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Colliders in Particle Physics

€ The most effective experimental approach, artificially generating massive amounts
of elementary particles, and studying the production and decay mechanisms

& Different energy regions, significant discoveries: heavy flavor quarks, tau leptons,
W/Z bosons, and Higgs

SPEAR, USA

Tevatron, USA LHC, Switzerland
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New Generation

Significantly higher energy, luminosity and detection accuracy

Higer luminosity by factor ~50-100 Higher energy by factor ~3-10

80 100 120 160 180 Mass

lo o | (I S— i ol
v,e,u,d S, U cCT Eﬂ W Z H g GeV
4 High luminosity frontier: € High energy frontier:

hadron production mechanism Complementary Origin of elementary particle
and inner structure, exotic states, Irreplaceable mass, nature of electrowealk,
quark-gluon plasma, NP via

nature of strong interactions, NP in
the ¢/b quarks and t-lepton ... Higgs particle ... .




s Crystal x pluto

explore the mechanism
| of hadron formation
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Ns (GeV)

@ Unique Energy Region: transition Region between Perturbative and
Non-perturbative QCD

@ Rich hadron spectra: glueballs, multi-quark states, hybrid ...

@ Ultra high cross-section: rich resonances, charmonium ...

@ Threshold effect: hadron/lepton pairs, quantum correlation



Scientific and Project Objectives

Nuclear Structure: Asymmetry: QCD confinement:
Understand the mysteries Discover the CP violation in Explore quark formation
of Nuclear Form Factors hyperons in hadrons

A revolutionary new-generation facility, providing

unprecedented data size and measurement precision

CMS Energy : 2-7 GeV Momentum Res.: 0.5%@1GeV

Peaking Luminosity: 5x1034 cm-2s-1 Energy Res. : 2.5%@1GeV

Upgrade Potential : Higher energy, Particle ID : K/n 4c@2 GeV
Higher luminosity, Polarization Event Rate : 400 kHz

long-term stable operation within highjlhigh-precision measurements within
luminosity and wide energy range high irradiation and event rate




€ New generation GeV-region electron-positron collider

€ Unique platform for exploring hadron structures and
fundamental symmetries
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Super Large Data Samples
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Super Lage Data + High Res. + Low Bkg = High Precision
To understand the mysteries of hadron formation and interactions .



Physics I: Asymmetry

Il 1956 1964 2001

Parity violation Strange mesons: ~ o Beauty mesons: Beauty baryons:

T.D. Lee, CPviolation in K° | & L) CP violation in B® CP violation in A

C. N. Yang, decays ‘ decays decays

C.S.Wu et al. J. W. Cronin, A @& BaBar and Belle LHCb collaboration
V. L. Fitch et al. Nobel Prize collaborations

1980

Nobel Prize
1957

-

1963 1973 W % | 2019

Cabibbo Mixing The CKM matrix &/ Charm mesons:

N. Cabibbo M. Kobayashi, N R CP violation in D°
T. Maskawa 2008 decays

LHCDb collaboration

-
-

€ The CP violation observed in current experiments is far from
sufficient to explain the mystery of antimatter disappearance.

€ Only the CP violation of hyperons and charmed baryons has not
been discovered, which is one of the last unexplored frontiers in
hadron physics 11



CP violation in Hyperons

X.G. He et al. Sci.Bull. 67 (2022) 1840-1843:
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Asymmetry in K% — K°

CPT test to probe the new physics beyond SM

\ o it 0.5
KO J/Y—=K n*K |
q}'\' Ks ¢ et K%decay vertex i j
"""""""" . , TC L
n

not 90° K, P = melLl /17l | Ly
1

arXiv : 2209.12551

xYd.o.f=0.7

0 5 10 15 20
Neutral kaon decay time (tg)

& k° — KO flavor tagging via J/y » K°K~n*/K°K*n~ @ The phase in CP parameter ¢ _

& K, — K, CP tagging by reconstructing =*r~ or used to set limits on CPT violation
ntn Y ® sensitivity of ¢, _ is 0(1073) at STCF

@ Precise determination of K° decay vertex = = one magnitude better than
essential for time-distribution PDG average

13



CP Subject in STCF

CP violation studies at Super tau-charm facility rontents arXiv:2502.08907
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Physics Il: Confinement

€ Non-perturbative effect is the major bottleneck for precision
measurements

€ Hadrons and nucleons are essential probes: hadron spectra, nuclear
structures, fragmentation functions
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More Data, Finer Structures

1996,8 M J/{'s 2003, 58 M J/{'s 2012, 225 M J/Y's
PRL 76, 3602 PRL 91 022001 PRL 108 112003
—~ - = Ry T 700
$ J/b-yp | ]/l/J—pr < oo fy I/ > vpp
2 10f z; 100 |- 2«: &
@ ol 2 225 25 215 3 "o | | . vo THor on 0.3
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2005,58 M J/Y's 2011,225 M J/'s 2016,1.1B J/Y's 2022, 108 J/'s
PRL 95,262001 PRL 106, 072002 PRL 117,042002 PRL 129, 042001
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You never have enough J /i events!

— Stephen Lars Olsen
Talk on ” Symposium on 30 years of BES Physics” , (2019) 16



Prospect of EMFFs in STCF

€ Form Factors: non-perturbative effect, incalculable precisely
€ Essential Input for the PDFs (critical uncertainty in hadron colliders)
@ ce colliders provide the most clean samples

Neutron structure oscillates N e ut ro n E M F F S
measurements

By

First Cover Article
of {Nature-Physics)
at BESIII

Space-like High-g2
e B—>e B Low-g2 . al regio ete” —» BB

BB —» ete”

q? = (mg;—mg,)? q? = (Mg, +mpgy)?

STCF potential:

® Provide the most precise multidimensional FFs distributions for g2 ~4-50 GeV?
® Polarized beam can further improve measurement accuracy and quality
® Critical input for experiments EIC, EicC, Jlab 17




Physics Ill: SM Parameters

Precise measurement is the critical approach for new physics investigation

Masses Couplings
Parameter Value Method Parameter Value Method
m, 1.9 MeV Lattice o 0.0073 non-collider +
my 4.4 MeV Lattice collider
m. 87 MeV Lattice Gr 1.17x10%  Non-collider
- 1.3 MeV Collider a, 0.12 Lattice + collider
- 4.24 MeV Eostihonr Flavourand CP violation
m, 173 GeV Collider | Parameter  Value Method
m, 511keV  Non-collider .
. 6> (CKM) 13.1° Collider
m, 106 MeV  Non-collider | |
{ 0>; (CKM) 2.4° Collider
m. 1.78 GeV Collider -
- 6;: (CKM) 0.2° Collider
m. 91.2 GeV Collider - -
: - & (CKM-CPV) 0.995 Collider
mg 125 GeV Collider : :
- ¢ (strong CP) ~0 Non-collider

€ SM contains 19 free parameters:
Quark and Lepton masses, CKM
matrix, Couplings

Leptons

€ Basic physical quantities: R value etlg



R value measurement

One of the most fundamental physical quantities, directly reflecting the quark flavor
and color, and providing experimental input for theoretical calculations of fine
structure constants and anomalous magnetic moments of muons

_ o(e"e” - hadrons)
oglete” - utp”)

’ \s (GeV)

®Running of fine structure
constant Aa.,

Aw(s)=1—a(0)/als) = Adtiepyon () + Aoc}[lzzi(s) + Adtyp (s)

Eur. Phys. J. C 80, 241 (2020)

Source Contribution(x 10~%)
A Xepton (M3) 314.979 + 0.002
Al (M2) 276.0 + 1.0
Aoop (M) —0.7180 + 0.0054

eAa®) (s) should be
calculated with R value:
o0 R[SI]

5 s
Atxi[mli (s) = T ReJE ds’
th

® Muon anomalous maanetic moment a,

BNL g-2

FNAL g-2 +——@——+

A A
{ 4.20 >

Standard Model Experiment
Average

175 180 185 190 195 200 205 210 215
a, % 10° - 1165900

. .SM _ _QED Weak Had
OSM.aM =aqa,  +a, +a,

® Hadronic Vacuum Polarization (HVP)
and Light-by-Light (HLbL) in aﬁad
dominate uncertainty

® HVP contribution is calculated with R
value with dispersion relation:

Lonve _ (oo \® J"" 4 RIK(s)
K 37 a2, 52




CKM Matrix

Unitarity breaking of the CKM matrix : the new generation quarks !

BESII | STCE Belle 11

1] Luminosity 293fbTat3.773GeV lab'at3.773GeV 50 ab~'at T(nS)

( d \ ( VZ/ld V V?/lb \ / d \ '(B(D+ - #+V,u) S-I%Stal 16%5)*5! [8] 028%5(&1( — h
for (MeV) 2.6%s11 0.9% sy 18] 0.15%y Theory : 0.2%
' [ ] [ ]
S — | /8 V | S Vel 2.6% 1.0% L, [8] 0.15%.q .
cd” c3” cb BD* > ttv) 0% 10%5;5,'[9] 0.41%g (0.1 % expected)

) B(D* = 1thvy) -

K b ) L V.V, ) _ b ) B oy | Do 3% 19 0.50% -

Luminosity 32fbTat4.178GeV  labTat4.009 GeV 50ab~ " at Y(nS)

D(*;) fD;’ /fp+ 3.0% 1. 5%sysl (10 0.21%a¢
fB(D: i T+V7) 1. 9%«,[(“ 2 3% 024%5[2{( 0-6%slat 2.7%5}#51

V + + |
cd(s) BDy — vy 2.8%star 2.7%syst [10] 0.30%1a n i . ~ (o)
¢ | [ G2 1 2 fpr (MeV) 1.5% 1.6%5s; [10] 0.15% %1;—“5 eo ry: 0.2%
+ W 5 LA 2 3 my ) $0uu 16%un [10 0.15% o
D(S) WA F(D(s) -/ 1/@) = - | Vcd(s) I msz(ﬁ;) 1- m2 |Vf5| 1.5%;a 1. Osyst [1 } . Ostat (9.1 /o expected)

\yst

e’ fDr (MCV) 0. 9%“‘“ 1. Z%W“ 0.11%tat = (o)
c W, y ar  G% v K(r), 9112 |v“| 0.9 1.2%3, 0.11%y Theo ry: 0.2%
A % CEG e — 3 50| S
p—4§ ~q  d@¢ W Vesta PP 57 (@) T MeV)  0.9% 10%],, 09 037 (01 % expected)
q S 7 0.9%gi 1.0%¢ys’ 0.09% g - )
q BD; > v)
f+(q2) m 3. 6%stal 3. O%W\,t 038%5(;{( O-g%slat 32%5}*51

€ The stat. errorsin | V| and | V4 | measurements will reach the expected theoretical level,
and syst. errors will become critical.

€ The decay of Tau and hyperons will provide opportunities for improving the measurement >
accuracy of | V.| and | V4 |



STCF Sensitivities and Comparisons

Physics goal Observable BESIII Current world best STCF prospect(1 ab™!)
A p in hyperon decay 0.005 0.005 O(1074)
weak phase in hyperon decay 1.2° 1.2° 0.04°
Ao p in tau decay - 0.25% O(1073)
Fundamental EDM of hyperon - O(107'%) ecm @(1072) ecm
Symmetry EDM of tau - O(10717) ecm O(10718) ecm
cLFV in 7 — ppp - 2.1 x 1078 O(107?)
cLFV in J/9 — ep 4.5 x 107° 4.5 x 107° O(10711)
cLFV in J/¢¥ — et 7.5 x 1078 7.5 x 1078 ©(10719)
Ny (4260)/ 7,/ x(3872) 107/10%/10* 10 /10°/10¢ 10°/108 /106
Pentaquarks - P_s in J/¢p(A) O3 /ppp =4 fb
Quark Di-charmonium - di-v O grpec =~ 10 fb
Confinement N 3 )4/4(3686) 1019/10° 1019/10° 1012 /101!
Collins effects 0.3 0.3 O(1073)
Baryon form factors 10% 10% 0(10-2)
R value 3% 3% O(1073)
tau mass 160 keV 120 keV O(10) keV
Physical V.| - 1% O(1073)
Quantities V.4l 1.2% 1% O(10-3)
V., 1.4% 1.4% O(1073)
Sys. unc. of v from D decay 0.4° 0.4° 0.1°
a, - 1.5% O(1073)
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Collider Development

1st Generation 2nd Generation 3rd Generation
Single ring Double-ring Double-ring
M : YNy Ib
ore bunches Large Ib and crossing angle L= §,H
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STCF Design Goals and Accelerator

€ Core design goal:
CMS energy: 2-7 GeV
Luminosity: >5x1034 cm=2s1 @ 4GeV
Upgrading potential: polarized beam, higher
luminosity

ordiull..

Help | Adv

dal (lV > physics > arXiv:2509.11522

Physics > Accelerator Physics 6@ ,
[ )

[Submitted on 15 Sep 2025 (v1), last revised 16 Sep 2025 (this version, v2)]

Conceptual Design Report of Super Tau-Charm Facility: The Accelerator

Jiancong Bao, Anton Bogomyagkov, Zexin Cao, Mingxuan Chang, Fangzhou Chen, Guanghua Chen, Qi Chen, Qushan Chen, Zhi
Chen, Kuanjun Fan, Hailiang Gong, Duan Gu, Hao Guo, Tengjun Guo, Chongchao He, Tianlong He, Kaiwen Hou, Hao Hu, Tongning
Hu, Xiaocheng Hu, Dazhang Huang, Pengwei Huang, Ruixuan Huang, Zhicheng Huang, Hangzhou Li, Renkai Li, Sangya Li, Weiwei
Li, Xuan Li, Xunfeng Li, Yu Liang, Chao Liu, Tao Liu, Xiaoyu Liu, Xuyang Liu, Yuan Liu, Huihui Lv, Qing Luo, Tao Luo, Mikhail
Skamarokha, Shaohang Ma, Wenbin Ma, Masahito Hosaka, Xuece Miao, Yihao Mo, Kazuhito Ohmi, Jian Pang, Guoxi Pei, Zhijun Qi
Fenglei Shang, Lei Shang, Caitu Shi, Kun Sun, Li Sun, Jingyu Tang, Anxin Wang, Chengzhe Wang, Hongjin Wang, Lei Wang, Qian
Wang, Shengyuan Wang, Shikang Wang, Ziyu Wang, Shaoqing Wei, Yelong Wei, Jun Wu, Sang Wu, Chunjie Xie, Ziyu Xiong, Xin
Xu, Jun Yang, Penghui Yang, Tao Yang, Lixin Yin, Chen Yu, Ze Yu, Youjin Yuan, Yifeng Zeng, Ailin Zhang, Haiyan Zhang, Jialian
Zhang, Linhao Zhang, Ning Zhang, Ruiyang Zhang, Xiaoyang Zhang, Yihao Zhang, Yangcheng Zhao, Jingxin Zheng, Demin Zhou,
Hao Zhou, Yimei Zhou, Zeran Zhou, Bing Zhu, Xinghao Zhu, Zi'an Zhu, Ye Zou

Electron-positron colliders operating in the GeV region of center-of-mass energies or the Tau-Charm energy region, have been proven to enable

competitive frontier research, due to its several unique features. With the progress of high energy physics in the last two decades, a new-
generation Tau-Charm factory, Super Tau Charm Facility (STCF) has been actively promoting by the particle physics community in China. STCF
holds great potential to address fundamental questions such as the essence of color confinement and the matter-antimatter asymmetry in the
universe in the next decades. The main design goals of STCF are with a center-of-mass energy ranging from 2 to 7 GeV and a peak luminosity
surpassing 5*10*34 cm*-2s"-1 that is optimized at a center-of-mass energy of 4 GeV, which is about 50 times that of the currently operating Tau-

CDR released in 15/09/2025

 arXiv: 2509.11522

project aims to secure support from the Chinese central government for its construction during the 15th Five-Year Plan (2026-2030) in China.




Wide Energy region E_, : 2-7 GeV

F e BES o Markl

: x pluto

H KEDR

H ? - Lo

;ﬂ ....... [ .......................................... B

\E (GeV)
Peak Luminosity ~5 x 1034 cm-—2s1

Physical signal rate
~400 kHz

High counting rate
~1 MHz/cm?

High data rate
~10 GB/s

Y High radiation background
~4 kGy/y,~2x10""n,,/cm?/y

Muon Detector Magnet Electromagnetic Calorimeter

~6m

4N
T L 52§
Particle Identification Detector

SMETE RN =R

MEERN 2 Central Tracker

Inner Tracker

~7Tm

Main performance

94% x4n

g,/p ~ 0.5% @ 1GeV

o/E ~ 2.5% @ 1GeV

n/K separation ~40 @ 2GeV

€,>95%, €ss.p<3% @ 1GeV
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Geometric coverage :
Momentum res.
Energy res. :
Hadron PID:
Muon ID:




Detector Layout

e #® Inner tracker (ITK, two options)
< MPGD: cylindrical MPGD
Iron York/MUD % Silicon: CMOS MAPS
& Central tracker
185cm_, | % Main drift chamber (MDCQC)
) e " ® Particle identification (PID)
—— 5 < Barrel (two options):
1. RICH with CsI-MPGD
105cm-——» 0 (RICE] 2. Barrel DIRC-like TOF
85 cm 112 _ . 2 <+ Endcaps: DIRC-like TOF (DTOF)
| /IS ; _ @ Electromagnetic Calorimeter (EMC)
MDC ;=30 # pure Csl + APD
o «— 40em ¢ Muon detector (MUD)
- i < RPC + scintillator strips
3,6m i _________ R I N S TR - € Magnet
g 58 8 3 5 < Super-conducting solenoid, 1T
s =3 3 3 3
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Tracking System: ITK + MDC

0<130um, Trk Eff>90%@0 1GeV/c and >99%@0.3GeV/c,
ITK Gaseous option : MPGD

~ 0 % I
A o, 0.5%@ 1GeV/ C: ~... Total material budget ~ 4%X,
Cathode & supporter 3 layers at 6cm, 11cm and 16 cm e ( inner and outer walls

H iz Included)
R =16cm — 5 R

e 48 layers
WRWELL film Pt S04 0P
Readout anode < vy sy ol 4335 £ T2 135 0 55 7 PR g LT A Ly A oy DA AL SOl . R O0O00O0
BIERE 3 o OO
3 layers ()I'cylindricle\ilk\\'ELLmncr tracker 00000
. a1 ; $ 0P O P
(with sensitive length of 33, 61, 88 cm respectively) 00000

Material budget ~ 0.3%X,/layer
ITK Silicon option: CMOS MAPS

NWELL PMOS NMOS
Spacing DIODE Spacing TRANSISTOR , TRANSISTOR
<> <>

Depietlon s p
oo™, I o] 3 Iayers at 3.6cm, 9.8cm and 16 cm

% p~ epitaxial Iaw ﬁ

p substrate

d i ~30 kHz/ch

SRR ERNE Inner tracker

Inner-outer separate designs to accommodate different levels of radiation background
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PID System

Barrel PID: A RICH detector using MPGD Endcap PID: A DIRC-like high-resolution
(THGEM with Csl + MM) for photon detection TOF (~ 30 ps), quartz plate + MCP-PMT

/ R o = 1050 mm _
(a) f / ] i
Radiator (liquid C F ;) 10 mm \ _
C,F,, Radiator & Quartz m o ‘.. ........................ { MCP_PMT
N(J mm ” : H
»eaeseseae
_______________ L -
modules
R Y
Charge particle 45 mm
Material Bugdet < 0.3X, 15 mm =

. - chl-;eanT
Tt/K separation 40 @ 2GeV/c S — §=f e
T b e = | ;?ms‘ E i ?4_7?4;3:.
Alternative option, BTOF: the same o Be L NN P w0 21 ps BRI
ol 140 p2 140,
technology as the endcap PID , - ; g}gg%
E | ) 100F P! 4.24 5.1
® AR 00 200300

Time for multiple photoelectron [ps)]

- 2D likelihood result ~4.00@ 98.4% € single track time resolution




Electromagnetic Calorimeter

EMC: A pure-Csl crystal calorimeter to tackle a high level 240 _

of background (~1MHz/ch) 200 Mean-9686esMev
S0°  sigma=24.580MeV |

* Crystal size : 28cm (15X,) 5%5 cm? 2 {40F  Sigma/Mean=2.54% |

. ~8670 crystals § 0

* 4 large area APDs, (1x1 cm2) to enhance 80~

light yield oF

20

l3&35[!' 700 750 800 850 900 950 10001050

1 GeV electrons Sk
é 4000: : = E Entries it 1708
© 35005 Ji a:;js - ;.:ngg 5?222 L‘L ;ﬂza;ev 0.04734
3000; JJ \\ St By 28 O 160; f{ \
| o =5.31mm = ¢ =289 ps
2000 c
1500% A h\ 1:2% }
1000E ’A h‘ Bof
: [ 0
500 = Dl
| A T O = )
—-60 —40 —-20 0 20 40 (mn%o lls""_4“"_3""_2‘”' _1"‘0"‘ 1""2 “‘3""4”"5
AT/mns
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Muon Detector

MUD: A RPC-scintillator hybrid detector to optimize muon and neutral hadron ID

7 layers of
plastic scintillators \ 2400 L 1100 At
3 layers of i = X ' T — Neutron
> = = ~
Bakelite-RPC 5010 mm shielding
................. 1850 mm

Scintillator prototype

1.05

Efficency

0.95

0.9

0.8

o

0.8

0.7

0.65

060...2,.4...6 8|||0|I|12|

- Cosmic ray test
Layer 1

Channel Index

component

Parameter Baseline design
Rin [cm] 185
Rou [cm] 291
R. [cm] 85
LBarrer [cm] 480
Tendcap [cm] 107
Segmentation in ¢ 8
Number of detector layers 10
Tron yoke thickness [cm)] 4/4/4.5/4.5/6/6/6/8/8 cm
(A=16.77 cm) Total: 51 cm, 3.04A
Solid angle 79.2% x 4 in barrel

14.8% X 4 in endcap
94% x 4x in total
Total area [m?] Barrel ~717
Endcap ~520
Total ~1237

RPC prototype: different air gaps,

.A -
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1 Introduction

Starting with the discovery of the charmed quark and
the 7 lepton during the 1974 and 1975 [1], the results
from low-energy te collider experin

of-mass m“rp‘\ (CME) in the 2.6 GeV/

properties of these muu,u i ;nrmtm
there have been several generations of r-charm facils
(TCFs) in the world, including the k II and Mark LT
detectors (2,3 |, DM2 4], CLE
BES [6], which have
butions to the
for new p bey
these, the BEPC/BE:! |.\ in Bei
doubt one of the most pmhﬁc TCFs. This program,
which started in the late 1980s, has produced many
intere £ physics results, such as precision measure
of the T-lepton mass | and the
cross section [3], the first obeervations of purely leptonic
charmed meson [10], the discovery of the X (
as a baryonium e eandidate [11-14], and clear eluc
«l\tmn of the o ( fy(500)) [15] and x [ Ky(T00)) [16], the
lowest-lying scalar mesons.

The currently operating BEPCII/BES
complex, wh or upgrade of B
that includes separate electron and pcmlnm magnet

produced num
tunrm ul the

h is & m

M. Achasov, et al_, Front. Phys. 19(1), 14701 {2024)

147015

institutions, 453 authors

arXiv:2303.15790
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Combined Beam Test

RICH DTOF
'Tmlngl I | TImingZ
: Tracker1, 2
REFEA

EMC: o./E ~2.5%

200; -Mean=968.6887MeV
180 = sigma=24.580Me L

140 = -Sigma/Mean=2.54%

Counts
o
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80F / }
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40F "
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Other Systems

Forward System Superconducting magnet

QF1

L*=0.9m 0.5m
o A | L
P I
QDO

2.1m 6.7m

Surface contours: B
- 3. 815202E+00
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Lo
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Detector control system

s <umisne> Some comment. { \ .
The remaining amount of gas in the cylinder @ Slleey Comire]
n-“l: . Sl::ﬁ i C4H}0 Software() Database() Hardware()
N g 5 < g Core() GUIO Firmware()
EPICS IOC  JSGUI O Device
g s g s 2 ROOT Pheobus driver
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€ Offline software system OSCAR (Offline Software of Super Tau Charm Facility) :
performance and scheme optimization of detectors, and physics feasibility study

International advanced technology:

PODIO: Efficient and Rapid Event Model Definition Tool
DD4hep: Efficient and flexible geometric definition Tool for detectors

TBB: Intel Multi Threading Building Module

OneAPI: Intel's Cross Architecture Programming Model

ONNX: Open source for deep learning model

SNIPER: China's independently developed new software framework
ACTS: track reconstruction software tool at ATLAS

Detector Simulation

Reconstruction

Tracker

PID, ECAL, MUD
Reconstruction

Analysis Toolkit

Parallel & Heterogenous Computing Technology

G Fast Si \ati RDataFrame-based
enerator ast Simulation (PID, Fitting, etc.) P ety
""" Underlying | 7 77 Database | STCF Core Software
b DataModel S
_____ Framework ___ e ______i+____ Interface | Event Display
""" Geometry | | EventData ||  Software | o
i P ] | _ i ML Interface
. ___Management | | Management | | Validation System | “-----—-------------
CPU GPU || FPGA | M-Core| PodIO | DDdhep! | TBB | & ONNX |

Emerging Software Toolkits

@ Developed OSCAR important component, built a complete offline data
processing and analysis process; released more than 20 versions

Core components:

Core software

Event generation
Detector simulation
Background mixing
Event reconstruction
Physics analysis
Event display
Performance test

4 p
OSCAR Framework
(e L
DD4hep - - ~N 4 l e BN
Background mixing and digitization Reconstruction - x -TE re'co:su'ucForT -I
__________ R ]
Geometry e S - Garmeic, Alpi ¥ Global PID |
iMixing in Geant4; ) ( ~ - ~ S ——
1 H - Electronics response Tracker reconstruction i ¥
- D 72 LooP o ) L Experment data ITK and MDC cluster ECAL reconstruction ’
Generator Geant4 Podio reconstruction =
e o]
BaCkgrOl.md Petecl(?r Background —_ Track finding, fitting I RICH and DTOF S 2
Generation Simulation Database Digitization 3 reconstruction
Podio Track extrapolation I-
——
Signal Detector 5 _r B i ;
9 y . ) Mixing ) Digital data, dE/dx reconstruction I MLID reconatichien
Generation Simulation &
G J Q &
\




PID: Pion ID eff. >97% @ mis-ID (K->pi)=2% Muon ID eff. @ pi suppression=30
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Physics Tasks with Full Simulation

Topics

Baryon CPV and EDM

T physics
(QE, CPV and LFV)

Charm mixing and CPV

CPV in At decays

CPandCPTinK; »mtm~

Topics

Di-Charmonium
Exotic States
Hyperon Decays

Form Factorrs and
Fragmentation Functions

Processes

J/W > AN EYE™
> n(rn)v, T - 3p, 7 >
Ksmv, Radiative decays
C-even correlated DD
Af > AKT, 20K+ 2K,

J/Y - KK

Processes

ete” = J/yme, ] /Y[

Zc(3900) ,  /ypp

I* - yp,
A - pev, E7 - Aev

ete” - pp, KK, i, Knt

Students

Mingyu Yu (SDU), Jianyu
Zhang (UCAS),Xiao Chu
(FDU),Yue Xu (FDU)

Mingyi Liu/Chentao Bao
(USTC), Hailin Li (ZzU),
Ruixiang Li (USTC)

Yinghao Wang (LZU), Qiang
Lan (USC)

Hongjian Wang (LZU)

Huibin Zhang (UCAS)

Students

Zhuojuan Dong (SYSU),
Xiaoshen Kang (LNU)

Hang Zhou (USTC),
Zikang Chen (SYSU)

Junxian Zhou (FDU), Xu Han
(USTC), Yong Song (USTC),

Yuncong Zhai (SDU), Wenhui
Tian (SYSU), Dejie Wei (JNU)

Topics

R-value related

T mass

CKM elements

Strong Phase

Strong Coupling

Processes Students

Jie Wang/Chunhui Chen
(CUG)

Hailin Song (USTC)

Two photon physics

ete” - 11

Qingyuan Huang (UCAS),
Jiahui Qiao (USC), Hongrui

D - muv,Dg — pv, tv
D —inclusive

Liu (CCNU)
Dy - Kmm® Chen Wang (LZU)
Qs T - vy, v Shanshan Li (HNU)

15 institutions

35 graduate students, 23 faculties

Software -

Software --

Software --

Software --

Software --

Physics --
Physics --
Physics --

Physics --

- Core Software Meeting

General Weekly Meeting
Digitization Meeting
Tracking Weekly Meeting
PID Biweekly Meeting
Physics/Simulation Meeting
Symmetry

Confinement

Regular meetings

SM parameters
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Super Charm-tau Factory

Lhangeau Zhau

2 aehall 2

Proposed at “Workshop
for acc. based high
energy physics
development strategy”

PER AT -5 ERtEAR
sy FERARR" HEER

USTC “double first-class”
key project
Launch the feasibility study
and conceptual design

off and strategy development
meeting
Over 170 attendees,
including 30 academicians of CAS

1%t International Advisory
Committee meeting (Offline)
A impressed report with
valuable comments and
recommendations

Fragrant Hills Science Forum
Demonstrated its
importance and necessity,
Urging to lauch fesibility
study and R&D

Conceptual Design report
Publish the CDR for the
physics and Detector,
formulate the preliminary
CDR for accelerator

Budget Review for Key
technology R&D project
Approval for 364 M RMB

The pre-proposal for Major
National Science and
Technology Infrastructure
Projects under the 15t Five-
Year Plan submitted to CAS
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Domestic Institutions in R&D

Key technology R&D : 25 Institutions, more than 170 researchers and 140 graduate students

BERE
o Hitna5418
FERFEREKE IRSTEaL

hERFRIERYIER  JbERH A o
o [ 2 B 2 AL B | b=

M e S
| R ISR
EBxREAE
| E IERIFEAE
H— hERFRAEUR BN

b R B KR

EACh
-------------------------------------------------------------- ' IR PR

FEIE T v K 2 ’ o LT KE
FERSRAKS R ETE A

o | h R 20 & IR R B S
A .‘ | oD T A RIRTARE
ERRERT SEHEIE A

a2
ey SE SN 1R AS

FITEREF

[AmsE RS

RYIFARKRF

39



Meetings and Conferences

@ trxs G¥ronzasrs

Time Place Content
The 6th

201810 | Hengyang (USC) | STCF T s P
2019.03 | Beijing (UCAS) | STCF: Physics e -

s J
2019.07 Hefei (USTC) STCF: Accelerator Pt T I s
2019.08 Hefei (USTC) STCF: Phys. & simulations * 200+ attendees from 20+ countries

e 125 talks: 20 plenary, 105 parallel

2019.11 Beijing (UCAS) STCF: CDR - Several other experiments
2020.08 Hefei (USTC) STCF: From CDR to TDR Intensively, fruitfully and impressively
2022.12 | Guangzhou (SYSU) | STCF: R&D kick-off Time Place Content
2023.07 | Zhengzhou (ZZU) | STCF: Collaboration 2015.01 Hefei, China Workshop on Super tau-Charm Facility in China
2024.07 Lanzhou (LZU) SUCEIRBipieyiess 2018.03 Beijing, China Workshop on Super tau-Charm Facility in China
ey AEMED (FUST) SIEF RED) PIEEEES 2018.05 Novosibirsk, Russia Workshop on Super tau-Charm Facility in Russia

: ; ; 2018.12 Paris, France 18t FTCF (Joint International Workshop)
Hunan University of Science and Technology ;
2019.08 Moscow, Russia 2" FTCF
- 2020.11 Online, China 3 FTCF
o T = pas = &
= ML e (B H ek 2021.11 Online, Russia 4 FTCF
I :.‘r g B :-H—ﬁ-: j:|
= | 2024.01 Hefei, China 5th FTCF
x 2024.11 Guangzhou, China 6t FTCF

2025.11 Huangshan, China 7 FTCF

EsRuER



International Cooperation

Collaboration with CERN, BINP/JINR (Russia), KEK (Japan), IJCLab (France), and other
organizations. Extensive and in-depth technical exchanges and substantive cooperation

.....

£ L s [ Yol & _
Collaboration with CERN Thin Film Collaboration with CERN gas
Deposition Laboratory detector

"' s N

Collaboration with BINP Communication with Collaboration with KEK
accelerator experts the JINR team accelerator experts 41



Site : Hefei Future
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8 big scientific project under

construction or planned in the “city”.
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Time-Table

14th Five-Year Plan 15t Five-Year Plan

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033-2048

I I N —
Feasibility Study,
Conceptual Design

R&D, Key Technology
Research (TDR)

Project Construction

Operation
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4 Summary




Summary

€ STCF has a rich physics program with breakthrough potential in the studies of
how quarks form matter and symmetry of fundamental interactions
(CPV), and beyond. It is, therefore, an important project in the precision
frontier of HEP and of great interest to the international HEP community.

€ With the strong backing from the local governments, the key technology R&D
project is progressing as expected in the past a few years, and significant
progress has been made. The project organization has been further
strengthened, and the flagship physics objectives have been refined.

€ Aiming for construction approval from central government during the 15th Five-
Year Plan (2026-2030).

€ Expanding international collaboration and exploring synergies with other
projects are crucial. All forms of collaboration are welcome.
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1559 !
Thanks for the invitation !
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