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COSINUS GETS READY TO HUNT FOR
DARK MATTER
Interview with Karoline Schéaffner, assistant professor
at Gran Sasso Science Institute (GSSI) and INFN
- researcher, winner of a Max-Planck Research Grant

| (MPRG) with the COSINUS project for dark matter
research.

Thanks to a Max-Planck Research Grant (MPRG) of 3,115,000 euros, Karoline Schéaffner, assistant
professor at Gran Sasso Science Institute (GSSI) and INFN researcher, will lead a research group for the
next five years on dark matter at the INFN Gran Sasso National Laboratories. The Max-Planck Research
Grant will allow the scientist to implement COSINUS, the experiment led by her and dedicated to the
direct detection of dark matter particles.

Karoline Schéaffner, experimental physicist, has focused her research on astroparticles, in particular
on the physics of rare events and on the development of advanced cryogenic detection techniques
for a new generation of experiments to detect dark matter. Born in Germany and a graduate from the
Munich University of Applied Science, Schéffner received her PhD from the Max-Planck Institute for
Physics in Munich and carried out a post-doc at the INFN Gran Sasso National Laboratories and GSSI.
With the MPRG, she will continue a program started in 2016 with a grant financed by INFN that allowed
her to implement the COSINUS project installed at the Gran Sasso National Laboratories. We asked the
scientist to tell us about the genesis of her project and its development expectations after receiving the
award from the prestigious German institute.

The hunt for dark matter is today one of the most promising frontiers in the research on the structure
of our universe, and at the same time one of the most insidious and difficult to explore. What led
you to investigate in this difficult direction?

Since my time at university | was interested in experimental physics, in particular in low-temperature
physics and cryogenic detectors for particle physics applications. | was very fascinated that with man-
made machines, the dilution refrigerators, we can reach temperatures very close to the absolute
zero (0O K on the Kelvin temperature scale, corresponding to -273.15 °C), and these temperatures are
actually colder than the average temperature of the universe (about 2.7 K). On top of being able to reach
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temperatures lower than 0.01K (273.14 °C), in the 1980s cryogenic detectors started to be developed,
which actually can detect particle interactions with unprecedented high sensitivity.

It did not take long until the idea came up to use large cryogenic detectors for the search of rare events
such as neutrinoless double-beta decay and electron decay (proposed by E. Fiorini and T. O. Niinikoski
in 1983). Nowadays, cryogenic calorimeters are widespread in the field of rare event searches, in
particular they are also used in direct dark matter detection.

In the universe there is five times more dark matter than ordinary matter. This is by itself motivating as it
demonstrates how little we actually know still today and how much we still have to start to understand.
The elementary particles constituting ordinary matter are summarized in our so-called Standard Model
of particle physics. The last of its 17 elements was only recently discovered: the Higgs boson, detected
in 2012 at the LHC.

However, the Standard Model of particle physics does not contain a particle that could be dark matter.
Consequently, the existence of dark matter requires physics beyond the Standard Model, making this
specific field very attractive in astroparticle physics and explaining the huge interest and effort taken in
the particle physics community to resolve this long-standing mystery.

Thus, for me there is a perfect fit. We can build this fantastic low-temperature detectors and then
search with this advanced technology for dark matter, one of the biggest puzzle in today’s physics. It is
simply great to be part of it!

What is the peculiarity of the COSINUS experiment compared to other experiments in progress for
the dark matter search?

The majority of experiments in the field of direct detection have not found any hints of dark matter yet.
But there is one exception, the DAMA/LIBRA experiments located at LNGS observe since about 20
years an annual modulation signal which matches the expected signal from dark matter particles in
our galaxy. Other experiments cannot confirm this result, but different experiments use diverse target
materials and a direct comparison of their results is difficult and would require to take into account
certain assumptions, in particular on the interaction mechanism between dark matter and ordinary
matter. The only way of providing a fully model-independent clarification of the DAMA/LIBRA claim is to
use the same target material, but in a different experiment. And it is right here where COSINUS starts.
In COSINUS we are using the same target material as DAMA/LIBRA: the scintillating crystals of sodium
iodide (Nal). Different from all other Nal-based experiments that are currently under way to test the
DAMA/LIBRA signal, COSINUS will not operate the Nal crystals as pure scintillation detectors which only
acquire the scintillation light signal created by a particle interaction. Instead, COSINUS operates for
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the first time Nal crystals as cryogenic scintillating detectors at millikelvin temperatures, very close to
absolute zero. This technology was initially developed within the CRESST (Cryogenic Rare Event Search
using Superconducting Thermometers) dark matter search (using CaW04 crystals, a material called
scheelite), the project where | did my PhD thesis.

In such a cryogenic detector we measure two independent signals from a particle interaction: the heat
signal which gives a precise measurement of the energy deposit of the particle and the simultaneously
emitted scintillation light. This dual channel detection has two important advantages: first, a lower
energy threshold, in particular for nuclear recoils, as conventional scintillation detectors. Second, since
the amount of produced scintillation light depends on the type of particle, we can discriminate possible
signal events, e.g. dark matter interactions can be distinguished from common background events
(beta, gamma, alpha events). Particle identification is a completely new and unique feature for Nal
based searches. Thus, in case of positive evidence COSINUS can also tell what kind of interaction the
possible dark matter particles are having with the Nal crystal to finally solve the long lasting mystery.

With the funding assigned to you, you will manage a team. Who is going to be part of your team and
how do you plan to use the funds that have been allocated to you?

The idea for the COSINUS project was initially born within INFN. In summer 2015 | applied for a grant on
“New detection techniques for future experiments for direct detection of dark matter” awarded by the
INFN Fifth National Scientific Committee.

When the proposal was positively approved the adventure could finally start. The INFN grant (2016-
2018) was the precondition for us to produce the first prototype detector of COSINUS. In the beginning
it was mainly Dr. Florian Reindl, that time Post-doc at INFN Roma 1 and now spokesperson of COSINUS,
and myself who worked on getting started with the project. Since then we grew to about 15-20 scientists
and Phd students working on COSINUS. Our collaborators come from INFN LNGS, universitites and INFN
divisions of Milano and Milano Bicocca, HEPHY and TU Wien in Austria, SICCAS company as well as
from the Max-Planck Institute in Munich, Germany and the CRESST group. Furthermore, we received
excellent and constant support from services at LNGS, such as the mechanical workshop, the chemistry
department, the low-radioactivity lab and the administration. Without their strong contribution we could
not have arrived at a final working prototype, which was the pre-condition for all the next steps.

After the successful demonstration that Nal crystals can be operated as cryogenic detectors in 2017, |
applied for the well-known Max-Planck Research group. This grant seemed to be the perfect fit in order
to move on from a pure R&D project to a real physics experiment. The financial possibilities which come
with the Max-Planck grant will allow us to set up a highly radiopure cryogenic facility at LNGS which is
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necessary in order to perform a dark matter experiment - a dream which now really becomes true. The
underground facility will consist of a large water tank to shield against the natural radioactive background
and a dilution cryostat, a machine that allows us to produce the low-temperatures necessary to make
our Nal cryogenic detectors work.

Furthermore, within the grant | have the possibility to build up my own small group at the Max-Planck-
Institute in Munich consisting of a Post-doc and PhD students as well as a technician to support the
experimental works.

The Max-Planck Research Grant is of great importance in terms of both the amount of the funding and
the institution that awarded it. What are the ingredients of a successful research program, if any?
This is a difficult question and | think | have neither a satisfying answer to it nor a recipe.

| would say from the personal side the most important thing is to like your job. This can help you to
keep on track and go on also through difficult periods where things do not work out and/or where the
workload is getting very high.

It is definitely also very helpful if you have the instinct and conviction to never give up and always try
again, at least from my experience this already often turned out to be the best strategy to finally arrive at
a new and good result and results are always the basis no matter what is the next step to move forward.
Furthermore, in science to bring things forward you have to be able to motivate yourself as there will be
nobody doing this for you. And last but not least creativity and curiosity are important driving factors for
a good experimentalist. Most of this | learned already during my time as a PhD student in the CRESST
group at the Max-Planck Institute for Physics in Munich, at that time led by Franz Probst (the CRESST
group at MPP is now led by Federica Petricca). Looking back, this was really a very intense and invaluable
time for acquiring experience and learning what scientific work and methodology is about.

From the professional side working at an Institute or University which has a stimulating and motivating
environment is definitely worthwhile and | was lucky being at LNGS and GSSI, two institutions which
supported my ideas and helped me to move on during my time as a Post-doc. Furthermore, it is very
important to have strong collaborators and colleagues which share their experience and work on the big
vision with enthusiasm and constancy.

Personally | think having the possibility to work in science is really a privilege and | am very thankful that
| can go on contributing to this exciting field of direct dark matter detection.

Why did you choose Italy to start and then consolidate your research career?
During my time as a PhD student | had the possibility to come to LNGS for shifts and onsite work for the
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CRESST dark matter search. | was very fascinated by all the exciting and great research which is done
at the underground labs. There is a long history of physics in Italy and one feels this in many occasions
as students are very well prepared and you can find Italian physicists in every physics institution you
visit in the world.

During my visits to LNGS | also got in contact with colleagues working permanently at LNGS, in particular
with Dr. Stefano Pirro who explained to me that low-temperature detectors are also excellent devices to
search for neutrino-less double beta-decay, a very rare decay which may help us to learn about the last
open questions of neutrinos. | was motivated to broaden my mind in this direction of physics, but always
staying with low-temperature detectors. LNGS hosts, with GerDA, CUORE and CUPID-0O, some of the
world-leading experiments in this field. Stefano Pirro encouraged me to apply for a INFN scholarship for
foreign students and this worked out. | then started to work on Lucifer (Low-background Underground
Cryogenic Installation For Elusive Rates), an ERC Grant won by the present president of INFN, Fernando
Ferroni, and later renamed to CUPID-O0: this work was a lot of fun and | profited from the experience and
expertise of people involved in this field.

Later | moved on to GSSI as Post-doc and RTD-A and it was during my time there that the idea for
COSINUS came up, followed by the INFN grant and so forth. m
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