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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 (100ug)

 Current participation: APC and NdG + not Nikhef participation
(NWA funded)
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Neutrino mass State of the Art: Katrin
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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
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Final goal: 0.2-0.3 eV limit

From cosmology: Zm, < 140meV

From mixing: 1 flavour with m,, > 50meV
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PTOLEMY Basic concept
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Ptolemy filter
/ PTOLEMY

~1m3 Simulations with KASSIOPEIA
// code (KATRIN) and Lorentz4

/FilterEectrodes (N. Rossi, M. Messina, LNGS)
L,

https://github.com/gkrossi/lorentz4

AEEEEREN IIIIIIIIIIIIIIIII-lIIIIIIIIllIIIIIl.ll.ll.lli_llli‘l;—izi?“@mwll
e e 7¥B ] ’:1? I -
[ ——— e . = - ——— -
= = = = 1 ]
S~ A A i Vi
| ExB drift (in uniform B) follows equipotential lines I PTOLEMY Collaboration, PPNP 106 (2019) 120-131 |
VAR , ~
y position Transverse Kinetic Energy
-2 — 107
: : 104 -
—1 103 -
B 2]
£ 0] — > 10
3] ¢ 10! 4
0
14 10
: H 10_1 T
2 T T T T — 1072 T T T T —
—0.2 0.0 0.2 0.4 0.6 0.8 —0.2 0.0 0.2 04 0.6 0.8
z (m) z (m)
—— Instantaneous 3 T Instantaneous 1 T <= Quadrupole Point

---- GCS 3T -—-= GCS1T e End of Filter


https://github.com/gkrossi/lorentz4

Mass Reach

PTOLEMY Sensitivity (3 years)
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Ptolemy Timeline

Chart A PACE Project
ar rea

Magnet characterised at CERN

*
Start, Mar 1 : Commissioning of new loading chamber Commisisoning of the detector with calibration electrons First beta sepctrum measurement Deliver 100 mug graphene target Deliver, Feb 28

L ! * +* * * ,
1 Contract signture with JET-lab. ' Filter electrodes construction ] Fisrt measurment of beta electrons ' First physics publicajtlon Results with 100 mug graphene target
| H * | | | | |
! . L ) Shipment of loading chamber to the JET lab. .: Deliver first graphene sample loaded with tritium | ! Measurement of beta-spectrum with 0.2 eV resolution | Measurement of beta-spectrum with 0.05 eV resolution | !
i chambar comgssioning . a B 1 a * o * 1 a

4/12/2024 | :J.Zﬂ! 7/2025 28/01/2026 16 /08/2026 04 /03/2027 20/09/2027 07 f04/2028 24/10/2028 12 /05/2029 28/11/2029 16 /06/20:

High precision field measuremnt
Test and selection of optimal microcalorimeter

Beta spectrum with 0.2 eV resolution

Vacuum chamber design and construction
Data analysis and publication

Update and commissioning of target region with large mass

Vacuum commissioning

High precison measurement with 100 mug of T <

Measurements with first graphen doped sample
Constrution and commissioning of new loading chamber

Beta spectrum

inal design and construction of filter electrodes M

Tests with calibration electrons




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
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Enrichment Method

. Distillation or Chemical Method . Only One Stable Isotope . Electromagnetic Method
. Centrifuge Method . Radioactive . Photochemical Method
. Synthetic Element



PRISMAP:

Focus on irradiation, not
separation of stable
iIsotopes as source

material.

For this need centrifuge or

calutron

CERN is partnerin
PRISMAP through Medicis,
using ISOLDE
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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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