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Leptons
STCF can produce an enormous

B~ amount of “clean” tau leptons and
e charm hadrons, allowing a full

* E._=2-7GeV, L > O.5><135 cr}, 2 -1 | (| exploration of the unique and
* Potential for luminosity upgrade and a polarized

great physics potential in the tau-
electron beam o 8 BLFHRW D hadrons, flavor physics and CPV,

charm energy region: QCD, exotic

* Site: Suburban "Future Big Science City” in Hefei | new physics...

* 14th five-year plan (2021-2025): Design studies and R&D on key technologies, ~0.4 B CNY
* 15th five-year plan (2026-2030): Construction to start during this period, ~6 years, ~4.5 B CNY
* Operating for 15 years to be followed by major upgrades




2-7 GeV: Unique 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
e Copious production of exotic hadrons ( muIt| quark gluonic and hybrid states)
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* Nucleon/Hadron form factors e Light hadron spectroscopy * XYZ particles * New XYZ particle
*Y(2175) resonance e Gluonic and exotic e Physics with D mesons * Hidden-charm pentaquark
* Mutltiquark states with s quark e LEV and CPV e fy and fp, * Di-charmonium state

* MLLA/LPHD and QCD sum rule e Rare and forbidden decays

predictions e Physics with T lepton

. DOTD0 mixing
* Charm baryons

* Charm baryons
* Hadron fragmentation




STCF in Context

CEPC, FCC-ee
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STCF: A 3rd generation e*e- machine with super-high luminosity in t-c region




A Super Factory of Various Particles

o [ BESWI1year | |STCF:1year(1ab?) |Bellell:50ab"| ~ = @  EWeesm |
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Light Hadrons T-leptons Charmed Hadrons XYZ

* Not only a t-charm factory, but also a factory of XYZ, hyperons and light hadrons




Physics at STCF

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-

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

Pentaquarks: e+e-—J/yppbar, Ac Dbar pbar, 2c Dbar pbar
Di-charmonium: e+e-—J/ync, J/yhc

.1 B QCD and hadronic physics
=, AFHE

Muon g-2: e+e-— 1+ 11-, 1+ 11- 110, 411, K+ K-, yy—10, n(),m+ 11-

Fragmentation functions: e+e-—(1,K,p,A,D)+X, e+e-—(r1m, KK, mK)+X

CKM matrix (Ved, Ves): D (s)+—l+v,D—Pl+v

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

CPV in Hyperons: J/y—AAbar, 22bar, =- =+bar, =0 =0bar

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

.

CPhYSiCS at STci\ ! Flavor Physics and CP Violation

Y(4140)—m0 (DO DObar)(CP=-) or y(DO DObar)(CP=+)

- Leading role \ Forbidden/Rare decay and New Particl

- In competition with Belle II/LHCb

- In synergy with Bellell/LHCb/Eic/EicC

CPVinT: 17—Ks v, EDM of 1, T=n/K 110 v for polarized e- beam

CPV in Charm: DO—K+K-/mt+1m-, Ac—=pK-m+m0/Amn+m+1-/pKs i+

v/$®3 measurement: DO—K(s/L) m+ -, K(s/L) K+ K-,K3m, 41

y polarization: DO—K1 e+v e

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

Symmetry violation: n(")—IIm0, n'—nll...

FLV decays: 17—yl lI,I P1 P2, J/y—II', DO—II" (I'#l)...

FCNC: D—vV, DO—l+ |-, e+e-—D « , 2+—pl+ |-...

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




Hadron Production, Structure, Spectroscopy

e S s |
- U.8. EIC 10 x 100 GeV?2
<« EicC 3.5 x20GeV?

JLab 12 GeV

STCF-2~7GeV

BESIII 2~4.68GeV

Fraction of Momentum x

Hadron Production
* A key approach to understand

hadron production mechanism

and the interaction

* Covering range (0.7-7 GeV),

important input for hadron exp.

BESIII: nn
BaBar: ppy,gp, (ref. %)
Simultaneous fit: proton

- = Simultaneous fit: neutron

LL
BESIII discovered neutron

form factor oscillation
2.4 26 2.8 3.0

/s (GeV)

Nuclear EM FFs

 Fundamental obs., reflects the
inner structure of nucleon

 Complementarity to the e-N
elastic scattering experiments in

similar g2 region

e+ e-
Collins FF (X Collins FF

Fragmentation Func.

* understanding QCD dynamics,
hadron structure and production
mechanism.

 Comparing with e-p data to verify

the universality of fragmentation.

Meson molecule Glueball

Loosely bound | Color-single multi-
diquark-diantiquark | meson-antimeson | glue bound state

c 62‘, & %g
u i\u ()'Q g

ud ud
S
v 4@ Uys errrr)
Tightly bound Tightly bound
5-quark state 6-quark state qq glue hybrid
Pentaquark H-dibaryon Hybrid

Hadron Spectroscopy

* Natural platform to understand
the color confinement of strong
interaction,

* Unique and peerless advantages

in light hadron, charmonium, XYZ..




CP/CPT Symmetry Tests

- . ) — ~
Billions of hyperon pairs from J /1y decays, Peak cross section in v/ =4-5 GeV,
clean topology, background free o,.. ~ 3.5nb, 10 ab-! data in total
Transversely polarized, spin correlation Sensitivity of T decay with lab"! @
Sensitivity: Acp~10"%, E~0.05 426 GeV ~9.7x10~%
CPin hyperon CPin tau
decay decay/production

CPin charm CPT in kaon

= ixing mixin . . =0
" Billions D° /DY, threshold producti - 5 (P tagging and flavor tagging of K°/K° .
quantum coherence with (D°D®)cp__ available from J /i decay
(D°Dcp=+ CP variables determined with time-
Sensitivity: x~0.035%, y~0.023%, - dependent decay rate o
rep~0.017, agp~1.3° CPT Sensitivity: n4+~1073, A¢p.~0.05

N _/ N _/




Precisions and Sensitivities at STCF

* STCF is expected to improve the current precisions of many important
measurements by ~1 order of magnitude and sensitivities to various rare
or forbidden decays by ~2 orders of magnitude.

X.G. He et al. Sci.Bull. 67 (2022)
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Collins Fragmentation Function

e+ e-
Collins FF (X) Collins FF 1o cvinid 1 | i id2
]é': c.) °© o o ;° ° o
of | TreeiiOL TTreliiie
10F ~-bin id 3 | 2-bin i t ot :
. e wmaste, e The statistical uncertainty
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STCF will provide precise Collins FF input for TMD
extraction at EIC/EicC (Journal of UCAS 38 (2021)

433 ).




Challenges of STCF Accelerator

* Ultra-high luminosity in the tau charm energy region, high-quality beam, stable operation

* Characterized by extremely small bunch size, high beam current, strong nonlinearity and
collective effects

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

extremely difficult

IR Technologies
SC magnets, MDI

Other key technologies

S5l (23 O
& 7 . R,
' ,,;;M s -.”mw B R,

_ Yyl
2ety 3y, 7

Injection into CR (small DA)
high I, and low ¢ e+/e-
sources

Ring RF, beam instrumentation

Large Piwinski angle + Crab Waist and control, beam injection...




STCF Accelerator Pre-Conceptual Design

Collider ring lattice
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Electron source 1.5 nC/10 nC

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

1.5 GeV/10nC Positron source

Injector

e* damping ring

Working on a design with a larger collider ring (800-1000 m)
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Parameters Units STCF
Optimal beam energy, £ GeV 2
Circumference, C m 616.76
Crossing angle, 26 mrad 60
Revolution period, 7, s 2.057
Horizontal emittance, g, nm 577
Vertical emittance, g, pm 28.85
Beta function at IP, 3,/B, mm 40/0.6
Beam size at IP, 6,/G, 1m 15.19 /0.132
Betatron tune, v, /v, 31.552/24.572
Momentum compaction factor, a 107 9.71
Energy spread, o, 1074 8.26
Beam current, | A 2
Number of bunches, ny 512
Single-bunch charge nC 8.04
Energy loss per turn, Ug keV 286
SR power per beam, Pgg MW 0.572
Transvers damping time, Ty, ms 28.59
RF frequency, fze MHz 499.7
RF voltage, Vgre MV 1.2
Bunch length, o, mm 8.2
Piwinski angle, ¢p;,, rad 16.19
Ver. beam-beam parameter, ¢, 0.107
Luminosity, L cm s 1.37E+35




STCF Accelerator Technology R&D

Positron Source MDI Bunch-by-Bunch 3D

position measurement
1

Electron beam Focusing

Target solenoid
/—
free spnapurverre | B - — 220mm 633mm AntiSol  FFQuad QDO Corr FFQuad QF1 | Tungsten
——————P|
T I 1660mm
I I Normal S—Banc
AMD Position capture system Q-magnets structure IP chamber
e Y chamber 5
Cryostat with magnets
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STCF Detector Layout

Muon Detector Magnet Electromagnetic Calorimeter
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Detector Requirements from Physics

< Highly efficient and precise reconstruction of exclusive

final states produced in 2-7 GeV e+e- collisions

» Precise measurement of low-p particles (<1GeV/c) — low mass

» Excellent PID: 1t/K and p/= separation up to 2 GeV

. Optimized .
Process Physics Interest Requirements
Subdetector
T - Knv,, CPV in the 1 sector, acceptance: 93% of 4r; trk. effi.:
JIy — AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c
D, tag Charm physics o,/p=0.5%, 0,5 =130 um at 1 GeV/c
ete” - KK + X, Fragmentation function, - n/K and K/m misidentification rate < 2%
D, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c
T — Uup, T — YU, cLFV decay of T, PIDAMUD u/m suppression power over 30 at p < 2 GeV/c,
D; — uv CKM matrix, LQCD etc. u efficiency over 95% at p = 1 GeV/c
T — YU, cLFV decay of T, EMC OplE ~2.5% at E =1 GeV
W(3686) — yn(2S) Charmonium transition Opos ¥ Smmat E = 1 GeV
e“e” — nn, Nucleon structure EMC+MUD op = —20
Vp3 Gev?)

Dy — Kintn Unity of CKM triangle

1 I T L L I L | R | ' | PR 5 i J ' 1 | EBE ] Ll l 1 I L l T
pine‘e— ppliy @ 6.0 GeV
STCF CDR pin Jy—AA @ 3.097 GeV

Kin KK+X @ 7.0 GeV

nin - K @ 4.26 GeV

nin Jy—AA @ 3.097 GeV
wintoyu @ 4.26 GeV

pint— 3u @ 4.26 GeV

uin Domuv @ 3.77 GeV

ey in e'e — nmy(3686) @ 4.66 Ge

10*

—

VA T

-

\' N
10 \ |
flhl'l(”l ..1 LA Il PRl .

0.0 0 15 20 25 30 35
P (GeV/c)

llIlllIlllllllIlllllllllllllllllllllll
¥ in continuum @ 7.0 GeV

Y in Ac decay @ 4.7 GeV
Y in T decay @ 4.26 GeV
yin D° decay @ 3.773 GeV
v in Jiy decay @ 3.097 GeV

— Yy in Ty @ 4.26 GeV
yinD*- yD at4.18 GeV

yiny(2S)-> v 1,(25) at 3.686 GeV

STCF CDR

¥Hll.'...l..-".-.l..

0.0 02 04 06 08 1.0 1.2 14 16 18 2.0
E (GeV)




Beam-induced Backgrounds

NIEL Counting rate ..

Gyly 1 MeV neutron/cm?/y
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Detector system Detector system Detector system

Inner most detector layer: ~3.5 kGy/y, ~2x10'" TMeV n-eq/cm?/y, ~1 MHz/cm?

The major challenge is to maintain or even enhance the state of the art performance
of t-c detectors in much harsher experimental conditions.




STCF Detector Conceptual Design

< Inner tracker (two options)

» MPGD: cylindrical MPGD
Iron York/MUD » Silicon: CMOS MAPS
g < Central tracker
S EE—— _ > Drift chamber
149 cm ’ < PID
7 > Barrel: RICH with CsI-MPGD
§ . i » Endcaps: DIRC-like TOF (DTOF)
S + EMC
— » pure Cs|l + APD
<» Muon detector
_________________________________ g_ggg > RPC + scintillator strips

<+ Magnet

Solid Angle Coverage : 94%¢4x (6~20°) » Super-conducting solenoid, 1 T
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Tracking System : inner tracker + main drift chamber

Superlayer Radius (mm)  Num. of Layers Inclination (mrad) Num. of Cells  Cell size (mm)

(=)

0 128 9.8 t012.5

39.3t047.6 160 10.7t0 12.9
-41.2 to -48.4 192 11.2to0 13.2
0 224 11.7to 13.5
50.0 to 56.4 256 12.3 to 13.8
-51.3t0-57.2 288 12.6 to 14.0
0 320 13.0 to 14.3
0 352 13.3 to 14.5

A 200.0

Gaseous option: MPGD 3 ayers at 6cm, : ?2;71%2
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3 layers of cylindrical u(RWELL inner tracker

(with sensitive length of 33, 61, 88 cm respectively)

Material budget <0.3%X,/layer
Silicon option: CMOS MAPS R
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Combined Tracking Performance
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Ongoing layout optimization of the tracking system, particularly
targeting low momentum tracking performance.




Particle Identification

* Barrel : A RICH detector using MPGD ( THGEM with Csl + MM ) for photon detection

/ n->x K—
— ! A— . —
I ! =8 = 0.014
Radiator (liquid CF,,) 0nm : —0.99 -
[ Quartz_ /77 J 1L | 40? - 0.98 40 _0'01
MeSh :_ i e '
20t 097 0 10.008
Csl L
10; 0.95 0 0.004
- 0.002
8 (O |- e NSPERTVS ISR TN EUENT IR O i e | 0.94
= — Be 1 12 14 16 18 2 22 24 Bs 1 12 14 16 1.8 2 22 24
gt Momentum [GeV/c] Momentum [GeV/c]

Material budget < 0.3X,
* Endcaps : A DIRC-like high-resolution TOF detector ( DTOF ) K/m >4 0 @2.0GeV/c
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Rmax=1040mm 1 ; 8=23.00°, 9= 5.00° 0.016! !5_1 02 34.00°. 0.2 45,00
’ Track (8,9) 0.03 1 [ =K separation = 4.240 0 0142 ; || wK separation = 4.080
4 > t ( & I &8 !
33mm & 3 i ® | ~ msample 2 ; P 1 sample
7 g 0025 | “a K sample g 0.012] r “e K sample
Le) [ I g : | {
> 0.02} | e 0.01 ; |
s : | £ 0.008 | ]
1= | [ o ) f 4
g 0015 r - R r J’
0 p 01: \ o 0.006} { )
Q M | ‘ a | | 3 J \
D3t j }L \ 0.002 : & \
R # '} : f ’ _J § i \"1- {
Rmin= X %00 200 S0 o0 100 200 300 B0 200100 0100 200 300
570mm Vertex(0,0,0) LoglL -LogL, LogL -LogL,




Electromagnetic Calorimeter

* A crystal calorimeter using pure Csl to tackle the high
background rate (> 1 MHz/crystal )
= crystal size: 28cm (15X,), 5%X5cm?
" 6732 crystals in barrel, 1938 crystals in endcaps
= defocused layout
= 4 |arge area APDs (1x1cm?) to enhance light yield

. STCFCDR |

;\; 6 | | g , . % | STCFCDR
5§ Ef,}‘“g%’ éefld“t'"“ ~ £ ' Position resolution~ R e e I e &
% _ o e 5 [ 5 mm @1Gev 8 _ ....................................... -
$ 4 % i :_ ....... VRN PSSO W—
) = S W X S S SR o]
- B . . . wn B 28". * e e . ¢ . i
B T S S IR R AL XN S AN §

0 1 2 3 0 SE— y E— 5 ! 3 Lt E,. (GeV)

E,.(GeV) E..(GeV)

Simulation assuming a light yield of 100pe/MeV

Pileup removal with waveform fitting
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MUD Endcap-2

Plastic scintillator

INLY

Bakelite-RPC  Iron yoke

7 layers of
plastic scintillators \

. SN = /

||”

2400 mm 1100 mm

(a)
MUD Barrel

MU D Endcap-1

Neutron
shielding layer

Endcap Yoke
component

Neutron

3 layers of )

Bakelite-RPC

/shjelding

Endcap
- ™~ Yoke

component

Parameter Baseline design
Rin lch 185

R, [cm] 291

R, [cm] 85

LBarrel [cm] 480

Th‘nd(.‘ap [cm] 107
Segmentation in ¢ 8

Number of detector layers 10

Iron yoke thickness [cm]
(A=16.77 cm)
Solid angle

Total area [m?]

4/4/4.5/4.5/6/6/6/8/8 cm
Total: 51 cm, 3.041
79.2% %47 in barrel
14.8% x4n in endcap
94% x4 in total

Barrel ~717

Endcap ~520

Total ~1237

Muon Detector

A hybrid design with RPC and scintillator strips for
optimal overall performance

= RPC for inner layers : not sensitive to background

= Scintillator for outer layers: sensitive to hadrons

» Key design parameters have been optimized for
muon and neutral hadron identification performance

= |nner 3 RPC layers + outer 7 scintillator layers

Muon detection efficiency

© © © © o o
N w & w o ~
" | I P |

o
-

1.0 Neutral hadron identification ability
> \
O
c
2
S 0.8
&: \
Q
c
e
o 06 \
D
o
c
9
© 04 - - -
4]
o=
o —a— KL/photon
| —
1 —=—BESiHike MuD des»q p ‘ rate = 97% 2 02 —e— n/photoh "
rejec o 0.

1 —e—STCF MUD design, pio jcch o 7% z —4—n/KL

| —~—BESIll-like MUDdes»g p n rejection rate = 99%,

1= STCF MUD design, pion rejection rate = 99% )

""""""""" 0 0 ' 1 1 I
2 4 . 0. 1. 1.2 14 1 : "
0 0 06 . 8 0 6 10% 5% 3% 1%
Muon/pion momentum (GeV/c) Fake rate

Using BDT combining the muon detector and EMC




igger and DAQ

Physics event rate ~ 400 kHz

Component Num. of channels Readout time window Event size (B) Total (B/s)
— ITK (Silicon) 50M 500 ns 14300 5.72G
ther
MDC ECAL MUON DTOF | | detectors ITK (uURWELL) 10552 500 ns 17232 6.89G
H H MDC 11520 | ps 20400 8.16G
e | po— PID (RICH) 518400 500 ns 15600 6.24G
position, t position, t, B PID (DTOF) 6912 500 ns 7380 2.95G
Track
bt = = | EMC 8670 500 ns 15000 6.00G
oba OWer: energy
Trigger and multiplicity Pipeline Pipeline Pipeline Pipeline Pipeline MUD 41280 500 ns 262 105SM
Logic memory memory memory memory memory r
(Hardware) | | | , | Total(Silicon) 50.6M - 72.9k 29.2G
1 i 1 i ]
L1 accept RU/ RU/ RU/ RU/ RU/ TOldl(}lRWELL) 594k e 75.9k 30.4G
CROB-PXI CROB-PXI || CROB-PXI || CROB-PXI || CROB-PXI
*i ............................ ‘ ........... ; : .
CROB- CROB- CROB- CROB- CROB-
PCle PCle PCle PCle PCle
Software  |¢---------------4
trigger { H ~
. Raw data rate > 200 GB/s, triggered data rate ~ 30 GB/s
Dag? 400 kHz
T rdin
— ® FPGA Layer
Remote Online Remote Control Remote Event
““"“‘;:I: “““““ = . SOftwa re Layer Server Server Analyze Server
XY 2D tracking and reconstruction FEE ¢ﬁ°|/1;‘°f°""bps’ 132/1:64 g 2 S 83
% Gb Eth
. ’_' ; % % :P;?':‘;’,‘:.'gm ser|. R < ﬁet Router @ >
MDC Sub-trigger » 3D reconstruction ¢ : B il N g
L FEE > |7 Readout Readout | o Readout Online/Control LOG/DB
Time reconstruction ™~ +— | = ______ Readout Unit (RU) = Server 1 || Server 2 % Server N Server Server
\O <) Pae(l f:gigb 100G Ethernet % 1M
: ° o | CROB-PXI CROB-PCle Readout — 1l Il
Cluster reconstruction | f | - ° (1:16) <> (1:8) V] | Server < T0G/25G/406/100G Ethernet Router >
able L e —— R
and pattern analysis - 80/1207;20Mbps) 1:32/1:64 = Fibre(10Gbps) H 1T 11
Ll' e i L\ 94 W - v-
ECAL Sub-trigger > Energy and balance analysis level * %d—b"’i‘é;;zé?“m Serle v Event Event [94| Event "
L GTL e 1_,_>‘_ og 4(:? Tolfrom trigger system From clock system 1| Builder 1 Builder 2 Builder M -
Event time reconstruction L__J  ReadoulUntRU) _ W ﬁ PCle BszpS)ﬁ
"""""""""""""""""""""""" AV4 AV4 SZ
DTOF Sub-trigger - Trigger & time reconstruction  : orurren | crurres || ©erurroa).
........................................................................... Optional :
FPGA 10G Ethernet core: FPGA - Computer Farm : .
P Optional: heterogeneous computing based on FPGA and/or GPU
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MPGD Inner Tracker R&D

Cylindrical MPGD (uRWELL, uRGroove) and beam test ASIC: ¢, <10 ns@5fC&20pF, counting rate > 4 MHz
1. #f&ekapton/Z 2. PMIBIR)R 3+ Vié'@ 2% LK — — . |, P

—

o\t i
=
{

0.62

0.61

-
=

Output (V)
o
th
o

Development of low mass cathode and anode electrodes 2l 255 015 w25 W 3 4
-200 0 200 400 Charge (fC)

= 187nm

... .
o - - PRy
nm
asen— o o0 b sk 9 AT
pm ~ 2 -
i 4 %4 MHz@

B ApicaL Cr Cr & Cu Co-Deposition Layer #ﬁ'\ )\ YE‘ % 3 5 F
s ., BN Co-Deposition Layer : = p




RICH R&D

30cm*30cm RICH prototype

0, <1 ns@20fC&20pF

RICH readout ASIC counting rate > 100 kHz

Bias Coarse counter
L ]
:_ ______ : Latch
! | [
| I ;
| +— 1 [ pC feedback [DAC @, Tricaer
| | _1_ gi Serial data
| | _ -
Input | y| Pole zero Shaper scA | apc output processmg
l CSA I |cancellation : : ]
o | | vy circuit
— Digital data
AS|C Clock circuits processing
— — ASIC
Calibraion circuits |«

First version Second version

(

| \q [ i
 st2iitie 7o¢ 3 S

| SR8 R B / D

Original waveform
— Waveform after DC fix
—— DC fix + filter

~N
=
-
S
5 E
= S10} o
k= =
= —
S 2
= % 5 °
L
R= =
e ) =3
| p 16 C E 1e ‘ | |
0 20 40 15 20 25 30 35 40 48 g 1 5 10 15
=

Input Capacitance (pF) Input charge (fO) Input rate per channel (kHz)
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A full-size DTOF prototype

Quartz radiator cleaning

Cosmic-ray test
and mounting '/

791.48
2807
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1\::0.00
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150.00°
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o AR E 548 BZFBU KA
Detector assembling
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pCsl ECAL R&D: Light yield and timing studies

A major R&D task : enhancing light yield
reflector: 225um thick Teflon

100¢ 100
90 - Csl(pure) @ 4 S8664-55 90 2 I Csl(pure) @ 4 S8664-55 Csl(pure) @ 4 S8664-1010
Mean = 1052.1 ADC Counts 80 E_ Mean = 1682.9 ADC Counts Mean = 5058.8 ADC Counts
—_ gg 3 LY. = 33.5 p.e/MeV 8 20 L.Y. =53.5 p.e/MeV 8 38 L.Y. = 155.0 p.e/MeV
& VF o F } =)
< S0F = 60F T 60
» 50F . @ 50F " 5 20
S 40F o iy S 40F /i 2 40
Lﬁso_ Y ] LESOE- Nl v e L%)SO ‘. <
20F \ i 20F il N 20
10F _ 10F 10 P |
800 7500 2000 2500 3000 3500 1000 1500 2000 2500 3000 3500 4000 052000 ~5000 6000 7000 8000 Gl -
ADC Counts ADC Counts ADC Counts
Csl + NOLS53 + NOL53 + Teflon '
. 0 7 - htemp
Trigger 2 't e Entries 4057
. . - Mean 7087
\b“ 6F --- Expectation - ~300 p.€ /MeV RMS 3604
- . 140— RENZin
- 120—
i: —— W/o WLS :
: 100—
TO . -
3 E 80;—
2 . B
- 60—
Tracker ’ . :
. T 40—
(MicroMegas) : 1 T e — -
0 PR S T PO T T PR S Y PR S R Y 2 _a P 20-'-_
0 100 200 300 400 500 -
1 '-l 1 l 1 1 1 l 1 1 1 l ) | 1 1 l 1 1 A l 1 1 A l 1 1 1 l A 1 L 1 1
Amplitude / fC 0™—5000 4000 6000 8000 10000 12000 14000 16000

Light yield reached up to 300 p.e/Mev
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pCsl ECAL R&D: Pileup mitigation and electronics

B Waveform fitting to remove pileup noise and extract signals

T 30 : : .
= - @ i H i
@) - e —— 2000 . . . . . E000 £ - STCF CDR
- H H
7S00 - - - - - ——— Pulse 2 L E=} - - .
- ‘. =~ s . =2 - .
: g e 8000 3 . " 2 25 e Without Background|......
> s = . - 4000 1, 1 D -
.’ f’, Sl P, ?_.;‘—.-Q - e 7000 2 ) ) ' > N
FOOQ = e Seacurn .- c . . > [ie e  With Background
(b) - . . . < :
200 - ] [—— cFp dawa ] 6000} . & o . ] 3000 | * . 1 % e R
= ' L g . . ; | *  MultiFit
f> 0= 1 BCFD zero crossing found 5000 k. * . . ." M L
= 1 Use as input to 4-sample OF . B . e A ' 2000k * j L i i
= 1 Start OF sums 3 samples earlier R . . %% . b : ;
< —200 - i Lt . A L . 15— NS St St
= H 40001, " - " o H ) . - o :
T E - " . 5 : L
Pt © (I - o - Raw data T .o e " | | i
=5 500 - k1 OF range 3000 % vt w A 1000 L% % : N ;
= |l @ - ang w e A . " . s
= 1 T. - - Tail (from OF) 5 ay 1AL 3 ! b E 10 @
e SN S - 2000 N ; : : 2 - ,
.= e . R \ 0 - .
O peoecee 2 e e *Toesesrse i e e :
= T 1000 5 = T eg o :
@ 1 - Updated baseline | ‘ L Y e o é
! se 2. recons “te -1000 : : : : : o
sS00 - - B = Pulse 2, reconstructed 0 0 0 50 100 150 200 250 300 i s 88ss s EHENREX : f
: - - l 11111111 ? 11111111 Lo b v ag L a1 1
1 - W 0 05 1 15 2 25 3 3.5
e el i St S o e Sl e Yot e et s el i ¥ N i .
o ; : s Before After S (G20
100 150 200 250

i ) Very effective in mitigating the pileup effect

B Development of waveform digitization electronics (CSA + shaper + ADC)

[ Dynamic range:

> 6F

=l 3 MeV~ 3 GeV

5 of -~ ENE: ~ 0.4 MeV
| “*-.. _ _ Time resolution:
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More Detector R&D

Large sized RPC and scintillator strips Trigger algorithm, logic and electronics

yt ® Matched Segments
Track
Unmatched Segments

Hits

Cells of Window
Hit map of SL8 Hit map of SL7 O
Super-layer 8

SL8
Seed Bl

Super-layer 4
(SL4)

Hit map of SL1 Super-layer 1 X Hit map of SL4
(sL1) Super-layer 7
(SL7)
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STCF Detector Summary
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ffline oftware of Super Tau- a m Facility (

“*Developed based on light-weight and flexible SNiPER framework
and adopted some state-of-the-art technologies | = @ i e e
 Podio for Event Data Model e
- DD4hep for detector description ’
- TBB for multi-threading e [ ee—

« ONNX for machine learning | [Simuation | Analvsls | |Visultzeation

“* Full Chain of STCEF offline data processing is built
4 OSCAR Framework I

[ \ / Detector Simulation \ [

gitization ) (Re )
Event generation Digitization Reconstruction e ™

Applications

Core Software .

SNIPER EDM Data I/0

Geometry Database  VertexFit

Detector geometry - . Analysis -
Physics signal magnetic field :?g?:fg?gga ir(')a)ckmg(tracks, e Clobal PID External Libra ry/TooIs
|::> physics list, “ oba .

S o = elec.response, [~ PID (RICH+DTOF) | vertex fitting, : Podo  Geantd  ROOT

Dyslies Dasieleny M.C. truth waveform EMC Kinem. Fitting \
\ / \Event mixing / processing MUD RDataFrame :‘ DD4hep GenFit CERNLIB ,'

/
\ ~ - N /S j \ |
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Detector Description and Geometry Management

“* The full Detector is described with DD4hep

Each sub-detector is implemented with a
single compact file

The version number is used for different

' 9 design options
MUD MDI ——ars

ECAL

—
Sub-detectors defined with DD4he —
« Very convenient to optimize detector ECAL - -~
S L ~v03xml fher etector
geometry according to detector experts | i || s || steeos | p S e
Tvotxml || TTvotxml Information
 Ensure consistent detector information T L
between different applications vy ———
aterials.xml  Elements.xml

Geometry Management System




Event mixing and Digitization

“* Event mixing algorithms is developed with =% = 'i =—n
flexible configuration — o izonizeniNes
¢ Signal, E.g. €+€_ — 7T+7T—J/¢(_> :u’+l‘l’_/6 6_) - Tous N ? i Lumi N, i YHEARRE N

- Backgrounds: Touschek, beam-gas, luminosity-related,
+ Physics background: ¢ o anything at 4.26 GeV

Mixing of physics signal with backgrounds

“* Developed a unified digitization framework for all sub-detectors

« Each sub-detector implemented its digitization algorithms
- The digitization information is used as inputs to tune reconstruction algorithms

Gaseous detectors: Scintillator detectors:
Background | Detector | Background OSCAR raw hit data OSCAR raw hit data
Generation Simulation Database e T | pE====-ec--oooo .l :
: lonizing I : Optical-photon emission and transmission I
: Trackin ! '
Signal | Detector . 9 I . e ! I
Generation Simulation Mixing |77 777 Reconstruction : EBCion difké difision : : Electronics effect :
I Analysis... I L |
! Parameterized|background mixing i : Avalanche I : I
ittty | : in each sub-defector separately ! I ) L Waveform generate & fitting '
o SN g g J , Induced signal | |
Mixing in Geantd | : | :
p Level AlLD Pl of Raw Data : Electronics influence, transmission & noise : : Peak finding & T Q reconstruction :
L Detector eal Signalof | | Rawlata | = oo oo e=rsssspmmeemeemeeeemn==l atEssss e e -
(Pointin OSCAR) | sat Slghato ~- ~-
----------------- Digitization Detector OSCAR digi. data OSCAR digi. data




Reconstruction

“*Track reconstruction with global Hough transform
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“*Photon reconstruction < DTOF PID with imaging method
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STCF Project Development

 Chinese Academy of Sciences, 2021-
Super Charm-tau Factory S 2026, International Partnership
e ' program, 5.0 M RMB

*  Ministry of Science and Technology,
_ Hefei Comprehensive Conceptual Design report 2022-2027, National Key R&D Program
energy physics National Science and Publish the CDR for the of China, 17.5 M RMB
development strategy” Technology center, physics and Detector,
STCF listed as a big science formulate the preliminary
facility to be promoted CDR for accelerator

Proposed at “Workshop
for acc. based high

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

T S > HENEHAKY T EARRHA
FULRZES M ER , " BRME (10 LEREHE BITBL
#5341 ” |

WI8%IA 128, PEARRAREH ‘Wit T4
2_7Gzﬂéiin;ﬁ;i?mngkw A\ Lo B i #RE- RARERL (Super Tau-cham Facllty, STCF)
— FAAHP AR 53 kSR RS J 2 | : i BRASRR R4 TRIE ANAZTRIESRERS (B
! ! : ERE), FRTAR RIARKERLHA LR, Bk

ARERW, HAREELDT:
L ETHhEE (AAZRNE) ARIRETHERE
KARHEAM A REERARARRRARLAN T

Governments of Anhui
project Province and Hefei City
Launch the conceptual design Launch the STCF Key

study and feasibility study Technology R&D project

Fragrant Hills Scienc? Forum USTC “double first-class” key
Demonstrated its

importance and necessity,
Urging to lauch fesibility
study and R&D



Site Selection — Future Big Science City

Sanshitou™ =,
Reservoir

» Hefei Xingiao ’ e g @ ——

International Airport -,

[J A very attractive Science City under [ STCF would form a unique international
construction in Hefei research center for accelerator based high
* Home to big facilities for science energy physics
and technology, with total area of [1 The geological exploration, civil
land of 17155 acres engineering design, and other preparation
 Plus 11815 acres of ecological green are in progress

space and modern agricultural land




STCF Conferences and Workshops

International e M ¢ el
2015.01 Hefei, China First
2018.03 Beijing, China Second
2018.05 Novosibirsk, Russia Third
2018.12 Paris, France Fourth
2019.08 Moscow, Russia Fifth
2020.11 Online, China Sixth
2021.11 Online, Russia Seventh
2024.01 Hefei, China Eighth
Domestic |-m-
2018.10 Hengyang (USC) STCF
2019.03 Beijing (UCAS) STCF: Physics
2019.07 Hefei (USTC) STCF: Accelerator 202 2B RS %LEEHI‘JA 023 4 12 41 : & 5 it £
2019.08 Hefei (USTC) STCF: Phys. &simulations L » ﬁ == = | ,. | -
2019.11 Beijing ( UCAS) STCF: CDR n § = ‘
2020.08 Hefei (USTC) STCF: From CDR to TDR 9
2022.12 Guangzhou(SYU) STCF: R&D kick-off

2023.07 Zhengzhou(ZzZU) STCF: collaboration




International Advisory Committee Meeting
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Kick-Off Meeting and R&D Project Review Meeting

'WN" Irlllllul" Ll l|||lli "I‘l?

"'?“

Kick-off Meeting, Aug. 2023, USTC R&D Project Review, Dec. 2023, USTC
More than 30 academicians of CAS, as well as Organized by Development and Reform
government officials of Anhui province and Commissions of Anhui province and Hefei
Hefei city, along with representatives from city. The R&D project was approved for a
various domestic research institutions, totaling budget of ~400 M RMB and is jointly funded
170 attendees. by Anhui, Hefei and USTC.




Project Schedule in the ideal scenario

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

Conceptual design
CDR

2025

2026

2027

2028

2029

2030

2031

2032-2047

Key Technology R&D
TDR

Construction

Operation




* As akey player in HEP precision frontier, STCF holds great potential for discoveries and
breakthroughs in studies of strong interaction, CPV, and new physics searches.

 STCF builds upon China’s great success and well-established unique international
position in tau-charm physics, constituting a viable medium-term HEP project in China.

* |ntensive conceptual design studies in the past few years have resulted in physics and
detector CDR. Accelerator CDR to come soon.

 The STCF project has moved on to the technology R&D stage with committed and
strong support from local governments and USTC. A full STCF R&D program has been
established and is going full steam ahead.

* Aiming to submit a proposal to the national government for starting STCF construction
in the 15th five-year plan period (2026-2030).

* |tis crucial to expand collaboration and explore synergies with other projects.




Thank you !




