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Neutrinoparameters

Neutrino mass squared
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Fractional flavour content of mass eigenstates
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Inverted Ordering (best fit)
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Cosmimeutrino background

Cosmic history
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Cosmimeutrino background

Cosmic history

Neutrinosasmatter (contributing to dark
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Cosmimeutrino background
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Cosmimeutrino background
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Cosmimeutrino background
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Cosmimeutrino background

' CMB (<~ eV) |
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Cosmimeutrino background
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Cosmimeutrino background

e XE
: o\p

Neff

0.001 o001 o1 1 10

CMB + DESI BAO [DESI Collaboratidameet al. 024)]

N, =3.10+0.17(95% CL)

0.677} *
0.670}

!

n

g

> m,[eV]

0.970 F
=
0.962

0.81

0.1r

B &
M od A6
Future
ACDM+Y"m,
(M Euclid+ Planck
M Euclid+CMB-5S4+LiteBIRD

N

0.31 0.67 0.07 081 0.1
Q‘m,ﬂ h g Jg Z my, [eV]

Euclid Collaboration: Archidiacono et al. (2024)

15



Double BetdDecay
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Double BetdDecay
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Double BetdDecay
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EffectiveMajoranamass
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EffectiveMajoranamass
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Derivingd - experimentalevidence
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Derivingdt - experimentalevidence
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Someexperiments
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Statusof the art

Cosmology

G mroTtACA DD #88

DESI Coll., arXa503.147442

Neutrinolessdouble beta decay

i LY WP PG #88x® A
Y @ T X g T MG #8 & o4 A
Tlo T L G #8 & °8 A

M. Agostiniet al., PhysRevLett. 125, 252502 (2030

D. Q. Adams et al., arXiv:2404.044B63dlex] (2024
S. Abe et al., Phys. Rev. Lett. 130, 051801 (2023)
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Statusof the art

Cosmology

G m8re TAA Du 88

DESI Coll., arXa503.147442

Neutrinolessdouble beta decay
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M. Agostiniet al., PhysRevLett. 125, 252502(2020
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S. Abe et al., Phys. Rev. L&80, 051801(2023

Kinematic approach
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KATRIN Coll., Science 338 (2025)
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Statusof the art

Cosmology

G mroTtACA DD #88

Neutrinolessdouble beta decay
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Statusof the art

Cosmology

G m8re TAA Du 88

Neutrinolessdouble beta decay
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Neutrino mass determination via kinematic approach

A will play major role iunderstanding the evolution
of the Universe

A will guide the design of future DB&xperiments

F.Capozzét al.PhysRev D111 (2025093006



Betadecayandelectroncapture

*H- °He+e +7,
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At,, @12.3years (4*108 atomsfor 1 Bg)
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E.G. Myers et alRhys. Revett 114(2015 013003
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Betadecayandelectroncapture
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Betadecayandelectroncapture
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SH-basedexperiments

*H- *He+e +7, A electrons can badiabatically extracteffom the source and detected

A cyclotron radiatiorfor electron in B4T can be precisely measured
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SH-basedexperiments

*H- °He+e +7,

At,,, @12 3years (4*108 atomsfor 1 Bq)

AQ, =My p @He®n m

E.G. Myers et alRhys. Revett 114(2015) 013003

A electrons can bediabatically extracteffom the source and detected

A cyclotron radiatiorfor electron in B4T can be precisely measured
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Workingprinciplesof KATRIN
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Workingprinciplesof KATRIN
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New
technologies

A KATRIN final: &.3eV (90% CL)
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KATRINbeyondKATRIN
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KATRIN ++
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Project 8 5

CyclotronRadiation Emission SpectroscapRES

Tritium in a magnetic field
A Decayelectrons emitcyclotron radiation & & % %
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Project 8¢ Phase 1 M
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Project8 ¢ Phase?

First time CRES with molecular tritium
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Project8 ¢ Phase2 results M

First time CRES with molecular tritium
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Project8 - Future 5

Phase Il
Neutrino massensitivityd »100meV

B

wAtomic source development

A T, molecules need to be broken

A Systemwith a particular magnetic field configuratidar transport
and toavoidmolecular recombination

wLargevolume CRES

CavityBased CRES Experiment

A Cavityat 26 GHz: usingB1 mode in1 T MRI magnet
Samefrequency as Phase #ameRF setup,
waveguideL=14cm,R=0.7cm,VD 20cm?®

A Low frequency apparatugeasibilityof CRES in larg®lumes
low fields , and frequencies
Bf 0.035T,f.f 1 GHzV~0.3m3
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Atomic source frE=-E=

44



Quantum Technologigsr NeutrinoMass- QTNM

Basedon CRE8oncept

Productionand confinementof trittum atoms
102 cnr3 A scalablego 10°°atom  yr

B-field mappingwith < 1uT precisionand~ 1 mmspatialresolution

CRES®f O(10keVElectronsscalableo ~m? detectionvolumeswith
sub-eVenergyresolution
high detectionefficiency

New concepts
tritium atomsin astoragering
guantumtechnology(parametricamplifierg for signalreadout

CRESDACRES Demonstrat8ipparatus

e https://lwww.hep.ucl.ac.uk/gqtnm/



Quantum Technologigsr NeutrinoMass- QTNM
woraen  CIVESDA Schematics
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PTOLEMY

PonTecorvd PrinceTorObservatory for Light Earlyniverse Massivaeutrino Yield PTOLEMY
Aim: detection of relic neutrinos via capture on intense atofhicsource

counting rate

\ R

~ electron !
kinetic energy

Evidence for relic neutrino capture:
events at a distanc2 mv from the3H beta spectrum endpoint

Effective electron neutrino mass determination asgrgduct of the experiment

M.G. Betti et al JCAPG7(2019)047



PTOLEMY

PonTecorvd PrinceTorObservatory for Light Earlyniverse Massivaeutrino Yield
Aim: detection of relic neutrinos via capture on intense atofhicsource

electrons near endpoint are slowed
down by EM filter to
an energy range of 6610eV

PTOLEMYyoal
& =b0meVfor ' =10eV

M.G. Betti et al JCAPG7(2019)047



