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LNGS
Attività L1000:

o Water Tank

o Ancillary equipment

o Installation and Commissioning

o HV of Ge detectors

o Outer LAr veto 

o Analysis, simulation, BSM search

o Screening dei materiali
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L3 (C. Vignoli), budget O(800)k€

L3 (C.Vignoli), budget O(1000)k€

L3 (N. Di Marco), budget O(2800)k€

L3 + Manager 
Installation and 
Commissioning
(C. Vignoli)

GRUPPO: 

Ricercatori: 10 (6.6 FTE) 
Tecnologi: 7 (2 FTE) 
o + 1 AdR INFN stranieri (in 

servizio da Settembre 2024)
o + 1 selezione per RTT in corso
o + 1 PhD student

Attività L200:
• Screening dei materiali

• Analysis tasks
o Quality cuts
o Online monitoring sw

development
o Pulse Shape Discrimination

• Roles:
o Co-chairing SB



Water tank

• Gara e 
realizzazione  
nel 2025

• Installazione 
a Gennaio 
2026
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Ge detector HV

O(400) canali
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CAEN/ISEG vendors fulfill above requirements
Minimization of  intrinsic electronic noise needed

Attività 2024-2025: acquire and test a CAEN
system --> chassis equipped with A1632HP and
A1560HDPE boards and measure their electronic
noise. Develop custom filter-box prototypes.

Richieste:
• Sonda per oscilloscopio Teledyne LeCroy

AP033
• Materiale di consumo vario per fare filter box e

power supply nuovi per ridurre rumore



Outer LAr veto
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Muons can cause a hadronic shower in the cryostat with a high
multiplicity of neutrons.

Neutrons can be captured in the HPGe and produce long-lived isotopes.

Such cosmogenic isotopes are relevant if Qβ > Qββ and are produced
frequently enough.

The only relevant one is 77(m)Ge

~ 2 × 10−5

counts/(keVkgyr)



Outer LAr veto
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
n
n+76Ge→ 77(m)Ge + s
n+40Ar → 41Ar + s

Tag 77Ge and 77mGe cosmogenic isotopes by

detecting siblings neutrons, i.e. neutrons

captured on nuclei other than 76Ge.



Outer LAr veto
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
n
n+76Ge→ 77(m)Ge + s
n+40Ar → 41Ar + s

Double strategy.:

1. The use of a passive layer of a hydrogen-rich

material to reduce the energy of fast neutrons

produced by the interaction of cosmic muons
with the experimental setup. This energy

reduction enhances the fraction of neutrons

captured in materials other than Ge.

Tag 77Ge and 77mGe cosmogenic isotopes by

detecting siblings neutrons, i.e. neutrons

captured on nuclei other than 76Ge.



Outer LAr veto
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
n
n+76Ge→ 77(m)Ge + s
n+40Ar → 41Ar + s

Double strategy.:

1. The use of a passive layer of a hydrogen-rich

material to reduce the energy of fast neutrons

produced by the interaction of cosmic muons
with the experimental setup. This energy

reduction enhances the fraction of neutrons

captured in materials other than Ge.

2. The detection of such captures, through a
dedicated LAr instrumentation, introduces the

possibility of applying and improving the

delayed coincidence methods.

Tag 77Ge and 77mGe cosmogenic isotopes by

detecting siblings neutrons, i.e. neutrons

captured on nuclei other than 76Ge.



Outer LAr veto – n moderator
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Polymethyl methacrylate (PMMA) ensures the best
compromise between moderation performance and
radiogenic background level.

• Dodecagonal prism sitting in the atmospheric LAr
volume at 2 m from the center of the Ge strings

• 12 panels, 300 x 100 x 10 cm3 each
• Segmented top and bottom lids

x
y

z
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Outer LAr veto – LAr read-out
• Read-out instrumentation (reference design):

• 100×10×2 cm3 light guides made of PMMA and wrapped with a thin foil of PEN or TPB
acting as a wavelength shifter for the 128 nm Ar light (or 175 nm of Xe-doped LAr).

• The readout is performed at one (or both) end(s) of the guide with 12, 6 × 6 mm2 SiPMs.
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VUV scintillation light (128 nm)

PEN shifted light (430 nm) 

PMMA + PEN

SiPMs

100 cm

10 cm

2 cm



• 12 horizontal light guides on each side of the moderator

panel: 288 SiPMs/panel.

• Each side of the top and bottom lids is equipped with 24

and 45 light guides, respectively.

x
y

z

y

(reference design)

Outer LAr veto – LAr read-out



• 12 horizontal light guides on each side of the moderator

panel: 288 SiPMs/panel.

• Each side of the top and bottom lids is equipped with 24

and 45 light guides, respectively.

• The total number of SiPMs is 5112. Assuming
groupings of 6 (12) SiPMs, this translates into 852 (426)

readout channels

x
y

z

y

(reference design)

Outer LAr veto – LAr read-out



• 12 horizontal light guides on each side of the moderator

panel: 288 SiPMs/panel.

• Each side of the top and bottom lids is equipped with 24

and 45 light guides, respectively.

• The total number of SiPMs is 5112. Assuming
groupings of 6 (12) SiPMs, this translates into 852 (426)

readout channels

• To assure a high light collection efficiency, the cryostat
surfaces facing LAr, as well as the external reentrant tube

wall, will be lined with a wavelength-shifting reflective

foil.

x
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(reference design)

Outer LAr veto – LAr read-out



Outer LAr – Activities 
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Time plan (preliminary)
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1
0

1. Simulation
i. 77(m)Ge production rate vs cryostat and moderator geometry (reevaluation on new design requirements)
ii. Radiogenic bkg budget (reevaluation on new design requirements). Include radiogenics from instrumentation, reflectors + WLS, support 

structure etc…
iii. Veto efficiency evaluation, trigger condition accounting for different bkg contribution (39Ar, 42K, Th/U) 

iv. Determination of the target photon detection efficiency of the instrumentation
v. Compare reference vs alternative design

Simulation framework (almost) completed: modular sw to compare baseline 

vs alternative design, different instrumentation geometries and PDEs. 

Physics
LAr s transport:

probability as a function of 

production and arrival 3D points

Detection

Instrumentation geometry, type, PDE

y

z

x

z

y

Outer LAr Simulation



Outer LAr veto -simulation
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LEGENDArYno – test stand
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Richieste 2025

1. Crane sollevamento 
flangia

2. Pompa da vuoto 
(primaria + turbo) 

3. Digitizer

4. Consumi LAr, GAr, 
LN2



LEGENDArY – mass test 
stand

19



LEGENDArY
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LEGENDArY

3
1

3
.7

c
m

90 cm190 cm

60 cm

50 cm
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LEGENDArY

Max sample dimension→ 190 cm x 50 cm x 50 
cm
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CR3: 3.0 m high, 
353 m2 (SiPM
packaging, test 
and integration)

NOA:

Class ISO 6
area -> 420 m2

CR2 : 5.8, 68 m2

(large volume 
detector assembly)

40 m2
H =6,5-7m

Tunnel di 
collegamento

HdM

LAr GArLN2N2

LEGENDArY
[above ground @HdM] Hp1

B
u
i
l
d
i
n
g

b
e
a
m
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40 m2
H =6,5-7m

GArLN2N2 LAr

Tunnel di 
collegamento

Class ISO 6

area -> 40 m2

3 0 m2

rack table

7.7 m
10 m

4 
m
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CR3: 3.0 m high, 
353 m2 (SiPM
packaging, test 
and integration)

NOA:

Class ISO 6
area -> 420 m2

CR2 : 5.8, 68 m2

(large volume 
detector assembly)

HdM

LAr

GAr

LN2

N2

LEGENDArY
[above ground @HdM] Hp2
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i
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Richieste 2025

1. Criostato

2. Glove box + crane

3. Piattaforma

4. Clean room (SJ a luce verde su uso 
CR2)

5. Sistema di purificazione LAr, sistema 
di subcooling e linee di 
trasferimento

6. Progettazione del sistema di 
evaporazione di TPB della facility 
LEGENDaRY

7. Pompa da vuoto e pompa criogenica 
per purification system LEGENDaRY



LEGENDArY - preventivi
OFFERTA 24100 - CRIOTEC

• Prezzo budget criostato: 150.000 € IVA esclusa

• Prezzo budget glove box + sistema 
movimentazione: 100.000 € IVA esclusa
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DRD2

• Produzione campioni PMMA-Gd in collaborazione con ditte Clax e 
Reynolds (DRD2 4.1.3)
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BACKUP
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Outer LAr veto
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Neutron moderator 
panels 

+
LAr scintillation
read-out system



Outer LAr veto
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Outer LAr veto
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Option 1:
Each 100×300×10 cm3 PMMA panel is wrapped by a thin foil of PEN (or TPB) 

acting as a wavelength shifter for the 128 nm Ar light (or 175 nm of Xe-doped LAr). 
The readout is performed at both ends by a matrix of SiPMs coupled to the 

panel by means of an adiabatic guide, which reduces the guide-sensor surface ratio.

Option 2: 

Sheets of wavelength-shifting fibers are inserted at the center of the PMMA 
panel

The fiber sheets considered are the Saint Gobain BCF-12, with blue peak 
emission wavelength (435 nm) and improved transmission for use in longer fibers. 

The panel is lined with PEN (or TPB) and the doping of the PMMA with a 

scintillator could be considered. 
The readout is performed at both ends by SiPMs

Option 3: 
Both moderator panel surfaces are instrumented with SiPM matrices, covered 

with PEN
The panel is lined with a reflective thin film (Tetratex) coated with PEN or TPB.

Reference design

Option 1

Option 2

Option 3

Read-out instrumentation (alternative designs):



Time plan (preliminary)
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Door

LEGENDArYno space 4 x 2 m2 in HdM

LAr

GAr

LN2

LAr

LAr filter

Vacuum
 

Pum
p

Subcoolin
g

Sample assembling area

HV & DAQ

Crane

St
or
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e

Desk

Corridor

Linea di exhuast



Outer LAr veto -simulation
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Outer LAr veto -simulation
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Outer LAr veto -simulation
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Outer LAr veto -simulation

39



Outer LAr veto -simulation
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Outer LAr veto -simulation

41

•NEW (preliminary) Dark Count Rate (DCR)
•considering DUNE SiPM (from this 
paper), DCR is ~74 mHz/mm2
•in our design each channel has 12 SiPM
with area 6x6 mm2
•DCR per channel is 32Hz 

https://iopscience.iop.org/article/10.1088/1748-0221/19/01/T01007
https://iopscience.iop.org/article/10.1088/1748-0221/19/01/T01007
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Work in progress
Work in progress:

• optimize neutron moderators

• + water Cherenkov detector / LAr neutron tagger

• Study several read-out configurations (geometry, PDE, coverage etc...)

• learn from L200 

• using correlations between observables in multivariate analysis

(e.g. Likelihood based tagging, ML)

• full simulation of all detector systems including optical photon tracking

43
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