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A model independent, direct way to measure the neutrino masses is the investigation of the kine-
matics of single β -decay, via a precise measurement of the β -decay electron energy spectrum
close to the endpoint. This proceedings will present the current status of two experiments intend-
ing to use this method by measuring the β -spectrum of tritium.
The KArlsruhe TRItium Neutrino (KATRIN) experiment is currently in the final phase of con-
struction at the Karlsruhe Institute of Technology, Germany. The measurement setup consists
of a high luminosity windowless gaseous molecular tritium source, a magnetic electron trans-
port system with differential and cryogenic pumping for tritium retention, and an electro-static
spectrometer section (pre-spectrometer and main spectrometer) for energy analysis, followed by
a segmented detector system for counting transmitted β -electrons. Recent commissioning mea-
surements of the main spectrometer confirmed that the spectrometer works as a high-resolution
MAC-E filter and an energy resolution of about 1 eV at 18.6 keV is achievable.
The Project 8 experiment aims to detect coherent cyclotron radiation emitted by energetic elec-
trons in a magnetic field in order to perform β -spectroscopy. Only recently, a dedicated test
experiment was able to successfully detect synchrotron radiation emitted from a single, mildly
relativistic electron for the first time, showing the feasibility of this approach and allowing for a
new method to perform spectroscopy.
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1. Introduction

The absolute neutrino mass scale is one of the big open questions in particle physics, astro-
physics and cosmology. Cosmological observations and neutrinoless double beta decay experi-
ments provide an indirect access to the absolute neutrino mass scale, but are model-dependent. A
model independent, direct approach to determine the neutrino mass is the precise investigation of
weak decays such as β -decay.

In nuclear β -decay a neutron in the atomic nucleus decays into a proton, thereby emitting
an electron (e−) and an electron anti-neutrino (νe). The energy released in the decay is divided
between the e− and νe in a statistical way. The energy spectra of the electron is given by the well
known Fermi theory of β -decay [1]:

dN
dE

∝ p(E +mec2)(E0−E)
√
(E0−E)2−m2

νe
c4 (1.1)

with the the electron energy E, the endpoint energy E0 , the electron mass me and the average
electron anti-neutrino mass m2

νe
= ∑ |Uei|2 m(νi)

2. This is the incoherent sum of neutrino mass
eigenstates and therefore not sensitive to phases of the neutrino mixing matrix (in contrast to neu-
trinoless double β -decay). As one can see in equation 1.1, it is the square of the neutrino mass m2

νe

that enters as a parameter. Its effect on the shape of the spectrum is significant only in a very narrow
region close to E0. The current upper limit on the neutrino mass of 2 eV/c2 [2] was determined
from investigating the tritium β -spectrum near the endpoint of 18.6 keV by experiments in Mainz
[3] and Troitsk [4].

2. The KATRIN experiment

Figure 1: The KATRIN experimental setup with its main components: (a) rear section; (b) windowless
gaseous tritium source (WGTS); (c) differential pumping section (DPS); (d) cryogenic pumping section
(CPS); (e) pre-spectrometer; (f) main spectrometer; (g) focal plane detector.

The KArlsruhe TRItium Neutrino (KATRIN) experiment [5] is a next generation, large scale
experiment to determine the mass of the electron anti-neutrino by investigating the kinematics of
tritium beta decay with a sensitivity of 200 meV/c2. The experiment is located at the Karlsruhe In-
stitute of Technology (KIT) in Germany. The measurement setup (see figure 1) has an overall length
of ≈ 70 m. Molecular tritium is injected into the windowless gaseous tritium source (a) where it
decays with an activity of 1011 Bq, thus providing a sufficient number of β -decay electrons close
to the endpoint energy E0. The tritium is removed from the beamline in the differential pumping
section (b) and the cryogenic pumping section (c) while electrons from the source are magneti-
cally guided towards the spectrometer section. Both pre-spectrometer and main spectrometer are
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operated as electrostatic retarding high pass filters of MAC-E filter type [6]. The pre-spectrometer
(d) is operated as a pre-filter in order to reduce the flux of electrons into the main spectrometer
(e) which performs the energy analysis of the β -decay electrons near the endpoint with an energy
resolution of ∆E = 0.93 eV at 18.6 keV. The main spectrometer is equipped with a dual layer wire
electrode system for electrostatically shielding secondary electrons from the inner vessel surface
[7]. The transmitted β -decay electrons are counted in the detector system (f) with a segmented
silicon detector [8].

With the arrival of the WGTS on September 10th, 2015, all major components of the exper-
iment are now on site. Commissioning measurements of the complete beamline are expected to
start in 2016, with the first tritium runs at the end of the year.

Figure 2: a) Measurement configuration during the main spectrometer and detector commissioning phase.
A photoelectric electron emitter (e-gun) is mounted on the upstream side of the spectrometer, the detector
system on the downstream side. b) Transmission functions for different electron polar angles at the e-gun
and a spectrometer retarding potential of -18.6 kV. The surplus energy is calculated form the difference of
e-gun acceleration voltage and spectrometer retarding voltage, multiplied by the elementary charge. The
onset of the transmission at negative surplus energies is due to a slightly more positive retarding potential
in the analyzing plane, caused by the influence of the beam tube at ground potential on both ends of the
spectrometer.

In order to investigate the performance of the main spectrometer with regard to energy resolu-
tion and background performance, a series of commissioning measurements were performed. For
this purpose a photoelectric electron emitter (e-gun) was installed at the upstream side of the main
spectrometer, which allows the generation of electrons of dedicated energies as well as polar angles
with respect to the guiding magnetic field line. The e-gun was mounted on a manipulator in order to
shoot electrons along selectable magnetic field lines through the spectrometer towards the detector
system attached at the downstream side of the spectrometer (see Figure 2a)). For a fixed manipu-
lator position and spectrometer retarding voltage, the e-gun acceleration voltage was increased in
small steps and the rate at the detector was measured. This measurement was repeated for different
polar angles (see figure 2b)). The width of the transmission functions is dominated by system-
atic effects of the e-gun, in particular energy and angular spread. The shift of the transmission
functions with increasing polar angles to larger surplus energies, shows that the magnetic adiabatic
collimation is working and that the KATRIN main spectrometer works as a high resolution MAC-E
filter.
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3. Project 8

The Project 8 collaboration proposes to detect coherent cyclotron radiation emitted by en-
ergetic electrons in a magnetic field B in order to perform β -spectroscopy [9]. For mildly rel-
ativistic electrons, like those in tritium decay, the relativistic shift of the cyclotron frequency
ω(γ) = ω0

γ
= qB

me+E can be used to determine the electron energy E from the emitted radiation.

Figure 3: a) Measurement principle: electrons produced from β -decay undergo cyclotron motion in a mag-
netic field and emit cyclotron radiation, which is detected by an antenna array. Figure from [9]. b) Kinetic
energy distribution of 83mKr conversion electrons determined by cyclotron radiation emission spectroscopy.
The spectrum shows the 17, 30 and 32 keV complex conversion electron lines. The inset shows the region
of the 30.4 keV lines with an improved energy resolution of 15 eV (FWHM). Figure from [10]

An experiment using a 83mKr source, constructed by the Project 8 collaboration in order to
test the feasibility of this approach, was able to detect the coherent synchrotron emission from a
single electron for the first time [10]. In order to detect the cyclotron radiation, the electrons are
stored in a magnetic trap. Figure 3b) shows the kinetic energy distribution of 83mKr conversion
electrons determined by their emitted cyclotron radiation. The initially achieved energy resolution
of about 140 eV (FWHM) for the 30 keV emission lines is dominated by the spread of pitch angles
of the magnetically trapped electrons. By tuning the trap to decrease the angular spread, the energy
resolution could be improved to 15 eV (FWHM) [10] at 30.4 keV (see inset in figure 3b)).

4. Conclusions

Direct neutrino mass measurements are a model independent way to determine the neutrino
mass. A major improvement of the neutrino mass sensitivity by one order of magnitude is expected
of the KATRIN experiment, which is currently in the final phase of construction and aims to start
taking neutrino mass data with tritium in 2016. The Project 8 collaboration was able to successfully
detect synchrotron radiation emitted from a single, mildly relativistic electron for the first time,
allowing for a new method to perform spectroscopy. This technique has the potential to go beyond
the neutrino mass sensitivity reachable with electrostatic spectrometers, in the long-term.
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