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ABSTRACT

The parameters of the 1SO-4037 wide spectrum (W-series) X-ray reference fields were
simulated using the SpekPy web-based simulation software. One of the most important physical
guantities (air Kerma rate) and other radiation quantities (X-ray fluence spectrum and its
averaged energy, the first and the second half value layers, as well as the beam homogeneity
coefficient) were also deduced. The comparison in radiation quantities between the simulated
(obtained from this work) and the 1SO-published data was performed to confirm the reliability of
SpekPy simulations (the maximum discrepancy between them was less than 4.0%). The air Kerma
rate trend as a function of the W-series X-ray reference field was investigated and presented in
this work. The values of air Kerma rates can be applied in calibrations of wide-spectrum X-ray
measuring devices.

Keywords: Air Kerma rate; SpekPy; Fluence spectrum; Physical quantity.
1. INTRODUCTION

The International Organization for Standardization (ISO) has released the 1SO-4037
series [1-3] concerning on the establishment of photon (X-ray and gamma) reference fields
for purposes of calibration of radiation measuring devices. The 1SO-4037 includes the
guidance for establishing the wide spectrum X-ray reference fields (denoted as “W-

99, ¢

series”; “series” is the nominal maximum X-ray energy).

Parameters of the 1SO-4037 W-series X-ray reference fields are considered as
consisting of radiation and physical quantities. While the radiation quantities provide
readers with a quick understanding of the qualitative radiation reference fields, the
physical quantities are the most important ones applied in calibrations of radiation
measuring devices as well as in dosimetric radiation metrology.

In this work, the following W-series (i.e., W-30, 40, 60, 80, 110, 150) X-ray reference
fields were characterized using the SpekPy web-based simulation software. The 1SO-4037
W-series X-ray reference fields were characterized in terms of radiation quantities (X-ray
fluence-spectrum - @ and its averaged energy - E; the first half value layers - HVL; the
second half value layers - HVL,, the beam homogeneity coefficient - h = HVL,/HVL,)
as well as dosimetric physical quantity (air Kerma rate -K). Moreover, the radiation
quantities were compared with those from the 1SO publication [1] and the values of K
were drawn as a function of W-series X-ray energies.

2. X-RAY SYSTEM AND SPEKPY SIMULATION SOFTWARE

The MXR-160/22 model Hopewell Design Inc. (USA) X-ray system was installed at the
Institute for Nuclear Science and Technology (Hanoi — Viet Nam) as a reference X-ray
machine applying for establishing X-ray reference fields for calibrations of radiation
measuring devices. The X-ray machine was designed with a back tilt anode-cathode axis of
5.2¢ to the emitted X-ray direction (in comparison with the vertical axis). The target of the

72 Le Ngoc Thiem, “Parameters of 1SO 4037 wide spectrum X-ray reference field.”



Research

X-ray system is tungsten with a tilt angle of 20° (in comparison with the electron incident
angle). The configuration of the X-ray machine was considered in SpekPy simulations.

In this work, the SpekPy (version 2.0.8) web-based simulation software [4] was used
to simulate W-series X-ray fluence spectra at 250 cm from the X-ray focal spot. An X-ray
spectrum, ¢; is considered as the distribution of individual X-ray fluence in a specific
energy bin width [¢, (E})] as a function of central bin energy [E},]. Since the value of ¢;
is available, the spectrum-averaged energy (E) as well as the dosimetric physical quantity
(K) are respectively deduced as Eq.(1) and Eq. (2). Where, k,_k 1s the conversion factor
from X-ray fluence to air Kerma rate (these are available in Ref. [5]). The other radiation
quantities (HVL,; HVL,, h = HVL,/HVL,) are also automatically calculated using the
SpekPy software.

Yb=19p(Ep) . Ep
Yb=19b(Ep) @)

K=)  ulEs).kyo @

In SpekPy simulations, the following parameters were set: physics model (kqp);
attenuation data (Penelope); energy bin (0.5 keV); output X-ray spectrum with
Bremsstrahlung and characteristic peaks included. As results, follows parameters were
obtained: (1) the W-series (W-30, W-40, W-60, W-80, W-110, W-150) X-ray fluence
spectra; (2) HVL,, HV L, values; (3) beam homogeneity coefficient, h; (4) the spectrum-
averaged energy; and (5) K value.

3. RESULTS AND DISCUSSION

3.1. W-series X-ray fluence spectrum
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Figure 1. I1SO 4037 W-series X-ray fluence spectra at 250 cm from the X-ray focal spot.
Data were simulated using SpekPy web-based software.

W-series X-ray fluence spectra are shown in Fig. 1, ones can figure out that there are
high magnitude characteristic X-ray peaks (of tungsten) appeared in W-80, W-110, and
W-150 spectra (while they do not appear in spectra of lower nominal maximum X-ray
energies (i.e., for beam qualities of W-30, W-40, and W-60).

3.2. Radiation quantity of W-series X-ray fluence spectrum
The values of HVL,, HVL, were tabulated in table 1, in comparison with those from
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the ISO publication [1]. Ones can recognize that, there is a good agreement between them.
That means the simulation data are believable. Then, the beam homogeneity coefficients
of beam qualities were calculated, which ranged from 0.81 to 0.88 (satisfied the
recommendation range stated in the ISO 4037-1:2019, from 0.81 to 0.97).

Table 1. Physical and radiation quantities of the ISO 4037 W-series X-ray reference
fields at 250 cm from the X-ray focal spot.

HVL HVL E .
W-series (mmCt) (mmeJ) HVLi/HVL, (keV) . I/( A
* [1] * [1] * * T 1] (nGy/mAs)
W-30 | 0.026 - 0.030 - 0.86 23 | 22.9 1.60
W-40 | 0.053 - 0.063 - 0.84 30 | 29.8 1.40
W-60 |0.180|0.181 | 0.210 | 0.215 0.84 45 | 44.8 0.77
W-80 |0.350 | 0.350 | 0.430 | 0.434 0.81 56 | 56.5 1.40
W-110 |0.920 | 0.934 | 1.100 | 1.080 0.87 79 | 79.1 0.95
W-150 | 1.800 | 1.790 | 2.000 | 2.040 0.88 100 | 104 2.30

Notation:
*: Data from this work;
HVL,, HVL,: The first and the second half value layers, respectively;
h = HVL,/HVL,: The beam homogeneity coefficient;
E: X-ray fluence-spectrum-averaged energy;
K: Air Kerma rates obtained from the SpekPy simulations.

The W-series X-ray fluence-spectrum-averaged energies were also calculated and
presented in table 1 (together with those stated in the 1SO publication [1]). Ones can also
find a good agreement between them (the biggest difference is less than 4.0%). This
difference can be acceptable since it does not make a remarkable change in the calculation
of a dosimetric quantity (e.g., air Kerma rate). That, once again, implies the reliability of
SpekPy simulation data.

3.3. Tendency of air Kerma rate of W-series X-ray fluence spectrum

Figure 2 shows the air Kerma rate tendency of the 1SO 4037 W-series X-ray reference

fields as a function of the nominal maximum X-ray energies.
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Figure 2. Air Kerma rate tendency of the ISO 4037 W-series X-ray reference fields.
Data were simulated using SpekPy web-based software.
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The standard uncertainties of simulated radiation, as well as physical quantities, were
not mentioned in SpekPy. However, some of the simulated radiation quantities were
compared with those from the ISO publication [1], the difference between them are
acceptable. That means the simulated data of K can be believable. Thus, the values of K
can be reasonably applied in calibrations of X-ray dosimetrically measuring devices.

4. CONCLUSIONS

The radiation and physical quantities of the ISO 4037 W-series X-ray reference fields
were simulated using SpekPy web-based software. The comparison between the simulated
and the 1SO published data shows good agreement with a negligible difference. The values
of air Kerma rate of W-series X-ray reference fields can be applied for calibrations of X-
ray dosimetrically measuring devices.
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TOM TAT
Théng s6 ciia truwong chuin bire xa tia X phd rong theo tiéu chuin ISO 4037

Cdc théng sé cua truong chudn birc xa tia X phé rong (chudi W) theo tiéu chudn
1SO-4037 dwoc mo phong swr dung phan mém trie tuyén SpekPy. Mt trong cdc dai
lwong vit Iy do liéu quan trong nhat (sudt Kerma trong khong khi) va cac dai heong
birc xq khdc (pho thong lwong tia X va nang lwong trung binh cua ching, bé day lam
yéu mot mira lan thir nhdt va lan thir hai, ciing véi hé s6 dong nhdt chum tia) ciing
diege xdc dinh. So sanh vé gid tri cdc dai lwong birc xa gitka két qud mé ) phong (tir
nghién ciru nay) va két qua dang tai boi tieu chudn ISO duwgc thuwe hién nham khang
dinh dé tin cdy cua cdac két qua mé phong sir dung SpekPy (su khdc nhau Ion nhdt
gitka chiing nhé hon 4.0%). Xu huéng ciia gia tri suat Kerma trong khong khi phén
b6 theo ham ciia sw bién thién ning lrong véi cdc phcfm chat chiim tia X pho réng ciing
dwgre nghién ciru va trinh bdy trong bai bdo nay. Két qud sudt Kerma trong khong khi
6 thé duwoc sir dung trong cong tdc hiéu chudn cdc thiét bi do liéu tia X phé réng.

Tir khoa: Suit Kerma trong khong khi; SpekPy; Phd thong luong; Pai luong vat 1y.
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