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yper-Kamiokande

* Next generation neutrino experiment in Japan, HK water tank
taking over Super-Kamiokande and starts in 2027

« Water Cherenkov detector with 260kton water tank (SK x10)
and ~40k photomultiplier tubes (PMTs) on the wall

* R&D of electronics is on-going in progress

and finalizing design in 3~4 years before mass production
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PMTs for HK  acsa

development of photo-sensor is a key ..
« 20" HK PMT (Box&Line: R12860) newly developed

Box & LineX £4/—F i

- improvements on charge collection and drift path \

- effi. x2, resolution x2, timing x2, pressure x2 20ET

- 140 PMTs installed in SK for test (2018) and working s 2 —
e Charge  |won | ° T Timing o

e T Transit Time
Spread [ns]
SK 2.86
HK 1.23

SPE Resolution

SK 60.1%
HK 30.8%

o further improvements for 20" explored
- Hybrid Photo Detector (Hamamatsu, R12850) osf-
- MCP PMT (China, originally developed for JUNO)
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« mPMT actively ongoing by international collaboration
- 19 x 8cm PMTs
- higher granularity, low dark rate(1/2)

> expect Hybrid configuration (Box&Line+X, 20,000~40,000)



Requirements for

Single photon detection

- low noise/threshold (<1/4 p.e.)
- small deadtime at 4~10kHz dark rate (<1 u's/ch/hit)

Charge/Timing information

- digitize faster signal shape of B&L PMT
- much less than HK PMT resolution (30% charge, 1ns timing)
- clock synchronization (<TDC resolution)

Super Nova detection
- 24H continuous operation

- large burst (~hundreds M events) from nearby SN

FE under water (to avoid long analog cable)
- no manual maintenance (durability)

- completely remote control

- water/pressure tolerant case & connector
- power consumption (heat exchange)

- |lectronics

PMT shape(20m)
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DAQ model for HK

SK model

« 40,000 PMTs connected to 2,000 frontend box under water
then digitized to Q/T by self trig  Clock delivered from GPS to frontend elec.

. Al hits readout to computer outside Data flow synchronized with each other and J-PARC beamline
with optical fiber ~100m __— GPS clock

« software trigger select events with #hits in gate

/

—
v atmospheric o GPS clock
neutrino
v' solar neutrino 1
v" Super Nova — | , 60m

v neutrino beam

~300km

frontend box

Hyper Kamiokande



HK Frontend Board

Frontend board water tight case

 Inside water/pressure tolerant case (~10atm) / \
« 24 PMT inputs with analog/HV cable <~20m) Power(48V) optical (“Gb/s)  optical (~Gb/s) optical (x2)

(x2) (x2)
* some Components
. . ey LV PS R A Clock + Counter
- Signal Digitizer AN ]

System control
+ Network I/F
Data handling
Digitizer control

- Data handling/Slow control

- Clock synchronization module
Slow control

- HV module included
« Interface to backend (~100m)

- optical lines (data/clock/backup) k
- 48V power line

HV system Signal digitizer

Clock + Counter

5

~2000 boards will be prepared x24 PMTs



Signal Digitizer

)
timing \
5 L—» charee " oA based TDC |
O
kS Fes ' -
g ‘ |::> TR E:> T: 250ps bin
o ‘£D -
= fil Square wave proportional
to input charge j
—
QTC (Charge to Time Converter) TDC
* ASIC developed for Super-K (reuse) . newly developed on FPGA (highly flexible)
« wide range: 1~2000pC with 3 scale « multi-phase TDC
+ Jitter ~ 200ps (1p.e.) + time bin 250ps (4GHz2)

dead time / channel / hit~1us
(0.4% @ 4kHz dark rate)
3 PMT inputs/chip ¢

e time resolution ~100ps



Prototype of Signal Digitizer

LV module (48V) =Y « developedin 2018
C connector « half scale (12 PMT input ~ 4QTC)

protection circuit equipped for HK B&L PMT
QTC part is implemented on prototype board
TDC part is implemented on FPGA board

connected via FMC connector
Genesys?

48V PS (Xilinx Kintex-7)

readout
via SiTCP

12 PMT input (LEMO)

protection circuit | 9



Protection Circuit for HK

. : . . PMT shape for 1 p.e.
newly introduced protection circuit for HK

 |long durability ~ 20yrs
« B&L signal much faster & higher amplitude up to 10V
above QTC operation voltage ~3V

HK B&L PMT

1. input buffer .. up to-10V

2. low pass filter .. fitted into QTC (3V)

3. clamp diode .. for possible large input
like discharge

noise level for 12ch x 3boards
new circuit 2 1pe. ~-3mV

clamp diode Input buffer LPF
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1DC Design

 Multi phase TDC implemented on FPGA
500MHz x 8 phases ~ 4GHz (250ps time bin)
v' no external calibration and stable
v’ good integral linearity ~ PLL
v’ good enough resolution ~ 100ps

« control of differential nonlinearity is a key
- come from propagation delay to 8 phase latches

- manually place 8 phase latches (equal path) = 50ps DNL

Design of 8 phase TDC

differential nonlinea

QTC signal

8 phase latches
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Performance of FPGA TDC

time difference for simultaneous inputs time resolution

~ chQschl ~ chlch? 125ps/sqrt(2) ~ 90ps

l RMS=119ps RMS=1%5ps o (A 1)/sqrt(2)
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Performance of Digitizer(QTC+TDC)

Time resolution (QTC+TDC)
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Tests with HK/SK PMTs

dark room
with compensation coil
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Synchronization system

« based on GPS / Rb clock
 cascaded distributors send clock and command to 2000 FEs (jitter<100ps)

 return line reports synchronized monitor (error, #hit) = backup line independent of DAQ path

Schematic diagram of the synchronization system * poster presentation by Izumiyama-san

1pps . . e e
[Gps receiver (timecode) Clock, counter and control signal Development of Timing Synchronization System i
External control signals distributor #1 . 3 A Tokyo Institute of Technology
1ops (NIM lovel) roset ete for Hyper-Kamiokande Electronics S ———
{ g Counter
| Atomic clock (Rb) Master clock generator e and
10MH clk Control si. - development of the system
U _ | | - evaluation of jitter with prototype
Clock, counter and control signal Status monitor Clock, counter and control signal
I (computer) .
distributors #2 distributors #2
(incl. response data handler ~41 distributors (incl. response data handler
+ LV (48V) power supply) connected to + LV (48V) power supply)
4 status monitor 4 4 4
clock, Response o
counter and (ACK/status, % HK Tank ~48 units
control sig. # of hits etc.)| an -
< L
(opt. fiber) (opt. fiber) = IMI
\A 4 vvlV vvlvy
| Front-end electronics module | Front-end Front-end
48 front-end elec. modules are connected to 1 distributor

There will be ~41 distributors #2. (#1 and #2 could be identical)



Other components

Power(48V) optical (“Gb/s)  optical (~Gb/s) optical (x2)
(x2) (x2)
N 4 B
LV PS 4N Clock + Counter
M .
i System control
! + Network I/F
Slow control Al Data handling
! Digitizer control Clock
| | !

Signal digitizer

Clock + Counter

M\

&

\

HV module ..
- stability

- noise

- heat

evaluation of prototype started

/Water tight case/connector .. Conceptual de5|gn
- pressure ~ 10ATM
- heat exchange
- weight

Dlameter

e —

)

A
i

Maximum
Board size
500mm x 500mm
| J
250kg!! -

Height (lnside)

Plate thickness : 30mm MR ke < A

. Diameter

Width (inside)
~500mm

o Maximum Board size

~

\

Data handling .. design, implementation started
- large buffer (~ 8GB/FE) for SN

- GTX between FPGA, optical transfer to outside

QTCx 4

Frimware on Genesys 2
for 12PMT

SP| master

(32bit)

TDC FPGA

GTX via HOMI

ethernet

16

Data handling FPGA?

/ 300mm x 500mm




Summary

« R&D of each components of HK electronics on-going in parallel

« prototypes and promising results for core component such as digitizer,
successfully readout real HK PMT signal.

e going to integrate components, finalize design in 3~4 years before mass
production



