
Quantum Technologies for Neutrino Mass

Physics Objective
Neutrino mass measurement from atomic 3H β-decay via Cyclotron Radiation Emission Spectroscopy using 
latest advances in quantum technologies.  
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Figure 3: Dependence of the sensit ivity of a CRES experiment to mβ , on the T atom

number density in the measurement volume. The set of di↵erent volumes considered are

indicated. In each case, the coloured bands represent the range of sensit ivit ies expected

from a frequency measurement precision set by the Cramér-Rao bound (equat ion 10,

cont inuous curve) to that set by t− 1
obs (dashed-dotted curve). In all cases the magnet ic

field strength was chosen to be 1 T (see text for details). Horizontal lines denot ing the

current , and ult imateprojected limit of theKATRIN experiment with T2 molecules [15],

and the minimally allowed value of mβ for IO neutrinos, i.e., mmin
β (IO), are also shown.

decay events. For atom number densit ies above 1011 cm− 3, the rate at which a radiat ing

elect ron scat ters from the background gas of neutral T atoms plays an increasingly

significant role, due to the limits that this scat tering process imposes on the maximal

value of tobs.

In this regime, the precision with which the cyclot ron frequency can be recovered

according to the Cramér-Rao bound o↵ers a higher sensit ivity to mβ , for any given

atom number density, than the precision set by t− 1
obs. At densit ies above⇠ 1013 cm− 3,

thescattering rate t ight ly restricts, and ult imately leads to a reduct ion in, theachievable

sensit ivity.

*** There seems to be lit t le dist inct ion between sensit ivity, precision and accuracy.

We need to check for consistency***

The upper three curves (green, violet and orange) in figure 3 are the results of

calculat ions in which the fract ional uncertainty in the strength of the magnet ic field

experienced by the radiat ing electron isσB / B = 10− 6: σB = 1 µT in the part icular case

considered. Under these condit ions, a compact CRES apparatus with an instrumented

volume of 10− 3 m3 is expected to provide a sensit ivity below 1 eV/ c2 for T atom

number densit ies between 1012 and 1013 cm− 3. Bearing in mind the characterist ics

and specificat ions of current ly available H atom sources that could be operated to

Exposures and sensitivity 

• Eventually targeting lower bound of N.O. ~10 meV
• BSM physics using full spectrum



QTNM Schematics and Exposure Scalability 

Technology Demonstration (2021-2025): 
CRESDA-0 = CRES Demonstration Apparatus 

• Quantum noise limited microwave sensors at TRL7/8 for 
CRES at ~18GHz (corresponding to 0.7T field) 

• 3D B-field mapping with ≲1 𝜇T precision, using H-atoms as 
quantum sensors (Rydberg Magnetometry)

• Production and confinement of H-atoms, ≥ 1012 cm-3

• Modelling tools for CRES and neutrino mass 



CRESDA0 → CRESDA-Tritium →  100 meV →  50 meV → 10 meV 

Preferred Location: 
Culham Centre for Fusion Energy

Project Phases

Current (2021-2025) 2026-2030
2030……………………………………..2040

Ultimate experiment by joint 
international collaboration• Cost of ultimate experiment to be estimated in 

next phase. O(£100M) expected  
• UK to lead across all major activities with biggest 

contributions using its strengths in quantum tech: 

quantum noise limited SC-electronics, Magnetometry, Cold atom source 



Competition and Partnership

• Project-8 first proposed CRES, demonstrated feasibility and produced 1st T2 spectrum measurement

• Project-8 and QTNM pursue different avenues for atomic source and CRES detection
• QTNM has competitive edge in quantum tech aspects: Rydberg magnetometry and quantum amplifiers. 

Competitive results in producing and controlling atomic H. 

• Project-8 and QTNM signed Consortium Agreement outlining vision for a joint ultimate experiment taking best 
developments from both projects

• QTNM, Project-8 and KATRIN++ established Joint Atomic Tritium Working Group 

• PTOLEMY (aim: Cosmic Neutrino Background)
• Calorimeter experiments with 163Ho, ECHo, HOLMES. Complementary to 3H experiments but sensitivity is still far 

off 

Key Challenges 

• Scaling up technology to large volumes/exposures – mitigated by phased approach

• Uniformity of B-field in large volumes – QTNM holds a competitive edge in magnetometry 
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