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Measuring Fundamental Nuclear Data Using Metallic
Magnetic Calorimeters: The European “MetroMMC” Project
The MetroMMC collaboration

Metallic magnetic calorimeters (MMCs)
are low-energy radiation detectors,
operated usually below 100 mK, and
consisting of an energy absorber in
thermal contact with a metallic
paramagnetic temperature sensor. The
sensor is in a region where a weak
magnetic field is applied, so that a
temperature increase due to radiation
absorption produces a change in the
sensor magnetization detectable by a
superconducting quantum interference
device (SQUID) as a change of magnetic
flux. These detectors have shown in
recent years to possess the unique
combination of high resolution, low
energy threshold, and high degree of
linearity, all of which are needed for
precise measurement of low-energy
nuclear and atomic radiation. Several
projects worldwide are currently ongoing
to exploit MMCs in a variety of fields
including nuclear, particle physics and
astrophysics, medical, nuclear safeguard,
and nuclear forensics.
The European Project “MetroMMC”,
started in 2018 for the duration of 3
years, concerns the development of MMC
detectors and the relative detection
techniques relevant to understand
electron capture (EC) process in a few
selected key atomic nuclei [1]. This data is
of interest for the radionuclide metrology
community as it is critical to determine
radionuclide activity for a variety of
applications.
EC changes a radionuclide atomic number
and leaves a vacancy in its atomic levels.
The filling of such vacancy can result in
complex cascades of X-rays and Auger
electrons often involving thousands of
atomic transitions that can be very close
in energy. Due to the insufficient detector

resolution, transitions often remain
unobserved resulting in overall large
uncertainties on emission probabilities.
Because of these difficulties, atomic
theoretical models have to be employed
to connect experimental observation to
the fundamental parameters of the EC.
Current models, however, require
improvements that can be achieved by
comparison to the high-quality nuclear
data measurable by MMC detectors.

The goals of MetroMMC include the
development of MMC detectors for highresolution X-ray spectroscopy where a
source is outside the absorber; and MMC
detectors for the measurement of the EC
probability where a source is embedded in
the absorber. In the latter case, high
efficiency of nearly 100% and low-energy
threshold of ~20 eV are required and can
be realistically obtained with MMCs.
Methods for detector calibration and
accurate
characterisation
of
the
dispersion of the radioactive material
within the absorber must be developed as
well [2]. As a part of the project, a novel
cryogenic calorimetry technique based on
a dielectric-coupled resonator system is
being developed. This concept has been
demonstrated to exhibit a very high
temperature resolution.
In parallel to these experimental
developments, theoretical efforts are
ongoing within the project to improve
model description of EC with the inclusion
of nuclear structure effects as well as the
complex electron-electron correlations
and shake effects [3,4].
A project priority is to interact with the
wide community of research institutes,
medical facilities, and industry interested
in the new data, improved models, and
technologies developed in the MetroMMC
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project.

MetroMMC is carried out by three
European
metrology
institutes:
Laboratoire National Henri Becquerel
(LNHB, France), Physikalisch-Technische
Bundesanstalt (PTB, Germany), and
National Physical Laboratory (NPL, UK), in
collaboration with the Korean research
institute for standards and science (KRISS,
Korea), and university partners such as
the Nova University Lisbon (Portugal),
Heidelberg University (Germany), and the
Centre National de la Recherche
Scientifique
(CNRS,
France).
This
consortium combines expertise in
detector fabrication, radiation metrology,
atomic- and nuclear-physics modelling,
and builds upon previous experience
gained in the MetroBeta project [5], which
focussed on improving knowledge of
-decay spectra.

MMC detector setup at PTB

Further information on the project and on
upcoming
events
can
be
found
at http://empir.npl.co.uk/metrommc/.
This work was performed as part of the
EMPIR Project
17FUN02
MetroMMC.
This
project 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.

[1] P. C.-O. Ranitzsch, D. Arnold, J. Beyer, L. Bockhorn,
J. J. Bonaparte, C. Enss, K. Kossert, S. Kempf, M.
Loidl, R. Mariam, O. J. Nähle, M. Paulsen, M.
Rodrigues & M. Wegner, Journal of Low
Temperature Physics 199, 441-450, 2020.
[2] L. Bockhorn, M. Paulsen, J. Beyer, K. Kossert, M.
Loidl, O. J. Nähle, P. C.-O. Ranitzsch & M. Rodrigues,
Journal of Low Temperature Physics 199, 298–
305, 2020.
[3] L. Martins, P. Amaro, S. Pessanha, M. Guerra, J.
Machado, M. L. Carvalho, J. P. Santos, P. Indelicato,
X‐Ray Spectrometry, 1– 26, 2020.
[4] Xavier Mougeot, Applied Radiation and Isotopes,
154, 108884, 2020.
[5] M. Loidl, J. Beyer, L. Bockhorn, J. J. Bonaparte, C.
Enss, S. Kempf, K. Kossert, R. Mariam, O. Nähle, M.
Paulsen, P. Ranitzsch, M. Rodrigues and M. Wegner,
Journal of Low Temperature Physics, 199, 451–
460, 2020.

MMC detector at LNHB with 8-pixels absorbers for
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