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HYPER-K Padova - Attivita 2026 e Prospettiva 2027

OverviewW  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
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Attivita 2025-26 - Consolitato ruolo in T2K / Hyper-K

 Responsabillita in attivita 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,
+
+ HW patch for
- Coordinamento calibrazioni con TPCO @ CERN con Laser e Test Beam
+ @ LNL
+ @ LNL

* |niziata 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
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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

FPN Trigger Primitives

Gigabit/
Etherne

TTL LED1
TTL LED2

100 MHz

Clk & trg

SCMs for ND280 Upgrade Sub-Detectors
GPS > D —
& |loomnz 100 Mz There is time slip (shift by ~10ns) between detectors in different SCM’s
beam - trigger * |n order to allow precision timing in order of ~ns, SFG+TOF to be in same clock module and
3 100 MHz thus same cascade
TFB: TRIP-t front-end board =1 E TTL laser fire === FEE (FGD) FEE (TPC) TFBO TFBy -1
RMM: r/o merger module =2 B K5 TTL laser trigger request : ) * :
CTM: global trigger module _ : :
MCM: master clock module trigger : i
SCM: slave clock module : :
FPN: front-end proc. node (PC) 100 MHz I ) ! :
DCC: data concentrator card Clk & trig / data | SCM FGD SCM TPC SCM (TRIPt) '
CME: crate master board : 4 S i
I {H 1
optical = ijl |
electrical TTL or LVDS — —4 | L2
Marker or 100 MHz clock —= CMB
Magnet 1 bit trigger N GPS

Master Clock Board
SFG: SuperFGD MCB = =

HAT: High-Angle TPC 47—
TOF: Time-Over-Flight ﬁ m m s =SS
MCM: Master Clock Module

SCM: Slave Clock Module
FEE: Front-End Electronics




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 7?



ND280 - Trigger / Clock and DAQ HW electronics

Attivita’ 2025-26 - INFN Padova Attivita” 2026-27

« DCCs = Individuata Dev. Board per spares !

+ informazioni e ultima sorgente FW (2016) = DCCs nuove spares dopo Run 27

« Ultimata patch per portare full Trigger-\Word =)

da SCM a MCB via EPGA ancillare » Commissioning patch in Fall 2026

Bit MCM= SCM/CTM
0-31 event number s
32-47 Spill number
Trigger S C M = fO I :
48 Beam spill LVDS signals
49 Pedestal/noi -
upgrade sub-dets Partial TW >
50 TPC laser \_ ) & B
51 POD LED usy
52 ECAL LED
| 53 FGD LED
54 FEE calibration Full TW via
55 TRIP-t cosmic : :
= CD conrmic Opticla fiber
57 Auxiliary trigger
Instruction
58 Reserved for start-of-run
59 Reserved for end-of-run F P G A
In TW via copper .
pper patCh LVDS signals
Mancano ultimi bits Full TW

messaging 11




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

Attivita 2025-26 - INFN Padova
@ CERN
 Completato setup di «Field Cage 0» (TPCO) per misure E-field e risoluzione spaziale
- finestre quarzo, specchio con movimentazione, sicurezze Laser protocolli CERN !!!
- Distorsione campo elettrico controllata, ... - talk M.Feltre
* |n 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 TPCO, gas system, laboratorio !!!

@ INFN LNL
« (Caratterizzazione tracce Laser (266nm) in prototipo TPC - tesi LM
« (Caratterizzazione e Simulazione Laser Optics & lonization mechanism - tesi LT

Attivita 2026-27

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

Upgrades to new target

Replacement of ND280 s | & cooling system
Magnet Power Supply ; - ~ | (+ Replacement of horn & OTR)

| Upgrade of maintenance
scheme at Final Focusing sec.

\\

Primary
beamline

MUMON hut ‘ Neutrino Utllity I

Replacement of
building 2

Upgrade of HV/DV

water cooling system - \.. |
Neutrino Utility | u
building 1 ‘




Neutrino Beam - Nuova attivita INFN Padova

Attivita' 2025-26

Nel 2025 e stata avviata una nuova collaborazione tra il gruppo INFN di Padova e KEK/J-PARC
sulle attivita relative al fascio di neutrini ad alta intensita grazie a

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

- Attivita 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

Primary Beamline Monitors Final Focusing Section

Beam Direction —
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beam window

® 5 CTs (Current Transfﬂrmers) — monitor proton beam current
®* 50 BLMs (Beam Loss Monitors) — monitor proton beam loss

® 21 ESMs (Electrostatic Monitors) — monitor proton beam position
T These are non-interacting and should work stably even at 1.3MW 7

[ These are interacting and may degrade at high beam power ]
® 19—-18 SSEMs (Segmented Secondary Emission Monitors) + 2

WSEMs (Wire SEMs) — monitor beam profile during beam tuning
® 1 OTR (Optical Transition Radiation) Monitor — monitors proton
beam position and profile at target
e 1 MUMON (Muon Monitor) — continuouslv monitor muon beam



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 Calibrat . .
alibration Duct in Tokai-2

- Errore di calibrazione ~ O(0.5%) S —— _

New calibration scheme
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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 distribution...

Segmented Secondary Emission
Monitor, SSEM (4+ WSEM)

anode cathode  anode

50 BLMs (Beam Loss Monitors)

® |nstalled periodically along the
beamline

® Continuously monitor beam loss

Proton beam

® Wire proportional counter filled
with an Ar-CO» mixture

® |onizing particles produced by N probe
beam loss ionize gas in chamber Hvé N= )
~proportional to amount of beam oo SRS i
loss ® Protons hit 3x 5um Ti foils (wires)

e The BLM signal is integrated _ ® Secondary electrons are emitted from
during each beam spill to NU, and Extremely important for segmented cathode plane and

m Protecting beamline equipment and collected on anode planes
understanding residual radiation of

if it exceeds a set threshold a bea

abort interlock signal is fired ® Compensating charge in each cathode

beamline components strip is read out by ADC




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...
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MR / Primary neutrino line Extraction Sector

Kicker Magnets ( KM ) Low Field Septum Magnets ( SM )
BL=0.126Tm, 8=6.1mrad SM1 SM2
They are installed to the vacuum chambers BL(Tm) 0.44 0.44 QDT155
O(mrad) 4.354.35 To Neutrino Line
They are installed
to the vacuum chambers
: -—: % "
KM1 KMm2 KM3 KM4 KMS SM1 SM2 SM30 SM31 gp32 SM33 /
FR154
High Field Septum Magnets To Abort Line
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BL(Tm) 117 175 181 181

Horizontal FX Beam Envelopes and Aperture to NU 6 (mrad) 11.4 17 17.6  17.6
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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 llluminated SiPM (FBK) - possibly more radiation hard -
 Scintillators ageing




Four scintillation detectors installed
April / May 2026

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 o
Scintillator PMT 1
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2x Scintill + SiPM - Left side of the Nu beam pipe and of the ABORT beam pipe

Scintillator SiPM 1
“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
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Collaborazione con KEK / J-PARC - Lettera di Supporto

INTER-UNIVERSITY RESEARCH INSTITUTE CORPORATION
(E) HIGH ENERGY ACCELERATOR RESEARCH ORGANIZATION
. = 1-1.0HO.TSUKUBA-SHI
| k( l[‘]i & IBARAKI-KEN.305-0801 JAPAN

http./www.kek jp/

21 July 2026
Subject: Support for INFN contribution to beam activities at J-PARC

Dear INFN Scientific Committee Colleagues,

On behalf of the KEK Institute of Particle and Nuclear Studies and J-PARC Center, we would like to express

our strong interest in strengthening the collaboration with INFN on Neutrino beam related activities at J-

PARC. .

The J-PARC Neutrino Beam 1s progressing toward high-power operation. In this context, control of the Main ! ! ! h I g h — p Owe r b e a m
Ring and primary proton beam halo and losses 1s essential for maintaining high beam intensity, limiting

activation, preserving hands-on maintenance capability, and ensuring reliable operation for the T2K and m ea n S

future Hyper-Kamiokande neutrino beam program. .

Recent developments of the Main Ring optics have demonstrated significant progress in reducing the effects St rl Cte r I O S S CO n tro I
of systematic resonances near the operating point and decreasing beam losses during high-intensity operation.

Nevertheless, further improvements may require dedicated diagnostics capable of directly measuring beam

halo and correlating it with beam optics, collimator settings, beam-loss patterns, RF-related and other beam

parameters. Such measurements are important to validate simulations, optimize collimation, and guide future

beam tuning for high-power operation.



Collaborazione con KEK / J-PARC - Lettera di Supporto

In this framework, we have discussed with the INFN Padova group a possible collaborative activity focused
on new beam instrumentation for the J-PARC beam lines, with particular attention to beam halo monitoring
and beam-loss diagnostics in the Mam Ring extraction/dump-line region. A dedicated halo monitor in a
suitable location could provide direct information on the halo population transported toward the
extraction/dump region. This would complement existing beam-loss monitors and provide valuable input for
optics studies, collimator optimization, and beam-loss mitigation.

We appreciate the initial support already provided by INFN for beam-related activities at J-PARC. This
support represents an important first step toward a more structured and long-term collaboration on beam
instrumentation, diagnostics, and high-power beam operation.

We therefore support the request of the INFN Padova group to formally open a dedicated INFN activity line
connected to J-PARC beam instrumentation, diagnostics and operations. For the 2027 Italian fiscal year, we
understand that the Padova group intends to request INFN support for instrumentation, together with
personnel resources for design, simulation, prototyping, beam studies, and participation in beam activities at
J-PARC. We consider this request scientifically well motivated and we believe that this activity 1s well aligned

with the long-standing INFN participation in T2K and Hyvper-Kamiokande and would further strengthen the

collaboration between INFN, KEK, and J-PARC.
We look forward to continuing and expanding this collaboration with INFN, and we would be grateful for

INFN's support in establishing this activity on a stable basis for 2027 and the following years.

Naohito Saito

Director

Institute of Particle and Nuclear Studies,

High Energy Accelerator Research Organization

Email: naohito.saito(@kek.jp

z W W~ PE
= Takashi Kobayashi

Director
J—PARC Center,
High Energy Accelerator Research Organization

Email: takashi kobavashi@kek.jp

721 L‘Z‘E‘AV /[/&War;ﬂa_ \’F,Z?Fi

Takeshi Nakadaira

Leader of Neutrino Group, Institute of Particle and Nuclear Studies

/ Division Head of Particle and Nuclear Physics Division, J-PARC Center
High Energy Accelerator Research Organization

Email: takeshi.nakadaira(@kek.jp



Main Ring beam parameters

J-PARC_MR_Overview_YoichiSato 20260101

Circumference 1567.5 m - yo9e 2096 2028
Injection energy 3 GeV 230kW 1.3MW
Extraction energy 30 GeV |
. MR cycle 1.36 sec 1.28 sec 1.16 sec
Super-periodicity 3 Intensity 2.35E14 ppp 2.7E14 ppp 3.15E14 ppp
Number of protons
harmonic 9 = i
Number of bunches 8 .
15
Physical Aperture 817 mm-mrad 10
Ring Collimator 54-70 t mmmrad ;

0 L3GeV

1.36

Transverse emittance :

5S4 mm-mrad
10r mm-mrad (30 GeV)

At injection

At extraction

0.5

4-time-injection
2 bunches at a time



J-PARC_MR_Overview_YoichiSato 20260101

Main Ring new arc optics - reduced losses

| 2024 Jun 21 11:23:51 - Run 91 Shot 2777780 |

» Power : 800 kW A ¢ i *  Tuning knobs has been
* Repetition : 1.36 sec BBl Beam loss distribution confirmed by beam loss &
* 4 batch (2 bunch each) injection S x: position in MR - residual doses in user-
during the period of 0.13 s RNy V- time | operation season
8 bunch of 3.0 E:lf} prrrltuns per 2 E « Narrower beam / less
bunch (ppb) @ Injection = beam halo from RCS to MR
* 2.4 el4 ppp extracted to NU S - Stable Optics
facility in one turn at the end of E‘sji 0 - 2 = _— « Finer Optics Corr. Scheme
acceleration N co MR address " « Better Optics (3-fold
u | - — symmetry)
* Beam Loss : <1% (1kW) ¢ | - Resonance correction w
* Loss power is within LCollimator Trim-Sext., Oct.
the il};[: {;{T;Ematur limit E ¢ | | FEE | * Res. line insight and opt.
of 3.1 So Nl & . Tune/Tune-tracking
* Loss at 3-50BT : 100 W, EJE ool Non—Colll ator) '. - Better loss localization w
<3-50BT :cuuimamrlimit é e [RllMoni ﬁ jel im mWSJ upgraded COL system
of 2 kW =2 I o kgt bt b,  Instability suppression
et + New Optics/FX-Orbit at
NOTE *: Beam loss estimated with DCCT, Bl M- MR address Flat tOD l {‘-)

Low gain in collimator area
High gain in non-collimator area



J-PARC_MR_Overview_YoichiSato 20260101

Main Ring new arc optics - reduced losses
«* J-PARC New-arc beam optics to aim FX 1.3 MW #i&es”

BEAM LOSS SIMULATIONS

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.
n present user operation, the IVIR collimators are set in bspl horizontally, : i
where beam losses are well localized at the collimator area.

Further new working points in the region of 20.5 < v,, v,< 21, New-Arc Optics
having broader low-loss area, are explored in simulation, in 20.5 < vy vy <21
adopting the concept of the new-arc optics.

Hardware requirements especially for Update plan of QFR-PS

Main Magnet Power Supplies have been investigated. in JFY2026




J-PARC_MR_Overview_YoichiSato 20260101

FIX Sources of beam halo

(21.35,21.430 |
g -]

(2 Beam Halo Development/Measurement/Collimation
| (D SET BEAM OPTICS  (2) MEASURE/COLLIMATE BEAM HALO 1

Y. Hashimoto, HEZ015

Wide range OTR/FL

Beam halo should be collimated at collimators, not to radioactivate
the devices in non-collimator area. Scattered particles should be

a=11.33 mm

Effects of betatron
resonances depend
on beam optics

caught at collimators.

MNE 1-81

_ Uqﬂical tune

BT-OTR/FL
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-------
''''''''''

(28] e 3 T
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3) OPTIMIZE BEAM HALO COLLIMATION

Optimization can be confirmed by residual doses of

ﬂ}(suite Simulation (Beam Optics, Orbit, Scattered at coll.)

N

Beam Diagnostics (beam loss, beam halo, )

accelerator devices to keep their maintenance capability. X.Sllite . %—-

Simulation base tunings are planned by using Xsuite g;"gztl::ltl!_)?::k ;XSUHE Correlation among Many Parameters: > ML

(Integration tool of MAD and Geant4), beyond simple beam A

; through o Output =

tracking approaches (SAD-base). Input Measured Data and Machine learning

Xsuite Results into ML, Get better Coll. set and sim. Model. ~ Optimizing Collimator positions/angles /
. >

Iry Above Process for Well Controlled Beam

Several Beam Optics
and Choose the Best

having world highest
protons per pulse

)

Stable & Highest
Neutrino Beam

43
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FIX Sources
Beam Profile ;1.2

Effects of betatron ~_beam F _
Core/Halo

resonances depend 1 [\r /\_.

Y. Hashimoto, HEZ015

1. 5et beam optics Vide range OTR/FL

on beam optics

Measure beam halo and beam losses TR N
mator OUT || '-L_"P]]i_l““t?r_,[;"_- |
! bty

(3 OPTIMIZ . Optimize collimator positions / angles PR S B

Optimization can be Drbit, Scattered at coll.)

accelerator devices i
Simulation base tun

(Integration tool of . Compare with simulations

tracking approache
Xsuite Results into L sitions/angles /

>

arameters: > ML

E> Try A . Feed back to machine operation Highest

Sevel ) _ 7
and Choose the Best protons per pulse 7V Neutrino Beam 43




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)

Mirror Chamber

Optical Transition Radiatior

27 8% Target Chamber

[ | R '
— ] Alumina Screen : 0.5 mm
and flumescence screens o
L] 1 2 —— ™ Fluorescence Stainless plate 0.5 n
»~ : ;\,‘! | & (Isotropic Radiation) thick
7 1 - \“ Shill . Beam Hale=4- (Il
- L 4 - n2 - T . X OTR
it . \ ! Solid Screen N (Angular Distributed Radiati ori)/ N ) \
U . o B for Beam Core o X B )
. , ‘A’-." Beam Core —
¥78 ANIINNN AN ¥ \ot_ \/
i - _6 ’{/72/77 quired Field Depth

Upper Concave Mirror Fluorescence -5 mm R
Beam Hole Movable Aluming Screen {({I
Convex Mirror for Beamn Halo

Lower Concave Mirror Titanium Screen : 5 um thick
Quartz View Port
OTR & Luminescence Screens e o) ' Fl
Upper Beam Port SR
Lower Beam port OTR

O NS T N




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)

Segmented Secondary Emission The peripheral titanium strips of the
Monitor. SSEM (+ WSEM) SSEM receive direct charge from the halo.

anode cathode  anode

Q Their present electronics are optimized

/

T for the standard beam profile and is

e Ll ml = = sensitive to the much smaller charge
1IN G expected in lateral channels.

N /P“’be We therefore propose a radiation-

Hv i tolerant, low-noise front-end based on

: o _ BJT technology for selected strips.
® Protons hit 3x 5um Ti foils (wires)

® Secondary electrons are emitted from
segmented cathode plane and
collected on anode planes

The same development can inform the
analogue readout of the SiPM matrix,
although the input impedance, shaping

® Compensating charge in each cathode and dynamic-range requirements will
strip is read out by ADC 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)

2026 2027

T2K - JPARC

Neutrino RUN 17 ?



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

Physics goal of ND280++ o v EEME oo oo

e Measure o(v,) vs cr(uﬂ) and o(v,) vs o(U,) precisely - ’ Prot(?n

= need 3D granularity (possibly very fine), large mass, good calorimetry,
and low threshold (<0.5 GeV), hadronic part (studies of C vs O)

u

» Measure interactions in water (v, and 7,) : ‘
1
= need 3D granularity, large H»O/CH content ratio, detailed hadronic part

* Reconstruct neutrons and reconstruct kinetic energy w/ time of flight
(2p2h, direct 7/, flux measurement, axial mass)

. . | PPHD- ECAL

= need 3D granularity, high hydrogen content, fully active, large mass, fast M
o
* Reconstruct detailed hadronic part (e.g. protons below 300 MeV/c, vertex act.) 5 et gi-
g
= need very fine granularity q é - (50ER - E6b %
e What about Neutral Currents (break the degeneracy in INCD-PRISM analysis, W wDAORRES =
important NC1pi+) 3 (A= TPC g
= need 3D granularity, large mass, at least... A% | =

PDE BN Refurbished ECAL

~ 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

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



Further upgrade Near Detector

Refurbished ECAL

PPHD- ECAL
i Hyper-EGD SciFi
T Water WS/
i SFGD
Jd| S| Doeer- Es ~10¢t
“'J — ~2tonnes
8 RA-TEPC
W - ,A
PPB- ecAL Réfurbished ECAL

Development new Back Side illuminated SiPM

Development TPC Optical Readout
[Synergy > DRD1/4 / INFN Gr5 TIMEPIX4 ]|

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

Development new Digital-SiPM

|Synergy > DRD4 / INFN Gr5 ASPIDES |

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

Cos S

Readout of
& 3 ‘f Water-based liquid scintillator

SiPM => low noise & high PDE

16 17
e] o o

- Optical Readout of TPC

< Readout of
very fine grained sci-fi detector



Further upgrade Near Detector Development TPC Optical Readout
[Synergy > DRD1/4 / INFN Gr5 TIMEPIX4 ]

New Laboratory (70m?) @ Padova DFA/INFN T —
- Gas detectors

= Microchannel plate
stack

= Timepix4 ASIC as
pixelated anode
o Electron cloud
(pixels cluster)
o 55um X 55um pitch
o 0.23 M pixels
measuring arrival

time and duration of
input signals

225 e
RSN,
.....

-  Photo-detectors
- FE/Digital Electronics

Electrons cloud

o 7 cm? active area

w/ fs laser 200nm-2um ik - s
w/ spectrometer VUV-NIR
w/ cryostat, ...

JINST 13 C12005 2018 Zy processing

Development new Digital-SiPM
|Synergy > DRD4 / INFN Gr5 ASPIDES |

Development new Back Side illuminated SiPM

[Synergy - DRD4 / INFN Gr5 IBIS-Next (C.Forza - PhD) ] Digital (CMOS) SiPMs: readout
functionalities implemented in the
SPAD dimenls.inn reduceable; Entrance ?ujnduw isfree:  SiPMs: analogue signal proportional gensor substrate (e_g_ binaIY counters,
High dynamic range UV sensitivity to number of fired cells, readout SPAD masking, TDCs ...)
performed externally
Dl e HL N TR[GFD_\_-} 4
SPM CF :1:: ﬁ RES]NTQ* o
I I ; Hin Triggering |
Il : o AL START, 4 TDC
fiushiiing + WV—I “H“H‘_L 2 Network . @ C
resistance VBIAs |_.' I | >_‘_ Vo _l‘_-_H_:t E [_ + 5T
Electronics can be Metallic grid Pt CSA CATE RS X

Integrated in 3D



Further upgrade Near Detector Development TPC Optical Readout
[Synergy > DRD1/4 / INFN Gr5 TIMEPIX4 ]

Requests to ASPIDES:  optical instrumentation & parts jSigephaon+ s
for Photo-detector characterization

= Microchannel plate
stack
= Timepix4 ASIC as
S pixelated anode
o Electron cloud

Requests to TIMEPIX4:  gas multiplier structures

(pixels cluster)
o 55um X 55um pitch
o 0.23 M pixels
measuring arrival

time and duration of
input signals

ReadOUt Systems - o 7 cm? active area

- Pixelated anode a Up to 2.5 Ghits/s
' ‘ o Local signal

JINST 13 C12005 2018 Zy processing

Electrons cloud

DTZ-Gr1 Padova: provided FPGAs for

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) Development new Digital-SiPM

|Synergy > DRD4 / INFN Gr5 ASPIDES |

Development new Back Side illuminated SiPM

[Synergy - DRD4 / INFN Gr5 IBIS-Next (C.Forza - PhD) ] Digital (CMOS) SiPMs: readout
functionalities implemented in the
SPAD dimension reduceable: Entrance window is free:  SiPMs: analogue signal proportional sensor substrate (e.g. binary counters,
High dynamic range UV ssnsitvity to number of fired cells, readout SPAD masking, TDCs ...)
performed externally
Dl L HL N TR[GFD_\_-} 4
SIPM Cr :1:: ﬁ RES]NTQ* o
I I ; Hin Triggering |
Il : o AL START, 4 TDC
Quenching y | “H“H‘—L i Network N @ C
resistance BIAS l—:_b'_xj >_4_ Vo “K“H“—L i [_ i
Electronics can be Metallic grid H CSA Atk e *

Integrated in 3D
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