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Detalled simulation of the PTOLEMY filter
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Onift Collimation and Transmission Results
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Fabrication of a Tritiated-Graphene Target/Source
Hydrogen and Deuterium loading on graphene at Romal and Roma3

atomic H as a tool to ‘pinch’ the sp? bonds towards a sp3 configuration
while maintaining the planar nature of graphene

H on Nanoporous Graphene (NPG):
H-NPG with spatial resolution, Soleil (Paris)

sp3 C-H bond — _
e JL reached ~907
N , H-upload!
H-NPG ' .
after 30min \
__JL ' /
H-NPG

after 150min

‘HNPG £\
after 300min

288 286 284 282
Binding energy (eV)

Quadrupole

Mass Spectrometer:

SRS RGA 100 UKAEA’s Active Gas Handling System

o= = =1
Linear Gate Valveé-,‘

N | . = (tritium for JET, EU Tokamak) for
< I | feasibility study & design requirement of a
new T loading chamber

Betti et all, Nano Lett. 22, 2971 (2022)



https://pubs.acs.org/doi/10.1021/acs.nanolett.2c00162

Maximizing Target Capacity and Transfer Functions

Transmission Function Setup

1mm
radius
(5 rings)

1mm
radius
(5 rings)

1mm radius circular area split into 50 rings (5 shown)
Set pitch (theta) and emission phase angle (phi)

Blocks of 10 deg pitch (5-15, 15-25, ..., 75-85 deg)
« Uniform distribution of +/- 5 deg about 10, 20, ... , 80 deg pitches
*  Per pitch block: 8x fixed phi blocks in 45 deg steps (0, 45, ... , 270, TPT—

315 deg) emission surface

« 8 pitch blocks x 8 phi blocks = 64 blocks o
* 50rings = 10,200 particles per block
« Total N = 652,800 endpoint electrons

~3 days per block, running parallel batches on Princeton cluster

R R

P (emission point)

O (circle centre)
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PTOLEMY: 2D MATERIAL GRAPHENE

. .Graphene vv/TrrUum

ntum Steps
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Other graphene structures also under study | ¢ =“Atomic” work function



PTOLEMY: 2D MATERIAL GRAPHENE
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Graphene-induced spectral deformations

» Discrete spectrum: bound final state - 3He* remains bound to the graphene
» Continuous spectrum: jonized final state - 3He* is ejected from the graphene

» Three recipes used to compute numerically the modified spectra [Angelo Esposito]:

Sudden : for each position of the helium, Semi-sudden : for each position of the
electron density fixed as it was when the helium, electron density fixed as it was when Adiabatic: allow the whole system to relax to
tritium was sitting at its equilibrium position the tritium was at the same position as the the new configuration (only continuous)

(discrete + continuous) helium (discrete + continuous)

...............................................................................................

.........................................................................................

..............................................................................................

..................................................................................

|

Leonardo Perna|Gran Sasso Science Institute 4/06/2025



https://agenda.infn.it/event/45232/contributions/254677/attachments/131666/196358/PTOLEMY%20italia.pdf

PL method: PL method:
90% CL exclusion sensitivity 30 CL discover

3

———————————————————————————————————————————————————————————

L A L R 7 T S R R U U0 R S A S U SR P Ry Sl R SR S i S

~— Sudden-1 g oo Adiabatic - 1 pg : : i| = Sudden-1ug oo Adiabatic - 1 pg
~— Sudden - 10 pg s—a Adiabatic - 10 pg ' ! || = sudden - 10 ug s—a Adiabatic - 10 g
~— Sudden - 100 ug =—a Adiabatic - 100 pg I I I| = Sudden - 100 ug =—a Adiabatic - 100 ug
— sudden - 1000 pg = Adiabatic - 1000 ug || ' '| — sudden - 1000 pg = Adiabatic - 1000 g ||
*—+ SemiSudden - 1 ug -~ KATRIN sensitivity i | I| = SemiSudden - 1 ug -~ KATRIN sensitivity
#»— SemiSudden - 10 ug - - 10 osc. bound : : #»— SemiSudden - 10 ug - - 10 osc. bound
#—« SemiSudden - 100 ug - - NO osc. bound : : : #—« SemiSudden - 100 ug - - NO osc. bound
#*—+ SemiSudden - 1000 ug i . #*—+ SemiSudden - 1000 ug

Theory paper on solid state effects on the electrog

Leonardo Parna|Gran Sasso Science Institute «4/06/2025

consequent theory systematics on m, ex
(A. Casale, A. Esposito G. Menichetti, V.
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DEMONSTRATOR MAGNET

BEING BUILT AND WILL BE INSTALLED AT THE LNGS
KEY ELEMENT TO REALIZE THE PTOLEMY EXPERIMENT

Construction ASG/Suprasys consortium of a SC dipole with
special attention to the fringe field

Under construction

in Genova =2
Shipment to CERN
-2 LNGS

Simulated B-map Superconductmg

onducﬂon cooled Coils

. Vacuum System?

<200 cm ]

Zero B field saddle point key feature of the field map 16



HV High precision stability (LNGS)
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Fllter Demo
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RFMEASUREMENTS

NON-D

Can we detect the (semi-
relativistic) electron on its way to

STRUCTIVE ELECTRON TAG
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plotter
FFT 2M5 points

RF Readout
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Frequency = 170Mhz




RECENT PROJECT 8 TRITIUM
RFE MEASUREMENT
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https://arxiv.ore/abs/2203.0/349
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16500 17000 17500 18000 18500 19000 19500

Reconstructed kinetic energy (eV)

23

RF measurement background
levels extremely low.

No events observed above
endpoint,
Setting upper limit on
background rate

< 3x10-19 /eV/s (90% CL)

—> Background Rate

< | event per eV
in 100 years!


https://arxiv.org/abs/2203.07349

ACHIEVED! RF MEASUREMENTS
NON-DESTRUCTIVE ELECTRON TAG

filter

Can we detect the (seml-
relativistic) electron on its way to
the micro-calorimeter?

target
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RF Antenna Array

1e—17 Frequency Spectra of CRES Signals Post-beamforming
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Counts

MICRO-CALORIMETER

Thermpometer o
5
j © C
8 | |
e S
|_
HCt G Thermal _
eal Conductance Time
Capacity

N

~ 100 mK cold bath (refrigerator)

Design Goal (PTOLEMY): AEFwnv=0.05eV @ 10 eV

translates to AE < E* (a < 1/3)

Based on the expertise of the INRIM important results have
been achieved on electron measurement with TES.

Key elements of the measurements: performing TES and new
e-source based on nanostructures
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Precision energy measurement
from Condensed Matter/ARPES

Xt

Electostatic analyser

Electrostatic lenses

=
Q

Ey

Ptolemy e.m. filter

Position sensitive detector (MCP+delay line)
allows parallel acquisition

pr— p— p— p— p—

Delay Line MCP

X2
.-.‘-._.-.J-._.-.J-.

Electron optic basic equation

Helmholtz — Lagrange law

X0+ Ex = xq04+ Ep

Two concentric hemispheres
for the energy selection

Energy resolution

(bandpass energy):
AE  x  9°
S— +
E, 2R, 4

AE: energy resolution
E, : pass energy

x: slit width

Ro: mean radius

0: accepted angle

~few meV energy resolution
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CONCLUSION

PTOLEMY’s goal Is to eventually detect the cosmic neutrino background
The detector prototype will be ready at | NG5S by the end of this year

Prototype baseline option is: T embedded on graphene; New concept EM filter;
electron energy resolution measured in several steps (SDD/electrostatic spec/TES).
Ultimately operating with sub-eV energy resolution.

Ultimate goals of the Demonstrator: instrumented mass ~ hundreds of ug, energy
resolution 50-100 meV, T storage solution will come from optimization of atomic T
support structure. Time scale S years.

“Intermediate” physics program of Demonstrator: neutrino mass measurements (or
imits) beyond what has been achieved by all previous experiments.

Submitted letter of intent to European Strategy for Particle Physics 2026 (#283)
Submitted L Ol to INFN CNS-|| The PTOLEMY Collaboration
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