FIRST RESULTS
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LEGEND-200 aims to reach a discovery sensitivity to the half-life of Ovff i . n.' Daorator N D INIlGrANS 2580

over 10% years after running for 5 years. This means that if it does not observe
neutrinoless double beta decay during this period, it would imply that the half-
life of the process is longer than 10# years, meaning the decay is incredibly.rare,
possibly pointing to profound implications for our understanding of neutrinos.

Recently, LEGEND-200, with about 140 kg of Germanium (about 10?7 atoms), ey == it |
entered its data production phase and preliminary results haveshown.promising y | | ' — g

performanceln terms of energy resolution and low levels of background. Indeed, ] ] Zh ‘ ‘ 2
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results of its predecessors, it has set a limit on the half-life of this hypothetical | L ‘ N - i ,
decay at T,, > 1.9 x 10?® yr, one of the most competitive limitstin this research j = e 3 - J. : : [
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called LEGEND-1000. ¥
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Why d es the Ublverse have more matter than antimatter? Scientists predict that
equal amounts of matter and antimatter should have been created during the
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R | " : Blg Bang. If this is true, it is not clear why there is an asymmetry in the modern Universe.
I J_' | What we observe instead, is a matter-dominated Universe, everything around us is made
s e B 4 by matter. Why do we not observe antimatter?
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A crucial r éi could be played by neutrinos. Neutrinos are extremely light particles,

LEGEND-1000

Energy distribution of the LEGEND events i IécJtrntaIIy n Itrai Elgle qdﬁte abundant in the Universe. Currently, we know of three
i disti ncttypej “fami%le‘s "of neutrinos. Remarkably, neutrinos from different families can
2 tran form, or o C||Iate Egnto ne another, and each neutrino has a very small but nonzero

. The re ”tlon hip between neutrinos and their antiparticles is also mysterious:
antineutrinos exactly the same, as predicted by Ettore Majorana, or
ery other known fundamental particle of matter?
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LEGEND-1000 is the next phase of the LEGEND ekperiment, which w
optimized on the results of LEGEND-200. This ambitious project will s¢
to 1000 kilograms of enriched Germanium detectors to continue the search'
neutrinoless double beta decay after its predecessor. _' i )

With an increased detector mass and even greater senﬁltlwty, LEGENEi—'I
aims to reach half-life sensitivities beyond 102 years, significantly lncreas!‘, 1’
reach of the experiment to discover this rare, possible decay. e

il PhyS|C|sts e postulated a process that, if observed, could answer some of these

Ve © g Il'|quest|ons ne r|no|ess do ble beta decay. In neutrinoless double-beta decay (0vfp),

| \paqtlcqlar un lii ble nucléi, capable of undergoing two simultaneous beta decays, would

l3eqﬂay emitti on|y heltwo electrons and no neutrinos, as in the normal double beta

ay, thus violating the rules of the Standard Model of Particle Physics. This process is

I b ssible only l the neutrino is a Maiorana particle, particles that can also act as their own
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th ) neut i ]is ouble beta decay would be groundbreaking, confirming
are thelrﬁ antiparticles and offering insights into the nature of matter

scientists to better understand fundamental physics and
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e Enriched Germanium Experiment for Neutrinoless pp Decay),
d ex penence of the GERDA and MAJORANA DEMONSTRATOR
2ading efforts in the search for neutrinoless double beta decay.
g with'l g of Germanium detectors (°Ge) setup (LEGEND-200), and
a futurelipgrade to a one-ton version (LEGEND=1000), LEGEND features
t sensit ) detecting this rare decay process, making it a key player
\ e nature of neutrinos and their possible role as Majorana
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LEGEND-200

The LEGEND-200 detectors are made of Germanium that has been enriched
to contain more of a particular isotope of the Germanium (7°Ge). This isotope is
special because it has the potential to undergo double beta decay. Todetect such
an event, the enriched Germanium detectors are placed deep underground in

the Gran Sasso National Laboratory in a shielded environment to block out any
background radiation that could interfere with the measurements.

Extensive shielding, including layers of copper, the argon itself acting as a veto
detector, and finally water Cherenkov veto, are used to protect the detectors
from external radiation sources. When an event occurs inside the Germanium
detector, such as the emission of electrons or a natural radioactive decay, it
generates a tiny electrical signal, retaining a lot of information about the event

itself, as its energy and nature.

The detectors made of high-
purity Germanium (HPGe)
enriched to contain up to 92%

of 7°Ge isotopes, are cooled

to cryogenic temperatures

to reduce thermal noise and
improve signal resolution. This
cooling is achieved by immersing
them into liquid argon (87 K).
The detectors are equipped

with electronics capable of
analyzing the shape of the pulses,
helping to differentiate between
different types of interactions
(e.g., signal vs. background
events). This is crucial for
reducing false positives and
isolating the potential signal

of the Ovpp decay. Finally, the
HPGe detectors offer excellent
energy resolution. This is essential
for distinguishing the specific
energy signature of neutrinoless
double beta decay from
background radiation.

RADIOPURE MATERIALS

Installation of the Germanium detectors

Cutout of the whole detector

LIQUID ARGON INSTRUMENTATION

LEGEND is made of materials with very low inherent The system uses 64 cubic meters of liquid argon, which
radioactivity. In particular, the support structure is made surrounds the Germanium detectors. When radiation
of copper that is electroformed in underground labs at interacts with the liquid argon, it produces light flashes
the Sanford Underground Research Facility in the United (scintillations). The LEGEND photodetectors, Silicon

States.

Photo-Multipliers (SiPM), capture these flashes driven by

This copper is among the most radiopure metals ever more than 2000 individual optical fibers and generate
produced. Moreover, all LEGEND assembly takes place in electrical signals.

a large cleanroom at the top of the experiment to elimi-

These SiPMs are able to detect single photons. By

nate dust particles and other contaminants that could analyzing these signals, the system canidentify and reject

interfere with the experiment.

background events, improving the overall sensitivity of
the experiment to double beta decay.

WATER CHERENKOV VETO

The LEGEND Cherenkov veto system works by detecting Cherenkov radiation,
which is light emitted when high-energy charged particles move faster than

the speed of light in ultrapure water.

The faint light emitted by the water is detected by Photo-Multiplier Tubes
(PMT), installed on the water tank walls. By analyzing the detected Cherenkov
light, the system identifies and rejects background events.

GERMANIUM DETECTORS

A High-Purity Germanium (HPGe) detector
works by detecting radiation through
interactions in its germanium crystal. When
a particle (like an electron or a gamma
ray) enters in the detector, it excites the
germanium atoms, creating electron-hole
pairs (free electrons and positively charged
“holes”). An applied electric field within
the crystal drives these charges towards
electrodes, generating a small electrical
pulse. The size of the pulse is directly
proportional to the energy of the incoming
radiation, allowing precise measurement.
HPGe detectors are cooled to very low
temperatures to reduce noise and increase
sensitivity to faint signals, making them ideal
for detecting rare events.
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Preparation of the
Germanium detectors

The pulse shape of an event that occursinside a Germanium detector contains
a lot of information about where and how the event occurred, as well as all the
information from the liquid argon instrumentation.

To take advantage of this, LEGEND digitizes and records the output of
every detector every 16 nanoseconds. By applying sophisticated digital signal
processing algorithms to these waveforms, LEGEND can remove events that
are clearly not a Ovpp decay. At the end of the next-generation LEGEND-1000
experiment, a total of about two petabytes of data will be recorded!

Germanium insertion system




