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Hyper-Kamiokande Project (HK) 2/15

⇒ 3rd gen. Water Cherenkov Detector

+ J-PARC ν beam complexHK Far Detector

Fiducial Vol.

∼ 190 kt
(8×Super-K, SK)
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Detector Principle and PMT 3/15

• Cherenkov Ring Imaging Detector

⇒ Ring shape with 5-dimension (r , t, q)
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EnergyCorrection

• 20-inch PMT: improved from SK→ twice better
Timing res., quantum eff. × collection eff., charge res.
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Electronics of Far Detector 4/15

FEE

x 24 PMTs

DigitizerHV PS

System
processor

Clock
manager

Power
converter

Sync. clock

Master
clock

PMT data etc.

Readout
system

Power
supply (PS)

Water-tight composite cable

Distributor & Concentrator

Watertight 
 vessel / feedthrough

Buffer

Sync. with J-PARC:

see L.Mellet’s talk! • Photosensors:

• Inner detector (ID):

∼ 20,000 20-inch PMTs

+ ∼ 1,000 mPMTs

• Outer detector (OD):

∼ 8,000 3-inch PMTs

• 1,000 underwater vessels

• Front-End Electronics

(FEE) and HV

for ID+OD PMT

⇒ Reliability: critical

⇒ Final design in Nov. 2023
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Requirement to Digitizer (1–50 MeV) 5/15

Low energy: 1–50 MeV

• Num. of PMT pulse ∼ 10/MeV
⇒ Single photon detection

• Nearby SN:

∼ 180 M events in 10 s

⇒ PMT signal rate ∼ 1 MHz

PMT response

• Timing res. ∼ 1.1 ns
• Charge res. ∼ 31 %
• Q dynamic range

∼ 1–1000 pe

Requirements

to digitizer
• Low noise & low threshold

• Maximizing PMT performance

• Timing resolution
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Requirement to Digitizer (> 100 MeV) 6/15

High energy ⇒ > 100 MeV

⇒ Dynamic range of ∼ 1000 p.e.
• Decay-electron from muon

• ID of invisible µ,π

⇒ Lifetime ∼ 2.2 µs

PMT response

• Timing res. ∼ 1.1 ns
• Charge res. ∼ 31 %
• Q dynamic range

∼ 1–1000 pe

Requirements

to digitizer

• Maximizing PMT performance

• Charge res. & dynamic range &

linearity

• Deadtime < 1 µs
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Three Options for HK Digitizer 7/15
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Option1: QTC+TDC 8/15
Q
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C Reliability based on > 10 yr experience in SK

In Shaper Charging & Discharging

Discriminator
QTC ASIC

TDC

T

Q

×3 (HG,MG,LG)

PMT signal
∝ Q

Hit timing

• Charge-to-Time Conv. (QTC)

• Custom ASIC for SK

• Established reliability by > 10 yr

operation in SK

• Time-to-Digital Conv. (TDC)

• Newly developed in FPGA for HK

NIMA610:710-717,2009
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Option2: HKROC 9/15
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New waveform-sampling ASIC

In Pre-AMP Shaper SAR ADC

T of Arrival

Calc.

T

Q

HKROC
×3 (HG,MG,LG)

• Waveform sampling ASIC
• Based on HGCROC (CMS HGCalorimeter)

• Sampling ADC + Time of Arrival via TDC
I 40 MSPS, configurable number of sampling points

⇒ Signal separation: ∆t > 30 ns
• Reduced deadtime ⇒ decay-e and nearby SN

30 ns

Obs. WF

w.r.t.

amplitude
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Option3: Discrete Type 10/15
D
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In Shaper Integrator

Fast AMP Discriminator TDC

High G ADC

Low G ADC

AFE
T

Q

• Highly tunable / flexible circuit
with discrete parts

• Components: op-amp, ADC

• Time over Threshold (ToT)

• Complementary information with

integrated Q by ADC

⇒ May help to separate noise /

pre-pulse / late-pulse
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R&D Status: Full Functional Model 11/15

Prototypes of digitizers for performance evaluation

QTC+TDC
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12-ch PMT inputs

HKROC

HKROC Chip

5mm

FPGA: system

HKROC

mother board

Discrete

24 ch analog frontends

SoM:

TDC &

system

⇒ Next revision: single board with all functions

• Integration with OD digitizers, size optimization etc.
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Evaluation of Digitizers 12/15

1. Basic performance with FG
• Deterministic signal

I Stable noise, and configurable

pulse timing and amplitude

Normalized reference waveforms

2. Confirmation with PMT
• AC coupled system
• Stochastic signal

I Noise and pre-/late-/after-pulse
I Termination and reflections
I Handling of baseline fluctuation

⇒ Important cross validation

3. Response to environment: ESD, temperature

4. Circuit simulation: power, heat, reflection etc.
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Evaluation of Digitizers (example) 13/15

Readout from 20” PMT
PMT characters are reproduced:

charge res., timing res., linearity, etc.

Protection circuit
Discrete

type

2kV spark gen.

Signal after 1000 discharges
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HK QTC+TDC+CAL: ch3

Many other tests (all

options): reflection,

cross-talk, rate capa-

bility, FIT calc. etc.
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Status of Measurements 14/15

Measuring performance in parallel

QTC+TDC HKROC Discrete

QTC+TDC

Discrete HKROC

⇒ Results of measurements are
being reviewed in collaboration

• Basic requirements: satisfied
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Summary and Prospect 15/15

• Hyper-Kamiokande: water Cherenkov detector
• FV ∼ 190 kt, 20,000 of 20” PMTs + 1,000 mPMTs

• Planning to start operation in 2027

• Three options of digitizer for 20” PMTs
• QTC ASIC + TDC: experience over 10 yr in SK

• HKROC: new waveform-sampling ASIC

• Discrete type: tunability & flexibility

• Schedule
• Collaboration review is ongoing to select one option

⇒ Starting R&D of integrated design of ID and OD PMTs

⇒ 2023 May.

Start of system-test

in vessel

and underwater

2023 Nov.

Freezing design of FEE

Starting designing of mass-

production model
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Requirements to Digitizer 17/15

Basic performance required to digitizers

Timing resolution
0.3 ns (1 pe)

0.2 ns (> 5 pe)

Charge resolution
0.1 pe (< 10 pe)

1 % (> 10 pe)

Charge dynamic range 1–1250 pe

Charge linearity ≤ 1 %

Discri. threshold < 1/6 pe

Practical characters
Dead-time, hit rate, failure rate, cross talk, SN ratio, tempera-

ture coefficient, ESD tolerance, power consumption, etc.
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QTC+TDC: QTC detail 18/15
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HKROC: block diagram 19/15
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Discrete: block diagram 20/15
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