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ABSTRACT: Proportional counters filled with tissue equivalent gas mixtures (TEPC) can be used to
simulate interactions and energy transferred to small tissue volumes. One criteria which allows to
use TEPC as the dose meter is that the particle ranges are larger compared to the gas volume. TEPC
achieve this by operating at low gas pressures. Single ionization events dominate the distribution
of low-LET radiation at low gas pressure and therefore their detection is of primary importance, a
high gas gain is necessary. Therefore gas gain factor has been measured for Methane- and Propane-
based tissue equivalent gas mixtures. The highest stable gas gains. second ionization Townsend
coeffickent and electron avalanche dimensions have been determined.

JINST 9 C12007 doi:10.1088/1748-0221/9/12/C12007

RD51 Collaboration Mini Week, 8 — 11 December 2014, CERN 2/16


http://dx.doi.org/10.1088/1748-0221/9/12/C12007
http://dx.doi.org/10.1088/1748-0221/9/12/C12007
http://dx.doi.org/10.1088/1748-0221/9/12/C12007

Application areas of tissue equivalent gas (TEG) mixtures

Especially essential mixtures in Medical Physics !!!

¢ energy deposited in the volume is required for microdosimetry in radiotherapy,
¢ practical use in radiation monitoring and protection,

¢ low Linear Energy Transfer (LET) radiation.

Measurements

¢ Propane and Methane TEG mixtures,

% Single wire cylindrical tubes: r, = 1.25 cm; r, = 24 um, 50 pum,
¢ Pressure: 0.02 — 0.5 atm,

% Gas gain: 1 — 3.2x10° with current method,

¢+ A special grid of guard rings protecting the node,

¢ Radiation source: mono — energetic X-rays,

* High precision: error on gas gain < 5%
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Calculation method

s Townsend coefficients from Magboltz 10.5 Update Molecule Iomnisation Potential
** oldest update for propane 1900 C;H; 1095 &V
2012 CO;, 1378 &V
¢ No gain scaling factor needed 013 CH. 1265 eV
G- G 2014 N, 1558 &V

% proof quality of the calibration !

¢ Photon feedback parameters (3) needed G=G/ (1— BG)

< Townsend coefficient (a) scaling used for the gain simulations !!!

a'=ha

“* h is the alpha scaling factor
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Methane-based tissue equwalent gas (TEGCH,)
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Propane-based tissue equivalent gas (TEGC;H,)
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Gain measurements and fits for Pure CO, (unpublished)
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¢ Perfectly fine overlaps with all experimental gain curves,

¢ the first time that we ever have such a successful agreement for pure gases without using any
scaling or correction factor:
++ confirmation of the high precision measurements (thanks to Tadeusz),
» correctness of the cross sections used in Magboltz (thanks to Steve),
+¢+ our calculation method is sufficient enough to reproduce the measured gain curves.
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Our earhier calculations on
alpha scaling
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Fit results for pure propane and propane based TEG
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Ar — CF, mixtures
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Fit results for Ar — CF, (without dissociative exc. )
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Anode potential [kV]
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Fit results for Ar — CF, (with dissociative exc.)
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SUMMARY

¢ Magboltz calculates bigger gas gain than the measured data for TEG mixtures,

% The measurements for pure CO, mixtures confirm correctness of the ionisation
cross sections used in Magboltz,

 Disagreement with calculation also seen for pure gases (C;Hg, DME, iC,H,,) and
Ar — CF, mixtures,

+ Dissociative excitations may lead decrease on Townsend coefficients (Ar — CF, ),

+¢ this is not enough to explain whole picture at the moment,

* Natural radicals like CH,, CH, can be produced in the avalanche (proposed by
T.Z. Kowalski),

¢ they are very reactive; other quenchers too CH,, C2H,, C,H,, C,H, also be
present in counter volume,

¢ propane has more channels; may be the reason of worse agreement.
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NEXT

¢ In very soon, exact dissociative ionisation breakup channels will be introduced in
Magboltz 10 (private com. 4 December 2014, Steve Biagi),

% by January: for CH, (CH,*, CH;*, CH,*, CH*, C*, H* and H,* ), probably for
IC,H,,, CO, and CF, , too,

* by summer: C;Hg and C,H, may be ready,
*» And more detailed and accurate information will be ready for excitation channels,

+ Although we do expect minor effect of N, (percentage is low) for TEG mixtures,
systematic gas gain measurements in pure N, would be very useful (seems
manageable by T.Z. Kowalski),

¢ Similarly, systematic measurements for pure C;Hg and CH, would also be very
useful since in literature it is very difficult to find data with sufficient calibration

for these gases (we need gain calibration for the present measurements!!!).
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