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Outline

 Context & Motivations
– Synchronization for a particle physics 

detector

 Hyper-Kamiokande experiment in Japan

 Experimental set-up at LPNHE and results

 Conclusions and outlook 

Tokai to Hyper-Kamiokande

hyper-k.org

TokaiHK 300km
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Context

295 km @ 2.5° Off Axis

 Third generation Water Cherenkov detector in Japan
 Based on the experience from T2K and Super-Kamiokande
 295 km and 2.5° off-axis w.r.t. existing neutrino beam from J-PARC
 Existing near detector ND280 currently being upgraded for T2K-II
 Vast non-accelerator scientific program 
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Motivation

 Elaboration of the time synchronization and clock distribution for the Hyper-
Kamiokande (HK) experiment by the IN2P3-CEA-INFN group.
  The system is composed of two main parts: 

– Synchronization of all the local electronics modules to a local time base 
– Time difference assessment of this time base with the Coordinated 

Universal Time (UTC). 

Precise synchronization with UTC is crucial for studies of multi-messenger 
astrophysics and synchronization with accelerator neutrinos produced at J-PARC.

Precise time distribution is important for high-quality event reconstruction.

Goal: realization of a very stable and precise local time base 
and its synchronization with UTC
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Experiment’s requirements

 Local time base:
– 125 MHz clock distributed to all the electronics modules 
– Total jitter on any electronics module @125 MHz clock < 100 ps rms 

 Generation of 125 MHz clock: 
– Frequency multiplication of the clock generated by the local source up to 

the frequency needed for the experiment (125 MHz)
– GNSS receiver connected to the same local source

 Synchronization with UTC (better than 100 ns):
– Associate each acquired event with a universal time to enable correlation 

with other experiments
– “Trigger” the far detector’s acquisition with the particles bunch generated 

by the accelerator
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          Overall Scheme
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•Time Transfer through WhiteRabbit from the Atomic Clock in 
the cavern and the GNSS outside

•Time Transfer through GNSS between HyperKamiokande and 
the J-PARC accelerator (300km)

•Time Transfer through GNSS with UTC(NICT) for a good 
connection with UTC

• 

Needs in synchronization
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•Goal of the experiment
• 
•Compare GNSS based time transfer with 

White Rabbit Time Transfer, between LPNHE 
and SYRTE

T-Refimeve at LPNHE :
White-Rabbit vs GNSS Time Transfer
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T-Refimeve at LPNHE : a White-Rabbit link

UTC(OP)

WR GM

WR M0 WR M1
in-field single mode fiber

L  ~ 3 km
Paris area

PPS_wr

PPS_utc(op)

in-campus single mode fiber
L  ~ 300 m

PPS_wr(op)

 PPS_wr(OP) is continuously measured versus 
UTC(OP)
 WR M0 is continuously measured versus 

UTC(OP)
 wr(OP) is calibrated versus its source

 GM > M0 : 1310/1490 nm pair
 M0 > M1: 1310/1490 nm pair
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White Rabbit Calibrations

 - Each WR Master and WR Slave has some constant transmission and 
reception delays ( TXM, RXM, TXS, RXS) using a method describe in note ∆ ∆ ∆ ∆
made by the CERN
  
 - Futhermore we calibrated the fiber asymmetry parameter α using the fiber 

swapping technique described in Namneet Kaur’s Phd Thesis
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Current R&D set-up at LPNHE 
Clock

(Rb, H-Maser)

GNSS receiver
(Polarx)

WR receiver
(switch)

Time Interval Counter (TIC)
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GNSS Time Transfer

 - Common-View (and All in-View)
 - Septentrio PolaRx5TR receivers at both ends 

(LPNHE and SYRTE)
 - Baseline (between SYRTE and LPNHE) : 3 km
 - Ionospheric delays in common mode
 - Atmospheric delays are less in common mode

Septentrio PolaRx5TR receiver
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Calibrations
GNSS calibration
 Septentrio PolaRx5TR receiver calibrated against reference station at OP in 

2021
 Antenna cable + adaptor : group delay measurement by reflection & 

transmission
 Ref delay assessment for GPS & Galileo

LPNHE receiver calibrated with combined uncertainty 4 ns 
(could be reduced to 2.5 ns with closure)
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First results
CV (PolaRx) vs WR :
mean = 0.486 ns, sigma = 0.599 ns

AV-PPP vs WR :
mean = 3.406ns, sigma = 0.914ns

Good agreement between WR and 
GNSS CV within 3-5 sigmas (2-3 ns)
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Conclusions and outlook

 T-REFIMEVE and its white rabbit link are very precious tools for us

 Allows us to gain experience using WhiteRabbbit technology

 Allows us to validate Time Transfer techniques.

Next steps for Hyperkamiokande
- Extended integration time
- HK Local time base distribution
- On-site tests in Japan
- Implementation on longer baseline (~300 km)

Thank you !
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Thank you !

 Many thanks to the SYRTE team  especially 
to Paul-Eric Pottie and Caroline Lim
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