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Introduction  
 

The Big Bang, the origin of our Universe, took place 13.8 billion years ago. Under the influence of 
gravity, the young universe should have collapsed; but it did not. The reason is an elementary 
particle, which is until today known as a ghost particle: the Neutrino [1]! 
 
Our attention was drawn to the topic, because neutrinos do not behave like any other particle and 
they only interact very weakly. Apart from photons they are the most abundant particles in our 
universe. Despite their weak interaction and small mass, they played an important role in the 
formation of large-scale structures in the early universe. Another reason for our interest in neutrinos 
is a visit at the Karlsruhe Tritium Neutrino Experiment (KATRIN), which is located in our vicinity 
at the Karlsruhe Institute of Technology (KIT). 
 
 
The history of neutrinos 

 
In 1930 the Nobel laureate Wolfgang Pauli proposed the existence of a hitherto unobserved, neutral 
particle, in order to solve a longstanding problem in the radioactive beta-decay. He realized that the 
principle of the conservation of energy and momentum are only fulfilled, if a lightweight, 
electrically neutral particle would be emitted together with the beta-electron. He was well aware 
that this mysterious particle, he called Neutron, would be enormously difficult to detect and it 
would take a long time to do so [3].  
 
Four years later Enrico Fermi developed a very successful theory on the fundamental properties of 
beta-decays, including this new particle. He also renamed it Neutrino (the Italian equivalent of 
"little neutral one") in order to distinguish this from a normal neutron that was discovered in 1932 
by Chadwick.  
 
Since neutrinos can neither be slowed down by the earth, the sun or even by whole galaxies, the 
confirmation of the existence of neutrinos was very difficult. As a result, it took more than a quarter 
of a century of experimentation with neutrinos. Not until 1956, an American working group proved 
that neutrinos arise in nuclear reactors during the fission of uranium nuclei. 
The experiment was led by Clyde L. Cowan and Frederick Reines at the Savannah River nuclear 
reactor [4].  
 
Since then neutrino physics developed into a lively research field with many large experiments. It 
was found that there are three kinds of neutrinos, electron neutrinos, muon neutrinos, and tau 
neutrinos. By looking at neutrinos from the sun, the upper atmosphere, and other sources, these 
experiments discovered that neutrinos can change their type. This is called neutrino oscillation. It 
can only occur, if the three neutrinos have different masses. The discovery of neutrino oscillation in 
experiments, such as Kamland [Referenz Kamland paper] and Super-Kamiokande [Referenz SK 
Paper] in Japan or SNO in Canada [Referenz SNO paper], proved that neutrinos have mass, but they 
are only sensitive to the differences of the masses. Therefore, other experiments are needed to 
measure the absolute mass [1] 
In the coming years the KATRIN Experiment at KIT is trying to measure the unknown mass of the 
neutrinos.  
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Neutrinos in astrophysics and cosmology 
 

In the seconds it took you to read this sentence your body has been penetrated by 200 trillion 
neutrinos [1]. But, what is a neutrino, and where do they come from?  
One of the biggest sources of neutrinos on earth is the sun, but they can also be created in large 
amounts in supernova explosions. Furthermore, there are remnants of the Big Bang, called relic 
neutrinos with about 340 neutrinos per cm3. Considering the size of the universe, this adds up to a 
huge number of neutrinos. For each proton or neutron, there are about one billion neutrinos in our 
universe. Even if neutrinos have only a tiny mass, they can have a considerable influence on the 
evolution of the early universe and the formation of the large galaxy clusters (see Fig. 1).    
 
The well-known standard neutrinos constitute the hot dark matter (HDM) in the universe. 
Hypothetical sterile neutrinos are a variant of the normal neutrinos and only interact with other 
particle via gravity. They are expected to have a larger mass than standard neutrinos. If they exist, 
they could be part of the warm dark matter (WDM). The WDM possesses properties similar to the 
cold dark matter, like the characteristic of forming structures hierarchically (e.g. small structures 
collapsing under its own gravity and forming larger objects.). 
 
Data of the temperature variations of the Cosmic Microwave Background (CMB) observed with the 
Planck satellite [Referenz: Planck Paper] or the distribution of large-scale galaxy clusters can be 
used to estimate the mass of the relic neutrinos from the Big Bang. Since the neutrino mass is only 
one parameter of many, determined with the same set of data, scientists try to measure the neutrino 
mass with independent experiments [2]. 
 
Another important neutrino experiment is the IceCube South Pole Neutrino Observatory. It is 
located at the Amundsen Scott-South Pole station in Antarctica.  
IceCube is built deep into the Antarctic ice, where thousands of optical modules (photo-multipliers 
were placed in a depth from 1450 to 2450 metres. In holes bored with hot water these sensors were 
let down in "strings" with 60 modules in each case. High-energetic neutrinos are registered since 
2010 in a volume of 1 km3 
More specifically, the highly sensitive optical sensors detect “Cherenkov-radiation”, produced by 
the electrons, muons, and tauons in the ice. These charged elementary particles are produced when 
the different neutrinos (electron, muon, and tau neutrinos) interact in the ice. 
The main goal of this experiment is to detect neutrinos in the energy sector from 1011 eV/c2 to about 
1021 eV/c2. The kinematic parameters of the neutrinos can be determined. Since neutrinos are 
neutral particles, the direction from which they arrive can point back to their place of origin, helping 
to discover the astrophysical processes of the production of high-energy neutrinos. 
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The KATRIN experiment 
 

As mentioned before, KATRIN is one of these experiments. 
 
The KATRIN experiment is a large-scale experiment for the direct measurement of the neutrino 
mass. It is operated at KIT. In the international collaboration about 150 scientists from 20 
institutions in six different countries work s on the experiment determining the mass of this 
mysterious particle.  
 
The KATRIN experiment consists of an ultra-strong source of a heavy, radioactive hydrogen isotope 
called Tritium (consisting of a one proton and two neutrons) and a high-resolution electron-
spectrometer. An electron and a neutrino are produced by the radioactive decay of a tritium atom s 
in the gaseous tritium source. The energy released in the decay is randomly split between both 
particles. Indeed, the electron can never get the whole decay energy, because the neutrino takes up 
at least the energy which corresponds to its own rest mass (E=m*c2). Therefore, one can infer the 
mass of the neutrino by determining the maximum energy of the electron. The measurement of the 
energy of the tritium beta-electron is realised by the KATRIN-Spectrometer. The aim of the 
KATRIN experiment is to determine the neutrino mass with a sensitivity of 200 milli-electronvolts 
(meV). 
 
With its excellent source and spectrometer properties qualities the KATRIN measurement is not 
only restricted to the measurement of the standard neutrino mass, but allows also to search for a 
new kind of the particle, namely eV-scale sterile neutrinos. They have been predicted by many 
theories nevertheless, thus far they have not been discovered. Sterile Neutrinos in a mass region of 
several kilo-electronvolts (keV) are regarded as suitable candidates for warm dark matter. After 
finishing the standard measurements, the detector of the KATRIN experiment can be modified, 
enabling the search for keV-scale sterile neutrinos.  
 
Until now, the mass of the neutrino is not yet determined, as the measurements in Karlsruhe are 
planned to start in March 2019 and continue until 2024. However, previous experiments in Mainz 
(Germany) [8] and Troitsk (Russia) [8] set an upper limit for the neutrino mass of 2 eV/c2 or  
4 * 10-36 kilograms.  
 
 
Conclusions 

 
In the following five years the KATRIN experiment will collect enough data to reach its final 
sensitivity. After the completion of the original goal of determining the mass of an electron neutrino, 
KATRIN is beginning its search for particles from the warm dark matter, which in this case are 
sterile neutrino.  
 
Another attempt to determine the neutrino mass is the HOLMES experiment. Like KATRIN, it tries 
to directly measure the mass of an electron neutrino by searching for the missing energy in the 
decay products. The difference between HOLMES and KATRIN is that HOLMES is using holmium 
atoms implanted in cryogenic calorimeters, instead of a spectrometry approach. [7] Similar to 
KATRIN the Project 8 experiment will use tritium spectroscopy, by employing the new technology 
of Cyclotron Radiation Emission Spectroscopy. Both Holmes and Project 8 aim to be more accurate 
than KATRIN in the coming decades.  
The investigation of the properties of neutrinos could solve a multitude of questions. How did the 
galaxies and galaxy clusters evolve? What is the dark matter made of? How is it possible that today 
the universe is only made of matter?  
With the measurement of the mass of neutrinos we can understand our universe better and maybe 



4 
 

solve some of these questions! 
Nonetheless, we have to do a lot more research to fully understand the neutrino and how it 
influences our universe. 
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Figures: 
 

 

 
 
Figure 1: Comparison of density distribution in the Universe with (left) and without (right) massive 
neutrinos. The maps are based on numerical simulations. The colors account for the density of 
ordinary matter in one slice of the simulation box. The two simulations started from the same initial 
conditions, with either Mν=0 (right) or Mν=1.9eV (left). In the massive neutrino case, matter is spread 
over a larger number of structures and there is less density contrast. [Credit: Illustration: Courtesy 
of Shankar Agarwal and Hume Feldman, University of Kansas; submitted to Mon. Not. R. Astron. 
Soc.] [5]. 
 

 
Figure 2: 
The MAC-E filter from KATRIN on its last meters through Leopoldshafen to the KIT Due to its 
size it had to do an 8800km detour around Europe. [https://www.katrin.kit.edu/213.php Fig. 10] [6]  
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Figure 3: 
The difference at the end of the graph of the kinetic energy from the electron indicates the mass of 
the neutrino. 
[https://www.katrin.kit.edu/79.php#gallery-2] [9] 


