
Prospettive esperimenti
T2K & SuperKamiokande

L'attuale gruppo locale

 Staff: G.C. (T2K&SK), M.Laveder(T2K), A.Longhin(T2K), M.Mezzetto (T2K) 
Post-doc: A.Ajmi (T2K&SK)
Dottorandi: F.Iacob (T2K&SK), M.Pari (T2K),  

In collaborazione per T2K-upgrade @ LNL: M.Cicerchia,  F.Gramegna, T.Marchi 
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T2K experimental strategy
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Protons on Target 

(*) +50% increase in anti-nu mode wrt 2017 results 

 this Summer

 (*)
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Oscillation & CPV results 

5 CC event samples (in SuperK)  oscillation parameters→
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Signal & Background summary
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Observed vs Predicted
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Oscillation & CPV results  
          n-appearence larger than expected
anti-n-appearence smaller than expected

data favour 
largest CPV 
with dCP ~ -p/2
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Contributi T2K-Padova
• Misure sezioni d'urto

 - Inclusive cross sections of anti-nm CC at ND280 
(A.Longhin, A.Ajmi)  key ingredients for Oscillation Analysis→

 - Measurements O(n,g) reactions  NC QE cross-sections T2K/SK→
(G.Collazuol)  SN Relics, Sterile neutrino, direct Dark Matter→
 
• Convenership gruppo cross-sections (A.Longhin)

• Presa dati: 

- Data Quality Expert Task (A.Ajmi)

- turni DAQ, Shift-Leader e Operazioni TPC

• Review di note interne/papers
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Prospettive  T2K-II→
Beam and Near Detector upgrade

T2K-II extension proposal (arXiv:1609.04111):
• Aim at 3σ CPV sensitivity or CPC exclusion (w/ favorable param.)
• Accumulate 20×1021 pot by 2026 (x3 original T2K program)

Mandatory (for high stat) 
• High Intensity Neutrino beam

 → Accelerator/Beam-line 
   Upgrade approved 

 → gradual increase of power 
    to 1MW (1.3MW) by 2021 (2026) 

Mandatory (at high stat)
• Reduce systematic error & cross-section model dependence

 → Near Detector Upgrade  stage 1 approval by PAC ok→
  Technical Design Report (end 2018) for stage 2 approval  

today
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Prospettive  T2K-II→
Near Detector limitations

(Model dependence)
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Prospettive  T2K-II→
Near Detector upgrade

same as present new detectors: 
- 2 horizontal TPCs
- scintillator / water target
- TOF detectors

2017 Jan:  CERN-SPSC-EOI-015: improvement of ND toward T2K-II (and Hyper-K)
                  aiming to be part of the CERN neutrino platform
2017:  design studies  → submitted Proposal to CERN SPSC 
            + supported as a neutrino platform project 
2018: Prototype TPC (field cage, micromegas), testbeam @ CERN, TDR by end 2018
2019-2020: Production, integration at CERN, System test
Aiming for installation in 2021 at JPARC



G.Collazuol – CdS INFN PD - 2018/7/9 

...

...
INFN LNL

INFN PD
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ND280 Upgrade
contributi Padova - Legnaro

Impegno per le HA-TPCs

- G.Collazuol (co-project leader HA-TPC w/ M.Zito,CEA)
- A.Pepato, G.Cogo, M.Romanato,
- A.Longhin, F.Iacob, M.Pari
in collaborazione colleghi INFN LNL
- M.Cicerchia, F.Gramegna, T.Marchi 
(coinvolti in ND208-upgrade)

● proposta e disegno Field Cage HATPC in materiali compositi

● test beam at CERN 2018 e test beam 2019

● test e simulazioni Resistive Bulk Micromegas in sinergia
 con progetto Active Target TPC per SPES (LNL) 
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ND280 Upgrade
new High Angle TPCs

E,B fields

E,B fields

n beam

drift

drift
8 readout modules

 → Resistive Bulk

Micromegas 

Thin Field Cage walls (composite materials)
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ND280 Upgrade
TPC Prototype

Sezione INFN di Padova
fortemente coinvolta in
TPC-upgrade project

In particolare per il 
disegno e la costruzione
della Field Cage

Primo passo e`
stata la 
definizone della
tecnologia ed il
disegno della FC
per PROTOTIPO 
di TPC

 → si prevede
di avere il prototipo
funzionante al CERN
entro la fine del 2018G.Collazuol 2018/6/7

TPC upgrade meeting 
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ND280 Upgrade
TPC Prototype
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ND280 Upgrade
TPC Prototype

Lo stampo per processare il composito



G.Collazuol – CdS INFN PD - 2018/7/9 

ND280 Upgrade
TPC Prototype

Field cage e Anode plate 

 → disegno pronto per la produzione
dello stampo @ INFN Bari 

 → produzione del 
composito @ NEXUS (Barcellona)
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Esperimento SuperK
Dal 2017 l'INFN partecipa all'esperimento Super-Kamiokande

 → nuovi canali di fisica senza acceleratori (astrofisica, p decay, …)
 → nuove tecniche sperimentali WC  neutron tagging con Gd→  

La collab. SuperK ha deciso di svuotare e riempire il tank in 2018
- riparare perdite vessel e sostituire fototubi non funzionanti
- preparare la nuova fase di presa dati con Gadolinio
- campagna di misura campo magnetico e direzione dinodi
- installazione nuovi sistemi di calibrazione

 → prima meta` 2018: presa dati SK e T2K 
 → da giugno a dicembre  operazione di “refurbishing“→  
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Prospettive  SuperKGd→

Adding 0.2% (mass) of Gd2(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 (~8MeV in total)

 → anti-neutrino tagging at inverse b reaction
 → n / anti-n discrimination
 → 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
● n-veto  improvements in → n-Atm. and p-decay
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Prospettive  SuperKGd→
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Contributi SuperK-Padova
• Partecipazione Low Energy Physics group
 - Responsibility WIT trigger system (A.Ajmi)
 - Solar neutrino analysis (A.Ajmi)
 - anti-neutrino tagging w/ neutron capture (F.Iacob)

• SK-Calibration
 - misura campo magnetico residuo e direzione dynodi PMT (Inner) 
   (F.Iacob, G.Collazuol,)
 - studies of gamma cascade from Gd(n,g) capture 
   (A.Ajmi, G.Collazuol) 
 - studies for a new SK-LINAC beam monitor (progetto INFN Rm/Ba)
   (tesi Laurea Magistrale F.Iacob)

• data taking / shifts 
 - Tank Open Work (2018) - regular shifts (2018 e 2019) 
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B field measurement & dynode orientation 
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B field measurement & dynode orientation 

 → Aiming at expanding fiducial volume 
      via reconstruction with most detailed information
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B field measurement & dynode orientation 
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B field measurement & dynode orientation 
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B field measurement – TOP PMTs

m
G

a u
ss

B field module
Bz component

By Bx
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ANNRI experiment @ JPARC



G.Collazuol – CdS INFN PD - 2018/7/9 

ANNRI experiment @ JPARC
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SK LowE activities 
New Responsibility of WIT DAQ system at SK:
WIT: Wideband Intelligent Trigger System records the SK data 
with lower energy threshold (  2.2MeV)→  and higher efficiency

The low energy range of SK data is subjected to large statistics  very high trigger rate→
(g from rocks, spallations, NC, solar n, DSNB...)  → multiplicity trigger not enough  
WIT is the shadow-DAQ of SK  online software trigger system→  
(data with a lower PMT cut  fast vertex fitting algorithm)→

WIT is crucial to many physics channels: for instance
 → more efficient detection of SN n
 → measure more low E 8B n flux
 → studies of matter effects in 

day/night asymmetry vs Dm21
2
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Anagrafica e Richieste 2018
Anagrafica 2018
G.Collazuol    60% (+10% ENUBET)
A.Ajmi (PD)   100%
F.Iacob (PhD)   100% 
M.Pari   (PhD)   30% (+70% ENUBET)
Totale 4.6 FTE (+ 1.5 ENUBET)

M.Laveder   60%
A.Longhin    30% (+70% ENUBET)
M.Mezzetto  80% (+10% ENUBET)

Richieste 2018
Missioni interne    4k€
Missioni estero   80k€ 
- shifts e meetings T2K & SK
- test TPC at CERN
 
Richieste Servizi Sezione 2018
- U.Tecnico:  3 mu per disegno Field Cage TPC finali  
- O.Meccanica:  1 mu per test deformazione piani stampo TPC finale 
- S.Elettronica:  1 mu per elettronica TPC
                      

Costruzione apparati  60k€ (?)
- HA-TPC
Consumabile             10k€
- RMM ed elettonica TPC 
- setup calibrazione TPC

M.Cicerchia (PhD  AssegnistaJ) 60%→
F.Gramegna 10%
T.Marchi 10%

INFN-LNL
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Additional Material
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for  anti-ne Appearance Search
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for Bayesian Analysis
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Prospettive  T2K-II→
Beam-line upgrade
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Pubblicazioni ultimo anno
• “Measurement of n and anti-n oscillations by the T2K experiment including a new additional sample of anti-ne interactions at the far detector”
arXiv:1707.01048 [hep-ex]. Submitted to PRD 

• “Measurement of anti-nm and  nm charged current inclusive cross sections and their ratio with the T2K off-axis near detector”
arXiv:1706.04257 [hep-ex]]. Submitted to PRD

• “Measurement of the single p0 production rate in neutral current neutrino interactions on water”
[arXiv:1704.07467 [hep-ex]].  Accepted by PRL

• “Updated T2K measurements of nm and anti-nm disappearance using 1.5 10 21 protons on target. 
[arXiv:1704.06409 [hep-ex]]. Accepted by PRL

• “Search for Lorentz and CPT violation using sidereal time dependence of neutrino flavor transitions over a short baseline. 
Phys Rev  D95 (2017) 11 111101

• “Combined Analysis of Neutrino and Antineutrino Oscillations at T2K”
Phys Rev Lett  118 (2017) 15 151801

• “Physics Potentials with the Second Hyper-Kamiokande Detector in Korea” 
arXiv:1611.06118 [hep-ex]. Submitted To PTEP

• “Proposal for an Extended Run of T2K to 20 10 21  pot”
arXiv:1609.04111 [hep-ex]]. Submitted to PTEP

• “T2K and Beyond”
Adv High Energy Phys 2016 (2016) 5496103

• “Sensitivity of the T2K accelerator-based neutrino experiment with an Extended run to  to 20 1021 pot”
arXiv:1607.08004 [hep-ex]

• “TITUS: the Tokai Intermediate Tank for the un-oscillated Spectrum”
arXiv:1606.08114 [physics.ins-det]

• “First measurement of the muon neutrino charged current single p production cross section on water with the T2K near detector” 
Phys Rev D95 (2017) 1 012010

• “Measurement of Coherent p+ Production in Low Energy Neutrino-Carbon Scattering” 
Phys Rev Lett 117 (2016) 19 192501

• “Measurement of double-differential nm charged-current interactions on CH8 without pions in the final state using the T2K off-axis beam”
Phys Rev  D93 (2016) 11 112012
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Prospettive  T2K-II→
Intermediate Detector (IWCD)

● Active surface:
 40% surface coverage

● New sensor:
 Multi-PMT 
(INFN-TRIUMF collab.)

Water Cherenkov detector at ~1-2 km being investigated for T2K-II/HK 

• Same detector principle as Far detector 
• Far/Near errors cancellation 
• Off-axis angle spanning orientation
• Gd loading
• Construction 2020-23

 → G.C. co-convener 
of the Calibration WG 
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Prospettive  T2K-II→
Near Detector upgrade – WPs
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Prospettive  T2K-II→
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Anti-neutrino detection efficiency

g

g

Cascade from n capture on Gd 
● TOTAL ENERGY 

~ 7.9MeV from 157Gd (80.5%)
~ 8.5MeV from 155Gd (19.3%)

● <MULTIPLICITY> ~ 4

gg
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Anti-neutrino detection efficiency

g

g

Cascade from n capture on Gd 
● TOTAL ENERGY 

~ 7.9MeV from 157Gd (80.5%)
~ 8.5MeV from 155Gd (19.3%)

● <MULTIPLICITY> ~ 4

1) visible Energy Evis ~ 4Mev
2) large fluctutations of Evis rms 2MeV
3) threshold to see each electron ~ 1MeV

- neutron tagging Efficiency e ~ 80% 
- large uncertainty in e determination

BUT e must be determined with high accuracy
(sub % level) in order not affect high precision 
neutrino measurements 

We aim at

1) measuring
g cascades from 
n capture on Gd 

2) tuning proper 
models for use 
in SK detector
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Neutron capture on Gd

Very deeply studied process, since early 60-ies...
… but main focus at cross sections and nuclear structure

1)

2) Among lots of analytical or Monte Carlo based models of g cascade
DICEBOX code is potentially very accurate (based on 
“Extreme Statistical Model“, F.Becvar, Nucl. Instr. & Meth A417)

 → contacts with DICEBOX authors (M.Krticka) for collaboration

 

data

models

Note: high multuplicity cascades are very relevant to SK because on 
average gs (ie Compton scattered electrons) are nearer to Cherenkov 
thresholds  main contribution to inefficiency→

Note: all models implemented within GEANT4 quite unsatisfying 

● missing reliable spectroscopic information below separation energy 
    ie in the region 4-8MeV

 → see eg Chyzh et al Phys. Rev. C 84 (2011) 01406
● missing accurate data high g multiplicity at high E resolution

 → no published accurate data with Germanium detector arrays
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