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Vertex Pix(ITKB) Strip
(ITKE)

OTKB OTKE TPC ECAL-B ECAL-E HCAL-B HCAL-E Muon

Channels 
per chip

512*102
4

512*128 1024 128 128 8~16

Data Width
/hit

32bit 42bit 32bit 48bit 48bit 48bit

Avg. data 
rate / chip 

0.18Gbp
s/chip,
1Gbps/c
hip inner

3.53Mbp
s/chip

21.5Mbps
/chip

2.9Mb
ps/chip

38.8Mb
ps/chip

~70Mb
ps/mod
ule
Inmost

10kHz/ch 10kHz/c
h

5kHz/chan
nel

5kHz/chan
nel

10kHz/c
hannel,
20kHz/i
ner
endcap

Detector 
Channel/m
odule

1882 
chips
@Stch 
&Ladder

30,856 
chips
2204 
modules

23008 
chips
1696
modules

83160 
chips
3780
module
s

11520 
chips
720
module
s

492 
Module

0.96M chn
~60000 
chips
480 
modules

0.39 M 
chn

3.38M chn
5536 
aggregatio
n board

2.24M chn
1536 
Aggregatio
n board

43,176 
chn(iner
end-cap 
6912),
288 
modules

Avg Data 
Vol before 
trigger

474.2G
bps

101.7Gb
ps

298.8Gb
ps

249.1
Gbps

27.9Gb
ps

34.4G
bps

460.8Gbps 187Gb
ps

811.2Gbps 537.6Gbps 24Gbps

Occupancy 0.22e-4 2.5e-4 2.8e-4 58e-4 19.5e-4

Sum 3.2 Tbps = 400 GB/s

Preliminary background and data rate estimation 

@Higgs
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heteRogeneous Architecture of Data Acquisition and pRocessing
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Water Cherenkov Detector 
(WCD)

• 2,400 20-inch PMTs

Top Tracker (TT)

LPMT readout 

LPMT: 1 GS/s waveform readout with 

global trigger + trigger-less T/Q data 

SPMT:  trigger-less readout of T/Q

Central Detector (CD)
• 17,612 20-inch PMTs (LPMT) and 

25,600 3-inch PMTs (SPMT)
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Data Flow Software

Online Software
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• ROS: ReadOut System
• DA: Data Assemble
• DP: Data Processor
• DS: Data storage
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Readout Elec.

ROS1

DFM

DAs

ROSs

Readout Elec.

Timed Fragment

ROS 
Fragments

Raw data streamDFM message

Raw data
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Customized  algorithm

• CCSN: Core Collapse SuperNova
• MM: Multi-Messenger

Customized  algorithm

2-stage data processing:

◼ Data preparation / preprocessing

◼ Core event processing algorithms

◼ Support parallel processing

◼ Processing interface provided

◼ Plugin algorithm deployment
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provide management, interfaces and services



◆ Redundancy + Master-Slave Election
◆ Takeover scheme based on Kubernetes
◆ Solutions for rapid restart of services

Failover

Heartbeat Detection
◆ Inter-Process: Based on ZooKeeper
◆ Inter-Node: Based on ICMP Protocol

Failure Detection
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Anomaly detection and recovery have been fully considered to ensure system reliability
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Run parameters

APPs resource usage

Total throughput monitoring

Data flow apps status

Run info

Run control

2024/10/24
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3D display

Switch port status

2024/10/24

Data flow and online status
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Configuration file demoArchitecture design

System implementation
Integration scheme

Applications



2024/10/24 16



Utilize high-availability middleware (Kafka)

• Data recovered from backup nodes

Develop new data recovery components 

• Data recovered from upstream node 
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Testing and comparing the performance, availability, and flexibility



RadarV2.0

CEPC has higher event & data rate requirement

RadarV3.0

FPGA/GPU Computing Platform
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GPU based online waveform reconstruction in JUNO

GPU based nHit trigger algorithm study
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➢ Trade-off among overall performance, availability, and cost
➢ OR or AND buffer strategy



Open-source software cannot fully meet our requirements

20 nodes use MINIO, read & 
write ~ 10 GB/s, while cost too 
much CPU cores (400 MB/core)

Self-developed high-throughput distributed memory pool on the way
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Connection Control
• Maintain connections
• Support dynamic connections
• Ensure stability and reliability

RDMA Scheduler
• Coordinate operations

Firmware Design

Implement RDMA 
on FPGAs

Comparison of Data Transfer Processes
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RoCE IP Core
• Complete data transfer
• Exchange packets that 

comprise protocol
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