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The ORIGIN project (Optical Fibre Dose Imaging for Adaptive 
Brachytherapy) aims at developing instruments and methods for 
real-time dosimetry and source localization during brachytherapy (BT) 
treatments.

Gadox (LDR-BT)
YVO (HDR-BT)

Material grain Density Atomic Emission 
size [μm] ρ [g/cm3] number peak λ [nm]

~ 4 7.5 60.13 545
~ 7 5.2 32.10 619

𝜆 allow to filter 
Cherenkov light and 

reduce the stem effect

Absorption

A[dB] = - 10 log10 T
6.5 dB/mm 
𝜖 = 0.67 mm

14.1 dB/mm
𝜖 = 0.31 mm

Optical fiber-based dosimeters

Absorption length

𝜖 =
10 𝑙𝑜𝑔!"𝑒
𝐴 [𝑑𝐵/𝑚𝑚]

Transmittance 
measurement:

significant
self-absorption of 

the scintillation light

~ 11% 

~ 4% 

Gadox YVO

30 mm

5 mm

Accurate source placement, through 
in-vivo dosimetry, is crucial to 
guarantee the dose prescribed to 
the target area, while ensuring 
minimum exposure to the 
surrounding organs at risk.

The ORIGIN system will be integrated 
into existing clinical BT treatment 
planning, and it will consist in an
array of optical fiber dosimeters, 
made of inorganic scintillating 
materials, readout by Silicon 
Photomultipliers (SiPMs).

Scintillation properties measurement
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1. Digitize the waveforms over 1.2 ms with central trigger

2. Look at the unbalance in the single photon counts 
before (left-hand side LHS) and after (right-hand side 
RHS)  the trigger

3. Reject pile-up events

4. Compute the average number of counts in increasing 
time windows with 10 μs granularity
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Fig. 8: Illustration of the applied method to obtain the average
number of pulses in time windows growing with a 10 µs
granularity up to 600 µs, both to the LHS and the RHS of
the trigger.

on time, with a slope determined by the DC, while scintillation
is defining an exponential increase. The cumulative distribu-
tion can be fitted by:

Ntot(t) = N0 · [1� e�t/⌧ ] (4)

where N0 and ⌧ are the quantities of interest. The effective
LY (LYeff ) was calculated by the parameter N0 obtained by
the fit of the cumulative distribution of the detected number
of p.e. against time, taking into account that the filtered
dataset contains occurrences with and without scintillation.
The N0 has to be properly weighted by the contributions of
the two populations extracted with the Gaussian and Moyal fit.
Exemplary illustration of the fitted cumulative distributions for
the Gadox and YVO are shown in Fig. 9.

(a) (b)

Fig. 9: Fit of the cumulative distributions for the Gadox (a)
and YVO (b).

Measurements have been performed on 3 samples for each
scintillating mixture, to take into account both the sample-to-
sample variations and systematic error due to specimen and
source positioning. The final results are:

Gadox mixture YVO mixture

⌧ = (449 ± 3 ± 3) µs ⌧ = (496 ± 9 ± 3) µs
LYeff = (1308 ± 93 ± 21) p.e. LYeff = (333 ± 1 ± 7) p.e.

III. NUMERICAL SIMULATION

The estimated ⌧ values have a general validity while to turn
the LYeff into generated photons per unit deposited energy,

two numerical simulations have been performed, accounting
for the interaction of radiation with matter and energy depo-
sition (Geant4), photon generation, and propagation (ZEMAX
OpticStudio ®).

A. Energy deposition

The geometry of the set-up in use for the experimental
characterization has been implemented in Geant4 as shown in
Fig. 10. Composite materials have been described as a single

Fig. 10: Set-up geometry as implemented in Geant4. The
scintillating material is light blue, the SiPM is green, the
radioactive source is yellow.

homogeneous material with densities defined as the weighted
average of the chemical composition, leading to values of
4.992 g/cm3 for Gadox and 3.6364 g/cm3 for YVO. Essential
input to the optical simulation of the photon propagation is
the spectrum of the deposited energy (Edep) in the scintillator,
shown in Fig. 11 and obtained from the GEANT4 simulation.
The distributions take into account the experimental condi-
tions, namely the request to trigger the event relying on the
pulse resulting by direct ionisation in the SiPM. The mean val-
ues of the Edep is 0.447 MeV (Edep > 0.27 MeV: 0.496 MeV)
for the Gadox mixture and 0.342 MeV (Edep > 0.2 MeV:
0.363 MeV) for the YVO mixture.

(a) (b)

Fig. 11: The 90Sr Edep distributions for Gadox (a) and YVO (b)
mixtures. The average values correspond to 0.447 MeV and
0.342 MeV respectively.

The Edep distributions in Fig. 11 show a tail on the low
energy range which has been associated to the electrons that
have few interactions in the top part of scintillation material
and then exit from the lateral surface instead of the bottom.
Exemplary distribution of the e� traces projection on the plane
at half depth of the specimen (250µm) is shown in Fig. 12.
Referring to the Gadox mixture, the generated events that
have Edep < 0.27 MeV (Fig. 12a) generally exit from the lateral
surface of the specimen while events with Edep � 0.27 MeV
(Fig. 12b) cross the entire depth of the specimen and exit
from the bottom face. Besides, the Edep was studied along the
particle path inside the sample.Fig. 13, shows that the Edep is
constant along the full thickness of the scintillator sample.
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The Edep distributions in Fig. 11 show a tail on the low
energy range which has been associated to the electrons that
have few interactions in the top part of scintillation material
and then exit from the lateral surface instead of the bottom.
Exemplary distribution of the e� traces projection on the plane
at half depth of the specimen (250µm) is shown in Fig. 12.
Referring to the Gadox mixture, the generated events that
have Edep < 0.27 MeV (Fig. 12a) generally exit from the lateral
surface of the specimen while events with Edep � 0.27 MeV
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τ values have a general validity while the obtained LYeff values are specific 
to the set-up under investigation and the specimen characteristics

Left-hand side (LHS) Right-hand side (RHS)

Trigger: direct 𝜷-interaction

• Light emitted by an interacting particle generates trails of single photoelectrons

• Event detection by the direct ionization in the silicon substrate of the SiPM: high and 
prompt signal used as trigger
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Light propagation with ZEMAX OpticStudio®Energy deposition with GEANT4

E depGadox = 0.447 MeV E dep YVO = 0.342 MeV 

Ray tracing method relies on 
approximate solutions of 
Maxwell’s equations
(optical object dimensions >> λ )

• System geometry implementation
• Optical properties of the materials:
• Optical loss
• Refractive indices

• Light source was extracted by the deposited energy 
and ionization trails simulated in Geant4
• Direction cosines (isotropy)

Photo Detection Efficiency (PDE) of the SiPM 
at the λ emission peak of the materials 

Deposited energy 
mean value

Light collection 
efficiency

Measured LY
LY as photons per unit 

deposited energy

LY Gadox

LY YVO

Characterization performed on specimens containing Gadox and YVO 
powders dispersed in NOA61 epoxy glue (UV-curing optical adhesive)
• Powder to glue mass-ratio: 60/40
• Mixtures deposited in the central hole of a PMMA disks of  3 

thicknesses: 5, 3,1 and 0.5 mm

Gadox YVO This study has allowed to qualify and optimize the manufacturing process of the fiber-tip dosimeter

The method to evaluate the LY and the 𝛕 of scintillators can be applied to a large class of materials

Light collection efficiency:
𝜼 Gadox = 12.75 % 𝜼 YVO = 8.76 %

Scintillators in fine-grain powder form dispersed in a 
host material for the integration in the hemispherical 
0.5 mm-core fiber tip.

Dosimeter

Fiber Protective jacket

Unknown material properties after the manufacturing

γ-ray spectroscopy technique cannot be applied to extract light yield

Novel measurement technique making use of the 
single-photon counting capability of the SiPM

6. Re-scale the LY 
information 
separating and 
estimating the 
percentage of events 
with scintillation (f) 
and dark-count 
events (1-f)A
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5. Analyze the cumulative 
distribution of the unbalance 
in the RHS and LHS counts to 
extract the decay time (𝛕) and 
Light Yield (LY) information

Unbalance distribution 
fitted by a superposition 

of a Gaussian and a 
Moyal distribution 

Two step-simulation process

Particles simulated tracking the path in 10 um steps, where for 
every step the direction was smeared accounting for multiple 
scattering and the energy deposition (E dep) was randomly chosen 
according to a Landau-Vavilov distribution

Treatment plan Sources Dose rate Implantations
Low Dose Rate (LDR) 125I seeds 0.4–2 Gy/h permanent
High Dose Rate (HDR) 192Ir / 60Co seeds >12 Gy/h temporary
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