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Ptolemy

• Original plan to detect relic neutrinos
• Requieres 100g tritium and extreme precision (~50meV)

• First phase: measure neutrino mass 
• Lower precision (0.2-0.5eV)

• Small amount of atomic Tritium (100g)

• Current participation: APC and NdG + not Nikhef participation 
(NWA funded)



Neutrino mass State of the Art: Katrin
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• Best fit: 𝑚𝜈
2 = −0.14−0.15

+0.13 𝑒𝑉2

• Upper limit: 𝑚𝜈 < 0.45 𝑒𝑉 (90% CL)

M. Aker et al. 2024
https://arxiv.org/abs/2406.13516



Katrin final reach
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The g.s. has rms 
width of 0.436 eV 
(FWHM 1.02 eV), 
which limits the 
neutrino mass reach 
of any molecular 
experiment

Final goal: 0.2-0.3 eV limit

From cosmology: m < 140meV

From mixing: 1 flavour with m > 50meV



PTOLEMY Basic concept
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𝐸𝑡𝑜𝑡𝑎𝑙 = 𝑞 𝑉𝑇𝐸𝑆 − 𝑉𝑡𝑎𝑟𝑔𝑒𝑡 + 𝐸𝑅𝐹 + 𝐸𝑐𝑎𝑙



Ptolemy filter

Simulations with KASSIOPEIA
code (KATRIN) and Lorentz4
(N. Rossi, M. Messina, LNGS)
https://github.com/gkrossi/lorentz4
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Figure 6: ∆ φ and net GCS y-velocity along the center line for several rounds of iterat ion start ing with

a 3T init ial field. The quadrupole point of the magnet ic field and the end of the filter elect rodes are

indicated with dot ted lines.

Figure 7: Difference in filter performance for 1T vs. 3T start ing magnet ic field. The init ial t ransverse

kinet ic energy of the elect ron is 18.6keV. The final GCS transverse kinet ic energy is 1.2eV for 3T and

9.3 eV for 1T . The growth of the cyclot ron radius of the elect ron as B decreases puts a ceiling on filter

performance for a given y0 . The GCS trajectories are calculated from the instantaneous t rajectories

by averaging values over one cyclot ron orbit . The beginning and end of a single cyclot ron orbit is

defined by intervals in which the instantaneous y and z velocit ies of the elect ron change sign twice in

an alternat ing fashion, indicat ing circular mot ion.

For dimensions y0/ x0 = 1.5/ 5cm and a start ing field of 3T, the difference in φ compared to

the ideal and the net y-velocity along the center line for several rounds of iterat ion are shown

in Figure 6. It is favorable to minimize the potent ial difference in the transit ion region z = 0 to

keep the electron from falling off the center line early on; the net y-drift is not in pract ice exact ly

zero but is nearly constant for the majority of the filter and can be counterbalanced by offsets

in the start ing y-posit ion of the electron. Figure 7 shows the difference in filter performance as

discussed at the end of the previous sect ion for an init ial magnet ic field of 1T vs. 3T.

10

https://github.com/gkrossi/lorentz4


Mass Reach
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1 g ~ 50cm2



Ptolemy Timeline



Ptolemy Conclusions

• Ptolemy is a small experiment with a potentially large impact

• Perhaps the only realistic change to measure neutrino mass in 
the next decade, should be in the ESPP

• Small Nikhef group (APC, NdG) 

• 2025 crucial year: demostration of filter technique

• Could be part of neutrino platform and neutrino XL proposal

• Proposed text: Ptolemy offers a unique opportunity to directly 
measure the neutrino mass and should be persued



Stable Isotope Production



Isotope crisis in Europe:
• EM produced isotopes (calutron)
• War in Ukraine, Sverdlovsk 

unavailable
• USA protectionism (ORNL limited)
• Increased demand for 177Lu

Problem for
• Medical isotopes

• Therapy
• Diagnostics (PET, SPECT)

• Superheavies (needs 48Ca)
• 02 (48Ca, 150Nd)
• (NWO demonstrator for 48Ca, J. 

Even, NdG)



PRISMAP:
Focus on irradiation, not 
separation of stable 
isotopes as source 
material.

For this need centrifuge or 
calutron

CERN is partner in 
PRISMAP through Medicis, 
using ISOLDE



Conclusions Stable Isotope Production

• There is a crisis in Europe

• We need a large calutron facility 

• CERN would be the perfect place to host it
• Connection with Isolde/Medicis/Prismap
• Legal and technical infrastructure

• Interest from Groningen (next to Agor) / Shine Pharma

• Encourage CERN to take the lead in ESPP document, 
proposed text: Europe needs a large calutron facility, CERN is 
an excellent place to host it
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