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FUTURE WORK / REFERENCES

METHOD

• The aim of this study was to examine the effective luminescence efficiency
(ELE) and the spectral matching of a 10×10×10 mm3 Cerium Fluoride (CeF3)
single crystal scintillator with various optical sensors [1].

• While numerous investigations have shown that CeF3 crystals have non-
proportional response to gamma rays, they have been already successfully
used in high-rate calorimetry, including Large Hadron Collider's High-
Luminosity phase experiments.

• However, the scintillation response of CeF3 has not been systematically
examined in the energy range covering medical imaging applications.

Measurements were performed with a CPI Inc. CMP 200 DR, X-ray generator and
X-ray tube IAE SpA model RTM90HS, in the range 60–150 kVp and 63 mAs.
20 mm Al was added in addition to the inner filter of the X-ray tube, to simulate
attenuation from a human chest.
The ratio of the light energy flux emitted by the examined sample, normalized
by the X-ray exposure rate can be expressed as the absolute luminescence
efficiency [1]:

(1)
In equation (1) ሶ𝛹𝜆 is the light energy flux (output signal) in units of μW m-2. ሶ𝑋 is
the exposure rate (mR s-1). ielec is the current produced by the electrometer in pA
and S denotes the surface of the crystal, excited by X-rays (mm2). The peak
sensitivity of the photocathode (ηp) is expressed in units of pA/W. αs is the
spectral matching between the light source (in this case crystal) to the spectral
response of the optical sensor (in this case the photocathode). Finally, the
geometric light collection efficiency (cg) has a value of 15.6. The units of the
luminescence efficiency is EU=(μW m-2)/(mR s-1).
If the AE is reduced by the spectral matching factor (αs) (denoting the percent of
the light produced by the scintillator which is within the same wavelength range
with the optical response of a light sensor), then the effective luminescence
efficiency (ELE) is derived [1].

(2)
The ELE was calculated for various optical detectors, often used in medical
applications, while the spectrum of CeF3 was obtained from manufacturer data
[2].

Figures 2 and 3 show calculated ELE values with X-ray tube voltage.
Figure 2 shows grouped spectral responses of photocathodes (Figure 2a) and
silicon photomultipliers (Figure 2b), whereas Figure 3 shows grouped spectral
responses of CCDs (Figure 3a) and CMOS (Figure 3b).
ELE is maximized for multialkali photocathodes and flat panel position sensitive
photomultipliers, since in these cases most of the emitted light from CeF3

scintillator can be adequately collected by the detectors.
The combination of the multialkali photocathode with CeF3 results in effective
efficiency values reduced by a 2.58% compared to the absolute efficiency values
at 140 kVp. In the case of the combination of CeF3 with the gallium arsenide
photocathode, the corresponding absolute efficiency reduction is 24.26% at 140
kVp.
Typical ELE values for single crystal scintillators, already integrated in medical
imaging systems range from: 3 EE for BGO (used for example in the GE
Discovery IQ scanner, GE Healthcare, Milwaukee, Wisconsin, US) [3], 5 EE for
GSO:Ce (Philips Gemini GXL PET/CT, Philips Medical Systems, Eindhoven,
Netherlands) [4], 8 for LYSO:Ce (Philips Gemini TF PET/CT, Philips Medical
Systems, Eindhoven, Netherlands) [5] to 12 for LSO:Ce (Siemens Biograph
TruePoint PET/CT, Siemens Healthineers, Forchheim, Germany) [6,7].

At the examined energy range the resulted values are considered low compared
to typical materials used as X-radiation to light converters, thus it could not be
used in radiological applications covering this energy range. It is possibly worth
studying CeF3 crystal at higher energies, considering that the luminescence
efficiency did not reach the maximum value at 150kVp (maximum energy of the
medical X-ray tube).
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Figure 2. ELE of CeF3 with photocathodes (a) and silicon PMTs (b).

Figure 3. ELE of CeF3 with CCDs (a) and CMOS (b).
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