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Figure 17: The 70 m long KATRIN reference setup with its major components: a) the windowless
gaseous tritium source WGTS, b) the transport elements, consisting of an active pumping part and a
passive cryotrapping section, c) the two electrostatic spectrometers and d) the detector for β-counting
(not shown is the monitor spectrometer).

• the reference experimental configuration is a linear setup which minimizes the over-
all magnetic inhomogeneities due to stray fields

• the monitor spectrometer with its separate beam line

These modifications as well as corresponding design work (better scanning procedure,
reduction of systematic effects) during a two year long optimization phase have improved
the neutrino mass sensitivity of KATRIN from the initial estimate of mν=0.35 eV/c2 [1]
to the new reference value of mν=0.2 eV/c2 (for details see section 12). In the following
we give an overview of the new reference setup of KATRIN, which supersedes the earlier
outlines reported in [1, 2].

3.1 Experimental overview

The Karlsruhe Tritium Neutrino (KATRIN) experiment will be performed on the site of
Forschungszentrum Karlsruhe (FZK). Locating the KATRIN experiment at FZK allows
to make use of the unique expertise of the on-site Tritium Laboratory Karlsruhe (TLK),
which is the only scientific laboratory equipped with a closed tritium cycle and licensed
to handle the required amount of tritium (licence: 40 g tritium ≈ 1.5 · 1016 Bq). A further
unique advantage of choosing TLK as host laboratory is the possibility to operate the
tritium related parts (and in particular the tritium source) of KATRIN within the existing
TLK building close to the tritium handling facilities. The non-tritium related parts of
KATRIN, in particular the electrostatic spectrometers, will be housed in new buildings
at the ’green field’ site north of TLK.

The reference setup of KATRIN shown in fig. 17 corresponds to a ∼ 70m long
linear configuration with about 40 superconducting solenoids, which adiabatically guide
β-decay electrons from source to detector. The experimental configuration of KATRIN
can be grouped into four major functional units:

• a high luminosity Windowless Gaseous Tritium Source (WGTS) delivering 1011 β-
decay electrons during the standard operation mode of the experiment
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Cyclotron radiation
• accelerating charge = EM radiation

• Coherent, narrowband

• High power per electron

• Electron energy contributes to 
velocity v, power P,  frequency ω

• Can we detect this radiation, 
measure v, P, ω, and determine E ± 
1 eV?

ω = qB
γmc2



Complications

• Frequency resolution? 

• Doppler shift?

• Magnetic field uniformity?

• Background from low-E betas?

• Available power

Systematics?

long mean free path

no conceptual problem, just bandwidth

OK, just analysis problem

surprisingly little effect so far

fine in theory, but prototype will tell 



Frequency

• Schawlow:  “Never measure 
anything but frequency”

• f ·ΔE/E ~ Δf = 1/Δt

• 1 eV energy resolution  

• Δf /f = 2x10-6  (easy!)

• Δt = 20µs (hard!)

• βc·Δt = 1400 meters
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The experiment
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B-field nonuniformity

• Radiation is coherent but not monochromatic

• Fourier transform template matching

• How many templates? 

• one per ROI energy bin 

• one per pitch angle (?) 

• one per starting position in B field N = (ΔB/B)/(ΔE/m)

• Template size ~ 1-10 kb?
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Scaling laws
R = 1010(

L

10m
)2(

r

1m
)2(

B

1T
)2(

∆E

1eV
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1) set pressure to allow mean 
free path consistent with dE

2) length of tube determines 
what pitch angles have a long 
enough path to be seen

3) volume determines total rate 
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) decays/second

Still hard to translate this into an 
experiment sensitivity.

Resolution function shape, shape 
systematics, background are all 
very important.



Power

• At 1T, 18 keV electron emits 10-15 W

• A 1-eV-resolution experiment will see 
this power in a 50kHz band

• noise power = 6x10-19 W/K

• noise RMS = 6x10-21 W/K

• 4K experiment seems possible

how much detected?
divided among

how many channels?



Systematics

• Magnet inhomogeneity 
and drift: should respond  
well to source 
calibrations

• e-T and e-wall scattering

a) Run at low density
b) Each scattering event 

shifts/broadens the 
cyclotron frequency

c) fiducialize?

• Full differential spectrum; 
no first-order correction 
for source strength

• No electrostatics; source 
is grounded

• T2 molecular final state = 
irreducible 0.3 eV (+/- 
0.01 eV?) blurring of 
endpoint



A Proposal to Detect Single Electrons through
their Radiation of Power into a Two-Wire

Transmission Line

Gray Rybka

June 5, 2009

Abstract

In which I propose a series of experiments that demonstrate the
viability of two wire transmission lines as a method for detecting single
electrons.

1 Power Captured from a Circling Electron
between to Wires

As an electron travels in a helical path along a magnetic field, it radiates.
Standard antennas and microwave horns can detect this radiation, but are
typically designed to only operate in the far field where the distance between
the electron and the antenna is much greater than the dimensions of the
antenna, and the wavelength is much smaller than both. When the electron
is close to the antenna, it is inefficient at gathering radiated power over its

wire
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R

Figure 1: An electron orbits between two wires
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Real-world designs

• Gray Rybka, UW: two-
wire antenna

area. Thus standard antennas can only gain a small fraction of the total

power radiated by the electron.

We propose an alternative to the far field antenna; a configuration de-

signed specifically to operate in the near-field regime. Two parallel wires can

carry a TEM mode between them, like a waveguide. If an electron is circling

between the two wires, it will excite this mode and power will propagate

down the wires, where it can be detected, as with a standard transmission

line. The fundamental quantities involved is the spacing between the two

wires, d, the radius of the wires, r, the gyroradius of the electron’s path, R,

and the electron’s angular velocity ω. Under the dipole approximation, the

power transferred to the TEM mode of the wires by an electron circling in

the x̂− ŷ plane directly between two wires (Fig. 1) is:

Pe =
q2ω2R2

8π�0cd2 ln
d
r

and as much as

Pemax =
q2R2ω2

0

16π�0c(r + R)2 ln
d
r

if it is closer to one wire than the other.

Noting that the gyroradius of an electron with total energy E and per-

pendicular velocity β⊥ traveling in a magnetic field is R =
β⊥Ec
qB and the

angular velocity is ω =
qB
E , the power reduces to:

Pe =
q2β2

⊥c

8π�0d2 ln
d
r

Interestingly enough, the power transferred is to first order independent of

the strength of the magnetic field, and nearly independent of electron energy

for relativistic electrons. In practical units, assuming 100µm wire, the power

transmitted to the wires from an electron directly between the lines is

7.5× 10
−17

Watts× β2
⊥

�
1 cm

d

�2

One should note that this is only valid if the electron’s gyroradius is

smaller than the wire spacing a, putting a lower bound on the magnetic field

used in practice.
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• Rich Bradley, NRAO: 
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UW prototype
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the emitted cyclotron radiation, but they essentially fall within one of three broad categories.

1. The far-field regime.

2. The near field regime.

3. Resonant cavities.

Which regime one operates in depends primarily on the size of the antenna (D), the distance

to the source (r) and the wavelength of the radiation emitted (λ). The far field of an antenna is

FIG. 8: Picture of University of Washington 6 T superconducting magnet.

9

~30
inches

Magnetic Mirrors

Baffles

Electron Source

Cold Amplifiers

Main Magnet

Warm Amplifiers

Electron Detector

Temp Sensors
Mirror Control Receiver

Source Control

Vacuum Pump
Fill Lines

Antenna

Cooling Liquid Space

Electron Detector

2 inches
FIG. 2: Schematic of the proposed research. A large superconducting magnet encases a cold (4.4K) region

where electrons from the source can be trapped and stored. A series of wire antennas provide the coupling

to the cyclotron frequency. Signals are amplified and sent to the receiver electronics. An electron detector

is installed for monitoring purposes.

In addition to the observation of their cyclotron radiation, we also require a convential method

of detecting electrons. This will allow the verification of the functionality of electron sources and

the effectiveness of the magnetic trap. Energy and time resolution are not critical requirements

for this detector since its main purpose is to tag electrons and verify whether or not they were

in the trap at a particular time. It is still to be determined whether position resolution will be

important. It may be useful in early stages to use this detector as a trigger to initiate the search for
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