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A Introduction




Challenges of the SM model

The SM is well -tested, however, reminds several fundamental questions

A Confinement: structure of nuclear , formation of colorless bound states 8 8 ihadr ons ¢
A Matter -antimatter asymmetry of the Universe

A Mass hierarchy, dark matter, numbers of flavors, etc.
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Unique Physics in Tau -Charm Energy Region

5 Unique Featurdsc facilities:
Eplum‘ .............. .............................. A Trans|t|oreg|on between perturba’uve and
y - perturbative QCD
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A & ¢ p x msonance A Gluonic and exotic states A Physics with D mesons A Hiddencharm pentaquarks
A Mutltiquark states A Processsof LFV and CPV A "Qand"Q A Search for dcharmonium states
with s quark A Rare and forbidden decays A 'O 'O mixing A More charmed baryons
A R value / g2 related A Physics witht lepton A Charm baryons A Hadron fragmentation

Abundant physicspics andruitful achievemengs.



The Super Tau-Charm Facility (STCF)

A factory produced massiial leptorandhadrons to unravel the mysterylofw quarks
form matteand thesymmetrie®f fundamental interactions
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A Physics Opportunities




Unigque data sample

Factories : not only forcharmbutalso XYZ, hyperons, light hadrons
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Physics | : Asymmetry Test
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Parity violation Strange mesons: : ¢ j Beauty mesons: Beauty baryons:

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

C.N. Yang, decays - decays decays

C.S.Wu et al. J. W. Cronin, BaBar and Belle LHCDb collaboration
V. L. Fitch et al. collaborations

a
-
=

1963
Cabibbo Mixing The CKM matrix &/ Charm mesons:

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

LHCDb collaboration

A TheCP violatiombserved in current experiments is far from sufficient to explain
the mystery of antimattdisappearance.

A Only the CP violation lofperonsandcharmed baryonisas not been discovered,
which is one of the last unexplored frontiers in hadron physics




CP Violation in Hyperons

Quantum Correlation

X.G. He et al. Sci.Bull. 67 (2022) 1840-1843:
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A Polarization feature of hyperon increases the CP test sensitivity significantly
A Large branching fractions and high statisticg Ample result@bundant hyperon pairs

A Sensitivity of CPV observable with 1 year data® 10
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CP Symmetry In STCF

Conducting CP

CP violation studies at Super tau-charm facility
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Abstract

Charge-parity (CP) violation in the tau-charm energy region is one of the
promising arecas to search for. The future tau-charm facility of next generation
is designed to operate in a center-of-mass energy from 2.0 to 7.0 GeV with a peak
luminosity of 0.5 x 10* ¢cm~2s~!, Huge amount of hadrons and tau (7) leptons
will be collected with good kinematic constraint and low-background environ-
ment. In this report, possibilities of CP violation studies in tau-charm energy
region and at the future tau-charm facility are discussed from various aspects, i.e.
in the production and decay of hyperons and 7 lepton; in the decay of charmed
hadrons. The CPT invariance test in K° — K° mixing is also presented.

Preprint submitted to PHYSICS REPORTS September 25, 2024
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EDM In Hyperon

Non -zero EDM will violate | and 4 symmetry: 4| violation <« F |fviolation, if CPT holds. &
d u P ¢
Very sensitive to BSM physics, large windows of opportunity for observing New Physics. ﬂ ‘
~—— d
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i A : ; : = a litmus test for new physics
Re(dp) = (-3.1+3.2+0.5) x 107° ¢ cm, .
+ — —
A = = = STCF: improved by 2 order of
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Systematic measurement of the EDMs of the hyperon family!



Physics Il: Quark Confinement

A Nonperturbative effeis the major bottleneck for precision measurements and test SM

A Hadrons and nucleons are essential prdimeson spectrauclear structure$ragmentation functions
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STCF operates in the rangéhattransition between perturbative andpenturbative QCD,
offers theunique advantagder studying confinement, and will make a breakthrough




Hadron Spectroscopy and exotic state
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More data, Finer Structures

1996: 8 M J/y’s

2002: 58 M J/y’s

2011: 225 M J/y’s

2016:1.3BJ/y’s

20220 10B J/ T6 s
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A STCF will study hadron spectroscopy comprehensively, and establishthe i o d i ¢
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Hadronization process

Bridgeconnectheo.andexp.measurement

How quarks form mattisra major unresolved scientific question 7

guark
_EM theory, PQCD _ FF_Particle decay

3-Dtomographiemagingof hadronigprocesses

A Fragmentatiofunction for longitudinalmomenturntransfer

In hadronizatiomrocess @
X
A Energycorrelationfor thetransfermomentuntransfer >0
5
e T T @
e U.S. EIC 10 x 100 GeV? T
-~ EicC 3.5 x 20 GeV? _ o
o[ atab 126ev w A FFsand EEGsa n 6t  avithin ¢ QOD and guéntum
> f At ] calculations
o STCF - 2~7GeV W 4 ! . . p .
G [ e zasecey pr 2 A STCF operates thiemost significanénergy region for
= LS G . . . . .
: g b E hadronization effecwill provides the mosbmprehensive
i y = datafor hadronization, and will realizefthe characterization
L] St e Rl el e s AT i i
10 10° 102 10” 1 of the evolution of quark forming matter.

Fraction of Momentum Xx



Electromagnetic form factors (EMFFSs)

A EMFFs are fundamental properties, directly connected to charge and current distributions of
the nucleon
STCF Prospect

Current status -
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Physics Il : Precision measurements and Rare Searches

stat.

sti cs,

a lot precision measurements and searches :

Cross Section (nb)

CKM elements

7O O3 Y 3T 10 0

20—

1.5

1.0

0.5

0.0

mr

oB

= 1776.91 £ 0.12 MeV/c?,
Rpata/mc = 1.05 +0.04,

= 01012 oy,

u Mass measurement

I B
3540 3550

P R BT SRR |
3560 3570 3580 3590 3600 3610 T

W (MeV)

e

high

preci sion, <cl ear
Observable BESIII (2020) Belle II (50 ab™) STCF (1 ab™)
Charmonium(like) spectroscopy:
Luminosity between 4-5 GeV 20 fb! 0.23 ab™! 1 ab™
Collins fragmentation functions:
Asymmetry in eTe” — KK + X 0.3 [470] - <0.002 [471]
CP violations:
A, in hyperon 0.014 [26] - 0.00023
AypinT = 0(107%)//70 [251] 0.0009 [250]
Leptonic decays of D(s):
Ve 0.03 [472] - 0.0015
fp 0.03 - 0.0015
B 0.2 - 0.005
Ves 0.02 [473] 0.005 0.0015
o, 0.02 0.005 0.0015
Ao 0.04 0.009 0.0038
D mizing parameter:
T - 0.03 0.05 [474]
y - 0.02 0.05
T properties:
m. (MeV/c?) 0.12 [475] - 0.012
d- (e cm) = 202 x 107 5.14x107%°
cLFV decays of 7(U.L at 90% C.L.):
Tl - 1x107° 14 107*
T ~ 510 18x107°
Tly—er I - 71 %10




A Accelerator and Detector




STCF Design Goals and Accelerator

aI‘<1V> physics > arXiv:2509.11522 =

E Core design goal:
. Physics > Accelerator Physics
CMS energy: 2 -7 GeV J J
. . [Submitted on 15 Sep 2025 (v1), last revised 16 Sep 2025 (this version, v2)]
Luminosity: >5 31034 cm-2s1 @ 4GeV : s
u O_S ty: >5 _ 0% ¢ _ s+ @ 4Ge _ Conceptual Design Report of Super Tau-Charm Facility: The Accelerator
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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, Shaoging 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, Allin 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-
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Detector Design

The design is well done, and is optimiXing
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Key Technologies R&D

Great progress achieved, All system prototypes have be established
ITK: CMOSrototype chips |
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A A test beam campaign for a combined system ( DTOF, EMC, DAQ )
A A new beam test campaign with almost full chain at CERN in Oct.15 -29, 2025

CERN PS T9 beam line (July 31  EAug.14 £ 2024)

CERN Oct. 15 E29¢ 2025
c~25 ps

2JE ~2.5%

DTOF EMC




