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relic CNB neutrinos
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neutrino capture on p decaying nuclei

spontaneous nuclear g decay
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(adapted from A. Cocco ICHEP2018)



spontaneous nuclear g decay
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“induced” nuclear g decay
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neutrino capture on p decaying nuclei
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neutrino capture on p decaying nuclei

spontaneous nuclear g decay
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This process has no energy threshold m, e

The cross section is not vanishing

The electron spectrum from induced neutrino capture has a unigue signature:
there is a gap of 2 m_centered at QB between the signal and the

“background” electrons from spontaneous g decay

(adapted from A. Cocco ICHEP2018) A.G.Cocco, M.Messina and G.Mangano JCAP 06(2007)015



CNB detection using tritium

Signal to background ratio

depends crucially on the dNIdE,

energy resolution A at the

beta decay endpoint Qﬁ ﬁ
“ .

Detection possible only if T' T
v ¢
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v 2m,

For a neutrino mass of 0.7 eV and an energy resolution A =0.2 eV, a
S/B ratio of 3 is obtained. PTOLEMY’s target A=0.05 eV

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



the PTOLEMY concept

100g of atomically bonded *H ; use tritiated graphene (~0.5 kg)

Tritiated graphene
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PTOLEMY as a directional DM detector

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

» Sensitive to DM+e- interactions

» FETs provide directionality measurement

oM 12 hours later

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

» Graphene target can be molded to
increase directionality sensitivity
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the PTOLEMY collaboration
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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
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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






principle of a MAC-E filte

(Magnetic Adiabatic Colimation+Electrostatic)
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From arxiv:0909.2104



the PTOLEMY roadmap

Phase |
Proof-of-principle @ LNGS:
TES, Graphene, background level (3 to 5 years)

Phase |l
Technical design for a scalable detector

Phase Il
Full detector construction and search for relic neutrino
(7 events/100 g Tritium expected)

(from A. Cocco ICHEP2018)



New ExB filtering design

(Top view)
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Example of 15 keV electron loosing transverse energy as the B field intensity
decrease (drift is from the right to the left)

(from A. Cocco ICHEP2018)



PTOLEMY-G?

Detector configuration
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~100 V
Vo ~220 km/s :DM » Scaling up ~mm to ~cm
= | E-Field
> - » Stacked planar arrays of
Electron T G-FETs
Trajectory = / 1kg ~ 10"%cm? ~ 10° cm?®
(in vacuum) : Individually vacuum-sealed
- Microcal f
Graphene ~_— | wafers

FETS —u (for big hops) Cryogenically cooled (4.2K)

Cryopumping of gas
contaminants on G3 surface
- no line-of-sight trajectories

Low mass substrates with
ALD dielectric

Alfredo D. Ferella | The PTOLEMY-G* experiment - IDM 2018 - July 23, 2018



Geim et al. in 2004 noted
gaphene sensitivity to a single
electric charge (added or
removed) in a Field-Effect
Transistor configuration - here at
room temperature

It is a semimetal: Dirac point
provides a resistivity spike at a
single gate voltage and the
height is set by the inverse of the
mobility

Mobility increases by an order of
magnitude at cryogenic
temperatures

Small band gap ( meV) induced
in Graphene could provide clean
on/off transitions
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Alfredo D. Ferella | The PTOLEMY-G* experiment - IDM 2018 - July 23, 2018
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