
Figure 7: Principle of the MAC-E-Filter. Top: experimental setup, bot-
tom: momentum transformation due to adiabatic invariance of the orbital
magnetic momentum µ in the inhomogeneous magnetic field.

3.1 MAC-E-Filter

The significant improvement in the neutrino mass sensitivity by the Troitsk
and the Mainz experiments are due to MAC-E-Filters (Magnetic Adiabatic
Collimation with an Electrostatic Filter). This new type of spectrometer
– based on early work by Kruit [46] – was developed for the application
to the tritium β decay at Mainz and Troitsk independently [47, 48]. The
MAC-E-Filter combines high luminosity at low background and a high energy
resolution, which are essential features to measure the neutrino mass from
the endpoint region of a β decay spectrum.

The main features of the MAC-E-Filter are illustrated in figure 7: two su-
perconducting solenoids are producing a magnetic guiding field. The β electrons,
starting from the tritium source in the left solenoid into the forward hemi-
sphere, are guided magnetically on a cyclotron motion along the magnetic

17


