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Hyper-Kamiokande The detectors Performances

Hyper-Kamiokande (HK) is the next generation The system is stable for a wide range of
& & = h 5

Water-Cherenkov detector with multi-purpose :g‘pl)ev Kam;oll(and:;.[ses the new R12860 PMT : 1o peratures. During the experiment the vessel
scientific goals: boxrandng developed by will be in contact with temperature controlled

Investigation on CP-violation in leptonic :amar:a!suAkThe;e:hTTTzare base:von the water so we expect a temperature gradientin

sector; _UPE;’ BIIOERNGS SeERanclinicees ik the vessel that reaches around 25°C.

Neutrino oscillations (atmospheric, Signiticanty.

accelerator and solar); Temperature dipendence

Determination of the neutrino mass orderin,

Proton Decay;

Observation of astrophysical neutrinos.
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Vessel design for the 2
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20" B&L PMT electronic:

Pros The timing measure made by the FPGA has a

coverage resolution of ~0.2ns for 1 pe and gets better
Unlike Super-Kamiokande, in HK the electronics ata large number of pe, as expected by

will be inside the tank, to be closer to the theory.
detectors. This required the design of an

underwater pressurized vessel, that contains 2

digitizer boards, the concentrator board called

Digital Processing Board (DPB), and the power

supply boards (high and low voltage).

Timing resolution

Single channel

The single channel is designed using discrete

components and can be divided in three main The charge measurement circuit is able to

blocks : measure the charge with a resolution of

* The input receiver, used to protect the .1pC for a faster integration time of 200ns,
components from PMT discharges, to adapt and about 0.17pC at 400ns.
the impedance of the PMT cable and to limit
the bandwith of the input signal Charge resolution
The integrator circuit, that converts charge
into a voltage which is sampled by 2 12bit-
ADCs, one for High Gain (HG) one for Low
Gain (LG)
The timing measurement circuit, that uses 0.05
a discriminator to generate a digital signal
that is used from the FPGA to measure Time-
of-Arrival and Time-over-Threshold

»
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Board requirements .
Atiming resolution of less than 0.3ns@1pe Conc usions
(photo-electron) and less than 0.2ns@5pe %
A charge resolution of 0.05 pe under 10 pe * The digitizer complies with the
and more than 0.5% above 10 pe ,. - requirements. Prototypes are currently
A charge dynamic range from 0.1 to 1250 pe T under test and they are working as
Low power dissipation (less than 1 W for i3 — " | . expected.
each channel) * The design will be finalized soon and mass
Low expected failures (about 1% in 10 years) production will start shortly after.
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Hyper-Kamiokande is the next generation water Cherenkov experiment. It’s the biggest water Cherenkov detector
ever built and aims to obatin astonishing results in the field of particle physics.

- o : / It will be instrumented with 20,000 box-and-line PMTs
"1 having a 20’ radius. All the electronic will be in water,
o in pressurized vessels.

Vessel design for the 20"

Supérnovae PMTs electronics
neutrinos

"",’..‘, 1 The Sun in Neutrinos 20" B&L PMT

; _ The data taking will begin in 2027, and will continue for 20 years.
Solar neutrinos s,

Alessandro Di Nola - 24th IEEE Real Time Conference - ID #98



] X
Hyper-K

The Digitizer Board
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— Charge

Prototype board - W,
The prototypes now under test are capable to digitalize signals from 1 photoelectron to 1250 photoelectrons, with an
optimal resolution both on charge and timing measure.

The board is also equipped with a calibrator, that can tune each channel individually.

We are capable to digitalize events at a maximum rate of 700 KHz, thanks to a small deadtime, very useful in case of
supernovae.

This approach to the PMT readout resulted very reliable and low power consuming, only 220mW for each channel.
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