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From H.P. Peng’s talk

https://indico.ihep.ac.cn/event/21331/contributions/160964/


Requirements of offline software at STCF

Higher event rate, background, CPU consumption at STCF than BESIII

→ i.e. we need reconstruct the tracks and photon with good efficiency 
and resolution, and identify them at high accuracy, with good speed
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Particles at STCF
● Charged particles

○ e, μ, K, π, proton (most have p < 2 GeV, lots have p < 400 MeV)
● Neutral particles

○ γ (energy coverage: 25 MeV - 3.5 GeV) and KL, neutron (up to 1.6 GeV)
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Charged particle momentum Photon energy KL, n momentum

From STCF CDR, Front. Phys. 19, 14701 (2024)

https://link.springer.com/article/10.1007/s11467-023-1333-z#citeas


The detector and performance requirements
ITK (cylindrical MPGD/ CMOS MAPS）

● Material < 0.01 X0, σxy < 100 um

MDC (drift chamber)
● Material < 0.05 X0
● σxy < 130 um, σp/p < 0.5% at 1 GeV/c
● dE/dx resolution < 6%

RICH (CsI-MPGD) & DTOF (DIRC-like TOF)
● PID π/K PID efficiency > 97% up to 2 GeV/c 

@mis-ID rate  2%

EMC (pure CsI + APD)
● σE < 2.5%, σpos < 5 mm, σt < 300 ps @ 1 GeV

   

MUD (RPC + scintillator strips)
● μ PID efficiency > 95% with  π→ μ mis-ID 

rate < 3.3% @ p = 1 GeV/c 5See an overview in J.B. Liu’s talk

(more in B. Wang’s talk)

(more about RICH in Q. Liu’s talk)

(more in M. Peng’s talk)

https://indico.ihep.ac.cn/event/21331/contributions/162520/
https://indico.ihep.ac.cn/event/21331/contributions/161238/
https://indico.ihep.ac.cn/event/21331/contributions/161207/
https://indico.ihep.ac.cn/event/21331/contributions/161273/
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STCF offline software OSCAR



The crucial role of HEP offline software
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● Offline software of experiment is the “converter” from detector data 
to physics data to make all physics analysis and possible!

● Plays a crucial role for detector design, alignment and defects/aging 
detection



The Offline Software of Super Tau-Charm Facility (OSCAR)
● OSCAR Provides common functionalities for detector design, offline event 

simulation, reconstruction, calibration and physics analysis at STCF
○ A full chain of  simulation + digitization + reconstruction + analysis has 

been established, driving physics feasibility studies at STCF!
○ Machine learning explored in simulation (e.g. EMC), reconstruction 

(tracking, PID…) and analysis…
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OSCAR Core Software features
● Underlying event loop control using SNiPER (adopted also by JUNO, 

LHAASO, nEXO, HERD)
● Event Data Model (EDM) based on podio (key4hep adopted by CEPC, FCC…)
● Detector description using DD4hep
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● Supports multithreading, 
Machine Learning and 
heterogeneous computing

● Supports event display, 
database, tests…

● Performance monitoring

➔ W.H. Huang et al 2023 JINST 18 
P03004

➔ More in T. Li’s slides

https://iopscience.iop.org/article/10.1088/1748-0221/18/03/P03004
https://iopscience.iop.org/article/10.1088/1748-0221/18/03/P03004
https://indico.pnp.ustc.edu.cn/event/1527/contributions/13271/
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STCF tracking/γ performance



STCF tracking challenges
● Most physics processes have charged particles with pT < 500 MeV/c

○ More material effects → worse resolution
○ Looping tracks with pT < 130 MeV/c → fake/duplicate tracks

● High backgrounds and noise → worse efficiency and resolution
● Long-lived particles (non-trivial task in all HEP experiments!)

11

Simulated trajectory of single muon 
with pT = 100 MeV, θ = 90°

ψ(3686) →π+π-J/ψ (→ μ+μ-) 



STCF tracking landscape

12Dashed lines denote functionalities to be integrated into OSCAR

See on overview of HEP tracking 
strategies in my slides here

A Common Tracking Software 
(ACTS)

https://indico.ihep.ac.cn/event/22312/contributions/157013/attachments/78595/97892/tracking2024_takeaway_xiaocong.pdf
https://link.springer.com/article/10.1007/s41781-021-00078-8
https://link.springer.com/article/10.1007/s41781-021-00078-8


Tracking performance
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Hough Transform + ACTS
W/O backgrounds

π+ of J/ψ → ⍴π

GNN + Hough Transform 
W/ and W/O backgrounds

● Combination of global and local tracking strategies to achieve the 
maximum performance (Hough Transform, ACTS, GenFit, GNN)
○ Tracking efficiency is above 95% in central region for pT > 100 

MeV/c, even with backgrounds
○ 99% noise hits can be removed by GNN (more in X.Q. Jia’s talk)

More about STCF tracking in H. Zhou’s slides

https://indico.ihep.ac.cn/event/21331/contributions/161225/
https://indico.pnp.ustc.edu.cn/event/1527/contributions/13256/attachments/4796/7444/20240708_STCFTracking_Lanzhou.pdf


γ performance

● Performance with sophisticated 
simulation and reconstruction meets 
the CDR requirements
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𝜎𝐸 = 2.27% @ 1 GeV

𝜎pos= 4 mm @ 1 GeV

More about EMC in B, Wang’s talk

https://indico.ihep.ac.cn/event/21331/contributions/161238/
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STCF PID performance



RICH reconstruction

● Different distribution of number of 
cherenkov photons for different 
particles

● For each particle hypothesis h , 
log-likelihood defined as

● PDFCkv  is calculated on-the-fly based 
on extrapolated track 
momentum/position

● Prov                              provides particle 
ID
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simplified from Poisson

More about RICH in Q. Liu’s talk

https://indico.ihep.ac.cn/event/21331/contributions/161207/


DTOF reconstruction
● Timing method (TOF): 
● Image method (Time vs Position) has 

better performance : 
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Difference of π PID eff. @2%  K→ π mis-ID rate, 
W/ backgrounds, using the two methods
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More details in Y.T. Feng’s slides

https://indico.pnp.ustc.edu.cn/event/1527/contributions/


MUD reconstruction
● Associate MUD hits/clusters to :

○ charged tracks based on extrapolated track 
position & momentum 

○ n/KL based on their ECAL showers
● Fine-binned BDT training using tracking + EMC 

+ MUD reco features
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PID eff. binned - PID eff. unbinned

BDT features

More details in Y.L. Liu’s slides

https://indico.pnp.ustc.edu.cn/event/1527/contributions/13260/


π/K PID efficiency with traditional likelihood method
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π PID eff. @2%  K→ π mis-ID rate, W/ backgrounds

● 97%  π/K PID efficiency for 0.7 GeV < p < 2 GeV with θ > 74°
○ Room for improvement for 2 GeV with smaller θ 

● > 97%  π/K PID efficiency for 0.35 GeV < p < 2 GeV with 24° < θ < 35° 

P [MeV/c]

Th
et

a 
[d

eg
]

Th
et

a 
[d

eg
]

P [MeV/c]

From DTOF (image method)From RICH



π/K PID efficiency with CNN
● Using 2D map of TOF vs. channel of DTOF as inputs

○ Momentum and position extrapolated to DTOF fully connected layer
●  CNN can further improve performance in certain regions

, 
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π PID efficiency @2%  K→ π mis-ID rate, 
W/O backgrounds

CNN has better performance at 
large theta and p

More details in Z. P. Yao's talk

https://indico.ihep.ac.cn/event/21331/contributions/161223/


μ/π and (n, KL)/γ PID efficiency with MUD

21

μ PID efficiency @3.3%  π→μ 
mis-ID rate, W backgrounds

● >95% μ PID efficiency for p > 1.2 GeV (room for improvement for lower p)
● n/KL PID performance is preliminary. Below 70% for now (>95% is expected)
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n/KL PID efficiency @3.3%  γ→n/KL 
mis-ID rate, W/ backgrounds



Global PID using BDT

● Using 45 features from 
Tracker/dEdx/RICH/DTOF/EMC/MUD

● PID efficiency above 95% for other 
particles except π
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Backgrounds not 
considered yet

More details in Y. C. Zhai's talk

https://indico.ihep.ac.cn/event/21331/contributions/161203/


Global PID performance
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More details in Y. C. Zhai's talk

https://indico.ihep.ac.cn/event/21331/contributions/161203/
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Summary



Summary

● The STCF offline software allows for a full event processing chain 

supporting STCF detector design, optimization and physics simulation

● Good tracking, photon and PID performance already achieved based 

on both traditional and innovative ML techniques
○ Still room for improvement in certain phase space region

● STCF physics simulation studies in a realistic scenario has started

● Currently, in full swing for both physics and CPU optimization to 

facilitate further detector optimization
○ Combination of different techniques/algorithms is the key for improvement
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backup

26



27

From J.B. Liu’s slides

https://indico.pnp.ustc.edu.cn/event/1527/contributions/13124/attachments/4760/7563/STCF%E8%B0%B1%E4%BB%AA%E7%A0%94%E7%A9%B6%E8%BF%9B%E5%B1%95-2024.pdf
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From J.B. Liu’s slides

https://indico.pnp.ustc.edu.cn/event/1527/contributions/13124/attachments/4760/7563/STCF%E8%B0%B1%E4%BB%AA%E7%A0%94%E7%A9%B6%E8%BF%9B%E5%B1%95-2024.pdf


Beam-induced backgrounds
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Fig. from J.B. Liu’s slides

https://indico.pnp.ustc.edu.cn/event/1527/contributions/13124/attachments/4760/7563/STCF%E8%B0%B1%E4%BB%AA%E7%A0%94%E7%A9%B6%E8%BF%9B%E5%B1%95-2024.pdf


MUD digitization
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J/ψ → ⍴π
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Track finding with Hough Transform

34More about Hough Transform tracking  in  H. Zhou’s talk



Vertex fit

● Vertex fit transcribed from BESIII has been validated
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Kinematic fit

● Kinematic fit transcribed from BESIII has been validated
● GlobalVertexFit which combines vertex and kinematic fit has been 

transcribed from Belle-II recently. Validation is in progress.
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Status of the full event processing chain

Simulati
on

Digitizati
on

Reconstruction Analysis (W/O bkgs)

On top of 
Digitization

On top of 
Bkgs + 

Digitization

Global PID
Charged 

Global PID
Neutral

Vertex/Ki
nematic 

Fit

ITK  1) Single 
particles

2) Physics  
Processes

1) Single 
particles

2) Physics  
Processes

MDC

RICH

DTOF

ECAL

MUD Pre-geometry

New geometry

Finalised Working, under optimization Developing or not started
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