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Phoswich type detector systems

Measuring di�erent classes of radiation separately or simul-

taneously and can discriminate from high ambient backgro-

und radiation.

Must have di�erent pulse shape characteristics such as rise

time and decay times. That gives a great opportunity to

distinguish incident radiation, which can be a mixture of

charged particles (alpha, beta) and neutrons or gamma rays.

It also allows for the separation and identi�cation of which

events occurred in which scintillator such as the PARIS ca-

lorimeter.
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Nuclear site and environmental monitoring

The environmental monitoring of radionuclide following acci-

dents in nuclear power plants (NPP)-(Fukushima in Japan).

Monitoring regularly and carefully system inside the NPP.

Nuclear waste contains �ssion products and trans-actinide

materials.

The environment around the NPP to ensure compliance with

the basic safety standards. There are two methods to moni-

tor the territory; global (outside the zone) and close moni-

toring.

The radiological monitoring have two methods; automatic

measuring networks and taking a periodic sample to analyse.
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Monitoring tritium level in groundwater helps to detect the

leaks of underground piping.

The other important disposable radioisotope produced du-

ring nuclear �ssion is Strontium-90 (accidents, leaking from

waste or weapon testing).

Traditional methods (liquid-liquid extraction and chroma-

tography) are processed with hazardous chemicals before the

measurement of the activity. In NPP Sr-90 detection must

be quickly and easily in order to repeat the procedure many

times.
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Large volume of secondary waste and using very hazardous

concentration. In the nuclear-decommissioning industry, tho-

usands of samples need to be prepared every year. Needs a

new approach to reduce secondary waste production, more

rapid, safe as well as cost-e�ective.

A novel detection method is Gallium-arsenide (GaAs) pho-

todiode to detect Strontium. Solid-state detectors, not be

applicable to detect low energy of the beta particles emitted

by tritium. It is also too expensive and radiation damage

results in noise in the detector and negatively a�ect the co-

unting statistics.

The existing novel detectors are expensive, poor for the de-

tection of a low energy beta, and negatively a�ected by the

radiation. Therefore, it is necessary to develop a new detec-

tor with potential for in situ, cost-e�ective, real-time moni-

toring in groundwater and more mobile detector which have

not been well developed.
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Radio-guided surgery (RGS), medical and molecular imaging

Imaging technologies allow to localize the surgeon in the tu-

mour and give information about its size, shape, and stages.

pre-operative imaging tools and intra-operative imagine tech-

nique are getting more important to provide real-time infor-

mation of the picture of tumour boundaries.

radio-guided surgery is a promising �eld for accurate, sensi-

tive tumour detection, and the most available system. Beta

particles inside the tissues have a short range. It requires

development of extremely compact devices that can be di-

rectly introduced inside the surgical cavity in contact with

the surveyed tissues.

Silicon photomultipliers (SiPMs) have gained a favourable

position relative to photomultiplier tubes (PMTs) being com-

pact, low voltage, low power and immune to magnetic �elds.
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In nuclear medicine, an alpha-beta-gamma detector has the

potential to become a miniaturized beta-gamma imaging

probe and modi�ed to use in robotic surgery. Italian research

group concluded that the robotic surgery performance and

time consumption is better than man-hand operation.

This simulation research can also modify into the development

and evaluation of intra-operative miniaturized imaging probes ba-

sed on two or three layers' scintillators coupled to compact SiPMs

as a real-time alpha-beta-gamma monitoring system.
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Modelling Geant4 based GATE simulation

Modelling Geant4 based GATE simulation to determine which

materials and what thicknesses are the most suitable depending

on the radiation type.

1 Yamamato and Ishibashi developed simultaneously monito-

ring alpha-beta-gamma ray detector system following a nuc-

lear accident or for applications in molecular imaging.
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2 To benchmark the simulation, we reproduced the perfor-

mance of the Yamamoto et al. detector using the same de-

tector shape and dimension illuminated by the same radi-

oactive sources as shown the detector geometry in Figure

1.
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The �rst layer (blue) de�ned as

Layer 1 is a scintillation mate-

rial with 50 x 50 x 0.05 mm3 di-

mension. The blue points repre-

sent the alpha source (Am-241)

with 15 mm diameter and two

kBq activity located in front of

the detector. The second layer

(green) was scintillation mate-

rial with 50 x 50 x 3.2 mm3 di-

mension.
Green spherical point showed for beta particle source (Sr, Y-90)

with 2 mm diameter and 100 Bq activity positioned at 1 cm

from the detector surface. The last layer (magenta) determined

inorganic scintillation with 1.75 mm thickness. Magenta points

also represented the gamma source (Cs-137) with 1 mm diameter

and 370 kBq activity located at 4 cm away from the detector

surface.
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Optimum thicknesses and materials result

1 If the �rst layer thickness is increased in the simulation, beta

particle absorption went up inside layer 1. Similar behaviour

was also observed for the second and third layers. Increasing

the second layer thickness seriously a�ects the gamma-rays

count inside the layer 2. In addition, layer 3 is also a�ected

by annihilation photons (511 keV) occurring after positrons

annihilate with electrons. The detection of the gamma-ray

inside the third layer could spoil by the annihilation pho-

tons. For this reason, the simulation work completed with

annihilation photons to optimize the thickness of each layer.
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2 The optimum thickness of the �rst layer material found to

be 0.05 mm and that thickness is enough to absorb almost

all alpha particles. The Layer 1 material is ZnS(Ag) powder

with medium decay time (200 ns). The second layer, EJ212

or BC-498 plastic scintillator, is 3.2 mm thick with the fast

decay time (2.4 ns). The last layer to detect gamma-rays

could be various inorganic scintillation materials; LYSO, CsI,

LaBr3, CeBr3, SrI, GAGG, NaI(Tl), BGO and GSO etc. Some

of them are highly hygroscopic materials.

3 In the application, these three di�erent layers have di�erent

signal shape characters (di�erent decay time) that will allow

applying the pulse shape analysis, resulting in the separation

and identi�cation of which events occurred in which layers.

Alpha, beta and gamma-rays have di�erent range inside the

medium, so these range di�erences help to show the �rst

layer detects alpha, the second layer detects beta and the

last layer detects gamma-rays.
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Comparing our results with the literature
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The thickness of the �rst layer material (ZnS(Ag)) was 0.05

mm; that thickness was enough to absorb 99.87% of the

alpha particles.

The second layer, EJ212 or BC-498 plastic scintillator, was

3.2 mm thick and found to have 90.02% e�ciency for beta

particles.

To detect gamma-rays, a 0.75 mm thick BGO scintillation

material was found to be the best option with its 78.61%

gamma-rays e�ciency value.

The detected counts for gamma-rays in the second layer

calculated at 19.74 %. No way to remove these counts inside

the second layer because of the higher Compton scattering

probability of the high energy gamma rays. However, it is

highly possible to apply a correction for the gamma detection

e�ciency of the second and third layers
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Conclusion

No commercially available detector system can measure alpha,

beta and gamma-rays at the same time separately with bet-

ter e�ciency and performance.

Our result is comparable and better than that obtained with

a similar detector system in Japan. In the application, each

layer will be optically coupled, then the other side of the last

layer will couple with the photosensor (PMTs or SiPMs).

For medical imaging, position-sensitive SiPMs or PMTs must

be used to de�ne the position of the events. Proper collima-

tors could be employed to obtain a meaningful image from

the three layers detector system.
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The operating principle of this detector will be simple, easily

portable and easy to use comprising a combination of novel

materials with a state-of-the-art electronic system. It can

be used for medical or molecular imaging during surgery or

other applications in medicine as a beta-gamma probe.

The newly designed detector system can also be in direct

contact with liquid or water to monitor the radiation inside

or around of the nuclear power plant. We have already suc-

ceeded to measure directly beta particles emitted by Ga-68

and F-18, used as a PET radiotracer in Hull PET research

centre.

This type of detection system is highly suitable to be app-

lied to nuclear-decommissioning applications such as in situ

alpha-beta-gamma detection, which will be mobile, and be-

coming for real-time monitoring in groundwater as shown a

possible detector design in Figure 3.
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