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Super Tau-Charm Facility (STCF)
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® E_ =2-7GeV, peak luminosity > 0.5X10%® cm?s! K.

® Potential for luminosity upgrade, and a polarized — M " ——.
) _L » l

electron beam R R

® Site: Suburban “Future Big Science City” in Hefeil




2-7 GeV: Unigue Features, Broad Physics Spectrum

® Transition region between perturbative and non-perturbative QCD

® Rich resonant structures, large production cross-sections for charmonium states
® Pair production of hadrons and tau leptons at threshold

® Copious production of exotic hadrons ( multi-quark, gluonic and hybrid states)
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 Nucleon/Hadron form factors « Light hadron spectroscopy * XYZ particles * New XYZ particle
* $(2170) resonance * Gluonic and exaotic * Physics with D mesons * Hidden-charm pentaquark
« Mutltiquark states with s quark * LFV and CPV « f5 and fp, » Di-charmonium state
* MLLA/LPHD and QCD sum - Rare and forbidden decays ~ * D,-D, mixing * Charm baryons

rule predictions « Physics with t lepton « Charm baryons * Hadron fragmentation



Physics Program at STCF

® STCF conceptual design report: Physics & detector, Front. Phys. 19, 14701 (2024)
v’ Leading role
v" In synergy with Belle I1I/LHCb/Eic/EicC

XYZ Properties: e+e-—Y—yX,nX0X; e+e-—Y—nZc, KZcs

Hadron Spectroscopy: Excited ccbar and their transition,

— ISSN 2095-0462 Charmed hadron spectroscopy, Light hadron spectroscopy
rontlers O Volume 19 - Number 1 (Btoon )

February R value: e+e-—inclusive; T mass: e+e-—T+T1-
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=] QCD and hadronic physics Nucleon Form Factors: e+e-—BBbar from threshold
s l c s Pentaquarks: e+e-—J/yppbar, Ac Dbar pbar, Zc Dbar pbar gsm
Di-charmonium: e+e-—J/ync, J/yhc

Muon g-2: e+e-—T11+ T-, M+ T1- 10, 411, K+ K-, yy—=m0, n(’),m+ m-

BEE, XFiHE

Fragmentation functions: e+e-—(11,K,p,A,D)+X, e+e-—(rr KK, mK)+X

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

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

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

£ < 2 D0-DObar mixing: y(3770)— (D0 Dobar)(CP=-),
| Physics at STCF) [ Flavor Physics and CP Violation, (4140)—110 (D0 DObar)(GP=-) or y(DO DObar)(CP=+)

CPVinT: 7—Ks nv, EDM of 1, T—n/K 10 v for polarized e- beam

CPV in Charm: DO—K+K-/mi+1-, Ac—pK-m+m0/An+m+n-/pKs m+m *

y/$3 measurement: DO—K(s/L) r+ 1-, K(s/L) K+ K- K3m, 4m

y polarization: D0—K1 e+ v_e i
M -

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

¥

Symmetry violation: n(')—lIn0, n'=nll...

Forbidden/Rare decay and New Particl FLV decays: 7—yl, lll,I P1 P2, J/y—II', DO—II (I'#)...

S5 istisPeducation press A @Springer FCNC: D—yV, DO—1+ |-, e+e-—D + , S+—pl+ I-..

Dark photon:
Millicharged:

re-—yA'(=l+ |- ), Jly—e+e-A




A Super Factory of Various Particles

. ! !
[mmBESH ]
g g | | 5 W Bellell(50 ab

__ ............................ ............................ ............................. ............................ ............................. ............................ .................................................. -STCF(_'ab,-I)

o —.BESII1year

1010

N(sample)

T D° D* . . Jiv  w(3686) X(3872) Y(4220) Zc(3900)
\ v I \ J o\ ;
Light Hadrons  t-leptons Charmed Hadrons XYZ

® Not only a T-charm factory, but also a factory of XY Z, hyperons and light hadrons
v" Rich QCD and Hadron Physics
v Flavor Physics and CPV
v New Physics Beyond SM?



Hadron spectroscopy and exotic hadrons
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® Hadron spectroscopy is a crucial way to explore QCD
and its properties
® QCD allows combinations of multi-quarks and gluons

® Spectrum above open charm is much overpopulated
-> exotic states?

® STCF has unique advantages for searching exotic
hadrons (fine scan, large effective luminosity, efficiency)
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Charmonium(-like) states: so-called XYZ

The overpopulated charmonium spectrum is a unique territory to study exotic hadrons.
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vno=—=2022 YOy 455 - Lo
660 357 2018 2021 sl * Masses away from quark model predictions, e.qg.
400} v(so—=2022 A 7,430 ] X(3872), Y(4230) and Y(4260)
s A 2016 ¥ 2008
Ur(4415) ° ° ° .
Midﬂ,m) " s  Many seen in final states of charmonium, instead of
Y4320) 5= 2016 ETH _3P_ =B == - 2010 2008 !
t230) B 200" e AN n S open-cham channels (Not all)
DT o ad140) X(4160) 72[4a(m) _” . .
= 2009 e 201888 5 5 22 * Charged structures like Z_,., must contain at least four
=B o) ZDZlmguu 008 5o JR {40557 2281%01[]] c(s)
4000 F T A oo WG s quarks. Their connections to Y and X are of interest
____________________ . J_:__A_r G872 o) o ALROF 202 . pe . . . .
Do 2003 o = T 200 A8 * An overall classification is still lacking
o 203, 009 ..
= STCF advantage and opportunities :
aan YT T e * Large data sample
3500 . X(3040,4160) 7 i
P A - * High efficiency and precision.
R 1 0=
Xt 1 ™ * Unique fine scan of exotic hadron states
/i Godfrey-Isgur quark model = - - =
discovered before 2003 XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872)
30001 _xgUS) discovered after 2003 1 -
No. of events 10" 10° 10° 5% 10°
0*(0™*) 0°(17) 07(1*7) 0*(0*) 0*(1*) 0*(2**) 07(27) 07(37) 7% 1=1 I=1/2




Weighted candidates/(2 MeV)

The Penta-quark and Doubly Charmonium

PRL 122, 222001 (2019) Sci.Bull. 66 (2021) 1278

Sci.Bull. 65 (2020) 1983
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P. pentaquarks are good hadronic molecule candidates
More pentaquark states? Cross-section line shape?...
ete™ — J/phh are possible processes for studying
hidden-charm pentaquarks (J /Y pDP event level~103)
More likely decay to open-charm final states:

ete” - AD*p,X:DMp
ete™ — J/icc has a production cross-section on the
order of tens of fb

820 7000 8000 9000
M di-J/y (MeV/c?)

STCF advantage and opportunities :

« CM Energy region above 6 GeV is ideal
for fully charmed multi-quark states

« Low background and high efficiency



Glueball from J/y radiative decays?
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PRL117, 042002 (2016)
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Partial wave analysis /Y — yKsKsn'
in 10B J /¢y decays

X(2370) » KsKqn' significance more
than 14o

mass 2395 + 11+28

MeV/c?
width 1887187 2" Mev

spin-parity is determined to be 0~
candidate for lightest pseudoscalar
glueball predicted by LQCD

Can STCF be the final judge?



Hadron Production and hadron Structure
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Hadron Production

A key approach to understand
hadron production mechanism &
input for precise theory prediction

» Covering range (0.7-7 GeV),
iImportant input for hadron exp.

0.08
L BESIII: nh
0.06 - BaBar: ppr,g (ref. %)

-------- Simultaneous fit: proton

0.04 —— — Simultaneous fit: neutron

0.02

002l 1 '
‘ BESIII observed neutron

form factor oscillation

—0.04 1|
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Nuclear EM FFs

» Fundamental observable, reflects
the inner structure of nucleon

» Complementarity to the e-N
elastic scattering experiments in
similar g° region

e+ e-
Collins FF (X Collins FF

Fragmentation Function

® Understanding QCD dynamics,
hadron structure & production
mechanism.

® Comparing with ep data to verify

universality of fragmentation.

® Advantage @ STCF: Transition region between non-perturbative QCD and pQCD

10



Nucleon structure: electromagnetic form factor

Wigner Distributions
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Space-like High-g2

e B —>e B Low-g2
By — Byete™

ete” - BB
BB — ete™

q?
-2 = g2 -
Q g% <0 q? =0 q? = (Mmg;—mMgy)? g? = (Mg,+Mpgy)?

By — By

® c'e” — BB @one-photon exchange approximation

2
v do  ma“pC

1 .
doostn = 25 [1GuI*(1 + cos?0p) + - |GE|*sin?Bp]
v' velocity B = (1 — 4m%/s)%°
pPQCD non- VMD ® Various theory models for TL
LU form factors
® Dispersion theoretical analysis:

joint interpretation of SLand TL



G (pb)

Prospect of TL form factor at STCF

® Remaining questions of TL electromagnetic form factors
v’ Step-like behavior of production cross section, indication
of near-threshold singularity
v' Damped oscillation distribution after subtracting modified
dipole in effective FF
v Damped oscillation distribution of |G./G,,| ratio
v" Evolution of the phase between G¢ and G,,.
v The asymptotic behavior of TL EM FF
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Fraction of Momentum x

® Strange quark density function: As(x)+As(X)
v" Inclusive DIS: only proton PDF
a. negative for all values of x
v Semi-inclusive DIS: proton PDF & kaon FF
a. DSS FFs: positive for most of measured X
b. HKNS FF & JAM FF: negative
® SIA @ e*e: the cleanest input for FFs fitting

Precise knowledge of FFs will be crucial 13



FFs with quark/hadron polarization

Unpolarized

Longitudinally

Transversely

| World Data (Sel.) for e’e” — 1++X Production

Unpolarized
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“model estimates consistent with data”

PPNP 91 136 (2016)

Longitudinally Transversely
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DEHSS 68% CL
JAM 16

LO groundbreaking

0 CGGRW94
t, K BKK9S Q=10 GeV, NLO
n*, K* LEP
K°
A DsSV97
h* BFGWO00
o, KE,p/p KKP0O
Flavor tagging KRE00
OPAL tagging AKKOS
uncertainties HKNS07

e*e~,pp,SIDIS  DSS07

efe ,pp AKKO08
nFFs SSZ10

7 AESSI11
SIDIS only LSS13

e*e”,pSIDIS ~ SKMNAI3
nt, Kt update ~ DSS14/17

SIDIS only LSS15
h*,e*e” only NNFF1.0
e*e”,SIDIS JAM19
e*e”,SIDIS ~ MAPFFL. :
Global paradigm z 2 z
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PRL130, 231901 (2023)
® Inclusive t° production: surprise
® Inclusive K¢ production: not so bad
® Inclusive n: good fit achieved, detail arXiv:2404.11527

v /s >10GeV e*e  data + BESIII data
v" NNLO accuracy, hadron mass correction & higher twist contributions

PRL133, 021901 (2024)

15



Collins Fragmentation Function

(k x Ppy)-S,

2 2 2
2 Pus) = Di(z Pi) + Hy (2 PR =1

® Normalized ratio R = N(2¢,)/<N,>
v N(2¢,): di-pion yield in each 2¢,bin
v <Ny>: averaged bin content
v RY: unlike sign (rtn™);
v’ RL: like sign (mim?)
v RC€: all pion pair

Transversity (X Collins FF : .
Y ® Double ratio: reduce acceptance and radiation effect

e ~. — ¢ RU B sin®fy  F(Hi (21) it (22) /M1 M)

o ‘ . 1 \?2 _ . AUL(UC)
RL(C) Lot cos(@iba) 1 + cos? 6 D1(z1)D1(22) =1 srges(2d0) * &
13
CC Y Fit RV 1 cos(260) + B AYYUC mainly contains Collins effect
P, : - cy ' " I I
. -~ function E"© B should be consistent with unity
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Collins Fragmentation Function
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® The statistical uncertainty on asymmetry AY- with lab! @ 7 GeV
v (1.4,4.2)X10%forete >t + X
v (3.5, 20)X103foretee > KK + X

® Key process for PID of STCF



CP Violation

e CPV observed in K, B and D mesons, but

10
all consistent with CKM theory in SM;

: 10
 Baryon asymmetry of the universe

indicates the existence of non-SM CPV s 10°
sources; £ 10%
« STCF is capable of searching for CPV in 10°

hyperons and t lepton, as well as CPT

violation in Kaon with high sensitivity.

Unique advantages :

 Quantum correlation, huge statistics, clean background

. | . - Currently sta.

Currently sys.
B sTCFsta. (1ab")

B sTCFsys.(1ab™)
STCF input (1 ab™)

STCF instru. (1 ab™)

18



u(cosBA)

CPV In hyperon decay

BESIII has observed the polarization of hyperon in the J/y decay, and carried out CPV
measurement by performing the jointly angle distribution analysis.

The sensitivity to test CPV in the J/y decay is found to be much improved due to the quantum

correlation between hyperon pair, and the polarization of hyperon.

a_+a
CP test Acp= .
a_—a,
- & PRL 129, 131801 (2022)
“A / /2 g / / LN N L I L L L L L N L L BN B L L BB
A e ~ A i
Y aad s A
P ?x x 0 |
X X CNTR85 .
A A |
7 DM2 .
e “a CNTR96 -
BES |
0.2 BESII 1.3 billion J/y —-|—
i - BESIII 10 billion J/y !
6:600_. ! _‘l“‘p‘_ ||||||||||||||||||||||||||||||||||||||||
A -0.25 -0.2 -0.15 0.1 -0.05 O 0.05 0.1 0.15
A
0.2F - CcP

0.5% level sensitivity for CPV test
SM prediction:104~10"°

N [ B
-0.5 0.0 0.5 1.0

Decay Parameter

[
-1.0
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Hyperon pairs from J/y decay,

clean topology, background free
Transversely polarized, spin correlation

Sensitivity: Acp~10"%, §~0.05

~ ~

- 7

CPV at STCF

® | arge statistical data samples from STCF offer the great opportunity to study
CP violation in the Hyperon, Tau lepton, Charmed meson and Kaon
® Polarized beam is expected to improve the prob sensitivity

Peak cross section in /s =4-5 GeV,
0., ~ 3.5nb, 10 ab! data in total

of T decay with 1lab!* @ 4.26 GeV
Sensitivity ~1073

Hyperon decay

D°D%pairs produced at threshol
guantum coherence with

(D°D®)cp—— or (D°D®)cp-,
Sensitivity: x~0.035%,

Charm mixing

y~0.023%, rcp~0.017, acp~1.3°
v,

Tau lepton
production&decay

kaon mixing

rCP tagging and flavor tagging op
K°/K°from J/¢ decay
CP variables determined with
time-dependent decay rate
CP, CPT sensitivity:
n+~1073, A, ~0.05

/




Questions

Interaction
\
Structure s

Symmetries

Acp=

Hyperon CPV at STCF

The transversely polarized A in Jhy decay offers an unique
platform to study the nature of pQCD and test the EW model

Observables 102 Jhy — hyperon factory (10°)
Production Decay mode B(units 107%) Angular distribution Detection No. events
/ parameter ay, efficiency expected at STCF
Hyperons as _
diagnostic tool  AmRaiUUIENEE Iy = AR 1943£0.03£033 0469 +0.026 40% 1100 x 10°
U(2S) = AA 397+0.02+0.12  0.824 £0.074 40% 130 x 10°
\‘Spectroscopy Jjy - 2020 11.65 £ 0.04 0.66 +0.03 14% 230 x 10°
0(28) - ="=° 273+0.03 0.65 +0.09 14% 32x 10°
a_+ay Decays JJw— ZE 1040 +0.06 0.58 +0.04 19% 270 x 10
a_ — a+ W(2S) - Z=F 278 £0.05 091+0.13 19% 42 x 10°

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

0.04f

0.02f

-0.01F

-002F

s STCF sensitivity «5004

0.03F — BSM Joo3
Joo2
001F

0.00F

Joo1

1-0.01

-6 J-002

® \With one year data, STCF can reach CPV sensitivity of A to
1.2x104, same level as SM prediction (10-4~10).

® Optimizing the reconstruction efficiency of low-momentum
pion can greatly improve sensitivity.

® Using polarized beams, or ""'monochromatic" collision modes,
can improve sensitivity to 10.

® Systematic uncertainty is a challenge. 21



Searching for hyperon EDM

® Detailed dynamics in J/i decay to hyperon pair

: magnetic dipole moment

] i 3 [
d: electric dipole moment A = €,(D)u(4,) (FW” + MG”V%HG + YRy Fa+ U“VVSqVHT> v(42)
?u Systematic measurement of EDMs of hyperon family
\;/V . ok @ BESII(Re(d})) STCF(Re(dy)) a STCF+Polar(Re(dy)) 31" . SM. ~ 10_26 ecm
d u P % e BESIl(im(dy) [ STCF(Im(dy) a STCF+Polar(im(d,) E
ﬂ d¢ = 10" .. 107 ,%m BESIII: milestone for hyperon
\i/v S e o ® o 1% EDM measurement
- ) = A .- A 10~'% cm ( FermiLab
T + 2 A & 10716 ¢ cm)
N~—— = U o x U 'E
3 g . e om & first achievement for X+ 2~
%1 ‘ and Z° at level of 10~% cm
Non-zero EDM = violate P & T symmetry, A z £ o) a litmus test for new physics

T violation & CP ViOIation, iIf CPT holds (a)Sensitivity of Re(dg) and Im(dg)

X. G. He, J. P. Ma PLB 839, 137834

STCF: improved by 2 order of
magnitude
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Precise measurement of CKM elements

® CKM elements are the fundamental SM parameters that describe the mixing of
qguark fields due to weak interaction. Charmed meson leptonic decays are the best
way to measure |V 4| and |V 4|

/Vud Vus Vub \/d )
Vcd Vcs Vcb §

/d'\
Sl
0" )

-q
\%ththb /\b /

Expected precision < 1% at BESIII I

BESII + B factories
+ &=QCD

L w
J Edl e

BESIII

STCF

Belle I1

Luminosity

293fb T at3.773GeV  lablat3.773GeV 50ab~' at T(nS)

BDT — uvy)
fo+ (MeV)
|Vm'|

BD* — thv,)
BD* - thvy)
B > p*v,)

5.1%5131 1-6%5_vst [8]
2.6%“31 09%3_\@[ 181
2.6%qa 1.0%7,, 8]
20%5131 IU%S)J.M [9]

21%5131 13%sy.sl [9]

0.28%1a
O'IS%S[‘AI
O-IS%SIM
0.419%gtat

0.50%y

Theory : 0.2%

(0.1% expected)

“"Fhéory : 0.2%
(0.1% expected)

Theory : 0.2%

031.(0:1% expected)

Luminosity 32fb T at4.178 GeV  lab ' at4.009 GeV 50ab ' at T(nS)
-(B(D-: e H+Vu) 28%\{,;“ 27%gy\t I_lOJ 030%“‘“
fD;' (MeV) 1.5%gtat 1-6%syst [10] 0.15%star
|Vm'| 1-5%3\‘tat 1-6%syst “01 O-IS%SI‘AI
fD}/fD‘ 3.0%g1at I-S%S)Jst [10] 0.21%51a¢
-(B(I):.r -7 Vr) l-g%slat 23%':}8[ 0-24%stat 0.6%51& 2.7%“5[
for (MeV) 0.9%stat 1.2%y4q 0.11%ta
V.| 0.9% 1 1.2%;‘yst 0.11%y1y
For (MeV) 0.9% i 1.0% 0.09%,
il 0.9% a1 1.0% s 0.09%,
B(DT - 1t%v,) _
- 3.6%¢, 3.0%, 0.38%; 0.9%at 3.2%4yst

B(D; — Hrvy)

syst
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Sensitivity of precision measurements

107 E ! ! =

2 |- : : _

10 = I Currently sta. =

— 0 Currently sys. —

> e —
£ 10 3 L B sTCFsta. (1ab') —
E = B sSTCFsys. (1ab') =
"N 10" :_ I STCFinput (1 ab™) _:
GC) = STCFinstru. (1 ab')y 3
) — g =
10° Il Pl P —=

1 D-E --------- | | I |

® The precision frontier for testing of SM parameters
® Uncertainties from reducible (selection-based), and irreducible sources
(theoretical input, instrument effect)

® About one order of magnitude improvement in sensitivities 54



Sensitivity of rare or forbidden decays

—
Q
4]

‘W Currently limit B S
BN STCF(1 ab') | o g AERR Y
W BSM(upper limit) 1 LT
B BSM(lower limit)

STCF

—
<
=l

v

Sensitivity

107

Lr % {FV SNI/ ) 1o ) o o
Ty Y ezy(%’ﬂ Sy ),LNV(J/ 1 " >29 “NCrpo

5
A4

® Sensitivity of various rare/forbidden decays measurements at STCF are compared
with various BSM models
® The precision at STCF can be used to distinguish between various BSM models
2b



Challenges of STCF Accelerator

® Ultra-high luminosity in tau charm energy region (2-7 GeV), high-quality beam,

stable operation
® Extremely small bunch size, high current intensity, strong nonlinearity and

collective effect

Collider Ring and IR Physics Design
IP beam size (Y) nm scale, Crab-

f" Waist, nonlinear compensation
[ .
tH extremely difficult

IR Technologies
SC magnets, MDI

L =

ng Other key technologies

2er, 3, L
Injection into CR (small DA) Ring RF, beam instrumentation

high I, and low € e+/e- sources L
9l and control, beam injection...

Large Piwinski angle + Crab Waist




STCF accelerator pre-conceptual design

Collider ring lattice
TS
#tm,%

e

Ex.ﬁy’[r"] _
E [
>»
BBy [m]
TaeR
||
o)

nx(ml

20 V *
[T T T TERE——— - - [ s;&
5 TRE S Wa e B 1 1A . 25 P @ % %
sm] sm]

QLTI TR P Fretvree IS

Electron source 1.5 nC/10 nC 1.0 GeV/L5nC by pass line

— o ——— W W w— W w—— - W W W W e W e W W W W W wer W w0
b
O —— -

e Linac e* Linac 1.0 GeV
1.5 GeV/10nC Positron source

e'Linac 1.0 GeV 1.5nC/10 nC e* e Linac 3.5 GeV/1.5nC

Injector

e* damping ring

Working on a design with a larger collider ring (800-1000 m)

Parameters Units STCF
Optimal beam energy, £ GeV 2
Circumference, C m 616.76
Crossing angle, 28 mrad 60
Revolution period, 7, us 2.057
Horizontal emittance, g, nm 5.77
Vertical emittance, g, pm 28.85
Beta function at IP, B,/B, mm 40/0.6
Beam size at IP, 5,/G, 1m 15.19/0.132
Betatron tune, v,/v, 31.552/24.572
Momentum compaction factor, e 107 9.71
Energy spread, G 1074 8.26
Beam current, | A 2
Number of bunches, ng 512
Single-bunch charge nC 8.04
Energy loss per turn, Uy keV 286
SR power per beam, Pgg MW 0.572
Transvers damping time, 1, ms 28.59
RF frequency, fze MHz 499.7
RF voltage, Vg MV 1.2
Bunch length, o, mm 8.2
Piwinski angle, ¢pi, rad 16.19
\Ver. beam-beam parameter, ¢, 0.107
Luminosity, L cm st 1.37E+35

27



STCF Accelerator R&D

Positron Source Design

| s

[ Normal §-Banc

ition capture system G-magnets structure

Photocathode RF gun
¢ S

Xﬂ!llllltuhlh Iultliil}ﬁ}ll

)
@MV&M&I‘I

IP chamber
GroavmAmemsen

MDI Design

Occupancy angle:15°/0.262ragd, «

220mm

» 633mm Anti Sol FFQuad QDO Corr FFQuad QF1 Tungsten
>

1660mm
>

e Cryostat with magnets

TS L A ————SNSNSS——EEE
sythesizer | 10 Veator ol _— Microwave

Central control room systen
ngna? Bz
: I [source

(LK [105.76MHz

T .
Digiul NA
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Detector requirements from physics

® Highly efficient and precise reconstruction of exclusive SASAAAIIpsassenntponsget
final states produced in 2-7 GeV e*e- collisions ]
v" Precise measurement of low-p particles (< 1 GeV/c)
— low mass
v Excellent PID : a/K and p/r separation up to 2 GeV

wint=yu @ 4.26 GeV ?_
pint— 3]1@426 GeV 3

win D-smuv @ 3.77 GeV
ol /i in e'e— mmy(3686) @ 4.66 GeV

pr Phusics I . Optimized Reaui X
S S1cs Interes s
ocess ysics Interes equirements P GeV /C
Subdetector
T K.7v,, CPV in the 1 sector, acceptance: 93% of 4r; trk. effi.: s [ I T T ML B B E
_ 10 ——— yin continuum @ 7.0 GeV
JIfr — AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c STCF CDR ——— yin Acdecay @ 4.7 GeV
——— ryintdecay @ 4.26 GeV
Dy tag Charm physics o,/p =0.5%, 0yy = 130 um at 1 GeV/c 10° ! n idjggy% 3173 GeV
ete” - KK+ X, Fragmentation function, /K and K/ misidentification rate < 2% ——— 7in T @ 4.26 GeV
PID 3 — ‘fllnDs—)staM.iﬂGeV
D, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c 10 jl ——— YN V{28)> 11, (28) at 3686 GeV
)
T— , T — VU, cLFV decay of 7, & suppression power over 30 at p < 2 GeV/e, M e
My YH . y PID+MUD M7 supp . p p / 107 B N
D, — uv CKM matrix, LQCD etc. u efficiency over 95% at p = 1 GeV/c - \iﬂ"\%‘ﬂ
T — YU, cLFV decay of 7, Op/E ~25%atE =1GeV 10 : L
YH decay of 7, EMC &l o e
W (3686) — yn(2S) Charmonium transition Opos ® Smmat E =1 GeV \*-\
ete” — nn, Nucleon structure 300 1 ol L P ST I s S fﬂﬂ
) ) EMC+MUD Ur=ﬁps 00 0.2 04 06 08 1.0 12 14 16 1.8 2.0
Dy — Kpntn™ Unity of CKM triangle P (GeV?) E (GeV)

29



STCF detector conceptual design

MUD Endcap-2 (a)
MUD Barrel
/ \1[ D Endcap-1

5 |
| Neutron eCa
shielding layer
\ ‘
Endcap Yoke
Padieie e wl“. IU L«»;Plzln;n: B

Muon Detector
Resistive Plate Chamber+
Plastic scintillator

Plastic scintillator

Electromagnetlc
Calorlmeter

Track (8.¢) | Radiator (liquid CgFyq) 10 mm
[ Quart 77 11 ll 1

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

A\ \, =100 mm

Particle Identification Scy;:[em
. Barrel : RICH-like
T Endcap : DIRC-like

PID system

[ Outer Tracker ]

NWELL PMOS NMOS
spacing DIODE spacing  TRANSISTOR  TRANSISTOR

eplehun
\region/

Inner tracker m.m...J
BREREERNR

RRWELL Detector Central Tracker

CMOS MAPS = Low material-budget Main Drift Chamber 30

[ Inner Tracker ]

_.. '+ p” aphtaxial Ia.\rell'r ¥

p substrate




STCF detector R&D: detector prototypes

K Cylindrical

MPGD (uRWELL,
URGroove). sz 2. PMIHIKJE

b 1

Full-sized DTOF sector
prototype

| =
3 x|
/ \ REFPHAMRLE

/

ECal, RICH, DTOF and DAQ beam test scheduled at CERN |

f 30 cm % 30 cm \

RICH prototype

[ \

pCsl ECAL

Large sized RPC and

scintillator strips

A

RPCAT i % AN

§
8 |
N
-
¥
3




Offline software

® Developed based on light-weight and flexible SNIPER framework

and adopted some state-of-the-art technologies
v Podio for Event Data Model
v' DD4hep for detector description

v' TBB for multi-threading

v' ONNX for machine learning
® Full simulation under OSCAR is undergoing

/

/

Event generation

Physics signal
beam background
physics background

\

/

N

OSCAR Framework

Detector geometry
magnetic field
physics list,

user actions,

M.C. truth

Event mixing

N

/ Detector Simulation \

Digitization

ionization,

\] light propa.,

J

Y] elec.response,

waveform
processing

=

e

(R

construction

T0)

PID (RICH+DTOF)
EMC

MUD

.

Tracking(tracks, dE/dx

~

\

(

Analysis

Global PID,
Vertex fitting,
Kinem. Fitting

J

RDataFrame

G

\

~/

T T —— -

Architecture of OSCAR: three layers

Applications

Generator Reconstruction

Simulation  Analysis  Visulization

Core Software

SNIPER EDM Data I/O

Geometry Database  VertexFit

External Library/Tools
Podio Geant4 ROOT

DD4hep GenFit ~ CERNLIB

" s e s e e e S s n en s an e e e e e S e e s s e e e s en e an e = &8
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STCEF Project Development

Super Charm-tau Factory

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

TS :
AR RTREASAN &k

Hefei Comprehensive
National Science and
Technology center,

facility to be promoted

FTCF listed as a big science

FUMZEWUER

vl ? 1l 0
Fragrant Hills Science
Forum
Demonstrated its
importance and necessity,
Urging to lauch fesibility
study and R&D

STCF
Comceptual Design Report

IConceptual Design Repor
To publish CDR for the
physics and Detector,
formulate the preliminar
CDR for accelerator

® Chinese Academy of Sciences, 2021-

2026, International Partnership program,

5.0 M RMB

® Ministry of Science and Technology,

2022-2027, National Key R&D Program

of China, 17.5 M RMB

® National Natural Science Foundation
of China, 2024-2027, Group of Key
Projects, 14.0 M RMB

FEHFRALY TR ESRRAR
"BEKR (10 RERANR" RiEER

USTC “double first-class” key
project
Launch the conceptual design
study and feasibility study

Governments of Anhul
Province and Hefei City
Launch the STCF Key
Technology R&D
project
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Kick-Off Meeting and R&D Project Review Meeting

W’ Illllult I Hllll

Kick-off Meeting, Aug. 2023, USTC
More than 30 academicians of CAS, as well as
government officials of Anhui province and
Hefei city, along with representatives from
various domestic research institutions, totaling
170 attendees.

R&D Project Review, Dec. 2023, USTC
Organized by Development and Reform
Commissions of Anhui province and Hefei
city. The R&D project was approved for a
budget of ~400M CNY and is jointly
funded by Anhui, Hefei and USTC.
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Site selection — future big science city

2 A, o

%
2 =
*,ﬁ %
SW
-
&
KUY o ientist Town
SKFI S % 4 S o me N SR
. V
W T YRR SRS X - éw,m ™ foo0m) - . . eye - . .
L AN %t e @ Six big facilities for science and technologies (17155 acres)
BESRRR (RSEI2300%y)
b - Ecological green space and modern agricultural (11815 acres)
ST ESRTERRNE ? R

BSWEETRRE R :

YRR
(28008)

® HALF (4t generation light source) was approved by
central government, and just began construction

® STCF siteis preliminarily decided by local government in

Apr. 2023, geological exploration and engineering design is
ongoing
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Project Schedule in the ideal scenario

Conceptual design
CDR

Key Technology R&D
TDR

Construction

Operation

2018|2019|2020| 2021 | 2022 | 2023

2024

2025

2026

2027

2028

2029

2030

2031

2032-2047
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® STCF covers a unique transition region between perturbative and non-perturbative
QCD, providing precision measurements aimed at answering key guestions in QCD

and search for new physics BSM.

® STCF will utilize 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).

® [nternational collaboration is crucial, with ongoing efforts to expand collaborations
both domestically and internationally, so:

Welcome to join!
37



