Schweizerische Eidgenossenschaft Federal Institute of Metrology METAS
Confédération suisse

Confederazione Svizzera

Confederaziun svizra

/\"\‘«1? )' o
N

FRICKE DOSIMETRY AS A PRIMARY STANDARD AND REFERENCE FOR ABSORBED DOSE
TO WATER IN ULTRA HIGH PULSE DOSE RATE ELECTRON BEAMS
F. Frei, M. Trachsel, M. Liechti , P. Peler



Faculty Disclosure

v | No, nothing to disclose

Yes, please specify:

Honoraria/ Consy iy Funded | Royalties/ Stock Owner§h|p Other
ST N Expenses LIS Research Patent Options J 1617 SHIEYES (please specify)
P Board P Position P P
2 INHS v —
ANCHES . p Ins lrePro ect
B menisl EREEE  (iophysics EMPIR I - P inspireproject W (DD pegaustron® EEPIB
UP NHS Foundation Trust The Univeryty of Manchester eI M et ope n o v l z o n ? 0 2 0 lnStItUtCUne

FReT

Endorsed by

ESTRO

FLASH

RADIOTHERAPY | 5 }

& PARTICLE ,."._1 7 ‘

THERAPY. . LI 21 1] L]
FRPT-Conference.org



@ METAS

__ Agenda

1. calibration using Fricke solution

3. Consequences for
using Fricke dosimetry
in UHD electron beams.

UHD |

/ f N

-G measure ICRU90 compare
2. Determination of radiation chemical yield to transfer instruments: Alanine,
-> Total absorption technique EBT3, ionisation chamber, ...
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__ Calibration using Fricke solution
|

. Irradiation of the Fricke solution leads to the oxidation of Fe2+ to Fe3+.

* The increase of Fe3+ is proportional to the absorbed dose.

A?:S,Orfed (jlotse in Change in absorbance
e -e solton Airradiated - Aunirradiated
in Gy Transfer factor
Dy = |Dgi|fr/ = . Ml Chemical yield
w — F IJF/W - - emical yie
P'l’EO\a)‘G in mol/J
measured Monte Carlo
Density of Fricke Molar extinction
solution Path length through cuvette coefficient
in kg/l incm in I/cm/mol

e OF030 unirradiated

Fricke dosimeter: ° 0.8 e OF030 irradiated (~30Gy, 15MeV)
«  Closely water-equivalent (fz,,: 1.005 - 1.008, depending on the 06
electron energy) § 04
* Independent of irradiation energies for energies > 2 MeV “ 02 Fe3+
«  Bag (50 um thick polyethylene foil) of size 30x40x3 mm?3 0 '
200 220 240 260 280 300 320 340 360 380 400

Wavelength [nm]
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Determination of radiation chemical yield
-> Total absorption

«  Special electron beam.
«  Glass vessel, closed using a 50um polyethylene foil (volume: 1L or 2L)

«  Temperature stabilised to 25°C using circulating water

Mass of Fricke solution

!

_AA-frpw | AL m

-G = = .
p-l-Dy pl Eel'N'fp
l/ \L Fraction of
measured incident
Monte Carlo Electron energy Number of electron beam
electrons energy
deposited

«  Fraction of incident beam electrons energy deposited in the Fricke solution:
fp: 92 — 97% (depending on energy and vessel)

«  Uncertainty total absorption: aiming for £ - G @304nm 1.4% (k=2)
*  Next step: measurement campaign to compare to other primary standards
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__ Consequences for using Fricke dosimetry Iin
UHD electron beams

Dose per puls (for 3us) [Gy]
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to transfer instruments: Alanine, ; o
EBTS3, ionisation chamber, ... 2 - -5.00% @
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¢ Allows measurements in the «<UHD-reference S 10.00% 2
beam» 0@3 S
. . 3.04 < Literature :: Thomas & Hart (1962) I~
° ~> - T o o
Al ) 1Gy/pUIse (Of 3”8) I:adlclal raolllcal .. (3 + Literature :: Anderson (1962) -15.00% W
reactions start to reduce the value of radiation C x  Literature :: Rotblat& Sutton (1960) =
yield G. ben | bags, 15 MeV @ METAS (Alanine) <
. Next Step: further characterize the Fricke ' A bags, 15 MeV @ METAS (Alanine - Adv. Markus) - -20.00% 8
dosimeter at higher instantaneous dose rates to hags. 6 Mey @ IRA (EBTS) ® 2
determine correction factors. [PRUTedh P Repolt o (1982) 2

. . 2.64 T T T T T T '25.00%
. Uncertainty for conventional: NW’Q 1.7% (k=2) 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E+07 1.0E+08

instantaneouse dose rate [Gy/s]
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Thank you very much for your attention



