm. These tolerances are required to
allow an easy insertion of the tiles into the calorimeter iron structure (Figure 1),
the insertion of the calibration tubes through the holes of the tiles and to insure
good contact with the wavelength shifting fibers in contact with the non-parallel
edges of the tiles as seen in Figure 3.
A breakdown of the number of injection molded scintillating tiles needed

for each of the calorimeter types is shown in Table 2. The total weight of the
produced tiles is 58.5 tons.

2.2 Light yield

Finite photo-statistics gives a contribution to the calorimeter resolution to be
added in quadrature to the intrinsic sampling resolution. A requirement to
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tile # A (mm) B (mm) H (mm) E (mm) weight (kg)
1 231 221.3 97 70 0.0698
2 240.8 231.3 97 70 0.0721
3 250.6 241 97 70 0.0751
4 262 249.5 127 100 0.1023
5 274.8 262.3 127 100 0.1074
6 287.5 275 127 100 0.1125
7 302.3 287.8 147 120 0.1366
8 317 302.6 147 120 0.1434
9 331.7 317.3 147 120 0.1503
10 350.4 332 187 160 0.2010
11 369 350.7 187 160 0.2120

Table 1: Tile dimensions and weights. The labeling of the dimensions is the one that
is shown in the drawing of the tile in Figure 3.

Number of
periods/module modules tiles

Barrel 305 65 19825
Ext. barrel 139 130 18070
ITC 17 130 2210
Total 40105
Total for 11 sizes
+ 5% spares 463500

Table 2: Number of injection molded tiles per size for the three cylinders of the
calorimeter.
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detect a muon signal within each longitudinal sampling translates into the re-
quirement that the photoelectron yield must be of the order of 1 photoelectron
per MIP per tile.

Figure 3: The scintillating tile
shape.

The photoelectron yield is a complex fac-
tor depending not only on the light output of
the tiles, but also on the light collection effi-
ciency, the fiber type and the PMT quantum
efficiency. In general all these issues need
to be addressed in order to have a complete
optical system capable of producing the re-
quired photo-statistics.
Furthermore, this detector is expected to

operate a minimum of 10 years. Typical age-
ing rates for a scintillator-WLS fibers sys-
tem amounts to about 1-3% loss of light per
year.1 In addition, we anticipate some (mod-
est) loss of light output in the scintillator
from radiation damage (approximately 0.5%
per year at full luminosity).
To provide a safety margin for ageing and

other effects we have decided on a minimum
light yield of 1.2 pe/mip/tile at scintillator production time. This yield was
measured with the standard setup used in ATLAS for the calorimeters and in
the test beam ([9],[10],[11],[13],[14]).

2.3 Uniformity

Non-uniformity of tile response can degrade the performance of the calorimeters.
Due to the size of hadron showers and the sharing of the energy in between the
electromagnetic and the hadronic calorimeter, this effect is not as severe in the
Tile Calorimeter as in electromagnetic calorimeters. Simulations have shown
that if a random non-uniformity in the read-out of the cells exists at the level
of 10% (rms), we can expect that the constant term will increase by about 1%.
Non-uniformity contributions arise from: non-uniformity inside a tile, tile-

to-tile fluctuations, tile-to-fiber coupling, fiber-to-fiber fluctuations, variations
of the response across the PMT photocathode, and fluctuations inside a cell
due to the fact that more than one tile is read by the same fiber. This last
effect introduces radial fluctuations of the order of 5% and cannot be improved
without substantially increasing the number of readout fibers.
To realize an overall non-uniformity of 10% rms, it is necessary to keep non-

uniformity inside a tile, tile to tile fluctuations (and fiber to fiber) fluctuations
each below 5%.

1As an example, the STIC calorimeter of the DELPHI detector, made with similar tech-
nical solutions that we intend to use (the same kind of scintillator and Y7 WLS fibers from
Kuraray) reported a signal loss of 2% per year during the first two years of operation [8].

7



3 Scintillator Production

The standard technology for the production of plastic scintillator uses styrene
polymerization between high quality glass plates. The required procedure for
glass surface preparation and the long polymerization time result in a high price
and a slow production rate for scintillators produced using this method. Sub-
sequent machining and polishing operations would also be required to produce
tiles in the shapes required for the Tile Calorimeter.
An injection molding technique for scintillator production has been devel-

oped by IHEP-Protvino [3]. This technique is well adapted for mass production
of tiles of the sizes and shapes required by the Tile Calorimeter. The production
rate is high, and for the quantity required by the Tile Calorimeter, the cost is a
small fraction of the cost of commercial scintillator. In addition, no secondary
mechanical operation is needed for the final product. Scintillator produced with
the injection molding technique has about 20% less light yield compared to cast
scintillator. However, requiring a few photoelectrons, it is possible to use this
process, but at the expense of being carefully selective in the other parts of the
optical readout system.

3.1 The Injection Molding Technique

Commercially available optically transparent granulated polystyrene (pellet size
about 3 mm) is used as the scintillation matrix base. The polystyrene is dried in
a furnace at a temperature of 60−70oC and is then mixed with finely dispersed
wavelength shifting dyes. The prepared mixture is loaded into the molding
machine hopper, where it is directed continuously by a screw into a heated
cylinder while simultaneously being mixed. At the exit of the cylinder, the
temperature reaches about 200oC. The melted polystyrene mixture is injected
into the mold under pressure of about 700 Atm. After the plastic is injected,
the mold is cooled down to 50oC, then it is opened and the tile is removed. This
whole cycle lasts less than two minutes per tile.
Scintillating dyes can be easily affected by the high temperature in the injec-

tion cylinder and may be damaged or destroyed if temperatures exceed about
190oC. On the other hand, increasing the injection temperature and pressure
improves the transparency of polystyrene and reduces the local stresses. Con-
sequently, the scintillator production temperature must be kept at the level of
170 − 1900C, and the injection parameters must be optimized for each mold.
Careful monitoring by operators is also required.
About 10000 scintillation tiles in 5 batches have been produced at IHEP

for Atlas TileCal prototypes in the framework of RD34. With the same 3 mm
thickness of the tiles, two tiles geometries have been used. At the begining
of prototype construction all the tiles had the same width of 100 mm but 18
different lengths ranging from approximately 200 to 370 mm. In 1996 the tiles’
geometry changed and became similar to the final production. For each type of
geometry a single mold had been used. To provide different tile sizes, the molds
had exchangeable details.
The prototype work indicated that injection molded scintillator could indeed

provide sufficient light yield to meet our specification for the Tile Calorimeter
[7]. With its lower cost than the alternative technologies, injection molding has
been chosen for production of the scintillating tiles for the Tile Calorimeter.
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Qualification tests have been performed on this production as is discussed
below. The light yield, uniformity and production yield of this pre-production
all have met our requirements.

3.2 Mold Design

The first issue in mold design is to achieve the tolerances in tile dimensions
and therefore a precision of 100 μm on mold edges have been required. The
reproducibility of the tile dimensions is determined primarily by the stability of
the thermal shrinkage constant between different batches of polystyrene and was
adjusted on a regular basis during the production. For each tile width, three
different lengths of tiles are required. To minimize tooling costs, adjustable
molds have been designed.
A second issue for mold design concerns the surface quality of the tile. Light

generated by an ionizing particle passing through a tile is internally reflected
between the tile surfaces as in a light-guide. The attenuation of the light depends
strongly on the surface quality. Surface roughness and non-planarity leads to
light dispersion and losses. To meet this goal we have set a precision of 20 μm
on all mold surfaces.
Additional mold design considerations include: the size, location and direc-

tion of the injection ports and the shape of the molding channel. Optimization
of these parameters have been established empirically in the RD34 program by
measuring the light output of the tiles. In addition, the mold must survive the
pressure and temperature of melted polystyrene for many cycles. Development
of such molds has been part of the production planning in 1997 and 1998.

3.3 Raw Materials

The wavelength shifting process consists of a sequence of light absorptions
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Figure 4: Tiles light yield for different types
of polystyrene. The two values for PSM-115
indicates the production reproducibility.

and emissions in the dye sys-
tem. As part of RD34 [7]
we made a careful study of
the dependence of dopant and
dopant concentration on the light
output of tiles in our geom-
etry. We have decided that
the conventional combination of
paraterphenyl (PTP) and POPOP
(1,4-bis-(2-(5-phenyloxazolyl))-benzene)
could be successfully used in injec-
tion molding.
In a binary scintillator such as

ours, the initial radiation at the
wavelengths 240-300 nm induced
by the ionizing particle is transmit-
ted through the polystyrene lat-
tice until it is absorbed by a pri-
mary fluor molecule PTP. PTP
emits light in the range 320-400
nm which is absorbed by POPOP
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which then re-emits in blue wavelength. Concentrations of the dyes are chosen
to maximize the efficiency of light absorption by the next molecule in the chain
while minimizing reabsorption by the previous type. From measurements of tile
light yield and uniformity using radioactive sources we have determined that
1.5% PTP as the primary fluor, and 0.044% POPOP as the secondary fluor are
close to optimal for our situation [14].
PTP is produced in Europe, in the Ukraine and in the USA. These products

were found to be similar in price and in performance. POPOP is also produced
by the same sources. Polystyrene is a very common industrial product and has
many suppliers. The most transparent grades of polystyrene from about ten of
these sources have been tested and the transparencies of sample plates (without
dyes) were measured to select the most promising for their use as scintillator
bases. Tiles of a standard geometry and dopant concentration were produced
and their response to a radioactive source measured. The summed signal from
fibers reading out each edge of the tile as a function of source position and for
different types of polystyrene is shown in Figure 4. The product PSM-115 gives
the best response. PSM-115 is produced in Aktau, Kazakhstan by AKPO, has
a monomer content ≤ 0.1% and water contamination ≤ 0.1% [15].
We have evaluated the batch-to-batch reproducibility for PSM-115. Al-

though all batches were certified to be practically the same, the produced tiles
differed significantly (as much as 50% difference) in the light transmission. We
believe that the polystyrene transparency is affected by small impurities or ad-
ditives (petroleum jelly for improving the melt flowing index and akrovax for
improving granule stability are added to PSM-115). PSM-115 also has traces of
tertbutyl, used for slowing the self-polymerization of styrene during storage. We
conclude that a careful specification and testing of the polystyrene are needed
to assure constant quality.

3.4 Light Yield Uniformity

The uniformity of the light output of a tile depends on the local light yield
uniformity and on the tile transparency. Local scintillation response under
X-ray stimulation was measured by doing scans along the tile. This kind of
measurement is sensitive to the homogeneity of the dopant distribution in the
tile and to the tile thickness. A very good agreement was obtained among the
different scans, showing good uniformity in terms of light yield. The results
obtained in one scan made along the bottom of the tile are presented in Figure
5 (left). The response uniformity has an rms of 2.1.
The fluctuation in tile properties depends on both the raw material prop-

erties and the stability of the molding machine operation. The analysis of the
machine parameters - temperatures in the heating zones and in the mold itself,
injection and locking pressures, the plastic flow stream, and the injection port
profile - is not straightforward. In the present production these variables are
controlled by the mold operator. However, we have designed and tested a mold
with an internal pressure sensor to improve the monitoring and to control the
stability of the injection parameters for future production runs.
During the pre-production, the tile quality was monitored using the response

to a 90Sr radioactive source. The test setup consisted of the tile coupled to a
single Kuraray Y11 fiber, which was read out using a FEU-84 photomultiplier
tube. The PMT current was measured for two source locations near and far
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Figure 5: Left: Local scintillation response under X-ray stimulation along one scin-
tillating tile. Right: Quality control for the largest tile during 1995 production. All
produced tiles were measured. The light output is proportional to the PMT current
and has a spread with σ=7.7. Tiles in the distribution tails were rejected.

from the read-out fibre [14].
Figure 5 (right) shows the response distribution for the near position for the

largest size of tile manufactured in 1995 for the last prototype module (approxi-
mately 10×36 cm2) and for which all tiles were measured during the production
process. The variation in tile quality during production is attributed to vari-
ations in the injection parameters. Only the tiles with response within about
10% of the mean value were selected for usage.
We have studied the light output uniformity of a sample of 10 tiles of each

size produced for Module 0 [13].

Figure 6: Tile light output for the eleven sizes, as a
function of the parameter Width/Area.

Figure 6 shows the mean
signal as a function of the
width/area for each of the
11 tile sizes. The linear
dependence with the ratio
width/area is seen (as ex-
pected from other studies
[12] and Monte Carlo sim-
ulation). The rms spread in
response for each set of tiles
varies from 1.5-4.1% in good
agreement with our specifi-
cations [13].

3.5 Attenuation Length

The effective attenuation length, measured in terms of light from the fiber versus
distance of the source from the end of the scintillator, depends on the material
and also on the tile geometry and surface quality. The existence of internal
stresses, flow lines and other plastic deformations seen in the injection molded
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tiles may also affect their optical quality. The effective attenuation length for
the smallest and largest tiles of the pre-production, as well for the reference
tile are indicated in Figure 7. The smallest tile of Module 0 has an effective
attenuation length of the order of 50 cm. The attenuation length of the largest
tile of the prototypes (black dots in the figure) is about 47 cm.

3.6 Radiation Hardness
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Figure 7: Attenuation length measure-
ments for the pre-production tiles. The full
dots correspond to the reference tiles, and
the open symbols correspond to the small-
est and to the largest tiles.

Plastic scintillators modify their prop-
erties and transparency under irradia-
tion. The modifications depend on the
type of scintillator, on the way it was
produced and have rather complicated
dynamic behavior due to the process
of destruction and restoration (an-
nealing) of its chemical components.
The molded scintillation tiles

based on PSM − 115 polystyrene
showed the highest level of radiation
hardness, as compared to polyvinyl-
toluene samples produced by bulk
polymerization.
In our tests the tiles were irradi-

ated uniformly in a flux of γs pro-
duced by a 137Cs source. The dose
rate was 60mGy/sec at room temper-
ature and in air. Tiles were exposed
at different doses, from 0.65 kGy to
10.4 kGy. These doses are much
larger than the ones expected in AT-
LAS (0.4 kGy in the worst place, at maximum luminosity, after 10 years).
Before and after the irradiation the light yield was measured. Scintillation

light was excited with a 90Sr source in different points on the tile surface,
collected using a WLS fiber and measured with a green extended PMT (FEU-
84-3)2. Only the scintillator was irradiated. The measurements were done
before and just at the end of the irradiation. The reproducibility was checked
with reference tiles. We estimate the accuracy to be about 1%.

2Photomultiplier tube with multialkaline photocathode and quantum efficiency of 19% in
the wavelength interval 410-490 nm.

Dose(kGy) I/I0(20min after ir.) I/I0(10h after ir.) I/I0(≥4d after ir.)
0.65 0.45 1.0 0.95
2.6 0.45 0.92 0.85
10.4 0.37 0.70 0.60

Table 3: Ratio of light output after irradiation and before irradiation for dose rate
216 Gy/h.
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Table 3 shows some of the results. The relative light yield is reduced to
about 40% just after the irradiation. It recovers with a time scale of few hours
to almost 100%. After that there is some small degradation till it stabilizes.
In the real operation at the LHC, the calorimeter will be exposed to smaller

doses, with short breaks during shutdowns. We have tried to simulate these
conditions by exposing the scintillating tiles under test to two irradiations sep-
arated by a few days. The results show no difference to the light yield between
a single irradiation and the same dose delivered in two runs.
We have also exposed the tiles to hadron irradiation from secondary parti-

cles (mostly soft hadrons) originating from the internal target of the 70 GeV
IHEP proton accelerator. The data indicate that hadrons cause larger radiation
damage then the γs for doses over 1 kGy (Figure 8). More detailed information
about the radiation hardness of molded scintillator can be found in [4].

3.7 Long Term Stability
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position in the calorimeter. In the worst
case we expect 36 kRad (the arrow).

Natural scintillator ageing and its ra-
diation hardness depends on the com-
ponents used. An important fac-
tor is the presence of unpolymerized
monomer in polystyrene. According
to general experience the monomer
concentration should not exceed 0.1%
for optical quality polystyrene. Molded
scintillator has been used for as long
as 10 years in experiments at IHEP.
No deterioration of calorimeters’ per-
formance has been seen given a sensi-
tivity of the order of a few percent.
The ATLAS detector is planned to

be operated for about 10 years. For
this reason it is necessary to evalu-
ate the deterioration of the scintilla-
tion tiles over that period of time. We
have carried out a series of artificial
ageing studies using elevated temper-
atures to accelerate the relevant chem-
ical reactions. The relation between
ageing at room temperature and at
an elevated temperature is given by
dA/dt = k(T )A, where A is the concentration of reagent, k(t) = k0e

E/RT is
the chemical reaction rate constant, and T, R and E are the temperature, gas
constant and activation energy, respectively [5].
Two samples of molded scintillating tiles wrapped with Tyvek were kept at

a temperature of 70oC for 25 days with intermittent time breaks for measure-
ments. Using the above formula with an activation energy for polystyrene of
91.19 kJ/mol [6], the quotient of the reaction rate constants at 70oC and 20oC
is equal to 235. According to our calculations mentioned above this corresponds
to the total natural ageing of up to 16 years.
The results for light yield and attenuation length degradation are shown in
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Figure 9: Ageing effects. Dependence of the light yield (left) and attenuation length
(right) on time (see text).

Figure 9. The values plotted are the ratios after/before the heating process.
The step rise of attenuation length just after the start of heating may be caused
by some annealing processes in scintillation tiles at higher temperature. Taking
the first point as a reference, a 5% degradation of the attenuation length at the
point corresponding to 10 years is observed. Unfortunately, the rate coefficient
k(T) depends exponentially on the value of activation energy. (As an example,
a 10% deviation for the activation energy corresponds to the interval from -40
to +80% of the ageing time.)
The value of the activation energy we used was measured for scintillator
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Figure 10: Central scan for tile #11 of
Module 0, without mask and with mask.
Without mask, the rms is 11, and it is re-
duced to 4.5 with the mask.

with the same fluorescent additives,
but produced by means of bulk poly-
merization. According to our cur-
rent measurements the total deterio-
ration of the scintillation tile proper-
ties caused by natural ageing should
not exceed a 10% level after 10 years
of operation.
There was a suggestion that low

temperatures may cause damage to
the scintillation tiles surface. We ex-
posed injection molded scintillators
for a few weeks during Russian win-
ter to temperatures of about -20oC.
No changes in the tile response were
observed after this exposure.
Another factor which affects the

ageing of the tiles is the surface craz-
ing. Heating the tiles may reduce
this effect. Tiles that were produced
with injection molding technique more
than 10 years ago show, at visual inspection, no surface defect.
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4 Scintillator Wrapping

Before the scintillating tiles are inserted into the Tile Calorimeter, they are
wrapped with a covering material. The wrapper protects the optically reflective
surface of the tile from contact with materials having an index of refraction
which would spoil the internal reflection of the light, provides protection from
scratches or other mechanical damage and enhances the light yield by redirecting
back some of the escaping light to the tile.
Among the variety of wrapping materials, Tyvek 1055B3 has been chosen

because of its high reflectance and toughness. The gain in light output is of the
order of 5-10%, when compared to an ordinary paper wrapping, and about 20%
when compared with unwrapped tiles.
The response across the surface of an unmasked (but wrapped) tile is shown

in Figure 10. The light response across the tile is non-uniform and exceeds
our design requirement of 5%. This non-uniformity across the tile surface also
depends on the tile size and on the relative position of the ionizing radiation.
To reduce this non-uniformity we apply a trapezoidal shaped mask on the

Tyvek wrapper by means of ink imprinting to absorb part of the light which
would otherwise be reflected back into the tile. The largest width of the mask
at each end increases from 9 mm for the first two tile sizes, 15 mm for tile
sizes 3 and 4, 20 mm for sizes 5 through 7, and 23 mm, 30 mm, 38 mm and
50 mm for tile sizes 7 through 11 respectively [16]. After such a masking the
non-uniformity across the surface is considerably reduced.
In wrapping the tiles, both for labor efficiency and to minimize potential

damage to the scintillator, it is important to keep the manual handling opera-
tions to a minimum. The Tyvek sleeves have been cut to the shape and length
of the tiles. Since the sleeve is open at each end during the mass scintillator
production the sleeve is simply pulled over the tile by hand and welded to the
tile by ultrasonic welder.

5 Scintillator Production and Handling

The actual production of the scintillating tiles was performed in four batches
from November 1998 to April 2001 in the Russian firm SIA Luch4 under the su-
pervision of IHEP physicists from Protvino. In table 4 we report the production
date, the quantity of produced tiles and the type of tiles produced.
The tiles were then shipped to CERN and from there delivered to the in-

strumentation sites (CERN, Argonne and Barcelona). The complete production
used about 75000 Kg of granulated polystyrene from two firms 5. In addition two
dopants pTP (paraterphenil)6 and POPOP7 (1,4-bis-(2-(5-phenyloxazolyl))-benzene)

3TyvekTMis made of high density polyethylene fibers. The thickness is in the range of
70-200 μm and the density is 40-44 g/m2. The opacity is 97% and the measured reflectivity
is about 95%.

4SIA Luch is the enterprise of Russian Federal Agency for Atomic Energy. Located in
Podolsk near Moscow.

5PSM-115 by AKPO, Kazakhstan and BASF-165H
6ZAO ELIDATOM, 121471 Moscow, Russia (about 100Kg) and Sigma, CA1152345, USA

(about 900 Kg).
7PACKARD BIOSCIENCE B.V. NL-7903, Groningen, Nl
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Production date Quantity tile type Polystyrene
November 1998-May 1999 110K 1-11 PSM-115
August 1999-Nov 1999 90K 1-3 PSM-115
Genuary 2000-June 2000 93K 4-11 PSM-115 and BASF-165H

sizes 4-6 sizes 7-11
August 2000-April 2001 160K 1-11 BASF-165H

Table 4: Production of scintillating tiles in Podolsk.

have been used for wavelength shifting in proportion of 1.5% (1000 Kg) and
0.044% (30 Kg) respectively.
The molding machine used for the tile production (Figure 11) is a standard

commercial one8. This part of the production is part of the project ISTC
515. The production was strictly followed by a strict quality control aiming to
maintain constant the quality of the Tiles in terms of dimensions, light yield
and attenuation length.
The sequence of operations was the following:

• Mixing of the polystyrene and the dopants. Once precisely weighted,the
components are placed in a dedicated tool, qualified each month. Mixing
lasts one hour.

• Drying. Just before the molding the mixture is placed in a furnace at a
temperature 50-60oC for 1-2 hours.

• Injection molding. Preparation: 1.5 hour machine warming-up, checking
of all injection regime parameters, rejection of first 10 produced tiles.
Production: removing of injection film, visual inspection for absence of
cracks, scratches, air bubbles. In case of problems, the production is
stopped and an expert is called for machine re-tuning.

8Krauss-Maffei KM250-1210A (Germany) with clamping force of 250 Tons

Figure 11: The mold machine (left) and a just molded tile (right).
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• Wrapping. Tiles are wrapped with Tyvek sleeves. Sleeves are pre-produced9

and delivered by ATLAS to the production plant. Sleeves are fixed to tiles
by means of ultrasonic welding.

• Packing. Tiles are packed together into a transparent plastic bag with size
and package number on it.
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Figure 12: The plots refer to the measured differences between the lengths of two
sides (upper plots) and the thickness of scintillator in two critical positions (lower
plots) for the tiles being produced and the reference tile.

5.1 Geometrical Measurements

Geometrical dimensions of the tiles are measured not earlier than the day after
the molding, to avoid the thermal shrinkage of the warm tiles. The tolerances
are ±0.1 mm and the tile to tile variation in thickness should be less than
±0.05 mm. If the results are out of the tolerances, the injection molding is
stopped and the molding machine is re-tuned.
During a mass production every 40th tile was controlled by a go-no-go gauge.

Once per shift (or for every 500th tile) the precise measurements of tile length,
tile height and tile thickness were performed. Figure 12 shows typical results

9Tyvek sleeves were produced by MSU and the ultrasonic welding was done by Sonobond
Ultrasonics in West Chester, PA, USA.
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for tile size #5 of batch 4. The plots refer to the measured differences between
the lengths of two sides and the thickness of scintillator in two critical positions
for the tiles being produced and the reference tile. Units are μm.
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Figure 13: Results of optical quality control for tile size # 10 of batch 4-2.

5.2 Optical Measurements

Optical measurements are done twice for the same scintillation tile - a few min-
utes and one day after the molding process. The first ones are to assure a prompt
control of the molding process. The latter ones are the final measurements (the
light yield of just produced tiles drops by 10% within a day, and then stabilizes).
Tiles are placed in a light tight black box were it is coupled via a WLS fiber

to a PMT. A 90Sr beta-source is placed on the tile near the WLS fiber and PMT
current measured (I0), then is moved to the side away the WLS fiber and the
current measured (I1). The quantities recorded are the current I0 and the ratio
R = I0/I1. The first quantity is an indicator of the light yield of the tile and
the second of its transparency.
During a mass production the optical properties of every 20th tile were mea-

sured. Figure 13 gives the production history of tile size #10 in batch 4-2.
The light yield of production scintillator has to be better than for Module 0

and its fluctuations should not exceed 8%. The acceptance corridor for trans-
parency depends on tile geometry and has to be within 10% of R for given tile
size calculated on the basis of Module 0 results and a tile optical model. In
addition, to minimize the dispersion of optical properties within each module,
during the instrumentation process tiles were sorted to have similar light yields
within same cells. The summary for the whole production is shown in Figure 14.
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Figure 14: Left: Summary of the mean light yield of produced tiles in each production
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5.3 Replacement of Base Material

For production of almost half a million scintillation tiles for TileCal it was
necessary to have 75 t of polystyrene, 1 t of PTP and 32 kg of POPOP. In
framework of the RD34 program polystyrene PSM-115 was chosen as a base
material. The BASF polystyrenes (158K, 165H, 143E) were chosen as a back-
up solution. The mass production started at the end of 1998 and lasted 2.5
years. 28 t of PSM-115 (the first lot) was provided to start the production. The
second lot of PSM-115 appeared to be of bad optical quality. All attempts to
find lots with acceptable optical quality failed. After an additional investigation
there was taken a decision to change the base material to BASF-165H. A set
of tiles made from this material was tested on geometrical tolerance, optical
quality, radiation hardness and long term stability.
The geometrical dimensions of BASF-165H tiles were within tolerance even

at the standard mode of operation tuned for PSM-115 (Figure 12). The optical
properties of BASF-165H tiles were about 10% better than of PSM-115 (Fig-
ure 14; PSM-115 - first batch, tile sizes #1-3 from second batch, tile sizes #4-6
from third batch; all other tiles were produced from BASF-165H). The artificial
ageing tests showed the same level of optical properties deterioration.
The radiation hardness of BASF-165H tiles was measured in comparison

with PSM-115 ones. Several tiles of each material were exposed in intensive
(450 rad/min) γ-flux of 60Co source with overall doses 40 and 200 krad. The
results for 40 krad are summarized in Figure 15. One can see that few hours
after irradiation the light yield and attenuation length of BASF-165H tiles are
much worse but their recovery is faster. In a few days after irradiation the light
yield of BASF-165H tiles is compatible with and the transparency is even better
than for PSM-115.

6 Conclusion

The injection molding technique has been extended to production of good opti-
cal quality large scintillation tiles. Several prototypes have been equipped with
molded scintillator. The properties of tiles have been scrutinized during the
R&D and found to be satisfactory to our requirements. About 460000 scin-
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Figure 15: Recovery of 4 samples of tile size #6 after γ-irradiation.

tillation tiles have been produced to instrument all the calorimeter modules.
The mass production has been finished well in advance of time schedule. Atlas
collaboration has rewarded the SIA Luch for the scintillator production.
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