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Time-Synchronization to sub-nsec precision between detector subsystems in large scale astroparticle
physics experiments can efficiently be provided by White-Rabbit, a new ethernet-based technology for
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 Fully deterministic Ethernet-based network for data
transfer and clock synchronization
« Sub-Nanosecond synchronization accuracy

* Open Source Hard-,Firm- and Software \White Rabbit White Rabbit
» Clock-driven architecture; flexible & scaleable
» Standard GbE compatible; commercial support pTE———
WR +Timestamp firmware for Astroparticle Experiments W
SPEC board with modified design L ﬁiiﬂfi | . |
- Intended to be used as PCle card inside a PC Al o o

* Modified design timestamps with a resolution of 1ns
« 5Ch DIO has adjustable input thresholds
 |n standalone mode limited network/software

Capabilities due to the softcore Im32 cpu Modified SPEC firmware using the 5 Ch DIO card and the in-FPGA SerDes
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(or telescopes), as symbolized for the lower-right WR-node.
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EAS shower reconstruction [4] with WR. Left: Arrival time delay vs distance R from the shower axis; for an event.
Red/white dots: stations retained/excluded in the final fit; red line: reconstructed shower profile. Small panel: Reconstructed core position (black star),
the area of the circles is proportional to log(A), with A the station signal amplitude.
Right: Distribution of fit residuals after shower reconstruction. Black dots: data; Red line: simulated events; Blue line: Gaussian data fi.

Conclusions

. - . | | References
WR perfectly fits the sub-nsec timing requirements of large-scale astroparticle projects (clock

distribution, trigger time stamping, ...)
WR has been proven under harsh conditions in TAIGA-HISCORE for 3 years now

The Zynq —based ZEN WR-node has much improved performance over the SPEC (analyzing time
stamps on the fly in firmware and software, receiving neighboring time stamps)

Complex , fast array triggering is possible; based on timestamp routing over the WR-network; with
either centralized or distributed trigger strategies.
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