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Experimental Perspective 
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Electron energy

Too much rate
(need to filter)

Need very high energy 
resolution (s ~ mn)

Small fraction
(triggering)
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Christian Weinheimer Determination of the absolute electron (anti) neutrino mass, ECT*, April 2016 8

Tritium source Transport section
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The Karlsruhe Tritium Neutrino Experiment 
KATRIN - overview

Sensitivity on m(νe):

2 eV  →  200 meV

new

KArlsruhe TRItium Neutrino (KATRIN)
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Project8 —

A D I A B AT I C  I N VA R I A N C E
Adiabatic invariance 

• Φ = B⋅A = B π rcycl
2 

     ≃ p⊥
2 / (q⋅B) = const 

Slowly changing B 

• p⊥ →  p||

36

Filter energy resolution (MAC-E)
~0.93 eV

Adiabatic Invariance
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Refractor à Reflector Telescopes
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Yerkes (1895) Atacoma (2010)

Galilean à Newtonian



MAC-E “Telescope”
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8  Direct ν-mass experiments        K. Valerius (KIT)        30.09.2014 

Spectroscopic technique for tritium β-decay

MAC-E filter technique

Magnetic Adiabatic Collimation with Electrostatic filter
Picard et al., NIM B63 (1992) 345

Sharp high-pass filter:

μ =
E⊥

B
= const.

Combination of high luminosity

and high energy resolution: 
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Steps of filter potential

→ integrated β spectrum

detector ExB Drift
~1m

E*B ~1cm

E*B ~10m

PTOLEMY implements a 
“reflector” method that is 
four orders of magnitude 
more compact along the 
direction of the B field

Filtering of the energy is in the 
vertical direction
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E*B and B Bottle

ExB Drift

Cyclotron Motion

Image Stretched

B B

E E
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Simulations
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Kassiopeia
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A. Cocco



Vertical Drift
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Cyclotron Radiation Emission 
Spectroscopy (Project 8) à RF Trigger
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Project8 —

R A D I AT E D  P O W E R

Larmor formula 

Emitted power 
• 1.1 fW for 18 keV e- at 90º 
• 1.7 fW for 30.4 keV e- at 90º 

→ Low-noise cryogenic RF-system needed!
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θ → pitch angle

PTOLEMY ExB Filter is a natural harmonic trap
- B field is dropping adiabatically as the electrons drift radially
- Drift velocity has to be adjusted so that number of bounces is 

roughly ~20,000 per FFT/Trigger decision



Relativistic Correction to Cyclotron 
Frequency
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F R E Q U E N C Y  S C A L E

magnetic field of 1T → cyclotron frequency in K-Band 

83mKr provides electrons close to tritium endpoint
12

Project 8



Project 8 Prototype (Harmonic Trap)
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W AV E G U I D E  C E L L
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Project8 —

M A G N E T I C  B O T T L E

Effect of trap on measured frequency easily calculable!
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T H R E E  D E G R E E S  O F  F R E E D O M
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Step 2:  Scalable Design
• Minimal path from target to measurement 

– Can this be done in ~1 meter ?
– Can a location be found to host  a large-scale 

system ?

15Voltage Multiplexing (Extraction ExB)

ExB Radial Drift

High B Field

Low B Field
B Field Normal to Plate

Calorimeter

RF Trigger

Tritiated-Graphene

Electron trajectory



E*B Reflector and Trigger Gate 
to Calorimeter

16E*B Reflector (Top and Bottom)

E*B Gates (Triggered on RF)

Trigger Gate
- Calorimeter on base plate 

serves multiple target 
layers

- Barrier between layers 
selectively dropped (akin 
to a CCD-like readout)



GEANT4
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Prototype Filter
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Kassiopeia
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Overview/R&D Plan

• MAC-E for existing prototype needs further 
studies to understand electron transport 
between target (or e-Gun) and 
microcalorimeter for R&D evaluation

• Disk design needs more detailed studies of:
– Electron transport properties
– Target interface (to get electrons into the filter)
– Design for an RF antenna integrated into the filter
– Trigger system for selecting endpoint electrons 

for measurement by the calorimeter
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