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NU-AT-FNAL - BOLOGNA

• SBN/ICARUS (ref. slides Sergio)

• DUNE-ND-SAND  
－GRAIN
－Data Analysis
－STT
－«KLOE-to-SAND»

• DUNE – FD- PDS 

Mie scuse per mix inglese/italiano

NB. contributo alle slides di tutti i membri del gruppo

7-9-2022 Riunione on Referees L. Patrizii
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ANAGRAFICA PREVENTIVI INFN 2023 : S. Bertolucci, A. Cervelli, V. Cicero, L. Degli Esposti, D. Di Ferdinando, A. 
Gabrielli , C. Guandalini, M. Guerzoni , G. Ingratta,  G.Laurenti,  I.Lax, M. Lolli, N.Mauri, N. Moggi, E. Montagna, A. 
Montanari,  A. Paladino, G. Pancaldi, L. Pasqualini, L.Patrizii, V. Pia, G. Piazza, F. Poppi, M. Pozzato, A. Ruggeri, S. 
Serra, G. Sirri,  M. Tenti, V. Togo, N. Tosi,  R. Travaglini, C. Valieri,  S. Zucchelli 

15 Fisici,  5 Tecnologi, 5 Dottorandi , 8 Tecnici 
14. 7 FTE (fisici+tecnologi) + 1.3  FTE sigle sinergiche  (ENUBET/AIDA-INNOVA/PRIN2017/PRIN2020)

Il Gruppo di Bologna 

Supporto Servizi Sezione
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GRAIN IN SAND

GRAIN Working Group in SAND Conveners: Lea Di Noto, Alessandro Montanari

• Cryostat Mechanical Design
• Detectors and Optics for VUV scintillation light
• Cryogenic readout electronics
• Reconstruction with Coded Aperture masks
• Camera demonstrator : Tests at room temperature and in Argon cryostat (ARTIC-Genova)

Activities in Bologna

SAND

Ref. Progress Report 2022 / Ref. slides Luca Stanco
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GRAIN – Mechanical Design
Internal and External Vessels

Slide da Ass. Sezione 2022 M. Guerzoni «Progettazione Meccanica INFN Bo»
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Costruzione e Test Prototipo Vessel Interno scala 1:1

Test in Criogenia : competenze /spazi / infrastrutture a LNL (ref. Ruggero Pengo LNL)

Refurbishing laboratorio a LNL (sicurezze, impiantistica, controllo)

Progettazione e realizzazione impianto Criogenico
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1600 mm
1600 mm

4500 mm

If we remove the 
central parte the 
length will be 1600 + 
1600 =3200 mm.
Diameter 1900 mm

AURIGA: Possibile
contenitore da vuoto per il  
vessel interno per LAr

Central part

@R. Pengo - LNL
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Richieste/GRAIN-Vessels 

(k€) (k€)



GRAIN: Optical Readout
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Use scintillation light to reconstruct the tracks 

Imaging device is a matrix of SiPM + a “coded mask” (pattern of 
holes) in front of sensors
3D reconstruction (voxels) : finding the most probable light sources

Layout of coded aperture mask detectors 
in GRAIN inner volume.



GRAIN: Camera demonstrator 
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Small scale prototype to test the technique:

Sensor Matrix: Hamamatsu 16x16 (SiPM size 3x3 mm2)
Cold frontend electronics : 8 x ASIC (32ch, “ALCOR” from INFN Torino) = 256 ch
Readout: DAQ with FPGA on demo board

Matrix of SiPMs on a mezzanine board Motherboard with 8 ASIC (256 ch)
XilinX FPGA

Tests in LAr (ARTIC) (ref. slide Lea Di Noto) 
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GRAIN – richieste per readout prototype and tests

(k€) (k€)



Data Analysis

Study of the stopping power 
of the GRAIN cryostat  (Al vs SS)

SAND Sim. & Reco ChainDevelopment  SAND full 
event reconstruction

Proton KE
in MeV

Inner Vessel in Steel (7.93 
g/cm3)

Proton KE
in MeV

Inner Vessel in Al (2.7 g/cm3)

15%
3.6%
80%

14.4%
4.4%
80%

Study of SAND performances and 
definition of the GRAIN physics case

• 2022 computing resources: 
3000 HS; 510 TB (DISK); 35 TB (TAPE)

• 2023 resources increment: 
375 TB (DISK) CNAF

𝜇 + 𝜋! -like 
𝜈" −𝐴𝑟 events

with GRAIN and STT
(no ECAL info yet)
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Richieste Data Analysis

(k€) (k€)



SAND – STT 
ref. Progress Report 2022 – Ref. Slide Fabrizio Raffaelli 

Working Group formalizzato nei 
mesi scorsi

• STT preliminary design  entro 
fine 2022/ inizio 2023

• STT final design entro fine 2023

• Procurement/costruction dal 
2024

TB june 2022

Bologna coinvolta in
• Progettazione
• Test e validazione dei Prototipi 

(in particolare full-scale)
• Elettronica
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Richieste SAND-STT 

(k€) (k€)
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«from KLOE-to-SAND» ref. (slides Antonio/Danilo)

(k€) (k€)

Partecipazione  SAND-ECAL  Working Group
Contributo allo smontaggio
Contributo Creazione nuovo archivio disegni KLOE
Trasposizione disegni  KLOE su CAD3D
…

Richieste



Activities on Photosensors for DUNE FD
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• Bologna and Ferrara: Test Mass Facility design and construction
(ref. slides Francesco e Luca T.)

• System allowing thermal cycles and tests of 120 SiPM in parallell

- ~4000 SiPM tested to be used in ProtoDUNE2

- 4 more (cloned) facilities to be installed in other labs: to test
290000 SiPMs

Bologna Cryo Lab
Bologna test facility

Tested SiPM Strips
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Richieste PDS
(k€) (k€)
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(k€) (k€)

…e infine


