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Background

• Current protocols based on chambers calibrated in other 

beam types (electrons, Co60)

• Preferred method of transfer of calibration from primary 

standard to user is cross calibration in a beam of the 

same or similar beam quality.

• UK protons are coming, well actually they have already 

been here since 1989!

• Clatterbridge/NPL collaboration since 1999

• 2001 NPL SR project to examine issues surrounding 

reference dosimetry for proton beams

• 5th April 2012 UK government announced two NHS 

“high” energy facilities at Christie and UCLH



Extract from planning visit 2002
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Aim of the original project was to explore the variation 

of the current recommendations of dosimetry protocols 

and the feasibility of building a primary standard to 

routinely operate in the clinical department 



Publications resulting directly from work conducted between NPL/CCC 

plus at least a further 4/5 in preparation

• R Thomas, H Palmans, A Kacperek, S Duane, “ Low energy proton beam dosimetry with plane-parallel chambers using NPL electron and 
60Co calibrations,” Published in proceedings of the ARPANSA workshop on Recent Advances in Absorbed Dose Standards 19-21 August, 
2003

• H. Palmans, R. Thomas, M. Simon, S. Duane, A. Kacperek, A. DuSautoy and F. Verhaegen, “A small-body portable graphite calorimeter 
for dosimetry in low-energy clinical proton beams,” Phys. Med. Biol. 49(16) 3737–3749, 2004 

• D. Shipley, H. Palmans, A. Kacperek and C. Baker, “GEANT4 simulation of an ocular proton beam and benchmark against other Monte 
Carlo codes,” In: The Monte Carlo Method: Versatility Unbounded in a Dynamic Computing World (Illinois, USA: American Nuclear
Society), 2005 (ISBN 0894486950)

• H. Palmans, R. Thomas and A. Kacperek, “Ion recombination correction in the Clatterbridge Centre of Oncology clinical proton beam,” 
Phys. Med. Biol. 51(4) 903–917, 2006

• C. Baker, D. Shipley, H. Palmans and A. Kacperek, “Monte Carlo modelling of a clinical proton beam-line for the treatment of ocular 
tumors,” Nucl. Instr. Meth. A 562(2) 1005–1008, 2006

• H. Palmans, A. Kacperek and O. Jäkel, “Hadron dosimetry” In: Clinical Dosimetry Measurements in Radiotherapy (AAPM 2009 Summer 
School), Ed. D. W. O. Rogers and J. Cygler, (Madison WI, USA: Medical Physics Publishing), 2009, pp. 669–722 (ISBN: 9781888340846)

• L Al-Sulaiti, D Shipley, R Thomas, A Kacperek, P Regan and H. Palmans, “Water equivalence of various materials for clinical proton 
dosimetry by experiment and Monte Carlo simulation,” Nucl. Instrum. Meth. A 619(1–3) 344–347, 2010

• H. Palmans, L. Al-Sulaiti, P. Andreo, R. A. S. Thomas, D. R. Shipley, J. Martinkovič and A. Kacperek, “Conversion of dose-to-graphite to 
dose-to-water in clinical proton beams,” In: “Standards, Applications and Quality Assurance in Medical Radiation Dosimetry –
Proceedings of an International Symposium, Vienna 9–12 November 2010 – Vol. 1” (Vienna, Austria: IAEA), 2011, pp.343–355 (ISBN 
9789201162106)

• L. Al-Sulaiti, D. Shipley, R. Thomas, P. Owen, A. Kacperek, P. H. Regan and H. Palmans, “Water equivalence of some plastic-water 
phantom materials for clinical proton beam dosimetry,” Appl. Radiat. Isotop. 70 1052–1057, 2012

• H. Palmans, L. Al-Sulaiti, P. Andreo, D. Shipley, A. Lühr, N. Bassler, J. Martinkovič, J. Dobrovodský, S. Rossomme, R. A. S. Thomas and 
A. Kacperek, “Fluence correction factors for graphite calorimetry in a low-energy clinical proton beam: I. Analytical and Monte Carlo 
simulations,” Phys. Med. Biol. 58(10) 3481–3499, 2013

• J. Renaud, S. Rossomme, A. Sarfehnia, S. Vynckier, H. Palmans, A. Kacperek and J. Seuntjens, “Development and application of a water 
calorimeter for the absolute dosimetry of short-range particle beams,” Phys. Med. Biol. 61(18) 6602–6619, 2016
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“Of course, our other articles and book chapters (29) we have published on proton or carbon 

ion dosimetry have also indirectly been enabled by our collaboration with Clatterbridge”

• H. Palmans, “Effect of alanine energy response and phantom material on depth dose measurements in ocular proton beams,” Technol Cancer Res Treat. 2(6) 579–586, 2003

• H. Palmans and F. Verhaegen, “Assigning nonelastic nuclear interaction cross sections to Hounsfield Units for Monte Carlo treatment planning of proton beams,” Phys. Med. Biol., 50(5) 
991–1000, 2005

• H. Palmans, “McPTRAN.CAVITY and McPTRAN.RZ, Monte Carlo codes for the simulation of proton beams and calculation of proton detector perturbation factors,” In: The Monte Carlo 
Method: Versatility Unbounded in a Dynamic Computing World (Illinois, USA: American Nuclear Society), 2005 (ISBN 0894486950)

• J. Medin, C. K. Ross, N. V. Klassen, H. Palmans, E. Grusell and J-E. Grindborg, “Experimental determination of beam quality kQ,Qo factors for two types of Farmer chambers in a 10 MV 
photon and a 175 MeV proton beam,” Phys. Med. Biol. 51(6) 1503–1521, 2006

• H. Palmans, “Perturbation factors for cylindrical ionisation chambers in proton beams. Part I: Corrections for gradients,” Phys. Med. Biol. 51(14) 3483–3501, 2006

• N. Bassler, J. W. Hansen, H. Palmans, M. H. Holzscheiter, S. Kovacevic and the AD-4/ACE Collaboration, “The antiproton depth dose curve measured with alanine detectors,” Nucl. 
Instrum. Meth. B 266(6) 929–936, 2008

• C. P. Karger, O. Jäkel, H. Palmans and T. Kanai, “Dosimetry for Ion Beam Radiotherapy,” Phys. Med. Biol. 55(21) R193–R234, 2010

• D. Kirby, S. Green, H. Palmans, R. Hugtenburg, C. Wojnecki and D. Parker, “LET dependence of GafChromic films and an ion chamber in low-energy proton dosimetry” Phys. Med. Biol. 
55(2) 417–433, 2010

• H. Palmans, “Secondary electron perturbations in Farmer type ion chambers for clinical proton beams,” In: “Standards, Applications and Quality Assurance in Medical Radiation Dosimetry –
Proceedings of an International Symposium, Vienna 9–12 November 2010 – Vol. 1” (Vienna, Austria: IAEA), 2011, pp.309–317 (ISBN 9789201162106)

• D. Georg, W. Birkfellner, H. Palmans, T. Schreiner, S. Vatnitsky, E. Selzer, M. Baumann and N. Cordes, “Research Opportunities for Medical Radiation Physics and Radiation Biology,” 
(Vienna, Austria: Robitschek), 2010 (ISBN: 9783200017924)

• A. Lühr, D. C. Hansen, N. Sobolevsky, H. Palmans, S. Rossomme and N. Bassler, “Fluence correction factors and stopping power ratios for clinical ion beams” Acta Oncol. 50(6) 797–805, 
2011

• D. Kirby, S. Green, F. Fiorini, D. Parker, L. Romagnani, D. Doria, S. Kar, C. Lewis, M. Borghesi and H. Palmans, “Radiochromic film spectroscopy of laser-accelerated proton beams using 
the FLUKA code and dosimetry traceable to primary standards,” Laser Part. Beams 29(2) 231–239, 2011

• R. Herrmann, O.Jäkel, H. Palmans, P. Sharpe and N. Bassler, “Dose response of alanine detectors irradiated with carbon ion beams,” Med. Phys. 38(4) 1859–1866, 2011

• H. Palmans, “Comments on ‘The effective depth of cylindrical ionization chambers in water for clinical proton beams’” Phys. Med. Biol. 57(21) 7219–7224, 2012

• A. Ableitinger, S. Vatnitsky, R. Herrmann, N. Bassler, H. Palmans, P. Sharpe, S. Ecker, N. Chaudhri, O. Jäkel and D. Georg, “Dosimetry auditing procedure with alanine dosimeters for light 
ion beam therapy: results of a pilot study,” Radiother. Oncol. 108(1) 99–106, 2013
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• P. Andreo, J. Wulff, D. T. Burns and H. Palmans, “Consistency in reference radiotherapy dosimetry: resolution of a conundrum when 60Co 
is the reference quality for charged- particle and photon beams,” Phys. Med. Biol. 58(19) 6593–6621, 2013

• S. Rossomme, H. Palmans, D. Shipley, R. Thomas, N. Lee, F. Romano, P. Cirrone, G. Cuttone, D. Bertrand and S. Vynckier, “Conversion 
from dose-to-graphite to dose-to-water in an 80 MeV/A carbon ion beam,” Phys. Med. Biol. 58(16) 5363–5380, 2013

• H. Palmans, “Monte Carlo calculations for proton and ion beam dosimetry,” In: Monte Carlo Applications in Radiation Therapy, Ed. F. 
Verhaegen and J Seco, (London: Taylor & Francis), 2013, pp. 185–199 (ISBN 9781466507920)

• S. Rossomme, H. Palmans, R. Thomas, N. Lee, S. Duane, M. Bailey, D. Shipley, D. Bertrand, F. Romano, P. Cirrone, G. Cuttone and S. 
Vynckier, “Reference dosimetry for light-ion beams based on graphite calorimetry,” Radiat. Prot. Dosim. 161(1–4) 92–95, 2014

• H. Palmans and S. Vatnitsky, “Dosimetry and beam calibration” In: Principles and practice of proton beam therapy (AAPM 2015 Summer 
School), Ed. I. J. Das and H. Paganetti, (Madison WI, USA: Medical Physics Publishing), 2015, pp. 317–351 (ISBN: 9781936366439)

• S. Vatnitsky and H. Palmans, “Detector systems” In: Principles and practice of proton beam therapy (AAPM 2015 Summer School), Ed. I. 
J. Das and H. Paganetti, (Madison WI, USA: Medical Physics Publishing), 2015, pp. 275–316 (ISBN: 9781936366439)

• H. Palmans, “Proton beam interactions: basic” In: Principles and practice of proton beam therapy (AAPM 2015 Summer School), Ed. I. J. 
Das and H. Paganetti, (Madison WI, USA: Medical Physics Publishing), 2015, pp. 43–80 (ISBN: 9781936366439)

• S. Rossomme, J. Hopfgartner, S. Vynckier and H. Palmans, “Under response of a PTW-60019 microDiamond detector in the Bragg peak 
of a 62 MeV/n carbon ion beam,” Phys. Med. Biol. 61(12) 4551–4563, 2016

• A. M. Lourenço, R. Thomas, H. Bouchard, A. Kacperek, V. Vondracek, G. Royle and H. Palmans, “Experimental and Monte Carlo studies 
of fluence corrections for graphite calorimetry in low and high-energy clinical proton beams,” Med. Phys. 43(7) 4122–4132, 2016

• H. Palmans and S. M. Vatnitsky, “Comment on ‘Proton beam monitor chamber calibration’,” Phys. Med. Biol. 61(17) 6585–6593, 2016

• S. Rossomme, J. Hopfgartner, N. Lee, A. Delor, R. Thomas, F. Romano, A. Fukumura, S. Vynckier and H. Palmans, “Ion recombination 
correction in carbon ion beams,” Med. Phys. 43(7) 4198–4208, 2016

• A. Lourenço, N. Wellock, R. Thomas, M. Homer, H. Bouchard, T. Kanai, N. MacDougall, G. Royle and H. Palmans, “Characterisation of 
novel water-equivalent plastics in clinical high-energy carbon-ion beams,” Phys. Med. Biol. 61(21) 7623–7638, 2016

• S. Rossomme, J. M. Denis, K. Souris, A. Delor, F. Bartier, D. Dumont, S. Vynckier and H. Palmans, “LET dependence of the response of a 
PTW-60019 microDiamond detector in a 62 MeV proton beam,” Phys. Medica 32(9) 1135–1138, 2016

• H. Palmans and S. M. Vatnitsky, “Beam monitor calibration in scanned light-ion beams,” Med. Phys. 43(11) 5835–5847, 2016
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Graphite calorimetry for protons CCO

(Palmans et al 2004, Phys Med Biol 49:3737-49)



Graphite calorimetry results CCO
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1925 Triumph 500cc Model P



Design of new calorimeter



Design of new



Quasi-adiabatic mode of operation;

Outer jacket of calorimeter is maintained at a constant temperature, usually 
a few degrees C above the ambient temperature of the room. The core and 
inner jacket are not controlled and allowed to drift. The absorbed dose, 𝐷

g
,  

is obtained by multiplying the temperature rise in the graphite core, ∆𝑇g, 

(corrected for heat transfers), by the specific heat capacity, 𝑐p
g

of graphite:

𝐷
g
= 𝑐p

g
. ∆𝑇g



Adiabatic Mode



Isothermal mode of operation;

Jackets and core are maintained at constant temperature. The dose delivered 
to the core by irradiation, 𝐷

g
, can be calculated from electrical substitution, 

where ∆𝐸elec is the change in electrical energy supplied to the core during 
irradiation and 𝑚core is the mass of the core. 

𝐷
g
=
∆𝐸elec
𝑚core



Isothermal Mode



Calorimeter / Ionisation chamber set up at CCO



Chamber measurements in 

Water
Set up at LNS Catania,

for Alpha & Carbon ion beams



“Portable” Proton Calorimeter



“We need to test this table will hold the 

weight with something we can afford to 

loose if it breaks……”



Summary

 Device has been successfully transported by road/sea/air to Sicily, 

Japan, Prague and Liverpool

 Demonstrated that a robust and portable calorimeter can be built to the 

level required of a primary standard and operate successfully in the 

clinical setting

 Initial derivation of the W value shows good agreement with previously 

derived data and inline with published value

 Traceability & comparability to existing UK dosimetry protocols

 Support clinical trials and biological investigation

 IPEM backing for UK proton reference dosimetry code of practice



Thank you, and over to Stuart….
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The National Measurement System is the UK’s national infrastructure of measurement

Laboratories, which deliver world-class measurement science and technology through four

National Measurement Institutes (NMIs): LGC, NPL the National Physical Laboratory, TUV NEL

The former National Engineering Laboratory, and the National Measurement Office (NMO).

The National Measurement System delivers world-class 

measurement science & technology through these organisations
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Thank You, questions?



Derivation of (wair)p from calorimeter 

measurements



W- value calculated for measurement in modulated 

beam



W- value calculated for 

measurement in unmodulated beam



W- value calculated for measurement in modulated 

beam (corrected!)



Proton Calorimeter “road trip”


