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STCF overview

O Super Tau-Charm Facility:

» A new generation of high-luminosity electron-positron collider

» Center-of-mass energy: 2-7 GeV

» Peak luminosity: >0.5x10% cm~2st at 4 GeV

> Collision data: more than 1 ab-'/y

» With potential to further increase luminosity and beam polarization
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Requirements for trigger system

Requirements for trigger system in STCF

High trigger rate (~ 1 MHz)

Very high physics event
trigger efficiency (>99%)

Low latency
Good background Distinguish of multi-physics
suppression capability events in 1 trigger window

O High luminosity in STCF synchronous generates: O Trigger system:

» High physics event rate: over 400 kHz

» Large data size: over 200 GB/s raw data

» ldentifying physics events from massive background

» Reducing the pressure in data acquisition and

» High background: ~ 400 kHz/channel in MDC transmission

~ 1 MHz/channel in ECAL

» Maintain the long-term stable operation of experiment
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Two-stage trigger system:

O Level 1 Trigger:

Identifying physics events window
Based on FPGA platform
Latency ~ 5 us

O High Level Trigger (HLT):

Suppressing backgrounds in each
time window

Based on server cluster
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STCF trigger system preliminary design
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v' MDC: key tracking detector

« DTOF: auxiliary in Endcap
v' ECAL.: key calorimeter, fast
response

+  MUON: auxiliary for w/a/n/K,
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Preliminary design of L1-level trigger

¥ XY 2D tracking and reconstruction >
MDC Sub-trigger g 3D reconstruction >
> Time reconstruction ‘
R Cluster reconstruction |
and pattern analysis
ECAL Sub-trigger > Energy and balance analysis >
> Event time reconstruction >
. DTOF Sub-trigger i »  Trigger & time reconstruction i »
pro— ; Long track reconstruction - A
MUON SUD-LIIZEZET 57 oeeeeeeeeeserese e ssese e sse e sesesssesssssessssesesasns
............................................ i % Neutral hadron identification =~ &~

Workshop of Tracking in Particle Physics Experiments

L1-
level
GTL




MDC sub-trigger

O Data flow of MDC sub-trigger:
« 2D tracking and reconstruction: transverse momentum, azimuthal angle

Time reconstruction: track time --- events piling up (18% in 500ns)
3D reconstruction: z-vertex (polar angle, momentum)

Axial hits 2D tracking and reconstruction br, &

P
L1

Axial hits - ) ;
Timestamp ime reconstruction GTL
pTI ¢5 t
Stereo hits z-vertex,

- 3D reconstruction
Timestamps 6,p
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MDC sub-trigger

O Data flow of MDC sub-trigger:

« 2D tracking and reconstruction: transverse momentum, azimuthal angle
Time reconstruction: track time --- events piling up (18% in 500ns)

3D reconstruction: z-vertex (polar angle, momentum)
x15 E x8
CROB-ST: CROB-LTU
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pipeline pipeline —» Time
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Outline

1. STCEF trigger system preliminary design
2. MDC track reconstruction algorithm
« 2D tracking and reconstruction
« Time reconstruction
« 3D reconstruction

3. Summary
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STCF MDC design

O Baseline design: O Region division:
« 48 layers of small cell « Barrel: 33.4 deg — 90 deg
« 1,4,7,8---axial superlayers « Endcap: 20 deg — 33.4 deg
33.4 de
2,3,5,6---stereo superlayers o g
1274 d
. 27015
s 5[] 20 deg
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2D tracking and reconstruction

O Pattern matching:

» Generate pattern banks through simulated data
Write into distributed storage units on the FPGA

. Stage 1 Stage 2 Stage 3
» Match event data with the pattens sy | TS Fincing Track Finding Parameter Estimation
Implement high-speed parallel processing with FPGA T | e 7| Hisuperlayers |7, zimuth angle
logic
Pattern Matching between super-layers
O Three stages: !JWLF\T‘TLFL\ "
* Track segment (TS) finding: reduce the input, Y
reject background hits
» Track finding: pattern matching---fast but sketchy e e E":“t‘ﬂ,”dH .
« Estimation of track parameters: matching with x g
an accurate pattern bank
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O Track segment finding:

« Undivided TS: for track finding
« Divided TS: for parameter estimation

r
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E BERE
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O Pattern matching

2D tracking and reconstruction

« Track finding: merged patterns for fast tracking

total number: 784

« Track reconstruction: accurate patterns

e total number: ~7800
* p;>170 MeV

SL8 | | ..... | :\ |\ | :_l .....
T e >
84 TSs
SL7 | | R N\ l...- | |
_________________ >|
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st4 | | | |
s [T T T TR
.......... I
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O Track efficiency

Single clear track

» Track finding: pr > 130MeV 6>30°

Efficiency (%)

« Parameter estimation: pr > 170MeV 6 >30°

Ap+/p>+~0.1
Physics event

 The cut of 0: reason for 90% lost events
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2D tracking and reconstruction

BAEBREHERT I — Anything BHI+ FBRRYERR.

O Track efficiency

- et st | 2y | SHOITH | FEERTI >0 | FIER >2
Single clear_tra_ck e R e N B L
» Track finding: pr > 130MeV 6>30° | 98.4% 0.07 08.4% _
« Parameter estimation: p > 170MeV 6 >30° 2 98.1% | 0.05 100% 96.2%
ApT/pZT - Ol 3 96.6% 0.12 100% 99.7%
] 4 95.8% 0.13 100% 100%
PhySICS event 5 94.3% 0.22 100% 100%
* The cut of 0: reason for 90% lost events >3 92.6% 0.23 100% 100%
__p;resolution in events AR FII0 — Avvihing SHREARBARRIAE
A B s | manpn | B | ERENEE>1 | ERAN L >2
R | I #1151 L 1
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2D tracking and reconstruction

O ¢ reconstruction O FPGA implementation
Piecewise interpolation _
IP: (Po - (P4 - arCSin(;_;) —p (p_(p4 + A(p
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_ bt . TREWKITH
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Time reconstruction
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Time reconstruction

0 Check with another hit
 Abandon 5% TSs
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Time reconstruction

O Track time reconstruction
« Calculate the median TR 3
« Abandon TS whose time deviates significantly from the median :
« Test with single tracks
* For tracks with p; > 180 MeV:
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Z-vertex reconstruction

O Stereo TS finding O Track finding
« 1 superlayer ---2 seed wires » Matching stereo TS with an existing track
Position + timestamp  Sectorization and Normalization
A \// ﬁG/O\\O
d Ttrack // AN
N
@) / //
/X
/’ track seed
[e) (0] seed wire ///
adjacent wires (IC;) X
axial segment of the track relavant axial segment
stereo segment of the track relavant stereo segment
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Z-vertex reconstruction

O MLP training O Quantization & FPGA resource optimization
» Multi-layer fully connected neural network . Qkeras
(MLP)

Model bitwidth and resolution of z-vertex

« Input: track segment numbers and timestamps

bitwidth* | 8_1 12 4 | 16_6 | 20_8
Az/em 293 | 284 | 253 | 251

for 8 su pel’layers *W_I represents “ap_fixed(W, I)’, indicating a W-bit fixed-point
number with I integer bits (including one sign bit).
 Output: z-vertex in various p, regions «  Pruning
25 Model size and resolution of z-vertex
7@;\\ ]
AUANN .
/ R\Y 204 Structure | Sparsity | NNZ Params | Az/cm
/ /51[2123/‘)\ E__ ] O 2531( 243
Y 315. Al 0.2 2.04k 2.46
/ : ] 0.4 1.52k 2.56
. 0.6 1.06k 2.90
() B2 0.4 2.11k 2.31
0.0 05 10 15 2.0 2 T54-32-30-16-8-1.
Pt (GeV) 224-48-32-16-8-1.
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O Further resource optimization

1 MLP for all tracks
Training with High Granularity Quantization (HGQ)

* Latency: 60 clk
* Interval (Dead time): 2 clk

* FPGA resource:

Z-vertex reconstruction

e Latency: 37 clk
* Interval (Dead time): 1 clk

* FPGA resource:

—
DSP: 97% DSP: 3%
FF: 64% FF: 5%
LUT: 44% LUT: 13%
Able to be implemented in an XCKUO060
2024/5/18 Workshop of Tracking in Particle Physics Experiments
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1. STCEF trigger system preliminary design
2. MDC track reconstruction algorithm

« 2D tracking and reconstruction

« Time reconstruction
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3. Summary
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Summary

1. 2D tracking and reconstruction (J/y -> anything)

« Track efficiency > 96% Ap¢/ p2~ 15% Latency = 339 ns
2. Time reconstruction (single track)
« Efficiency ~80% At <16 ns Latency = 207 ns
3. Z-vertex reconstruction (clear single track)
- Az~3cm Latency (MLP) = 111 ns

O Un-identification of high-p; track in Endcap
« 3 hits tracking as a complement to 4 hits tracking
« Further optimization is needed

O Short track tagging

« Un-reconstructed short track will be sent to GTL with related TS information

O Distinguish of cross tracks

2024/5/18 Workshop of Tracking in Particle Physics Experiments
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Thanks
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