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Introduction
• Since the the flavour oscillations paradigm has been fully  a remarkable 

increase of interest has in investigating directly the absolute mass scale 

• The absolute mass scale of neutrinos remains today an open question 
subject to experimental investigation from both particle physics and 
cosmology.  

• Over the next decade, a number of proposal/projects from both 
disciplines will aim to test the mass scale further to the very limits of 
the predictions from oscillation results → sub eV sensitivity.  

• After the discovery of a finite neutrino mass Presently the main 
common issue is: “We need to imagine a PRECISION EXPERIMENT” 

• I will focus this talk on direct experimental approach: this is a not 
exhaustive seminar (Apologize if many arguments are skipped)
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Kinematical methods
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■ β decay: mj ≠ 0 affect β−spectrum endpoint. Sensitive to the 
“effective electron neutrino mass”: 

   mβ = { ∑j mj
2 │Uej│2 }1/2    

              
■ 0ν2β decay: can occur if mj ≠ 0. Sensitive to the “effective 

Majorana mass”: 
   mββ = { ∑j mj │Uej│2 eiφj } 

■ Cosmology: mj ≠ 0 can affect large scale structures in (standard) 
cosmology constrained by CMB and not CMB (LSS,Lyα)  data. 
Sensitive to: 

   m = ∑j mj 

Flavor-Mass Mixing Parameter

    Flavor-Mass Mixing parameter  
+ imaginary phase

Flavor-Mass Mixing independent
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Cosmological constraints (overview)
Imprint of cosmological neutrinos upon the structure evolution 
of the universe is testable by cosmology observation
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Cosmological Constraints (Planck)
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β-decay:   

(Tritium) β-decay and neutrino mass 

The KATRIN experiment 3 

Tritium 3H: 
  E0 = 18.6 keV 
T1/2 = 12.3 y 

Rhenium 187Re: 
  E0 = 2.47 keV 
T1/2 = 4.3 1010 y 
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MAC-E Filter 
Magnetic Adiabatic Collimation and Electrostatic Filter: 

The KATRIN experiment 4 

Magnetic guiding and collimation of e- 

  Transform E� to E|| 

Electrostatic field for energy analysis 
  Sharp transmission depending on: 

  Emission angle 
  Radius in at Bmin 

Integrated energy resolution:  



Ch. Kraus et al.: Final Results from the Mainz Neutrino Mass Experiment 19

Fig. 20. Averaged count rate of the 98/99 data (filled squares)
with fit for m2(νe) = 0 (line) and the 2001 data (open squares)
in comparison with previous Mainz data from phase I (open
circles) plotted as function of the retarding potential near the
endpoint E0.

6.2 Troitsk anomaly

The absence of any anomaly in the summed up spectrum
does not exclude necessarily a step like Troitsk anomaly
which would fluctuate in position and amplitude. It might
be washed out in the summed up data. Indeed it has been
observed to be a fluctuating effect, for some time hinting
to a half year period even [28]. In December 2000, how-
ever, it appeared as sudden outburst [74]. In this period
Q10 was running at Mainz in parallel. Fig. 21 shows the
analysis of both runs with respect to the appearance of a
step in the integral spectrum, i. e. a line in the original
spectrum. To that end one fits the spectrum to the data
under the assumption of an additional sharp line of free
amplitude at a particular position. The upper plot shows
the course of χ2 as function of the line position for the
Troitsk data. A very significant minimum is observed at
18553 eV indicating a line, (or step, respectively) with an
equally significant amplitude of 13 mHz (middle plot). The
corresponding χ2 plot for the parallel run at Mainz with
similar sensitivity shows but fluctuations of statistical size
(lower plot). Hence speculations that the Troitsk anomaly
might be due to a fluctuating presence of dense neutrino
clouds [28] are disproved. Rather it has to be attributed
to instrumental effects, as pointed out already in section
4.2 (see also [36] and [44]).

6.3 m2(νe) result and upper limit of m(νe)

From the two alternative choices of the neighbour exci-
tation probability we settle on the self-consistently deter-
mined one for reasons given in sections 5.6 and 5.7. Hence
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Fig. 21. Search for a step like anomaly in parallel measure-
ments in december 2000. The upper and the middle graph show
the analysis of the Troitsk data [74] by adding position and am-
plitude of the step as free parameters. The upper graph shows
the resulting drop of χ2, the lower one the fitted step ampli-
tude, both as function of the step position. A very significant
signal appears around 18553 eV. In contrast the corresponding
χ2 plot for the Mainz data (lower graph) is shown, fluctuations
are insignificantly by only 2 units.

(31) is our final experimental result on the observable
m2(νe). As compared to our ealier communicated result
[29] it has improved in three respects:

1. The statistical uncertainty has been diminished further
by 0.3 eV2/c4.
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The KATRIN experiment 5 

Previous MAC-E filter experiments: Troisk & Mainz 
Troisk experiment: 

Mainz experiment: 

Re-analysis 2011: 

V.N. Aseev et al., Phys. Rev. D 84 (2011) 
112003 

C. Kraus et al., Eur. Phys. J. C 40 (2005) 
447 

Final result 2004: 
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The KATRIN experiment 8 

The KATRIN experiment 

Source section: 
High intensity, highly 

stable T2 source 

WGTS 
Transport section: 

Tritium retention by 
a factor 1014 

DPS, CPS Spectrometer and detector section: 
Electron analysis and detection 

PreSpec, MainSpec, FPD 
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The KATRIN experiment 

KATRIN sensitivity: 
•  3 full years of beam time: 
•  systematic and statistical error 
about equal: 

•  σstat = 0.018 eV2 

•  σsyst < 0.017 eV2 

• Sensitivity:  
•  m(ν) = 200 meV (90 % C.L.) 

    = 350 meV (5 σ) 

The KATRIN experiment 7 

KATRIN beyond m(ν): 
•  sterile neutrinos: 

•  light (eV-range)  
  reactor anomaly 

•  heavy (keV-range) 
  warm dark matter 

•  Technological advances: 
•  Vacuum technology 
•  Field calculation & Particle 

tracking simulation 
•  etc. 


