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Outline

Introduction - neutrinoless double-beta decays
The LEGEND project

* Phase |: 200 kg

* Phase II: 1000 kg

Summary
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Neutrinoless Double-Beta Decays

* Double-Beta Decay:

+ 2vBP (lepton-number conserving):

(N, Z) = (N —2,Z+2)+ 2 + 20,

R. Saakyan, Ann. Rev. Nucl. Part. Sci., 63, 503-529 (2013)
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Neutrinoless Double-Beta Decays

* Double-Beta Decay:

+ 2vBP (lepton-number conserving):

.55 k
(N, Z) = (N —2,Z+2)+ 2 + 20,
R. Saakyan, Ann. Rev. Nucl. Part. Sci., 63, 503-529 (2013)
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Neutrinoless Double-Beta Decays

* Double-Beta Decay:
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55 L
(N, Z) = (N —2,Z+2)+ 2 + 20,
R. Saakyan, Ann. Rev. Nucl. Part. Sci., 63, 503-529 (2013)
. 60 F
>
[}
z
p Second-order
§ -65 | Ga 76Ge BR decay
T allowed
ﬁ r
= 2}F
75 k
1 1 1 1 1 1 1 1 1 1

28 29 30 31 32 33 34 35 36 37 38



Neutrinoless Double-Beta Decays

* Double-Beta Decay:

+ 2vBP (lepton-number conserving):

(N, Z) = (N —2,Z+2) +2e + 20,

R. Saakyan, Ann. Rev. Nucl. Part. Sci., 63, 503-529 (2013)

* OvBp (lepton-number violating):

(N,Z) = (N —=2,Z +2) + 2"
M. Dolinski, AP, W. Rodejohann, Ann. Rev. Nucl. Part. Sci., 69, 219-251 (2019)
« OV[3p:
« AL=2 process

* 31 Majorana mass term

Schechter &Valle, Phys. Rev. D 25 (1982) 2951




Neutrinoless Double-Beta Decays

(A, Z) - (A, Z+2)+2e +Qpg

— —

Measure half-life T,
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Neutrinoless Double-Beta Decays

(A, 2) = (A, Z2+2)+2e +Qpp

Measure half-life 777,

—1
(T5%) = Go(@ps: 2) IMou(A, 2)I” (mg5)°

G+(Qpp,Z)

M. (A, Z)

(mgag)

= (Calculable phase-space factor

= Hard-to-calculate nuclear matrix elements (NME)

“effective neutrino mass”

d u
Light neutrino mechanism
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Neutrinoless Double-Beta Decays
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Neutrinoless Double-Beta Decays

Signal
Ty, > 10 y
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Large Enriched Germanium Experiment for Neutrinoless 38 Decay (LEGEND)

A phased 76Ge-based double-beta decay experimental program with discovery potential at a

half-life beyond 1028 years using existing resources as appropriate to expedite physics results.

=
MAJORANA DEMONSTRATOR =)
»  Radiopurity of nearby parts
»  Low noise electronics
»  Best resolution of any Ov[3[3 RIS
experiment P+
2.53 £ 0.08 keV (FWHM) SRR
[PRC 100 (2019) 025501] = &5
LEGEND 200
GERDA Use existing GERDA LEGEND 1 OOO
»  LArveto infrastructure at LNGS 1000 kg
UG LAr

»  Low-A shield, no Pb
»  Lowest background of any
OvBB experiment

(5.2778) x 107* cts/(keV kg yr) B
[PRL 125 (2020) 252502]

»  Up to 200 kg ’
(70 kg of GERDA/MJD g
detectors + 130 kg of ICPC) ’

»  BG goal: 1/2.5 of existing "

> Ti2> 1027 years

» - Start: 2021

4

Phased implementation

BG goal: 1/50 of existing
T12 > 1028 years

Site: SNOLAB preferred
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LEGEND Background Mitigation

\
f Water \ \ Muon veto:

— Cherenkov photos in
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Inverted Coaxial Point-Contact Ge Detectors for Ovf3f3

* Enriched to ~92% 76Ge

« ~2.5 kg each

o=

Liquid

ht-" Argon
-~ (LAr)

n* electrode (3-5 kV)

[Nucl. Instrum. Meth. A665, 25, 25-32 (2011)]




Axial position [mm]

Inverted Coaxial Point-Contact Ge Detectors for Ovf3f3

1.0
o

Speed [cm/us]
with paths and isochrones

0.8
0.6F
0.4

0.2

0.0

8
6 1.0
4
2

0.8

osf...Background-like g

0.4

0_2 R T TS N _ Ty Ay T

0.0

40 -30 -20 -10 O 10 20 30 40 — e T E—— L P
Radial position [mm] 81200 81400 81600 81800 82000’( ins]

[Eur. Phys. J. C 73 (2013) 2583] —
CEGENUL

14



LEGEND-200




MJD+GERDA example: LEGEND-200 readout

* LAr-operated preamplifier of GERDA

~15m
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LEGEND-200: Post-GERDA Test (PGT)

« On-site integration test with existing GERDA infrastructure

- Tested new components (readout electronics, detector mount,
DAQ) for L-200

« 2020.02 - 2020.08 (with some pandemic-related delays)

« QOperation of all LEGEND-200 detector types (ICPC, BEGe,
PPC)

« Test new data acquisition system, readout electronics & detector
mounts

« ~ 1 month physics data + calibrations

- Demonstrate reliable operation of new components in LAr —
Improved energy resolution in good operating detectors :

(AE) = 2.2 keV (FWHM) @ Qgp

—
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Counts / keV

LEGEND-200: Post-GERDA Test
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LEGEND-200 “""Th calibration (20/08/20):
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LEGEND-200: Status

Funding: Fully funded

Transfer of GERDA dewar and infrastructure to LEGEND :
2020.02.17

Enriched 76Ge: 177 kg from two vendors delivered

Detectors: Production (~2 kg/det) from two vendors in progress
Screening, assays, and electroformed Cu: underway

Lock: assembled and tested at MPIK; being installed right now
Calibration system: multi-source deployment; new system used in PGT

Active shield system : production of fiber shroud & SiPM array on
schedule

Simulations and Analysis: L-200 model in place, analysis of PGT
Ge detector characterization after vendor delivery: underway
Detector units: tested in PGT; production in progress
Electronics: worked well in PGT

Data acquisition system: in use for PGT

19



Sensitivity
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LEGEND-200 to LEGEND-1000

4 payloads with up to 300 kg detectors each
in underground Ar containment

21
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LEGEND-200 to LEGEND-1000

B GERDA JHEP 03 (2020) 139 M LEGEND-1000

New cables & ASIC read-out
23877 | II " Increased detector spacing

" } Larger detectors - fewer cables and holders

Larger detectors - surface-volume ratio

Surface o _ II Only 219Pb supported term

Closmogetic _ 68Ge decays away
gen II [4 yr cool down in GERDA]
TOTAL [ .l II } Reduction driven mainly by UGLAr
| [T I P il |
10~4 1073 102

cts / (keV kg yr) ALEeGE! N U
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Background differentiation in LEGEND-1000

® Ar scintillation @ HPGe event topology (PSD)

® Combined
228, |- & o) , o :
LEGEND dominant backgrounds
o U/Th in fibers & PEN plates
o Cosmogenic and 42Ar
2381 o o O J
2K in LAr L 2 J @
Surface « F——8 @
Cosmogenic — | @ @ T @ M
| ] Lol ] Lol ] Lol
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Observed counts / 1 keV

LEGEND-1000
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« The LEGEND project aims to achieve a half-life
sensitivity in 76Ge Ov3f3 of:

 LEGEND-200 will start at LNGS in Italy in 2021
 LEGEND-1000 is pending funding approval.

Summary

>1027 years in phase | (200-kg phase), and
>1028 years in phase |l (1-ton phase)

Background Index (cts/keV/kglyr)

Target host lab is SNOLAB. il
Scalable payload design

Potential to increase sensitivity

Beyond-Standard-Model physics with underground Ar
and low-threshold electronics (unique among Ov[3f3
experiments).
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