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STCF Software Progress



Status of STCF software: Overview

Detector Simulation

Tracker
Reconstruction

PID, ECAL, MUD
Reconstruction

G t Fast Si lati Analysis Toolkit RDataFrame-based
SR ast simulation (PID, Fitting, etc.) Analysis Framework
“““““ Underlyingg ' | 17 Database '@ STCF Core Software
DataModel [ e
_____ Framework | . =~~~ . ___Interface Event Display
Geometry Event Data Software WAL Interface
+ __Management | . Management = | ;| Validation System | ~-------------------—-
Parallel & Heterogenous
Computing Technology
CPU GPU FPGA Many-core CPU
OSCAR . -
More details of digitization
Detector geometry Magnetic field Event display in B. Qi's talk

Signal Generation
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physics Analysis and
feasibility studies

(global PID,

kinematic/vertex fit,

fG4 simulation

minosity bgs
Generation

Digitization ‘l
G4 step mixing—| (Detector [*| Reconstruction
response) <
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CPU performance

monitoring

Physics performace
monitoring

statistical analysis...)

Status of OSCAR:

* More than 10 releases have
been released

» Latest version includes full data
processing chain (generator,
simulation, mixing and
digitization, reconstruction,
analysis toolkits)

« Complete physics analyis work
is onging within OSCAR



Status of STCF software: Core Software .

+ Core software is developed as the skeleton of OSCAR, to support the entire
offline data processing

TrackerHit ¢;jli:~_ﬂ,
/TrackerPoint _ -

* Underlying event loop control using SNIPER
(adopted also by JUNO, LHAASO, nEXO, HERD) PIDHit

| /PIDPoint _‘*

« Event Data Model (EDM) based on podio (key4hep
adopted by CEPC, ILC, FCC...)
» Detector description using DD4hep

ECALHit |
- : . : /ECALPoint ™
» Supports multithreading, Machine Learning and
MUCHit

heterogeneous computing /MUCPoint =

« Supports event display, database, tests...

OSCAR Event Data Model



Status of STCF software: Core Software

T. Li

<+ Recent development focuses on boosting the software performance
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Tracking Software

X.C. Al

Tracker G4Step

Digitization

Paosition
Smearing

Raw Digi

ITK Clustering,
MDC TO
reconstrution

Tracker measurements
(with error)

. Tracker hit pre-
b "E filtering (GNN)

"'|" Hough Transform track
finding

GenFit track fitting

Reconstructed tracks
v

Track extrapolation
]
PID, Vertex/Kinematic fit

|

Physics analysis

STCF Tracking Scope

-

6raph construction —= Edge classification —
(nodes, edgu ) 3
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Multiple ongoing studies
« Hough transform as baseline
« Tracking with ACTS
« Tracking with GNN
* Optimiztions
» Long-lived particles
 Low momentum particles



Raw efficiency

Efficiency
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+ before optimizatjgr

Mu = -1.30217 + 0.01176, Sig "E,I 01125 +0.00982

U
;

H. Zou, Z.N Lu, X.Q. Jia

Tracking efficiency is above
95% in central region for p >
100 MeV/c, even with
backgrounds

99% noise hits can be removed
by GNN (except first/secondary
long tracks backgrounds)

Tracking resolution for low p+
looping tracks has been
improved



ECAL Software

B. Wang

Time / ns

Geant4 optical simulation for
each layer unit (standalone)
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Energy Resolution (%)
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DTOF Reconstruction
Y.T. Feng
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RICH Reconstruction

i ]
.
L Quartz I 1L : 00 E ZGeV/CT[
. E-
~100 E;—
o e
amﬂe b —= -

0 500 1000

* The photon collected in each anode pads follows the Poisson distribution

pdf;, = Poisson (N; + 1073, mean;;, + 1073),

* Likelihood of h hypothesis:
In £, = XP**Inpdf;,

* 1, K separation:

DLL = ppadsl pafirn
Z" n pdfik

Now PDF generated on the fly
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DTOF PID powered by CNN

Pion efficiency ~99% at 2 GeV/c,
with kaon miss identification < 2%

Meet CDR requirements
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MUD Software

Y. L. Liu
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MUD Software

total_2d_pos_sig_eff total 2d_pos_sig_eff

L3 B2.2 90.5 96.2 97.3 96.8 96.6 96.3 57.1 97.9 97.9 96.0 96.2 98.5 99.2 99.4 968
76.2 624 91.6 94.9 96.8 96.4 97.7 95.5 98.0 987 97.2 99.2 99.3 99.0 98.9 99.2 99.5
75.3 B3.7 87.4 94.9 96.5 96.6 98.1 96.7 98.3 98.4 98.9 98.8 98.1 99.2 98.4 99.3 99.6
7&;§ BI.‘_I' 89.9 954 97.0 98.4 98.1 95.4 97.5 97.3 98.2 99.4 98.6 97.9 99.6 99.6 994
82,5 90.4 93.8 95.7 07.8 07.1 0B.8 96.2 08.2 07.8 98.0 98.9 09.0 99.1 99.1 90.7
68.2 83.0 88.4 93.7 97.0 97.6 97.5 97.0 08.2 08.7 08.0 98.8 08.6 00.5 90.5 98.0 90.4
9 821 87.9 94.6 97.3 98.3 98.2 98.8 98.3 986 98.4 99.7 99.2 992 99.6 99.3 99.3| —
81.5 85.6 94.0 96.6 98.0 97.6 99.0 53.8 98.7 98.5 99.1 99.7 99.3 99.4 99.8 99.6
78.0 84.4 923 96.3 98.6 96.4 9B.7 99.3 993 99.3 99.5 99.4 99.5 99.7 99.7 99.6
3.9 84.9 89.4 94.5 07.4 98.5 98.7 99.0 98.9 99.3 99.5 99.3 99.3 99.5 99.5 99.6
3 ﬂs‘? 79.7 88.3 93.1 97.4 98.1 98.6 98.9 98.8 98.9 99.2 99.6 99.6 99.5 99.6 99.8
774 81.9 86.2 91.7 96.7 97.4 96.4 97.4 96.1 98.5 98.0 98.8 99.5 99.0 98.6

2 80.2 87.0 950 96.4 98.0 98.3 98.7 99.3 99.3 98.9 99.3 99.3 99.8 99.4
i 73.1 86.3 90.8 95.5 97.8 98.7 00.2 99.3 99.3 99.5 99.7 99.6 99.8 99.8 99.8
} 72.0 79.5 86.8 91.8 95.5 98.0 98,6 99.5 99.3 99.3 99.5 99.7 99.7 99.7 99.8 99.7
767 87.3 89.3 93.8 95.3 97.8 986 99.0 99.3 99.7 99.6 99.7 59.8 99.8 99.8 99.8
78.7 88.1 89.9 96.5 97.9 96.4 98.7 98.0 99.0 99.5 99.2 99.6 99.7 99.7 99.7 997
4 78.4 80.8 92.1 97.2 97.4 96.0 98.6 99.1 99.3 99.6 99.6 99.6 99.6 99.5 99.7
| 82,0 92.1 95.6 97.9 98.6 99.1 99.4 99.6 99.6 99.4 99.5 99.5 99.6 995 99.5 g
76,0 B55 78.6 804 B3.0 81.2 80.4 808 B34 574 89.1 92.3 930 R BN Brv one 560 0.7 903 903 923 320 920

1500 2000 2500 1500 2000 2500

momentum (MeV) momentum (MeV)

N BARE, u+/m+ERIE@supp=30
TAE, uH/m+HERBE@supp=30 total. 2d_eff sig

total_2d_eff_sig

Y. L. Liu

| 79.8 87.8 94.0 96.6 95.2 92.7 965 95.0 96.6 93.9 96.8 96.3 97.0 97.9 9B 97.8
787 91.4 93.7 95.0 95.2 95.5 94.1 94.7 95.7 94.9 97.8 98.2 97.1 96.0 67.4 98.4
9 B2.1 B9.0 93.6 942 92.6 95.5 54.1 96.4 97.0 96.9 9B.0 96.5 97.0 97.4 9B.1 987

79.4 857 93.7 96.4 O7.0 96.7 93.3 94.4 928 96.5 9B.0 96.4 952 9B.9 9B.6 982

78.3 8B.7 93.6 95.1 96.0 95.9 96.6 95.5 95.8 95.8 O7.5 97.0 9B.8 97.3 97.7 99.0
7 81.0 85.8 92.9 95.9 96.7 O7.0 93.8 95.5 97.8 97.3 O7.6 9.8 97.9 9B.3 98.7 98.8
4 78.7 86.0 935 965 96.4 97.4 98.2 96.6 97.5 O7.2 96.7 98.4 98.2 9B.4 985 98.3
1 77.6 83.7 921 95.0 96.5 95.5 97.6 95.7 965 98.0 OA.7 99.0 982 9B.9 99.2 98.9
95.5 97.6 97.7 97.8 98.2 96.1 97.5 965 99.0 99.1 99.4 99.3 98.9
96.4 97.3 98.1 97.6 96.1 97.6 96.0 985 99.0 9.5 9.9 99.3
95.7 97.1 97.2 98.0 979 98.1 97.6 98.9 98.9 99.2 99.3 93.2
90.9 95.1 95.3 95.2 95.1 96.9 96.5 96.9 97.4 98.3 99.0 99.0
93.4 96.0 96.0 97.4 96.4 96.7 96.9 9.2 96.7 99.0 99.6 99.4
.7 946 96.7 97.9 98.8 99.1 98.9 99.4 99.4 99.6 99.8 99.6 996
95.8 97.9 96.3 93.1 99.4 99.3 99.4 99.7 99.7 99.6 99.8 99.6
7 95.0 96.9 987 98.3 952 59.4 595 99.6 99.7 957 99.7 99.7
97.9 97.9 98.3 93.3 985 99.3 98.9 99.5 99.5 99.5 99.5 99.6
95.3 97.0 97.7 98.7 99.0 96.9 99.3 99.5 99.5 99.5 99.3 99.7
2 976 988 99.1 90.4 99.6 99.6 995 99.5 995 99.5 99.4 99.4

53.6 55.9 57.9 59.8 61.2 63.7 65.7
539 56.7 58.0 62.5 64.7 66.2 6B.7 70.1
9 54.8 58.0 59.3 63.5 65.7 66.3 68.9
54.1 56.2 58.2 60.2 62.3 63.8 65.7
56.2 56.9 60.5 63.9 65.5 68.5 69.3
54.5 56.4 58.6 62.0 62.7 65.6 66.5
'52.1 54.7 57.0 58.6 61.4 62.9 65.2
4.9 56.3 58.5 60.9 62.9 66.0 66.3
5 0 57.6 59.6 61.1 63.8
57.7 60.8 61.6 64.1
52.9 551 57.3 50.1 620 63.7 63.7

| 67.8 72.8 76.1 79.3 814 B4.5 86.3 88.2 89.1 908 91.8 93.0 93.4
66.0 703 74.3 7.8 80.7 83.6 85.1 87.8 89.3 90.5 91.8 92.7 93.7 94.1
747 77.9 80.2 83.4 85.7 87.5 88.9 90.2 91.9 93.1 92.8 937
3.2 77.0 80.4 B2.6 BA.6 86.6 88.0 89.6 90.9 91.9 92.3 93.3 0.8
73.2 77.2 80.7 83.0 B5.5 B7.4 89.1 $0.7 H1.6 928 933 94.2
63.4 744 766 804 526 84.9 86.9 867 89.8 91.1 91.6 92.8 934 07
68.2 72.3 75.3 78.6 61.4 841 85.9 88.1 89.3 89.9 915 924 928 |
69.1 72.4 76.8 80.1 82.3 B4.3 B5.9 8B.5 89.6 90.7 91.5 92.6 93.2
67.6 71.7 75.4 76.0 80.6 B3.1 B5.2 87.1 85.3 89.8 50.6 914 92.2 06
751 77.5 80.1 83.4 85.3 86.7 889 89.8 91.1 916 927
67.2 71.8 75.0 78.1 80.1 B3.7 85.5 87.3 85.4 89.2 90.2 91.1 91.9 05
65.9 705 73.7 76.7 79.4 B1.8 §3.9 85.9 87.2 87.9 §8.9 904 90.8
69.3 73:2 76.0 78.6 61.0 623 85.1 86.7 8.6 89.1 90.2 90.5
68.4 723 75.2 77.3 B0.5 B25 84.0 85.7 67.2 685 90.1 90.0
0736 759 79.1 81.4 835 847 865.1 B7.5 83.1 89.2
88.0 70.7 73.8 76.0 78.5 81.4 83.4 85.2 86.3 67.0 87.9 89.3 0.3
724 741 75.7 79.4 81.2 2.5 83.9 85.1 86.0

7 57.8 59.8 60.9
55.1 57.2 59.2 60.7

0.4

: 0.2 _ _
500 1000 o 2000 2500 Momentum (MeV) 1000 1500 2000 ientum (MeV)
A, HHERF/yERIMER@supp=30 BARE, PHRF/VERMER@supp=30



Event Display

Q.B. Zhang

Detector and Event Display
software is being developed

Based on Web3D tech.
Visulize detector geometry,
simulated hits and
reconstructed particles
Beta version to be
released in Aug.
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EicC tracking detector

Aigiang Guo

" MAPS based on MIC7
_ Pixel size: ~10*10 ym
B Mat. : 0.05%

MAPS based on MIC6
Pixe size: ~30*30 pm
Mat.: 0.85%

)=
ey

MPGD (Micromegas)
Spatial reso.: ~150 ym
Mat.: 1%

» A conceptual design for EicC traker, which consistes of MAPS
and MPGD, is proposed

» Optimize the geometry further for both barrel and endcap region

0.2 A

0.0

1 —e— Ana:sum

I
| Mul. I

—e— Ana : Material
—e— Ana : Resolution

Res.

dominated | dominated

a1
s
- !
; \ & ; . :
0 2 4 10 12 14

P [GeV/c]

For detector design, need to consider
multiple factors besides the momentum
resolution: Pt coverage, budget, support
structure, efc.
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Entries

BESIII Alignment

Linghui Wu

Momentum distribution 2 Pvs ¢ R¢ residual vs z V residual vs z
7000%— o = 1.550 +/- 0,011 ] 1_98; 15 = - 20
C | 6P = 0.033727 +/- 0.000095 - — '
6000 | p = 1.883945 +/- 0.000097 . 1-95:— ~ 1o
5000;_ n= 0.881 +-0.024 gm‘t;— . e- g :j E
4000 2192:— ¥ iTa G5 Ak . i 3
suuuz 13; * P ‘ . 10
2uun§ 1'88; % . « * A" :
10005 1.865— R " . . . o 3
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N - B ¥ X R— 0 T 5 re 5 6
P (GeV/c) ¢(rad)
E —
: 5
g - 19r g B
H00001— [ _ 4 3139 +/- 0.0096 C
ol | oo coooods ress -
ool n= 1.045 +0.016 g 1.89— . . e -1o S 100 200 300
- _ AL B A LR T e L : . . .
wo OP=15"7MeV/ =1 : <+ i%..t| « BESII drift chamber is well aligned using residual
ot ' parameterization and Millepede methods
C 1875
ree g~ « Preliminary alignment of CGEM detector

§(rad)

Serious misalignment effect in psi(3770) data in 2009 is fixed performed with cosmic ray data 21



High Level Trigger at Belle |l

Chunhua LI

PXD

SVD @COPPEF{ FL
R @ COPPER F“
ToE @COPPEH F“
ABICH @COPPEH F%
ECL @COPPER F»
KLM @COPPEH F

Regions-Of-
Interest

.

ONSEN

AAL

HLT 1..n

Online Storage

00 ——c W ~ 30 <M

YYYYY

< g
—yl (KEKCC/Grid)

N

=® O'—— W ~J0 <M

-

Samples from full

to online storage

FYYYY

Y

DaM

Y

Express Reco |*>{ Event Display

HLT in Belle Il DAQ

Physics Trigger: suppress event
rates from 30 kHz to 10 kHz

PXD Rol: provide HLT trigger
result and tracking information of
SVD and CDC to calculate Region
of Interest of PXD.

Calibration: Flag samples for the
calibration of detectors

DQM: Information from

Reconstruction for data quality
monitoring
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LHCDb Trigger for Upgrade: Real-time analysis

Peilian LI
Online
v p ‘
1 MHz | 1 MHz 100/ kHz
bunch HLT1 ~ Buffer 1 HLT2 KMz storage
crossing Partial reco. _ Align. &Calib. Full reco. _J
Hardware trigger in RUN3 is removed _ _
99 LHCb Run 3 changes the trigger paradigm
Alignment r g Model TOR VYIth software_ only, pioneering in the real
................................................. time processing
REALTIVE et - : '
....... ALIGNMENT & « Partial tracking reconstruction at 30 MHz
CALIBRATION - 1 6 _ .
1o : Q},‘ 'y input rate using GPUs
§ EVENTS . . .
l”""”‘ namempiee 2 T : OFFLINE « Full offline-quality reconstruction at 1
S (faRTIAL I:ETECTOR i <> FULL DET'ECTOR / siaiiadinl
FULL | TEG M= % MHz input rate using CPUs
oeecron | E‘EE‘QE”EJST”.SE?”J Y e S [“:22553::;:2“] — 7 put rate using CPL
Sl L CPRTD ) s Gl l » FPGA clustering applied in VELO and
GPU HLT1 CPU HLT2 e ANALYSIS downstream tracking in good progress
" Eamm o PRODUCTIONS &
'\ / g 2> |« Turbo-mode with reduced event size for
Track & Event reconstruction selective persistency

LHCb Data Flow 23



PANDA EMC Software

Shengsen Sun

PndEmcPoint—

Preamplifier

\
N\ 1 ot4’ domnetracm

3T

v Zit1 =z —

vz positions of the crystals are defined by the gap
d and the crystal dimension
v For the (i+1)% crystal (minus)

(BF + d)/cosb;

v where 834, = 6; + atan(—BF—

v Place the crystals from center to 51de one by one

APFEL ASIC/ — [
Basel LNP

SADC

FPGA

PndEmcDigi

geometry construction

|

\

PndEmcWaveform

digitization

Slqnal Generator (SG)

L

Analog waveforms creation
Noises generation
Digitization

Pile-up waveforms creation ~N

Feature Extraction (FE)

L

Hit detection
Amplitude/time extraction
Pile-up recovery

INREFEA KT EFIRIEERSTH

S5
g '-..... ¢ Raw algorithm
4.55— + 012 < 6 7 50 # New algorithm
4 :_ + + Raw: i:,) = %n.am
;; 3.5 E_ * + ; Nemi? - %g/um%
o 3F g b
v ' 3 )
25 e 0T L T—
oF i
E o, [ S eificssed o —
155 i v silaevoliiioiseowlosasisivilasd
0 1 3 4 6
E, [GeV/c?]
energy split

From 2018 to 2023, full Panda EMC software
was developed by IHEP, NKU and USTC

[ ]

[ ]
Time- A
based
simulation

Include geometry, digitization, reconstruction
and calibration

Digitization was developed with eletronics
team

Noval energy split algorithm was developed
to improve energy resolution
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Al assistant for BESIII - Dr. Sai

Ke LI
Multi-agents framework is developed based on AutoGen
Just-in-Time Learning
) HEP"Xiwu

Fune-tuning Learning
GPT-4

RL by Human&Physcics F.
Data Inferfaces

Sensors
BOSS Environmental Preception

Al Algorithms

Actuators

Scientific Tool

Python Interpreter

Key of this project:

make the results from Al more reliable Main Agents: Group

« New architecture «  Planner: Planning and tasks decomposition

« Good quality data «  Coder: Write BOSS code

* In-the-fly validation and test +  Tester: Using scientific tools for testing

Potential to be used in STCF as well

Vector Store

Knowledge Graph

STCF workshop 2024 @ LZU v
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Detector and Event Display

Kaixuan Huang

CEPC in Unity STCF in Unity



/O

+ STCF offline software is in good shape
e Full offline data processing chain is in place
e Recent work focuses on performance optimization

e Data analysis is on-going within OSCAR system

+ Several invitated talks offer good references for STCF
e Track optimization
e Software trigger
e EMC software
e LLM
e Event Display
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