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The photon spectra in vacuum around four type$’8f HDR brachytherapy sources are calculated
using the Monte Carlo code EGS4 and the most recent spectral informatidtfiodecay. The
air-kerma strengths per unit activity are calculated based on the photon fluence around®arare
source and around each of four types of encapsulated sources using recent mass energy-absorption
coefficients. For the full spectrum the bare vs encapsulated difference is up to 23% due to the large
air-kerma contribution from the unfiltered low-energy photons. For the penetrating part of the
photon spectruni>11.3 keV}, the air-kerma strength per unit source activity on the transverse axis

for a bare source is 2—-15 % higher than for the encapsulated sources due to the attenuation and
absorption in the core and the encapsulating material. The contribution to the air-kerma strength
from photons scattered in the capsule and from bremsstrahlung are calculated to increase the
air-kerma strength by 2—4% and 0.2—-0.3%, respectively. Air-kerma strengths for a variety of
sources agree well with previously reported results for sources from Nucletron International, Best
Industries, Inc., and Alpha-Omega Services, Inc. In addition we present air-kerma strengths for the
present model of the HDR source from Nucletron International and the source from Varian Asso-
ciates, Inc. [S0094-24089)00211-4
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[. INTRODUCTION bremsstrahlung are calculated, and the influence of spectral
bin size on the calculated air kerma is studied. This paper is
The recommended method of specifying source strength fog much shortened version of a more extensive internal report
brachytherapy sources is in terms of air-kerma strehgth. which is available onliné!
However, currently no primary standard exists for air kerma
or exposure from high-dose ratéiDR) '%4r sources and
these sources are calibrated using an interpolation
technique’~> As part of a project to develop an ion-chamber- Il. SOURCES
based primary standard fof®dr HDR sources, detailed Four types of 2%3r sources are modelled—the seed
knowledge on the spectra outside different types'®ft  sources manufactured by Best Industries, Inc., and by Alpha-
brachytherapy sources is required. A side result of the studpmega Services, Inc., the microSelectron-HDR source
of these spectra is that the air-kerma strength per unit sourg@anufactured by Nucletron International, and the VariSource
activity can be calculated and compared. manufactured by Varian Associates, Inc. The new
EGS4 Monte Carlo calculations of the photon spectramicroSelectron-HDR source is assumed to consist of a 3.6
from different types of®4r seed sources were performed by mm long cylinder with diameter 0.65 mm of pure Ir metal
Thomasoret al®” in 1989. Preliminary Monte Carlo calcu- with the radioactivé-*3r uniformly distributed in it. Around
lations done at NRCC in Oct. 1992 to verify the spectra, andhis core is a capsule with outer diameter of 0.9 mm made of
in particular to study the generation of photons with energyAlS| 316L steel, and connected to a 2.0 mm lofig the
below 10 keV, did not confirm the contribution from the mode) steel cable with diameter 0.7 mm. The old type of the
low-energy photons, which were present in the spectra cakicroSelectron-HDR source is also modelled for comparison
culated by Thomasoet al. Since these could play an impor- of the calculated air-kerma strength per unit source activity
tant role in a primary standard, further studies are requirecto the value reported by Bumannet al® This source, with a
In 1994, Biermannet al? reported the air-kerma rate con- design nearly identical to the source used by the GammaMed
stants for the old microSelectron-HDR source and a bard2i afterloader, has a 3.5 mm long and 0.6 mm diameter core
192r source. For both the old and the new microSelectrorof pure Ir encapsulated in stainless sfet.
source, the VariSource, and two types of seed sources, simi- The **4r core of the VariSource is 10.0 mm long with a
lar Monte Carlo calculations are performed with the latestdiameter of 0.34 mniprivate communication with Stavros
spectral data for th€4r nuclide published by Duchemin and Prionas, Varian Associates, IncThe encapsulation is Niti-
Coursof and values of the mass energy-absorption coeffinol (55.8% wt Ni and 44.2% wt Tiwith a density of 6.42
cients in air from Hubbell and Seltz&.Furthermore, the gcm 3. The diameter of the encapsulation is 0.6 mm and one
contributions to the air-kerma strength from photons scatend is covered by 0.1 mm Nitinol and the other end is at-
tered in the core and the encapsulating material and frortached to a 2.5 m long Nitinol wire. In the model the 2.5 m
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Nitinol wire is reduced to 1.9 cm, since scatter from the total -
wire is insignificant.

The seed source from Best Industries, Inc., is 3.0 mm
long, the core consisting of 30% Ir/70% Pt is 0.1 mm in
diameter, and the cladding is 0.2 mm thick consisting of
stainless steél.The seed source from Alpha-Omega Ser-
vices, Inc., is also 3.0 mm long, the core consisting of 10%
Ir/90% Pt is 0.3 mm in diameter, and the cladding is 0.1 mm
thick consisting of 99.9% Pt.The total outer diameter of
both types of seed sources is 0.5 mm. All types of stainless 2 I R YRS
steel in the sources are approximated by the composition of energy/MeV
AISI 304 steef?
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Fic. 1. Fluence spectrum for the new type of the microSelectron source. For
fluence spectra for the other source types see Ref. 11 which also contains the

[ll. CALCULATIONS data in digital format.

The photon fluence around the sources is calculated using
the NRCC user-code FLURZ which uses the EGS4 Monte
Carlo Systen‘]-_3 Each source is modelled as a Cy|indrica| CoreWhEl’Ed is the distance to the Cylindrical axis of the source.
region with the particles being emitted from homogeneously Choosing the proper bin size in the Monte Carlo calcula-
distributed pointsusing the uniform isotropically radiating tions is important, since 88% of the photon energies for the
cylinder source routine in FLURZThe encapsulation is also bare'*4r spectrum happen to be in the upper half of 10 keV
cylindrical with the end caps for the microSelectron-HDR bins when divided into bins 0-10 keV, 10-20 keV,..., 890
and VariSource being disks. Also part of the cable connecte800 keV. The kerma is calculated using the mass energy-
to the sources is modelled. absorption coefficient at the middle of the energy bins. This

In the Monte Carlo calculations K-shell x-ray floures- may cause a binning artifact due to the variation of the prod-
cence and Rayleigh scattering are taken into account in act of photon energy and mass energy-absorption coefficient
regions. In the calculations with photons starting in the corgvithin the bin. The binning artifact was studied for the stain-
the energy cutoff for electron transport is 2.0 MeV, which less steel encapsulated seed source from Best Industries, Inc.,
means that all energy transferred to electrons will be depodor bin sizes of 10, 5, and 2 keV. Scoring in 5 keV bins
ited at the point of the interaction and thus there are ndnstead of 10 keV bins increases the air-kerma rate by 0.6%,
radiative losses. Photons are followed till they reach the cutand scoring in 2 keV bins instead of 5 keV bins resulted in
off energy of 0.001 MeV. an additional increase of 0.04%. However, the smaller the

From the fluence calculated using the EGS4 user-codBin size, the more memory is required. The bin size of 5 keV
FLURZ, the air-kerma per initial photor /.., is calculated is chosen as a compromise between smallest binning artifact

using the following discrete equation: and an acceptable amount of memory. Photons with energy
£ below 210 keV contribute less than 2% of the total air-kerma
max E. . .
K. =1.602 100> &' (EE, Hen(Ei) strength for thg stainless steel encapsulated seed source. !t is
e the photons with energy above 210 keV that cause the dif-

o . ference in air kerma for different bin sizes.

XAE [Gy(initial photon)™-], 1) To estimate the effects of bremsstrahlung from ghee-
where E; is the midpoint of each energy bin, cay within the source, we do a separate calculation in which
&' (E;) (MeV tcm ?photon’!) is the differential photon the source is an isotropic source of electrons in the Ir core.
fluence at energy E; (MeV) per initial photon, We also estimate the bremsstrahlung from electrons set in
wer(Ei)lp (cm?g™l) is the mass energy-absorption coeffi- motion by the source photons but these lead to a contribution
cient at energyE;, and AE is the bin size. The factor to the air kerma of less than 0.05%. The photon fluence
1.602x 10 %is required to conveli;, from (MeV g Yinto  spectrum for bremsstrahlung from tigedecay is scored in
Gy. This equation ignores any distinction between the colli-10 keV bins, which will not result in a significant binning
sion air kerma and the total air kerma since radiative lossegtifact, since theg spectrum is continuous. The electron
are negligible(<0.1%). On average one decay will result in transport for the calculation of bremsstrahlung is done with
the emission of 2.363 photons with energy in the intervaEGS4/PRESTA! and a kinetic energy cutoff for electrons
from a few keV to 885 ke\?,which includes photons directly 0f 10 keV.
following the B decay and also K- and L-shell x-rays. The
air-kerma strength per unit source activitg /A, in IV. RESULTS AND DISCUSSION

(Gym?s *Bq Y is calculated from:
The fluence spectrum per decay calculated for the new

Sc/A=Ky;(d)d?(2.363+0.3%), (2 microSelectron source type is shown in Fig. 1. Similar spec-
or in (UBq™Y) tra are calculated for the VariSource and the two seed
sources and more information is given in the detailed

Sc/A=3.6x 10°K ;;,(d)d*(2.363+ 0.3%), (3 report! The spectra are calculated with both air and vacuum
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TasLE |. Air-kerma strength per unit source activity for different sources. trg, j.e., 11.3 keV and 60 keV, for the air-kerma calculation

The data are average values of the air-kerma strength per unit source activig/re used for Comparison with earlier works. Photons of en-
based on fluence spectra at distances ranging from 2 to 50 cm, and they are )

calculated for lower cutoff energies of the fluence spectra of 11.3 and 6 ray Ies; than 11.3 keV are ConSId.erEd nonpen.et.ré&lng.
keV for comparison with other reported values. The air-kerma strengths 1he air-kerma strengths per unit source activity for the
calculated in this work include the contribution from bremsstrahlung, whichold microSelectron-HDR source and for the bare source

was not taken into account in the earlier results. The value of the totakagree well with reported results from other authors within
exposure-rate constant calculated by Glasgow and Dill(Raf. 16 is cor- their stated uncertainties of 1-1.5%. For the new

rected by 33.97/33.7, since the energy required to produce an ion pair in dry . . .
air has been re-evaluated since 1979 and their value was for humid air. T;PincroSeIectron—HDR source the air-kerma strength is 0.6—

uncertainties are 1 standard deviation statistical uncertaimigs that some ~ 0-7% lower than for the old one. For the seed sources the
are given as absolute values and some as péreeoept for the values from  air-kerma strengths calculated in this work are 0.3-1%
Buermannet al. (Ref. 8 which include uncertainties due to the interaction |ower than the results of Thomasehal. However, our val-

coefficients used in the Monte Carlo calculatidi$s), uncertainty on the of hi :
source geometry0.5%), and uncertainty on the distribution of the activity ues are expected to be about 1% hlghel’ than their results due

within the core(0.5%. to our adde_d contribu_tion from br_emsstrahlu_ng and be_cause
we scored in 5 keV bins and not in 10 keV bins. The differ-
This work Others ence is attributed to the differences in spectral data for the
Source (10—8811/2 . (10‘§ku//; o, 192r nuclide and in the f.n/p) values.
d q The Monte Carlo calculations include K-shell x-ray fluo-
New microSelectron rescence but no L-shell x-rays. The energies of the K-shell
>11.3 keV 9.730.01

x-rays are 76.1 and 78.4 keV for Ir and Pt, respectively, and

>60 keV 9.70-0.01 . . ) .
Old microSelectron 7.11 keV for stainless ste@nainly Fe. A calculgtlop with- .
~11.3 keV 9.79:0.02 out x-ray fluorescence shows that the contribution to air-
>60 keV 9.770.02 9.8-1.5% kerma strength from K-shell x-rays is about 0.2% for the
VariSource microSelectron-HDR source. In Ir and Pt the L-shell x-rays
>11.3 keV 10.25:0.02

have energies below 13.4 keV and 13.9 keV, respectively,

B>fsot Tfistries 10.22:0.02 and for the stainless steel the energy is below 0.85 keV. For
>11.3 keV 10.76:0.02 10.8-0.1° stainless steel the L fluorescence yield is practically 0, and
>60 keV 10.68-0.02 because of the low energy of the photons they will be ab-
Alpha-Omega sorbed within 1 cm of air and not show up in a measurement
>11.3 keV 9.92-0.02 9.95-0.14

of air kerma. For L-shell x-rays from Ir and Pt no photons

B>:r(; ksi\srce 9.92:0.02 created in the core will pass through the encapsulation of the

>11.3 keV 11.23 11.96 sources, and those created in the Pt encapsulation will have a
11.2% high probability of undergoing a photoelectric interaction.

>60 keV 10.88 11.81%° The contribution from L-shell x-rays to the air-kerma

strength is thus likely negligible.

V. CONCLUSIONS

surrounding the sources, and for the encapsulated sources The air-kerma strength per unit activity is calculated for a
there is no significant difference between the spectra calcubare®ar source, the microSelectron-HDR source, the Vari-
lated in air and in vacuum. Source, and stainless steel and platinum encapsulated seed
In Table | the calculated values of air-kerma strengths pesources at distances ranging from the surface of the source to
unit source activity are shown as an average of the values f@0 cm in both vacuum and air. The result for the
distances ranging from & cm for the VariSourceto 50 cm  microSelectron-HDR sourc@Id type is in agreement with
from the cylinder axis of the source. The uncertainty is 1the values from Bermannet al® in 1994. The air-kerma
standard deviation based on the 5 calcul&@gfA values for  strength per unit activity for the new type of microSelectron-
these distances not taking into account their uncertainties. AiDR source is about 0.6—0.7% lower compared to the old
these distances the geometry factor, i.e., the factor accountype. For the seed sources the air-kerma strengths per unit
ing for the source being a line and not a point, timddés 1.0  source activity are less than 1% smaller than the exposure-
within 0.4% except for the VariSource, where the distance taate constants calculated by Thomasenal®’ in 1989.
the source must be at least 4 cm for the source to be consitHowever, due to the bremsstrahlung contribution and the
ered a point sourcE. The values in Table | also include binning artifact, i.e., the difference between scoring in 10
bremsstrahlung contributions of 0.2% of t8g/A values for  keV bins instead of 5 keV bins, our values were expected to
the microSelectron-HDR source, the VariSource and thde about 1% higher than the values of Thomasbal. The
platinum encapsulated seed soufédpha-Omega and of  differences in data for the primafy4r spectrum and mass
0.3% of the value for the stainless steel encapsulated seexhergy-absorption coefficients for dry air explain this differ-
source(Best Industries The results of earlier work on the ence.
bare source, the old microSelectron source and the two seed The effect of bin size for scoring the fluence was studied
sources are shown as wéthese do not include the contri- to reduce the binning artifact as well as using an acceptable
bution from bremsstrahlungThe lower energies of the spec- amount of memory. A bin size of 5 keV was found adequate.
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