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HYPER-K Padova - Attivita` 2026 e Prospettiva 2027 

Overview Far Detector 

→ HP Vessels & Degassing → dedicated talks 

Near Detector ND280

→ B-Field Probes

→ Trigger and Readout maintenance

→ TPC studies 

Neutrino Beam

→ introduction to new activities

→ beam instrumentation for High Intensity



“Sinergiche” 

CSN5

Anagrafica 2027 “Affini” 

CSN1

HYPER-K

PD



Attivita` 2025-26 → Consolitato ruolo in T2K / Hyper-K 

• Responsabilità in attività HW del Far Detector

- HP vessels - completed by end 2026 → talk S.Levorato

- Degassing task force and related measurements - completed → talk GC

• Responsabilita` in attivita` del Near Detector ND280

- Coordinamento TPC  a J-PARC (Operazioni, expt. Shift training, Maintenance)

+ new B-field probes

+ HW patch for ND280 trigger to MCB

- Coordinamento calibrazioni con TPC0 @ CERN con Laser e Test Beam

+ Laser studies @ LNL

+ Avalanche studies @ LNL

• Iniziata collaborazione con KEK/J-PARC per Neutrino Beam

- Fellowship GC → beam intensity calibration

- C.Forza (PhD Tecnologico), G.Brambilla (M.Thesis) → beam losses studies 

  and Post-Doc (Incarico Ricerca DFA/ENUBET) → beam instrumentation 



ND280 - New B-field probes for mapping the upgrade region

Attivita` 2026 - INFN Padova

- Individuata soluzione modulare (device & readout) per matrice di probes (S.levorato) 

- Prototipo da installare in ND280 in autunno 2026 

Attivita` 2027

- Sistema completo da installare in ND280 dopo il Run T2K 2027 



ND280 - Trigger / Clock and DAQ HW electronics

ND280 Master Clock Module System 

SCMs for ND280 Upgrade Sub-Detectors

Master Clock Board
     MCB



ND280 - Trigger / Clock and DAQ HW electronics

Gestione dell’ HW di per Trigger / Clock / Data Conc. di ND820 in sofferenza

• Denis Calvet (CEA/IrFU) → gruppo CEA/IrFU perso expertise / solo TPC SW and Ops

→Run 2027 senza spare DCC (Data Concentrator per V-TPCs)

→No FW sources for TDCM (Data Conc. per HA-TPC !) 

• Alfon Weber (UK → Mainz) → gruppo UK perso expertise (da tempo) / solo DAQ Ops

→ No FW sources for MCM / SCM / CTM / RMM → proposta INFN Pisa  

• US group will leave T2K → MCB expertise and OPs vacant !!!

→ Operazioni e maintenance MCB in HK era → ? Gruppi INFN ? 



ND280 - Trigger / Clock and DAQ HW electronics

Attivita` 2025-26 - INFN Padova 

• DCCs → Individuata Dev. Board per spares ! 

+ informazioni e ultima sorgente FW (2016) 

• Ultimata patch per portare full Trigger-Word 

da SCM a MCB via FPGA ancillare 

SCM - for 

upgrade sub-dets 

MCB

FPGA

patchIn TW via copper 

Mancano ultimi bits 

Full TW via 

Opticla fiber

LVDS signals 

Partial TW → 

 Busy 

LVDS signals 

Full TW

Attivita` 2026-27

• DCCs nuove spares dopo Run ‘27 

• Commissioning patch in Fall 2026 



ND280 - E-field studies and space resolution w/ TPC0 

Attivita` 2025-26 - INFN Padova 

@ CERN

• Completato setup di «Field Cage 0»  (TPC0) per misure E-field e risoluzione spaziale

- finestre quarzo, specchio con movimentazione, sicurezze Laser protocolli CERN !!!

- Distorsione campo elettrico controllata, … → talk M.Feltre 

• In collaboratione con INFN-Pisa costruito setup tracciatore esterno con Micro-Megas

• Test Beam assegnato a Marzo = troppo presto → saltato

• Dobbiamo lasciare Bld-182 entro fine 2026 → trasloco TPC0, gas system, laboratorio !!! 

@ INFN LNL

• Caratterizzazione tracce Laser (266nm) in prototipo TPC → tesi LM 

• Caratterizzazione e Simulazione Laser Optics & Ionization mechanism → tesi LT

Attivita` 2026-27 

@ INFN LNL and DFA Padova (richieste metabolismo→ specificare, eg gas a LNL non PD)

• Setup nuovi Laboratori DFA e LAE LNL → fine 2026 / inizio 2027

• Ripresa misure misure Laser con gruppi Francesi → Primavera 2027



Neutrino Beam Upgrades - Enabling the Highest Intensity

Several upgrades and replacement planned by for 

neutrino beam-line hardware - primary protons beam and secondary beam -

→ Mainly KEK w/contribution of RAL, TRIUMF, Univ. Tsukuba, Univ. Tohoku 



Neutrino Beam - Nuova attivita` INFN Padova 

Attivita` 2025-26 

Nel 2025 è stata avviata una nuova collaborazione tra il gruppo INFN di Padova e KEK/J-PARC 

sulle attività relative al fascio di neutrini ad alta intensità grazie a 

- Long-Term Invited Fellowship presso KEK/J-PARC (GC)

- Attività PhD Tecnologico Nazionale (C.Forza) e Laurea LM (G.Brambilla)

- Posizione Post-Doc (Incarico di Ricerca)

Obbiettivo della collaborazione supportare diagnostica e monitoraggio del beam losses ed halo 

con data-taking e studi di simulazione e refurbishment o sviluppo di strumentazione per 

per fascio di protoni primari della linea dei neutrini inclusa la zona di estrazione dal Main Ring e Dump

Attivita` strategica a fascio piu` intenso esistente

- Grande rilevanza e visibilita` per il futuro nel breve, medio e lungo termine 

- Richieste finanziarie limitate e modulabili

- Attrazione di interesse giovani e finanziamenti per posizioni

- Sinergie con altri esperimenti (eg NuSCOPE) e sigle INFN (eg TIMEPX4)



J-PARC Neutrino Beamline Monitors 



Calibrazione Current Transformers - Long Term Fellowhip KEK

Fast Beam Current Transformers (CT x 5) 

- Lungo la primary proton beam line (upstream neutrino target)

- Ultima Calibrati nel 2016 per fascio a bassa intensita` 

- Errore di calibrazione ~ 2% → direttamente in Misure Sezioni d’Urto ND280

Proposto nuovo metodo ed intercalibrazione con DCCT (Direct Current CTs) di Main Ring

- Calibrazoine nel tunnel piu` agevole … senza spostare CTs in lab Tokai-2

- Calibrazione regolare ,,, ad ogni nuovo Run 

- Errore di calibrazione ~ O(0.5%)
Calibration Duct in Tokai-2

New calibration scheme

→ exploiting 

single wire 

In CT



Beam Losses - Studi preliminari - Tesi LM G.Brambilla

... A first part of the work keeps the study of the existing Secondary Electron Emission Monitors. Data taken 

with the SSEM inserted and removed from the beam can be compared with Geant4 simulations of proton 

interactions in the SSEM foils and surrounding materials. Current Transformer measurements provide the

beam intensity normalization and help estimate the fraction of protons interacting with the monitors. This 

comparison is important because it tests whether the simulation correctly describes the production of 

secondary particles from known beamline elements. Once validated, the same simulation framework can be 

used to relate measured external particle fluxes to the underlying proton halo distribution...



Beam Losses - Studi preliminari - Tesi LM G.Brambilla

... A first part of the work keeps the study of the existing Secondary Electron Emission Monitors. Data taken 

with the SSEM inserted and removed from the beam can be compared with Geant4 simulations of proton 

interactions in the SSEM foils and surrounding materials. Current Transformer measurements provide the

beam intensity normalization and help estimate the fraction of protons interacting with the monitors. This 

comparison is important because it tests whether the simulation correctly describes the production of 

secondary particles from known beamline elements. Once validated, the same simulation framework can be 

used to relate measured external particle fluxes to the underlying proton halo distribution...

Extraction Sector 

Preparation

Sector

Interaction in SSEM 

Beam Loss Monitors



MR / Primary neutrino line Extraction Sector



Beam Losses and Halo - PhD Tecnologico Naz. (C.Forza)

Aim 

→ Understanding Beam Halo formation in the MR 

 → further reducing Beam Losses in the MR / Neutrino Tunnel

Method: Develop Halo and Beam Loss monitors and correlate with beam parameters

Where: MR Extraction sector and Dump beam line 

1. it might allow measuring primary proton halo

2. it might allow studying  losses generated in the extraction section

3. locating and testing detectors there is easier and more practical than in NU line  

Preliminary studies:  a few scintillating detectors were located in the extraction section to assess   

• L/R asimmetry of beam lossed generated at QFP155 magnet

• Differences in losses at QFP 155 between extraction to NU line vs Dump line

• Impact of backscattering from primary protons impinging the dump in the abort line

• PMT and (local) HV generation beaviour in radiation harsh environment 

• SiPM and (local) Amplifiers behaviour in radiation harsh environment 

→ future use of Back Side Illuminated SiPM (FBK) - possibly more radiation hard -   

• Scintillators ageing 



Four scintillation detectors installed

April / May 2026

17

2 x scintillator–PMT → “Scinti” 1 and 2

Located downstream QDT 155 and Septum 

Magnet 22 and upstream Septum Magnet 33 

2 x scintillator-SiPM → “Silicon” 1 and 2

Located downstream Septum Magnet 33 

and upstream QFP 156



2x Scintill + PMT - Left and Right of the Main Ring pipe

“Scinti” 1 and 2 - located 

downstream Septum Magnet 22 and 

upstream Septum Magnet 33 

Simmetrical position 

on Left and Right of 

the Main Ring pipe 

Scintillator PMT 1

Scintillator PMT 2

4.09 µSv/h ± 1.1%

4.47 µSv/h ± 1.3%



2x Scintill + SiPM - Left side of the Nu beam pipe and of the ABORT beam pipe

“Silicon” 1 and 2 - located downstream Septum Magnet 33  and upstream QFP 156

- Same z position on NU beam line and ABORT beam line 

- Both on the same side of the beam pipes  

Scintillator SiPM 1

6.95 µSv/h ± 1.0%

Scintillator 

SiPM 2

5.73 µSv/h ± 0.9%

Scintillator SiPM 2



Collaborazione con KEK / J-PARC - Lettera di Supporto 

!!! high-power beam 

means 

stricter loss control



Collaborazione con KEK / J-PARC - Lettera di Supporto 



Main Ring beam parameters
J-PARC_MR_Overview_YoichiSato_20260101



Main Ring new arc optics → reduced losses
J-PARC_MR_Overview_YoichiSato_20260101



Main Ring new arc optics → reduced losses
J-PARC_MR_Overview_YoichiSato_20260101

In the Main Ring, protons do not simply go around a perfect circle: they undergo betatron oscillations (small 

horizontal and vertical oscillations around the ideal orbit).Imperfections, nonlinear magnetic fields and the 

beam’s own space-charge field can give particles small kicks (sideways pushes) . Usually these pushes are 

harmless. But if the machine tune is close to a resonance (corresponging to specific ratio of H and V tune), 

the kicks arrive with the right timing and can add up over many turns. Then some particles, especially those 

already in the beam tails, are driven to larger transverse amplitudes. This creates beam halo , and halo 

particles can later be lost at collimators or apertures.

The new-arc optics reduces this effect by changing the phase advance in the arcs. In simple terms, it arranges 

the machine so that the small kicks generated in different arc cells cancel each other more effectively, instead 

of adding coherently. This reduces resonance-driven halo formation and therefore helps reduce beam losses.



J-PARC_MR_Overview_YoichiSato_20260101



J-PARC_MR_Overview_YoichiSato_20260101



Beam Halo Monitoring in Abort/Dump line - easier R&D !!!   

Simplified halo monitor derived from the Main Ring OTR monitor (below) based on 

→ Fluorescence screens + optics with fast optical readout → 2D image, resolving bunch timing 

1) Timepix4 w/ image intensifier/MCP (synergy w/ TIMEPIX4 CSN5)

2) BSI-SiPM matrix (collaboration with FBK) 



Beam Halo Monitoring in Abort/Dump line - easier R&D !!!   

Halo measurement and normalization with the SSEM in the Dump Line 

→ Readout of side Ti-stips with “fast” CSA FE electronics → Halo/Core charge (bunch integrated)  

The peripheral titanium strips of the 

SSEM receive direct charge from the halo.

Their present electronics are optimized 

for the standard beam profile and is 

sensitive to the much smaller charge 

expected in lateral channels. 

We therefore propose a radiation-

tolerant, low-noise front-end based on 

BJT technology for selected strips. 

The same development can inform the 

analogue readout of the SiPM matrix, 

although the input impedance, shaping 

and dynamic-range requirements will 

differ.



Beam Halo Monitoring in Abort/Dump line - easier R&D !!!   

Attivita` 2027 

- Sviluppo del sistema ottico e meccanico (supporto ed integrazione in tower)

- Installazione di prova di detectors e readout (compatib. con schedula di beam)

- Prototipi Amplificatori

- Porting TIMEPIX4 (radiation hard FW & FPGA)

- Misure di fluorescenza

Le richieste di apparati comprendono i materiali fluorescenti, componenti ottici
(finestre in Suprasil e specchi), meccanica di supporto nella torre, schede FPGA per 
il readout prototipale e sviluppo dei front-end analogici per la lettura della matrice 
SiPM e delle strip laterali del monitor SSEM

Nota: SiPM e sistema Timepix4 da considerare gia` acqusiti via altri progetti 



Additional Material



Timeline 2026-2027 (draft) 

Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

T2K - JPARC

Neutrino RUN 17 ?

20272026



Further upgrade Near Detector (workshop CERN 2025/6/6)

→ Strong Interest of some INFN groups in Italy for R&D phase   

~ 2028-2029: Technical Design Report ~ 2030: start detector construction

→ Present R&D phase to develop detectors w/ reference to baseline detector suite defined in 2024  



Development TPC Optical Readout 

Synergy → DRD1/4 / INFN Gr5 TIMEPIX4 

Development new Digital-SiPM

Synergy → DRD4 / INFN Gr5 ASPIDES 

Development new Back Side illuminated SiPM

Synergy → DRD4 / INFN Gr5 IBIS-Next (C.Forza - PhD)

Readout of 

Water-based liquid scintillator

SiPM => low noise & high PDE

 Readout of 

very fine grained sci-fi detector

1. Downstream TCP under study 

- Optical readout of avalanche gas multiplication

- Extended drift regions 

- Transparent conductive anodes 

- Advanced timing solutions

2. “Thin” top and bottom TCPs under evaluation 

Further upgrade Near Detector

→ Optical Readout of TPC 



Development TPC Optical Readout 

Synergy → DRD1/4 / INFN Gr5 TIMEPIX4 

Development new Digital-SiPM

Synergy → DRD4 / INFN Gr5 ASPIDES 
Development new Back Side illuminated SiPM

Synergy → DRD4 / INFN Gr5 IBIS-Next (C.Forza - PhD)

Further upgrade Near Detector

New Laboratory (70m2) @ Padova DFA/INFN

- Gas detectors 

- Photo-detectors

- FE/Digital Electronics

w/ fs laser 200nm-2um

w/ spectrometer VUV-NIR

w/ cryostat, …   



Development TPC Optical Readout 

Synergy → DRD1/4 / INFN Gr5 TIMEPIX4 

Development new Digital-SiPM

Synergy → DRD4 / INFN Gr5 ASPIDES 
Development new Back Side illuminated SiPM

Synergy → DRD4 / INFN Gr5 IBIS-Next (C.Forza - PhD)

Further upgrade Near Detector

Requests to ASPIDES: optical instrumentation & parts 

    for Photo-detector characterization

Requests to TIMEPIX4: gas multiplier structures

DTZ-Gr1 Padova:  provided FPGAs for   

   Readout systems

Requests to HK for R&D = optical parts for imaging anode 

(Lenses, Mirrors, Quartz windows …) needed also for TPC laser 

data taking Request → O(15kE) including MM structures (prev. slide)
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