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STCF and the MDC High-Level Trigger

ParticlelDetectoy
Spectrometer

Electromagnetic calorimeter

2548 mm

' .. MDC
i~ electronics

Muon detector
Particle
identifier

detector MDC endcap

| [ Axial superlayer (1, 4,7, 8)
[ Sterco superlayer (2, 5)

~6m in dri i [ Stereo superlayer (3, 6)
chamber v =

Inner tracker

Super Tau-Charm Facility: Main Drift Chamber (MDC): core of tracking
> New-generation high-luminosity MDC HLT Objectives:

electron-positron collider experiment » Compress the data volume without
> Center-of-Mass Energy: 2—7 GeV affecting offline analysis

> Luminosity: 0.5 x 1035cm=2s~1 at 4GeV » Latency: 50 ms at 8% occupancy
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Performance of the DFS-Based Baseline ©@¥8#az&4%¢

HLT algorithm based on track segments and DFS:

MDC structure Input MDC Data
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Overview of the GNN-Based Pipeline
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Pre-processing stage

Pattern-Based Track Segments Finding
« Extract using an 11-pattern bank

* Bitwise operation accelerated pattern matching

Tag 0/6: 90° Tag 1: 60° Tag 2: 30° Tag 4: 150° Tag 5: 120°
Pattern 0 N Pattern 1R Pattern 2 N Pattern 3 " Pattern 9 . Pattern 10 .

Ro Re Ro Ro R Ro

Tag 3: 0° /180°

Pattern 4 Pattern 5 Pattern 6 Pattern 7 Pattern 8

R R R R

Ro Ro Rg Rg Ro
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a Estimation
* Local segment direction
 Drift-time-assisted Hough

transform

P2




Online Tracking and Reconstruction O tanstsxs

[/ Track Candidate Building \}

Superlayer-by-Superlayer extension

_,/GNN Edge Selection Connected 7 Fardl dete Selestion ™\ Track Fitting
score > Threshold Components  panking and duplicate suppression ORI 62,5, 25

Segment count,
Edge scores,

K Geometric consistency /
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raining Samples and Evaluation

Impact of background composition, a —related features, and process diversity

Evaluation metrics

edge level: ROC/AUC, FPR/TPR
vs threshold
hit level: signal hit efficiency,

background hit rejection

pass
N sig

input
N sig

Signal hit ef ficiency =

rej
kag
input
kag

Background hit rejection =
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Model Luminosity a-related Training
background features processes
ete" - ntn J/Y
Reference No Yes '
J/Y - ete”
With Lumi. ete" - ntn  J/y,
background TS e J/Y - ete”
Without ete” ->ntn J/Y,
features L e J/Y - ete”
ete” - ntn J/y,
. J/Y - ete”
Mixed No You JY - AN, A->ptn”
processes i s 22

> An",A->ptn”

(4:1:1)

All models are evaluated on common,

Independent test samples.
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Effect of Lumi. Background in Training ©!8828£%s

Luminosity background: slightly degrade performance

edge level ROC curves hit level curves
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Contribution of a Features

a-related features: provide a improvement

edge level ROC curves hit level curves
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Training Across Physics Processes

Mixed processes: improve generalization

edge level ROC curves hit level curves
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GNN Working Point Selection

True positive rate

Offline crosschecks: threshold range of 0.3-0.45

S ,(
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Timing Performance O teazasxs

O AMD EPYC 9654 CPU (3.7GHz frequency)
« Single-core Single-thread CPU > Forete  »ntn=J/Y,]/Y > ete”

* Optimized compilation with ACLIC 0.3% 5bkg 02%  12bkg
o, 8% 6% .39 5-1% 3.6%

50 N 1 N I i I i 1 N I 5 /0
| GNN method 2.1% ' _ 2.3%
—W—c' e Ny Jy—oe'e

—~ 40 F —8— J/y—AA A—p' T -

= —-— /Y5 5, EoAx, Aop'x

‘E’ - —m—c'e—D,'D;,D,'—K'Kx'x', 19% 41.9%

5 K 7 30.2%

o 30 F N -

. 49.5%

o,

C<:>;\ 90 9.6%

L = -

= 11.4%

g ]

= ok . Bl Date loading B GNN inference
" Pattern match " Tracking
B Calculate alpha Edge-to-hit mapping

‘0 é ' ,;1 ' é ' ;3 ' 1'0 ' 1'2 Node/edge feature construction Output

Background Level
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Hit Level Performance
Approximately 93-98% of signal

rsity of Sci

hits are retained background hits are still rejected
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Signal hit efficiency (%)
]
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and Technology o fCh

At 12bkg, approximately 50-56% of

oo
<o

[=x}
]

Background hit rejection (%)

- GNN method Y
- '—r -~ ~
[ —m—c'c—r rlly Jy—e'e 40 = J/p—AA, A—>P 74 L R =
+J/W_’AZ A_’p*ﬂ: - eie-qu.Di-’ Dsl_)KvaK-ﬁlﬁl = :I""'
—w— oD, Dy, D, =K K7 7 Koo', Doy, ':\““i
Baseline ¢ iﬁ s Hsr T 0 dd s 7P Y GNN method S -
TR . ,
| — W ¢ ety Jy—e'e K= 7, Di—y Vi 20 L —8—c ' c—rx xly J/y—e'e i
- B Jy—AA A—p'r —8—J/y—AA, A—p' 7
- —-® c¢'e—D'D,D'—K'Kz'x 7 I —s—c'e—D'D, D '—-K'K7'7x
K;OH;T‘ ;’T-, D-‘_'g)lu';‘u | KNU_}EJ T DS-_)ﬂ-T/‘u
1 f | L | 1 1 L | N 1 0 L | L | L 1 L | L | L |
2 4 6 8 10 12 0 2 4 6 8 10 12
Background level Background level

background hit rejection: greatly improved
signal hit efficiency: small changes
INSTR2026 Hefei, China
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Online and Offline Tracking Performance® f8428£x¢

Online tracking performance Offline tracking with and without HLT
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5 K'—n'z, Di—pv, P = o
=y z v ] o iéD
E 0 90 B - v -~ /7 - = 8 . p— 0 85 B =
~ L v re " s & = =<
0 g 5 ~40.5 2 z
8 A s = A7 = '%‘cs E
: 27 o ‘—z\\‘ E B -
< -4 7 o T c «
= L% P = =
8 M 2 [ W v
: ,g./’ Mean fake track rate 104 2 0.7 F W1th0ut} HLT‘ i i With HFT . \ ]
5 -7 —0= e'e—nr r/y Jy—e'e —_ =O= e e—m xlly Jy—e e ——c e~y Jy—ee
S 0.85 G 2 s o /1—; bt qa [ == Jpy— AN A—p'r —w—J/y—AA, Aop' 1
. o DD DK I 0.70 | =/ ¢'emD, D, D, ~K'K7'x —h—c'e—D, D, D, —K'K7'7 -
d Kso_)”, ;f, 5:__:#-;!1 s - 0. 3 I ‘K.\-“_hﬂr‘ 7 D,\--_’ﬂ-T}H K.‘.”—UT‘ 7. D.Y-_>‘l[-—.l}.‘[
. 1 . 1 . 1 . ! . 1 . ! 0.65 . 1 . 1 . L . 1 . 1 . L
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Online tracking: room for improvement in candidate selection and reconstruction

Offline tracking: comparable signal tracking efficiency with and without HLT
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Summary and Outlook

Summary:

* Developed a GNN-based algorithm for the STCF MDC HLT.

« Studied training-set composition and its impact on performance.

« Achieved latency below 15ms@3bkg(8% occupancy), 50 ms@12bkg(25%
occupancy).

Outlook:

* Replace alpha calculation with a simple MLP to reduce latency.

* Reduce fake tracks and improve online track reconstruction.

« Explore a segment-to-track GNN framework.

Thanks!
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Back up——

rigger System

C o o e e . 30GB/s
Other
| .
: L1-tra g ge r MDC ECAL : MUON DTOF detectors
! —I
| Sub-trigger: Sub-trigger: I
| position, t position, t, E I
: Track I
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Trigger and multiplicity | Pipeline Pipeline Pipeline Pipeline Pipeline
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I | (Hardware) . r r r T r
| L1 accept ! Y : y ! ]
= e = mm Em oEm o e = RU/ RU/ RU/ RU/ RU/
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It stably operates at a peak physics
event rate of 400 kHz at the J/y
energy point (and 60 kHz at other
energy points), achieving efficient

online data processing.
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Back up—a distribution

For 8 = 90°, TAGO a retains track-bending information and exhibits a clear
dependence on transverse momentum.

muplus | p_: 100-200 MeV/c | 8=90 deg | Obkg | TAG 0 muplus | p_: 200-400 MeV/c | 8=90 deg | Obkg | TAG 0
Events: 1000 TS: 12901 T Events: 1000 TS: 7555 T
E 8.5 250 -g-__; E 8.5 I *‘=-__;
5 3 5 3
;& 75— @ ;& 75— @
@ 200 @
65— 65—
55— 55— 1
150 II
45— 45—
35— 100 35—
25(— 25(—
50
15— 15—
AR R PR
054 a0 20 10 0 10 20 30 a0 0 054 a0 20 30 a0 0
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muplus | p_: 400-600 MeV/c | 6=90 deg | Obkg | TAG 0 muplus | p_: 600-1000 MeV/c | 6=90 deg | Obkg | TAG 0
Events: 1000 TS: 8300 T Events: 1000 TS: 8476 T
g 89 00 § g %8 00 g
5 3 5 3
L 75— (%) L 75— (%)
(%. 250 = (%. 250 =
65— 65—
55— 200 55— 200
45— I 150 45— 150
35(— 35(—
100 100
25— 25—
50 50
15— 15—
L1 | A B Cl
0545 30 20 0 0545 30 20 0

30 40 30 40
alpha angle (deg) alpha angle (deg)
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Back up——Mixed processes model

The improvement of hit level do not directly follow the size of the edge-level

AUC improvements.
Forete™ - D+DS ,D+ - KOK ntnt, K > nim™

1.0 u | 1.0
‘ | ] 0.70 b Reference
Mixed processes
0.8 f 0.8
i TPR curve | g
© \ Reference | ) =t
= . o Q
= I Mixed processes I = 2065k
o 0.6 0.6 o 5 0.65
> I 2 =
= n = =
= w =
Z i | g =
a PN ° g
Q04p[ ~ | 0.4 = o
= N = 0, 60
2 0.
FooN ~ Th=0.42 I FPR curve g
- - | = = -Reference o
0.2 T~ T " — — -Mixed processes 0.2
I — -."'__-:\_:-_- - _ )
I 0.55
0.0 . L . ' . ] . ] T 0.0 . 1 . 1 . 1 . 1 . .
0.0 0.2 0.4 0.6 0.8 1.0 0. 935 0. 940 0. 945 0. 950 0. 955 0. 960 0. 965
Threshold signal hit efficiency

For the mixed-process model, it has a high FPR while also having a high TPR. This is

why we consider both edge-level and hit-level performance when selecting the model.
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Back up——Working point selection
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For the samples tested here, the average good event ratio is closest t0100%,

and tracking efficiency is also around 100%.

Tracking efficiency ratio (%)
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101. 0
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©---3bkg A

>

&

|
]

Th=0.42

0.10 0.15 0.20 0.25 0.30 0.35

Threshold

0.40 0.45 0.50
tracking ef ficiency ratio =
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good event ratio

A good event is defined as an
event with n final-state particles
where at least n—1 reconstructed

tracks match MC tracks.

good event with HLT
good event without HLT

good event ratio =

tracking ef ficiency with HLT

tracking ef ficiency without HLT
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Back up——Online
» For3bkgete™ - ntn= J/Y,J/Y > eTe”

racking Analysis
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Residual distributions between MC truth and tracks matched in the online reconstruction

« Further improvement of 8 reconstruction.
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