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S

Mission: “The collaboration aims to develop a phased, Ge-76 based double-beta decay
experimental program with discovery potential at a half-life beyond 10?8 years, using existing

resources as appropriate to expedite physics results.”
47 institutions, About 240 scientists
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Leibniz Inst. Crystal Growth Joint Inst. Nucl. Res. University College London Oak Ridge National Laboratory University Zurich

Comenius University Duke University Los Alamos National Lab. Padova University

Padova INFN
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The Best of MAJORANA & GERDA

MAJORANA

* Radiopurity of nearby parts (FETs, cables, Cu
mounts, etc. GERDA

* LAr veto

* Low noise electronics improves pulse shape )
P P P * Low-A shield, no Pb

* Low energy threshold (helps reject
cosmogenic background)

= Both
£ e Clean fabrication techniques

e Control of surface exposure

 Development of large point-contact detectors

* Lowest background and best resolution Ovp[3 experiments
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LEGEND wosmsorseo

Method: Phased approach, selecting best technologies from GERDA and the MAJORANA DEMONSTRATOR,
as well as contributions from other groups and experiments

SIS

First phase:
200 kg in upgrade of existing infrastructure at LNGS
*BG goal: < 0.6 cts /(FWMH t yr)
< 2x10* cts /(keV kg yr)
' *30 Discovery sensitivity at a half-life of 10?7 years
| *Data start ~2021

Subsequent phase:

*1000 kg, staged in multiple payloads

*Timeline connected to review process

*Background goal < 0.03 cts/(FWHM t yr)
< 1x10- cts/(keV kg yr)

Location to be selected
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LEGEND Discovery Potential

"°Ge (88% enr.)

Goal is to cover inverted ordering (I0)* with

30 . .
107 30 CL Discovery Potential:
10% = ovBp 28
3 T, > 104° yr
;LEGEND-lOOO
28 [T
g 10 = * light Majorana neutrino exchange
2 - * using LSM matrix element of 3.5
D 4027 _.LEGEND-ZOO * unquenched gp
3 E * sensitivity to 10 mgs= 17 meV
|—P1026 _GERDA/MJD C? e 10 mtr:;;n range
3 / ......... —— Background free
N - = = 0.1 counts/FWHM-t-y GERDA has achieved lowest background index:
10 7 = 1.0 count/FWHM-t-y 6.0 x 10 cts /kev kg yr at Qg
ol l ------ 10 counts/FWHM-t-y
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LEGEND-200

Existing GERDA infrastructure can hold 200 kg of enriched detectors

Water tank, |

modified clean Upgraded LAr cryostat:
* new lock

room from

* new detector mounting hardware

LNGS: Hall A

. LAr active veto:

Optical fibers

" surround detector
strings

14 strings |\
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Ge detectors for LEGEND-200

(not to scale)

TGdEeFt‘, D1 :.e kg semi-coax 30 det, 20.0 kg BEGe inverted
[ ] [GERDA] o
n+ electrode
with different
J. Inst. 4, P10007 (2009)  —
35 det = 29.7 kg
[MJD] PPC
n+ electrode
passivation P* electrode
layer =80 det, =150 kg
l [GERDA + LEGEND]
IEEE Trans. Nucl__Sci. 36, 926 (1989) _NIM AB5, 25 (2011)

* Masorana and GERDA detectors will
make up ~60 kg of the detector mass , :
Different surface-to-volume ratios

© Theremaining mass will come.from d Different surface areas: n+ , p+ and passivation
new geometry of detectors being layer (PL) '

manufactured by two companies: -Subject to alpha and beta radiation in LAr
ORTEC and Mirion (~80 detectors)

4 different detector types for LEGEND-200

; - ! ) ] ] .
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Background Reductlon Strategy
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LEGEND-200 LAr
readout design

G. Othman
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Signal-Background separatlon
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LEGEND-200 Backgrounds Projections: GERDA Phase ||

Background contributions in LEGEND-200 expected to be very similar to GERDA Phase Il

See previous talk by O. Schulz

GERDA 19-09

counts / 10 keV

e o from 210Pg, 226Rn
* (3 from 42K

(2]
K
>
3 214B' 208'|'|
* y from #+°Bj,
1000 2000 3000 4000 5000
energy [keV]
> =
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0 L
= Data —— Model — 22Bj +28T| —— 214gj . 214pp 3
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o

GERDA Phase Il:

S S e S — Science 365, 1445 (2019)
5000 5500 3000 arXiv:1909.02522

energy [keV]

residuals
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LEGEND-200: Background Reduction

Background reduction of at least x5 compared to GERDA/MAJORANA

Feasibility of reducing backgrounds from 42K, 214Bi, 2°8T| has already been shown in GERDA, MAJORANA, and in
dedicated test stands

* Improved radiopurity levels (cables, electro-formed Cu, PTFE, ...) h
* Increased detector mass (2x2) :
- . > 214Bi /208T|
— proportional reduction from near-by parts
— better surface/volume ratio, reducing surface backgrounds h
* Higher purity LAr — increased scintillation light yield and attenuation length o
* Improved detection and readout of LAr scintillation light >
* Reduction of electronic noise — improved PSD J
_/

e Optimized PSD analysis for surface events
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LEGEND-200 Background Projections

Assay limits correspond to the 90% CL upper limit. Grey bands
indicate uncertainties in overall background rejection efficiency

HV cables

Signal cables

Detector mounts (Cu)
Detector mounts (PTFE)
Silicon plates |

Nylon shrouds
Electronics
Optical fibers
K p-decays

“Ge

60
Co
a-emitters

u-induced

ALL BACKGROUNDS
10°® 1077 0°

-5
Back};round Index ﬁgper Limit [cr.nlt

G. Othman

[ “"U, ““Th Chains
[ Atmospheric Ar
[] Ge Cosmogenics
[ Surface as

[_] Cosmic Rays

[ Total

0-4

s/(keV kg yr)]

Monte Carlo simulations based on
experimental data and material assays.

Background rates after anti-coincidence, LAr
veto, and PSD cuts
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LEGEND-200 Background Projections

Assay limits correspond to the 90% CL upper limit. Grey bands
indicate uncertainties in overall background rejection efficiency

HV cables

Signal cables
Detector mounts (Cu)

Detector mounts (PTFE)

Silicon plates

h

Nylon shrouds
Electronics
Optical fibers
K p-decays

“Ge

&0 Co
a-emitters
u-induced

ALL BACKGROUNDS
10°® 1077 0°

10"
Background Index

[ “"U, ““Th Chains
[ Atmospheric Ar
[] Ge Cosmogenics
[ Surface as

[_] Cosmic Rays

[ Total

-4

38 Limit fen
pper Limit [cnts/(keV kg yr)]

Monte Carlo simulations based on
experimental data and material assays.

Background rates after anti-coincidence, LAr
veto, and PSD cuts

Background index upper limit: (0.7-2.0)x10* cts/(keV kg yr) or 0.2-0.5 cts/(FWHM t yr) at Qg

G. Othman
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LEGEND-200 Background Projections

Assay limits correspond to the 90% CL upper limit. Grey bands
indicate uncertainties in overall background rejection efflciency

HY cables =770, Ghains Monte Carlo simulations based on
Signal cables

. | [ Atmospheric Ar experimental data and material assays.
Detector mounts (Cu) [[] Ge Cosmogenics

[ Surface as

[ Cosmic Rays Background rates after anti-coincidence, LAr
[ Total _

Detector mounts (PTFE)

Silicon plates

veto, and PSD cuts

Nylon shrouds
Electronics
Optical fibers

K p-decays

\ Surface events from alphas
4_/ and betas projected to be

induced largest background

ALL BACKGROUNDS _ e
contribution

10°® 1077

Ge

60 Co

a-emitters

Backg?ound Index ﬁpper Limit [cnts/(keV kg yr)]

Background index upper limit: (0.7-2.0)x10* cts/(keV kg yr) or 0.2-0.5 cts/(FWHM t yr) at Qg
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LEGEND-200 Background Projections

Assay limits correspond to the 90% CL upper limit. Grey bands
indicate uncertainties in overall background rejection efflciency

=0 ®h Chains Monte Carlo simulations based on

. | [ Atmospheric Ar experimental data and material assays.
. |[] Ge Cosmogenics
. | [ Surface os

: | ] Cosmic Rays Background rates after anti-coincidence, LAr

s Total
B o veto, and PSD cuts

HV cables

B
Signal cables
Detector mounts (Cu)
Detector mounts (PTFE)
Silicon plates | e

Nylon shrouds

Electronics
Optical fibers

K p-decays

“Ge

60 Co

\ Surface events from alphas
4_/’ and betas projected to be

induced largest background

ALL BACKGROUNDS _ e
contribution

0—8 0-7

~emitters

Backg?ound Index ﬁpper Limit [cnts/(keV kg yr)]

Background index upper limit: (0.7-2.0)x10* cts/(keV kg yr) or 0.2-0.5 cts/(FWHM t yr) at Qg

The background goal is projected to be met!
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LEGEND-200: Current status

* In production mode for major construction this year

* Completed integrated DAQ tests with GERDA array January 2020

* GERDA hands over infrastructure to LEGEND this month!

* First immersion test with new detectors and electronics this month!
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Schedule

2018 2019 2020 2021 2022 2023

GERDA (100 kg yr)
MAJORANA (75 kg yr)

LEGEND-200 Purchase Isotope

Develop/Install New Lock,
Experimental Apparatus
Integration/Commissioning

LEGEND-200 Data Runs, Goal: 1 t yr (~5-7 years)

on-Scale Down-Select Process

LEGEND-1000 Design/Build, ~6yrs, 2021-2027 D

Earliest, and optimistic, LEGEND-1000 Data Start 2025/6
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LEGEND-1000

Up to 1000 kg of °Ge-enriched detectors in individual payloads: 300-500 detectors

Background goals for LEGEND-1000 20x lower than LEGEND-200: < 0.03 ¢/(FWHM t yr)

* U/Th reduced by optimizing array spacing, minimizing inactive materials,
larger detectors, better light collection, cleaner materials

» “2Ar eliminated by using Ar from underground sources near the detectors

LEGEND-200 will help refine background model, provide better estimates to improve
uncertainties

Resolution ~2.5 keV FWHM@2039 keV

* Already achieved in MAJORANA!
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Summary

* LEGEND is combining the best of MAJIORANA and GERDA in order to

probe the entire inverted ordering region of interest for OvSf in
76Ge

* LEGEND-200 — begin operation in 2021
* Funding secured
* Enriched material and detector production ongoing
* Background goal 5x lower than MAJORANA and GERDA
* Expected to meet and exceed background goals!
* Goal: < 0.6 cts /(FWMH ty) and 10?” yr T, sensitivity

* LEGEND-1000 — up to 1000 kg of "°Ge-enriched detectors in a
phased approach

* Goal: < 0.03 cts/(FWHM t yr) and > 10%8 yr T/, sensitivity
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