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Abstract. A scintillating fiber microdosimeter prototype is being designed and built by the LIP Dosimetry
group. Microdosimetry aims at measuring the dose distribution at a cellular level in order to produce radio-
biologic maps that relate radiation dose with biological effects. This paper describes the steps required in the
preparation and installation of a fiber module, the main sensitive part of the microdosimeter. The main steps
are: plastic scintillating optical fiber characterization, construction of a fiber module plane, assembly of the
fiber module in the detector. In this paper is also suggested a possible quality control procedure and to conclude
were made preliminary evaluations of an experimental X-ray radiation setup.
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1 Introduction
1.1 Introduction

Radiobiology studies the effect of ionizing radiation on
living cells, specifically how different types of radiation
affect different cells and different regions of a cell. The
Dosimetry group of LIP is developing a high-resolution
scintillating fiber microdosimeter, using juxtaposed plas-
tic scintillating optical fibers and a multi-anode PMT. Fig-
ure [[] stands out the main elements of this dosimeter.
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Figure 1: Scheme of the detector prototype.

1.2 Scintillating plastic optical fibers

The chosen fibers are the Kuraray SCSF-78. They are
cylindrical, have a polystyrene (PS) core, a polymethyl-
methacrylate (PMMA) inner cladding and a fluorinated
polymer (FP) outer cladding. The cladding has a lower
refractive index compared to the core (n.. = 1.59;
Ninner cladding = 1.49; 1 ourer cladding = 1.42). A large frac-
tion of the produced light is refracted but when the inci-
dence angle is bigger than the critical angle (72.4°), the
light is not refracted anymore but totally reflected, prop-
agating along the fiber at the speed of light (c¢/n), with
c the speed of light in vacuum and » the medium index
of refraction, as illustrated in Figure [2] The SCSF-78 re-
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Figure 2: Total internal reflection diagram in a multi-
cladding fiber [[1]].

spond to the deposition of energy by ionizing particles by
producing scintillation light, peaking at the wavelength of
450 nm [1]]. The option for plastic fibers is a result of their
equivalence to biological tissue through their composition
and density. Other characteristics like flexibility, radiation
hardness and chemical inactivity make them an adequate
material to use in the construction of radiation detectors
for medical applications.

1.3 The microdosimeter

The main sensitive region of the detector are 64 juxtaposed
scintillating plastic optical fibers with 1mm diameter held
in place with a PVC frame; a 8x8 channels photodetector
(H8500), powered by a high voltage source (HV: 800-1000
V); and the MARTA data acquisition system (DAQ) [2].
The parts are held together by a rigid structure made of
POM (polyoxymethylene, (CH,0),) and PVC (polyvinyl
chloride, (C,H3Cl),,) (detector skeleton). These materials
are arranged so that the final detector volume is light tight,
to eliminate any external sources that could interact with
the fibres (background noise). Typically, fibers in this type
of detector are covered with an opaque coating, but in this
detector fibers have no coating, in order to not compromise
tissue equivalence, cell adhesion to the fibers and compro-
mise spatial resolution.
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2 Main fiber characteristics

The optical characteristics of the fibers are measured be-
fore assembling them into the microdosimeter. These mea-
surements are made with a fibrometer at LOMaC/LIP [3].
A LED based light source is used with the adequate wave-
length. The controlled quantities are:

e Light yield
e Attenuation length
e Aluminium mirror reflectivity

The response uniformity of the fiber detector results from
the combination of these three quantities. The test sam-
ple size is of 64 fibers collected from a larger set of fibers.
It is important to note that although all output data is ab-
solute, the result analysis must be done relatively to the
reference fiber of the fibrometer, in order to minimize the
impact of any external factors such as temperature, power
network fluctuations, humidity, stabilization response, etc.
The measurements are made with aluminized and non-
aluminized fibers (a small set of fibers that had the alu-
minum mirror removed).

2.1 Light yield

The fibers’ light yield is measured set distances for pur-
pose of comparison to former and future measurements.
Ideally, at the same distance, the response must be the
same in all fibers; in reality, the measurement result is ex-
pected to show a normal distribution with a small spread
(RMS<7%). This is to ensure the homogeneity of the out-
put signal in response to a uniform radiation source.

2.2 Attenuation length

The probability of finding a particle at a distance x inside
a material is calculated by Beer-Lambert law:

P(x) = et = [, = [pe ™t (1

where L, is a parameter that is designated as an attenua-
tion length and /;. The formula tells us that after a trav-
elled length equal to the attenuation length the intensity is
dropped by 1/e. Considering this, by measuring the output
current of the fibers at various distances, it is possible to
do an exponential fit whose attenuation parameter reveals
L. The attenuation length is a limiting factor to consider
when choosing fiber length, or even the fibers to be used,
for the detector: it shouldn’t be much longer than L, to
reduce the signal attenuation before photodetection.

2.3 Aluminium mirror reflectivity

When radiation hits and deposits energy in the scintillat-
ing fibers, the scintillating photons can propagate in two
directions: to the PMT, and away from the PMT. In or-
der to capture the latter component, an aluminium mirror
is placed at the further end of the fiber, for the light rays
to be reflected. The process of coating the edge with alu-
minium is called aluminization. Fibers were aluminized

at LOMaC/LIP using a thin film technique known as mag-
netron sputtering [4]] before the internship. The effect of
the mirror can be added to the aforementioned equation
(T), by adding a second term that comprises the additional
length travelled by the scintillating photons and the reflec-
tivity of the aluminum mirror:

I, = Ioe—x/Lm + Ioe—(L—X)/Lur % R x e L/La (2)

where L is the total fiber length and R is the mirror re-
flectivity. To verify this effect, response from aluminized
and non-aluminized fibers are compared using once more
the fibrometer. It is deemed important that these measure-
ments are made with the same fibers, so that the only vari-
able is the presence of the aluminum mirror. In order to
carry out measurements with the non-aluminized fibers,
the aluminum mirrors are removed with caustic soda from
a small set of fibers (aqueous solution of sodium hydrox-
ide, NaOH).

3 Fiber module prototype assembly

The fiber module assembly requires a set of meticulous
steps in order to guarantee the correct adjustment of the
scintillating optical fibres frame in its support skeleton.
The skeleton, the internal structure of the microdosimeter,
holds the fibers frame in place and positions the connec-
tor that guides the fibers to the MAPMT channels. The
detector assembly steps are as follows:

1. Line up the fibers on the bottom frame (Figure [3]
(a)), forming an array of aligned and juxtaposed
fibers, using the assembly table.

2. Glue the top frame in order to prevent any fiber slip-
page.

3. Pass the fibers through the connectors’ pinholes fol-
lowing a specific pattern decoupling cross-talk ef-
fects occurring at fibers level from the ones occur-
ring at MAPMT level (Figure[). Using the detector
skeleton allows the correct fiber routing and length
adjustment (Figure 3] (b)).

4. Trim the excess with a hot copper wire (Figure [3]

(©)).

5. Glue the fibers to the connector’s 1 mm pinholes
(Figure 3] (d)).

6. Trim the excess to facilitate polishing (Fi gureE] (e)).

7. Polish the surface using a diamond blade designed
for the cut and polish of plastic fibers (Figure E] )
at LOMaC/LIP.

8. Mount the MAPMT on the support skeleton (Figure

5).
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