The Ton-Scale Search for Neutrinoless Double-Beta CHEP 2024

N o | S8 DEGLI STUDI
= PADOVA T DI PADOVA

Decay in Germanium with tEGEND,-1000 Y It

Sofia Calgaro, sofia.calgaro@pd.infn.it — on behalf of the LEGEND collaboration

“The only known, feasible probe of the Majorana nature of the neutrino is the neutrinoless double-beta 0vBS decay” < —
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“The collaboration aims to develop a phased, 7°Ge-based 0vBB decay experimental program with discovery potential at a half-life beyond 1078 yr,
using existing resources as appropriate to expedite physics results” [1]

m + Already established technology (>1960s) « LEGEND uses GERDA & MAJORANA experience

= = Source = detector: high efficiency « |-200 under operation (first result @ Neutrino 2024): test-bed for L-1000
~ « High purity: low intrinsic background « [-1000 will deploy 130 kg of L-200 ICPC detectors + new 870 kg

- Outstanding resolution: FWHM~0.1% @ 04z, = Background reduction strategies for performing a quasi-bkg-free search

 Transparent, scintillating, radiopure PEN as Ge baseplate

Re-entrant » H-rich neutron moderator to slow down and capture n on “%Ar

 UGLAr extraction from underground CO, wells @ Ar Extraction Facility (Cahone, CO
« Commission of 26.5t (extraction after DarkSide-20k)

tube + + p-induced bkg @ LNGS: 2:10° ckky (g7;)a|: 107 ckky)
underground i + instrumented AtLAr to tag p-induced 77 Ge events
LAr (UGLAT) I e Reduction down to (6.8+4.3)-107 ckky [2]
] « 3FArin UGLAr is 1400x times lower than in AtLAr: reduction of 42K (progeny of 42Ar)

g

1§
W/
‘)

- 1l
Ca

Lii |

| B Inverted Coaxial Point Contact (ICPC) detector
Wavelength- “j"i i e » Large masses (>3 kg) = lower bkg
shifting fiber |lri - » Reduce surface-volume ratio & cables/supports mass
curtain + 288 » Excellent pulse shape discrimination performance
SiPMs [ S5 - Y
readout [

FOR NEUTRINOLESS 38 DECAY

i
| |

\ /BI : Eil?rrr]zrllt

|

I ) ol .

THE LARGE ENRICHED GE EXPERIMENT

— n |_|J[ h | um E acceptance
AL QI diffused n+: I -
Ix [ | contact: |

O l (reverse bias)s . . . . . . | . .

S e Soron molanted ps O 1000 2000 0 1000 0 1000 2000 O 1000 2000
8 '»‘__'i\,,..r'c_ time (us) time (us) time (us) time (us)

i contact (signal readout)

“By combining the lowest background levels and the best energy resolution in the field, LEGEND-1000 will perform a quasi-background-free search
and can make an unambiguous discovery of 0vBB decay with just a handful of counts at the Q5"
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LEGEND-1000 is designed to span over the full inverted ordering mass region (mgg <9 - 21 meV in 10 years), ,j? C7)
guaranteeing a discovery if this is the true scenario in a quasi-background free regime - '
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 Funding already in hand from several European institutions
* Preparations underway following Borexino decommissioning
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3500 m.w.e. rock overburden
Hings ~1.25/(m?h) 3]

Construction, detector production, installation )
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