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 TDR draft v0.4

– Update Simulation/L1/HLT/DAQ/DCS

– Add 5 to 32 pages now

 TDAQ meeting

– Dec. 17th (Tue. afternoon)

 International cooperation

– DRD 7.5a month meeting

– Wolfgang Kuehn, Justus-Liebig-
Universitaet Giessen, Germany

• PIFI application

Progress of TDAQ
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 Simulation progress

– Cross section of Bhabha

– Hcal endcap background

• Energy cut 99% after software bug fixed

– Muon background

• Significant reduction after digitization

• Start tracking study

 FPGA DNN development at Belle-II

 TDR editing discussion

 R&D discussion

TDAQ meeting on Dec. 17
th

(Tue. afternoon)
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Overall Design
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Overall structure of CEPC Detector TDAQ and Online system

Joint ControlIT Infrastructure Database



Backup
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Trigger strategy on High Lumi-Z
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 Trigger on High Lumi-Z

– Same hardware trigger structure on 

High Lumi-Z and low Lumi-Z

– Hardware resource may increase-

common trigger boards

 Electronic system

– Trigger send to FEE from BEE if needed.

– If trigger latency can not meet the 

requirements,  private trigger link may 

needed from FEE to BEE.



 Higgs 240GeV(30MW/50MW)

– BX rate:0.8(1.74)/1.34(2.9) MHz

– Physical event rate: 5Hz/8Hz (Higgs: 0.02Hz)

 Z pole 91GeV(10MW/50MW)

– BX rate: 12(14.5)/39.4(43.3) MHz

– Physical event rate: 13.2kHz/66kHz

Physical Event Rate
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Z pole, ref：MC /cefs/data/stdhep/CEPC91/
2fermions/wi_ISR_20220618_50M/2fermions/



Beam Backgrounds
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 Ave. hit rate Higgs Vs Low Z

– Vertex: 0.49 -> 1.96, 5 times

– ITK: 0.0021 -> 0.08, 40 times

– ECal: 0.011 -> 0.35, 30 times

 Higgs Vs Low Z

– BX rate 1.34 -> 12 MHz

 Raw data rate @Higgs

– 400GB/s

 Raw data size per BX @Higgs

– 300KBytes



 Data rate before trigger

– <1 TB/s @ Higgs

– Several TB/s @ Z

 L1 trigger rate

– O(1k) Hz @ Higgs

– O(100k) Hz @ Z

 Event size < 2 MB

– Related to occupancy 

and read out window

 Storage rate after HLT

– <100 Hz(200 MB/s) 

@ Higgs 

– 100 kHz (200 GB/s) 

@ Z

Raw Data Rate
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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

3.53Mb
ps/chip

21.5Mbp
s/chip

2.9Mbp
s/chip

38.8Mb
ps/chip

~70Mb
ps/mod
ule
Inmost

10kHz/ch 10kHz/ch 5kHz/chann
el

5kHz/chann
el

10kHz/c
hannel

Detector 
Channel/modu
le

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 
aggregation 
board

2.24M chn
1536 
Aggregation 
board

43,176 
chn,
288 
modules

Avg Data Vol 
before trigger

474.2 
Gbps

101.7 
Gbps

298.8 
Gbps

249.1 
Gbps

27.9 
Gbps

34.4  
Gbps

460.8 
Gbps

187 Gbps 811.2 
Gbps

537.6 
Gbps

24 Gbps

Occupancy(%) 0.022 0.025(Strip) 0.35(Strip) 0.0028 0.58 0.002 0.038

Sum 3.2 Tbps = 400GB/s

Collected from each detectors @Higgs



 L1 trigger rate

– 13 kHz@Higgs, 120 kHz@low. Z

 Read out window 

– TPC 34 us

– CLIC rec. time window

• ECAL & HCAL Endcaps & Silicon 10 ns
• HCAL Barrel 100 ns

 Readout event size 

– 620KBytes @ Higgs 

• 100 BX/events and 3.2 KBytes/BX for TPC
– 2 MBytes @Low lum. Z

• 500 BX/event for TPC(full readout)
• 2 BX for Hcal (75 KBytes/BX)

– 5.3 MBytes @High lum. Z

• 1472 BX/event for TPC(full readout)
• 5 BX for HCal

 DAQ data rate 

– Read out: 8 GB/s @Higgs, 83.4 GB/s @ Low lum. Z (120kHz*375KB + 12MHz*3.2KB)

• 366 GB/s @ High lum. Z (400kHz*(300+75*4)KB + 39.4MHz*3.2KB)
– Storage: 0.6 GB/s @Higgs, 50 GB/s @Low lum. Z (7.5GB/s after event size compression)

– 1 year(3600h): 8 PB, 100 PB

Trigger & Data Rate
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Higgs Z(10MW) Z(50MW) W tt

Luminosity(10E34/cm2/s) 8.3 38 192 26.7 0.8

Bunch space(ns) 346.2 69.3 23.1 253.8 4523.1

Bunch cross rate(MHz) 1.34 12 39.4 6.5 0.18

Raw data rate before 
trigger (TBytes/s)

0.4 3.6 11.82 1.95 0.048

Physical event rate(kHz) 0.008 13.2 66 0.1 0.002

L1 trigger rate(kHz) 13 120 400 65 2

DAQ readout rate(Gbyte/s) 26 240 800 130 4

High level trigger rate(kHz) 1 25 100 6 1

DAQ storage rate(Gbytes/s) 0.3 7.5 30 1.8 0.3

Event size: readout 2MB, storage 300KB



 Trigger primitive(TP)

– Extracted by BEE

 Local detector trigger

– Sub energy and tracking…

 Global trigger

– E-sum and tracking

– Fast trigger(FT) and L1A 
generation on demand

 TCDS (Trigger Clock 
Distribution System) 

– Distribute clock and fast 
control signals to BEE

 Which detectors participate 
in trigger needs to be studied

Design of Hardware Trigger Structure
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TCDS-Trigger Clock Distribution System
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 TCDS/TTC

– Clock, BC0, Trigger, orbit 

start signal distribution

– Full, ERR signal feed back 

to TCDS/TTC and mask or 

stop L1A

 TCDS-Trigger Clock Distribution System

 TTC- Trigger, Timing and Control

 DCTD-Data Concentrator and Timing Distribution

 BEE-Backend board Electronic

TDAQ are only responsible for system-level distribution, each 
system is then responsible for its own internal distribution.


