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* Frequency distribution, Precision < 30 ps

* Timing synchronization, Accuracy < 500ps (goal)
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* No oscilloscope Sl o

e Reduce manual involvement
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WR Array Deployment

Synchronization Validation
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Abstract; Almbng to high seodtivity and wide spectrum of cosmle ray deteetion, the Tk comples array of Large High Altitade
Alr Shower Obsersvatory (LIAASCLKMIA) projeet consists of over 7000 deteetors of differemt types. To precisely reconsiruct ihe
ahe slower events with high angular resalution, the s af all deteetor and dightizers shauld be allgied better
than S ps RVIS. White Rabbit network, o fully deterministic Ethernet based network with sub-nanosecond synchronkeation

aceurncy and piesseconds precivom, s spplied for the dats anid b metwork, Te gusranies the overall synchronization
precisbo, cach WR node shoubd be calibrated indivilaally. This pager talls aboii the suto-calibration procedure of all switches
wnil modes in the LHAASO-KMIA WR network using the portuble calibration nade. The usage of the portable calibrution node s
. also i dieployimyg the d arvay and validating the vy I of the WR network.
LHAASO-KM2A White Rabbit

Tracing galactic cosmic rays sources > 20 TeV Packet based frequency distribution and time

With angular resolution < 0.5
KM2A sub-detector array:

*  Covering 1.Zlam

+ 5532 eleciron detectors

synchronization
Sub-nanpsecond synchronization
Connecting thousands of nodes
Typecal destances of 10 km between nodes
Gipgaba Ethemet-based data link
Fully open hardvare, firrmyare and software
Muilti-vendor commercially produced hardware

« 1221 muon detectors
«  Tmestamps Synchronizaton < 500 ps {ms)

Jiner of Synchronous ADC clock < 100 ps
High data throughpat (26 Gbps) with manimum loss _
PCN Usage
Auto ealibration procedure
B PO works as the WR calibrator
B Reference fiber mensuremment
B PUN pee calibrotion
B Auto calibiration of sther WR device
B PSS skew mensured by T

B Hardware delays

B Updaies dotabase through USH-
LART ar Etherbone imerface

B Synchroni zation accurmcy
wenfication

B Minimuns human aperation

WR Array depleyment
B Normal function test, new WR
devices conneet o the PCN before
joining the WR netwark
BCalibration nocurney verification

Portable Calibration Node (PCN)
Synchronization accuracy validation
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B Dl Ports devices

Time v digial converter

B Ciery cham based

B Two chaniel

B Auto-calibration, reused with DMTD
IMIHz * 12K delay wits
ective Bin Wadth: 46 ps

B RMS: 26,9 pa (preliminany)

B User Interface
B Pmod wifi — Extemnal Device
B Waterpriool sealed cie

B Ol 7-24 1-PPS skew monitor

e Symchronization sceurcy check
peniadically

1-PPS shaw alber aute calibeation procod:
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