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ERA OF AMAZING NEW TELESCOPES

James Webb Space Telescope

Primary mirror

Secondary mirror

Scientific
instruments

Stabilisation
flap

Antenna

Source: Nasa

» i '
) L e

https:/"/‘WWW.Sﬁ)ace.cor'n/
James-webb-space-
telescope-ancient-
black-hole-quasar

Fvent Horizon T& ope
Supermassive Black Hole
at Center of Milky Way Galaxy




Seeing back into the cosmos

HST GOODSY = o
CHANDRA ® &=
DEEP FIELD -

JWST

Cosmic
microwave
background

First

, stars
First

galaxies

- e

Moderni®® & &
yniverse .- a0 l

13.7 1 D .0004
(~400,000 yrs)

Age of the universe (billions of years)




Seeing back into the cosmos
Stellar Black Holes here

Where do early
Supermassive Black Holes
come from?

here!

HST GOODSY = o
CHANDRA ® &=
DEEP FIELD -

JWST

Cosmic
microwave
background

First
stars

First
galaxies

Moderni® :
um-.'Lerse ®an l

13.7 1 .3 .0004
(~400,000 yrs)

Age of the universe (billions of years)




At 330,000 years,

lverse IS

the Un



P ) .. - . - Py P =1

Number density:

= 112/cm3
Temperature:

T, ~ 1.95K
Time of decoupling:

t,~ 1 second
~50% of the Total Energy Density
o of the Universe @ 1 sec

GNiis G THE UN,vistthm.,s) neutron/proton ratio
’J b R, e o _ @start of nucleosynthesis

Possible
- “He

Electrons Relativistic; Filled Universe
Opaque to Neutrmos,- K
Nuclei Decompose Plasma E . |
Recombines -t N '
Ji s 2H

POSSIBLE THERMAL
HISTORY OF THE
UNIVERSE

Radiation ~1/a*
Temperature

oK)

(units of gm/cmz’)

TEMPERATURE (units of

DENSITY

Matter ond Radiation in Equilibrium
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https://press.princeton.edu/books/hardcover/9780691196022/cosmologys-century

Emission Time

-13.8x10° years
v\ -4x109 years

v -200x10° years

A" -2x10° years

AII of thls Ilght
arrlves at the
i e (t 0)
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Neutrino Masses from Oscillations

Theory developed by

)
sin0)

N NN II}AmZ Brunontcorvo
WNL
) Amzatm z(O()5eV)2 T
(Mass) Amzatm

N
N

3 mass eigenstates
X
3 flavors
(electron, muon, tau)

V[0,




Neutrino Masses from Oscillations

(Mass)?

V3

»
sin0),

AN 77/
A } Amz |
Vl MZ: | H SO
Amzatm z(O()5eV)2 T
Amzatm

VN

Nl

vu[ | Uy 2]

Theory developed by
Bruno Pontecorvo

Compone

:nts with different speed

3 mass eigenstates
X
3 flavors
(electron, muon, tau)



Neutrino Mass Oscillation Observatory

KM3NeT/ORCA O

ept - D0 m - ofrshore [oulon (France
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Neutrino Mass Oscillation Observatory

KM3NeT/ORCA O

ept - D0 m —ofrshore [oulon (France

10
Energy [GeV]|
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Emission Time

-13.8x10° years
(1 second after Big Bang)

No comparable flux from
other sources

Starting radius more
spread out due to mass

Neutrino Sky




Einstein rings

Predicted by Einsteinin 1936

galaxy
galaxy cluster

distorted light-rays




o Neutrino Rings?
Einstein rings

Predicted by Einsteinin 1936 ﬂ”Om Pl”lmordla| BlaCk HO|€S
V3 |




PTOLEMY - RELIC NEUTRINO DETECTION

PonTecorvo Observatory for Light Early-universe Massive-neutrino Yield

Neutrino Capture

DOL 10.1088/14/75-7516/2007/06/015

|
é Signature of CvB
= E Solar (thermal)  Solar (nuclear) :
(\"m 10° ? é
E 10°F i - <l meaclors = NCB event (Signal CvB ) £
L E T Geoneutrlnos/'v\ : . =
o, 107F BBN(H) T4 DSNB o « E ® — @
S o S : A2 (AZ+1)
X 10 ~ Atmospheric 2
- )
o) 10—18 = N E R
£ i 5 — - K
3 102%F \IceCube data 3
Z N\ % (2/017) :
10—30 = ] KlIlB
. Cosmo enic—= : : ;
10—36: |y [ I [ L (o) [N [ e [ [y | L [ | lgl 11 I\ D\ NeUtran MaSS Effec-t On Eﬂdelnt

1078 1073 10° 103 10° 10° 1012 10" 108

Energy E [eV] Predicted by Enrico Fermi .


https://doi.org/10.1088/1475-7516/2007/06/015

IDEA OF ENRICO FERMI

9| year anniversary!

Fermi, E. Versuch einer Theorie der B-Strahlen. I. Z. Physik 88, 161177 (1934).
https://doi.org/10.100//BFO 1351864

grol

Kigin

7
Fig. 1.

The neutrino masses are so tiny, their effects are smaller than
atomic transitions in normal materials.
(There Is a reason that there are no units on this plot.)


https://doi.org/10.1007/BF01351864

PTOLEMY: 2D MATERIAL GRAPHENE

. .Graphene vv/TrrUum

ntum Steps
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Other graphene structures also under study 7 ¢ =“Atomic” work function



PTOLEMY: 2D MATERIAL GRAPHENE

. .Graphene vv/TrrUum

ntum Steps
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©
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T 104_
>
2
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107 T-graphene, continuous ‘e\ NOlze\/
T-graphene, discrete
1072 1 . . . I e steps
—-20 —-15 —-10 -5 0 5
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Other graphene structures also under study ¢ =“Atomic” work function



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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First measurement of
electrons
at 100 V with resolution
of ~I-1.5 eV

Best in the World!
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AEFwHm = 0.022 eV @ 0.8 eV
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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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RECENT PROJECT 8 TRITIUM
RFE MEASUREMENT

200 .
/\.~. —4.5
-/'\./' \'\ 0.04+ + Fitresult
175 11K ,/I \’\‘\ :[\. 0.03+
8 . N 0.02f 2.0
I y =
150 <= /‘l S \-\ g 0.01f o
| li/ .\\\\\ P \\ = 0.00f 052
1985 v\l & ; \-\. -0.01F '
\ . N -0.02
- % . :
+— N v\
C NN \ -0.03}
- 100 Nk “' 18500 18550 18600 18650 o
o AN | N Endpoint [eV]
O ) -
15 X E
; .\\s NN \\.\.
50- SN Measured
— Posterior predictive fit Myfo T endpoint
e : : J& _
o 1o posterior quantiles NN 90% credible
—-- 20 posterior quantiles N \. “—interval
. §§§ Tritium data '\.\.
16500 17000 17500 18000 18500 19000 19500

Reconstructed kinetic energy (eV)

https://arxiv.ore/abs/2203.0/349

2|

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




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

d

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



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

PTOLEMY: THE IDEA

JINST 17 (2022) 05, P05021

- A new electromagnetic filter idea based on RF detection and

dynamic E setting

By A. Esposito

24



PTOLEMY: THE IDEA

JINST 17 (2022) 05, P05021

+ A new electromagnetic filter idea based on RF detection and

dynamic E setting
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first measurement of the energy \ /

via cyclotron RF emission

(~ 10us)

By A. Esposito
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PTOLEMY: THE IDEA

JINST 17 (2022) 05, P05021

- A new electromagnetic filter idea based on RF detection and

dynamic E setting

first measurement of the energy \ / enéer s \/\/ithsiﬂ
via cyclotron RF emission ~ 10el from
(~ 10us) endpoint

By A. Esposito
eSS




PTOLEMY: THE IDEA

JINST 17 (2022) 05, P05021

+ A new electromagnetic filter idea based on RF detection and

dynamic E setting

AV known to | ppm precision

€ B
ANTENNA _ v

/ / collimate and

. . slow down
first measurement of the energy \ / en%er i With:iﬂ
via cyclotron RF emission ~ 10eV from
(N 10”5‘) endeint By A. Esposito
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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




Detalled simulation of the PTOLEMY filter

Magnet | T field

RF region Fiiter region
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pitch 5, 25, 45, 65, 85 '

18.6 keV electrons : )

arget ‘ Wonyong\(. Princeton University '_
Geometry relying on modularit . . .
Y relying Micro-calorimeter region

Iapproach to Increase with focusing system to
Instrumented match beam and

target mass calorimeter array

)

Zero B Field FOCUSING
with Einzel lens (90 degress)

|

Microcalorimeter
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Fnd-to-Ena

Onift Collimation and Transmission Results

Magnet | T field
RF region

Fiiter region

e \. aﬂmm
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pitch 5, 25, 45, 65, 85
18.6 keV electrons

arget

Wonyong C. Princeton University '_

| 0% Static Transport Achieved

Down to [60eV

Average over ¢ =[0,2n], N=81600

Transmission efficiency Average KE
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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 31



The PTOLEMY Collaboration
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CONCLUSION

PTOLEMY's goal Is to eventually detect the cosmic neutrino background

- The detector prototype will be ready at [ NGS 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 5 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 (#28)
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SENSITIVITY AS A FUNCTION OF TRITIUM

PTOLEMY Sensitivity (3y - 50% eff) Remarks:
0,25 o "
- the sensitivity is weakly
0.20/- dependent upon the energy
| resolution (500 meV is already a

gl o WG good starting point)
> - ]
%} """" KATRIN++ Sens. _ 1 IJg (7X7 sz) already
3

| ==e-- 10 osc. bound provides competitive sensitivity
|- NO osc. bound

0.107

- 100 pg (0.5 m?) can potentially
probe the neutrino mass down to
the 10 scenario

0.05!

0.00:__. . .

02 04 06 08 10
o(E) [eV]  (No syst. Uncertainty included)

In preparation a theory paper on solid state effects on the electron
spectrum & consequent theory systematics on m,, extraction
(A. Casale, A. Esposito G. Menichett, V. Tozzini)



HV High precision stability (LNGS)
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