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Neutrino Mass via Endpoint Spectroscopy 
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Anti Neutrino via Beta Decay of Tritium 

Neutrino via Electron Capture of 163Ho 
Large Spectrometer - KATRIN 

Transition Edge Sensor 
in a Cryostat 



163Ho Endpoint and Neutrino Mass Sensitivity (Simulation) 
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Expected Counting Statistics 
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Deliverables: !
•  Measured and predicted 163 Holmium electron capture spectrum!
•  Measurement of neutrino mass or upper limit with TES array!

1 bq for 1 day! 10 bq for 1 month! 10^14 events!

endpoint region!

m(ν) = 0 eV!
m(ν) = 1 eV!
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Fig 1. (A, left) Simulated 163Ho EC spectrum near the end point, clearly showing the distinction between m=0 
(black) and m=1 eV (red) neutrino mass for the case of Q=2.8 keV, 1014 total decays, and 1 eV FWHM spectral res-
olution. These conditions correspond to anticipated mass sensitivity of 0.6 eV, 90% CL. Dashed lines show theoreti-
cal spectrum for perfect resolution detector; solid lines include Gaussian detector response. (B, right) Neutrino mass 
sensitivity vs total counts for Q=2.2 keV (black), Q=2.5 keV (red), and Q=2.8 keV (green). Q value has a very 
strong effect on mass sensitivity due to fraction of events near end point (greater at lower Q). 

Background & Significance 
Neutrino physics today 
The experimental evidence for neutrino and antineutrino oscillations between mass states is 
compelling [4]. The number of these states (n), their individual masses (mk), indeed the entire 
mass scale m(") are unknown except for a few mass differences (e.g. !!!"

! ! !!!"!!!"! and 
!!!"

! ! !!!"
! ! !"!!!"

! ) and some very important bounds: n # 3 and !!!!"# ! ! !! !
!!!!!!". These few differences and bounds represent the first and only experimentally demon-
strated physics beyond the standard model of fundamental particle interactions (SM). The impli-
cations of massive neutrinos for astrophysics, big bang nucleosynthesis, the origin of dark mat-
ter, and cosmology are so significant and widespread, that neutrino physics is now a more in-
tense and controversial field than at any time since shortly after Pauli postulated these particles. 
Determining the neutrino mass scale is therefore an important physics goal and warrants major 
experimental effort. Additional motivation for measuring neutrino masses comes from global fits 
to the world neutrino and antineutrino data. These global fits [5] favor the existence of sterile 
neutrinos (in addition to the 3 active neutrinos) with masses of about 1 eV. These sterile neutri-
nos would not interact by the weak force but could be observed in an ECS experiment as kinks in 
the energy spectrum occurring approximately 1 eV from the endpoint energy. Therefore, ECS 
experiments have the potential of measuring both active neutrino and sterile neutrino masses. 
Cosmology and neutrinoless double beta decay (0"-$$) probe mass scale but are model depend-
ent, e.g. requiring ! ! !, specifying a cold-dark-matter density, etc.) [6]. Our focus is on the im-
portant class of alternative, model-independent, laboratory-based neutrino or antineutrino mass 
measurement. There are three contenders under investigation today: coherent cyclotron radiation 
(CCR) from tritium beta decay [7], calorimetric cryogenic beta decay spectroscopy (BDS) of 
187Re beta decay [8], and calorimetric cryogenic ECS of 163Ho [9-12]. All these methods require 
ultra high resolution spectroscopy (!E~1-2 eV) near the kinematic endpoint where the fraction 
of events is very low (F~10-14-10-12). The CCR method is new, speculative, demanding, and un-
der active development. The cryogenic methods are truly calorimetric because they fully encap-
sulate the decaying isotope to completely capture the energy of all the reaction products except 
the escaping neutrino or antineutrino and turn all the captured energy into heat. Since mass sensi-

1 Bq for 1 day 10 Bq for 1 month 

§  Endpoint simulation for 10 14 
decays and a spectral 
resolution of 1 eV 

 Neutrino mass sensitivity for 
Q-2.8 KeV (green line) 



163Ho Isotope Production                 J. W. Engle et al., NIM B, 311 (2013) 131-138  
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163Ho 
Production 

Rate 
(atoms/hr) 

166mHo 
Production Rate 
(atoms/hr) 

163Ho/166mH
o Atom 
Ratio 

(a) 16 MeV p+  natDy 1014 104-5 109-10 

(b) 24 MeV p+  natDy 1015  106-9 106-9 

(c) 40 MeV α  natDy 1013 107 105 

(c) 40 MeV α  161Dy  1010  103 107 

(d) 1014 

neutrons/cm2/sec 

162Er 1013-15  
(per mg 162Er) 

1010-12 103-5 

  

§  Proton irradiation of Dy or 
neutron irradiation of  Er  

§  Greater radio-isotopic purity is 
achievable using charged 
particle irradiations 



Isotope Separation  

n  Chemical separation to isolate 163Ho from irradiated dysprosium target  

n  High performance liquid chromatography (HPLC)  
•  Cation exchange resin 
•  α-HIBA as eluent 
•  UV-Vis detection  
•  Post column detection reagent 4-(2-pyridylazo)resorcinol 
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Transition Edge Sensor for Measurement  
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§  Superconducting film biased with a 
constant voltage in the transition 
region between its normal and 
superconducting states  

§  Current  flowing through film 
changes flux in inductively coupled 
SQUID to produce voltage signal. 

ΔE ~ (kbT2C)1/2 

TES!

19 rabin@lanl.gov 

ΔE ~ (kbT2C)1/2 

TES!

19 rabin@lanl.gov 

Transition Edge Sensors at LANL (Rabin et al.) 
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Resolution is 1 in 5000 ! 
(1 keV at 5 MeV)!

 163Ho 



Cryostat and Dedicated Electron Capture TES 

n  Pulse Tube Cryostat 

n  Detectors at 90 mK 

n  EC - TES (350x350 um) 

n  Total C ~ 1pJ/k 
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Absorber (Deposition and Diffusion Bonding) 
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n  Electroplating: 
metallic, thin, uniform 
deposition 

n  Pressure (deform Au) 

n  Heat (400°C) 

n  Time (1 hr) 

n  Inert atmosphere 
•  Avoid oxidation of 

embedded material 

Electroplated LANL-made 55Fe 

Electroplated commercial 55Fe 



Electron Capture Spectroscopy of embedded 55Fe 
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§  Electroplated 55Fe in 
diffusion bonded Au 

§  Absorber C ~0.17 pJ/K, 
33x45x18 µm, diffusion 
bonded to TES structure 

§  Total C ~1 pJ/K 

§  9.0+-0.2 eV Resolution 
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Peak res: 8.953322 +/- 0.238942 eV

Tail1 res: 10.661806 eV

Tail2 res: 98319.040792 eV.  Eta: 98.03

Chi squared: 61.556053

Counts are per 1.00 eV bins

!



SUMMARY 

n  Isotope Production via Proton Irradiation 

n  Isotope Separation via HPLC 

n  Transition Edge Detector with SQUID readout in Cryostat 

n  Dedicated Electron Capture TES with total C of ~1 pJ/K 

n  First test with surrogate EC uses 55Fe 

n  Resolution obtained better that 10 eV 

n  Outlook 
•  First measurement with 163Ho planned for this year 
•  Increase channel count by RF multiplexing  
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