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Super Tau-Charm Facility

> STCF detector cross section
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» STCF key design parameters

*  Peaking luminosity: > 0.5%103> cm
* Center-of-mass energy: 2~7 GeV
* Highest physic event rate: 400 kHz
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Motivation

» STCF trigger requirement

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

* Low trigger rate for background events (< 50kHz) Fr == === === - - - — “ —
] | . MDC ECAL || |MUON DTOF de ece;rs
» Trigger rate (hundreds of kHz)  L1-trigger b l, | ) Loror] Lo
* High throughput, low latency : Sub-trigger: | || Sub-trigger :
position, t position, t, E
| Track | |
, . . . | Global Shower: energy " [ . — — —
> It S better tO ConSIder trlgger 1n OSCAR I Trigger and multiplicity | | Pipeline Pipeline Pipeline Pipeline Pipeline
LOglC I memory memory memory memory memory
: : : : | (odwae) | I I I I !
* More convenient to do trigger algorithm test using —==== 2'ZC _ IRy RU/ RU7 RU7 RU7
- ! CROB-PXI — CROB-PXI CROB-PXI CROB-PXI CROB-PXI
large data samples — 7 — —[ cros- | |
5 pies o | IR s S I I | I Il
« Evaluate the trigger efficiency in physical analyses, : iover M— r
. . . . . . . ROS/EB i
espeC]a]]y in some physma] channels with insufficient ' — __________1_________ l
trigger efficiency, like ete™ - nn e | 400 KHz
* 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

* Now only L1 trigger algorithm is considered

 This algorithm can realize event filtering, yet no filtering Trigger
operations are implemented L1 trigger:

» Save trigger status, trigger channel and timing information in MDC + ECAL OSCAR-tutorial-2025.pdf Teng Li
Global Trigger Collection \  Global )

a OSCAR ™
/Event generation\ Detector Simulation fDigitization\ Geconstruction ) 4 Analysis A
Generator Detector Geometry lonization, Tracking (tracks,
Background Mixin — i : Light propa., dE/dx, TO) PID
(ngsics signal ? ngf'iit",f,f’s — Elec.response PID (RICH+DTOF) Vertex fitting
+beam background + M.C. Truth , Waveform EMC Kinem. Fitting
physics background ) processing MUD RDataFrame
& N\ /L RN N j
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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 Digi MDC Trigger \
@ Fast Reconstruction

\ ECAL Digi ECAL Trigger /

« MDC: hit position and TDC — track segment finding and final tracking

Global
trigger

Reconstruction

« ECAL: hit position, energy and time — data slice and cluster finding

« MDC: pr, ¢, 0 and time
* ECAL: number of clusters, total deposited energy, ¢, 6 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
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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
J5 (GeV) Background
ete” s ntn=J/y, distinct final-state
I — ete- 4.260 10000 1 bkg -
ete= > nf 3.097 10000 1 bkg e mewiall el
states
J /¥ - inclusive 3.097 10000 1 bkg Inclusive physical

process

> Here the results frome*e™ » ntn~ ]/, ] /Y —» eTe™ with 1bkg as an example
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MDC object level comparison: track

» MDC performance comparison between standalone and OSCAR
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ECAL object level comparison: cluster

» ECAL performance comparison between standalone and OSCAR
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Global object level comparison

» Global performance comparison between standalone and OSCAR

104 E —— offline 10° E — offline 104 E — offline — offline
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* Time, theta and phi are exploited for track-cluster matching

* The number of successfully matched track-cluster pairs mmmm) A good agreement in two version

 An MDC track cannot find a matching cluster within the time
limit in the barrel and end-cap
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Global event level comparison

» Global performance comparison between standalone and OSCAR
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Summary

» 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

> Nexttodo

» Update the geometry to the latest version
* Study influence of the algorithm’s output parameters on physical processes

Thank you!
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Back up
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MDC object level comparison: track, e*e™ —» nn
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» MDC performance comparison between standalone and OSCAR
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ECAL object level comparison: cluster,e*e™ — n,

» ECAL performance comparison between standalone and OSCAR
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Global object level comparison, e"e™ —» nn

» Global performance comparison between standalone and OSCAR
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* 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

Hua Shi Implement in OSCAR 16




Global event level comparison, e"e™ — nn

» Global performance comparison between standalone and OSCAR
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MDC object level comparison: track, j/y - inclusive

» MDC performance comparison between standalone and OSCAR
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ECAL object level comparison: cluster; j/y — inclusivi

» ECAL performance comparison between standalone and OSCAR
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Global object level comparison, J /Y — inclusiv

— offline

— offline
—}— standalone

—}— standalone

» Global performance comparison between standalone and OSCAR
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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 /Y — inclusive

» Global performance comparison between standalone and OSCAR
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MDC Sub-trigger R&D

» MDC algorithm » Sub-algorithms
MDC hit data | « 2D tracking and reconstruction:
____________ ;,]} transverse momentum(p;),
| Axial superlayer | . Stereo superlayer | azimuthal angle(¢)
Position “--=------ ) Position, TDC "~~~ . i
[ 1 . * Time reconstruction:
Position _
Track segment finding Track segment finding IDC track segment time,
track time(t)
Tracking (N, ¢) Track segment finding * 3D reconstruction:
Z-vertex,
- T polar angle(6),
Reconstruction (p,, ¢) ’| Track segment timing
momentum(p)

*| Track 3D reconstruction (z, 0, p)
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MDC Sub-trigger R&D
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ECAL Sub-trigger R&D

» ECAL algorithm » Event T, residual
£ 80F
ECAL hit data 8 F
Region segmentation, E,.,-Time histogram s0F- etel -t J /¢
: o J/Y |- inclusive
Finding potential time slices 301 + 1 _
= e el X nn
20
Overlap with the °E |
previous time slice? L o s

time slice timing error(ns)

A 4

Extend time slice New time slice

A 4

Cluster finding and segmentation

!

Cluster Reconstruction
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L1 Trigger GTL R&D

» GTL algorithm MDC data » Match logic optimization

Not fulfill time
[ ] -
ECAL data Calculate time diff mach request Not match No | Un matChed traCk and CluSter

fulfill time . . Using 0 in match

match request

» Various criteria in different ECAL regions

If has
(pnﬂn&(pmax

Not fulfill I the track
. Check rang of match request ¢ rac
lculat iff can enter
Calculate § d Prnin&Puax ECAL(End [«
-cap or
Fulfill 6 fulfill Barrel)
match request
Not fulfill 8 match request
match request
v v Match
Long track Short track
[ [
¢ } ¢ ! JYes
Barrel Endcap Barrel Endcap Yes Might match
| | | |
!
. No
If fulfill @ match request (different threshold)
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Trigger Table Design
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Trigger Table Design

No R B b= EIRE
01 Charged final state with  IfRBB =— 0 && (tempEMCpair[x]>=1 || tempMDCpair>=1) && (((EMC _totalclusternumber[x]>=2 &&
back-to-back MDC TWtracknum[x]>=2) && (Barrelmatch num[x]>=1 || Barrelmightmatch num[x]>=1 || (Endcapmatch num[x]>=1
characteristic && Endcapmatch num([x]<=2 && Inner Endcap match num[x]<2)))) &&
GTL _EMC TotalEDep[x]>=EMC _totalEDepmidthreshold&&GTL total highcluster EDep[x]<3
02 Charged final state with ~ IfRBB =— 0 && EMC totalclusternumber[x]>=1 && EMC _totalclusternumber|[x]<=4 && MDC_ TWtracknum[x]|>=1
few final states (signal && MDC TWRetracknum|[x]<=4 &&
track number=2) (((Barrelmatch num[x]+Endcapmatch num[x]>=1|Barrelmightmatch num[x]+Endcapmightmatch num[x]>=2) &&
Inner Endcap match num[x]<=1 && GTL EMC TotalEDep[x]>=0.15))
Charged trigger channel &&GTL_EMC_TotalEDep[x]<EMC _totalEDephighthreshold&&EMC overhighEDepthreshold[x]<=1
03 Charged final state with ~ IfRBB == 0 && (EMC _totalclusternumber[x]>=3 && EMC _totalclusternumber[x]<=7) && (MDC_TWtracknum|[x]>=3
middle final states && MDC_TWRetracknum|[x]<=7 && (Barrelmatch num[x]>=1 || Barrelmightmatch num[x]>=1 ||
(3<signal track (Endcapmatch num[x]>=1&&Endcapmatch num[x]<=2 && Inner Endcap match num[x]<=1)) &&
number<e6) GTL EMC TotalEDep[x]>=EMC _totalEDeplowthreshold) ||
(MDC_TWiracknum[x]>=1&&(Barrelmatch num[x]+Endcapmatch num[x]+Barrelmightmatch num[x])>=1 &&
(GTL_EMC TotalEDep[x]>=EMC _totalEDepmidthreshold) && MDC TWRetracknum[x]<=3) ||
(Barrelmatch num[x]+Endcapmatch num[x]==0 && MDC TWiracknum[x]>=2 && GTL EMC TotalEDep[x]>=0.6))
04 Charged final state with ~ IfRBB == 0 && (EMC _totalclusternumber[x]>=7 || MDC TWRetracknum[x]>=7) && (Barrelmatch num[x]>=1 ||
massive final states Barrelmightmatch num[x]>=1 || (Endcapmatch num[x]>=1 && Endcapmatch num[x]<=2 &&
(signal frack number>7) Inner Endcap match num[x]<1)) && GTL _EMC _ TotalEDep[x]==EMC _totalEDeplowthreshold
05 Neutral final states IfRBB = 0 && ((EMC _totalclusternumber[x]>2 && MDC TWtracknum[x]<=1 && (EMC_BarrelEDep[x]>=0.4 ||
GTL EMC TotalEDep[x]>=0.6)) || (EMC_totalclusternumber[x]==2 && MDC_ TWtracknum[x]<1 &&
Neutral trigger channel (EMC_BarrelEDep[x]>=0.4 || (EMC_OuterEndcapEDep[x]>=0.5 && EMC _OuterEndcapEDep[x]<=1.4))) ||
(EMC _totalclusternumber[x]==1 && (EMC_BarrelEDep[x]>=0.5 || (EMC_OutertEndcapEDep[x]>=0.5 &&
EMC_OuterEndcapEDep[x]<=1.4))&&MDC TWtracknum[x]<=1))&&GTL total highcluster EDep[x]<3
06 High Neutral Trigger IfRBB = 0 && EMC _totalclusternumber[x]>=1 && GTL_EMC_ TotalEDep[x]>=0.1
Luminosity monitoring 07 Radiative Bhabha ((tempEMCRBBpair[x]>=1 || MDC RBBcount=1) && MDC TWtracknum[x]>=0 && MDC TWRetracknum|x]<4 &&

trigger channel

Random trigger channel

(GTL total highcluster EDep[x]>=3 || ((EMC_InnerEndcapEDep[x]>=1.5 ||
(EMC_InnerEndcapEDep[x]+EMC OuterEndcapEDep|[x])>=2.8) && EMC BarrelEDep[x]<=0.2)) &&
(Barrelmatch num|[x[+Endcapmatch num|[x])<=3)

Hua Shi
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Trigger Table Design

No Trigger criteria Definition

ECAL(RAIfEE, MEAMENEIEF RERNER)

02 ECAL _totalclusternumber ECALF R EFFE>=1. >=2, ==3, >=7
03 ECAL overEDepthreshold clusternum ECAL BN EFEENAET —ERENERRE
10 ECAL_TotalClusterEDep ECAL {5 B B UTRR (B D AR 08 F il i o 143 0. 140 FoAi 25 250.28), o
1(0.4), #12(0.6), =(3.5)UAHE
12 ECAL_RegionEDep ECALIERR, shnE, AmEEENBEENR
14 ECAL btb ECALREEREEE %A
11 ECAL Total high EDep ECAL & 82 3£ F1(>0.6Ge V)R AL B = F0
MDC(fE2E R, i &M E M5 E)
04 MDC _totaltracknumber MDCH HJiR 3123 2 E>=1.>=2. >=3
05 MDC _totalretracknumber MDCr Y EE 82 FIAECAL Y23 B #<=3 <=4.<=7
15 MDC_btb MDCHEEFEEL T
Global(IL {5 )

06 Barrelmatch num ERAT L BCE S
07 OuterEndcapmatch_num A 5 AL ACE &
08 InnerEndcapmatch num i A [ VC A 4 &
09 Match_num SY=QJINGE ey
13 Non-match_num T (TR, )iz Re s RIULED, HRTER [ 48 L GE9 5ECALM a] i L

(Might matchnum) N ERERS S-S
01 IfRBB =& /ERBBE AL A £
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