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Super Tau-Charm Facility !

e A future e+e- collider operating at tau-charm region:
m Center-of-mass energy: 2-7GeV
m Peak luminosity: 0.5-1x103°cm=2s1

e Physics topics:
m QCD and Hadron spectroscopy

m Flavor physics and CP violation

m Exotic decays and new physics

e Tracker performance requirements:

Main Drift Chamber (MDC)

e 0,,<130um, op/p<0.5%
at1 GeV/c

e dE/dxresolution < 6%

Inner Tracker (ITK)

e <0.25% X, for one layer

e 0,,<100um




STCF tracking challenges

e Most physics processes have charged particles with p; <500 MeV/c
m More material effects - worse resolution
m Looping tracks with p; <130 MeV/c — fake/duplicate tracks

e Long-lived particles (A, Ks, ...) can decay outside Inner tracker
J/b - AA - prprt
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STCF tracking system

e Inner tracker(ITK): ITK Silicon option: CMOS MAPS
m Two options: CMOS MAPS(ITKM) and uRWell Spacing DIODE Spacing  TRANSISTOR | TRANSISTOR

SRR @M !_’4,~mu CGNOIG)
gaseous tracker(ITKW) . | T
"] dode ity | of 5
Depletion”. gl BV
region“.. s

m 3 layers with radius of 36mm, 98mm, 160mm

e Main tracker(MDC):

“oou s pT epitaxial layer ¢

m Radius: 200~8400mm

substrate
Particle lﬂ[ i

m 48 layers: axial layers and stereo layers _
ITK gaseous option: MPGD

uRWELL foil
Cathode & supporter

Figures from STCF CDR
(arXiv:2303.15790)

3 layers of cylindrical uRWELL inner tracker




ACTS tracking geometry g

e Transform full Geant4 simulation geometry (described apnsssserssmass RS AL A :
with DD4hep) into ACTS tracking geometry o e :
m ACTS TGeo plugin a0l .

600 -

rfmm]

m Acts::KDTreeTrackingGeometryBuilder

m Every element in G4 geometry is transformed into 200 o retact cea
ACTS geometry object hence no additional material o s e
mapplng is needed PlaneSurface h,

e Tracking geometey of STCF tracker: 2y k7

m 3 CMOS MAPS layers — 3 layers with composed of — /

h,

LineSurface/PerigeeSurface

h,

ACTS::PlaneSurface

m 48 straw layers — 48 layers with composed of

ACTS::LineSurface i h,
/

h,




ACTS tracking strategy at STCF

e First tracking option: Hough + GenFit
m Hough + GenFit has been well optimized
m On-going studies to use GNN was uesd to
reduce noise
e Second tracking option: seeding+CKF(ACTS)
m ACTS has been integrated into STCF offline

software

STCF software framework

Full simulation ]

. geometry
Event generation l_
« (ACTS tracking]
Full Simulation DTG AR S | geometry
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Details about Hough and GNN in Jin Zhang's

slides and Xiaoshuai Qin's slides



https://indico.pnp.ustc.edu.cn/event/4580/contributions/31338/
https://indico.pnp.ustc.edu.cn/event/4580/contributions/31336/

Tracking signatures
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Performance for non-displaced tracks

Tracking efficiency (ACTS seeding + CKF)
e 100% tracking efficiency for p in the region |cos0|< 0.94, 500< P <600 MeV/c

e >93% tracking efficiency for 1 in the region |cos8|<0.94, 50< P,<100 MeV/c
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Particle requirements: nHits>=5, |cos0|<0.94

Track requirements: matchingProb(purity) > 0.8



Performance for non-displaced tracks :

Tracking efficiency (ACTS seeding + CKF vs Hough+GenFit)

e ACTS shows higher tracking efficiency in low transverse momentum region
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Performance for non-displaced tracks 9

Fake rate (ACTS seeding + CKF vs Hough+GenFit)
e ACTS has higher and non negligible fake rate

m ML technique can further remove/filter those fake tracks
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Performance for non-displaced tracks

Tracking efficiency (combining Hough with ACTS)

e Use ACTS to further reconstruct tracks using hits not associated to Hough tracks

e Efficiency has improved especially in the low transverse momentum region
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Performance for non-displaced tracks

Fake rate (combining Hough with ACTS)
e Compared to ACTS-only tracking, fake rate has decreased, but increased compared

to Hough- only tracking
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Performance for displaced tracks
Tracking efficiency (ACTS seeding + CKF)

e Low seeding efficiency (due to < 3 hits on ITK) —> low tracking efficiency
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Performance for displaced tracks
Tracking efficiency (ACTS seeding + CKF)

e (Good efficiency for particles that decay within first layer of ITK

p.Jly— A(—=pr)A(—prn’)
Seedlng+CKF W Backgrounds

—= 200

[ - >
£V c
£.180F 0.9'5
> 160 08 o
8 140F 073

- 3
a - S
£ 120 0.6
> -

— 100 0.5
80 0.4
60 0.3
40 —_ 0.761 0.796 0.835 0.847 0.861 0.885 0.883 0.877 0.873 0.866 0.878 0.860 0.874 0.859 0.877 1'1‘ 02
20 :_ 0.968 0.9710.989 0.992 0.990 0.988 0.993 0.991 0.990 0.989 0.993 0.989 0.992 0.993 0.982 0.98 0 1

900 300 400 500 60 700 800 90010001100
Truth P, [MeV/c]

Particle requirements: nHits>=5, |cos0|<0.94

Track requirements: matchingProb(purity) > 0.8

n,Jy— A(—=pr)A(—pr’)
Seedlng+CKF W Backgrounds

— 200

£
£,180

=160

§140

<120

o

— 100
80

0.556 0.555 0.568 0.598 0.667 0.631 0.5;
0.605 0.572 0.647 0.640 0.649 0.55;

60 0.583 0.586 0.602 0.590 0.645 0.671 0.625 n.ﬁ
0.561 0.577 0.573 0.591 0.579 0.629 0.617 0.639 0.649 0.59;
40 .5710.632 0.663 0.725 0.768 0.798 0.836 0.844 0.850 0.882 0.870 0.861 0.868 0.879 0.886 0.908 0.8
1777 0.837 0.865 0.888 0.921 0.954 0.972 0.979 0.982 0.977 0.977 0.978 0.981 0.992 0.983 0.993 0.9

20 -903 0.904 0.937 0.930 0.964 0.982 0.982 0.985 0.983 0.984 0.990 0.989 0.995 0.990 0.989 0.996 0.9

.9'::'6 D.|967|0.9§4 DIQ'SEI 0.9|83 OI.QSQI 0.%90 qQS'::' 0.9|89 ?.99? 0. 992 D 992 0. 989 P 995 0. 98'1 0 990 OF

0 TOO T50 200

200
Truth P, [MeV/c]

o
©

o
o

o
-]

o
o))

o
3y

0.4

0.3

0.2

0.1

Tracking efficiency



Performance for displaced tracks

Tracking efficiency (ACTS seeding + CKF vs Hough+GenFit)
e Hough transform is more robust against local hit loss/inefficiency

e ACTS has slightly better seeding efficiency if there are enough ITK hits
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Performance for displaced tracks

Tracking efficiency (ACTS seeding + CKF) if requiring 3 hits at ITK
e Check tracking efficiency of particles which has 3 hits at ITK

e The success of finding a seed is crucial for ACTS tracking

% :""|""|""|'"'|'I"'|'"'|'l:|"_'-:-|"": _1 g % T |1|[| T T || ||||| T T |-|—| l_lll I— _1 g
S B PJly— A(=pr)A(—pr’) 1 doo8 & - mJh— A(=pr)A(—pr’) 1 oo
=  .r Seeding+CKF W Backgrounds - s 2 F Seeding+CKF W Backgrounds _ =
5 1 - 0.985 0.983 0.985 0.985 0.986 0.990 1.000 4 0.8 8’ 5 o ] 08>
fand B ] £ = l:sos 0.906 0.932 0.948 0.968 0.977 0.980 0.986 — c
- i 0.984 0.987 0.986 0.986 0.987 0.983 1.000 1 o7 % - .898 0.896 0.913 0.936 0.945 0.964 0.978 0.977 0.984 0.982 0.983 1 07 ﬁ
L 0:93310:984]0:98210:98510.99010.98810:977 i = 0.900 0.914 0.929 0.937 0.944 0.963 0.973 0.983 0.979 0.9810.988 0.985 0.990 1.000 i ' E
O . 5 - 0.983 0.984 0.987 0.934 0.989 0.990 0.989 0.966 — =06 0 5 0.852 0.904 0.930 0.947 0.9610.970 0.964 0.980 0.976 0.983 0.979 0.985 0.991 0.986 0.983 — os
= 0.989 0.977 0.987 0.987 0.989 0.986 0.985 1.000  — ' 809 0.857 0.946 0.957 0.966 0.969 0.977 0.970 0.970 0.982 0.980 0.978 0.980 0.992 0.991 0.995 | !
B 0.980 0.980 0.985 0.979 0.986 0.984 0.986 1.000 0.5 .729 0.712 0.809 0.895 0.949 0.958 0.974 0.972 0.976 0.976 0.982 0.976 0.982 0.984 0.987 0.985 0.993
: 0.984 0.983 0.987 0.984 0.986 0.987 0.985 0383 ) 0.792 0.787 0.730 0.736 0.815 0.929 0.963 0.9710.970 0.988 0.981 0.977 0.985 0.990 0.981 0.989 0.989] 0.5
0 | 0.977 0.984 0.987 0.984 0.990 0.989 0.989| 0.4 0 0.791 0.833 0.866 0.857 0.884 0.912 0.958 0.9710.975 0.9710.976 0.987 0.980 0.989 0.984 0.987 o.aa_; 0.4
L 1.000 0.983 0.979 0.984 0.985 0.989 0.986 0.983] 801 0.787 0.832 0.813 0.838 0.915 0.970 0.9710.973 0.967 0.981 0.986 0.985 0.979 0.989 0.989 0.984] '
— 0.984 0.989 0.984 0.986 0.990 0.986 0.986 0.9881 .760 0.711 0.727 0.762 0.837 0.940 0.969 0.969 0.975 0.979 0.984 0.975 0.983 0.982 0.986 0.993 0.982
~ 0.984 0.986 0.983 0.986 0.987 0.984 0.984 0.3 .732 0.762 0.873 0.945 0.962 0.963 0.976 0.975 0.978 0.977 0.985 0.979 0.974 0.982 0.990 0.989 1.000] 0.3
O 5 __ 0.981 0.978 0.985 0.984 0.988 0.988 0.980 1.000 __ 0 0.826 0.898 0.946 0.952 0.954 0.958 0.970 0.9710.984 0.985 0.983 0.980 0.977 0.986 0.983 1.000 |
b d 0.994 0.987 0.986 0.985 0.987 0.989 0.985 | 0.2 . 5 912 0.916 0.915 0.949 0.952 0.967 0.974 0.9810.978 0.977 0.983 0.986 0.980 0.992 1.000 _ 0.2
- 1.000 0.986 0.987 0.989 0.988 0.987 0.987 - 890 0.920 0.927 0.951 0.953 0.959 0.963 0.977 0.983 0.978 0.984 0.996 1.000 -
~ 0.983 0.986 0.985 0.989 0.987 0.990 0.990 _ 0.1 .887 0.916 0.927 0.951 0.957 0.971 0.978 0.982 0.993 0.991 1.000 - 0.1
_I 1 B 1 1 I 1 1 1 1 I 1 1 1 1 | 0

0.903 0.915 0.930 0,964 0.9710.986 1.
Ogaﬁogseogafoglagongl|||||||||||||||||||||||||||| glllllllllopol

200 300 400 500 600 700 800 90010001100 50 100 150 | 200 250 300
Truth P, [MeV/c] Truth P, [MeV/c]

Particle requirements: nHits>=5, |cos0|<0.94

Track requirements: matchingProb(purity) > 0.8



STCF tracker layout optimization

e ITKM optimization: from 3 to 4 CMOS MAPS layers

m 4 layers with radius of 36mm, 88mm, 140mm, and 196mm

m 4 CMOS MAPS layers — 4 layers with composed of ACTS::PlaneSurface
e MDC optimization: from 48 to 42 layers

m 42 straw layers — 42 layers with composed of ACTS::LineSurface

e Updated geometry includes realistic mechanical structures(supports, cooling, services)

mmmmmm

—————




ACTS material mapping

e Acts Material mapping has been implemented in STCF software framework

e Geant4 vs. ACTS material mapping (only for new Tracker)

m Agreement within 1% for all angles except detector edges

m Confirm accurate geometry and material mapping in ACTS

STCF software framework
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Performance for non-displaced tracks

Tracking efficiency (ACTS seeding + CKF vs Hough+GenFit, new tracker)
e Preliminary test W/0 backgrounds:

ACTS still shows higher tracking efficiency in low transverse momentum region
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Track requirements: matchingProb(purity) > 0.8



Performance for non-displaced tracks

Duplicate rate (ACTS seeding + CKF, new tracker)
e Preliminary test W/0 backgrounds:

4 layers of ITKM —> duplicate seeds —> high duplicate rate
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Summary

e ACTS has been used as one of the tracking methods at STCF

m ACTS has been integrated into STCF offline software

m Encouraging performance even at ppbelow 100 MeV/c
e Obvious tracking efficiency loss for long-lived particles at STCF for ACTS
e Non-negligible amount of fake (and also duplicate) tracks exist

e Next:
e Check performance with ACTS using new tracker(efficiency, resolution)

e Further investigate the performance of combining Hough + ACTS for

displaced particles

e [nvestigate ML ambiguity resolver to remove fake/duplicate seeds/tracks, in

particular for the new tracker layout



Back up



Hough Transform at STCF

2-D track finding

Peak finding
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Backgrounds

Touschek effect Luminosity-related background
* Scattering between inner beam particles « Radiative Bhabha: e*e™ = e*e "y
* Generation rate & Ny, .. 1., beam size I, energy -3 . Two-photon process:
* Main Background ete” »ete y'y' 2 ete"ete”
El

4..—‘ E1
Beam-gas effect

* Effect with residual gas in the beam pipe

* Coulomb scattering, bremsstrahlung

Other background
* Generation & pressure ._.4 o & Hough map with background

* Injection

-
e -

N ‘ * Synchrotron radiation i
Yupeng Pei 5

Background hits count per event

ITK1 ITK3 | MDC1 | MDC2 | MDC3 | MDC4 MDCé6 | MDC7 | MDC8

373 136 603 424 248 251 600 678 30.0




Truth cos6
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e d,of some particles is above 60mm for 1

e ImpactMax was set 60mm in ACTS seeding
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