


LEGEND-200

» L-200 uses the GERDA infrastructure (cryostat,
clean room, water plan, ...) at LNGS

> new elements: part of the enriched Ge detectors,
cables, LAr veto, FE electronics, DAQ

> February 2020: L-200 took over the GERDA
infrastructure; Nov 2021: start commissioning

» March 2023: start of the physics run with ~140 kg
of enriched detectors

>L-200 Background Index goal at Qﬁﬁ:
2-10* cts/(keV-kg-yr)

» T",, after 1 ton-yr of exposure:
9.7-10%¢ years (99.7% CL discovery)

1.5-10%" years (90% CL exclusion)

>mBB.

33 — 78 meV (99.7% CL discovery)
27 — 64 meV (90% CL exclusion)
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LEGEND-200: the experiment

Clean room lifted
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active background reduction tools ~=GEND

Single-site event Detector Pulse Shape LAr-anti
topology (SSE) multiplicity Discrimination (PSD) coincidence
* 2vBP e scattered events * scattered multi-site * intrinsic
e OVBB events (MSE) backgrounds
* surface events e Ge cosmogenics

Water Cherenkov
anti-coincidence

® muons
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Collected Data LEGEND)

* Exposure accumulated over 1 year:

» Silver: background and performance characterization: 76.2 kg -yr
* Golden: Ovpp data set: 48.3 kg -yr (using: ICPC, BEGe, PPC detectors)

LEGEND-200 - 06-2024
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Energy Resolution EGEND,
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Energy spectrum after quality cuts LEGEND,

104 4
] All detectors [48.3 kg-yr]
—— After muon veto and multiplicity cut

—— 2vBB decay (T1p = 21021 yr)

—
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* Exposure: 48.3 kg-yr (golden data set)

* Blinding applied at Qg = 2039 keV (50 keV window)

95-99% survival of physical events after data cleaning at Qg
e Multiplicity cuts rejects 26% of events Qg

e 2 events removed by Muon Veto at Qg
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Modeling data before analysis cuts | —

nx

g

gt _ Radioassay model - all detectors [76.2 kg-yr] g
10° Data aevents —— 40K 2
> — Th — *K |8
< 102 =
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§ 100.% — = 1
107" 4 “]
10_2 ] 1 I 1 1 1 1
1000 1500 2000 2500 3000 3500 4000
Energy [keV]
e Simulations and material radioassay underpredict 228Th in physics data
® This is not a fit
* Present strong efforts to understand the origins
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Counts / 15 keV

Residual

Modeling data before analysis cuts

S
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* Bayesian background model using data before analysis cuts
* includes 10.2 kg-yr from special “background characterization runs"

* Data well reproduced, model is flat at Qg
* no hotspot or significant asymmetry observed in data
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Pulse Shape Discrimination (PSD)

208T|: Double Escape

CEGENU,

Peak (DEP) 212Bj: Ful Energy Peak (FEP)
- 60001 A 228Th cal data
* Pulse Shape classifier: S 4000 - ||I 1 before PSD
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T . . 0= — =
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Data after Pulse Shape Discrimination EGEND,

104
some 228Th All detectors [48.3 kg-yr]

After muon veto and multiplicity cut

10° SUrvivi ng B After Pulse Shape Discrimination (PSD)
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10"

10°

1000 2000 3000 4000 5000
Energy [keV]

 Strong suppression of surface a and g (*°K) events

* ~60% suppression of Compton multi-site events at Qg

* OvPP survival fraction of ~85%

R. Brugnera Roma, 5 September 2024 OvBB decay 11



Argon Instrumentation

* Improved light yield compared to GERDA

S

CEGeNU)

9000
(X 3 ) After muon veto and multiplicity cut
8000 | W .. .after LAr anti-coincidence
« Stable argon properties o
* Monitoring through LLAMA instrumentation .
102
* Characterized with special calibration runs 2*” (L “1 -
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8 - Energy (keV)
* Strong suppression of background above
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* BB acceptance of ~93%
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Counts / 10 keV

Data after PSD and Ar =
° ® ° gg(][[l- ////’ \\\\\\\\\\\__//\~
Anti-Coincidence Cut

228 All detectors [48.3 kg-yr] @
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I After PSD and argon anti-coincidence 5
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* Strong anti-correlation of argon and . ke i i L :
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f;_’ 100 - After PSD and argon anti-coincidence g
» Overall 0vpf survival fraction of ~60% < ™ &
< 91 r
* “Pure” 2v@p distribution, few events e
surviving at Qg .

0 50 100 150 200 250
Argon light intensity (p.e.)
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Data in the Region Of Interest —

Before analysis cuts

B After cuts [48.3 kg-yr]
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Data in the Region Of Interest: =
N~
after unblinding ~=A

Before analysis cuts B After cuts [48.3 kg-yr] e 7 events survivin g

z *Background index:
_ L, | ©  5.3+2.2 10*cts/(keV kg yr)
g1 byt Ll © GERDA, MAJORANA, LEGEND
8 o § combined fit:
10° ||H| I ” ||| |‘ l " I | | * p-value of background-only: 26%
s - - - * T%,, lower limits (90% C.L.):
1600 1800 2000 2200 2400 2600
! W T, >1.9-102° yr (0% CL) Observed Sensitivity
= 107 — g=== Background =5.3 +2.2-10"*cts / (keV-kg-yr)
;:’102 >1.9-10% yr 2.8-10%yr
2 E o
§ 10° - LEGEND-200 contribution
. * +30% of limit median expectation
e  2m0  m |z 210 « event at 1.4 o from Qy; weakens
Energy [keV] combined fit
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E adesso ??? =
e o o /
JEWNUA
* In questo momento si sta aspettando I’'esito dei radioassay di molti

materiali (HV cables, PEN plates, LMFEs, Copper rods, nuts, ULTEM, Nylon
Minishroud, WIs reflector, zip ties): ~ 1 mese

* e |'esito dell’analisi del run senza le minishroud
* Rivelatori a Ge:

si toglieranno 23 rivelatori (26.3 kg) malfunzionanti

aggiunta di 11 rivelatori ICPC nuovi (35.7 kq)

massa totale: 142.4 kg ——» 151.6 kg

nel 2015 altri rivelatori provenienti da: rivelatori Ortec riparati,
rivelatori ICPC da materiale riprocessato dalla ditta VPMS, dalla fusione
dei rivelatori malfunzionati

* massa finale: ~183 kg in ~102 rivelatori

* Partenza del nuovo run: fine ottobre/inizio novembre 2024

R. Brugnera Roma, 5 September 2024 OvBB decay 16



Richieste finanziarie 1eEGEND,

* LNGS:
« manutenzione water loop di LEGEND-200 e dei sistemi di

raffreddamento criostato: 3k sj
e servizi assistenza doganale per deposito doganale: 3k
« trasporto LN2 e LAr, supervisione apparato ...: 6k
« Common Fund: 54k

* Milano
 Manutenzione elettronica installata per L200 a LNGS: 2.5k sj

* Roma 3
 Manutenzione FE SiPM: 4k + 1k (sj)

R. Brugnera Roma, 5 September 2024 OvBB decay 17
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Searching in *Ge

S~c-f- M- trun
BI-AE
S: sensitivity t - measurement time
e: efficiency BI: background index

f: abundance of OvBp isotope Germanium detector

AE: energy resolution at Q
M: detector mass gy BB

Advantages of Germanium: Disadvantages of Germanium:
® High &: Source = Detector ® at Qpg= 2039keV more challenging
® Small instrinsic BI: High purity Ge to reach low enough background
® Excellent AE: FWHM ~ (0.1-0.2)% ® Small f of "*Ge:

® Well-established technology 7.8% — Enrichment needed!

® Limited sources of crystal &
detector manufacturers
©® Small G% (Qgp,Z)

R. Brugnera Roma, 5 September 2024 OvBB decay 19



The °Ge experiments: GERDA & MJD

® Bare “"Ge array in liquid argon

® Shield: high-purity liquid Argon/H O electroformed copper cryostat

® Phase I: 17 kg (HIM/IGEX)

® Shield: electroformed copper/lead

® Phase II: 35.8 kg enriched in °Ge ® 30 kg enriched in "°Ge

> Physics goals: degenerate mass range
» Technology: study of backgrounds and exp. techniques

MAJORANA-DEMONSTRATOR (MJD)

® Arrays of “Ge housed in high-purity

¢
¢

exchange of knowledge & technologies (e.g. MaGe MC)
intention to merge for future large scale °Ge experiment selecting the best
technologies tested in GERDA & MJD

R. Brugnera

Roma, 5 September 2024 OvBB decay
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LEGEND-200 background projections

Ge Internal

B U, Th Chains . .
@ Atmospheric Ar || » Monte Carlo simulations

[ Ge Cosmogenics||  based on experimental data

[ Surtace « and material assays
(] Cosmic Rays

[ Total

Detector Mounts

Front Ends & Mounts

Cables

Nylon Shrouds

» Assay limits correspond to
the 90% CL upper limit

Optical Fibers
Preamplifiers

42K p-decays

68
Ge

» Grey bands indicate
uncertainties in overall

60
Co

emitters | 4 | | | background rejection
winduced (3400 mwe) efﬁciency
10°® 107 10°° 10°° 107 107
[counts/gkeV kg y)]
L-200 Background Index goal *‘

at Qﬁﬁ: 2-10* cts/(keV-kg-yr)

L-200 Sensitivity goal:
T,,> 10" years (90% CL) after 1 ton-yr of exposure

m,, <27 - 64 meV
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clean materials

¢ Underground electroformed copper
reduces U/Th cosmogenic
activation of ®°Co in Cu
<0.017+0.03 pg(***U)/g
<0.011£0.05 pg(**Th)/g

Underground electroformed copper

¢ Polyethylene naphtalene (PEN)
replaces optically inactive
structural materials
¢ Shift 128 nm LAr scintillation
light to ~440 nm I
¢ Yield strength higher than copper
at cryogenic temperatures
¢ Evaluated in L-200

Injection CNC Final

Pellefization molding machining component

Polymer
synthesis

PEN: scintillating high purity detector support

R. Brugnera Roma, 5 September 2024 OvBB decay 2%



Pulse Shape Discrimination (PSD)

single site events (bulk)

_n+ surface pulses a0

> Point-contact geometry allows for MS event
rejection based on pulse shapes: "
® Compton continuum y background reduced by 50% ==
> Distinctive pulse shapes near surfaces allow highly
efficient surface event rejection:
® o and 3 events reduced > 99%

R. Brugnera Roma, 5 September 2024
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Ge Detectors

Speed [cm/us]
with paths and isochrones

=10 0 10 20 30

o,

Axial position [mm]

-30 -20 -10 0 10 20 30 ,
Radial position [mm] -40 -30 -20 -10 0 10 20 30 40

In LEGEND-200 four different types of enriched Ge detectors will be used:
BEGe (GERDA), PPC (Majorana), ICPC (GERDA, L-200) and semicoax (GERDA)

R. Brugnera Roma, 5 September 2024 OvBB decay 24



ICPC: energy resolution

¢ Excellent energy resolution leads to lower i.p D
. . I Y = Gaussian Peak
backgrounds and higher discovery potential ” Low-Charge Tai
Background
¢ No resolution degradation seen in higher-mass ok

ICPCs 10
¢ Well-understood peak shape, energy scale stability, |

and linearity (better than 0.1%) lead to improved 2550 2585 2590 2595 2600 2605 2610 2615 2620 2625

confidence in results

Energy resolution of ICPCs from characterization tests and
calibration runs in GERDA and MJD

GERDA:2.11keV @ Batch#1:223kev  —@- Batch #2: 2.05 keV . Batch #3: 225 keV @ Batch #4: 220 keV @) Balch #5:2.07keV W Post-GERDAtest 3§ MJD test

val 1s to reach a

M@ Q,, = 2.5 keV

s 3
© ICPC average resolution:
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o
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Internal LAr Veto :

External LAr Veto:
9 modules, 18 readout channels

20 modules, 40 readout channels
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Liquid Argon Veto

| Suprasil
» 128 nm LAr scintillation light <+ substrate
readout by TPB coated WLS : SiPM
fibers coupled to SiPMs arrays E detector
_ . array
» Single photo-electron =
resolution
- 9 SiPM in parallel WLS fibers
e grouped for
= fiber SiPM readout
o A curtain

charge [a.u.]
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LAr Instrumentation E1

)
@

60 5
* Improved Si photo-multiplier « QAEe;‘;foj’ZcﬁngneC“O”S el JEGEND, [§
(SiPM) readout 01 — Fit Preliminary |5

Improved geometry +
optically active PEN — less
shadowing

N
o
|

661 keV
85%

284 keV
610" %

w
(@)
|

Average coincident LAr intensity (p

* Improved wavelength- 20-
shifting (TPB) fiber coating
101
0 . ; . :
200 300 400 500 600 700
— ~ 3 more light wrt. GERDA Ge energy (keV)
double escape peak single escape peak
2007200 (5025 kel ) 55 X107 (2103.5 keV) g
—— LEGEND-200 ~ f —— LEGEND-200 0 i - s
1751 —— GERDA EEUENL |t — GERDA "I osomy  AEGENDL
1504 — Preliminary 8 201 1L A Preliminary 8
s 1.50 @ || -
o
S I =y
8101 *L o
° .
(W 208p}, cn——
0.51
0.00 : : - : : 00 : i = : : :
0 50 100 150 200 250 300 0 50 100 150 200 250 300
LAr intensity (p.e.) LAr intensity (p.e.)
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