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Overview @PTB

Sl-traceable primary standards for absorbed dose measurements,
towards the development of a primary standard

» Development, optimisation and commissioning of reference radiation fields for
electron beams with ultra-high dose per pulse
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Overview @PTB

Sl-traceable primary standards for absorbed dose measurements,
towards the development of a primary standard

« Development and testing of primary standards for absorbed dose in electron
beams with ultra-high dose per pulse

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute



Initial UHPDR electron beams E‘C'PTB

= The PTB’s initial beam characteristic:

= Primary electron beam energy: 20 MeV
= Pulse rate frequency: 5 Hz

» Pulse length: 2.5 ps
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Initial UHPDR electron beams E‘C'PTB

= The PTB’s initial beam characteristic:

Scattering: 100 pm Cu exit window and a “scintillating” window

SSD of 70 cm

Size (Gaussian shape): 115 mm

Dose per pulse range: 0.4 Gy per pulse to 3.2 Gy per pulse
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Initial UHPDR electron beams :PTB

= The PTB’s initial beam characteristic:

= Primary electron beam energy: 20 MeV

= Pulse rate frequency: 5 Hz

= Pulse length: 2.5 ps

= Scattering: 100 um Cu exit window and a “scintillating” window
= SSD of 70 cm

= Size (Gaussian shape): 115 mm

= Dose per pulse range: 0.4 Gy per pulse to 3.2 Gy per pulse

= No Monte Carlo beam model
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Development, optimisation and commissioning of reference radiation fields E‘C'!PTB
Optimisation of the exiting beam:

1- Characterize the electron beam in the vacuum beamline of the research linac.
Baseline to construct the Monte Carlo beam model
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Development, optimisation and commissioning of reference radiation fields E“'!PTB
Optimisation of the exiting beam:

2- Create an initial reference beam to validate the Monte Carlo beam model

By removing the scintillating window, able to reach a ~80 mm beam size (still Gaussian) with a dose rate between
1 Gy to 6 Gy per pulse.
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Development, optimisation and commissioning of reference radiation fields E“'!PTB
Optimisation of the exiting beam:

3- Validate the Monte Carlo beam model by comparing depth dose curve and profile

0.5 mm agreement on the Rs, depth evaluated and 2 mm agreement on the beam size
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Development, optimisation and commissioning of reference radiation fields E“'!PTB
Optimisation of the exiting beam:

4- Using the Monte Carlo beam model, 6 different beam set-ups were created and measured.
Enabling dose rate range between 0.1 Gy to 15 Gy per pulse
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Development, optimisation and commissioning of reference radiation fields ‘P‘I-B

Optimisation of the exiting beam:

1- Characterize the electron beam in the vacuum beamline of the research linac.

2- Create an initial reference beam to validate the Monte Carlo beam model

By removing the scintillating window, able to reach a ~80 mm beam size (still Gaussian) with a dose rate between
1 Gy to 6 Gy per pulse.

3- Validate the Monte Carlo beam model by comparing depth dose curve and profile

0.5 mm agreement on the Ry, depth evaluated and 2 mm agreement on the beam size

4- Using the Monte Carlo beam model, 6 different beam set-up were created and measured.
Enabling dose rate range between 0.1 Gy to 15 Gy per pulse

-> Publication in PMB journal in 2022
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Development, optimisation and commissioning of reference radiation fields E“'!PTB
Reference UHPDR electron beams:

= Two beams were establish as reference;:

DPP: 0.1 Gy to 6 Gy per pulse (5 Hz, 2.5 pus)
* Countless relative beam measurements with ion chambers, diamond detectors, diode

« Six absolute dose measurement characterisations with alanine and two using water calorimeter
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Development, optimisation and commissioning of reference radiation fields E“'!PTB
Reference UHPDR electron beams:

= Athird beam setup, DPP up to 15 Gy (5 Hz, 2.5 ps)
» Large number of relative measurements with diamond detector and TimePix3 (out-of-field)

* Three absolute dose measurement characterisations with alanine pellets

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Development, optimisation and commissioning of reference radiation fields E“'!PTB
Reference UHPDR electron beams:

-> Pulse length can be modulated between about 1 ps to 3 us
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Development of primary standards for absorbed dose in electron beams L“'! PTB

» Develop and test primary standards for absorbed dose in electron beams with
ultra-high dose per pulse:

PTB’s primary standard is the water calorimeter

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Development of primary standards for absorbed dose in electron beams PTB

Dy, = AT - ¢, " Kyp " Kyc Kp ' Krp : KT,depth ‘K,

Parameter

>
~

HI

2
S

Heat defect correction factor

Heat transfer correction factor

Khc

Self-heating correction factor

Radiation-induced temperature rise

Specific heat capacity of water at 4 °C

Field perturbation correction factor
Radial beam profile correction factor

Water temperature and depth correction factor

Validated the measurement procedure
4206.8(1.3) J kg-1 K-1
Independent of the dose rate; 1.0000(14)
To be determined by FEM simulations
MC simulations
MC simulations
Calculation and MC simulations

Independent of the dose rate; measured
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Development of primary standards for absorbed dose in electron beams PTB

Dy, = AT - ¢, " Kyp " Kyc Kp ' Krp : KT,depth ‘K,

Parameter

HI

2
S

Heat defect correction factor

Heat transfer correction factor

Self-heating correction factor

Radiation-induced temperature rise

Specific heat capacity of water at 4 °C

Field perturbation correction factor
Radial beam profile correction factor

Water temperature and depth correction factor

Validated the measurement procedure
4206.8(1.3) J kg-1 K-1
Independent of the dose rate; 1.0000(14)
To be determined by FEM simulations
MC simulations
MC simulations
Calculation and MC simulations

Independent of the dose rate; measured

Physikalisch-Technische Bundesanstalt @ Braunschweig and Berlin

17

National Metrology Institute



Development of primary standards for absorbed dose in electron beams

EPB

1- Perform thermal simulations and measurements to validate them along with the protocol
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Development of primary standards for absorbed dose in electron beams

PIB

2-

Calculate the correction factors required to perform absolute dosimetry in UHDR

Parameter

Conventional electron beam (20 MeV)

0.95
4206.8

1.0000
0.9965 - 1.0027
1.0005

1.0007

0.9996 - 1.0004
1.0004

0.9977 —1.0047

0.12
0.03

0.14
0.23
0.15

0.05

0.02
0.05
0.34

UHPDR electron beam (20 MeV)

1.32-2.26
4206.8

1.0000
0.9965 - 1.0040
0.9982

0.9982 —1.0000

1.0006 - 1.0011
1.0000

0.9953 - 1.0015

Uncertainty, k=1 [%]

0.22
0.03

0.14
0.20
0.25

0.25

0.05
0.05

0.49
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Development of primary standards for absorbed dose in electron beams PTB

2-  Calculate the correction factors required to perform absolute dosimetry in UHDR

Parameter

Cw [-kg™K™]

KHD
Kuc

Conventional electron beam (20 MeV) UHPDR electron beam (20 MeV)

0.95 0.12 1.32-2.26 0.22

rp

KT,depth

@

Combined Correction factors
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Development of primary standards for absorbed dose in electron beams PTB

2-  Calculate the correction factors required to perform absolute dosimetry in UHDR

Conventional electron beam (20 MeV) UHPDR electron beam (20 MeV)

Parameter

AT [mK]
Cw [J-kg K]

-
>}

0.9965 - 1.0027 0.23 0.9965 - 1.0040 0.20

KT,depth

(1)

Combined Correction factors
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Development of primary standards for absorbed dose in electron beams PTB

2-  Calculate the correction factors required to perform absolute dosimetry in UHDR

Conventional electron beam (20 MeV) UHPDR electron beam (20 MeV)

Parameter

AT [mK]
Cw [J-kg K]

KHD

1.0005 0.15 0.9982 0.25

<

= >

KT,depth

(4

Combined Correction factors
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Development of primary standards for absorbed dose in electron beams PTB

2-  Calculate the correction factors required to perform absolute dosimetry in UHDR

Conventional electron beam (20 MeV) UHPDR electron beam (20 MeV)

Parameter

AT [mK]
Cw [J-kg K]

KHD

1.0007 0.05 0.9982 - 1.0000 0.25

KT,depth

(1)

Combined Correction factors

=
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Development of primary standards for absorbed dose in electron beams PTB

2-  Calculate the correction factors required to perform absolute dosimetry in UHDR

Conventional electron beam (20 MeV) UHPDR electron beam (20 MeV)

Parameter

AT [mK]
Cw [J-kg K]

KHD

KT,depth

@

0.9977 - 1.0047 0.34 0.9953 - 1.0015 0.49

=
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Development of primary standards for absorbed dose in electron beams PTB

2-  Calculate the correction factors required to perform absolute dosimetry in UHDR

-> Manuscript submitted to PMB journal in Dec. 2022
Conventional electron beam (20 MeV) UHPDR electron beam (20 MeV)

Parameter

AT [mK]
¢ [-kg K]
K

ey
)

=

o)
(9}

KT,depth

@

0.9977 —1.0047 0.34 0.9953 - 1.0015 0.49
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Validation of primary standards for absorbed dose in electron beams PTB

3- Validate the absolute dose to water using the calorimeter by comparing with another
primary standard

EEPIB

Water calorimeter

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

3- Validate the absolute dose to water using the calorimeter by comparing with another
primary standard (Fricke from METAS, Deliverable 3)

Fricke dosimeter

EEPIB

Water calorimeter

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

Fricke dosimeter

PIB

Water calorimeter

=

=\
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Validation of primary standards for absorbed dose in electron beams PTB

Fricke dosimeter

@P‘I’B ‘Big and heavy equipment
S d Requires new set of correction factors

Water calorimeter

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

Fricke dosimeter

PIB © METAS

B \ /

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

Fricke dosimeter

Travel with unstable chemical

EEPIB o

Travel with a portable lab

.

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

Fricke dosimeter

Transfer dosimeter...

EEPIB

Water calorimeter

Easy to transport
Requires no additional expertise

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

Fricke dosimeter

Alanine dosimeter!

PIB © METAS

Water calorimeter

=

=\
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Validation of primary standards for absorbed dose in electron beams PTB

4= O METAS

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB

Sealed alanine dosimeters (mailed)
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Validation of primary standards for absorbed dose in electron beams PTB
Results

@PTB Dyverasiers = 1.002 £0.012 3 METAS

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Validation of primary standards for absorbed dose in electron beams PTB
Results

EEPIB © METAS

Dpramge = 0.9997 + 0.0080 Dyerasire = 1.002 £ 0.011

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute



Overview Bz PIB

» UHPDR electron reference beams were established, enabling
dose rates between ~0.1 Gy per pulse up to ~15 Gy.

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Overview Bz PIB

* The PTB’s water calorimeter has been establish successfully
with an uncertainty budget under initial expectation.

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
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Overview PTB

» UHPDR electron reference beams were established, enabling
dose rates between ~0.1 Gy per pulse up to ~15 Gy.

* The PTB’s water calorimeter has been establish successfully
with an uncertainty budget under initial expectation.

» PTB’s and METAS's primary standard are consistent within
stated uncertainty (1.002 + 0.012).

Physikalisch-Technische Bundesanstalt @ Braunschweig and Berlin National Metrology Institute
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Overview Bz PIB

All this with an average delay of just 6 months!
...much better than the Berlin airport construction delays

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin National Metrology Institute
41



Acknowledgments

Franziska Frei Malcolm McEwen
Thomas Hackel Bryan Muir
Adrian Knyziak Peter Peier
Rafael Kranzer Andreas Schlesner
Achim Krauss Andreas Schiiller
UHDpulse Christoph Makowski ~ Olaf Tappe

http://uhdpulse-empir.eu/ Marco Marinelli

,—D’A Physikalisch-Technische Bundesanstalt
V 6 Braunschweig

Bundesallee 100
38116 Braunschweig

Alexandra Bourgouin
Telefon: +49 531 592-6439

“ www.ptb.de

This project 18HLT04 UHDpulse
has received funding from the
EMPIR programme co-financed
by the Participating States and
from the European Union’s
Horizon 2020 research and
innovation programme.

EMPIR B -

Th EMPIR I I o-funded by the Eur n 2020
l p ogramme al dlh EMPIRP I pl qSll

Mercl

Thank you
» E-Mail: alexandra.bourgouin@ptb.de Dan keSChOn


http://www.ptb.de/
http://uhdpulse-empir.eu/

	Slide 1
	Slide 2: Overview
	Slide 3: Overview
	Slide 4: Initial UHPDR electron beams
	Slide 5: Initial UHPDR electron beams
	Slide 6: Initial UHPDR electron beams
	Slide 7: Development, optimisation and commissioning of reference radiation fields 
	Slide 8: Development, optimisation and commissioning of reference radiation fields 
	Slide 9: Development, optimisation and commissioning of reference radiation fields 
	Slide 10: Development, optimisation and commissioning of reference radiation fields 
	Slide 11: Development, optimisation and commissioning of reference radiation fields 
	Slide 12: Development, optimisation and commissioning of reference radiation fields 
	Slide 13: Development, optimisation and commissioning of reference radiation fields 
	Slide 14: Development, optimisation and commissioning of reference radiation fields 
	Slide 15: Development of primary standards for absorbed dose in electron beams
	Slide 16: Development of primary standards for absorbed dose in electron beams
	Slide 17: Development of primary standards for absorbed dose in electron beams
	Slide 18: Development of primary standards for absorbed dose in electron beams
	Slide 19: Development of primary standards for absorbed dose in electron beams
	Slide 20: Development of primary standards for absorbed dose in electron beams
	Slide 21: Development of primary standards for absorbed dose in electron beams
	Slide 22: Development of primary standards for absorbed dose in electron beams
	Slide 23: Development of primary standards for absorbed dose in electron beams
	Slide 24: Development of primary standards for absorbed dose in electron beams
	Slide 25: Development of primary standards for absorbed dose in electron beams
	Slide 26: Validation of primary standards for absorbed dose in electron beams
	Slide 27: Validation of primary standards for absorbed dose in electron beams
	Slide 28: Validation of primary standards for absorbed dose in electron beams
	Slide 29: Validation of primary standards for absorbed dose in electron beams
	Slide 30: Validation of primary standards for absorbed dose in electron beams
	Slide 31: Validation of primary standards for absorbed dose in electron beams
	Slide 32: Validation of primary standards for absorbed dose in electron beams
	Slide 33: Validation of primary standards for absorbed dose in electron beams
	Slide 34: Validation of primary standards for absorbed dose in electron beams
	Slide 35: Validation of primary standards for absorbed dose in electron beams
	Slide 36: Validation of primary standards for absorbed dose in electron beams
	Slide 37: Validation of primary standards for absorbed dose in electron beams
	Slide 38: Overview
	Slide 39: Overview
	Slide 40: Overview
	Slide 41: Overview
	Slide 42

