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 Beta Decay and Neutrino Mass Measurements

•Are direct (independent of cosmological 
model, the Majorana or Dirac nature of the 
neutrino, etc.)
•Require a very precise measurement of 
the electron energy spectrum near its 
endpoint

Beta Decay Experiments

• Tritium beta decay experiments provide a direct 
measurement of the neutrino mass.

• Independent of the Dirac/Majorana nature of neutrinos and 
of cosmological models

• Method: Measure the shape for the beta spectrum near the 
endpoint.
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Towards a Neutrino Mass Measurement: 
First Data from the Project 8 Prototype
Noah Oblath, MIT, Cambridge, MA, USA
for the Project 8 Collaboration
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!-decay electron spectrum…

… shape determines the absolute

neutrino mass squared:

i

K ~  [ gv
2|MF|2 + gA

2|MGT|2 ] F(E,Z) = Fermi function
m" = “mass” of electron (anti-)neutrino = #i|Uei|

2 mi = m" in

quasi-degenerate region.

Present Limit:

2.3 eV (95% CL)

Kraus et al.
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Full frequency spectrum

Can we push further?
• KATRIN can place a limit on the mass at 200 meV.

• Any future experiment needs to be able to (a) have better scaling law for increased source mass 
and (b) improve its energy resolution

• We propose a new approach: use a measurement of the electron cyclotron radiation as a means to 
measure the electron energy in a non-destructive way

e-

The Concept

• Enclosed volume of 3He . . .

• In a uniform magnetic field . . .

• Decay electrons spiral around the 
magnetic field lines

• Cyclotron radiation is detected by 
sensitive microwave antennas

Single-electron signal simulation

V. Future Directions

IV. Analysis

III. Prototype

II. Radio Frequency (RF) MeasurementI. Introduction

Data Runs: September 2011;   December 2011;   
Summer 2012 (upcoming)
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Windowed Fourier Transform

Each column is a power spectrum
1000 power spectra in 8 ms

Electron candidate

Resonant Cavity

• Lower magnetic field ⇒ normal magnet and lower cyclotron frequencies

• Resonance Q makes up for reduced power

Larger Volumes

• Better statistics in the tail of the tritium spectrum

• Must ensure magnetic field uniformity @ 10-5 over the 
active volume

Tritium Measurement

• First attempt will aim for a few-eV mass limit

• Cavity made from 
WR-42 aluminum 
waveguide stock

• Trapping volume 
centered in solenoid

• Small trapping 
magnet creates a    
100 g dip in the field

• Noise temperature of 
the cryogenic 
amplifiers:

• 3/8” gas lines deliver 
83mKr

• Source gas contained 
with Kapton windows

Simulation

• Previously used in atomic physics 
experiments at the University of 
Washington

• Solenoid is ~40” long, with trim coils to 
make the field more uniform

• Magnet bore diameter is 2.5”

• Field measured with a hall probe and 
electron-spin resonance

Sim
ulated by M

. Leber

From
 B. M

onreal and J. Form
aggio, 

Phys. R
ev. D

80 051301 (2008)

Simulated by D. Rysewyk

Finding Electron Candidates
• Frequency increases as electron loses energy through cyclotron radiation

• Image processing techniques (e.g. Hough transform) used to find candidates
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• 83Rb made by proton 
irradiation of RbCl

• Rb isotopes transferred to 
zeolite beads according to 
method used by Venos, et 
al., Appl. Radiat. Isot. 63 
(2005)

• Source strength was 1.06 ± 
0.01 mCi on Dec. 1, 2011
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• Different 
conversion 
electrons give 
us 30.2 and 
17.8 keV 
electron lines
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K + me

105 simulated 
electrons

• High-power bins

• Frequency increases
with time

3H! 3He + e� + ⌫e

Project 8 is supported by:

Project 8
•Traps decay electrons in a strong local magnetic field
•Detects the cyclotron radiation of trapped electrons to 
determine their energies
•Scaling for greater sensitivity should depend on the amount 
of source required and not the size of spectrometer needed.
•A prototype is currently being commissioned at the 
University of Washington (see talk by G. Rybka)

Can an Active Technique be used in Project 8?
•Passive detection of microwaves has a relatively small signal to 
noise ratio
•A microwave “probe” beam might interact with the electron, causing 
absorption/reemission
•The probe beam is perturbed (at high signal-to-noise) when an 
electron is present. The perturbation is energy-sensitive and has 
distinguishable frequency and phase properties

Low-Noise 
Cryogenic 
Amplifiers

Trapping 
Coil

WR42
waveguide

Gaseous 
source 
port

Expected Limitations
•Background power will come from thermal sources and 
the shoulder of the injected drive signal
•Increasing the drive power will increase the signal 
strength but also expands the range of energies which 
enter closed orbits (ie poorer energy resolution)

Project 8 is supported by the DOE, the NSF, and PNNL LDRD
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Electrostatic Spectrometers
•Provide the current direct mass 
measurement limit (< few eV)
•Should be able to extend that limit to < 0.2 
eV in the current generation of experiments
•Are not practical to scale into the last order 
of magnitude available from lower bounds 
placed by mixing (> 0.005)


