Development of NIM in water calorimeter for absolute
determination of absorbed dose to water
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Water calorimeter has been widely used as an important tool for 7.62 4 NIM plane-parallel vessel
absolute determination of absorbed dose to water in the National
Metrology Institutes (NMls). The NIM primary standard water 7.60

calorimeter follows the design of the NRC water calorimeter, which is The. ne!vv therm;storpro!.)e.s have been deve!opeq in NIV,
o . . . which is 10% more sensitive than current thermistor probes. 7.58
operated at a water temperature of 4 °C, and is designed for use in

high-energy photon beams. In order to further meet the A new plane-parallel vessel is made in NIM, increasing the

Uncertainty budget (in %) of the absorbed dose to waler determination in
accelerator photon beams using water calorimeter.
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. S measurement depth range of the current water calorimeter.
requirement of absorbed dose to water in clinical electron beams, P ge of

NIM began to continuously improve and upgrade the current water
calorimeter.

Calorimetry measurements made at 6 MV, 10 MV and 25
MV with two different calorimeter core are consistent
within an uncertainty of 0.32%.
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The ratios of the cylindrical sealed vessel with probes 1,2 5019/8/5 2019/8/10 2019/8/15 2019/8/20 2019/8/25 2019/8/30 2019/9/4
and the new plane-parallel vessel with new probes are Date

AI M 1.002 at 6 MV, 1.002 at 10 MV and 1.000 at 25MVafter Results obtained using the NIM Elekta synergy 6MV. Each datum point is the

. . 10 individual .Th tainty b how the type A standard

correction for the vessel perturbation and other related average of 10 individdal 1wis. THE Unesrcdinty barsshow He tipe A standah

i uncertainty on the average value. The results represented by black diamond
corrections.

were obtained using NRC cylindrical vessel with probes 1 and 2, while those
represented by blue upper triangle were obtained using NIM plane-parallel
vessel with NIM thermistor probes. The horizontal double dotted and dashed
line are the mean values for cylindrical vessel and NIM plane-parallel vessel, and vesse|
respectively. The results are presented as the absorbed dose rate to water, Combined uncertainty
normalized to the mean value of PTW TM30012
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Development of a new plane-parallel glass vessel and thermistor
probes to upgrade the water calorimeter currently suitable for high-
energy photon beams, and then used to carry out absorbed dose to
water in accelerator electron beams.
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Replace the original calorimeter core with new plane-parallel glass vessel and
thermistor probes to form upgraded water calorimeter. This upgraded water
calorimeter was used to measure the absorbed dose to water in accelerator
photon beams, and compared with the water calorimeter previously
involved in the K6 comparison organized by the Bureau International des
Poids et Mesures (BIPM).

At NIM, the water calorimeter was developed with plane-parallel vessels and
thermistor probes. To obtain a low standard uncertainty, the different quantities
influencing measurements results are considered. The results were verified by
extensive comparisons between cylindrical vessel and NIM plane-parallel vessel.

Atypical calorimeter run Typical irradiation run obtained
) ) ’ ) using the NIM 6MV photon
Vi beams in (a), the uncorrected
voltage signal was 9.377 uV and
the water temperature was
3.983 °C measured by three Pt-
100 probes. The responseto a 1

— Qincrease in the decade box
meﬁ? 1% 210 resistance is shown in (b), the
uncorrected voltage signal was

12.801 uV, and the water
temperature was 4.059 °C.

The results show that the new plane-parallel vessel with the new thermistor probes
can be used to measure the absorbed dose to water in accelerator photon beams.
Reduce the minimum measuring depth of the current calorimeter to 1.8 cm.
Furthermore, this upgraded water calorimeter will be applied to the measurement of
absorbed dose to water in clinical electron beams.
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