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1. LEGEND-200 experiment 4. WLS flber curtams NI\/IS and WLSR detalls
WLS fibers

I

The LEGEND Collaboration works to develop the largest ®Ge neutrinoless double-beta (0v3.3)

decay experiment in history [1];
number conservation and requires the exchange of

massive Majorana neutrinos.

The first stage of the project, called LEGEND-200, already started at LNGS:
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» 81 WLS fibers separated into 9 groups are
glued into acrylic adapter and form one
module;

» the O3 decay is a nuclear transition in which two
neutrons are simultaneously converted into two
protons with the emission of two electrons and no
anti-neutrinos;

» 1 pum of TPB is applied on modules by
evaporation;

1300

» SiPMs are coupled optically to the fiber

» thus, the 033 decay violates the law of lepton
modules on both ends;

1458

» fiber modules with SiPMs are mounted on
low radioactive copper barrels:

m 9 fiber modules for the Inner barrel;
m 20 fiber modules for the Outer barrel:
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» the experiment aims to reach a sensitivity on the
half-life of 033 decay up to 10%7 yr;

» ~200 kg of high-purity germanium (HPGe)
detectors will be used:
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NMS WLSR

2pAF 02K+ 2K
(32. o yr) (12.4 h) (12.4 h)

» the HPGe detectors will operate in a cryostat

filled with ultrapure Liquid Argon (LAr), which ya
acts as cooling medium and shielding against : Y
background radiation; Germanium
» the LAr cryostat is placed inside a tank with R lighihes detector
purified water, which shields from neutron and much longer
gamma backgrounds, and also works as a muon absorption
: length
veto; i
> LEGEND-200 wil d . Scintillation UV
- will start aata taking in summer - F .
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2. LAr instrumentation of LEGEND 200

» The differential signals from SiPMs are driven via a 10 m long
Kapton flat band to the outside of the LAr cryostat;

» then via 6 m long catbA cables to the Front-End (FE)
electronics which consist of:

'The LAr instrumentation is an essential part of the LEGEND-200 experiment:

» designed to actlveI)./ suppress background events; 2 5 NIM FE boards:
» successfully tested in GERDA; @ 12 receivers and V differential amplifiers each;
» improved version with greater coverage area adopted in LEGEND-200; . WLS i @ 12 SiPM Vs regulators each;
Ieﬂector S . s -
» made of materials with minimal background contribution. | 3‘ Guer foer AR m 1 controller board to set and monitor the main SiPM
feond arameters (Vpizs and 1).
The LAr instrumentation consists of: i Lk > (Viias )

f » the operation voltage of each SiPM is optimized to achieve
» two concentric curtains of TetraPhenyl Butadiene (TPB) coated, (- i ; p

. . _ S il,i uniform rates across all channels (~2-5 kHz due to 3%Ar):
deuble-claddediiavel enght Shiftingl(W1SJibergeo EREREE el LI, | » the analog pulses are digitized by(FIashCam a 16-bit 62)5 MHz
» transparent TPB coated nylon mini-shrouds (NMS); g ; '

_ flash ADC converter:
< IlElE] comtiealis) Reiladd LR iy » data are acquired for characterization in terms of SPE resolution;

» the digital signal processing of the traces is performed within a
dedicated software.
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3 quwd argon scintillation

Typical signal
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There are predominantly two scintillation g
pathways:
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» signal with 2 decay components:
» a fast component of 6 ns (singlet state);

m "fast” component (~0.2 us): parasitic
capacitance spike;

m "slow” component (~5 us):
recharge of the microcell of SiPM:;

x" » a slow component of 1450 ns (triplet state).

Decreasing of the triplet life-time reflects level of =

impurities in LAr.
The current triplet lifetime in LEGEND-200 is

» low noise level (~0.2 mV);

Qaround 1150 ns and it's continuously monitored. kS ¢ 2500 w009 e0og o9 w000 e
"
) Example of SPE spectrum g

> Upon the interaction with ionizing » nice Single Photo-Electron (SPE) resolution Lo
. radiation liquid argon emits 128 nm (dark-green spectrum) obtained by signal
H“ VUV light; integration; i

» TPB allows to shift the VUV light to » improved SPE resolution after quality cuts

blue light; (yellow-green spectrum).
N » optical WLS fibers shift the blue light o || | ‘IIIILMIIIIIIIH bl
i to green, which is read out by SiPMs. _ £ : : & Number o
Several runs of data were recently acquired and are being analysed for a full characterization of the
NMS Ge-detectors NMS WLS fiber WLSR LAr instrumentation:
> The LAr instrumentation detects the Ar scintillation light created by energy depositions in the » 39Ar runs
i LAr that accompanies energy depositions in the HPGe detectors; m low energy calibration of the SiPMs;
> » such background events originate from «, 3, ~y or neutron interactions, originating from » coincidence runs
primordial, anthropogenic radioisotopes or cosmogenic produced unstable isotopes; m rate coincidence between fiber modules:

l » they must be discriminated from O 33 decay signals, which have energy deposition inside the » ultra high energy events (i.e Muons)

HPGe detectors and no energy deposition in the LAr. = high energy calibration of the SiPMs;

F

N, v R, N, N Y > time coincidence of ?14Bi 3 and ?'*Po o decays
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m rate measurements of 222Ra contamination:
» data taking with 226Th and %?°Ra sources
m energy calibration of light detection spectra.
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