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STCF Offline Software System (OSCAR)

<« OSCAR is develeped to provide common functionalities for detector simulation,

reconstruction, calibration and physics analysis at STCF, implement raw data
processing chain and MC data production tasks
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Overview of OSCAR System

+ Core software (common functionalities for data processing)

Underlying framework
Event data management

Geometry/conditions data
management

Event display
Software distribution/validatiol

+ STCF applied software

Full/fast simulation
Tracking software
ECAL software
Particle identification
Analysis toolkits

Detector Simulation

Tracker
Reconstruction

PID, ECAL, MUD
Reconstruction

. . Analysis Toolkit RDataFrame-based
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(PID, Fitting, etc.) Analysis Framework
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Underlying Framework: SNIiPER

< The underlying framework builds the skeleton of OSCAR

e Provide basic functionalities of event loop control, algorithm scheduling, thread management, user
interface, job configuration, logging etc.

<+ OSCAR adopts SNIPER as the underlying framework
e Developed since 2012, maintained by 10+ developers from IHEP, SDU, etc.

e Adopted by JUNO (neutrino), LHAASO (cosmic ray), nEXO (neutrinoless double beta decay) and HERD
(dark matter)

<+ Advantages of SNIiPER

e Lightweighted, efficient and highly extendable. Support of flexible data processing chain.
e Efficient multithreading. C++/Python hybrid programing.
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Event Data Model

TrackerHit ° MCParticle:
: i ) | Description : "Data class for storing Monte Carlo particles"
/TraCk_erPOIth ! Author : "SDU" YAML
Members :
) - int trackID // track ID
PIDHit : : P oSl __ - int PDG //PDG code of the particle
. : : | r - int generatorStatus //status of the particle as defined by the generator
/PIDPoint - - T C - int simulatorStatus //status of the particle from the simulation program - use BIT constants
- int type //particle type. only generatorStatus== 1 or 2 has the type
- float charge //particle charge
- float time //creation time of the particle in [ns] wrt. the event, e.g. for preassig

- double mass
- Vector3d vertex

//mass of the particle in [MeV]

//production vertex of the particle in [mm].

- Vector3d endpoint //endpoint of the particle in [mm]

- Vector3f momentum //particle 3-momentum at the production vertex in [GeV]
- Vector3f momentumAtEndpoint //particle 3-momentum at the endpoint in [GeV]

- Vector3f spin //spin (helicity) vector of the particle.

ECALHit il \ |
/ECALPoint " “V

code generator

MUCHIit
/MUCPoint

¥

MCParticle.h MCParticle.cpp

MutableMCParticle.h MutableMCParticle.cpp C++
MCParticleObj.h MCParticleCbj.cpp

MCParticleData.h MCParticleData.cpp

MCParticleCollection.h
MCParticleCollectionData.h

MCParticleCollection.cpp
MCParticleCollectionData.cpp

All EDM for simulation, digitization and reconstruction
defined and preliminary optimization
Further optimization is needed

Based on YAML definition, generate EDM C++ code accordingly
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Geometry Management System

+ Geometry Management System (GMS) in OSCAR is based on DD4hep

+ Single source of detector information for detector description, simulation
reconstruction and event display

e Complete geometry (and geometry used for beam tests) defined with XML files and
C++ parser

e Further detector optimization will be based on this

Generic Detector STCF.xml
Compact Detector
Ejescrlptlon constructors Desc"ptlon Model Condltlons DB f
Based on ROOT TGeo
python

Geometry Allgnment/ 7 ECAL

Display Calibration VTD T vo3axml Other
e Tl e N e T v02.xml — sub-detectors
E i T || e
' Extensions [ LCDD/GDML | [ TGeo =>G4 Reconstruction| [ Analysis : v01.xm v01.xm
where Converter converters Extensions Extensions
 required S . f

SLIC Geant4 Reconstruction Analysis Materials.xm’ EIements.me
[SiD Simulation] Program Program Program
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Full Simulation Based on Geant4

- Full chain of detector simulation from generator to simulated information is built

- Providing flexible configuration for different purposes of detector simulation
- Generator: EvtGen, Babayaga, KKMC, Phokhara, DIAG36, BBBrem, HepEvtReader
- Geometry for different detector design options from DD4hep

- User actions for recording MC truth information, G4Step level

DDXMLSve DD4hep
—> Dataflow
Detector
Invoke Construction DetSimAlg ' Srkeve RunManager
PhysicsList SimFactory
Primary ;
- Action EventAction
\ ActionManager PIDAnaMgr _m
TrackingAction l
SteppingAction ECALAnaMgr —m
= — MC Particles
GeneratorFiles
Sensitive Detector




Digitization and Mixing

- Developed a unified digitization framework for all sub-detectors within OSCAR

Background database

- All sub-detector moved to sampling method, including MDC dE/dx and hit position

Event mixing with background at the Geant4 step level

Simulated background particles as input, a unified algorithm applied to each sub-detector

Considering electronic response, noise and other effects, as input for reconstruction and analysis

Luminosity-related BKG

e’ Touschek H

e~ Touschek H

e* beam-gas [

e~ beam-gas [

Multiple

factor

. Mixing in Geant4 Step Level
i (points or hits in OSCAR)

then to do digitization

Setup Time

Pure Signal Physics BKG

Simulation Simulation
4 ns interval, 4 ns interval,
[1000, 1400] ns exponential
sampling sampling

BKGMixerSve Hit Collection
List Input
Sampling Signal
L h DRI Sampling Physics BKG Digitization
Window input
Signal BKG Mixing _| Reconstruction

Tag Input Event

6 Sub-Dets Digi

Analysis
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Energy Resolution (%)

Photon reconstruction performance

EMC digitization algorithm has been optimized with 50% reduction of CPU consumption
Using realistic digitization parameters from beam test results

Single photon energy, time and position resoluton with backgrounds can meet physics
requirements
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Photon reconstruction performance

- Make use of time information to improve photon resolution against beam

backgrounds

No degration of w0 resolution with beam backgrounds
7 0 mass resolution in J /1 — pmw
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Theta

/K PID performance (BTOF

Developed the full simulation, digi and reco chain
for BTOF (geometry parameters is under
optimization), the performance fufills the STCF
requirement (>97% = eff @ K mis-ID=2%)

TODO: optimize design to improve performance

Effi_pi(1 Bkg), timing method Imaging method
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/K PID performance (DTOF)

Performance with optimized geometry is
validated
CNN is deployed to improve the E——
R 480 mm 6 € (22° —36°) = @ € (19° — 35°)

performance in region with large theta
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u/tr PID performance (MUD)

- Obtained p/1 identfication efficiency using BDT on top of realistic simulation and digitization
u efficiency is above 95% @suppression = 30 with momentum above 1 GeV in barrel region

- Detector geometry is under optimization to improve the performance in barrel-endcap transition
region

- ldentfication between neutral hadron (n, K.) and photon is being optimized
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Efficiency

Machine Learning GlobalPID
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Weighted likelihood GlobalPID
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GR)FMINRUS

VertexFix package ported from BESIIl, now stable

- Further improvement being developed

GlobalFit package for global vertex fitting algorithm ported from Belle Il, showing

slightly better performance
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Events

RDataFrame Analysis Framework

- The physical analysis results of process J/¢ — AA dataset
using 10 million events are consistent with the
traditional methods. total number of events 1 % 107
total size 169GB
- Select the dataset and submit the job to test _ -
running time. The running speed of 16 parallel number of events per file 2 x 10
threads is 14 times that of the traditional method. size per file 3.38GB

- Higher performance will be achieved with the
analysis EDM

running time comparison
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OSCARIE

WHiThRA: 2.6.2

Time Consumption per Event

Disk Space ” - o
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e
400 300ms 77kb = RICH Rec.
200 . 100 26kb = MUD Rec.
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e+e- -> pipijpsi -> pipimumu
RMgsAEd . BB 300ms/evt, %Z2H] 77kb/evt

AL EE: B 833mslevt, Z3H 26kb/evt 2



Summary and Plan

“* OSCAR (2.6.2) can stably support the full MC simulation chain (det. sim. ->
digi. => rec. -> analysis)

Performance has been improved a lot since 2.5.0

“* Recent development plans of OSCAR
* Support hardware optimization as first priority
* |Improve the fast simulation framework for quick iteration
- Core software updates:
* Further improvement of the EDM
- Upgrade of the outdated external libraries & support for the el9 os
- Upgrade of the automated validation system
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