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• Experience in using detector arrays for treatment

plan verification in radiotherapy

• Different types of detector arrays are in use at linear 

accelerators for radiation therapy, suitable for photon

and heavy ion radiation

• Monte Carlo simulations of correction factors on a

chamber level accuracy

• Effects of target fragmetation on water equivalent

tissue / dose to water

Background
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Current projects FLASH/R2E -> New Working Group R2E  (V. Wyrwoll) 

EU: H2020 INFRAIA-02-2020

...

Flash Beams

2 PhD Students
4 PhD students

EU: H2020 EMPIR

Wyrwoll, V et al 2020 IEEE Transactions on Nuclear Science

Wyrwoll, V., 2020 IEEE Transactions on Nuclear Science.

Wyrwoll, V. et al 2020, NUCL INSTRUM METH A

Poppinga, D et al 2020,  Biomed Phys Eng

Schüller et al, 2020 Physica Medica

Kranzer et al, 2020, Medical Physics

R2E
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IAEA.TRS398 etc.

MC-Simulations: 

Geant4, Fluka, 

EGSnrc
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1. 2D Ion-Chamber Arrays 

Detector Development

4. Non-Reference Conditions3. Signal - Theory

2. 1D-Detectors
1.

Stelljes et  al Medical Physics (2018)

Stelljes T et al. Medical Physics (2017)

Blank et al. Physica Medica (2016)

Stelljes et al. Medical Physics (2015)

Poppe et al. Medical Physics (2014)

Poppe et al. „Green Journal“ (2010)

Poppe et al. Medical Physics (2007)

Heilemann et al. Medical Physics (2013)

Poppe et al. Medical Physics (2006)

Poppe et al. ZMP (2006)

...

2.

Schönfeld et al (2019)

Poppinga et al Med Phys (2019)

Büsing. Z Med Phys (2019)

Poppinga et al Med Phys (2018)

Looe et al Med. Phys (2019)

Delfs et al Med. Phys (2018)

Poppinga et al. (ZMP 2017)

Burke et al. ZMP (2016)

Poppinga et al (2014)

Looe et al. PMB (2011)

Djouguela et a.l ZMP (2008)

Djouguela et al. ZMP (2006)

...

3.

Looe et al PMB  (2019)

Looe et al PMB (2018)

Looe et al. PMB (2016)

Looe et al. PMB (2016)

Looe et al. PMB (2015)

Looe et al. Mecia Physics (2013)

Poppe et al. Medical Physics (2007)

...

4.

Chofor et al. ZMP (2015)

Chofor et al. ZMP (2014)

Chofor et al. ZMP (2014)

Looe et al. PMB (2013)

Chofor et al. PMB (2012)

...
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Dosimetry with Very High 

Energy Electrons at CERN

60MeV – 200 MeV Electrons

Dose Rates up to nearly 2 kGy/s

Simulation of Jupiter Radiation Belts

Built for testing missions to Jupiter

Dose rate in radiation belts ca. 6Gy/min

(Equivalent to clinical linac)!!

Kranzer et al 2020
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Oldenburg: Flash-Activities
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Monte Carlo and

Analytical

Methods
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Space 

Environment

Radiation,

Small Bodies, 

Instrumentation 

H. von Boetticher B. PoppeH.K. Looe G. Drolshagen 

2D Dosimetry, 

Non Reference 

Dosimetry

B. Poppe + 

T. Stelljes

all areas strongly connected

Particles and

Protons

2D Dosimetry,

Non Reference 

Dosimetry

V. Wyrwoll

Extreme 

Beams

• >  members app 40: (4 Habil/PI, 4 physicists,  18 Phd

students,…)

• >  100 Peer Reviewed papers

• DIN norms, AAPM –TGs, UN-group
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• Easy-to-use opportunity to put a 

measurement device into the beam

• Array with detector matrix suitable for

measurements of heavy ions and beam 

characterization

• Device is already in use for QA in treatment

plan verification for radiotherapy

• Different types available

One of the Possible Experiments
The Detector Array
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Previous Experiment with the Array: 

North Area CERN 2018 with 150 GeV/n lead
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Experimental Set-Up
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1000SRS set-up in the North Area CERN 2018
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1000SRS set-up in the North Area CERN 2018
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Previous Results with the Array
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1000 SRS array
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Horizontal and vertical line profiles measured with the 1000 
SRS array integrated over 5 and 364 ion spills
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Comparison of horizontal and vertical beam profiles of the 
array and Gafchromic film attached in front of the array

-60 -40 -20 0 20 40 60

position [mm]

0

0.2

0.4

0.6

0.8

1

re
la

ti
v
e
 s

ig
n
a

l

horizontal profile

1000 SRS

XR-QA2 film

-60 -40 -20 0 20 40 60

position [mm]

0

0.2

0.4

0.6

0.8

1

re
la

ti
v
e
 s

ig
n
a

l

vertical profiles

1000 SRS

XR-QA2 film



Seite 25

Dr. Vanessa Wyrwoll, Carl von Ossietzky Universität Oldenburg20.04.2023 20

Comparison of horizontal and vertical beam profiles of the 
array and Gafchromic film attached behind the array
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Calculation of dose to water

𝐷𝑤 = 𝑀 −𝑀0

60Co
ND,W𝑘𝑄
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Calculation of dose to water

𝐷𝑤 = 𝑀 −𝑀0

60Co
ND,W𝑘𝑄

Measured value
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Calculation of dose to water

𝐷𝑤 = 𝑀 −𝑀0

60Co
ND,W𝑘𝑄

Measured value

Calibration factor of the array
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Calculation of dose to water

𝐷𝑤 = 𝑀 −𝑀0

60Co
ND,W𝑘𝑄

Measured value

Calibration factor of the array

Correctionfactor

for the beam quality
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Calculation of correction factor 𝑘𝑄 calculated with FLUKA

𝑘𝑄 =

𝐷𝑤𝑎𝑡𝑒𝑟
𝐷𝑐ℎ𝑎𝑚𝑏𝑒𝑟 208𝑃𝑏

𝐷𝑤𝑎𝑡𝑒𝑟
𝐷𝑐ℎ𝑎𝑚𝑏𝑒𝑟 60𝐶𝑜
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Stopping Power calculation

Τ𝑆 ρ =
𝐸𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑣𝑜𝑥𝑒𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑧 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ∗ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑤𝑎𝑡𝑒𝑟

In general, restricted LET: 
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Stopping Power calculation

Τ𝑆 ρ =
𝐸𝑑𝑒𝑝𝑜𝑠𝑖𝑡𝑒𝑑

𝑣𝑜𝑥𝑒𝑙 𝑙𝑒𝑛𝑔𝑡ℎ 𝑖𝑛 𝑧 𝑑𝑖𝑟𝑒𝑐𝑡𝑖𝑜𝑛 ∗ 𝑑𝑒𝑛𝑠𝑖𝑡𝑦𝑤𝑎𝑡𝑒𝑟

Τҧ𝑆 ρ =
0׬

𝐿𝐸𝑇 𝑚𝑎𝑥𝜙 𝐿𝐸𝑇 ∙ Τ𝑆 ρ 𝐿𝐸𝑇 𝑑 𝐿𝐸𝑇

0׬
𝐿𝐸𝑇 𝑚𝑎𝑥𝜙 𝐿𝐸𝑇 𝑑 𝐿𝐸𝑇

In general, restricted LET: 

However, here a weighted calculation was needed, due to a lead percentage of 70%



Seite 33

Dr. Vanessa Wyrwoll, Carl von Ossietzky Universität Oldenburg20.04.2023 20

Weighted Stopping Power calculation

Τҧ𝑆 ρ =
0׬

𝐿𝐸𝑇 𝑚𝑎𝑥𝜙 𝐿𝐸𝑇 ∙ Τ𝑆 ρ 𝐿𝐸𝑇 𝑑 𝐿𝐸𝑇

0׬
𝐿𝐸𝑇 𝑚𝑎𝑥𝜙 𝐿𝐸𝑇 𝑑 𝐿𝐸𝑇

𝜙 𝐿𝐸𝑇 is the LET distribution of the beam
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Calculation of particle fluence distribution and convert to 
counts

Φ x y 𝑐𝑚−2 =
𝐷𝑊 𝑥, 𝑦

𝐽
𝑘𝑔

ൗ𝑆 𝜌
𝑀𝑒𝑉 𝑐𝑚2

𝑚𝑔

10−6
𝑘𝑔
𝑚𝑔

1 ∙ 106 ∙ 1.6 ∙ 10−19
𝐽

𝑀𝑒𝑉

𝑐𝑜𝑢𝑛𝑡𝑠 = ඵΦ 𝑥, 𝑦 𝑑𝑥𝑑𝑦
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Comparison between DWC signals and the line integrals of 
the 1000 SRS array

-100 -50 0 50 100

position [mm]

0

0.2

0.4

0.6

0.8

1

re
la

ti
v
e
 s

ig
n
a

l

horizontal profiles

1000 SRS

DWC

-100 -50 0 50 100

position [mm]

0

0.2

0.4

0.6

0.8

1

re
la

ti
v
e
 s

ig
n
a

l

vertical profiles

1000 SRS

DWC



Seite 36

Dr. Vanessa Wyrwoll, Carl von Ossietzky Universität Oldenburg20.04.2023

36

1000SRS and Film
First online image of a 120 GeV Lead Beam 

For more Details in the Paper
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• Knowledge of beam properties at the position of the

experiment is important for the user

• Beam shape has been examined and compared with

dosimetry films

• Particle flux and dose to water has been examined at 

the position of the experiment

Summary 
Previous Results with the Array in an UHE Lead Beam
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• Our Background and Expertise

• The Detector Array 

• Other dosimetry Options
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• Different array available (including possible 

modifications depending on the beam properties)

• Farmer chamber

• Gafchromic Films

• Advances Markus Chamber

• Measurements in a water phantom or solid water

Other possible ways of dosimetry in VHE 
and UHE heavy ion beams
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Farmer Chamber
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• Farmer chamber

Farmer Chamber
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Advanced Markus
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Advanced Markus
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Water Phantom
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Water Phantom

• Versatile, application-specific solution

• Appropriately sized, fully automatic 3D water tank with up

to 38 cm (MP3-P; vertical)/50 cm (MP3-PL; horizontal)

scanning depth

• parallel walls and a thin exchangeable entrance window for

precise horizontal beam measurements

• Detector positioning accuracy true to 0.1 mm

• Electrometer with extended measurement range also

suitable for reference dose measurements
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• Expertise in the field of Monte Carlo simulation on a 

chamber level of details

• Expertise in characterization of detectors and 

correction factors

• Already performed dosimetry in a UHE lead beam at 

CERN 2028 using a 1000SRS detector array

• Possible changes and modifications of available

PTW detectors

• Access to a variety of PTW detectors

Conclusion - Possible Contribution
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