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Outline

1. Radiation sources and research objectives.

2. Specific details (mainly related to calibration system).

3. Radiation protection measurement in pulsed beams.

Laboratory for Fundamental Medical Dosimetry
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Donation (21. juni 2012) from:

The John and Birthe Meyer Foundation
Accelerator, cobalt irradiation facility and advanced
instrumentation.

The overall objective for the laboratory: 

To support development and introduction of new forms of 
radiotherapy on Danish hospitals and to contribute to the
maintenance of high standards for patient safety during 
modern radiotherapy.



Varian Truebeam linear accelerator system

Full imaging (kV, MV, gating)
Eclipse TPS
Developer mode

Photon beams: 4, 6, 10, 15 and 18 MV 
FFF photon beams: 6 and 10 MV
Electron beams: 6, 9, 12, 15, 16, 18, and 20 MeV
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Terabalt (UJP Praha, Czech Republic)

Cobalt-60 source

455 TBq activity

Fixed horizontal beam

Full computer control
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Terabalt
(cobalt)

2 x Pace1000
2 x Almemo 
2690-8A

3 x PTW 
Unidos 
webline

Data file

Telnet

MELab
software

Measurement LAN

3 x Keithley
6517B 

PTW MP3
water tank

Measurement
infrastructure

Control 
room

5 x Vaisala, 
HMT333
(Temperature 
and humidity) Cobalt

room
Linac
right

Linac
left

Modulator
room

Script

GPIB GPIB RS232 RS232 RS232

Telnet

Main purpose: 
Automated measurements
Monitoring of environmental conditions
Flexible scanning
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Cyclotron

Cyclotron, beamline

Gamma cells
Radiation protection Electron beam

Other irradiation facilities at DTU Nutech

Cs-137
Co-60

Co-60



1. Detector oriented research

Organic scintillator dosimetry

Alanine dosimetry

3D optical dosimetry

Types of research at the new laboratory:



Lung tumor dosimetry

2. Clinically oriented projects



3. Calibrations and standards

Accredited calibrations and measurements

Standards for accelerator dosimetry

Audit methods

Project examples: 

Research projects within EURAMET 

Small-field dosimetry (Danish Research Council)



Radiobiology
Mikael Jensen
Torsten Groesser
Pil Fredericia
(Hevesy Laboratory)
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Next time: June 2016Mainly a theoretical course



Platoon 6 (June 15-19, 2015)
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Details about 

the cobalt source calibration system



Absorbed dose to water calibration procedure
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SADd

A0

Co-60 source

Collimator

Water tank

d = 5 g/cm2

SAD = 100 cm

A0 = 10 x 10 cm2

Need cobalt to:
- calibrate one chamber against another (substitution method) 
- calibrate chamber against standard
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Cobalt calibration rig
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Alignment telescope
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Characterizing the cobalt source
(one example)

Collimator reproducibility

Field size

Collimator
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Sensitivity coefficient:   (0.14 +/- 0.01) % pr. mm 
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Radiation protection

in pulsed beams

Motivations: 
(1) NSFS
(2) previous experience
(3) no specification from manufacturer
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Spherical ionization chamber
Accelerator

Phantom
(patient scatter)
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Reference pointLinac iso-center
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Time structure measured
with ME40 + oscilloscope
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Spherical chamber calibrated in Co-60 beam for air kerma, free in air
converted to ambient dose equivalent H*(10) using a conversion coefficient
of 1.2 Sv/Gy (reservation: energy spectrum and angular dependency). 
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Radiation protection

Dose rate around the accelerator after 
4000 MU of 18 MV (40 Gy)

A somewhat unexpected result
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A B CThree Ludlum 9DP*

A

B

CDatalogging
1 record pr. 5 s

Positioned after
beam stop 
(i.e. instruments were not activated).



Dose rate around the accelerator after 4000 MU of 18 MV   (initial 1.5 h) 

B. Max = 70 μSv/h

C. Max = 7 μSv/h

A. Max = 500 μSv/h



Dose rate around the accelerator after 4000 MU of 18 MV   (after 5 h) 



Dose rate around the accelerator after 4000 MU of 18 MV     (log scale) 

Cu-62 (β+) 9.74 min
Cu-64 (γ 1346 keV) 12.7 h

Al-28 (β-, γ 1779 keV) 2.3 min

(γ,n) in target:

(n,γ) elsewhere:



Conclusions
• A laboratory for medical dosimetry has been 

established. Only few countries have similar 
facilities.

• Three types of research: 
(1) Detector projects, (2) Clinical projects, and 
(3) Calibration and standards (+ radiobiology).

• Showed: Automated cobalt calibration details
• Designed simple test stand for radiation prot. 

measurements in pulsed beams.
• Found relatively high dose rates due to induced 

activity after long 18 MV irradiations.
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