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Radiation Protection and Dosimetry
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Radiation Protection and Dosimetry

Absorbed dose
de ]

Energy deposited in a kilogram of a substance by the radiation. D = = [Gy = E]

Equivalent dose

Absorbed dose weighted for harmful effects of different H=D+*Q*N [Sv]
radiations (radiation weighting factor Q).

Effective dose

Equivalent dose weighted for susceptibility to harm different H; = < W,H,
tissues (tissue weighting factor Wi).



Scintillation detectors

Scintillation material — produce scintillation of light when Inorganic scintillators:
lonizing radiation passes through them.

There are two commonly used types of BGO — Bismuth Germanate (Bi,Ge;0,,)
scintillators, inorganic crystals and organic scintillators. « HighZ
« High density
o » Good photopeak to Compton ratio
reation Photocathode Focusing tupe oy - Applications: PET, HEP, NP, space and
/ medical physics
» Highly effective y-ray absorber
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Basic properties of scintillating crystals

Na(TI)

A

BGO

Scintillator Light output Decay (ns) Wavelength Density (g/ Hygroscopic
(nm) max cm2)

Na(TI) 100 250 415 3.67 yes

Csl 5 16 315 4.51 slightly
BGO 20 300 480 A3 no

BaF2(f/s) 3/16 0.7/630 220/310 4.88 slightly
CaF2 50 940 435 3.18 no
CdwO4 40 14000 475 7.9 no
LaBr3(Ce) 165 16 380 5.29 yes
LYSO 75 41 420 71 no
YAG(Ce) 15 70 550 457 no

A



Experimental set-up
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Figure 4. Laboratory and experimental set-up
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Figure 5. Experimental set-up used to determine the attenuation coefficient
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Task 1.1. The relation between the resolution and the
applied voltage for BGO detector
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Figure 6. The relation between the resolution and the
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Task 1.2. Energy calibration for BGO
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Figure 7. Cs-137 and Co-60 spectrum from
measurements with BGO detector at 2000V
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Equation of calibration:

y = 0,03553 + 9,74465 * x

where  y=PMT signal A.U.
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Figure 8. Energy calibration function



Task 2.1. The relation between the resolution and the

applied voltage for Nal detector
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Figure 9. The relation between the resolution and the applied
voltage for Nal scintillation detector



Task 2.2. Energy calibration for Nal

Equation of calibration:
y = 1,30501 + 9,66072 * x
where  y=PMT signal A.U.
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Task 2.3. ldentification of unknown sources

The energy of each peak was determined
using the linear energy calibration curve. -
Equation calibration curve for BGO detector:
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Figure 13. Spectre of unknown radioactive source

Peak 1 — Ba-140 or Mg-28 26,07 keV
Peak 2 — 1-125 or Te-125m 35,49 keV

cneray (eV) " Peak 3 — Pb-210 or Rh-124m 45,34 keV

Figure 12. Energy calibration function

Peak 4 — Te-127m or Am-241 56,14 keV

Peak 5 — Sm-153 or Sm-155 102,43 keVV




Task 2.3. ldentification of unknown sources

» Equation calibration curve for Nal detector:
y = 1,30501 + 9,66072 * x
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Task 3. Attenuation of y radiation as a function of
thickness and atomic number Z

« Attenuation coefficient describes the fraction of beam that is absorbed or scattered per unit
thickness of the absorber.
I — Ioe_ux
where L is the attenuation coefficient.

« The mass attenuation coefficient of a material is the attenuation coefficient normalized by the
density of the material.

o = =
™ p



Task 3. Attenuation of y radiation as a function of
thickness and atomic number Z
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Task 4. The range of a-particles in the air

* \We used a plastic detector to determine the
range of alpha particles in air.

« The source we used in this case was 23°Pu
with the energy of alpha particles being 5
MeV.

« The applied voltage was 2000V.
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Figure 18. The range of a-particles in air



Pixel Detectors

Characteristics of pixel detectors:
« Advanced detectors, like a digital camera.

* They consist out of 3 parts:
« Sensor (Si)
« Electronic chip

« USB
» The size of the sensor is 1.5x1.5cm and it has 256 x 256 pixels. sensor chip (e, slicon)

» The pixel size is 55um x 55um. oo 4 s
» These detectors have high resolution and are used for registration of ::;:':,,';.....\_;-f b, )

different types of radiation.
« Such as X-ray, gamma, electron, neutron and charged particles.

Detector and electronics readout are optimized separately

Figure 19. Example of a hybrid pixel
detector with its components



Conclusion

* In the case of the BGO detector, the value of resolution increases as we increase the applied
voltage.

* But, in general, BGO detectors do not posses good resolution.
« \We came to the same conclusion with the Nal detector. By increasing the applied voltage we
Increased the resolution as well.
« Comparing the two detectors previously mentioned, we can conclude that the Nal detector has
better resolution.

« Through the process of the energy calibration of a detector we can determine the energy of an
unknown source.

 According to the results we have obtained we can conclude that the attenuation coefficient
Increases with increasing atomic number and increasing physical density of the absorbing material.
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