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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

Energy range E_,, = 2-7 GeV
Peak luminosity >0.5x10% cm-s-t at 4 GeV
1 ab-! data expected per year

Potential to increase luminosity & realize beam
polarization

Total cost: 4.5B RMB
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Physics Program at STCF

M. Achasov, et al., STCF conceptual design report (Volume 1):

XYZ Properties: e+e-—Y—-yX,nX,0X; e+e-—Y—-nZc, KZcs

Physics & detector, Front. Phys. 19(1), 14701 (2024)

Hadron Spectroscopy: Excited ccbar and their transition,
Charmed hadron spectroscopy, Light hadron spectroscopy

R value: e+e-—inclusive; T mass: e+e-—T+T-

F r o n ti e r s Of Vdum?f?'%‘(])i;g:ﬁ QCD and hadronic physics](

February

Nucleon Form Factors: e+e-—BBbar from threshold

PIERE

Pentaquarks: e+e-—J/yppbar, Ac Dbar pbar, Zc Dbar pbar
Di-charmonium: e+e-—J/ync, J/yhc

Muon g-2: e+e-—T1+ M-, T+ - 10, 41, K+ K-, yy—=110, n(),m+ -

Physics |

Fragmentation functions: e+e-—(m1,K,p,A,D)+X, e+e-—(rim, KK, mK)+X

453 physicists from 82

institutes (22 outside
of China)

N

CKM matrix (Ved, Ves): D_(s)+—l+v, D—=P l+v

Charm hadron decay: Ac+, 2c, =c, Qc decay

CPV in Hyperons: J/y—AAbar, Z3bar, =- =+bar, =0 =0bar

DO0-DObar mixing: y(3770)— (D0 DObar)(CP=-),

(

PhySiCS at STCF) [ Flavor Physics and CP Violation W(4140)—+110 (DO DObar)(CP--) or (D0 Dobar)(CP=+)

Forbidden/Rare decay and New Particl

Leading role
Synergy with Bellell/LHCb/Eic/EicC
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CPVinT: 7—Ks nv, EDM of 1, T—=n/K 10 v for polarized e- beam

CPV in Charm: DO—K+K-/m+1-, Ac—pK-11+TT0/ATT+T1+11-/pKS TT+TT

y/$¢3 measurement: DO—K(s/L) i+ 11-, K(s/L) K+ K-, K3, 41

y polarization: D0O—K1 e+ v _e

LNV, BNV: D(s)+—l+ I+ X-, J/Jy—Ac e-, B—Bbar...

Symmetry violation: n(')—Ilr0, n'—nll...

FLV decays: 7=yl lIl,I P1 P2, J/y—Il', DO—=II' (I'#l)...

FCNC: D—yV, DO—l+ |-, e+e-—D » , Z+—pl+ I-...

Dark photon: e+e-—yA'(=l+1-), J/Jy—e+e-A'...
Millicharged: e+e-—xXY...




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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Strong interaction and exotic hadrons

» Overpopulated charmonium spectrum is a
unigue territory to study exotic hadrons

« STCF provides unique fine scan of the exotic
hadron states

Higgs mechanism
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Light Hadron Opportunity at STCF

High Statistical Data : 1 ab-l/year

_ « Large number of J /1 and y¥(3686) events for
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Probe CP violation

* CPV has been observed in K, B, D mesons, all are consistent with CKM theory in the Standard Model
« Baryon asymmetry of the Universe indicates that there must be non-SM CPV source

Billions hyperon pairs from J /3 decay, | (Peak cross section in s =4-5 GeV, h
clean topology, background free Q 1777 Gevie o.r ~ 3.5 nb, 10 ab™! data in total

Transversely polarized, spin correlation Sensitivity of T decay with 1ab™ @
Sensitivity: Acp~107%, £~0.05" 4.26 GeV ~9.7 x 104
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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 parameters
Goal: ultra-high luminosity in tau charm energy y P

1 - 1 - 1 1 : STCF
region (2-7 GeV), high-quality beam, stable operation Parameters | Units |\ S50
Characteristics: extremely small bunch size, high Optimal beam energy. | gy 2

M M - M . Ci i , C 848.4
current intensity, strong nonlinearity and collective reumierence "
Crossing angle, 2q mrad 60
effect Horlzontalefmlttance, am 6.919
Collider Ring and IR AP design: Coupling, k Uz
IP beam size (Y) nm scale, Crab- Vertical emittance, ey pm 34.595
Waist, nonlinear compensation Ver. beta function at IP,
mm 0.6
extremely difficult by
Ver. beam size at IP, s,y mm 0.144
Beam current, / A 2
IR Technologies: Single-bunch charge nC 8.04
SC magnets, MDI SR poweFr,sier beam, MW 0.572
Bunch length, s: mm 8.43
ies: Ver. b -b
Injection into CR (small Other key technologies: i;raerﬁgere;m 0.094
DA): high I, and low & Ring RF, beam instrum. and : —
= — Luminosity, L =2 i 1.19
e+/e- sources control, beam injection... Y. s '




STCF detector
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STCF Detector Conceptual Design
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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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Simulation Analysis

Core Software
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. /_Event 1 ; > | Worker Task I I— o
Service User Interface

External Libraries and Tools
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Special I/0 Svc [ I
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o e
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W.H. Huang et al 2023 JINST 18 P03004

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

CDR

Key Technology
R&D & TDR

Construction

Operation
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« STCF covers a unique 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/

. - [}
Q) FRAZLEL% g
o=l University of Science and Technology of China

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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