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A Geant4 application has been developed to simulate the energy deposited in a silicon strip detector, model W1(SS)-
500, manufactured by Micron Semiconductor Ltd., irradiated with a Siemens PRINlifgc dual energy machine,
operating at 6-MV photon mode. The goal of these simulations is to estimate the sensitivity of this detector in different
situations, according to the energy deposited in each strip. The application was compiled using Geant4 Monte Carlo
code (version 9.3.p01). It includes the modelled geometry of the Siemens PRIMUS linac treatment head, incorporating
shielding and Multi-Leaf Collimator (MLC), a detailed model of a W1(SS)-500 Micron silicon strip detector and two
different phantoms: one made 86 x 30 cm?® water-equivalent slabs, and another having a quasi-anthropomorphic
phantom (15-cm diameter cylinder) made of polyethylene. In order to calibrate the simulation results, we compare
Geant4 calculations of delivered dose in a water tank with experimental measurements in reference conditions (source-
to-surface distanc€SD = 100 cm, 10 x 10 c?® field). With the detector placed within the water-equivalent phantom,
perpendicularly to the beam direction, we calculate the average dose in each strip of the detector in two situations. First,
reference conditions with detector placed at depth 1.5 cm. Second, half-field conditions (one side of the MLC
aperture set to zero) with phantom®&§D = 90 cm andz = 10 cm was simulated. The Monte Carlo simulations
considering the cylindrical phantom recreate conditions closer to those normally found in clinical environments. In this
case, the phantom is placed at isocenter with the detector plane oriented parallel to beam direction. Different rotation
angles of the phantom were considered in order to study the detector performance in different orientations. These
calculations were compared with results obtained by a Philips Pinnacle treatment planning system (TPS).
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I. Introduction Compton interactions, and consequently we are dealing with
non-local contributions of secondary electrons; therefore, it is

The increasing sophistication and complexity of Intensity,q assary to place the detector under electronic equilibrium
Modulated Radiation Therapy (IMRT) treatments is & Majog,gitions within the phantom used for dosimetry studies.

ch_allenge for treatment pla_nning systems (.TI.DS) which migl2\tcc0rding to this, we have designed two phantoms to house
mlscalcul_afte under some C|rgumstan_%zé)sTh|§ IS the reason 4 single sided silicon strip detector, so that electronic equilib-
why empirical dose distribution verification is highly advis-y;\,, congitions were satisfied and the perturbation caused by
a_lble prior real dose delivery to pa‘uent. The SF_’a“a' resoIL{he detector in the behaviour of the phantom under irradiation
tion of the so called 2D arrays (either based on ion chambegg, ¢ inimized. To study the dosimetric behaviour of the de-

or diodes) is still far from th_at ”eeqed in t_reatment_verificafector, one of the phantoms is made of water-equivalent slabs.
tion. On the other hand, film dosimetry is exte_nswely_ aCy turn, to verify the 2D treatment dose maps, another phan-
) o X tom, made of polyethylene, presents quasi-anthropomorphic
on the use of radiochromic films as a dosimétdrHowever, shape and has the capability of rotating along its symmetry

|tzllntr|n3|cl_mezsur|ng anz readlnlglj procless m.akes _'t#nsugkis. Both materials have densities similar to those for human
able ason line detector. An excellent alternative might be;qq a5 and are suitable for dosimetry studies.

the silicon microstrip technology, but a high number of allo- This work is included in a more ambitious project aiming

cated channels and com_plex multichannel read_o!” eIecuomt?)smcrease the geometrical precision of a silicon strip detector
are then needed to obtain the necessary submillimetre spamh a discrete readout electronics by means of an in-house

ion® . . . . S
resolution: ) o ) algorithm (patent pending). In particular, this contribution
At therapy energies the cross section is dominated Kyesents the simulation of the performance in the phantom of a
commercial totally depleted DC-coupled single-sided silicon
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strip detector, manufactured by Micron Semiconductor Ltd.,
covering an active area 6.0 x 50.0 mm? and divided into

16 narrow strips with 3.1 mm pitch and 5@0n thick each.
The usefulness of Monte Carlo (MC) simulation is clear in or-
der to figure out the influence of the different factors involved
in the measuring process.

Thanks to the increasing power in computing capabili-
ties and software development, the use of MC techniques
has become a standard tool in recent years for the com-
puter simulation of the clinical components of linear accel-
erators, notably beam generation and collimation, and for
the interaction of radiation beams with patients and dosimet-Fig_ 1 A detail of the slab phantom housing the detector.
ric materials. MC methods are also increasingly used for
radiotherapy treatment planning and dose quality assurance
of the dose delivery at clinical and research centres world-
wide. Extremely accurate simulations of detector response
to accelerator-produced beams are being conducted today for
dosimetric purposes. Geaftd — a full object-orientedoolkit
for radiation transport through matter — is a general purpose
Monte Carlo code that offers an advanced framework for such
simulations. Geant4 toolkit was created for applications in
high-energy physics, but nowadays it is used in many other
fields, e. g. nuclear physics and space applications. Geant4
validation for medical applications has been undertaken by
different groups®14 and it has also been widely used in pro-
ton therapy application's: 9

This work constitutes an approa(_:h to _5|I|gon strip technolﬁig_ 2 Cylindrical phantom showing the detector at the axial
ogy to study the pros and cons of using this kind of detectors in plane
clinical conditions and provides a method to find the most ap- '
propriate characteristics (frame material, strip thickness, etc.)
to be used as 2D treatment verification system. o A profile of half beam § x 10 cm?) at 90 + 10 cm

(SSD = 90 cm, z = 10 cm) to estimate the penumbra.
Il. Method The width of the penumbra obtained with silicon strip

Monte Carlo simulation have been performed in two steps.  detector is compared with the same value calculated in a
First, Siemens PRIMUY' clinical accelerator, with nominal water tank.
photon energy of 6 MV, has been modelled to fully character-
Iz€ its dosimetric behawoqr. .Th's step consists of .the m.oq{ommon way to present dose distributions in radiotherapy is a
elling of all the elements within the treatment head mcIudlngIo

; : i . .¥ose map in the axial plane of the patient (i.e. parallel to the
?ng,?;?'(l&?_g)mu'auon of the double-focused Multi-Leaf COIII'beam axis), several simulations have been made with< 0

. . cm beam with the detector plane parallel to the beam axis and
Then, once the simulation of the accelerator leads to a go

Qrying the angle of the strips with respect to it. The detec-
matching with the empirical dosimetry measurements, such ying 9 P P

. is placed in a quasi-anthropomorphic cylindrical phantom
Percentage Depth Dose (PDD) curves and dose profiles Pifade of polyethylene which can rotate along its symmetry

pe.ndicular to the beam axis for various dept_hs, thg new S'm Xis (Fig. 2). These simulations aim to check the behaviour of
lation process deals with the geometry of a single-sided s|I|ccme detector at any orientation in the patient's axial plane.

3?”.% dgt_e ?toi’ 6c0ver|ng atn_ act|v_?ha:r3ej\30f() x 5t0r? mr;?sar‘;? Monte Carlo results for the water-equivalent slab phantom
tr:\'” ke mhoTh' narrct)wfsthr IpS Wlk' tw mfml dpldc' and 50 are compared with data measured by an ion chamber to get
ICk each. This part ot the work IS two-Tolded: a first calibration factor for the detector, as explained above.

. On one .hand, several Te'eva”‘ dosimetry curves have b ®FRe calculations obtained with the cylindrical phantom were
S|mu!ated in a water-equivalent slab phantom W'.th a SpeCIa?alysed with respect to those of the Philips Pinnacle treat-
housing _to _accommodate_ the d_etector p.erpendlcular tot ent planning system (TPS) in order to verify whether an ex-
heam axisKig. 1). These simulations were: tra angle-dependent calibration factor is needed. Experimen-

e Profile calculated considering the detector placed 4@l data measured with the detector are in progress.
1004 1.5 cm (phantom source to surface distanggD,
equal to 100 cm; detector depthequal to 1.5 cm), irra-
diated by al0 x 10 cm? standard field. With calibration =~ Geant4 provides several physics settings through its
purposes, these calculations are compared to those gitwysics lists” In our simulations, the so callediver-
tained by considering a water tanks$D = 100 cm. more Low-Energyelectromagnetic physics lists is consid-

On the other hand, taking into consideration that the most

I1l. Geant4 Simulation
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Fig. 3 The quasi-anthropomorphic cylindrical phantom mod-
elled with Geant4 visualized with HepRepApp tool.
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Fig. 4 Dose profiles (crossplane) fori® x 10 cn? field,

SSD =100 cm and 1.5 cm depth in a water tank (100 MU).
Both Geant4 calculations (water tank and phantom with de-

ered. Geantdivermorepackagé® ! extends its application

tector) are normalized to experimental data (solid line) by

range down to 250 eV. Rayleigh scattering and atomic re- gssigning 100 cGy to the dose at the profile cendrg,

laxation processes are implemented in this package. Thesg, the water tank simulation. The error bars represent the
models implement cross-section tables obtained from thegiaistical uncertainties at & level. The effect of higher

Lawrence Livermore National Library, including evaluated gensity and higher meafi of the detector material (silicon)

data for photong? electrond” and atom£? Since no data

for positrons are present, Geargtandard EMphysics listd

is used in this case. The production cuts were set to 0.1 mm
for all kind of particles in all regions. This means that every
secondary particle created will not be explicitely considered
when its expected range in the material is below this value.
In these cases, Geant4 considers the energy lost by the pri-
mary particle as delivered locally at the point of interaction.
This setting is significantly smaller than the sensitive volume 2.
of the detector model, thus ensuring the accuracy of the spatial
distribution of the energy deposited in the simulation.

All the Geant4 MC calculations presented in this work have
been performed in a linux cluster (Ubuntu Server 8.04 64-
bit and Debian Etch 64-bit) with three DEYl PowerEdg&

2970 servers, with two quad-core processors ftxleor®
at 2.66 GHz and 8 GB RAM memory each.

Our Geant4 application (version 9.3.p01) includes a de-
tailed model of the Siemens PRIMUS linac treatment head
with a shielding for electrons, photons and positréhg-ur-
ther, the geometry of both water-equivalent slab phantom and
guasi-anthropomorphic cylindrical phantom was modelled us-
ing Geant4 capabilities for solidgigure 3 shows a scheme
of the cylindrical phantom where the silicon strip detector is
placed at the centre. The horizontal disposition of the cylin-
der, along the patient couch, and the lateral supports, in both
sides, can be distinguished.

The Geant4 simulations were performed using IAEA
phase-space (phsp) files created by means of the code devel-

can be clearly appreciated in the value of the dose.

itor chamber). With this purpose, a phsp plane was de-
fined below the monitor chamber, and an IAEA phsp file
was created by simulatirgyx 10° primary electrons (or
histories) inciding on the target.

The IAEA phsp file created was used as the generator of
primaries in this part of the simulation. Here, the trans-
port of particles through the jaws and MLC was simu-
lated and a second IAEA phsp file storing the information
of the radiation field alSSD = 70 cm was generated.
Each particle of the first phsp file was recycled 10 times
to increase statistics. For recycling, it was taken into ac-
count that the first phsp file presents rotational symme-
try with respect to the beam propagation axis, since the
motionless part of the treatment head presents this sym-
metry. Thus, each particle was rotated randomly around
the propagation axis prior creating the primary vertex, so
that the variance in the second IAEA phsp file could be
reduced.

3. Finally, the second IAEA phsp filed was used as the pri-

mary generator in the Geant4 simulation of the irradia-
tion of the water tank and the phantoms. Each particle
was repeated 5 times for water tank simulations, and 20
times for both phantoms.

oped by our groug? A phsp file stores the energy, position|y/ Results

and momentum direction cosines of each particle crossing a

plane perpendicular to the beam direction at a given distance!n order to verify the Geant4 simulations, we have per-
~ from the source. formed calculations of the dose profile at reference conditions:

The MC simulations were realized in three steps: a10 x 10 cnv field irradiating a water tanks0 x 50 x 40
cm?®) at SSD = 100 cm, dose profile measured-at= 1.5
1. The first step was devoted to characterize the fluence om. The Geant4 calculations are compared with experimen-
particles going out of the motionless part of the treattal data obtained with the ionization chambEBigure 4 rep-
ment head (target, collimator, flattening filter and monresents crossplane profiles obtained in these reference condi-
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Fig. 5 Experimental (solid line) and Geant4-calculatedrig. 6 Geant4 calculations of the penumbra of the half-
(points) depth-dose curves. Geant4 calculations were nor-irradiation field obtained in the water tank (crosses) and in
malized with the same factor as in Figjin order to com- the silicon detector placed in the slab phantom (squares).
pare with absolute dose. The error bars correspond to theError bars represent the statistical uncertainty of the Monte
statistical uncertainty at & level. Carlo calculations at & level. Symbol size is larger than

the error bars for the silicon detector simulation.

tions. The experimental data represent the dose correspond-
ing to 100 Monitor Units (MU), where MU is a common andirradiation field5 x 10 cm?® has been simulated in order to
arbitrary unit of fluence in a clinical accelerator which correplace one of the penumbras of the radiation field at the cen-
sponds to a dose equal to 1 cGy in the centre of a crossplaiie of the crossplane coordinate. In this case, conditions were
profile in these reference conditions. Geant4 calculations refSD = 90 cm andz = 10 cm. Figure 6 represents the
resent the average dose per primary electron inciding the t@enumbra simulated with Geant4 for both water tank and the
get; in other words, with Geant4 calculations we obtain theilicon detector placed in the water-equivalent slab phantom.
average dose per original history. The statistical uncertaintyhe calculations for the silicon detector were renormalized
obtained with the method discussed by Walters efals ap-  to water-equivalent dose using the result obtained previously.
proximately0.9% (1 o level) in the central region. The central We can see that the penumbra is blurred in the detector simu-
value of the dose profilelg, = 1.085x 10~16 Gy/hist) is then lation with respect to the calculations in water. This must be
normalized to 100 cGy in order to match the experimental re&n effect of the spatial resolution of the detector, given by the
sults. With this normalization we achieve an agreement withiwidth of the strips (3.1 mm). The statistical uncertainties are
experimental uncertainties in positiogt{ mm), whereas the similar to those in the previous cases.
dose calculated with Geant4 agreed withia% of the value Figures 7-9 are devoted to the comparison of the Monte
of the experimental dose. Carlo simulations of the more realistic cylindrical phantom,
The silicon strip detector at reference conditions within theescribed in a previous section, with the calculations given
water-equivalent slab phantom was simulated with Geant4 hg TPS. The treatment head angle (gantry angle) was set to 0
well. The results were normalized with the factor obtained idegrees (vertical irradiation) for all the simulations, whereas
the previous simulation. In Figl we can see that the aver-the cylindrical phantom was rotated to different angle% (
age dose in the detector strips is approximately 20% highéb® and90°) in order to give rise to different orientations of
than both measurements in the water tank with the ionizatidhe detector strips with respect to the beam axis. In order
chamber detector and the normalized Geant4 calculationstm achieve an uniform dose in all the strips, we considered
the water tank. This effect is due to the material composing10 x 10 cm? radiation field, with the geometric centre of the
the detector sensitive volume (silicon), which has higher dephantom placed at the isocentre. In these cases, we assumed
sity and higherZ than water. For this silicon strip detector,that the material of the entire phantom (including cables and
we obtainedd,s,s; = 1.266 x 10~1'6 Gy/hist for the central detector) was water, since TPS calculates dose-to-water and
value of the profile. The value of the statistical uncertainty iSeant4 simulations calculate dose-to-material.
0.3%, approximately. This result was used to re-calibrate the In Fig. 7, differences of approximately 4 cGy between the
dose in the silicon detector to equivalent dose in water. values calculated by TPS and Geant4 can be observed. These
Figure 5 plots both depth-dose curves measured with theifferences are larger than the uncertainties estimated for TPS
ionization chamber detector and calculated with Geant4. Tle-0.1 cGy) and Geant4 calculation8.§%, 1 ). However,
symbols are the same as in Fi§j. Statistical level of the these discrepancies are smaller (2 cGy) when the rotation of
Geant4 simulation is the same as in the previous cé&e ( the phantom is 45 degrees (shown in F8Yy. whereas for a
1 o, around the region of maximum dose), and it can be obyetation of 90 degrees (Fi@), the discrepancies are roughly
served that the Geant4 calculations agree with the experimeheGy. These differences appear because of a misplacement of
tal measurements within statistical uncertainties. the sensitive area of the silicon detector. The TPS calculations
To study the response in the penumbra region, a halivere made based on a transversal CT image of the phantom,
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V. Conclusions

We have performed Geant4 Monte Carlo simulations of a
novel setup for IMRT treatment verification system based on
silicon strip detector technology. Monte Carlo simulations
have been a very powerful tool for the development of such
verification system. We have used Geant4 simulations as a
virtual laboratory which has been useful for us to continue the
development of this work and check the suitability of a cer-
tain experimental setup. With Monte Carlo simulations we
are able to find sources of errors arised in TPS calculations,
due to a misplacement of the Si detector sensitive area.

However, despite of some discrepancies, it has been proven
the feasibility of this setup. The experimental measurements
o ith the suitable electronics, still in progress, will give us the
’;éata needed to study the viability of this prototype.

rotated O degrees. Error bars correspond to the statistiggtknowledgment
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