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Radiotherapy with C12-ions at the German heavy ion research centre GSI (Darmstadt) started in
December 1997. For the purpose of clinical dosimetry a CoP for carbon ions was developed at the
Gen-nan Cancer research centre (Heidelberg). This CoP is compared with the latest Code of practice
TRS-398 of the LA.EA 1], that now includes also heavy ion beams.

The Col? developed at DKFZ for carbon ions was formulated for thimble ionisation chambers that are
delivered with a calibration factor for Co-60 gamma rays in dose to water (ND,,,, Co-60). The calibration
can be traced to the national calibration laboratory (Physikalisch-Technische Bundesanstalt PTB,
Braunschweig).

Monitor catibration procedure and reference conditions
At GSI the depth dose distribution can be actively modulated by the use of an energy variation of the
synchrotron. A spread out Bragg peak (SOBP) therefore is produced from a superposition of 256
different available energies (from 8MeV/u to 350 MeV/u) with arbitrary weights. Consequently, the
beam monitor is to be calibrated at different energies. Calibration measurements are performed at a
subset of six energies; linear interpolation values are used for the entire energy set. To avoid
uncertainties due to the steep dose gradient the calibration is performed in the plateau region of the
Bragg peaks instead of the peaks itself. As reference the measurement is perfon-ned with a Fanner
type iisation chamber (model M30001 by PTW, Freiburg) a water equivalent phantom material
(RW3 from PTW, Freiburg). The centre of the chamber is placed in 7mm depth. The phantom is
positioned in the 1socentre and irradiated with a 5cm x 5cm scanned field.

Determination of absorbed dose under reference conditions
The absorbed dose to water at the reference depth is given by:

D,, (Pff = Mc,,ND',,,,Cb60 ko

where Mc,, is the dosimeter reading corrected for air density effects, polarity and saturation effects
of the chamber. The calibration factor ND.,,-.Co60 is delivered by the manufacturer. k is a chamber
specific factor that corrects for the different beam quality of C-12 ions and the calibration quality Co-
60). This is in accordance with TRS-398.

Correction factors for recombination and polarity
Although a pulsed and scanning beam is used at the GSI facility, we assumed that the correction
method for continuous radiation does apply. The reason is that a slow extraction mode is used at the
accelerator and particle pulses have duration of about Is. Secondly, the scanning is not continuous, but
keeps the beam stable at each scan point for several milliseconds, wich is far more than the average
transit times of the ions in the chamber. Consequently, we are using the saturation correcting fon-nula
according to Boag for continuous radiation. Measurements are described in 2] and yielded a value of
1.009 at I00MeV/u and 1007 at 300 MeV/u for the reference Fanner chamber. The polarity effect
measured according to the TRS-398 protocol for pulsed radiation did not deviate from .O.
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Effective point of measurement
The effective point of measurement for thimble type chambers was determined (see 3 by a
comparison of measured depth dose curves for a Fanner chamber ad a plane parallel chamber
(Markus chamber), where it was assumed that the point of measurement of the plane parallel chamber
was known. The resulting depth dose for the thimble camber was calculated using an averaging of
depth dose values over the curved inner surface of the chamber. The resulting Pff was 072 of the
inner radius of the chamber with an uncertainty of IO%. This is accordance with the proposed value
in the TSR-398 for protons of 0.75.

Determination of the k factor
Like in the TRS-398, the k factor was calculated theoretically according to the equation:

WC-12 -C-12 C-12
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which is a product of the ratios of' the wvalues, the stopping power ratios water-to-air and the
chamber specific perturbation factors for C12 and Co-60, respectively. The calculation of the
stopping power ratio has to take into account not only the fluence of primary carbon ions, but also the
fragments that arise from nuclear interactions (mainly target fragmentation with =1 to 5) as well as
their energy distribution. It was found in 2 that for energies above I MeV/u an average constant
value of 1 13 leads to an uncertainty in dose determination of below 2.

The w-value was adopted from an ICRU recommendation for protons of 34.8eV A compilation of
available data for protons, alpha-particles and ions suggested an uncertainty in dose of 4%, if tis value
is adopted also for C12 ions. The recommended values in TRS-398 for the stopping power ratio and
w-value are 1 13 and 34.5eV, respectively.

For the perturbation factor of the Farmer chamber in a C 12-ion beam a value of PC-12 = 1.0 was used,
since no data exist that indicate a significant deviation from unity. This seem plausible since due to the
very short range of secondary electrons from C12 beams, effects of the non air equivalence of the
wall or the central electrode should be small.
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