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e-

UHD

1. Calibration using Fricke solution

2. Determination of radiation chemical yield

-> Total absorption technique

e-

3. Consequences for

using Fricke dosimetry

in UHD electron beams. 

𝜺 ∙ 𝑮 measure or compareor

to transfer instruments: Alanine, 

EBT3, ionisation chamber, …

For 1L Fricke solution @ METAS:

392.14 mg Fricke salt (NH4)2Fe(II)(SO4)2

+ 58.44 mg Sodium chloride NaCl 

+ up to 1L Aqueouse sulfuric acid H2SO4 , 0.4mol/L

ICRU90
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Calibration using Fricke solution

e-

=
𝛥𝐴 ∙ 𝑓𝐹/𝑊

𝜌 ∙ 𝑙 ∙ 𝜀() ∙ 𝐺
𝐷𝑊 = 𝐷𝐹∙ 𝑓 Τ𝐹 𝑊 =

𝛥𝑐 ∙ 𝑓 Τ𝐹 𝑊

𝜌 ∙ 𝐺

Molar extinction 

coefficient

in l/cm/mol

Chemical yield

in mol/J

Density of  Fricke 

solution

in kg/l 

Change in absorbance

Airradiated - Aunirradiated

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

• The increase of Fe3+ is proportional to the absorbed dose.
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9F030 unirradiated

9F030 irradiated (~30Gy, 15MeV)

Fe3+

Fe3+

Fe2+

Fricke dosimeter:

• Closely water-equivalent (𝑓 Τ𝐹 𝑊: 1.005 - 1.008, depending on the 

electron energy)

• Independent of irradiation energies for energies > 2 MeV

• Bag (50 μm thick polyethylene foil) of size 30×40×3 mm3

Absorbed dose in 

Fricke solution

in Gy

measured Monte Carlo

Transfer factor

Accelerator: M22 from Scanditronix
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Determination of radiation chemical yield 
-> Total absorption

e-

• Fraction of incident beam electrons energy deposited in the Fricke solution: 

𝑓𝑝: 92 − 97% (depending on energy and vessel)

• Uncertainty total absorption: aiming for 𝜺 ∙ 𝑮 @304nm 1.4% (k=2)

• Next step: measurement campaign to compare to other primary standards

𝜀 ∙ 𝐺 =
𝛥𝐴 ∙ 𝑓𝐹/𝑊

𝜌 ∙ 𝑙 ∙ 𝐷𝑊
=
𝛥𝐴 ∙ 𝑓𝐹/𝑊

𝜌 ∙ 𝑙
∙

𝑚

𝐸𝑒𝑙 ∙ 𝑁 ∙ 𝑓𝑝

measured

Monte Carlo Number of 

electrons

Mass of Fricke solution

Electron energy

Fraction of 

incident 

electron beam 

energy 

deposited 

• Special electron beam.

• Glass vessel, closed using a 50mm polyethylene foil (volume: 1L or 2L)

• Temperature stabilised to 25°C using circulating water
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instantaneouse dose rate [Gy/s]

Literature :: Thomas & Hart (1962)

Literature :: Anderson (1962)

Literature :: Rotblat& Sutton (1960)

bags, 15 MeV @ METAS (Alanine)

bags, 15 MeV @ METAS (Alanine - Adv. Markus)

bags, 6 MeV @ IRA (EBT3)

ICRU Technical Report 34 (1982)
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Consequences for using Fricke dosimetry in 
UHD electron beams

e-

UHD

compare

• Allows measurements in the «UHD-reference

beam»

• At  ~> 1Gy/pulse (of 3ms) radical-radical 

reactions start to reduce the value of radiation 

yield G.

• Next step: further characterize the Fricke 

dosimeter at higher instantaneous dose rates to

determine correction factors.

• Uncertainty for conventional: NW,Q 1.7% (k=2)

Conv. UHD

to transfer instruments: Alanine, 

EBT3, ionisation chamber, …
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Thank you very much for your attention


