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® STCF Overview



The Super Tau Charm Facility

4+ Third generation e+e- collider. A factory producing massive tau lepton and charm
hadrons, to unravel the mystery of how quarks form matter and the symmetries of
fundamental interactions

Linear accelerator
550m

Ecn: 2~7 GeV
Luminosity: 0.5x1035 cm-2s1 @ 4 GeV




Huge statistics data sample + High Resolution + Low background
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High precision measurement = Discovery
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Light Hadron t lepton Charmed hadrons

not only a t-charm factory, but also a factory for XYZ exotics, hyperons, light
hadrons -




Site : Hefei, Anhui Province

Hefei Comprehensive National Science Center Super-Tau-Charm Faeility ...
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oFunded R&D : 0.4 Billion CNY by the Anhui government
* Construction budget : 4.96 Billion CNY



Promotion of the program
12011.12 4 12022.4 B 2024.1 B 2024.10 SN 2026.3

Proposed at USTC “double first- Governments of First STCF Second STCF

" . . - Proj
B wo;k;hc:]p for acc. class” key project Anhui Province and International International OJI?Ct . £
B e develon Y Launch the conceptual Hefei City Advisory Advisory application for
ftrgiécs "eve opmen design study and Launch the STCF Comrpittee Committee the "15th Five-
i feasibility study Key Technology Meeting Meeting Year Plan”
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Science Forum Launch Meeting : ; Third STCF IAC
Demonstrated its Conceptual design for Key :ll]res tSI(\:/iIee::lenagn(‘)if meeting
importance and report Technology R&D Tech. Committee International

necessity. Urging to
launch feasibility

Publish the CDR of Projects review of collider
physics and detector conceptual design
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0 | Unique Features in tau-charm region:
.*g  pluto 4 « Transition region between perturbative and
1PN St | R SO .05 XA S SO non-perturbative QCD
1 R Opportunltles ! .
|y H in B 71 GeV |  |° Threshold effects and quantum correlation of
% ............... B pair production of hadrons and tau leptons
" *t* ¢ « Rich resonance structures, large production
4 LA ............................................................ cross section for charmonium(-like) states and
exotics
i . |
4 6
N's (GeV)
. , Complete XYZ family
« Hadron form factors - Light hadron spectroscopy * XYZ particles Hidden-charm pentaquarks
« Y(2170) resonance « Gluonic and exotic states » Physics with D mesons B Tl e e e
« Mutltiquark states « Processes of LFV and CPV * fp and fp, states
with s quark « Rare and forbidden decays « D% — D% mixing More charmed baryons
« Rvalue / g-2 related  Physics with 1 lepton « Charm baryons

Hadron fragmentation



Tests of Fundamental Symmetries

® The discrete symmetries play a crucial role in understanding natural laws.
® Experimental evidence of parity (P), time reversal (T), charge conjugation (C), and combined CP
violation.

® STCF will enable more precise tests of symmetry-breaking properties with huge numbers of K, ,
hyperons and charmed hadrons.

Current Status of CPV Research at the Quark Level

First

. Second Generation Third Generation

Generation STCF prospects:

Up/Down Charm Top

[ J
Charm mesons: In 2009, LHCb discovered CPV at EPV Of hype rons a nd Cha rmed
0(10™%), within SM predictions
(107 P Lifetime too short to form hadrons; decays before da d rons
Charn_'l baryons: No CPV ob_served yet. SM hadronization— no "top hadron" CPV f h
CPVin first predicts 0(10™"); newghysucs could reach e EDM O yperon S a nd tau
generation is 0107 .
predicted to : « CPT in neutral Kaon system
be far below Strange ottom .
current « Rare and forbidden process

experimental Strange mesons: Discovered in 1964, CPV at Bottom mesons: Discovered in 2001 (BaBar/Belle),

sensitivity level 0(1073), within SM predictions CPV at 0(0.1), within SM predictions

Strange baryons: No CPV observed yet. SM Bottom bar . .
) . 10151 . yons: Discovered by LHCb in 2025,
predicts 0(1074-10 5()?,(?8Y¥)phy5|cs could reach CPV at 0(0.1), within SM predictions
Only strange baryons and charm baryons remain unexplored for CP violation—a final frontier for
new physics in hadronic physics.




- Angular distribution of hyperon production . =¢,wau,) (FV)/‘“ + ﬁa“quHG +yRySF, + J“"ySqVHT) v(Ay)

« P, CP violating terms in J/y production and decay
« P.:J/¢ longitudinal polarization induced by Z
boson
« F,:Pviolating form factors
« Hy:CP violating form factors associated with EDM

» Described by EM form factors G, , & B
_ S2G2=4m?|Gal? Gi _ |Ga| _—ind z0 N p — P++ — P—
YW = 216,1244m21G 12 Go G, € — L= +
1 2 2 2 P+y+ T P——
dr’ ef B
— o 1+ ey, cos? 0
dQ C — Z
T 20 B T > &
> Non-zero sin(A®) signatures hyperon - 5 : NE
pOIarlzatlon F, : Pviolation term Hy: CP violation term
2 2e 2
/1 — 0(12,J sin(A®) cos 0 sin 0 Complex form factor, F, # Hr(q%) = e, Ivds(q*)
P,(cos0) = > 0 indicate P violation Assuming dz(q%) = dg(0)
1 * “1/; cos 0 dg(q?): electric dipole form factor
P o B b1 oy o™
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« EDM measurement only performed for A
hyperon

« d, can be improved 10,000 in STCF

« Search for EDM of the other strange and
charmed baryons

Based on OSCAR simulation, statistical precision
improved by more than one order comparing to

BESIII

Systematic uncertainty dominated by detector

resolution effects, could be improved by correcting

resolution effect in MC with control samples, which
is under study

Parameter Stat. BESIII Stat. BESIII Sys.
a 1.4x107* 2.2x1073 1.7 x 1073
Ad 2.7 x107* 42 %1073 1.3 x 1073
Acp 3.0x107* 4.6 x 1073 1.1x 1073

sinW 2 6.4 x 10~* 1.2x 1073 2.6 1073
Re(d,) 2.1x 10720 3.2x 10719 0.5x 10719
Im(d,) 1.6 x 10720 2.6 x1071° 0.6 x 1071°




CPV Program at STCF

Special issue for CP violation studies at STCF

. . . i -
CP violation studies at Super tau-charm facility Jontents . .
42.6 CP violation due to D° — D° and K° — KV oscillating
Hai-Yang Cheng?, Zhi-Hui Guo®, Xiao-Gang He®, Yingrui HouY, Xian-Wei Introduction 4 . interf?ren(?,e Tt e 52
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Xing®, Fu-Sheng YuP, Yu Zhang?, Jianyu Zhang®, Xiaorong Zhou 2.2 Hyperon two-body hadronic weak decays . . . ... ... .... 8 4';'3 C(;mu ;LS . or ?ODegem ( + )Cai[éJr;?dy; ....... 59
S Ao . Antiharvon svetems 3. /P violation in — mtw an “decays ... ..
“Institute of Physics, Academia Sinica, Taipei, 11529, China 2.3 Spin entangled baryon—antibaryon systems . . . ... ... ... 13 e ol Loceeas -
*Hebei Normal University, Shijiazhuang, 050024, China 2.4 Radiative and semileptonic decays . . . . . .. .. ........ 18 434 (P violationin D — K*"K~ and K" K"~ decays ... 62
“Shanghai Jiao Tong University, Shanghai, 200250, China 2.5 (CP violation in produc[ion vinedm ... ... .. .. .. .... 22 4.4 Direct CP violation in the decays of charmed mesons and
U ”ive“ig of 'Chxese fzf[“]df’"y of S’;""C“’ ?ggé’;i g‘()mg, China 2.6 CP violation in charmed baryondecays . ... .......... 22 charmed baryons . . . .. ... ... ... 64
“Beijing Normal University, Beijing, , China b nect of - YD _vialati . . . . S 1ot ) e .
INational Centre for Nuclear Research, Warsaw, 02-093, Poland 27 Emspctt nt"hy[.,‘rc\:li)‘n‘( P-violation study at STCE . . .. .. . .. 34 4.5 Prospect of Charm CP violation studies at STCF . .. ... ... 67
#Uppsala University, Uppsala, SE-75120, Sweden 27.1 Event _”L.l““‘_my R R R IR 24 45.1 Measurements of the D — K ntatn~ decay ... ... 67
) "University of Science and Technology of China, Address One, 230026, China E;% (S:ensmv!ty of (Ijl;p""l(’]utltgl}’m h}'[_}e_l'(_‘" de??]yd"ff. cee.. 25 4.5.2 Measurements of the D — K27T+7T_ decay ... ... .. 68
'Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing, 100190, China 2.7.2 omparison of hyperon sensitivity with different ex- e X 4+ 0 .
JHigh Energy Physics Center, Chung-Ang University, Seoul, 06974, Korea periments . . . ... ... ... 27 453  Measurements of the ) —+ K~nn” decay . ... .. .. 69
“Pariicle and Nuclear Physics Institute, Institute for Basic Science, Daejeon, 34126, Korea 454  Overall ProsSpects . . . . . . . . . . oo 69
!Huazhong University of Science and Technology, Wuhan, 430074, China i (7 P-violation in 7 sector 30
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*Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, 100049, China 3.3 (C'P-violation observables in hadronic 7 decays . . . . . ... .. 34 5.2 Neutral K mesons and tests of the C P71 theorem . . .. ... .. 72
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« Properties of tau lepton

« t-lepton mass (Challenge from uncertainties in energy
calibration and spread)

« Tauonium Enhanced significance with improved energy spread Q

« EDM evolution of EDM form factors with energy
« Quantum entanglement

« Tau decay

cLFV systematically studies via leptonic decays

Cabibbo angle anomaly, CPV studies via hadronic decays

Amplitude/form factor studies via many-body decays

a; and muon g-2
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Quark Confinement
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« Unraveling the physical mechanism of quark confinement requires summarizing the laws of hadron
spectra, production, decay, and understanding how quarks and gluons are distributed inside
hadrons.

« The STCF will produce vast quantities of charmed hadrons and light flavor hadrons, enabling studies
on how quarks and gluons form hadrons and how color confinement shapes their internal structures.



Hadron spectroscopy

« Many threshold opens in 5-7 GeV which yield more

potentials for hadron studies

« Structures in more channels for XYZ physics, with larger

production rates above 5 GeV

- P, pentaquarks in ete™ - J/yphh for hidden-charm and e*e”
A.D*p,2:D™p for open-charmed pentaquarks

« Energy region above 6 GeV is ideal for fully charmed
tetraquark states via e*e™ - J/ycc etc.

Hadronization and hadron structure

- Fragmentation functions for charmed quark is avaliable
 Synergy with Eic(C) facilities for FF studies

« A non-zero Pauli Form factors provides evidence for the
existence of higher Fock states, that require higher energies
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- Essential for rigorous SM tests and new physics searches. STCF enables high-precision measurements:

« R-value: A fundamental quantity reflecting quark flavors/colors, with implications for new particle searches
and theoretical inputs (e.g., fine-structure constant, muon g-2)

« Tau lepton mass: Critical for testing lepton universality
« CKM matrix unitarity and triangle : Violations could hint at a fourth quark generation
« Strong coupling constant (a,) : Directly impacts Higgs/EW/top quark predictions and vacuum stability

studies
R value:
Parameters of the Standard 5%(e*e” - hadrons) _ af
25 Coupli = had
\Virava VFal Lkl P Ings R = O + _ + — - ~ N Qf
Paramerter value Method Parameter Value Method g (8 e - ﬂ ﬂ ) p.p.
m, 1.9 MeV Lattice | o 0.0073  non-collider + LFU test:
m, 4.4 MeV Lattice || collider ) .
m, 87Mev  lattice || Or 117x10°  Non-collider 9r T, (my\ B(r — evv)
: [ - - =) ==—+ ) —(1+Fw)(1+FE
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Complementary and Synergy of STCF, Belle Il, and LHCbS 7T,

STCF (e*e” tau-charm factory)
(2032-)

Decay of B meson,
New physics beyond
SM, CPV of bottom
hadron...

SuperKEKB/Belle Il
(e*e B factory)
(2019-2043)
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Accelerator Design

arXiv: 2509.11522 [acc-ph]

: } AR 34 21
Goal: E.,2-7 GeV, luminosity > 5x103* cm=?s1 @ 4 GeV Publshed on NST

485 m
Multi-Linac totally 550m

i (Fs2hR)

NUCLEAR mciioues

g njector: N X T
+ full-energy linac — ol
* pOSitI’OI‘I DR or AR for Circumf:arence 860m L% %z@spriger
g ﬂ:fj:"t injection y " Double-Ring Collider N
« low emittance
CM (GeV) 2.0 3.0 4.0 7.0 * high current
Simulated lumi. 33 5 0 103t 9 4x10%* 4.5 x 10% - large Piwinski angle

(cm—2s) ; « Crab-waist collision schemei



Accelerator R&D

IR SC Magnets

Focus on the QDO, CCT, Vertical
test in early 2026

Room-Temperature RF
Cavity
TMO020-mode

Electric fields Magnetic fields

Kicker Magnets

Nonlinear kicker Ultrafast kicker

Bunch by Bunch Profile

Monitor
Beam tests in different facilities
(SSRF, HLS, DLS)

Damping Wigglers

RT electromagnetic wigglers, hybrid

structure with permanent magnet
blocks

Conventional Positron

Source

To be test in
dedicated test
beam platform




Detector Design

Goal: Ultra-high precision measurement and identification under strong irradiation, high
background, high event rate, and large dynamic range.
0p/P=0.5% @1 GeVic, oe/[E<25% @1GeV, Kit240 @2 GeV/c
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Detector R&D

« Completed the prototypes of all five sub-detectors, and met or exceeded the design
specifications in beam test (7/31 - 8/14, 2024 & 10/15 -10/29, 2025)

ITK: CMOS prototype chlps B

Cylmdrlcal pRGroove prototype

EMCal: 5X5 prototype




Offline Analysis Software
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Summary and outlook

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 utilize and challenge key technologies accelerator, particle detection and
data processing, computing and networking within 1-2 years

STCF has submit a proposal to the central government in 2025 and defensed for
inclusion in the 15th five-year plan (2026-2030)

Expanding international collaboration and exploring synergies with other projects
are crucial. All forms of collaboration are welcomed.




Thank you!
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   𝒅 𝚲


  𝑱 / 𝝍 → 𝜦  𝜦 -


  𝛬


   𝒅 𝚲


   𝛼  J / 𝜓


  𝟏 . 𝟒 ×   𝟏 𝟎  − 𝟒


  2 . 2 ×   10  − 3


  1 . 7 ×   10  − 3


  𝛥 𝛷


  𝟐 . 𝟕 ×   𝟏 𝟎  − 𝟒


  4 . 2 ×   10  − 3


  1 . 3 ×   10  − 3


   A  c p


  𝟑 . 𝟎 ×   𝟏 𝟎  − 𝟒


  4 . 6 ×   10  − 3


  1 . 1 ×   10  − 3


   W 2


  𝟔 . 𝟒 ×   𝟏 𝟎  − 𝟒


  1 . 2 ×   10  − 3


  2 . 6 ×   10  − 3


  R e  (   d 𝛬 )


  𝟐 . 𝟏 ×   𝟏 𝟎  − 𝟐 𝟎


  3 . 2 ×   10  − 19


  0 . 5 ×   10  − 19


  I m  (   d 𝛬 )


  𝟏 . 𝟔 ×   𝟏 𝟎  − 𝟐 𝟎


  2 . 6 ×   10  − 19


  0 . 6 ×   10  − 19


  𝝉


   𝜶 𝒔


     𝛼 s


   𝒆 +  𝒆 − → 𝑱 / 𝝍 𝒉  𝒉 -


   𝒆 +  𝒆 − →  𝚲 𝒄    𝑫 - ∗  𝒑 - ,    𝚺 𝒄 ∗    𝑫 -  ( ∗ )  𝒑 -


   e +  e − → J / 𝜓 c  c -


   D 0 −    D - 0


   𝛼 s


  𝟔 . 𝟐 ×   𝟏 𝟎  𝟑 𝟑


  𝟐 . 𝟏 ×   𝟏 𝟎  𝟑 𝟒


  . 𝟒 ×   𝟏 𝟎  𝟑 𝟒


  𝟒 . 𝟓 ×   𝟏 𝟎  𝟑 𝟒

