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1. Introduction




Particle Physics At Accelerators
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Increase luminosity China BEPCII Japan KEKB, US PEPII

~50-100 China STCF  Japan SKEKB

High luminosity/precision frontier: Hadron structure,
exotic matter, nature of strong interaction, search for new
physics using c/b quarks and t leptons as media.
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High energy frontier: origin of mass, nature of

electroweak interaction, search for new physics through
Higgs particle, precise study of third generation quarks.
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History Of Electron Positron Colliders

Challenge: Super high luminosity, high quality particle beam collision

3rd generation:
Double ring, super low 3

large current, large collision angle
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2. The Super Tau Charm Facility




New Generation
Detector

e E_,=2-7GeV, L=0.5x103>cm2s? E!ﬂlﬁ
e Potential for an upgrade to increase L and realize polarized beam

Generate unprecedented large number of 1 leptons, particles with ¢ quarks, and
hadrons to study the deep structure of matter and basic interactions
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* Energy region bridges perturbative and non-perturbative QCD.

* Abundant resonance structures, huge production cross-sections for charmonium states.
* Threshold effect of pair production of hadron and .

 Copious productlon of exotic hadrons (multi- quark and hybrid states).
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STCF will have unpreceded high statistical data, in a unique energy region that
bridges the perturbative and non-perturbative QCD,

for high-precision measurements to meet the remaining big challenge to the SM,
and to the searches for new physics
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Unique Super Large Data Samples

The world's unique super large data sample with high resolution and low background
=>» high-precision measurement, and potential for discoveries
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Not only a STCF, but also a factory of light hadrons, hyperons, and XYZ particles



Important High Precision Measurements and New Physics Searches

STCF can improve the current precisions of many important measurements, and

sensitivities of many new physics searches by 1-2 orders of magnitude.

Some have exceeded theoretical expectations—> Great potential to discover new physics!
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nerons from J

BESIII: 1010 / ->4x108 hyperons; STCF: 1012 / ->108-° hyperons
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The first measurement of CPV from the baryon system!
Challenge to the SM for the discovery of new physics!




3. Conceptual Design and R&D for Key Technologies




Conceptual Desi

Search

ar <1V > hep-ex > arXiv:2303.15790

High Energy Physics - Experiment
[Submitted on 28 Mar 2023 (v1), last revised 30 Mar 2023 (this version, v2)]

STCF Conceptual Design Report: Volume 1 --
Physics & Detector

M. Achasov, X. C. Ai, R. Aliberti, Q. An, X. Z. Bai, Y. Bai, O. Bakina, A. Barnyakov,
V. Blinov, V. Bobrovnikov, D. Bodrov, A. Bogomyagkov, A. Bondar, |. Boyko, Z. H.
Bu, F. M. Cai, H. Cai, J. J. Cao, Q. H. Cao, Z. Cao, Q. Chang, K. T. Chao, D. Y. Chen,
H. Chen, H. X. Chen, J. F. Chen, K. Chen, L. L. Chen, P. Chen, S. L. Chen, S. M.
Chen, S. Chen, S. P. Chen, W. Chen, X. F. Chen, X. Chen, Y. Chen, Y. Q. Chen, H.
Y. Cheng, J. Cheng, S. Cheng, J. P. Dai, L. Y. Dai, X. C. Dai, D. Dedovich, A. Denig,
I. Denisenko, D. Z. Ding, L. Y. Dong, W. H. Dong, V. Druzhinin, D. S. Du, Y. J. Du,
Z. G. Du, L. M. Duan, D. Epifanov, Y. L. Fan, S. S. Fang, Z. J. Fang, G. Fedotovich,
C. Q. Feng, X. Feng, Y. T. Feng, J. L. Fu, J. Gao, P. 5. Ge, C. Q. Geng, L. 5. Geng, A.
Gilman, L. Gong, T. Gong, W. Gradl, J. L. Gu, A. G. Escalante, L. C. Gui, F. K. Guo,
J. C. Guo, J. Guo, Y. P. Guo, Z. H. Guo, A. Guskov, K. L. Han, L. Han, M. Han, X. Q.
Hao, J. B. He, S. Q. He, X. G. He, Y. L. He, Z. B. He, Z. X. Heng, B. L. Hou, T. J. Hou,
Y. R. Hou, C. Y. Hu, H. M. Hu, K. Hu, R. J. Hu, X. H. Hu, Y. C. Hu et al. (337
additional authors not shown)

The Super T-Charm facility (STCF) is an electron-positron collider proposed by the
Chinese particle physics community. It is designed to operate in a center-of-mass
energy range from 2 to 7 GeV with a peak luminosity of 0.5 x 10¥em2s7! or higher.
The STCF will produce a data sample about a factor of 100 larger than that by the
present T-Charm factory -- the BEPCII, providing a unique platform for exploring the
asymmetry of matter-antimatter (charge-parity violation), in-depth studies of the
internal structure of hadrons and the nature of non-perturbative strong interactions,
as well as searching for exotic hadrons and physics beyond the Standard Model. The
STCF project in China is under development with an extensive R\&D program. This
document presents the physics opportunities at the STCF, describes conceptual
designs of the STCF detector system, and discusses future plans for detector R\&D
and physics case studies.
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Challen

ies to Accelerator

The big challenge: super-high luminosity 0.5x103>, wide energy range in 2-7 GeV

—> High currents, low emittance, super small 3*, large Piwinski angle, crab-Waist

* IR strong nonlinearity and collective to strong current and small emittance

 Complex superconducting magnet in IR to have super small bunch size

Large Piwinski Angle+Crab Waist

Beam sources
High beam intensity
High frequency
Low emittance

-~

Storage Ring and Interaction Region
Machine-detector interface
IP beam size (Y) nm scale, Crab-Waist,
nonlinear compensation

\_

Precision Measurement and Control
Stable operation of beam collision,
Beam control (monitoring, diagnosing,
measurement, tuning)

N

Other Key Technologies
Beam injection, magnet, RF cavity, precision
collimation and alignment, Ultra-high vacuum

J




Accelerator Conceptual Design in Course
| | Pparameters | Units |  STCF |

. PR H Optimal b E GeV 2
Two different CR injection schemes b e =
Circumference, C m 871.76
Total length: ~400 m (+100 m beam transp.) Ciossingetile - mrad 60
Revolution period, s 2.908
Horizontal emittance, / nm 6.857/0.034
Off-axis o i ST 0.50%
axis = Beta functions at IP, / mm 40/0.6
e . . #EBHRGUN e-hiEER Lsz’g{%ﬁ%n c :ﬁ?ve;ngﬁés . /
| nJ ect lon aocey ev/1.5n Beam size at IP, m 16.56/0.143
10nC Bl Betatron tune, / 32.55/29.57
f’é&f’? 1GeV/ 1ZnC
.................................... Momentum compaction factor, 10_4 12.322
1%??%5\{/ ELEEE%KEWG e NNiEER
Swa p-o ut tonc/100H  ESTne g 105, Energy spread, 10* 8.986
. . | ERETmER Beam current, | A 2
I nJ ection 33Hz+33Hz Number of bunches, 726
e NNERR IEBFIER
Zseey  EmEm  10eV/2onC/ Particles per bunch, 10%° 5.00
e aae Single-bunch charge nC 8.01
Energy loss per turn, o keV 406.8
F'wo-Lattice design schemes Damping time, / / ms 28.4/28.6/14.4
o 7 P RN i N\M“M‘H+HF%+4H«W”W/% RF frequency, MHz 499.333
e So% IR(60°) , Harmonic number, h 1452
T LSS2 ", DW1 ;% RF vol 8
: o & ", voltage, MV 1.
. # ARCL(30™ " TCA(30%) % Synchrotron tune, 0.0158
ARC1(120°) 2'f0|d Iattlce 2(120°) ; E‘” F SS1 1'IP |att|ce SS3 . Bunch Iength, mm 9.72
LY ” § % RF bucket height, % 1.47
o Lssa 5 é =% ARC2(120°) ARC3(120°) i Piwinski angle, rad 17.61
/,,/%(t\ oot /Igﬂ__ﬁ__ﬁ:\&e*x. %” SS2 DW2 (long) Beam-beam parameter, / 0.0027/0.082
e N i B Hour-glass factor, 0.87
s Luminosity, L cm?s? 1.0 X 10%°




Interaction region

Occupancy angle: 15"/0.262_r_apl. .

633mm Anti Sol FFQuad QDO  Corr
1660mm

FFQuad QF1 Tungsten

IP chamber
=i
Cryostat with magnets

Digital low level RF system

Three-dimensional position and
charge measurement system
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Spectrometer Design Requirements And Challenges

Wide energy region E_, : 2-7 GeV
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High efficient event triggering, acquisition, and
reconstruction for super high events rate.
=» Good particle identification, and accurately
measure the position, energy, momentum, charge,
and time of flight of the particles.

, Optimized )
Process Physics Interest Requirements
Subdetector
T - Knv,, CPV in the T sector, acceptance: 93% of 4m; tk. effi.:
I — AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c
D, tag Charm physics 0,/p=05%, 0y = 130 um at 1 GeVi/c
ete” - KK +X, Fragmentation function, BIti n/K and K/ misidentification rate < 2%
Dy, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c
T = UULL T = Vi, cLFV decay of 1, N— u/m suppression power over 30 at p < 2 GeV/c,
D, — uy CKM matrix, LQCD etc.  efficiency over 95% at p = 1 GeV/c
T = YU, cLFV decay of 1, i op/E=~25%atE =1GeV
#(3686) — yn(2§)  Charmonium transition Tpos ¥ Smmat E = 1 GeV
ee” - ni, Nucleon structure ENCSRIOD s — g
Dy— Kyr'r~ Unity of CKM triangle Ve




Spectrometer Layout and Its Expected Performance

~6m

[ Inner Tracker ]

PID system

[ Outer Tracker ]

~Tm

ITK

<0.3%X,/layer
Oyy<100um

MDC

Oyy < 130um
cp/p~ 0.9% @ 1GeV
dE/dx ~ 6%

EMC (pure Csl + APD)
« Erange:0.025~3.5 GeV
* o (%) @ 1GeV
— Barrel 2.5
— Endcap 4.0
* Pos.res.:5mm
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Barrel: RICH with Csl-MPGD

Endcaps: DIRC-like TOF(DTOF)

 1/K (K/p) 3~4c sepa.
up to 2 GeV/c

Others :
« Solid angle coverage: 94%-4x
« Radiative hardness at the most

inner layer :~3.5kGyly, ~2x10"
1MeV n-eg/cm?/y, ~1 MHz/cm?2
400 KHz @ J/vy

Event rate:



Proposed Detector Technologies

Muon detector: RPC + scintillator

MUD Endcap-2 (a)

Plastic scintillator

Bakelite-RPC

Irom yoke

MU Barrel
MUD Endcap-1

||| Neutron
hielding laver

Endcap Yoke
component

10 layers, Total area=1237 m2, solid angle=94%4n

Inner tracking

Si: CMOS MAPS
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T

Depletion™. | ...
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cing DIODE Spacing  TRANSISTOR | TRANSI:
Spacing pacing

e
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3 layers of cylindrical uRWell inner tracker

Inner Tracker

PID system
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to enhance light yield

Main Drift Chamber
rial budget™~4%X,

Super small cells

Particle Identification Detectors

Barrel: RICH

S e

Radiator (liquid C,F,,)

Material budget < 0.3X%,

Endcap: DIRC-Like TOF(30ps)

Track (8,.9)

, -y
Vertex(0,0.0)

quartz plate + MCP-maPMT




Detector R&D Progress

Inner Tracker

Particle Identifier

Electromagnetic calorimeter

Drift HV

Beam test at CERN
“Spatial resolution<100 um
efficiency > 95%

NexChip FCIS/BCIS 90nm
Taped out in;May 2024

-Chipd | Chip?

/ __'l-".:-’f :
pIQF / /7

o< 28 ps’ (q@smic ray "t- i 5 ;

5x5 pCsl EMC Prototype




Offline Software System

* Developed the offline data processing software framework OSCAR (Offline Software of STCF)
 Complete flow of data processing and physical analysis for simulation, reconstruction and physical analysis
 Developed parallel computing technology to optimize and accelerate offline data processing and physical analysis

__________________________________

/ ’ OSC AR \\\‘ Event

generation

N

Digitization

Detector Reconstruction

Simulation

Analysis
Tracking(tracks, dE/dx, TQ)
PID (RICH+DTOF)

Generation & mixing of
Physics signal with beam
background + physics
background

Applications

Generator Reconstruction

Global PID,
Vertex & kinematic fit,
analysis framework

Tracker (ITK+MDC)

Energy loss > EMC

detector signal

PID (RICH+DTOF)
EMC MUD

MUD

Simulation Analysis

Core Software
SNiPER EDM IO

Service User Interface

(Tt | sl [ GlobalStore / Muster Threads --~)

1

In ut Sve Special /O Sve !
g / Event2 A *-I | worker Task | |- -
Special /O Svc I

. / _Event3 ; e [ IWorkerTaskI I ;:
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Special /O Svc N
Output Sve More === /= { More = | |--

External Libraries and Tool{
DD4hep Geant4  PODIO

ROOT Python cmake

_____________________________________.._
-~ ~.
~~--——————————————————————————————————————
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|( Soal / Multiple Tasks Scheduler
W.H. Huang et al 2023 JINST 18 P03004 [ [ output Tas"l Output Stream \ / \_ OfMISNPER _/
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Hefei National Synchrotron
Radiation Laboratory

Institute of Plasma, CAS

State Key Laboratory of Nuclear
Detection and Nuclear Electronics

Hefei National Comprehensive
Science Center

Shanghai Institute of
Advanced Technology, CAS

High Magetic Field
Laboratory, CAS




Institutions Participating to the R&D

Began from year 2023
More than 20 universities/lnstitutes: Hefei Institutes of Physical Science, CAS

. University of Science and Technology of China
170 faculties and 140 graduate students Zhengzhou U.

Henan Normal U.

Tsinghua U.
University of Chinese Academy of Science

Institute of Modern Physics, CAS Shandong U.

Institute of Chemical Physics, CAS

Lanzhou U.
Shanghai Advanced Research Institute, CAS
Fudan U.

——  7hejiang U.
\ Huazhong University of Science and Technology

Central China Normal U.

Xi‘an Institute of Optics and
Precision Mechanics, CAS
Northwestern Polytechnical U.

Hunan University of Science and Technology

st
/

ARG AL, University of South China

-

Sun Yat-sen U.




Institutions Interested in Joining STCF

107 Institutions interested in participating
China: 70 Foreign countries: 37
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of STCF

107 Institutions interested in participating
China: 70 Foreign countries: 37

Institute for Basic Science, Daejeon, Korea

Chung-Ang University, Korea

Jozef Stefan Institute Ljubljana, Slovenia

T. Shevchenko National University of Kyiv, Ukraine
University Ljubljana and Jozef Institute Ljubljana, Slovenia
University of Silesia, Katowice, PoStefanland

Dubna, Russia

BINP, Russia

Novosibirsk State Technical University, Russia
Novosibirsk State University, Russia

Higher School of Economy 11 Pokrovsky Bulvar, Russia
P.N. Lebedev Physical Institute of the Russian Academy of Sciences,
Russia

Stanford University, USA

Wayne State University, USA

Carnegie Mellon University, USA

Indiana University, USA

Thomas Jefferson National Accelerator Facility, USA
University of Wisconsin-Madison, USA

GSI Darmstadt, Germany

Goethe University Frankfurt, Germany

Johannes Gutenberg University Mainz, Germany

Helmholtz Institute Mainz, Germany

University Munster, Germany

[JCLab (The Irene Joliot-Curie Physics Laboratory of 2 Infinities),
France

Sezione di Ferrara, Italy L'lstituto di Fisica Nucleare di Torino, Italy
L'lstituto di Fisica Nucleare di Firenze, Italy

Scuola Normale Superiore, Pisa, Italy

Laboratori Nazionali di Frascati, Italy

INFN, Padova, Italy

University of Pavia, Pavia, Italy

University of Parma, Italy

University of Oxford, UK

University of Manchester, UK

University of Cambridge, UK

University of Bristol, UK

EPFL, Switzerland

Universitat de Valéncia, Spain



4. Site selection and future plans




A beautiful Big Science City in Hefei that is under construction

* 6 big facilities for sci. & tech., with a total land of 17155 acres.

* Plus 11815 acres of Ecological green space and modern agricultural land.

¥ Hefei Xingiao
International Airport -
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“Future big
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®* Funded R&D for STCF : 364 Million CNY by the Anhui government

* Geological prospecting, civil engineering design are ongoing



Proposed Timeline

Submit project proposal
to central government

14th five-year plan 15t five-year plan
1 ]
| 1 1
2018 2019|2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 2027|2028 | 2029 |2030 | 2031 2032-2047

Conception design
CDR

R&D
TDR

Construction

Total cost ~ 4.5 B CNY

Operation




e STCF is a facility with unique features and rich in physics. It has great potential for
discovery.

* STCF belongs to the high-luminosity/high-precision frontier: it is extremely challenging
in terms of accelerators, particle detection, data acquisition and processing,
computing, and network technologies.

* China is internationally recognized as the best place to construct STCF and has
received wide support and recognition from the international community.

 We have been making Impressive progress for the R&D, and aiming to submit a
proposal to the central government in 2025 for the 15th five-year plan (2026-2030)




A Super Tau Charm Facility: Physics and Challenges

Abstract

STCF is an electron-positron collider with a luminosity of about 5x10-34 cm-1s-1 and covers the center of mass energy from 2 to 7 GeV. The
prominent features of the STCF are that its energy range bridges the perturbative and non-perturbative QCD; many different kinds of
hadron pairs, as well as tau pairs, can be produced right at the production thresholds; and many predicted exotic states, such as glueballs,

hybrids, and multiquark states may exit in the mass region.

Having the power of providing unprecedented high statistical data and high-precision measurements, STCF will be a unique
facility to systematically study the hadron production mechanism and the hadron structure, as well as the non-perturbative
effect of the QCD that is the remaining big challenge to the SM. In addition, STCF has the discovery potential for new physics
beyond the SM, such as the searches for CP violation process in the hyperons. This presentation will report on the physics

motivation, the challenges to the coliider and the detector, as well as the current status of the STCF project.

Dr. Zhengguo Zhao, an experimental particle physicist, obtained his Ph.D. at the University of Science and Technology of China
(USTC) in 1988. He is now a distinguished professor at the USTC. He worked at the Swiss Federal Institute of Technology in
Zurich(ETHZ) as a post-doctor, Institute of High Energy Physics of the Chinese Academy of Sciences (CAS) as physics division
leader, and at the University of Michigan as a research scientist and visiting professor. He has been engaged in a few
experiments of nuclear and particle physics: experiments to measure the strong energy shift and broadening of the ground

state of pionic hydrogen and deuterium. Beijing Spectrometer (BES I-11l) experiment at the Beijing Electron Positron Collider;

The DO experiment at Tevatron and the ATLAS experiment at the Large Hadron Collider. He is an academician of the CAS and is

the vice president of the Chinese Physical Society.



STCF will provide precise Collins FF input for TMD extraction at EIC/EicC
Journal of UCAS 38 (2021) 433.

Collins FF (¥ Collins FF o Transversity (< Collins FF
Crucial input to

TMD extraction
in SIDIS

The statistical uncertainty on asymmetry AUt with 1ab™1 at 7 GeV:
1.4~4.2x 10~% for | 3.5~20 x 1073 for

They provide unique insight into the internal momentum and spin
structure of hadron,

i L ’ L : .



Hadron Spectron and Exotic hadrons

* Hadron spectroscopy is a crucial way to explore the QCD and its properties.
 State of mass above open charm is much overpopulated = many exotic states?
e STCF has unique advantages for searching and studying exotic hadrons.

Quark Model
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Report of first meeting of International Advisory Committee
for the Super Tau Charm Facility 1. Introduction
Maria Enrica Biagini*!, Ikaros Bigi*?, Alex Bondar**, Tom Browder®, 2. Exclusive Summa ry
Kuang-Ta Chao*®, Yuanning Gao®, Wolfgang Gradl®, David Hitlin*", Tord .
Johansson*®, Marek Karliner*’, Eugeny Levichev®, Yugang Ma*!?, Mikihiko 3. Physics and detector
Nakao*!!, Stephen Olsen*!2, Alexey Petrov*!3, Antonio Pich*!, Makoto e« Comments
Tobiyama*™, Guy Wilkinson™!> Hongwei Zhao'®, Zhentang Zhao*!", Frank R dati
Zimmermann]‘xlS, Bingsong ZOU*IQ ecommen atlonS
L INFN - Frascati National Laboratories, 2 University of Notre Dame, * Budker Institute of Nuclear Physics 4- Accele ra to r
(BINP), * University of Hawaii, ® Peking University, ® Johannes Gutenberg University Mainz, 7 California
Institute of Technology, ® Uppsala University, ? Tel Aviv University, 1° Fudan University, }* High Energy ° CO mments
Accelerator Research Organization (KEK), '2 Chung Ang University, * University of South Carolina,
14 University of Valencia, IFIC, 1* University of Oxford, '® Institute of Modern Physics, CAS, 17 Shanghai ° Reco mmen d at | ons

Advanced Research Institute, CAS, '® European Organization for Nuclear Research (CERN), '¥ Institute of
Theoretical Physics, CAS.

T Co-chairs.
* Attended meeting.



2 Executive summary

STCEF will be unique facility with a broad and impressive physics reach. It will allow for results
of world-leading precision in many important topics, and has significant discovery potential. It
will ideally complement the other facilities that are currently operational or are foreseen for the
2030s and 2040s, and will be of great interest to the international particle physics community.
The principal challenge of the project lies in the accelerator. Here the intended luminosity will
exceed by two orders of magnitude that previously achieved in the same energy regime. The IAC
1s pleased to recognise the significant progress on the STCF accelerator design that has occurred
since the establishment of a dedicated Accelerator Division led by Prof. J.Y. Tang. The demands
on the detector are less formidable, but should not be underestimated given the extreme event
rate and size of data samples foreseen.

STCFEE— N AEBFEMIEERINIEITRE. SRES/IEERE LIRGH RS ThIfEIRG
R, ARBEXNALMMNEN. Ci¥=Eh 7B mEESTHTE2030FCHI2040F
Ris{TRIEZE, SREFRFIIEFRINAKE. ENESHEETINER, Hil
Hin=ESILIatEREECERNTRNREERSLAIHER. IAC T ATBE IRIINE
SREBIIRIIVAE, TEEISFHIMS T, STCF MERSSITIEHESHE, BARHFNEE
RIEKREBBATLE, (BFEIFIHARNESFEHEMEEESIIIR, XEERBAFEE.

« FESWTEI: 2024/10 & E; 2025/05 & E; 2025/10 &




International Future Tau-Charm Facilit Worksho S

2015.01 Hefei, China International Workshop focused on STC in China
2018.03 Beijing, China International Workshop focused on STC in China
2018.05 Noéﬂi‘;ZSk’ International Workshop focused on SCTF in Russia
2018.12 Paris, France 1st FTCF (Joint International Workshop)
2019.08 Moscow, Russia 2 FTCF

2020.11 Online, China 34 FTCF

2021.11 Online, Russia 4th FTCF

2024.01 Hefei, China 5t FTCF

2024.11  Guangzhou, China 6th FTCF (Scheduled)

The 2024 Internatlonal Workshop on Future Tau Charm FaC|l|t|es(FTCF2024)

.14-18, 2024 Hefei-China
“7 v

WZN Vil

G "" ’ ~ TR
Rl \l y LABORA EUR LINEAIRE |
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(Domestic) STCF Workshops e onine 2023, Zhengzhou _

T T T ) 1

2018.10 Hengyang (USC) STCF i ] -

2019.03 Beijing (UCAS) STCF: Physics

2019.07 Hefei (USTC) STCF: Accelerator

2019.08 Hefei (USTC) STCF: Phys. & simulations

2019.11 Beijing (UCAS) STCF: CDR

2020.08 Hefei (USTC) STCF: From CDR to TDR

2022.12 Guangzhou (SYSU) STCF: R&D kick-off

2023.07 Zhengzhou (ZZU) STCEF: Collaboration

2024.07 Lanzhou (LZU) (scheduled)

2 ‘ 3
k J
= ﬁ'/ > A" O -

TRUR ) N m

STCF Project Development Meetings

Place Meetings STCF 15t IAC meeting (Hefei, 2024)

2022.04 Hefei (USTC) STCF Key Technology R&D Project Demonstration Meeting
2023.08 Hefei (USTC) STCF Key Technology R&D Project Kick-off Meeting
2023.12 Hefei (USTC) STCF Key Technology R&D Project Budget Review Meeting
2024.01 Hefei (USTC) STCF 1st International Advisory Committee Meeting
2024.05 Hefei (USTC) STCF 1st Consultative Committee Meeting (scheduled)
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Key Science Questions To The Strong Interaction

The key questions to the strong interaction
 What is the origin of observable mass (mass of hadrons)?
* How are hadrons formed, and what is the hadron structure?
 What is the essence of asymptotic freedom and color confinement?

172000 17200 1720 172 T (im)
T T T T

PQCD is applicable here confinement

i

as3 AR =a
(=]
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~99% of proton mass
(~ 928 MeV)

~ 1% of proton mass
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hadrons are here
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pQCD ! [,! Decays

Hadron Prod. Detection

//

E.W. Theory

i T T 1T T 1T T°7T

I a;ymptotic 7 Sma" Q I'egiOn

Theoritical —— Non-PQCD
calculation QCD model Measurement o = - s

|Large Q region PQCDI/Q GeV-

The primary task of particle physics: develop understanding of the laws of nature at a more fundamental level.
- Requires a coordinated multi-dimensional program: precise theoretical predictions for observation,
experimental measurements with state-of-the-art sensitivities and well-controlled systematic errors.

—> STCF can play unique role to this primary task!
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Hadron Production and Hadron Structure

Unique facility to study strong interactions

10— IERImmE R TT}
- U8 EIC10 x 100 GeV2 e
-~ EicC 3.5 x 20 GeV? -
----- JLab 12 GeV L
~10°E » £ v
N> = & & |
(] —— 4 ,
O STCF - 2~7GeV o 2 4
— = ra =
Re] BESII] 2~4.68GeV o 4
108 © E
) | e e T
10 10°

Fraction of Momentum x

Hadron production and
hadron spectrum

Key pathway to understand
hadron production mechanism

and structure

Cover energy region 0.6-7 GeV

L] BESIII: nh
0.06 - v BaBar: pprgg (ref. ')

-------- Simultaneous fit: proton

l —— —— Simultaneous fit: neutron

N

T e il
BESIII discovered neutron
form factor oscillation
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Inner structure of nucleons

The most basic observables
reflecting deep structure of
mater

Complementary to next
generation e-N scattering
experiments

e+ e-

Collins FF (< Collins FF

Fragmentation function
Key to understanding the
strong interaction mechanism,
hadron production and hadron
structure
Together with ep data to test
for universality of
fragmentation mechanism




Flavor Physics and CP Violation

CPV observed in

’ ’

Baryon asymmetry of the Universe indicates that there must be non-SM CPV source.

mesons, all are consistent with CKM theory in the SM.
e STCF can search for CPV with high sensitivity in hyperon, charm, t and K.

//
Hyperon pairs from / decay,

clean topology, background free

o

. Sensitivity:

—~— —~—

4

transversely polarized, spin correlation

=N

1.777 GeV/c?

tau

CPint

CP in Hyperon decay production and d

CP in charm mixing CP, CPT in kaon

quantum coherence with
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Challenges And Opportunities

BEPC/BES, BESII
E..: 2-4.8 GeV
L: 10-°'1cm'2_;|~:'1

Upgrade

Side view of the BES deector

BEPCII/BESIII
E,.: 2-4.8 GeV

BESIII PUBLICATION

W Other Sci W PRL

B Nature/Nature Physics B Submitted

Total ~450

14 ’
~20% PRL i !

7

7

! I l : | I :

o 30

17
1l

2070 20711 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

* BEPCII/BESIII has made great contribution to HEP, but operated for over 15 years.
* Limited by the site and tunnel, no room for further significant upgrades.

* The more data BESIII has, the more interesting and important physics topics open,
e.g. nucleon inner structure, exotic states, CPV in hyperons....., and these are

closely related to the key science questions.




CPV in Tau Leptons

* In SM, no direct CPV in tau decays at the
tree level. However, due to % — 9 mixing,

CPV appearsin - -, to be

1)

= (0.33+0.01)%

« Experimentally, BaBar found evidence of

3.5
3.0
25
20
1.5
1.0

Production cross section

0.5

CPVin - ~ decays, to

= (—0.36 +£0.23+0.11)%
- 2.8 deviation from SM prediction!

Tau studies at STCF:

° At 4.26 GeV,

~ 1.0 ab! x3.5 nb=3.5x 10°

* Using 1labl @ 4.26 GeV, sensitivity
of CPV is determined with decay-rate

+ +

difference between 5

and 5
A p—~0.097%

e With 10 abtdatainy/ =4 —5 GeV:
A 5~0.031%

T T T ) SLI B e e
E.(GeV) o (nb) - = 300 —e— inclusive MC
3.500 0 1 o [ T—7rry;T—evy
3.680 2444 - > 250 * EH tonanvitouvy
3.690 2516 w [ 1omnvit—mndy
4.174 3.565 =
4.199 2,566 200 * ] nKn'viioevy
4.250 3561 7 [ other ditau
11.000 0.891 150 hadrons

100
50
Eoa o ] ] 1 ] 1 ] 1.3 e L e
0.05e . i % - : 5 TR L e . 0.00
Eon (GoV) My oo(GeV

H.Y. Sang et al., Chin. Phys. C 45, 053003 (2021)

, to be

With the data from
e*e’(polarized) collision,
more CP parameters can be
measured.



2nd generation 3rd generation
Double ring Double ring

1st generation

Single ring L :
More bunch, low 3 Large current, large Piwinski angle+crab waist, super low 3
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Energy frontier: LHC FCC CEPC
Using Higgs boson as a tool, and entering in to the
new energy territory for the discovery

High luminosity frontier: STCF SKEKB
Using flavor physics as tool for discovery



XYZ states at STCF

Collaborative inputs from experiments, theory and lattice QCD provide answers to the XY Z

puzzles and a deeper understanding of how color confinement organizes the QCD spectrum.

The Y(4230) state (1B/year)
Too many vector states

Precisely determine their resonance
parameters, partial widths of decay
modes

Partial decay width of Y(4230) Expected precision

o xT 0.8%stat.

+ - x[ 2.0%¢at
+-y %I 0.7%stat.
0 -+, XT 0.8%c¢at.
+ = (3es6) X [ 3.5%stat.
+ — (3686) % r 0.7%stat.

Search for ~ hybrids
(. — Din [/

o expected

The Zc¢(3900) state (100M/year)

e Establish  tetraquark family
. Observed
. Evidence JP:1+
O Missing

| State |Signif. JP | Mass (MeV) | Width (McV)_

7.43985) 530 || 77 3982.5°1° 121 | 128153 £3.01
131+15426

Z,(4000) 15¢ 1+ 4003 + 6%,
Z,(4220) 590 1+ 421642453 233 452137

Are  (3985)and  (4000)
the same or different states?

The X(3872) state (5M/year)

STCF can Precisely determine the BF of
X(3872) decays = proportion of

Search for its partners

Decay channel Expected precision

(3872) - * ~/ 4.5%¢pa
(3872) - 004 | 5.0%¢¢at
(3872) -/ 5.5%gat
(3872) -~ (3686) 5.0%xat
@872) -~ © 6.0%sta
(3872) -/ 5.5% st

X(3872) in direct © ~ collisions
( - * 7)=0.03eV (VMD)
( )in T =/ expected




CPT Violation from Neutral K Decays

CPV parameters | ,_|, ._ determined from time-dependent decay ratesof and t * ~
_ _ B ( ) _ ( ) | +—| - ( — +—)
—  at STCF: () ==
)+ () +|
. 0.5
KO i
HG K "
not 90° K, sy
<
\ =
Ky — et 0.5
K“v i
0] 5 1I0 1.5 20
Neutral kaon decay time (tg)
— "~ flavor tagging via / - -t/ T | ._]| reveals direct CPV in kaon meson
—  CPtagging by reconstructing © “or * ._ used to set limits on CPT violation. With >101° /  events
Precise determination of  decay vertex from / decay, he sensitivityof | ._|, _are ( 7))
essential for time-distribution one order of magnitude better than PDG average.

Break through the scope of quantum field theory and test new physics




Summary

e STCF has rich physics program, and has potential for breakingthrough to the
understanding of strong interaction, and to the new physics searches.

e STCF will be one of the major centers for high energy physics in the world that
focus at the precision frontier: advanced technologies of acclerator, particle
detection and data treatment, computing and network...

* With over 10 years continious effort, we have finished feasibility study and the
pre-conception design (CDR), and have started R&D for some key techologies.

* Anhui provice and USTC have officially committed the support to STCF R&D.

* STCF is not a project of USTC, but one of the entire high energy physics community.
We are fully open to welcome international participation.




A new method for measuring hyperon EDM, can improve by 2
orders of magnitude compared with existing limitations!
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Detailed dynamics inJ /Y decay to hyperon pair, have been

studied:
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X.G.He, J.P. Ma, PLB 839(2023)137834

SM: ~ 1072 e cm

BESIII: milestone for hyperon
EDM measurement

A 107 "¢ cm ( FermiLab
1079 e cm)

first achievement for =+, =~
and E° at level of 10~1% cm

a litmus test for new physics

STCF: improved by 2 order of
magnitude

Several CPV sources contributed to
Take hyperon EDM as the major

source for
2

3 4
Neglect g dependence, for
hyperon EDM
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CKM Matrix and Universality of Lepton Interaction

Pure leptonic decay

GHf2:

P(Da;) — £+I/[) =

Vcd(s) |+
R W
D(S)

d(s) Y

2
(s) 2 9 m%
s
V. mimp+ | 1—
87 |cd(s)| "' m?ﬁ
(s)

Semi-leptonic decay

dl’ G%’ Vv 2.3 K(m); 2v12
W - .)HF3| rS(d)| 1’1\'(7.-)|f+ (q )|

"\/

Direct measurement
|Vcd(s)| X fD(s) or |Vcd(s)| x FF

Input fy or fX®(0) from LQCD => [V 4|
Input |V 4 | from a global fit

=> fp) or fK®(0)

Validate LQCD calculation of input fy
and provide constraints of
CKM-unitarity

BESIII [57] Bellell [57] This work at STCF
Source
6 fb~! at 4.178 GeV 50 ab~! at Y'(nS) 1 ab~! at 4.009 GeV
Bu_,' + e 1.6% . 2.4%ys. 0.6% a1, 2.7%sys. 0.3% 1. 1.0%yst.
fpr MeV) | 09%gy, — 1.4%ys 0.2%gn.  0.6%gys.
|vr.'x| 0.9% stat. 1 -4%:5)'5\1. = L 0.3% stat. G'Tq’s}'sl.
HH' —TT ¥
B_”J__ 2.6% . 2-8%.‘-)'51. 0.9%s1at. 3-2%53-'5I. 0.5% syt ]*4%5}'!-!.
T v

The experimental accuracy

reaches the calculation

accuracy of grid point QCD!




Physics of Flavor Change of the Tau

Precisely known kinematics of initial state Channel 1: -
Full reconstruction of signal side Channel2: - ( = )
* Neutrino in tag side is missing
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At STCF, 3.5 x 10° t1* per year, the upper limit is predicted to be:
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T. Xiang et al., arXiv: 2305.00483
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Contributions on TID

.| Beam-related background
Il 7o Photon process
B Radiative Bhabha

Contribution proportion of background sources

MDC PID-B PID-E ECALB ECAL-E MUD-B MUD-E

— Innertracker —

Detector system

Inner most detector layer:

of t-c detectors in much harsher experimental conditions.

NIEL

1 MeV neutron/em?/y

10"

R axis (cm)

T IZI-_s’I':I“"l: -
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Contributions on NIEL damage
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Beam-related background
Two Photon process
[ Radiative Bhabha

o o
R

Contribution proportion of background sources

e
=}

MDC PIDB PIDE ECAL-BECAL-E MUD-B MUD-E
Detector system

— Inner tracker -

Contribution proportion of background sources

R axis (cm)

2. B
® © o

Counting rate .

150[-

Inner tracker —

50 100 150 200 250 300 350
Z axis (cm)

Contributions on background count

Beam-related background
Two Photon process
- Radiative Bhabha

MDC PID-B PID-E ECALBECALE MUDB MUD-E
Detector system

~3.5 kGy/y, ~2x10"" 1MeV n-eq/cm?/y, ~1 MHz/cm?
The major challenge is to maintain or even enhance the state of the art performance



Project Promotion: History and Present Status

T — CRBE N BB
§ IJ_I f:l_r‘-“lA \y/‘.k *E Ugt@%fé%ﬁ*I C REH (2022) 190

rF = D I‘EJ .'ncs A28, PRHEREER R £5 STCF
il ) ! Desicn

Fragrant Hills | ==

B P e c SO EEAN—4RY

China High Energy VI B L T IR L STCF

. R B SR A = oo
Physics Branch s

discussion on : .

development
strategy of
accelerator-based

i 2022 2023
Super Charm-tau Factory 201 8 2021
Conceptional Kickoff
Design Report 420 M CYN
2011/12 Sanya 201 5 USTC from Anhui 14 M CYN
. | support 3.5 M CYN for R&D  From NSFC
Urging 20 M CYN from CAS (in application)
2011 to launch for International 18 M CYN
- feasibility feasibilit Partner from MOST
First study and tud y Proaram
proposed R&D study J



Spectrometer Design Requirements and Challenges

Wide energy region E_, : 2-7 GeV

STCF CDR

L s e e e L e
pine‘e— ppl/y @ 6.0 GeV

pinJ/y—AR @ 3.097 GeV
Kin KK+X @ 7.0 GeV
——— nint— K’1v @ 4.26 GeV

nin Jyy—AR @ 3.097 GeV
Win Toyp @ 4.26 GeV
win T 3y @ 4.26 GeV

Win Domuy @ 3.77 GeV

eluine’e s mm

/(3686) @ 4.66 Ge!

3.5

10*

LI ILILE LS SR |
¥ in continuum @ 7.0 GeV

¥ in Ac decay @ 4.7 GeV

7y in © decay @ 4.26 GeV

yin p° decay @ 3.773 GeV

v in J/y decay @ 3.097 GeV

Yin Tty @ 4.26 GeV

yin D$'~> ¥ Ds at4.18 GeV

Y iny(2S)- v nn(ZS) at 3.686 GeV'

STCF CDR

T

SR IR A
00 02 04 06 08 10 12 14 16 18 2.0

0.0 2.0 25 3.0
P (GeV/c) E (GeV)
l h 1 ] L .|
2 4 6
Vs (GeV)

R axis (em)

300

250

2

150

200
Z axis (em)

350 300

350

Gyly
1*

Super high luminosity 5 X 1034cm-2s1

High events

~400 kHz

High counting rate

~1 MHz/cm?

High data flow

~300 GB/s

High radiation and bkg
~4 kGy/y,~2 X 10'tn,,/cm?/y

High efficient event triggering, acquisition, and
reconstruction for super high events rate.
=» Good particle identification, and accurately
measure the position, energy, momentum, charge,
and time of flight of the particles.

Optimized

Process Physics Interest Requirements
Subdetector
T = Ky, CPV in the 7 sector, acceptance: 93% of 4, trk. effi.:
JIw = AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c
Dy, tag Charm physics o,/p=05%, oy =130 pm at 1 GeV/c
ete” - KK+ X, Fragmentation function, ity n/K and K/m misidentification rate < 2%
Dy, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c
T = MU, T = YU, cLFV decay of T, /[ suppression power over 30 at p < 2 GeV/c,
;;:F—) 7 " CKM matrix, IfQCD etc. SRR ' yz[f)ﬁciencylc))ver 95% at p = 1tlj GeV/c
T = YU, cLFV decay of , EMC op/E~25%atE =1GeV
W(3686) — yn(25) Charmonium transition Opos ® Smmat E = 1 GeV
ete” - ni, Nucleon structure ERICSRT e =30
Do — Kir'n~ Unity of CKM triangle Vi)
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Key challenges on AP and technologies

No

© 00 N O O A W DN -

= A -
N - O

Key design or tech

Collider ring AP design
IR SC magnets
Collider ring RF
Injector AP design
MDI

Collider beam instrum.
Collider ring injection
Positron source
Collider ring vacuum
Electron source

Linac microwave
Linac power source

Prio.

A+
A+

Comments

Espec. IR, key to realize high-lumi

Complex structure, high-field, tight space, less exp.
High-power, deep-damped HOM, less exp.

Prov. high-qual. beams to CR, 2 injection schemes
Very tight space and complex mech. (acc. and det.)
High-prec. and fast bunch meas., fast feedbacks
ns-scale kickers for bunch swap-out injection

Low e- energy to generate e+ beam

High-current circ. beams, ultra-high vacuum for IR
High-bunch charge photocathode e-gun
Large-aper. S-band acc. struct., less exp, LLRF

High-power solid-state modulator




Key challenges (3) — IR SC magnets

« IR SC magnets

— Technically very challenging, very few labs have experience

— Very tight space, complex and combined coils

— 3rd-Gen e+/e- colliders even more difficult: twin-aperture, higher field
gradient (~50 T/m)

— In China: IHEP built the first IR magnet for BEPC-II; some experience in
other SC magnets

— STCF R&D: developing prototypes by steps, different technologies
under consider. (BEPCII serpentine, CCTv/, cos20/DCT)
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A CCT type prototype just started
(60 mrad, 54 mm separation, 50 T/m)

IHEP BEPCII-U (Serpentine)



Key challenges (4) — Ring

« RF for Collider rings

— High synchrotron radiation (2 Amperes): RF power and couplers
— HOM deep-damped: instabilities

— Large energy range (1-3.5 GeV): high Vg
— Beam loading: at bunch swap-out injection

— Stability: more powerful LLRF

— Selected for R&D: TM020 RT cavity, 500 MHz; 200 kW coupler

N\ H/Eqe [MA/V]
4.40 —’.

E/Eqcc
196 —~pg

o
8 | |

| | |
et

|
| | |

o

TMO020 cavity in proyping

RF parameters _

Working mode
Frequency [MHz]

R/Q [Q]

Unloaded quality factor

p/ acc
p / acc [mA/V]

Vcav (inpot: 100 kW) [kV]

T™MO020
499.7
84.4
62828
1.92
2.64

728.2




Key challenges (5) — Beam instrumentation

« Requirements for beam instrum.

— CR precise bunch meas.: bunch-by-bunch
3D meas., trans. position res. <5 um, long.
phase res.<0.2 ps

— CR B-by-B fast feedback: coupled bunch
Inst.

— |IP: orbit feedback
— Injector: bunch length and charge meas.

« R&D efforts
— Bunch 3D meas.: probe, signal treat,
electronics, S/N, integration gYs) '
— B-by-B fast feedback: raising bandwidth,  \
avoiding interference to single bunch A K "
— Injector bunch length and charge meas.: Cavity—based:

cavity-based bunch length, charge
— Prototypes: beam tests in different and profile meas.

-~ machines
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e- linac: 2* 6-m sections; e+ linac: 3 large-aper. accel. tubes

5nC X 2, 50Hz
Sk 100 MeV ik &5

Located in the accelerator test hall of HALF
(Hefei Advanced Light Facility under

construction 2



Expected Performance

Tracking efficiency

-

efficiency

S
2]
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Energy Resolution (%)

Momentum resolution

Pion/K separation capability

1
L »=2.00GeV
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Muon identification efficiency

—=— BESIIHike MUD design, pion rejection rate = 97%
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Proposed Timeline

Submit project proposal
to central government

14th five-year plan 15t five-year plan
1 ]
| 1 1
2018 2019|2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 2027|2028 | 2029 |2030 | 2031 2032-2047

Conception design
CDR

R&D
TDR

Construction

Operation
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