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Introduction

This talk is about the design and development of the TDAQ and online
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Requirements: Physical Event Rate

8 HZ @ Higgs 24OGeV(50MW) SR power per beam (MW) — 2 SOl = | =
[Bunch number 446 13104 2162 58

— Bunch crossing rate: 2.889 MHz fusch spacine 9 1) e 6 i
. Train gap (%) 54 9 10 53

— H|ggS: ~002HZ Luminosity per IP (103 cm2 s1) 8.3 192 26.7 0.8

82 kHz @ Z pole 91GeV(50MW)

— Bunch crossing rate: 43.3 MHz 22 muon; § Z-2jet,

Physical event rates are sufficiently low ~2% ~5%

relative to the bunch crossing rate.

Keep physical events as more as possible 2ot jets F
~50%
— By arough selection of the relevant objects ( jet,

e, muon, tau,v, ...) and their combinations.

— Required detailed signal feature extraction and
simulation studies.

» Z—2 muon
- H-WW*—eevv
~1%

Ref: CEPC Physics at a glance, Lomonosov Conference 2021, by Mangi Ruan



Requirements: Data Rate
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Technology survey

BELLE II ATLAS Phase Il
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A few common backend boards (ATCA)
Network or PCle bus readout
GPU/FPGA acceleration at HLT

— GPU power has increased 1,000 times in the last decade
Full software trigger @LHCb

Deal with higher occupancy and more accurate tracking.

CMS Phase |l

Detector Front-Ends (FE)

Custom electronics systems

EEE]

[blp

P2P Custom data links and protocols

Level 1 Triggers

Trigger
data
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Custom systems electronics and interconnects. Modular electronics.
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Our choices

Fewer and cleaner physical processes @CEPC

Electronics framework schema b1 _ (customized)
betASIC Bvent Buiding || (Cuimy | Module
— Full data transmission from Front-End Elec. —— Crastie - e
— Connect trigger with Back-End Elec. beDe v e A (F(i)bnelg)
. R 1.2/2.5V 12/48 V
Trlgge r SOl utlo ns (BaSha-LV) (BaShat-MV) Rad.tol
Power Cable
— Hardware trigger(L1) + high level trigger(HLT) gy T \E@Cmﬁfm
* Assingle type of common hardware trigger board e MR

— Collect trigger primitives from BEE common boards
— Send back trigger accept signal to BEE

* Provide fast and normal trigger menu
* Network readout



Main Technical Challenges

High efficiency algorithms in trigger and background compression

— 2.887MHz->0(1k)Hz @Higgs
— 43.3MHz->0(100k)Hz @Z
Trigger primitive synchronization control with asynchronous data

readout from electronics

— Manage data disorder due to data transfer queuing and delay

— Align sub-detector data of each bunch crossing within limited time and
resource



Previous experience with TDAQ Hardware

Designed BESIII trigger system

— Comprehensive trigger simulation/hardware design/core

trigger firmware development
GSI| PANDA TDAQ R&D F'\IR
— Designed HPCN board for TDAQ -;:ff"_?:._‘“:__;

Designed Belle2Link and HPCN V3 as ONSEN for Belle Il
Designed CPPF system for CMS Phase-|

— Design MTCA board, Cluster finding and fanout to
EMTF/OMTF

Designing iRPC/RPC Backend/Trigger for CMS Phase-ll
— ATCA common Backend and trigger board

Extensive experience in TDAQ system design, algorithm and hardware development -



I Previous experience with DAQ&DCS

BESIII DAQ & DCS
— Running since 2008

Dayabay experiment DAQ&DCS
— Operated from 2011 to 2020

LHAASO DAQ

— Operated since 2019

— Full software trigger
JUNO DAQ&DCS

— Two types of data stream
 HW trigger for waveform
e Software trigger for TQ hits

— Online event classification
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I Previous experience with ML algorithm

Neural network used in ATLAS global trigger

Example: tau reconstruction at the hardware
trigger level

Train the neural network (NN) with ROI

Use hls4ml to convert NN model to hls project

HLT Acceleration on FPGA platform

]
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https://fastmachinelearning.org/hls4ml/

R&D efforts and results

Started the design of an ATCA common trigger board for CEPC

— Based on a series of designed xTCA boards

Version HPCN V1 HPCN V2 HPCN V3

Aplication PANDA Belle Il/PXD CMS Phase-I CMS Phase-ll CEPC R&D




Streaming Software Framework - RADAR

heteRogeneous Architecture of Data Acquisition and pRocessing

V1: deployed in LHAASO (3.5 GB/s data rate), software trigger mode /
V2: upgraded for JUNO (40 GB/s data rate), mixed trigger mode " v | ROS \
Containerized running  riEm Online
V3: CEPC-oriented (~ TB/s data rate) , under development e 1 : o [
Manager aa(Fg;i:)SSWS%N;:;;; <) [
Motivation: Radar Data Flow é \

— High-throughput data acquisition and processing
Current Status:
— Over a decade of work led to significant progress, validated through experiments

General-purpose distributed framework
Lightweight structure
Plug-in modules design

Recent Focus: Microservices architecture
— Heterogeneous online processing platforms with GPU
— Real-time data processing acceleration solutions | ‘”“i"’“ | oo Tor Sofare |
Expansion: P Online Services
— Application across various domains (DAQ, triggering, control, etc.) R Y weesevsensey s I
— Integration of Al technologies (ML, NLP, expert systems, etc.) vap’mwtmm”mm'
e | — ] [Vessage Brovers

Process 8
Configuration 1| Online Services
1

Run Control e
1| <<Java App>> <<Java App>> <’<hJ'.l:.“=A':;2t> <<Java App>>




Online HA Design Dataflow HA Design Hierarchical Computing Strategy
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I Preliminary Trigger Simulation with Cal.

Physical events signature at ECal&HCal

— Energy deposition is
relatively large and
concentrate

Trigger primitive and
condition

— Two clusters with the
highest energy

— Ecal/HCal barrel >0.5GeV -

— ECal end-cap >5GeV
Hcal end-cap >50Gev
Trlgger efficiency

— nnaa:100%

— nnbb:100%

— NnaZ:99.7%

— nntautau:96.7%
— NnnWW:99.1%
— NnNZZ:95.8%

— Beambkg:4.8%
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I Preliminary Trigger Simulation with Muon

Left: 2000 background events(10BX), Right: 1000 ZH—->nnuu events

Muon Barrel hit number

Up : Barrel

— Number of hits(Barrel) > 10
Py Beam

— nnup efficiency:100% = background

— Background: 19%

i} oo Lo o Vo Lo Vo o Vg b L
0 50 100 150 200 250 300 350 400 450 500

D OW n : E n d Ca p Muon Endcap hit numgeu;n e

— Higher background hits
“r Beam

background

b
ndcap hit number

i PR
0 1000 2000 3000 4000 5000 6000 ?'300 EBOOO 9000 10000

Muon Barrel hit number

4501

4008 Entries 5000

50k Mean 2434
Std Dev  250.6

30085

250

nnmumu

2004
1509

100

50

Ci L L T |
D 200 400 600 800 1000 1200 1400 1600 1800 2000
Muon Barrel hit number

Muon Endcap hit number

2200

20004 Entries 5000
1800~ Mean 93

16007~ StdDev  166.7
1400

1200
1000
S00 nnmumu
600k
400§
zcof

.................................
U 200 400 600 800 1000 1200 1400 1600 1800 2000
Muon Endcap hit number




I Design of Hardware Trigger Structure

Trigger prlmltlve(TP) Tracker trigger
- EXtraCted by BEE DeteCtT\;fjl:kend Syste‘nle)AL ECAL OTK NEE ITK Vertex
Local detector trigger BEE BEE BEE BEE  BEE  BEE BEE TP
$ | 4 | 4+ | + . )
— Sub energy and tracking... | ¥ v 43 S A
i uon Local

Global trigger Men --
— E-sum and tracking ! b
— Fast trigger(FT) and L1A Sl

generation on demand o

GT

TCDS (Trigger Clock
Distribution System)

— Distribute clock andfast | ——  ---__ L1A

_—

—
—
-

control signals to BEE FT/L1A, CLK, BCO,orbit Aocelerator clk
Which detectors participate orbt signal
in trigger needs to be studied

CEPC Trigger structure

17



Preliminary design of the common Trigger Board

Common Trigger board function list  Hpcn vs Block Diagram

— ATCA standard

— Virtex-7 FPGA

— Optical channel: 10-25 Gbps/ch
— Channel number:36-80 channels
— Optical Ethernet port: 40-100GbE
— DDRA4 for mass data buffering

— SoC module for board
management

— IPMC module for Power
management

clock

II!

DDR4

I_I

FPGA

S
JTAG

IPMC

Power /1

18




Preliminary design of TCDS and Readout

TCDS/TTC
: : Accel lock — 3
— Clock, BCO, Trigger, orbit start Online e e.ratlorc oc TCDS/TTC < L1A
signal distribution Orbit signal E
— Full, ERR signal feed back to
TCDS/TTC and mask or stop L1A
Data readout from BEE — /
— Read out directly or concentrated e DCTD g DCTD e ®" DCTD
by DCTD board ok T et S et |
— Depending on the size of the H ‘ ‘
data volume
Eth Eth Eth Eth
BEE BEE ............. BEE ............. BEE
TCDS-Trigger Clock Distribution System
ATCA crate ATCA crate ATCA crate

TTC- Trigger, Timing and Control
DCTD-Data Concentrator and Timing Distribution

BEE-Backend board Electronic

19
.



Architecture Design of DAQ

Compatible design with or without HW trigger E‘“””“T
Full COTS(commercial-off-the-shelf) hardware l ”adeafeT”gger
Readout interface and protocol ) (oot e )
First-Level Process Nodes
_ Ethernet 1OOGbpS GPU/FPGA Computing Platform
— TCP or RDMA l
RADAR software framework
(Disk/Memory Buffe)
— Heterogeneous computing I
GPU/FPGA acceleration for HLT o=
DlSk or memory buffer Second-Level Process Nodes
GPU/FPGA Computing Platform
— Decouple computing environments I
— Complete offline algorithm can be run online ( sone )




Requirements__

Preliminary design of DCS

........ DCS subsystems (applications) CEPC GCS
Vertex DCS Supervisor
A .
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: f N
Inner Tracker . Inner Tracker Supervisor
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A
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- 1 . MUON DCS Supervisor
J 71 B | v | Elec | T&H | Cooling |safety| Data Flows
—>

Preliminary Design

CEPC DCS Framework
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Preliminary design of ECS

Main components of the Experiment Control System

CEPC Accelerator
AlOps Info Service

External services

Safety

Interlock Dose Rate

—_—
Al Shift Assistant Configuration&Condition
Database
TDAQ Video
- Monitoring
) Fault 3D Visualization
Diagnosis&Recovery User Interface
CEPC GCS Envirolnm.e-ntal
-_— Monitoring
Device Health Monitoring Man:;gfnrlﬂfgltzgorm
Magnet Beam Pipe Data Flow S ——
L 4

R&D progress from JUNO and BESIII

— 3D Visualization Monitoring
— Al shift assistant based on LLM+RAG (TAOChat)

— ROOQOT-based Online Visualization System
Unified control and monitoring for all system

— TDAQ, DCS, electronics, accelerator and others

Round 4
749 CD GCUs

JUNO

............................................
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H Management
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Machine Large Language E
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I Research Team

15 staff of IHEP TDAQ group IHEP Students(20 totally)
DAQ — 2 PhD and 3 master
— Fei Li (DAQ, team leader) New member planned

— Hongyu Zhang (readout)

— Xiaolu Ji (online processing) — 1 staff next year

— Minhao Gu (software architecture) — 2 postdoc

Trigger Collaborators

— Z_henan Liu (trigger schema_) — Qidong Zhou (HLT, SDU)
— ng_zhou Zhao _(hardV\_/are tngg_er) _ Yi Liu (HLT, ZZU)
— Boping Chen (simulation/algorithm) _

— Sheng Dong (firmware/DCS) — Junhao Yin(HLT, NKU)
DCS/ECS — 3 students planned
_ SiMa We’re looking for more coIIaborators




Working plan

TDR related

— Basic trigger simulation and algorithm study
e Background event study and basic algorithm scheme for each detector
— Detalled hardware trigger and interface design

— Finalize TDAQ and online design scheme
R&D directions

— Trigger hardware, fast control and clock distribution

— TB/s level high throughput software framework(RADAR)
 FPGA/GPU acceleration and heterogeneous computing
 Memory-based distributed buffer

— Detailed trigger simulation and algorithm

— ML/AI algorithm application
» Trigger/data compression/ Al operation and maintenance

— ROCE/RDMA readout protocol and smart NIC

Joined DRD WP7.5(Backend systems and COTS components) as an observer.



Summary

Following sub detectors design and simulation

Completed architecture design of TDAQ and online

— Hardware and high level trigger — default choice

No show-stopper found for TDAQ and online sc

neme

— Challenges: efficient trigger algorithm and hano
data rate at manageable hardware scale

More R&D efforts needed to move forward

ling TB/s level

25
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