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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:

« 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
programs
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The Super Tau Charm Facility

Leptons

Energy range E.,, = 2-7 GeV
Peak luminosity >0.5%1035 cm-2s-1 at 4 GeV

Potential to increase luminosity & realize beam
polarization

Total cost: 4.5B RMB
1 ab-1 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

M. Achasov, et al., STCF conceptual design report (Volume 1):
Physics & detector, Front. Phys. 19(1), 14701 (2024)
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XYZ Properties: e+e-—Y—=yX nX,0X; e+e-—Y—nZc, KZcs

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

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

QCD and hadronic physics

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

Pentaquarks: e+e-—J/ppbar, Ac Dbar pbar, ¢ Dbar pbar
Di-charmonium: e+e-—J/ync, J/whc

Muon g-2: e+e-—T1+ M-, T+ - 10, 41, K+ K-, yy—110, n(),m+ 1-

Fragmentation functions: e+e-— (1, K,p,A,D)+X, e+e-—(ri, KK, mK)+X

CKM matrix (Vcd, Vcs): D (s)+—l+v, D—=Pl+ v

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

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

Do-Dobar mixing: y(3770)— (D0 D0Obar)(CP=-),

( PhySiCS at STCF\ { Flavor Physics and CP Violation

W(4140)—m0 (DO DObar)(CP=-) or y(D0 D0Obar)(CP=+)

Forbidden/Rare decay and New Particl

Leading role
In Competition with Belle 1I/LHCb
Synergy with Bellell/LHCb/Eic/EicC

CPVin1: 7—Ks nv, EDM of T, T—=n/K 0 v for polarized e- beam

CPV in Charm: DO—K+K-/m+1-, Ac—pK-T1+TTO/ATI+TT+1T-/pKSs TT+1T

y/$3 measurement: DO—K(s/L) m+ -, K(s/L) K+ K-, K31, 41

y polarization: D0O—K1 e+v e

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

Symmetry violation: n()—IIrm0, n'=nll...

FLV decays: 7—vyl, Il P1 P2, Jiy—II', DO—II' (I'#l)...

FCNC: D—vyV, DO—l+ |-, e+e-—D « , Z+—pl+ |-...

Dark photon: e+e-—yA'(—l+1-), Jly—e+e-A'...
Millicharged: e+e-—yXy...




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
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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 . Multi-dimensional
binning of the measurements can be provided.

e  With polarized electron beam, more FFs can be studied. There is a task-force group working on it.
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Electromagnetic form factors (EMFFs)

Electromagnetic Form Factors are fundamental properties of the

nucleon
» Connected to charge, current distribution B 5

» Crucial testing ground for models of the nucleon internal s ep
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 |G¢/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-1/year
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Key Question: matter-antimatter asymmetry

(a) Pair production (b) Annihilation

Dark Energy
Accelerated Expansion

Afterglow Light
Pattern Dark Ages Development of
375,000 yrs. / Galaxies, Planets, etc.
/

Inflation @&

Fluctuations

about 400 million yrs.
Big Bang Expansion
13.77 billion years

The very fact that we exist in a matter-
dominated universe. |

Sakharov Condition (1967)

1. Baryon number B violation
2. and  symmetry violation
3. Interactions out of thermal equilibrium

Andrei Sakharov
(1921-1989)

K meson CP violation|[2] B meson CP violation [3,4] D meson CP violation [5]
1964 2001 2019
— LHCD
Cronin / Fiteh Y “ \
A Belle I
Nobel Prize 1980 B A BA R T TS

Huge numbers of K, , hyperons, D will be produced at
STCF. With unprecedented high statistics, studies of the

particles and their decays can reveal new information
16




Polarization of Hyperons and CP Test

« Updated results based on 10B / events: ~0.42M signals
« Decay asymmetries with best precisions ever

_+
CP test = —
PRL 129 131801 (2022)
0.2 GRS SRR GRS RERRE T AL LA AL T
015; JH—;M'“"‘GI,LH P[DG 2018 PDG 2021
0.1 Va ) [E , CNTR85
E —0.05F 4 rd OVE67 —L— , CNTR96 - -
—0.1;— —Ill"tlr P ﬁy{*ﬁ ig;;:a; e CRO63 - | BES |
_0‘152_ %J_H,M —— PHSP MG 25?;:;.3 billion J/y | | =, S il e _.!_.
[ R R R SRR BESIII 10 billion J/y I ]'ilﬁi BESHII 10 billion J/y i
-5 -0.5 0 0.5 1 04 045 05 055 0.6 065 07 075 0.8 025 0.2 -0.15 -0.1 -0.05 0 0.05 0.1 0.15
cos6, o.(A — pm) Acp
Par. This Work* Previous results ** PDG 2018 *** 7 d shift f Il
gy 0.4748 = 0.0022 + 0.0024  0.461 & 0.006 £ 0.007 _ 0.469 £ 0.027 G upward shiTT trom a
Ad 0.7521 % 0.0042 4 0.0080 0.740 4= 0.010 & 0.009 - previous measurements
o 0.7519 + 0.0036 & 0.0019 0.750 4= 0.009 & 0.004 0.642 £+ 0.013
o4 —0.7559 £+ 0.0036 + 0.0029 —0.758 + 0.010 £ 0.007 —0.71 £0.08 ° epe o
Acp  —0.0025 £ 0.0046 £ 0.0011 _ 0.006 £ 0.012 % 0.007 : 0.5% level sensitivity for CPV test

Ot avg.  0.7542 +0.0010+ 0.0020  0.754 + 0.003 + 0.002 - SM prediction:10-4~10-5




CP Test in A Decay with Polarized Electron Beam
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« Large statistics and electron polarization will
improve the sensitivity of CPV significantly

3 1
- The sensitivity of CPV follows :| 71-~\/ 57 —5="755-
X , = N < ~
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Searching for Hyperon EDM

Detailed dynamics in] /¢ decay to hyperon pair have been studied:

: magnetic dipole moment _ —

J: magnetic dip = () ( +— + %+ 0 (2)

d: electric dipole moment 2 A
Tu
L Systematic measurement of the EDMs of the hyperon family!

\:_-Jl‘
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X.G.He, J.P. Ma, Phys.Lett.B 839(2023)137834




Sensitivity of Precision Measurements

X "B ______ B Currently sta.
: [ Currently sys.
B STCFsta. (0.2ab’)
» B - I STCF sys. (0.2 ab™)
STCF input {0.2 ab™)
STCF instru. (0.2 ab™)
5 = .. B STOF sia. (1ab")
B STCF sys. (1 ab™)

| I STCFinput (1ab")
a1 B n STCF instru. (1 ab™)

........... L. - il . : . . S—
: 5 Ry. Cp
(o)

; 81pe Brps
M, Mass 0%, O, C
I T

Precision

* muon g-2 a?rrgomaly

> 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

"mmm Currently limit
I STCF(D.2ab™) g
..................... BN STCF(1 ab™)
m BSM(upper limit) : : a @ :
= BSM{Iower hmlt)

Sensitivity

{F], {F'l/ 8
r““:l?g ) ““:{Q ,Q )(J ',l'f e;j '!V

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

. . cr s Preliminary machine parameter:
Goal: ultra-high luminosity in tau charm energy Y P

. . . . . STCF
region (2-7 GeV), high-quality beam, stable operation Parameters | Units |\ u"0 o0
° ° ° ° ° Optimal beam energy,
Characteristics: extremely small bunch size, high PIMEIDEM NI | Gy | 2
o ° ° o o Circumference, C m 848.4
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effect Horlzontalefmlttance, am 6.919
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Waist, nonlinear compensation Ver. beta function at IP,
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Injection into CR (small Other key technologies: z;rae:\g:eregm 0.094
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STCF Accelerator R&D

Positron Source Design

MDI Design
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STCF detector

" BRI I IR MR K I Y W ) LI
10 STCF CDR =
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Requirement:
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High detection efficiency and good resolution
Superior PID ability

ITK

<0.25%X0 / layer
0,,< 100 m

MDC

Oy,,< 130 m

op/p ~0.5% @ 1 GeV
PID

n/K (and K/p) 3-4c separation
up to 2GeV/c

MUD
0.4-1.8 GeV
7 suppression >30

« Tolerance to high rate/background environment




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

__________________________________
- S

Event
generation

Detector Reconstruction .
Simulation Digitization Analysis

Applications
Generator Reconstruction

Tracking(tracks, dE/dx, TO)
PID (RICH+DTOF)
gTSk(eRr‘ SLKB NT/‘SFC)) Energy loss > EMC VertexG gtlz?nl;rlr%tic fit,
+ i d
N detector signal MUD analysis framework

Simulation Analysis

Core Software
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W.H. Huang et al 2023 JINST 18 P03004

O Full simulation under OSCAR is undergoing: * -~ * =~/ , , [/ [ + ,




Site of STCF : Hefei

¥ Hefei Xingiao
International Airport

~:gcience &ity” ey / T o S

« Funded R&D: 0.4 Billion CNY funded by the
Anhui government
« Construction budget: 4.5 Billion CNY
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Tentative Project Schedule for STCF

CDR

Key Technology
R&D & TDR

Construction

Operation

2018/2019|2020(2021/2022 2023|2024

2025

2026

2027

2028

2029

2030

2031

2032-2047




« 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 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.

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

QGreszasre @ renTmrs
The 6th International Workshop

on Future Tau Charm Facilities
'FTCF, 2024, Guangzhou

November 17th to 21st, 2024
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https://indico.pnp.ustc.edu.cn/event/1948/

Thanks for your
listening:




