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relic CNB neutrinos

universe transparent
to neutrinos

universe transparent
to photons

CNB CMB

T~1010 K ~ 1 MeV
All-permeating sea 
of relic neutrinos
@ E~1 meV

56 cm-3 (x 6)



relic CNB neutrinos



neutrino capture on b decaying nuclei 

(adapted from A. Cocco ICHEP2018)
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neutrino capture on b decaying nuclei 

(adapted from A. Cocco ICHEP2018)
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neutrino capture on b decaying nuclei 

(adapted from A. Cocco ICHEP2018)

spontaneous nuclear b decay

“induced” nuclear b decay

This process has no energy threshold
The cross section is not vanishing

The electron spectrum from induced neutrino capture has a unique signature:
 there is a gap of 2 m

n
 centered at Q

b
 between the signal and the

 “background” electrons from spontaneous b decay
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Signal to background ratio

depends crucially on the 

energy resolution D at the 

beta decay endpoint

Detection possible only if 

              D < m
n

For a neutrino mass of 0.7 eV and an energy resolution D =0.2 eV, a 

S/B ratio of 3 is obtained.  PTOLEMY’s target D=0.05 eV

For 100 gr of Tritium, one expects  ~10 capture events per year

CNB detection using tritium 



the PTOLEMY concept 

Source:
single atomic layer of T on graphene substrate

Filter:
MAC-E filter (Magnetic Adiabatic 
Collimation+Electrostatic)

Calorimeter:
Cryogenic Transition Edge Sensor (TES)



PTOLEMY as an MeV dark matter detector 

● PTOLEMY without tritium load and a 
graphene field effect transistor (FET) 
target array

● Sensitive to DM+e- interactions

● FETs provide directionality measurement

● TES provides sensitivity to low e- 
energies, ie, to MeV dark matter

● Graphene target can be molded to 
increase directionality sensitivity 
(nanotubes, nano-ribbons…)

PTOLEMY as a directional DM detector 

XENON10
(PRD 96,043017, 2017)



the PTOLEMY collaboration 

Sweden:

  A. Ferella, J. Gudmundsson, J. Conrad, C-F Strid (SU),  C. de los Heros (UU)

Working on the static electromagnetic filter simulation and on the optimisation 

of the source-filter coupling 





FINALE 

A lot of R&D to be done

What was “impossible” a few years ago is now just “challenging”

PTOLEMY has become an LNGS experiment and a prototype installation is 

 starting at the lab

A first phase of PTOLEMY will be to look for light Dark Matter with 

  directional sensitivity

The second phase, with a Tritium source, will be devoted to measure the CNB

New collaborators welcome. Chance to contribute from the first stages of 

the experiment





From arxiv:0909.2104

(Magnetic Adiabatic Colimation+Electrostatic)

principle of a MAC-E filter



the PTOLEMY roadmap 

(from A. Cocco ICHEP2018)



(from A. Cocco ICHEP2018)
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