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Challenges of the SM model

The SM of particle physics is a well-tested theoretical framework

However, the SM has a number of unresolved questions that require further
Investigations:

e Confinement: formation of colorless bound states — “hadrons”

« Matter-antimatter asymmetry of the Universe; dark matter, numbers of flavors, etc.
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Rich Physics in the Tau-Charm Energy Region

« The tau-charm energy region covers a unique transition region between
perturbative and non-perturbative QCD, with unique and rich physics
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The Super Tau Charm Facility

Leptons

Energy range E_,, = 2-7 GeV
Peak luminosity >0.5x10%° cm=?st at 4 GeV

Potential to increase luminosity & realize beam
polarization

Total cost: 4.5B RMB
1 ab-! data expected per year




A Super Particle Factory

* Rich resonances, large production cross-sections of charmonium, threshold
production of hadron and tau pairs
* Huge numbers of exotic hadrons, including multi-quarks & states with

gluonic excitations
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Physics Program at STCF
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Key Question: Inner structure of hadrons
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Hadron structure/spectroscopy is a crucial way to explore the
QCD theory and confinement




QCD and hadron structure

e Remaining big challenge in SM: non-perturbative effect in QCD theory
e The largest uncertainty is from the low-energy non-perturbative energy region
e STCF fine (ISR) scan from 0.6—7 GeV to study production of hadrons inclusively and exclusively
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Fragmentation functions
E —

Fragmentation function D}ql(z): probability that hadron

h is found in the debris of a hadron carrying a fraction
z=2E,/+/s of parton’s momentum.
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Fragmentation functions at STCF

e*e collider experiment provides the cleanest input for fragmentation functions (FFs) fitting. To
accurately extract Parton Distribution Functions (PDFs), more precise FFs are required.

Two types of FFs can be studied at an unpolarized e*e- collider: D and H;i-. Multi-dimensional
binning of the measurements can be provided.

With polarized electron beam, more FFs can be studied. There is a task-force group working on it.

Leading Quark TMDFFs

O—' Hadron Spin @ Cuark Spin

—

(=]
s
1

Quark Polarization

DEIC 10x100 GeV?2

L
®
Faw | I

[ ]EicC 3.5x20 Gev2

Un-Polarized

u)

Longitudinally Polarized
(L)

Transverse ly Polarized
(T}

a
>
o
<
Q
5 STt THmaAabnRGeV T Tt Y T T T 2 T T T = B B .
) Fae -
Z ] Dy =(s) Hi =(1)-()
g Unpolarized Collins
£ 1o-
= 3 v T P L
g 1 (-.I'] =|\.'_-./.-" —l“:l/—l- .III]L -I‘-\._)/-._I"-f-/'-
o ) Hellcity
= * PR N
B e it t . =(d)=01)
- D = () -l A A T.ansu'mi.y\_lx a2
-4 -3 -2 -1 W AN =) - 1
10 10 10 10 1 Polarizging FF ! H{_f :_f):l - j.r;
Fraction of momentum x - —




Electromagnetic form factors (EMFFs)

nucleon

» Connected to charge, current distribution l

» Crucial testing ground for models of the nucleon internal B e
structure
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Various theoretical models describe TLFF in non-perturbative region: ChEFT, VMD, relativistic
CQM, parton model, pQCD etc.

« Dispersion theoretical analysis, provide a coherent framework for the joint interpretation of SL
and TL EMFFs over the entire physical range of g2.



Prospect of TL-EMFF at STCF

* Remaining questions of TL-EMFFs:
« Step-like behavior of production cross section, indication of near-threshold singularity.
« Damped oscillation distribution after subtracting modified dipole in effective FF.
« Damped oscillation distribution of |Gc/G,,| ratio.
« Evolution of the phase between G and G,,.
« The asymptotic behavior of TL-EMFFs
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Charmonium (like) States

« The overpopulated charmonium spectrum is a unique territory to study
exotic hadrons
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Charmonium(like) States at STCF

« STCF provides unique fine scan of the exotic hadron states

« 1 ab-1/year luminosity at STCF can produce: 1B Y(4230), 100M Z_(3900) and 5M X(3872)
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Light Hadron Opportunity at STCF

High Statistical Data : 1 ab-l/year

- Large number of /i and y(3686) events for
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Key Question: matter-antimatter asymmetry

The very fact that we exist in a matter-

S\ / )7% é dominated universe.
oA Sakharov Condition (1967)
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particles and their decays can reveal new information
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Polarization of A Hyperons and CP Test

« Updated results based on 10B j /i events: ~0.42M signals

- Decay asymmetries with best precisions ever
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CP Test in A Decay with Polarized Electron Beam
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Searching for Hyperon EDM

Detailed dynamics in J/y decay to hyperon pair have been studied:

L: magnetic dipole moment B p i v s s
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Sensitivity of Precision Measurements
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> The precision frontier for testing of SM parameters

> Uncertainties from reducible (selection-based), and irreducible
sources (theoretical input, instrument effect)



Sensitivity of Rare or Forbidden Decays
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Sensitivity of various rare/forbidden decays measurements at STCF are compared
with various BSM models

The excellent precision at STCF can be used to distinguish between various BSM
models



Challenges of STCF Accelerator

. . . oy e Preliminary machine parameter:
Goal: ultra-high luminosity in tau charm energy
M - M - M M . STCF
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STCF Accelerator R&D

Positron Source Design
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STCF detector
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STCF Detector Conceptual Design
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STCF Detector R&D — Detector Prototypes
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Offline Software

O Offline Software System of Super Tau-Charm Facility (OSCAR)

— External Interface+ Framework +Offline
O SNiIPER framework provides common functionalities for whole data processing

O Offline including Generator, Simulation, Calibration, Reconstruction and Analysis
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O Full simulation under OSCAR is undergoing: ete™ -» n*n~J/y, AA, nin/Kn/KK + X, D°D°...




Site of STCF : Hefei
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« Funded R&D: 0.4 Billion CNY funded by the
Anhui government
« Construction budget: 4.5 Billion CNY




Tentative Project Schedule for STCF
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« STCF covers a unigue transition region between perturbative and non-
perturbative QCD, providing precision measurements aimed at answering
key questions in QCD and search for new physics BSM

« STCF will utilized and challenge key technologies accelerator, particle
detection and data processing, computing and networking

« Anhui province and USTC have committed support, aiming for applying
construction approval during the 15th five-year plan (2026-2030)

* International collaboration is crucial, with ongoing efforts to expand
collaborations both domestically and internationally




FTCF2024-Guangzhou

The 6 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.

https://indico.pnp.ustc.edu.cn/event/1948/

Dozt @ronimexs 2478

miversity of Chinese Academy of Sciences

The 6th International Workshop
on Future Tau Charm Facilities
FTCF, 2024, Guangzhou

November 17th to 21st, 2024



https://indico.pnp.ustc.edu.cn/event/1948/

Thanks for your
listening:
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