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Physics at the Tau-Charm Energy Region
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- Nucleon/Hadron form factors + Light hadron spectroscopy
- Y(2175) resonance - Gluonic and exotic

. Mutltiquark states with s quark - LFV and CPV - Ip andeS - Hidden-charm pentaquark

- MLLA/LPHD and QCD sum rule. © Rare and forbidden decays . DY _ o mixing - Di-charmonium state

predictions - 7 lepton - Charm baryons

& )
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- XYZ particles - Hadron fragmentation
- Physics with D mesons - New XYZ particle

- Charm baryons




History of Tau-Charm Colliders*
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Events / 0.01 GeV/c?

Number of Events

Fruitful BEPCII/BESIII Results
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The Three Generations of ete- Colliders
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* Chinese proposal for 3rd generation tau-charm factory — Super Tau-Charm Facility (STCF)
— a natural extension and a viable option for a post-BEPCII HEP project
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Super Tau-Charm Facility (STCF) in China

Site: “Future Big Science City”
Hefei, Anhui Province, China
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High Statistical Data Samples at STCF

STCF (per year) vs. BEPCII (per year) vs. superKEKB (full)

Expected sample size per year
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Mass (MeV)

Physics Opportunities: XYZ states
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Physics Opportunities: CP Violation

CPV observed in K, B, D mesons, all are consistent with

CKM theory in SM

Baryon asymmetry of the Universe suggests the existence

of non-SM CPV source(s)

STCF is capable of searching for
CPV in hyperon and 7, and CPTV

N K with high sensitivity

Qipeng Hu, USTC, FPCP 2024

107

.........................................................................

107

' Currently sys.
................. .S I STCF sta. (1ab")

B STCF sys. (1ab™")
" STCFinput(1ab™')

....................

10°

-
O
D
O
()
j —
" Direct search for CPV in hyperon@‘
~ ¢ BESII
0.04 -
- —SM
0.02
0.01 !
[
0.00 {—- —m _I
-0.01 B A/é‘P AECP
~0.02 65

\_ X.G.He et al.Sci. Bull. 67 (2022) 1840-1843 )

9

4FG-4 .............................................

STCF instru. (1 ab™")
1 0-5 ...............................................................................................................
1 0-6 ..........................................................................................................

Cp,. CpL,. Cp-.
Vin Mo ' oy o 1 k0
e/’o n o dec ay ‘/( ,77/' .
Gcay X/ng

STCF: 1012 J/y — 108 hyperons

Sensitivity comparable with SM
predictions

Super Tau-Charm Facility




Precision

Physics Opportunities: Precisions and Sensitivities
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STCF is expected to improve the current precisions of many important measurements by ~1 order of
magnitude and enhance sensitivities to various rare or forbidden decays by ~2 orders of magnitude.
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Physics Opportunities: Beyond What | Can Cover Here

Nuclear EM form factors
Fragmentation functions
- And more ...
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Status of STCF project
with a focus on progress since last FPCP

FPCP2023 STCF report



https://indico.cern.ch/event/1166059/contributions/5305538/

Tentative Project Schedule for STCF

14t five-year plan 15t five-year plan

2018 2019 2020%2021 2022 2023 2024 202552026 2027 2028 2029 203022031 2032 — 2047
CDR
Key Technology -
R&D & TDR
Operation

Submit project proposal to
central government:

Science, budget, feasibility
and contribution to society
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Key Technology R&D — Research Team

, L , Hefei Institutes of Physical Science, CAS
More than 20 universities/Institutes: Zhengzhou U. University of Science and Technology of China

170 faculties and 140 graduate students Henan Normal U. Anhui University of Science and Technology

nstitute of Modern Physics, CAS
nstitute of Chemical Physics, CAS

_anzhou U.

Xi'an Institute of Optics and Precision Mechanics, CAS

Northwestern Polytechnical U.

Guangxi Normal U.

(// / | \\\\
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Tsinghua U.
University of Chinese Academy of Science
University of Science and Technology Beijing

Dalian Institute of Chemical Physics, CAS
Shandong U.

Shanghai Advanced Research Institute, CAS
Fudan U.

Zhejiang U.

Huazhong University of Science and Technolog
Central China Normal U.

Hunan University of Science and Technology

University of South China

Sun Yat-sen U.
Shenzhen Technology U.
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STCF Accelerator Design

Electron
Source

Collider Ring
800 - 1000 m

Positron
Source

Positron
Dumping Ring

Experiment
150 m

Detector

STCF schematic layout

Qipeng Hu, USTC, FPCP 2024 15

Two collider ring lattice designs
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Two injector designs
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\_
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1GeV /8.5nC
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STCF Accelerator R&D — Machine Parameters

Tau-Charm Factory B Factory Z Factory

Parameters nits | B e 02| LERen  HERe) | FOO%°Z  (agz2)
Optimal beam energy, E GeV 2 2 4 7.007 45.6 45.5
Circumference, C m 813.1 848.4 3016.3 3016.3 97756 100000
Crossing angle, 2q mrad 60 60 83 83 30 33
Horizontal emittance, ex nm 8 6.919 3.2 4.6 0.27 0.27
Coupling, k 0.50% 0.50% 0.27% 0.25% 0.37% 0.52%
Vertical emittance, ey pm 40 34.595 38.64 11.5 1.00 1.40
Ver. beta function at IP, gy mm 0.8 0.6 0.27 0.3 0.8 0.9
Ver. beam size at IP, sy mm 0.179 0.144 0.048 0.059 0.028 0.035
Beam current, / A 1.7 2 3.6 2.6 1.39 1.3392
Single-bunch charge nC 11.36 8.04 14.49 10.46 27.24 22.43
SR power per beam, Psr MW 0.6137 0.572 6.732 6.37 50.04 49.5504
Bunch length, s: mm 10.00 8.43 6.00 5.00 12.12 8.70
Ver. beam-beam parameter, &, 0.121 0.094 0.083 0.074 0.133 0.125
Luminosity, L 1035 cm—2 s 1.01 1.19 8.4 8.6 21.5 17.6
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Preliminary machine parameters
-+ Preliminary lattice for 850 m
- Simulated luminosity: 1.2 x 1035 cm-2 s
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STCF Accelerator R&D — Hardware

* Collider Ring RF cavity: Compared RT and SC cavities, now prefer RT cavity TM0O20 by Spring-8 (J-PAC),
building prototype

* IR SC magnet: Comparing DCT, CCT and c0s28, prototype to be built
* Injector kicker: High-rep (50 Hz), super fast kicker (bottom < 4 ns)

" o a+ ) & b+ b- __Flange

S - 4 ) _Kicker coil
- M- - - e perew
- ”//"’ > \Water « ()i,-‘lll«‘.'l
”- "- -
" ,2Ceramic plate

P ! g
/ Ti coated surtace

3 ol / :
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. 4

Ceramic window P

Cavity body il ' ' (Kyocera)

Ferrite absorber |

~
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O

End plate

Tuner
( Meisyo kikou)

-~ —
- - ~
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- - > ~_
~ - .- -
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Multi-wire nonlinear kicker BINP/SCTF IR SC magnet prototype Spring-8 THO020 RT RF Cavity
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STCF Accelerator R&D — Team and Plan

STCF test facility

5nCX<2, 50Hz

el Bz 100 MeV JiE4s#

* Accelerator division established in 2023 receiving strong s s o 11 n
backing from the National Synchrotron Radiation Lab (NSRL)

 Manpower: ~ 90 persons, with 50% students, and continue
to expand

* Pre-CDR to be released by the end of 2024, CDR by 2025

= R .| Hefei Advanced Light Facility NSRL-led STC
__gmﬁm gaze e niie] (HALF) - under construction

- et and e- test facility construction
 [ocated in HALF site

* Begin operations in 2026

 Feature ~100 MeV e- and et beams
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STCF Detector Design

291 cm 5

4 )
Muon detector (MUD)
( \ : - RPC + scintillator strips
EMCal (EMC) \- /
- Pure Cesium iodide (Csl) + APD 185 cm e ~
\- J 145 e SC Magnet
. EMC || - Superconducting solenoid ~ 1T
Main tracker (MDC) \_ P HEEnS )
105 cm - -
- Drift chamber . ’ PID(RICH) |/ L 200
cm /7 @) =
/ 5 S ” PID A
o s B
MDC =) ==*as - Barrel: RICH with CsI-MPGD
(Inner tracker Tkl A il < 40cm \_ * Endcap: DIRC-like TOF (DTOF)
-+ OPT1: MPGD: cylindrical MPGD oo Tk
- OPT2: Silicon: CMOS MAPS B R e A N DA A
S OSIP s 5 B B g
5 3 s 3 3 Frontiers of w3
Ph sics
STCF detector cross-section BB y
- Highly efficient and precise reconstruction of exclusive final states f
* Precise measurement of low-p particles (< 1 GeV/c)
: : 32 mst|tut|ons
Outstanding PID: 7/K and u/z separation up to 2 GeV Vi e
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STCF Detector R&D — Detector Prototypes
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STCF Detector R&D — Trigger, DAQ and Software

Other
MDC EMC MUD detectors

______ i - STCF experiment core software: OSCAR
Sub-trigger: | || Sub-trigger: + Developed using the light-weight and flexible SNIPER

position, t position, t, E
L . framework and adopted some state-of-the-art
N e technologies
trigger and multiplicity Pipeline Pipeline Pipeline Pipeline _ . . . .
e memory memory | | memory | | memory - Full chain of STCF detector data processing is established
ardware - - : =
L1 accept - - - -
RU/ RU/ RU/ RU/
CROB-PXI CROB-PXI || CROB-PXI | | CROB-PXI
‘ ............................................................... t ........................ * S ‘ ........................
[ croB- CROB- CROB- CROB- | / OSCAR Framework \
PCle PCle PCle PCle
Software ----------------- ( ) \ / DeteCtor SlmUIatlon \ (Digitization \ Geconstruction \ / \
trigger » Event generation )
HLT accept Detector geometry Analysis
ROS/EB SNRPS Mmagneticiield ionization, Tracking(tracks, dE/dx
hysics signal | physis it | light propa. T0) Global PID,
E . gk' ; : e aiien: elec.response, [~ PID (RICH+DTOF) | vertex fitting,
Data 160 kit PIYPIES PRcEEroi M.C. truth waveform EMC Kinem. Fitting

recording k\ / C/ent mixing / \prOCGSSinQ J MUD \RDataFrame .
- / )

Schematic STCF trigger systems

Peak Lumi: event rate ~ 400 kHz, Raw data bandwidth > 200 GB/s
Hardware trigger + software trigger
Triggered data bandwidth ~ 30 GB/s
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Conferences/Workshops for STCF

(Domestic) STCF Workshops

Time
2018.10
2019.03
2019.07
2019.08
2019.11
2020.08
2022.12
2023.07
2024.07

Place Content
Hengyang (USC) STCF
Beijing (UCAS) STCF: Physics
Hefei (USTC) STCF: Accelerator
Hefei (USTC) STCF: Phys. & simulations
Beijing (UCAS) STCF: CDR
Hefei (USTC) STCF: From CDR to TDR

Guangzhou (SYSU) STCF: R&D kick-off
/hengzhou (ZZU) STCF: Collaboration
Lanzhou (LZU) (scheduled)

STCF Project Development Meetings

Time

2022.04
2023.08
2023.12
2024.01
2024.05

Place
Hefei (USTC)
Hefel (USTC)
Hefei (USTC)
Hefei (USTC)
Hefei (USTC)

Meetings

STCF Key Technology R&D Project Demonstration Meeting
STCF Key Technology R&D Project Kick-off Meeting
STCF Key Technology R&D Project Budget Review Meeting
STCF 1st International Advisory Committee Meeting

STCF 1st National Consultative Committee Meeting

v S 1INk
- Ll -
L Lt s A 22
v’ I‘ *
EREN ' L9z ‘n

A
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International Future Tau-Charm Facility Workshops

Time Place Content
2015.01 Hefei, China International Workshop focused on Super tau-Charm Facility in China
2018.03 Beijing, China International Workshop focused on Super tau-Charm Facility in China

2018.05  Novosibirsk, Russia  International Workshop focused on Super tau-Charm Facility in Russia

LABORZA Y INEAIRE

2018.12 Paris, France 1st FTCF (Joint International Workshop)
2019.08 Moscow, Russia 2nd FTCF
2020.11 Online, China 3rd FTCF
2021.11 Online, Russia 4th FTCF

The 2024 International Workshop on Future Tau Charm Facilities(FTCF2024)

Jan.14.18, 2024 Hefei-China
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FTCF2024-Guangzhou

- The 6th International Workshop on Future Tau Charm Facilities (FTCF2024-Guangzhou)
- Will be hosted by Sun Yat-sen University (SYSU), in Guangzhou, China, Nov. 17 - 21, 2024
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https://indico.pnp.ustc.edu.cn/event/1948/
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Summary

- STCF is a viable medium-term HEP project in China with excellent value-to-cost ratio and great physics
potential for breakthroughs

- The STCF project is in the R&D stage with strong backing from local governments

-+ Aiming to submit a proposal to the central government in 2025 for inclusion in the 15th five-year plan
(2026-2030)

Expanding international collaboration and exploring synergies with other projects is crucial. We are open
to all forms of collaboration

Thank you B2)'UF TN

Qipeng Hu, USTC, FPCP 2024 26 Super Tau-Charm Facility




Backup Slides



STCF Project Development

* Chinese Academy of Sciences, 2021-
e vaee, svmsaveemen 2026, International Partnership
PR . program, 5.0 M RMB
. o1te s At araemar At * Ministry of Science and Technology,
Hefei Comprehensive Conceptual Design report 2022-2027, National Key R&D Program
National Science and Publish the CDR for the of China, 17.5 M RMB

Technology center, physics and Detector,

STCF listed as a big science formulate the preliminary
facility to be promoted CDR for accelerator

Super Charm-tau Factory

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

 National Natural Science Foundation of
China, 2024-2027, Group of Key
Projects, 14.0 M RMB
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Fragrant Hills Sciencc? Forum USTC “double first-class” key
Demonstrated its

importance and necessity,
Urging to lauch fesibility
study and R&D

Governments of Anhui
Province and Hefei City
Launch the STCF Key
Technology R&D project

project
Launch the conceptual design
study and feasibility study
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STCF Project Development
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