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Large Enriched Germanium Experiment for Neutrinoless B Decay - LEGEND
47 institutions, About 260 scientists
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LEGEND mission: “The collaboration aims to
develop a phased, 7°Ge based double-beta decay
experimental program with discovery potential
at a half-life beyond 1028 years, using existing
resources as appropriate to expedite physics
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Why Germanium?

5Ge — Se 4+ 2¢~

e« Q-value of 2039 keV

e Source = detector —-> high detection
efficiency

* Excellent energy resolution
e Low intrinsic background
« High density -> point like events

* Can be enriched to >90% in isotope
of interest "°Ge
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LEGEND

 Formed from the merger of Majorana and
Gerda

* Following a phased approach towards a
discovery

LEGEND-1000
L EGEND-200 =5
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LEGEND

* At each stage:
* Increase target mass by order of magnitude
 Decrease background by order of magnitude
* Increase sensitivity by order of magnitude
 While preserving excellent energy resolution and efficiency
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LEGEND-200 - Location

THE A, B AND C OF GRAN SASSO

Gran Sasso
Experiments at the Gran Sasso National ?:;f:;?éry
Laboratory are housed in and around three .

huge halls carved deep inside the mountain,
where they are shielded from cosmic rays
by 1,400 metres of rock.

OPERA

CRESST LEGEND

XENON

DarkSide
Borexino

Rome

Adriatic
coast

.......

Nosengo, N. Gran Sasso: Chamber of physics. Nature 485, 435—-438 (2012).
https://doi.org/10.1038/485435a

Located in Hall A at Gran
Sasso, ltaly

Reusing the Gerda
infrastructure

3600 m.w.e. depth to
reduce cosmic flux
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LEGEND-200 - Design
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containing
Liquid Argon
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. Detectors
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Pulse Shape Analysis
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LEGEND-200 Deployment
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Germanium Detector Performance - Energy
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Germanium Detector Performance - PSD
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Lar Scintillation-Light Detection Performance
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LEGEND-1000

1000 kg of detectors

Background level of < 107°

counts/kev.kg.yr

— Mainly driven by switch to Underground
Liquid Argon

— Larger detectors >3 kg - less supporting
material

Discovery sensitivity of > 1028 yrs

Highest ranked project in DOE Portfolio
review

CD1 in Dec

DOE report on site selection expected
soon
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LEGEND-1000

1000 kg of detectors

Background level of < 107°
counts/kev.kg.yr

— Mainly driven by switch to Underground
Liquid Argon

— Larger detectors >3 kg - less supporting
material

Discovery sensitivity of > 1028 yrs

Highest ranked project in DOE Portfolio
review
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DOE report on site selection expected
soon

— 1.06 keV)
w

Counts / (1o

1.06 keV)

Counts / (1o

=~
1

(V]
T

—
T

o

>~
1

w
T

[\
T

—_
T

Ovpp signal
Ty = 10%8yr

2030

2035

2040

2045

No 0vpp signal

0 L
2030

2035

2040

2045
Energy (keV)

George Marshall | LEGEND-200 | 3rd-9th July 2023

16



Summary

* Neutrinoless double beta decay
would show neutrinos are
Majorana and show that lepton
number is violated

 LEGEND is searching for this
orocess using germanium diodes

« LEGEND-200 is now taking
ohysics data with performance as
expected

e LEGEND-1000 aims to reach a
discovery sensitivity of > 1048 yrs
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