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far detector and timing system
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Hyper-Kamiokande in a nutshell
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https://indico.in2p3.fr/event/33627/contributions/154590/
https://indico.in2p3.fr/event/33627/contributions/154593/

The Hyper-Kamiokande detector

Super-Kamiokande

Cherenkov light

Neutrino
. > J)—
Charged
particle
In water

Super Kamiokande Hyper Kamiokande

Fiducial volume x8

_________________________________________________________ site o Mozumi_ . Tochibora

_______________ Number of ID 50-cmPMTs | 11129 . .~20,000 — non-beam v physics

__________________________________ Photo-coverage ... | ... 40% . . ...>=20% .

________ Single-photon efficiency/PMT | ~~~~ ~12% .. ~24% . Beam neutrino

_____________________________________ Darkrate/PMT | ~4kHz o ~4kHz event rate x 20

____________ Time resolutionofiphoton. | === ~3ns = . ~19ns -~ -
Total/fiducial mass (kton) 50 / 22.5 260 / 188 = beam v physics
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50-cm PMTs, mPMTs and readou
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Underwater

electronice

| —— S

Inner detector:
e ~20k 50-cm PMTs (Hamamatsu R12860)

« ~800 mPMTs (19 8-cm R14374 PMT) — Better SNR, directionality, timing
Outer detector: ~3.6k 8-cm PMTs inserted in WLS plates

S0 Optical insulation using Tyvek sheets
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A Hyp er-Kami okande Status of the Hyper-Kamiokande Construction — EPS HEP July 2025 4

i

'?

Vi



JFY2020
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Prepar Tunnel

Construction schedule

We are here PMT installation

JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFYZ2028

Cavern Tank Detector
Const. excavation Const. Const.

PMT production

PMT cases, Electronics etc. |

Power-upgrade of J-PARC and Neutrino Beam-line

I Y A . I
Near Detector Facility, R&D, production IWCD construction

Operation
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Dome excavatlon completed |n Cptﬁ 2023

-
’_ -
»-94’&"' ‘\- m Yo /

\f‘.':\

-

=\

%Hyper-Kamlokande Status of the Hyper-Kamiokande Construction — EPS HEP July 2025



Excavation status
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Excavation status
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Excavation is about to be completed!
Start of the tank and support structure construction in the coming weeks
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https://www.youtube.com/watch?v=SrQlqsSHOtM

Mock-ups and installation procedure

Mock-up in Kamioka

Installation frames in Kamioka and RAL (UK)
— Finalisation of installation procedure definition
— Tests/training with Japanese construction company
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RAL mock-up
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Underwater electronics vessel

Clock Low-Voltage
OAsystem |y ibution | | PS
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'y Under water
.C -// :/ Vessel Low-Voltage
/ _ /7 n Regulator
Data Processing | |  Clock i
o . Board H Sync’

Underwater digitisation electronics
- Short distance between PMT and electronics (<20 m) Hiqho\/

. — | High-Voltage |
- All signals must be brought to vessel : IEF'?'Q'“ZGF ol la  PS
- Data sent back to DAQ (out of water) ‘H_L_lH_H_LH_ﬁ_H
- Different from Super-Kamiokande (smaller detector) +

International collaboration: France, ltaly, Japan, Korea, E g «04

Poland, Spain, Switzerland, UK | |
Infrastructure and calibration [®] e
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Underwater tests and assembly at CERN

Assembly test-stand

Hosted at CERN Neutrino Platform (NPO8)
- Vertical test-stand (integration tests of all components)

- Assembly tests on mock-ups
- Assembly and calibration of 1000 vessels

- Storage before shipment to Japan

— Vessels assembly and calibration planned for 2nd half of 2026
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Clock and timing requirements

“Internal” synchronisation

| Front-end ﬂ /'@/ X24
| Front-end Rx 2 .?@,) X24
ﬂ Front-end ﬂ P '*?’f@ / X24

Correlation with external experiments Rings reconstruction by coincidence ___
(J-PARC Time-Of-Flight, Supernovae...) — time difference between PMTs
— event time-tagging < 100 ns using GNSS < 100 ps

receivers — constant skew after reset

{ “External” synchronisation

} | Local reference |
1 ¢ ] (atomic C|Ok) |

‘ Astro.
, communities
i (SNEWS...)

"I
- PRGN SRS PR A S -
T
. g
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| J-PARC ‘
t| Time-Of-Flight

--------
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X
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Time synchronisation and clock correction

le-7
11 % COTTECtIon
HK requirements e residual

HK setup \> ))>

0 e . o . St oot S e e et . A

Comparison
with GNSS o
1PPS o MH rqé =2 §
== 1PPS Z g
Time Clock 2
m Ref/Fanout distrigﬁtion =3 \ %
S
Free-running clock and GNSS-in comparison 4.0 45 5.0 5.5 6.0 i
M|D +6.071e4
Measure clock 1PPS drift with GPS receiver to correct/predict drift
- Very precise: few ns precision — NIMA 1075, 170358 (2025) i
- Insensitive to dilution of precision (bad satellites sky distribution) S
- Long-term clock drift corrected by steering clock (software control) §
— Results in agreement with simulation E
— Validation using a test-stand in Paris — UTC(OP) via White-Rabbit F
— Investigating more stable clocks like Cs clock
* Status of the Hyper-Kamiokande Construction — EPS HEP July 2025
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Online correction

a, b, c

a, b, c PR
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Rb - GPS Time

a, b, c
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- 5 Rb Time stamps
‘e to correct
. .
6 5' 1'O 1'5 2'0 2'5 3'0 BYS
Time

NIMA 1075, 170358
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https://doi.org/10.1016/j.nima.2025.170358

'Clock distribution status

Two-stages distribution system

- Distribute/multiply atomic clock signals to 1000 vessels
- Propagate synchronous data to all vessels

- Based on Clock-in-Data-Recovery (CDR)

- 24-port clock |

| 125 MHz, counter, Full timing synchronisation test using function generator
wdata - Realistic signal through digitiser, DPB
- < 300 ps resolution, consistent with TDC resolution

— Final production started — Ready by mid 2026

N

| 1‘ x4

C 1->924 paséi
ﬂ optical splitter_ |
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Conclusions and prospects

Hyper-Kamiokande construction is under way
- Excavation almost completed and tank and support structure installation will start soon

- Photo-detectors and electronics installation in 2027

Electronics production is on-going
- Challenging because digitisation happening underwater

- International efforts
- CERN as a centralised place for electronics assembly, calibration and transportation

Significant efforts on the timing system to reach requirements and beyond
- Design (free running Rb clock and GNSS comparison) fully validated

- Investigating more stable clocks to improve system stability

- Production of the distribution boards in 2025-2026

Water filling and commissioning until mid-2028 (7 months!)
Data taking start foreseen mid-2028!

Stay tuned!
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Clock distribution prototypes

it stage distrbut ot First- and second-stage distributors based on similar design
rs7-51a9e 'Sr' LROT Prototype - Xilinx Zyng UltraScale+ (2 multi-core processors + FPGA)

“and fanut board - 48 or 32 SFP optical transceivers (half for redundancy)
- 2 GbEth links for external control and display

RJ45 cable

i First prototypes being built/received and characterized
48-port distributor 48-port distributor
(Main - Master) (Main - Slave)

SFP
. o x48 . x48

Second-stage distributor prototype

3 Passive
1?%‘? Oplical 48 j
q d Splitters e
1—16
125 MHz Senal data 125 MHz Serial data
| clock TXRX clock TXIRX J
|

Totfrom second stage distributors — up tc 26
(i.e. 1536 front-ends assuming 16-port 2™ stage distributors)

-~ @D. Calvet FPGA Mezzanine TE0S08 .

T ew b 3 §.\

Pow\é"r-»-..,,su pplies b

RS485 *‘l -

Dual Ethernet Gigabit _

Zynq UltraScale+ module /'/ N

(T TE803) :
‘\ renLQSFP | A A SFPs for the fist : MUX test for redundancy
Clock Interfac i o o~ T AT - N distribution link 16 channels to FE (SFP)
ocC rlter acCe /'.-’ . ‘;““ - \ .‘-_..:"- o ."':‘ Space to re_allocate, eg ‘
Mezzanine card 3@ SNy 2 N synchronous I/0's

Optional spare SFP ports SMA & test points

and up-links

8 SFP parls for serial dala distribution L

via optical splitters + 8 up-links

p 8 SFP ports for pure clock distribution
. | 4 via optical splitters + 8 up-links
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Zoom-in HK detector
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Time synchronization: GNSS

b W
g : ¥

Correlation local time <> UTC using data stream coming from
Global Navigation Satellite System (GNSS)

Short-term: Rb clock more stable than GNSS

Long-term: frequency of Rb clock changes (random walk)
correctable using GNSS

10710 |

— Combine free-running atomic clock and offline time B \\Gpsnme-UTF&%‘%‘?%;%I%&%’ ol
. . . ' GST - UTC(OP) (via PolarX5) <
correction issued by GNSS receiver o | \ N
— Corrections every ~3 hours \\ \
1072
N

1074 |
[ SYRTE igmete | PSL#
10° 10 107
Al /s
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Time synchronization: GNSS

A o N
" v‘ i
/’v'

Correlation local time <> UTC using data stream coming from
Global Navigation Satellite System (GNSS)

J Calibration of antenna, cables & electronics in collaboration
with SYRTE (Obs. Paris) against time standard (precision sub-ns)

J Rb clock+GNSS measurements at LPNHE

e
- Impact of the number of visible satellites i \GPSEQ$:8¥F§§E?§E§%EE(§E§ —
- Synchronization GNNS-Rb clock via White-Rabbit ot | \ AN |
- Common view technique performances = \
- Usage of multi-constellations for better precision 012 | \\
c "

1074
[ SYRTE igmete | PSL#
1016 Ll e
10° 10 107
Al /s
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Time generation: Rb atomic clock

Microwaves oven
@ 6.8347 GHz

Intrinsic white noise
SRS FS7025: ~40 ps@1 s
PHM1008: 0.3 ps@1 s

Rb-87 lamp

(ERERR) 1 . L P iniiy 1 IR 1 P L Eitang 1 £ P P TNy | 1 VT HT0
. Photosensor — 1 5 sampling data during a few hours :
Rb-85 filter —— 1 h sampling data over several weeks
— 1 h sampling data over several weeks, quadratic fit removed
87 85 - 87 —Ml— Measurementat 10 MHz
Rb lamp Rb filter cell Rb resonance cell c PHM 1008
5%Py, 3, 5%Py, 3, © '

S
| 1 i :
-
4]
- —- =
-
g
)
2 F=2 F=3 F=2-- S
6.8347 GH~ O

F=2 . s . A 4 L2 SREEEEL

F=1 == £ | | \ i

Physics Today 60, 11, 33 (2007) [ SYRTE r@wlm 'PSL%. , _\/\
g SYstemes de R@fdrence Temps Espace ' ‘ ¥
10’1': i 4 114111 1 4 s aasul

. . . . 10° 10' 10° | “““1103 | “““1‘04 | ““1:05 | mm{o"
Comparison with time reference at SYRTE — performances studies veraaing ¢
veraging time (s)

More stable clocks e.g. Passive Hydrogen Maser (PHM1008) Allan standard deviation: paper

sl
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https://tf.nist.gov/general/pdf/7.pdf

Clock distribution performances

Time domain Frequency domain

Receilved clock time . .
Received clock (TX—RX) (jitter 40.6 ps
using oscilloscope (jtter 50 ps) eceived clock (TX—RX) { ps)

Splkes

Transmitted clock time == - DY [ [ fwesl [ 10
usmg oscilloscope (jitter 32 ps) Cleaned Wlth Phase Locked Loop (J|tter 2.4 ps)

PPhase Noise 15.00dB/ Ref -60.00dBc/Hz

— Required jitter below 100 psis | W
achievable with this technology ! | ‘\M\

Ms\ e M Tt I

JAJUM&;}_._‘L‘. i At N —
Bt (1] 00 A 1 Ok 100k 1M 10M
Menabase J0 0 i s |IF Gain S0dB Freq Band [39M-101MHz] ot [« 2] 775pts
m Phase Noise Star 2 {a] z
éﬂ ot RF / e ol ool ov]Pow 0v]Atm 30dB|Exibef L EaRer2| Stop|Sve [ 2020-10-23 15:44)
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Clock and GNSS slow control

NMEA file format

SGPGGA,092750.000,5321.6802,N,00630.3372,w,1,8,1.03,61.7,M,55.2,M,,*76

I\/Ionitoring of GNSS receivers via NMEA and — Fixed position of the receiver (“fix”) (5321.6802° N, 630.3372° W)

. ay . . SGPGSA,A,3,10,07,05,02,29,04,08,13,,,,,1.72,1.03,1.38*0A
CGG-I—I—S readOUt (ln add |t|0n to SBF flles |Ogg|ng) — |dentification of the satellites used in the fix (A: automatique; 3: fix 3D; satellites: 02, 04, 05, 07, 08, 10, 13, 29...)
sGpGsv,3,1,11,10,63,137,17,07,61,098,15,05,59,290,20,08,54,157,30*70
— Coordinates (elevation, azimuthal angle) and signal-to-noise ratio for in view satellites (3,1: 3 pages-1st page)

NMEA (National Marine Electronics Association)

- Instantaneous information about 1 Hz S ol el o ale a[=]=]+ - ME—
- can be changed to e.g. 0.1 Hz T e omeropoxom
- number, elevation, azimuth of satellites in view or used for position fix —
- dilution of precision

- proprietary informations like receiver temperature, ...

- Useful for monitoring !

[1:] Oa000DON31 (46]
[12] 020000024 (36
(13 OO 2 [34)
AZI0 v r DOUBLE 11 L} li= AN
ELZD . » DOUBLE 11 1 U= RWE

- aggregation of 13 minutes of 1PPS phase difference with one GNSS constellation  cgaTTS file format

SAT CL MJD STTIME TRKL ELV AZTH REFSV SRSV REFSYS SRSYS DSG IOE MDTR SMDT MDIO SMDI MSIO SMSI ISG FR HC

- Used for time transfer and external clock drifting ! frcex
hhmmss s .1dg.1dg .1ns .1ps/s .1ns .1ps/s.ins .1ns.1ps/s.1ns.1ps/s.1ns.1ps/s.1ns

G04 FF 60578 000600 780 44 2940 -3460099 332 1038676 403 56179 936 563 97 -119 97 -119 36 0 0 L3P EB
GO05 FF 60578 000600 780 185 485 2915517 286 1038647 274 45 56 252 14 107 -2 107 -2 35 0 OL3P 75
G16 FF 60578 000600 780 4353004 2759627 149 1038651 251 24 7 118 -16 91 21 91 21 18 0 OL3P 5D
G18 FF 60578 000600 780 677 1196 7590096 269 1038641 249 13 63 88 -2 93 27 93 27 9 0 O0L3P69

G20 FF 60578 000600 780 42 235 -2664401 72 1038653 68 122 11 973 778 121 172 121 172 85 0 0 L3P 91
G23 FF 60578 000600 780 76 1427 -2236545 359 1038671 442 87 73 592 -439 225 -192 225-192 66 0 0 L3P 04
G25 FF 60578 000600 780 77 1272 -3957628 435 1038652 435 79 4 588 432 239 -122 239 -122 52 0 0 L3P E1
G26 FF 60578 000600 780 780 2661 325797 419 1038650 332 9 68 83 -1 85 -38 85 -38 7 0 0L3P 56

G27 FF 60578 000600 780 186 2611 1378816 284 1038666 280 27 113 253 -81 170 -27 170 -27 17 0 OL3P CD
G28 FF 60578 000600 780211 1948 5270845 399 1038649 264 27 111 224 73 201 57 201 57 21 0 OL3P A3
G29 FF 60578 000600 780 331 690 6795390 216 1038650 241 27 12 148 26 108 48 108 48 21 0 OL3P 7E
G31 FF 60578 000600 780 429 2271 3281370 305 1038656 309 20 8 119 13 119 -5 119 -5 15 0 O L3P 62
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Dilution of precision

pt010400.24_- Dilution of Precision (DOP) Time Plot

Bad DOP

GNSS Time (homm:ss)
21320 7:46:40 13:20:00 18:53:20
|

| | | | I | | | i | 1 | 1 | 1 [

. : ' . Datasets
v =— PDOP
v W PVTMode

PVT Mode
v I Fixed location
+] - elb vl PVTN/A

wlodibiadlombinle

PDOP
§98888

T

GNSS Time (homm:ss)
21320 7.46:40 13:20:00 18:53:20
| I | 1 | I 1 | I I 1 1 | 1 I 1 [ | [ I 1 I Datasets
. —§ v =— TDOP
Satellites 60= v W PVTMode
a 40
8 & > 7335 PVT Mode
- g T -2 o e e —— "
= 3 v I Fixed location
il Y eV E PVTN/A
GNSS Time (homm:ss)
21320 7:46:40 13:20:00 18:53:20
J I | 1 I I 1 | I i 1 1 | 1 I | [ | [ I 1 I Datasets
30= v — HDOP
zo—f v W PVT Mode
a -
R 10= '
.— : V/@ Foxed location
ol 4] - bt v Il PVTN/A
/
V] GNSS Time (hmm:ss)
/ 21320 7:46:40 13:20:00 18:53:20
I | | | I 1 | | i | 1 | 1 I | I | [ I 1 I Datasets
v =— VDOP

v W PVT Mode

VDOP
—R-E-R-R-

PVT Mode
v I Fixed location
v Il PYTN/A

2

§ -
7
|
L
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Overall scheme
(« g’ ‘ ) Spare system

3
S

Primary system

Radon Hut

NTP Stratum-2
> Eth. switch <€ >

White-Rabbit slave
Central Hut 1 1

White-Rabbit main <€

—>»  \White-Rabbit main
Time ref/Fanout

/, = Time ref/Fanout
FDS FDS
PPS /

comparator A A
< A
Y Y
| > Eth. switch «€>»| Eth. switch [ |

R HC2

Main computer Spare computer
A

Side Hut (x4) Y Y

A
\] r’
L
Bl il Bl
A mE om0 mms
Legend: TDM TDM ... (x20)
— <€ Optical fiber
»N \ <> Ethernet cable T T
(_‘_EE@?@S 3258 of the Hyper Kamiokan
Hyper- Kamiokande
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Glossary

CGGTTS: CCTF Group on GNSS Time Transfer Standards
NMEA: National Marine Electronics Association

GNSS: Global Navigation Satellite System

GPS: Global Positioning System

FSCD: First Stage Clock Distributor

TDM: Time Distribution Module

IBERT: Integrated Bit Error Ratio Tester

< Hyper-Kamiokande
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