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The Tritium-endpoint Method
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FIG. 3: Global 3ν analysis in the (mβ,mββ ,Σ) parameter space, using oscillation data only. The

three panels show the two-dimensional projections of the volume allowed at ∆χ2
osc = 4 (2σ on

each parameter) for both normal hierarchy (thick solid curves) and inverted hierarchy (thin solid
curves), respectively. The emerging correlations between parameters are discussed in the text.

20

FIG. 3: Global 3ν analysis in the (mβ,mββ ,Σ) parameter space, using oscillation data only. The

three panels show the two-dimensional projections of the volume allowed at ∆χ2
osc = 4 (2σ on

each parameter) for both normal hierarchy (thick solid curves) and inverted hierarchy (thin solid
curves), respectively. The emerging correlations between parameters are discussed in the text.

20

IH

NH

Ruled out by tritium

Ruled out by 0vββ 
(if v = Majorana)



The Tritium-endpoint Method

-2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5

0
2

4
6

8

E0-E [eV]

ra
te

 [a
.u

.]

2

E (keV)
0 2 4 6 8 10 12 14 16 180

0.02

0.04

0.06

0.08

0.1

(E - E0) [eV]

Ra
te

 [a
.u

.]

E [keV]

FIG. 3: Global 3ν analysis in the (mβ,mββ ,Σ) parameter space, using oscillation data only. The

three panels show the two-dimensional projections of the volume allowed at ∆χ2
osc = 4 (2σ on

each parameter) for both normal hierarchy (thick solid curves) and inverted hierarchy (thin solid
curves), respectively. The emerging correlations between parameters are discussed in the text.

20

FIG. 3: Global 3ν analysis in the (mβ,mββ ,Σ) parameter space, using oscillation data only. The

three panels show the two-dimensional projections of the volume allowed at ∆χ2
osc = 4 (2σ on

each parameter) for both normal hierarchy (thick solid curves) and inverted hierarchy (thin solid
curves), respectively. The emerging correlations between parameters are discussed in the text.

20

IH

NH

tonne scale 0vββ 
(if v = Majorana)

KATRIN
 goal

Ruled out by tritium

Ruled out by 0vββ 
(if v = Majorana)



The Project 8 Technique 
(B. Monreal and J. Formaggio; Phys. Rev. D 80, 051301, 2009)
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Tritium endpoint 

17.8 keV 
  —> 25.6 GHz & 1.0 fW 
30.2 keV 
  —> 25.0 GHz & 1.7 fW



The Project 8 Technique 
(B. Monreal and J. Formaggio; Phys. Rev. D 80, 051301, 2009)
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B⃗

e-

• A gaseous source produces electrons with 
few tens keV 

• 1 eV resolution -> 2ppm in frequency 
  

• At these energies, that means a mean free 
path of a few km (a trap is required) 

• This also sets an upper bound on pressure; 
though detectability generally dominates
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The Prototype 
(located at UW in Seattle)

G.M. cooler

Kr-83m source

RF electronics

NMR Magnet 
(50 mm Bore; 0.95 T)
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83Kr Source
83Rb

83Kr

1.8 hours

86 days

41 keV

9 keV{Conversion e- 
17.8300(5) keV 
30.227(1) keV 
30.424(1) keV 
30.477(1) keV 
31.942(1) keV 

…

Source into Cell

Trapping Region
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Axial Trap

Signal Injection

Trapping 
coils

Kapton Windows

DPPH coil

F ∝-∇B

-
5

0
5

0.00.20.40.60.81.0

Bmain 
(~.95 T)

+ Btrap 
(~10 mT)
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22-40 GHz cryogenic 
low noise amplifiers

Receiver

0.6-1.2 GHz 24.2 GHz
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99

e- produced 
in trap

e- radiates, losing energy 
& increasing cyclotron frequency

e- scatters off residual gas, 
changing pitch angle 
& observed frequency

First electron
e- scatters out of trap

Extract this value
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Reconstructed energy (keV)
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Reconstructed energy (keV)
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What comes next?
1. axially-extended trap: 

longitudinal scalability and 
improved resolution
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What comes next?
1. axially-extended trap: 

longitudinal scalability and 
improved resolution

2. patch-array antennas:  
radial scalability and 
fiducialization/pileup rejection
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What comes next?
1. axially-extended trap: 

longitudinal scalability and 
improved resolution

2. patch-array antennas:  
radial scalability and 
fiducialization/pileup rejection

3. tritium source:  
study systematics associated 
with continuous spectra, first 
mass limits from CRES
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Where can we go?
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ν2 , e
V2

and OPTIMISTIC 
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ν2 , e
V2

and OPTIMISTIC 
Existing Limit

KATRIN spec

Hierarchies Resolved
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