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XENONNT
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XENONNT: a Dark Matter detector

!

XENONNT to:
» detect Supernova neutrinos through interactions on protons
in Gd-doped water of the Vetoes;

= search for the forbidden Standard Model neutrinoless double
beta decay (530v) of 136Xe isotope.
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Supernova neutrino detection

= SN ofmass M = 27Mg in LS220 Equation of State;
= distance from the Earth: 10 kpc.

https://wwwmpa.mpa-garching.mpqg.de/ccsnarchive/.
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Supernova neutrino detection
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https://wwwmpa.mpa-garching.mpg.de/ccsnarchive/

= |BD interactions in Gd-doped water at 0.2% mass
concentration: 7, +p — n+e™;

= neutrons energy capture on Gd: 7 cascade of ~ 8 MeV.

Monte Carlo simulation with XENONNT GEANT4 code:

d 10° events generated uniformly in water:

O muon Veto volume: 611 ms;

A neutron Veto volume: 53 ms.

O primary particle and energy spectrum:
= e E€+ = Ege — 1.8 MeV
= n: F, =1keV

O GEANT4 automatically generates the emission of Cerenkov
photons, their transport in water and their detection on PMTs.
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Total detection efficiency of neutron and muon Vetoes:

— Positrons — Neutrons

—
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Total detection efficiency of neutron and muon Vetoes:

—— Positron
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— Positrons — Neutrons neutron Veto detection
efficiency:

—

Detection efficiency

— Positrons — Neutrons

—

muon Veto detection
efficiency:
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10 PMTs neutron Veto detection

/6. = 0.99

efficiency:

Detection efficiency

muon Veto detection
efficiency:
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@(100) events can be detected in the next

Supernova explosion.
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Total energy In water

Positrons Neutrons

—— Total energy in water I —— Total energy in water

Total energy tagged Total energy tagged

60 70 80 90 100 8 10 12 14 16 18 20
Total energy deposited in water [MeV] Total energy deposited in water [MeV]

Federica Pompa Supernova neutrino detection



Neutrinoless double beta decay

130%e — 5 196Ba 4+ 2¢~
1a = 8.9%
QBB — 2458 keV

dN/d(E/Q,,)
o

Energetic Region of interest (ROI): [2.35, 2.55] MeV

Federica Pompa Neutrinoless double beta decay 9




!

Monte Carlo simulations of °Co, 238U and 232Th decays:

O 238U N 230Th 226Ra N 206Pb

| 232Th N 228AC ’ 228Th N 208Pb
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Sensitivity parameter:
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Maximizing the sensitivity parameter:
Mg, =16t
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» M¢,= 1.6 t super-ellipsoid volume;
> b =2.1x1073 (kg keV yr)-'in ROI.

— Co060 (Cryostat) —— U238 (Cryostat)
U238 (Pmt) — Th232 (Cryostat)
—— Th232 (Pmt) —— Total background rate
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> After 5yr: S%Y=4.2 x 1025 yr
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Comparable with the current best limits
(EXO and KamLAND-Zen).
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XENONNT: current state

XENONNT is almost ready!

v Neutron Veto (entirely designed and built by the Bologna
group);
v TPC and Cryostat;

o Water tank: work in progress...

XENONNT will start taking data soon!
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Conclusions

v' High detection efficiency from muon and neutron Vetoes can
be obtained for both the products of IBD interactions of
Supernova electron antineutrinos. @(100) events can be

detected with the next Supernova explosion.

v’ After five years of livetime, XENONNT will achieve a
sensitivity for neutrinoless double beta decay comparable
with the best current limits. We need to wait for next
generation experiments to explore region of parameters not
yet observed.
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Dual-phase TPC working principle

drift time
(depth)

Federica Pompa



Dark Matter VS Neutrino
search search
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Dark Matter
search

!

WIMPs

= | Xe of the TPC:
TPC PMTs

VS

e

Neutrino
search

!

Supernova
neutrinos

= \Water tank: nVeto
and mVeto PMTs
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Dark Matter VS Neutrino
search search

! !

This study can be

performed simultaneously!




Dark Matter
search

!

WIMPs

= | Xe of the TPC:
TPC PMTs

= NR background
= ROI =[1, 12] keV
_ va =4 t of LXe

VS

Neutrino
search

!
B0V

L Xe of the TPC:
TPC PMTs

ER background
ROl = 2.5 MeV
va = 1.6 t of LXe
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Dark Matter VS Neutrino
search search

! !

This study can be
performed simultaneously!




ER background spectra
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