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Thermal Radiation from Tiny Particles

Researchers from Greifswald and Heidelberg have succeeded in performing time-resolved measurements
of the internal energy distribution of stored clusters. The clusters investigated consisted of four cobalt
atoms and an additional electron. Christian Breitenfeldt, a physicist at the University of Greifswald,
presents, with his colleagues from the Max Planck Institute for Nuclear Physics in Heidelberg, the direct
observation of the radiative heat exchange of these nanoparticles with their environment in the journal
Physical Review Letters.

You do not have to touch a hot stove to feel its heat. If it is hot enough, you can see it glow. But, even at lower
temperature it still emits light — although not visible to the human eye, but in the form of infrared rays. We have known
the radiation laws for the objects of daily life as well as for celestial bodies like our sun since the studies of Max Planck,
for which he received the Nobel Prize for physics of 1918. Isolated atoms also emit electromagnetic waves, according to
very different, but also well-known laws. However, the details of radiative cooling of clusters — nanoparticles made of
just a few atoms or molecules — have still not been clarified completely.

This topic is being approached by researchers at the Max Planck Institute for Nuclear Physics in Heidelberg, (MPIK) in
collaboration with the University of Greifswald. As part of his doctoral work, Christian Breitenfeldt, a member of the
research group led by Prof. Lutz Schweikhard in Greifswald, used the electrostatic ion-beam trap CTF (Cryogenic Trap
for Fast Ion Beams) at MPIK’s scientific division led by Prof. Klaus Blaum, under the supervision of Prof. Andreas Wolf
and Dr. Sebastian George.

The studies were performed with nanoparticles made of four cobalt atoms. These cobalt clusters were produced as
negatively charged ions, i.e. with an additional electron, and captured in the CTF. Essentially, the trap consists of a pair
of ion optical mirrors between which the stored ions bounce in an ultrahigh vacuum — which is very similar to a device
that was developed in Greifswald and used extensively for precision mass measurements of exotic atomic nuclei at
CERN. If a nanoparticle has some thermal energy, i.e. ‘internal energy’ stored in the vibration of its atoms, the energy
can be transferred to the electron. This can lead to the emission of the electron — sooner or later, depending on the
amount of internal energy. As the cluster is no longer electrically charged, it is also stored no longer. After leaving the
trap, it can be traced by a detector. The aim of the experiments was to monitor the electron detachmentin a
time-resolved manner and to reconstruct the temporal development of the thermal distribution of the clusters’ internal
energy. To this end, the clusters were irradiated with laser light of various wavelengths, i.e. at different photon energies.
The electron emission, as a function of laser wavelength, served as a probe for the energy distribution of the stored
cobalt clusters.

The internal energy distribution was probed 20 times per second over periods of six seconds, i.e. each series consisted of
120 measurements. This allowed the researchers to monitor the temporal development of the clusters’ thermal energy.
It led to the reconstruction of the energy exchange by thermal radiation between the clusters and their environment, in
this case the vacuum vessel, which was at room temperature. If the clusters had a high level of internal energy at the
beginning of the storage time, cooling was observed. In contrast, when the clusters came from a particularly cold cluster
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ion source, which was contributed to these measurements by a research group from the University of Kaiserslautern, the
clusters were observed to warm up over time. In both cases, the clusters tried to gain an equilibrium in the flow of
thermal radiation, i.e. to reach the environmental temperature of the experimental setup.

Both cooling and heating by thermal radiation are important aspects with respect to the stability of nanoparticles in free
space. Under space conditions — in the ‘interstellar’ medium between the stars — the environmental temperature can be
very low. Thus, having gained these first results, follow-up experiments are currently being performed where these
processes are being investigated at much lower temperatures, just a few degrees above absolute zero. To achieve this,
the cryogenic storage ring CSR is being applied, which started work recently at the Max-Planck-Institute of Nuclear
Physics. The experiments currently being performed — again using negative four-atomic cobalt clusters — have already
shown that the energy exchange via thermal radiation slows down significantly at very low temperatures. The long
storage duration of ions in the CSR (up to hours) are proving to be of particular advantage for the investigation of
molecules and clusters under interstellar conditions.

The results on the radiative cooling and heating of small cobalt clusters were published in the journal Physical Review
Letters 120, 253001 — Published 21June 2018
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Schematic of delayed electron emission after photoexcitation of a negatively charged four-atom cobalt cluster.
Drawing: Lutz Schweikhard
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