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Super Tau-Charm Facility

• Peaking luminosity: > 0.5×1035 cm-2·s-1 @ 4 GeV

• Center-of-mass energy: 2~7 GeV

• Highest physic event rate: 400 kHz

➢ STCF key design parameters

Multi-Linac

Total 550 m
Positron Damping 

Ring   150 m

Collider Ring

860 m

New generation 

Spectrometer

• Center-of-Mass energy coverage :  2-7 GeV;
• Peak Luminosity > 0.51035 cm-2 s-1 @ 4GeV
• Potential to increase lumi. & realize beam polarization 

➢ STCF detector cross section
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Motivation

• High trigger efficiency for physical process events (~99%)

• Low trigger rate for background events (< 50 kHz)

• Trigger rate (hundreds of kHz)

• High throughput, low latency

➢ STCF trigger requirement

L1-trigger

HLT

➢ It’s better to consider trigger in OSCAR

• More convenient to do trigger algorithm test using 

large data samples

• Evaluate the trigger efficiency in physical analyses, 

especially in some physical channels with insufficient 

trigger efficiency, like 𝑒+𝑒− → 𝑛 ത𝑛

• Avoid difference between data and MC
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Base on OSCAR

➢ OSCAR: Offline Software of Super Tau-Charm Facility

➢ Trigger algorithm is added between digitization and reconstruction

L1 trigger:
MDC + ECAL

Global

Trigger
• Now only L1 trigger algorithm is considered

• This algorithm can realize event filtering, yet no filtering 
operations are implemented

• Save trigger status, trigger channel and timing information in 
Global Trigger Collection

OSCAR-tutorial-2025.pdf Teng Li

https://indico.pnp.ustc.edu.cn/event/3624/contributions/21182/attachments/7916/12226/OSCAR-tutorial-2025.pdf
https://indico.pnp.ustc.edu.cn/event/3624/contributions/21182/attachments/7916/12226/OSCAR-tutorial-2025.pdf
https://indico.pnp.ustc.edu.cn/event/3624/contributions/21182/attachments/7916/12226/OSCAR-tutorial-2025.pdf
https://indico.pnp.ustc.edu.cn/event/3624/contributions/21182/attachments/7916/12226/OSCAR-tutorial-2025.pdf
https://indico.pnp.ustc.edu.cn/event/3624/contributions/21182/attachments/7916/12226/OSCAR-tutorial-2025.pdf
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Framework

➢ Detailed framework

• MDC: hit position and TDC → track segment finding and final tracking

• ECAL: hit position, energy and time → data slice and cluster finding

• MDC: 𝑝𝑇 , 𝜙, 𝜃 and time

• ECAL: number of clusters, total deposited energy, 𝜙, 𝜃 and time

• Global: track-cluster matching, back-to-back track/cluster pair finding

→ GlobalTrigCol: Trigger status, trigger channel and timing

→ Users may decide whether to remove events failing the trigger according to their requirements

event

MDC Digi

ECAL Digi

MDC Trigger

ECAL Trigger

Global 
trigger

ReconstructionFast Reconstruction

GlobalTrigCol
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Implement in OSCAR

➢ Three physical processes are used to do test, comparing the performance of trigger algorithms running within 
OSCAR and in standalone

Process 𝒔 (GeV) 𝑵𝐞𝐯𝐞𝐧𝐭𝐬 Background Properties

𝑒+𝑒− → 𝜋+𝜋− Τ𝐽 𝜓 ,
𝐽/𝜓 → 𝑒+𝑒− 4.260 10000 1 bkg

distinct final-state 
signature

𝑒+𝑒− → 𝑛 ത𝑛 3.097 10000 1 bkg
Pure neutral final 

states

Τ𝐽 𝜓 → inclusive 3.097 10000 1 bkg
Inclusive physical 

process

➢ Here the results from 𝑒+𝑒− → 𝜋+𝜋− Τ𝐽 𝜓, Τ𝐽 𝜓 → 𝑒+𝑒− with 1bkg as an example
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MDC object level comparison: track

➢ MDC performance comparison between standalone and OSCAR

• There is a good agreement 
of MDC track information 
between standalone and 
OSCAR



Hua Shi Implement in OSCAR 9

ECAL object level comparison: cluster

➢ ECAL performance comparison between standalone and OSCAR

• Distributions of total 
deposited energy show 
consistent behavior

• A slight discrepancy exists 
in the cluster multiplicity
distributions
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Global object level comparison

➢ Global performance comparison between standalone and OSCAR

• Time, theta and phi are exploited for track-cluster matching

• The number of successfully matched track-cluster pairs

• An MDC track cannot find a matching cluster within the time 
limit in the barrel and end-cap

A good agreement in two version
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Global event level comparison

➢ Global performance comparison between standalone and OSCAR

Process
𝝐𝐭𝐫𝐢𝐠𝐠𝐞𝐫 in OSCAR 𝝐𝐭𝐫𝐢𝐠𝐠𝐞𝐫 in standalone

Signal (%) Background (kHz) Signal (%) Background (kHz)

𝑒+𝑒− → 𝜋+𝜋− Τ𝐽 𝜓 ,
𝐽/𝜓 → 𝑒+𝑒− 99.2 20.7 99.1 21.1

𝑒+𝑒− → 𝑛 ത𝑛 58.2 20.0 58.4 20.4

Τ𝐽 𝜓 → inclusive 95.7 22.1 95.8 23.2
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Summary

Hua Shi

➢ Summary

• For convenient test of L1 trigger algorithm, evaluation of trigger efficiency and elimination 
data/MC difference, it’s better to consider trigger in OSCAR

• L1 trigger algorithm has been implemented in OSCAR between digitization and reconstruction

• Users can retrieve trigger status, trigger channel and timing information for each event, so far no
event filtering operations are implemented in this algorithm

• The performances of the algorithm running within OSCAR and in standalone mode are compared
via three physical processes, and the observed discrepancies are acceptable

Thank you!

➢ Next to do

• Update the geometry to the latest version

• Study influence of the algorithm’s output parameters on physical processes
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Back up



Hua Shi Implement in OSCAR 14

MDC object level comparison: track, 𝒆+𝒆− → 𝒏ഥ𝒏

➢ MDC performance comparison between standalone and OSCAR

• There is a good agreement 
of MDC track between 
standalone and OSCAR
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ECAL object level comparison: cluster, 𝒆+𝒆− → 𝒏ഥ𝒏

➢ ECAL performance comparison between standalone and OSCAR

• Distributions of deposited 
energy show consistent 
behavior
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Global object level comparison, 𝒆+𝒆− → 𝒏ഥ𝒏

➢ Global performance comparison between standalone and OSCAR

• Time, theta and phi are exploited for track-cluster matching

• The number of successfully matched track-cluster pairs and an MDC track cannot find a matching 
cluster within the time limit in the barrel and end-cap show a good agreement in two version
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Global event level comparison, 𝒆+𝒆− → 𝒏ഥ𝒏

➢ Global performance comparison between standalone and OSCAR

Process
𝝐𝐭𝐫𝐢𝐠𝐠𝐞𝐫 in OSCAR 𝝐𝐭𝐫𝐢𝐠𝐠𝐞𝐫 in standalone

Signal (%) Background (kHz) Signal (%) Background (kHz)

𝑒+𝑒− → 𝜋+𝜋− Τ𝐽 𝜓 ,
𝐽/𝜓 → 𝑒+𝑒− 99.2 20.7 99.1 21.1

𝑒+𝑒− → 𝑛 ത𝑛 58.2 20.0 58.4 20.4

Τ𝐽 𝜓 → inclusive 95.7 22.1 95.8 23.2
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MDC object level comparison: track, 𝑱/𝝍 → 𝐢𝐧𝐜𝐥𝐮𝐬𝐢𝐯𝐞

➢ MDC performance comparison between standalone and OSCAR

• There is a good agreement 
of MDC track between 
standalone and OSCAR
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ECAL object level comparison: cluster, 𝑱/𝝍 → 𝐢𝐧𝐜𝐥𝐮𝐬𝐢𝐯𝐞

➢ ECAL performance comparison between standalone and OSCAR

• Distributions of deposited 
energy show consistent 
behavior
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Global object level comparison, 𝑱/𝝍 → 𝐢𝐧𝐜𝐥𝐮𝐬𝐢𝐯𝐞

➢ Global performance comparison between standalone and OSCAR

• Time, theta and phi are exploited for track-cluster matching

• The number of successfully matched track-cluster pairs and an MDC track cannot find a matching 
cluster within the time limit in the barrel and end-cap show a good agreement in two version
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Global event level comparison, 𝑱/𝝍 → 𝐢𝐧𝐜𝐥𝐮𝐬𝐢𝐯𝐞

➢ Global performance comparison between standalone and OSCAR

Process
𝝐𝐭𝐫𝐢𝐠𝐠𝐞𝐫 in OSCAR 𝝐𝐭𝐫𝐢𝐠𝐠𝐞𝐫 in standalone

Signal (%) Background (kHz) Signal (%) Background (kHz)

𝑒+𝑒− → 𝜋+𝜋− Τ𝐽 𝜓 ,
𝐽/𝜓 → 𝑒+𝑒− 99.2 20.7 99.1 21.1

𝑒+𝑒− → 𝑛 ത𝑛 58.2 20.0 58.4 20.4

Τ𝐽 𝜓 → inclusive 95.7 22.1 95.8 23.2
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MDC Sub-trigger R&D

Hua Shi

• 2D tracking and reconstruction: 

transverse momentum(𝑝𝑡), 

azimuthal angle(φ)

• Time reconstruction: 

track segment time,

track time(𝑡)

• 3D reconstruction: 

z-vertex,

polar angle(𝜃),  

momentum(𝑝)

➢ MDC algorithm ➢ Sub-algorithms
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MDC Sub-trigger R&D

Hua Shi

斜丝超层引入短径迹2D寻迹

• 通过三个φ向约束实现2D寻迹

• 降低带电触发道50%的本底触发
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ECAL Sub-trigger R&D

Hua Shi

𝒆+𝒆− → 𝝅+𝝅−𝑱/𝝍

Τ𝑱 𝝍 → 𝐢𝐧𝐜𝐥𝐮𝐬𝐢𝐯𝐞

𝒆+𝒆− → 𝒏ഥ𝒏 

➢ ECAL algorithm ➢ Event T0 residual
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L1 Trigger GTL R&D

Hua Shi

➢ GTL algorithm

• Un-matched track and cluster

• Using θ in match

• Various criteria in different ECAL regions

➢ Match logic optimization
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Trigger Table Design

Hua Shi

➢ GTL algorithm
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Trigger Table Design

Hua Shi
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Trigger Table Design

Hua Shi
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