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Quantum science

Oscillazioni neutrini (acc)

assioni

Ββ0ν @ Gran Sasso

INFN-PD Gr2: “science-metrics wise”INFN-PD Gr2: “science-metrics wise”

EUCLIDEUCLID  S. DusiniS. Dusini
CTA/MAGICCTA/MAGIC  (Ch, terra) M. Mariotti M. Mariotti
FERMIFERMI  γ (CAL, sat)  D. BastieriD. Bastieri
VIRGOVIRGO  L. ContiL. Conti
ET ET J. P. ZendriJ. P. Zendri

JUNOJUNO  A. GarfagniniA. Garfagnini

ICARUSICARUS  A. GuglielmiA. Guglielmi
DUNEDUNE  L. StancoL. Stanco
T2KT2K  G. CollazuolG. Collazuol
ENUBETENUBET  F. PupilliF. Pupilli

CUORE CUORE L. TaffarelloL. Taffarello
GERDAGERDA  R. BrugneraR. Brugnera

MOONLIGHT-2MOONLIGHT-2  P. VilloresiP. Villoresi

QUAXQUAX  G. CarugnoG. Carugno

Oscillazioni neutrini (reattori)

Fisica “dallo spazio”
multimessenger,
cosmology

DE
γ

GW
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T2KT2K  

DUNEDUNE
ICARUSICARUS

QUAXQUAX
VIRGOVIRGO
GERDAGERDA
CUORE CUORE 

JUNOJUNO  

MAGIC/CTAMAGIC/CTA

MAGIC/CTAMAGIC/CTA

QUAXQUAX
VIRGOVIRGO
GERDAGERDA
CUORE CUORE ETET

ENUBETENUBET

EUCLIDEUCLID

ENUBETENUBET
ETET

ENUBETENUBET

EUCLIDEUCLIDEUCLIDEUCLID

EUCLIDEUCLID

INFN-PD Gr2: “Travel-metrics wise”INFN-PD Gr2: “Travel-metrics wise”

ENUBETENUBET

MOONLIGHT-2MOONLIGHT-2  

EUCLIDEUCLID

Per questi ultimi non si chiedono fondi missione
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EUCLIDEUCLID
2022-232022-23

ETET
2030+2030+

2010 →2010 →  T2KT2K  

DUNEDUNE
2026-272026-27

ICARUS@FNALICARUS@FNAL
20212021

QUAXQUAX
2020-212020-21

JUNOJUNO
2022-232022-23  

CTA-LSTCTA-LST
20202020

INFN-PD Gr2: “Time wise”INFN-PD Gr2: “Time wise”

ENUBETENUBET
2021-222021-22

MOONLIGHT-2MOONLIGHT-2  

Presente Futuro vicino Futuro “futuro”

2003→2003→  MAGICMAGIC

LEGEND200LEGEND200
20212021

2010 →2010 →  GERDAGERDA

2017  →2017  → CUORE CUORE 

2017  →2017  → VIRGOVIRGO

HKHK
20272027

mailto:ICARUS@FNAL


5

2021 
(mesi persona) OFF. MECC. ELETTR. PROGETTA

ZIONE EL. UFF. TECH. CALCOLO e RETI

CTA/MAGIC 4.5 2 4 2

FERMI

CUORE

ET

VIRGO 2 2

EUCLID Veneto cloud 0.5

GERDA 0.5 0.5 0.5 2

JUNO 4 12

NU_AT_FNAL 1 FNAL

ICARUS 4 12 4

MOON LIGHT-2

QUAX 15 15 2

T2K 1.5 + 0.8 @ J-PARC x

ENUBET2 6 4 Veneto cloud 0.5

Totale 39.3 > 59.5 8.5 7

Richieste ai servizi (spoiler)Richieste ai servizi (spoiler)

Dettagli nel seguito
Numeri dalle slides, non ancora dai libroni
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2021 
(kEUR)

Missioni Costruzione app. Consumo Inv. SP-servizi

CTA/MAGIC 89(+10 sj) 105 24 6 20

FERMI ~19

CUORE 9

ET 2 6(+2 sj)

VIRGO In progr. ~ 34

EUCLID In progr. In progr. In progr. In progr. In progr.

GERDA 30 250 4

JUNO 80 800 10 10 10

NU_AT_FNAL In progr. In progr. In progr. In progr. In progr.

ICARUS 64.5(+ 8 sj) 11 4 3+2(manut)

MOON LIGHT-2 15 32

QUAX 240

T2K 76 83 2 12 9

ENUBET2 5

Richieste finanziarie (spoiler)Richieste finanziarie (spoiler)

Dettagli nel seguito (in base alle informazioni delle slides, non 
ancora libroni)
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2021 PhD Assegno RTD-A RTD-B Post-doc INFN 
(+FELLINI) RIC UNI RIC INFN PA/1RIC/TEC PO/DdR

CTA/MAGIC
(10.3) Spolon (1)

Bernardos M. (1)
Fiori (1)
Mallamaci (1)

Prandini 
(0.95) Lopez-Coto Rando (0.4)

Mariotti (1) Doro (0.95) 
Naletto (0.8) Bernardini  
(0.5) Bastieri (0.3)  Dima (0.2) 
Bottacini 0.2)

De Angelis 
(0.7)
Busetto (0.7)

FERMI (3.8) Pei (1)
Hubing (1) Rando (0.5)

Bastieri (0.3)

Bottacini (0.8)
De Angelis 
(0.2)

CUORE (0.6) Taffarello (0.6)

ET (2.5)
Ganz (0.1)
Di Carlo (0.1)

Spera(0.1)
Orlando (0.1)
Pasquato (0.1)
Giacobbo (0.1)
Ballone (0.1)

Bertacca (0.1) 
Lazzaro (0.2) Ricciardone (0.1) (?)

Liguori (0.1)
Pasquato (0.1)
Bazzan (0.1)

L.Conti (0.2)
Zendri (0.4)
Ciani (0.2)  Bartolo (0.1)
Peloso (0.1)  Mapelli (0.1)

Matarrese (0.1)

VIRGO (7.3) Spera (0.5)
Bouffanais  (0.5)

Lazzaro 
(0.8)

Bazzan (0.5)
Ciolfi (0.5)

L. Conti (0.8)
Vedovato (1)

Zendri (0.6) Ciani (0.8) 
De Pietri (0.5) Mapelli 
(0.4)  Pegoraro (.2)

EUCLID (4.7) Verza (1) 
+ 2 NEW +1 NEW

Renzi 
(0.8)
Bertacca (0.1)

Raccanelli 
(0,1)

Jung (0.1) Sirignano (0.7)
Liguori (0.1)

Dusini (0.8) Bartolo (0.1)  Naletto (0.1) 
Matarrese (0.1)

Stanco (0.6)

GERDA (4.9) Pertoldi (1)
Biancacci (1) Von Sturm (0.7) Lippi (0.6) Brugnera (0.7) 

Garfagnini (0.3) Sada (0.6)

JUNO (4.6)
Marini (1) Von Sturm (0.3)

Grassi 
(0.4)

Sirignano (0.3)

Dusini (0.1)

Lippi (0.4)
Bergnoli (0.5)

Brugnera (0.3) 

Garfagnini (0.7) 
Bellato (0.1) Dal Corso (0.1) Fanin (0.2)

Mezzetto (0.1)
Stanco (0.1)

NU_AT_FNAL Brunetti (.05) Stanco (0.3)

ICARUS (7.8) Farnese (1)
Varanini (1)
Baibussinov (0.6)

Braggiotti (1) Meng (1) 
Gibin (1) Pietropaolo (1) 
Ventura (0.2)

Guglielmi (1)

MOON 
LIGHT-2 (2.9) Scriminich (0.7)

Zaidi (0.15)

F. Vedovato (0.4)
A. Stanco (0.4)
Agnesi (0.4)
Avesani (0.3)

Vallone (0.1) Villoresi (0.4)

QUAX (2.7) Di Vora (1)
+NEW Braggio (0.5) Taffarello (0.4) 

Pepato (0.2) Pegoraro (0.1)
Carugno (0.5)

T2K (8.4) Jacob (0.9)
Pari (0.6)
Delogu (0.4)

Ospina (0.9)
Cogo (1.0)

Grassi 
(0.6) Lamoureux (1.0)  Laveder (0.8) Collazuol (0.8)  

Longhin (0.4) Mezzetto (0.8)

ENUBET (3.8) Delogu (0.6)
Pari (0.4)

Pupilli (1.0)
Brunetti (0.95)

Longhin (0.6)
Dal Corso (0.2)

Mezzetto (0.1)
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Descrizione delle richieste

CTA/MAGIC CTA/MAGIC M. MariottiM. Mariotti
FERMIFERMI D. BastieriD. Bastieri
CUORE CUORE L. TaffarelloL. Taffarello
DUNE DUNE L. StancoL. Stanco
ENUBET ENUBET F. PupilliF. Pupilli
ET ET J. P. ZendriJ. P. Zendri
EUCLID EUCLID S. DusiniS. Dusini
GERDA GERDA R. BrugneraR. Brugnera
ICARUS ICARUS A. GuglielmiA. Guglielmi
JUNO JUNO A. GarfagniniA. Garfagnini
MOONLIGHT-2 P. VilloresiMOONLIGHT-2 P. Villoresi
QUAX QUAX G. CarugnoG. Carugno
T2K T2K G. CollazuolG. Collazuol
VIRGO VIRGO L. ContiL. Conti

Grazie ai responsabili per il materiale!

Ordine di presentazione: 

spazio – terra - sotterranei
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CTA/MAGIC M. Mariotti
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CTA/MAGIC M. Mariotti
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MAGIC M. Mariotti
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MAGIC M. Mariotti
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MAGIC M. Mariotti
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CTA M. Mariotti
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CTA M. Mariotti
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CTA M. Mariotti
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CTA M. Mariotti
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CTA M. Mariotti
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CTA/MAGIC M. Mariotti
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CTA/MAGIC M. Mariotti



Fermi LAT
–=≡ Gruppo 2 ≡=–

Denis Bastieri
Eugenio Bottacini

Alessandro De Angelis
Matt Pei

Riccardo Rando
Hubing Xiao

D.  Bastieri



AttivitàAttività
L’attività di collaborazione principale è stata l’ottimizzazione del catalogo 4FGL: 
8 anni di dati, range 50 MeV – 1 TeV, 5500 sorgenti (+1500 da 3FGL)
Dalla release iniziale (2/2019) migliorate: associazioni, studi spettrali, incertezze

Attività padovane:

● Strumento e calibrazioni dopo 10+ anni (paper coord. Rando, ora in internal review)
● Classificazione e metodi di machine learning (paper/conferenze Pei, Xiao)
● Attività per il futuro: inter-operazione con il MeV e TeV (tutti)
● Conferenze (Rando: ICRC 2019 rapporteur “gamma ray from space”)
● Lauree da 7/2019: triennali 1 e magistrali 1 (+1 in corso)

FERMI D.  Bastieri



Anagrafica e richiesteAnagrafica e richieste
Nome Qualifica %

Bastieri Denis Prof. Associato 30

Bottacini Eugenio Prof. Associato 80

De Angelis Alessandro Prof. Ordinario 20

Pei Zhiyuan Dottorando 100

Rando Riccardo Ricercatore 50

Hubing Xiao Dottorando 100

FTE 3.8

Variazioni significative: 2 dottorandi (2x100%) in meno
 
Richieste: ~5k€/FTE per missioni nazionali e internazionali, metabolismo e mantenimento delle macchine

FERMI D.  Bastieri
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VIRGO L. Conti
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VIRGO L. Conti
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VIRGO L. Conti
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VIRGO L. Conti
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VIRGO L. Conti
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VIRGO L. Conti
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VIRGO L. Conti
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ET J. P. Zendri 
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ET J. P. Zendri 
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ET J. P. Zendri 
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EUCLID S. Dusini
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EUCLID S. Dusini
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EUCLID S. Dusini
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EUCLID S. Dusini
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EUCLID S. Dusini
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QUAX G. Carugno
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QUAX G. Carugno
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QUAX G. Carugno
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QUAX G. Carugno
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SC box

20 mK

4 K

300 K

30 dB

Resonant
Cavity

SC Magnet

Mu−metal
Shield

Low Noise
Amp.

Attenuator

Attenuator

30 dB

Port 1 Port 2

VNA

QUAX G. Carugno

         Correlated activities: SUPERGALAX

https://supergalax.eu

FET OPEN
SUPERGALAX

CNR (IT, PI, exp)

INRIM (IT, exp)

INFN (IT, axion exp)

KIT (DE, exp)

Leibniz IPHT (DE, 
exp)

RUB (DE theory)

LU (UK, theory)

Supercon-
ducting
coplanar
wave guide 
resonator

Network of N interacting superconducting qubits

Single microwave photon
with frequency ω

|0>

|CS>

E

Magnetic
field

ΔωS
ωc

ω

In a device based on array of qubits 
signal noise is suppressed by √N. 

Zagoskin et al., «Spatially resolved single photon 
detection with a quantum sensor array» SCIENTIFIC 
REPORTS | 3 : 3464 | DOI: 10.1038/srep03464

Develop a single microwave photon detector for axion 
search in QUAX experiment with an array of SC qubits.



A. Longhin, A. Garfagnini                                                           CdS INFN PD Preventivi Gr2 - 15/07/2020 44

QUAX G. Carugno

Correlated activities: US QT Initiative
Quantum 
technologies 
Initiative proposed 
to DOE for the 
creation of a 
System Center

5-6 Centers out of 
10 to be financed

QUAX PD/LNL Group involved 
within search for Axion Dark 
Matter
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QUAX G. Carugno

 QUAX:  End of R&D Phase   Start of Experiment (5 Years) 

Sezioni INFN partecipanti all’esperimento:  LNL, Padova, LNF, 
Napoli/Salerno, Trento
Resp. Naz.: Giovanni Carugno

Partecipazione PD: 
G.Carugno 50%, C.Braggio 50%, R.Di Vora 100%, L.Taffarello 40%, 
A.Pepato 20%, M.Pegoraro 10%, +1 Nuovo Dottorando 100% 
(Fondi FET SuperGalaxy + Fondi Eccellenza dipartimento)

                                             Totale 3.7 FTE
Richieste 2021 PD:  240 Keuro KE
Richieste Servizi:  15  M.U. O.M., 15 M.U. O.E., 2 M.U. U.T
(Supporto Tecnico * Messa in Opera Esperimento E’ Cruciale!! )

PD activity for 2021: 

1) Refurbishing of big Dilution Unit refrigerator Or Buy a New One
2) Install New magnet 14 Tesla, 0,5 m Lenght, 0,1 m inner bore diameter
3) Install New Photonic Cavity with tunable frequency
4) Complete the set up for axion photon coupling high sensitivity search
5) Continue R&D on axion electron coupling
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QUAX G. Carugno



A. Longhin, A. Garfagnini                                                           CdS INFN PD Preventivi Gr2 - 15/07/2020 47

DUNE L. Stanco
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DUNE L. Stanco
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DUNE L. Stanco
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DUNE L. Stanco



F. Pupilli

In 2019-20 new collaborators joined through CERN-NP06: 
Zagreb (SiPM), INR-RAS Moskow (scintillators) + interest from Greek groups (timing detectors).



F. Pupilli



F. Pupilli

More in “Neutrino 2020” (A. Longhin, Novel Neutrino Beams)
https://indico.fnal.gov/event/43209/contributions/187852/attachments/129205/159020/NovelNuBeams_Longhin_NEUTRINO2020_v9.pdf



Noemi Manara

F. Pupilli



F. Pupilli

ENUBET in 2021

● Full inclusion of muon decay modes (K
µ2

 - K
µ3

) of kaons for the flux constraint

● Monitoring at % level of μ from π decaysfrom from π decaysπ from π decaysdecays after the hadron dump   constrain the →
low E component of the ν

μ
 flux  cover the → Hyper-K region

● A priori determination of the neutrino energy exploiting the narrow-band off-axis 

technique (R-E correlation)  → differential cross section modeling
● Fast timing (MIUR grant NUTECH)  Time tagged neutrino beam→

Main goals

Extending the ENUBET scope

● Evaluation of final systematics budget with a likelihood fit à-la-T2K on flux 

normalization factors encoding uncertainties
● Construction of the tagger demonstrator



F. Pupilli

ENUBET-PD - anagrafica

● Il progetto è interamente finanziato da ERC e dal MIUR

● Sigla di supporto in CSN2 (ENUBET_2) per piccole spese:
I. Non previste nel Grant Agreement (i.e. missioni laureandi, PhD)

II. Inventariabili per cui EU rifonde una frazione del costo corretta per 

ammortamento a fine progetto (difficile da rendicontare) 

● Anagrafiche:

 EU (time-sheets):  A. Longhin (60%), F. Pupilli (95%, AdR UniPD),

G. Brunetti (95%, AdR UniPD)
 ENUBET_2 (CSN2):  F. Dal Corso (20%), M. Mezzetto (10%), 

M. Pari (40%, PhD), C. Delogu (PhD, 60%)
C. Delogu



Attuale collaborazione con M. Benettoni e M. Rampazzo

Officina Meccanica: 6 m.u. (*)
Ufficio tecnico: 4 m.u. (*)

F. Pupilli

* pre-discusse con Loris/Adriano

FINANZIARIE
Missioni: 5 kEUR (2 PhD)

ENUBET-PD - richieste

Sara’ assemblato al LAE ai LNL

Utilizzo di Cloud Veneto senza 
particolari cambiamenti 
necessari



 ICARUS Collaboration in SBN 

Slide#  : 58

M. Diwan, W. Gu, J. Larkin, D. P. Mendez, X. Qian, A. Scarpelli, J. Stewart, B. Viren, E. Worcester, M. 
Worcester,  H. Yu, C. Zhang

Brookhaven National Laboratory, USA
M. Babicz, O. Beltramello, J. Bremer, M. Chalifour, A. De Roeck, S. Dolan, C. Fabre, U. Kose,  D. Mladenov,     

           M. Nessi, S. Palestini, F. Pietropaoloa, F. Resnati, A. Rigamonti, F. Sergiampietri, S. Tufnali
CERN, Switzerland

O. G. Miranda, G. Moreno Granados
CINVESTAV, Mexico, USA

B. Behera, T. Boone, C. Hilgenberg, , M. Mooney, J. Mueller, D. Warner, R.J. Wilson
Colorado State University, USA

W. F. Badgett, L.F. Bagby, S. Berkmann, M. Betancourt, K. Biery, S. Brice, J. Brown, G. Cerati, R. Doubnik,      
       A. Fava, M. Geynisman, S. Hahn, B. Howard, C. James, W. Ketchum, G. Lukhanin, A. Mazzacane, C. 

Montanarib,    T. Nichols, A. Prosser, R. Rechenmacher, G. Savage, A. Schukraft, A. Soha, D. Torretta, P. 
Wilson,                        M. Wospakrik, J. Zennamo, J. Zettlemover, M. Zuckerbrot

Fermi National Accelerator Laboratory, USA
A. Aduszkiewicz, D. Cherdack, A. Wood

University of Houston, USA
S. Bertolucci, V. Fabbri, M. Guerzoni, G. Laurenti, N. Mauri, N. Moggi, A. Montanari, L. Pasqualini,  L. Patrizii, 

 V. Pia, F. Poppi, M. Pozzato, G. Sirri, M. Tenti, S. Zucchelli
INFN Sez. di Bologna and University, Bologna, Italy

V. Bellini, C. Petta, C. Sutera, F. Tortorici
INFN Sez. di Catania and University, Catania, Italy

 B. Bottino, S. Copello, L. Di Noto, F. Ferraro, M. Pallavicini, M. Vicenzi
INFN Sez. di Genova and University, Genova, Italy

C. Rubbia
INFN GSSI, L’Aquila, Italy

C. Vignoli
INFN LNGS, Assergi (AQ), Italy

A. Guglielmi



 ICARUS Collaboration in SBN –cont. 

Slide#  : 59

S. Biagi, S. Cherubini, C. Distefano, R. Pappaleo,  G. Riccobene, P. Sapienza
INFN LNS, Catania, Italy 
N. Gallice, P. Sala, A. Zani

INFN Sez. di Milano, Milano, Italy
R. Benocci, M. Bonesini, A. Falcone, F. Terranova, M.Torti,
INFN Sez. di Milano Bicocca and University, Milano, Italy

A. Cocco
INFN Sez. di Napoli, Napoli, Italy

A. Braggiotti, S. Centro, C. Farnese, D. Gibin, A. Guglielmi, G. Meng, L. Stanco, F. Varanini, S. Ventura
INFN Sez. di Padova and University, Padova, Italy

A. Menegolli, A. Rappoldi, G.L. Raselli, M. Rossella, A. Scaramelli
INFN Sez. di Pavia and University, Pavia, Italy 

A. Chatterjee, S. Dytman, V. Paolone
University of Pittsburgh, USA 

H. Budd, R. Howell, K.S. McFarland
University of Rochester, USA

M. Convery, L. Domine, F. Drielsma, D. H. Kao, Q. Lin, G. Petrillo, H. Tanaka, K. Terao, Y.T. Tsai, T. Usher
SLAC National Accelerator Laboratory, Stanford, USA

T. Coan
Southern Methodist University, USA

J. Asaadi, H. Carranza, Z. Williams, W. Jang, J. Yu
University of Texas (Arlington), USA

P. Abratenko, T. Wongjirad
Tufts University, USA

a  On Leave of Absence from INFN Padova
b  On Leave of Absence from INFN Pavia

ICARUS Spokesman: C. Rubbia, GSSI

11 INFN groups, 10 USA institutions, 1 Mexican institution, CERN

A. Guglielmi



Placement of ICARUS 
 inside the warm vessel 
after the overhauling  at 
CERN (Aug. 2018)

Slide# :  60

Readout electronics
Power 
supply

Installing the readout 
electronics (Summer 2019)

All PMT digitizers, HV 
electronics and laser system 
installed.

TPC readout electronics  
(mini-crates, CAEN boards 
and Power Supplies) 
installed and verified;

Internal/external signal 
connections verified.

Signal, TT-link  cables for 
DAQ/trigger deployed and 
connected to fan-outs.

Installing PMT, TPC signal  feed-
through flanges (Jan. 2019)

1. ICARUS installation @FNAL (2018-2020) A. Guglielmi
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 Power Supply for TPC wire polarization installed/tested and 
corresponding cables deployed;

All PMT read-out electronic chain has been installed and verified;
Laser calibration system installed, tested and ready to operate;
HV Power Supply for the electric field drift installed and connected;
Optical fiber bundles for communication and DAQ installed;
Server for DAQ/ networking both for TPCs, PMTs operational;
Readout for North/West side of CRT installed and operational;

Status of the ICARUS installation

Trigger logic based on PMT signals inside the beam gate is 
continuously developed: plans for final implementation ready

Slow controls: for internal cryogenics PMTs operational,   
for TPC read-out under advanced development;

ICARUS Control room in ROC West Wilson Hall         
operational from Feb 2020:                                                   
24/7 survey shifts are active form February 14th,              
now remotely!

Despite the lockdown due to COVID-19 the  Cryogenic 
commissioning is complete and ICARUS filled!.

ICARUS Control room 

A. Guglielmi



 LAr ultra-purified by two filters was injected: 50 days filling lasted on April 21st.
 A gradual increase of intrinsic noise from 2.35 to 2.5 #ADC  in +/- 600  TPC Coll. and Ind.2 

wires with the LAr level corresponding to ~35 pF increase of the TPC wire capacitance is 
observed in agreement with the expectations.

ICARUS T600 LAr- filling

 Both LAr/GAr re-circulation systems taken progressively online, the operational parameters 
adjusted to steady state conditions, 1.85 m3/hr West, 2.25 m3/hr East:

 Pressure/temperature in the modules are stable;
 No cold spots observed on the external surface of Warm Vessel; 
 Thermal losses through the thermal insulation are under evaluation.

A. Guglielmi



Next future activities

Slide# :  63

 In the present situation, uncertainties dominate all possible planning. Limited access to 
FNAL for onsite personnel and extremely limited travels from outside require to postpone 
most of activities originally planned at end of the T600 filling:

 Completion of cabling of TPC electronics, commissioning of wire bias;
 Completion, installation and commissioning of trigger system;
 Calibration of both PMTs and wires readout and  slow controls;
 Installation/commissioning of the remaining parts of the side CRT;
 Installation/commissioning of services on top of T600;
 Delivery onsite, installation and commissioning of top CRT, 
 Delivery onsite/installation of 3 m concrete overburden.

 Plans to re-start onsite operations are being developed in conjunction with FNAL. The 
presence of INFN physicists strongly involved in key detector systems is required; 

 TPC/PMT noise, Trigger/DAQ and data transfer/storage must be carefully studied during 
T600 activation by INFN experts facing in person the actual situation from September 
2020 up to end of the year: first beam expected by October 2020.

 Event reconstruction software almost ready: remote Workshops are in place to finalize it 
and prepare the first ICARUS calibration phase.

 Assuming travels restored by September and some installation activities (side CRT and 
services) during the summer, ICARUS should be ready for data taking February 2021.

A. Guglielmi



Financial requests; 2020 and 2021
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Richieste finanziarie di Padova per 2021   k€

Apparati: TPC: 2 TPC spare flanges (4.5 k), completion of preamp spare 
production (3.5 k), recovery of custom HV modules (3 k)

     11 

Consumo Electronics Service       4

SP-Servizi Mechanics workshop (Mini-crates recovery) 3 

Manutenzione For trigger electronics boards: SPEXI + DIO board       2
T600  Sj(*)
Activation 
Commis.       

T600 
Calibration        
Post-comm.

On-site expert,
maintenance

    Shifts Coll. Meetings,   
Director’s Rev.        
 SBN O.B. (**)

Total 
request
   (k€)

Missioni 1.5 MU 8 k€ 2.5 MU  14k€ 3 MU  16.5k€ 4 MU   22 k€ 13 + 7 k€ Deputy
   ->   12 k€

64.5+ 8 
Sj 

**Synergy with INTENSE EU RISE funds reduces the expenses for WG activities 
*Sj to residual activity at FNAL in  the Sept-Dec 2020 period.

Funds integrations requested in 2020:
 6 k€ for pre-amps production/repair of faulty electronics (custom HV and Mini-crates
 5 k€ for material transport to FNAL for repairing locally faulty electronics;

5 MU presence of TPC/Trigger experts at FNAL Sept. - Dec. 2020  mandatory! 

ICARUS Pd: 9 physicists/engineers, 7.6 FTE
Richieste Servizi  2021:   4 MU Calcolo e Reti,   12 MU Elettronica,   4 MU Off. Meccanica.  

A. Guglielmi
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Prospettive esperimenti
T2K & SuperK & HyperK

Momento molto intenso per attivita` neutrini in Giappone 
● T2K near detector upgrade in fase di costruzione
● Super-K entra in questi giorni nella nuova fase H

2
O+Gd

● Hyper-K e` stato approvato all‘inizio dell‘anno 
Gruppo locale in espansione
 Staff: G.Collazuol, M.Grassi, M.Laveder, A.Longhin, M.Mezzetto,  
Post-Doc: M.Lamoreux  (INFN Fellini), Assegnisti: N.Ospina, G.Cogo
Dottorandi: F.Iacob, M.Pari, C.Delogu
In stretta collaborazione per T2K-upgrade @ LNL: M.Cicerchia, T.Marchi,  F.Gramegna 
 

G.Collazuol
CdS INFN PD
2020/7/15 

Super-K site
SK

G. Collazuol



T2K - Protons on Target 

• 515 kW stable 
operation achieved 
this year

• Allowed increase of
33% in ν-mode data 
(since 2018)

• Total POT
1.97x1021  ν-mode  
1.63x1021  𝜈̅-mode

“KEK will make its best effort to provide approximately 
four months operations per year until the start of HK (2027)“

G. Collazuol



T2K – Recent results
(Neutrino 2020) 

→ vedere anche Seminario T2K in Sezione – 2020-06-12
(https://cernbox.cern.ch/index.php/s/j2Phfh9PlsmWG6X password t2kcpv)

G. Collazuol

https://cernbox.cern.ch/index.php/s/j2Phfh9PlsmWG6X


Prospettive  T2K-II→
Beam and Near Detector upgrade

• Aim at 3σ CPV sensitivity or CPC exclusion (w/ favorable param.)
• Accumulate at least 1022 pot by 2027 

Mandatory (for high stat) 
• High Intensity Neutrino beam
→ Accelerator/Beam-line 
   Upgrade approved 
→ gradual increase of power 
  to 0.8MW (1.3MW) by 2023 (2027) 

Mandatory (at high stat)
• Reduce detector systematics to 4% & cross-section model dependence
→ Near Detector Upgrade → TDR 2018 → Approved by JPAC and SPSC 
  

today

G. Collazuol



Near Detector Upgrade
G. Collazuol



Near Detector Upgrade - HATPC
Importante coinvolgimento INFN Pd
in costruzione delle TPC orizzontali
(High Angle TPC):
→  coordinamento progetto HA-TPC
      (G.Collazuol)
→  disegno e costruzione Field Cage
      con INFN-LNL e INFN-Ba

Attivita`2019-20
● progettazione HA-Field Cages
● realizzazione e test prototipi

G. Collazuol



Near Detector Upgrade
HATPC timeline/milestones
e coinvolgimento INFN-Pd

2020 Oct  - test beam prototipo a DESY

2020-Dec - costruzione prima ½ Field Cage

2021-Apr -  validazione prima ½ Field Cage

2021-Aug - commissioning new T2K TPC gas system at CERN

2021-Oct  - completata prima HA-TPC (FC& Sensors & Electronics) + tests

2021-Nov  - dismounted old TPC gas system at JPARC

2022-Feb  - commissioning new T2K TPC gas system at JPARC

2022-Mar  - completata seconda HA-TPC + tests

G. Collazuol



                 SuperK  SK-Gd upgrade→

Dal 2017 l'INFN partecipa all'esperimento Super-Kamiokande
→ nuovi canali di fisica senza acceleratori (astrophysical transient events, …)
→ nuove tecniche sperimentali Water Ch → neutron tagging con Gd 

Adding 0.2% (mass) of Gd
2
(SO)

3
 to SuperK water will allow

to detect with high efficiency (> 80%) neutrons produced
in interactions by exploiting neutron capture resulting in
gamma ray cascade (~8 MeV in total)

→ anti-nu tagging at inverse b reaction
→ neutron veto

● discovering DSNB (much reduced bkg)
● improved pointing accuracy for SN (ne)
● SN early warning 
● sensitive to reactors anti-ne
● improvements of CPV with Oscillation
● improvements in n-Atm. and p-decay

First step → loading 0.02% of Gd
2
(SO)

3
 in 2020

- 14 ton di Gd
2
(SO)

3
(8H

2
O) preparate e misurate

- sistema di processamento dell‘acqua e` pronto
… dissoluzione inizia OGGI (2020 07 15)

G. Collazuol



Attivita` 2021 Pd
1. NCQE neutron multiplicity
(PhD thesis F.Iacob) via neutron
capture meas. on H and Gd
Ultimate analysis targets:

 → SNR analysis
 → NC/CC ratio in supernovae 

2. Gamma emission from n capture on Oxygen 
→ main uncertainty in NCQE cross section meas.
→ Analysis of data collected at RCNP (Osaka)
w/ neutron beam at various energies (30-250MeV) 

3. Search for n coincidence with astrophysical transient events 
- High Energy n  follow-up (M.Lamoureux – Fellini Project)→
- Low Energy n   early warnings (M.Mattiazzi – Tesi M.)→

G. Collazuol



GW follow-up with SK
M.Lamoureux @
Neutrino 2020

G. Collazuol



HK officially approved
G. Collazuol



HK timeline
G. Collazuol



INFN-Pd R&D 
Activities for Hyper-K

PMT signal  optical transmission →
from tank to surface 

R&D in collaborazione con M.Bellato
(ideatore della proposta)  

Sviluppo elettronica 
di FE e READOUT

Calibration 
system

custom low intensity neutron generator

G. Collazuol



Anagrafica 2021

Nome Contratto Qualifica % Esperimenti

G.Collazuol Associato PA 80 T2K + SK

G.Cogo Associato Assegnista 100 T2K

C.Delogu Associata Dottoranda 40 T2K

M.Grassi Associato RUB 60 T2K

F.Iacob Associato Dottorando 90 T2K + SK

M.Lamoureux Associato Fellini T2K-Fellini T2K + SK

M.Laveder Associato RU 80 T2K

A.Longhin Associato PA 60 T2K

M.Mezzetto Dipendente DR 80 T2K

N.Ospina Associata Assegnista 90 T2K + SK

M.Pari Associato Dottorando 60 T2K

Totale = 7.4 FTE + 1.0 FELLINI

G. Collazuol



Preventivi 2021
Missioni interne……………………………………………………..4k€
Missioni estero…………………………………………………….72k€ 
- EU - Attivita` costruzione TPC CERN, Test Beams…28k€ 
- Japan - Shifts e meetings T2K & SK………………….44k€ 
Costruzione apparati……………………………………………...83k€
- completamento 2x HA-TPC & test setup …………… 38k€
- ½ HA-TPC field cage spare……………...…………… 45k€
Consumabile………..……………………………………………...2k€
- Resistenze SMD Field-Cage…………………………...
Inventariabile……. ..……………………………………………...12k€
- Gas analyzer……………………………………………..5k€
- Electronics for Hyper-K R&D activity…………………..7k€ 
SP-Servizi….………..……………………………………………..9k€
- Materiale e Servizi attivita` di costruzione al CERN…...

 Richieste Sezione 2021
- Meccanica:  1.5mu per parti in Alluminio HA-TPC & strutture supporto assemblaggio TPC  e 
strutture Test-Beam DESY
- Gas: 0.8mu personale tecnico per contributo a smontaggio vecchio sistema TPC 
richiesta presenza per ~15gg a JPARC (Japan) 
- Elettronica Digitale – R&D elettronica Front-End e Readout per Hyper-K 

G. Collazuol
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13 floors per tower

19 towers in total

Cryogenic Underground 
Observatory for Rare EventsCUORE

4 TeO2 crystals 
(5 cm x 5 cm x 5 cm) per floor

Cu frames

PTFE spacers

Ge thermistor

Si heater

• Hosted at Gran Sasso Underground Lab

• Close-packed array of 988  natTeO2 
bolometers (Total active mass: 742 kg)

• Operated at T~11 mK

• Primary physics goal: 0νββ decay of 130Te

● Isotopic abundance  34% => 206 kg 

● Q-value: 2527.5 keV

• CUORE design goals:

● Energy resolution: 5 keV FWHM near Qββ

● Background: 0.01 c/keV/kg/y near Qββ

● 0νββ sensitivity for 5 years of livetime:

97

Relatively slow 
detectors

pulse duration ~1 
second

Sample Event 
Waveform

L. Taffarello



milli-Kelvin facility for tonne-scale detectors

98

• Powerful 3He-4He dilution 
refrigerator cooling power: 

5 μW at 10 mKW at 10 mK

• Pre-cooled by 4 pulse tubes

• Cryogenic vessels and shielding:

• 13 tonnes < 4 K

•  5 tonnes < 50 mK 

• 1500 kg @ 10 mK 

(detectors + materials)

• Experimental volume ~1 m3 a.k.a 
“Coldest cubic meter in the known 
universe” 

• Cooldown time ~ 1 month

• External Shielding:  

• 18 cm polyethylene + 2 cm 
borated material

• 30 cm lead 

~800m
K

~50m
K

~10m
K

   

Cooldown 300 → 4K

Cooldown 4 K → 10 mK

L. Taffarello



CUORE Status/Data taking 

99

• Data taking started in Spring 2017 

• After initial data taking phase, significant effort devoted to 
understanding the system and optimizing data taking conditions 

• Since March 2019 data taking is continuing smoothly with > 90% 
uptime 

• CUORE “data set”: ~1 month of background data taking with a few 
days of calibration at the start and end 

(70.1%) (14.5%)

(1.7%)

(5.5%)

(6.2%)

(2.0%)

CUORE Exposure Accumulation

Stable conditions allowed 
continued data taking with 
minimal onsite activity 
during recent lockdowns 

Background (70.1%)

Calibration (14.5%)

Setup  (2.0%)

NPulses (1.7%)

Test (5.5%)

Down Time (6.2%)

CUORE Run 
Composition 
since Spring 2019

Phys. Rev. Lett. 124, 
122501 (2020)

L. Taffarello



• Total exposure TeO2: 

• Bayesian Analysis (BAT)

• Likelihood model: flat continuum (BI),  posited
peak for 0νββ (rate), peak for 60Co (rate + 
position)

• Unbinned fit on physical range (rates non-
negative), uniform prior on 𝝘0v

• Systematics: repeat fits with nuisance 
parameters, allow negative rates (<0.4% 
impact on limit)

CUORE ROI Spectrum

CUORE: 0νββ Search

100

Posterior for 𝝘0v

Phys. Rev. Lett. 124, 122501 (2020) 

No evidence for 0νββ decay

Interpretation in context of light
Majorana neutrino exchange

Background Index

Characteristic FWHM E at Q∆E at Q ββ

Detector Performance Parameters

Data taking continues smoothly 
next unblinding → 1t (Stay tuned) 

L. Taffarello

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.124.122501


Capitolo Descrizione
Parziali

Richiesta s.j.

MISSIONI 
  

1. Turni presso LNGS 1 Firmatario 2.0  
2. meeting di collaborazione in Italia  1.0  
3. Meeting di analisi dati  0.5  
4. 1 meeting di collaborazione all'estero (USA) 2.5  
5. Conferenza estero 3.0  

 

Tot.      9.0

Richieste economiche Cuore-PD 2021

Non si richiede attività dei servizi

Anagrafica: 
Tecn. 0.6/1 FTE: LT

Da giugno 2020 LT deputy Council CUORE

L. Taffarello



Grazie 

Torre (PD)
12/07/20
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