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e tag crossing muons (>99%)
e shield external neutrons

AtmLAr filled cryostat
e shield external gammas
e moderator to shield neutrons
and tag neutron captures

UGLAr filled re-entrant tube
e LAr from UnderGround wells
with reduction of <7 x 10 in
the cosmogenic *°Ar and *°Ar [1]
e tag beta/gamma background

up to 1000 kg of HPGe enriched in "°Ge
S [N e search for neutrinoless double-
beta (OV[3[3) decay (opg-2039kev)
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Background from In-Situ Muon-Induced Isotope Decays

Argon has a (relatively) high muon-induced neutron yield [2].

77MGe is produced via "°Ge(n,y), ground state ”’Ge and

77m
metastable state ""Ge produced at roughly equal rate.
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"’"Ge alone exceeds the background goal:

Bl ("™Ge) = 1.8x10°5 cts/(keV kg yr) > Bl oy (1)

Passive Suppression:

A neutron moderator made of PMMA slows neutrons down
and thus mores them more likely to be caught on the 4OAr. [3]
7ImiGe production is halved.

- active suppression required to mittigate 7™ Ge background
- light read out to tag neutron captures in Argon

[T neutron moderator
@ light read out
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Validating the Simulation

—— new: n_TOF & G4NDL4.5 (1.68x)
old: G4ANDL4.5
4 Bhike et al.

Cross-check the Cross-sections:
o Substitute newer cross-section measurement of '°Ge(n,y)
- production increased by 1.47x
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Study Simulation Choices: 107 \M J .

o G4 physics list/nuclear data library choices: ~20% deviation 4 -

o FLUKA estimate vs G4 estimate: ~5% deviation s b ;
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Comparison with Data:

e A search for ’’Ge decays in GERDA constrains the production rate
to <1.8x the simulation estimate (90% CL). [6]

Plans to use LEGEND, -200 data:

e Measure the production rate of both //Ge and /'™Ge separately.
¢ Measure the muon-induced neutron yield in Argon (new)

Active Suppresion of ™ Ge Decays via Delayed Coincidence

’’"mGe suppression cut: U
77mGe
Strategy: Tag "/™Ge production in muon-shower |\} _»
and reject after using two complementary methods. oot %y, 6.5 min
%,
Method 1: Direct tagging of gamma cascade in HPGe detectors.
Situation A: energy in i Situation B: gamma — Repe = 13cm
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Gamma cascade model from [7].
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Cut definition: Reject events if they occur within After " Ge cut: G
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Performance:
e "Ge background reduced to 35%
* OV[3[3 decay acceptance reduction negligible

Implications for LEGEND-1000:

Bl (p-ind) = 1.0:33 x 107 cts/(keV kg yr) ~ 10% Bl (V)

LEGEND -1000 will not be limited by in-situ muon-induced isotope
background and can reach its sensitivity goal at LNGS.
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