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Features and Physics Program
@ t-charm Energy

e Transition region between smooth and resonance, perturbative and non-
perturbative QCD.

* Rich resonance structures, huge production cross section for charmonium states.
* Threshold effect of pair production of hadrons and 7.
Exotic hadrons (gluonic matter, hybrid, multiquarks etc)
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7-Charm is a unique energy region that bridges the perturbative and non-perturbative QCD,
for high precision measurements to meet the remining big challenge to the SM.

Xiao-Rui LYU MENU 2023, Mainz



Dedicated t-Charm Factories
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Fruitful BEPCII/BESIII Results
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1-Cc facility in China

O BEPCII/BESIII have run 10 years, and are playing a leading
role in tau-charm physics area.

[ Limited by length of storage ring, no space and potential for
major upgrade.

[0 Physics study limited by the Statistics (luminosity), collision
energy up to 4.9 (5.6) GeV ------

0 Many of the physics can be covered by ISR at Belle 11
0 BEPCII/BESIII will end her mission in 5 - 8(?) yeats

A Super Tau-Charm Facility (STCF) is the nature extension and

a viable option for a post-BEPCII HEP project in China
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Damp Ring
60m

400m

 E.,=2-7GeV, peaking Luminosity =5x103*cm=2 s' @ 4GeV

« Potential for upgrade to increase L and realize polarized

« 14th 5-year plan (2021-2025): Key technology R&D, 0.42 B CNY.
« 15t 5-year plan (2026-2030): Construction, 6 years, 4.5 B CNY.

400 m

« Operating for 10 years, upgrade for 3 years, operating for another 7 years.
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High Statistical Data : > 1 ab-'/year

Table 1: The expected numbers of events per year at different STCF energy points. -nnn _nnn .
CME (GeV) | Lumi (ab™) 1‘2 1b) | No.ofEvents | remark Millions to billions of Hyperons, |Ight
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10"
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Hadron Production and Hadron Structure

* Hadron production:
v' from 0.6 to 7 GeV exclusively and inclusively (+ making use of ISR)
* Nucleon electromagnetic form factors:
v' fundamental observables reflect the inner structure of nucleon
v’ complementary to e-N elastic scattering experiments in similar q? region.
* Fragmentation function (FF):
v’ understanding QCD dynamics, hadron structure and production mechanism
v' new data from e*e” to compare with ep data and to verify its universality
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* Hadron spectroscopy is a crucial way to explore the QCD and its
properties.

* QCD allows combinations of multi-quarks and gluons.
* Spectrum above open charm is much overpopulated 2 many exotic

states?

* STCF has unique advantages for searching exotic hadrons (large
effective luminosity, efficiency)
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Flavor Physics and CP Violation

« Large 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.

- B
Hyperon pairs from J /1 decay, Peak cross section in /s =4-5 GeV,
clean topology, background free o,; ~ 3.5 nb, 10 ab-! data in total

of T decay with 1ab' @ 4.26 GeV
Sensitivity ~1073

\— _/

Tau lepton

production&decay

Sensitivity: A;p~10~%, £§~0.05
\— 7
Hyperon decay

Transversely polarized, spin correlation g

Charm mixing kaon mixing

D°DPpairs produced at threshol

uantum coherence with
:050 or (D°D° CP variables determined with
( )_C_Pz_‘ ) ( )‘;P=+ time-dependent decay rate
SenS|t|V|ty. x~0.035 Yo, CP, CPT sensitivity:

~0.023%, r¢p~0.017, a;p~1.3" _ :
y 0 Tep g . N:~1073, 4¢,~0.05"
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Hyperon diagnostic tool

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

Questions Observables 1 01 2 J/
Hyperon factory (108-9) v
Interaction Production
\ /v Decay mode Blunits 10~) Angular distribution  Detection No. events
Hyperons as parameter ay efficiency expected at STCF
Structure s diagnostic tool == Form factors -
JIw = AA 19.43+0.03+0.33 0469 +0.026 40% 1100 x 10°
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J/y — =020 11.65+0.04 0.66 +0.03 14% 230 x 10°
25) - =20 273+0.03 0.65+0.09 14% 32 x 10°
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Arp= a_ + a, y JJy— EEF 10.40 + 0.06 0.58 +0.04 19% 270 x 10°
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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.
MENU 2023, Mainz



Testing CPT with Neutral Kaons

rates of K%and K° to m*

CPV parameters |n,_|, ¢,._ can be determined from time-dependent decay

_ 1
Rr(©) = Re(r) In,_|e2"" cos(Amz — ¢, )

Atp (@) =

Re (1) + Rs(7)

1+, 7e™T

]/ — K™ m*K°

LKO

Fks KNG
not 90° K,
—
Kl

+
T

0.5

. I

’ 7-[_ I

x2/d.of=0.7

0 5 10 15
Neutral kaon decay time (tg)

K° — K° studies at STCF:

« K% — K9 flavor tagging viaJ/yY —» K°K~nt/
K°K*m~

* K, — K, CP tagging by reconstructing 77~ or
ntm Y

« Precise determination of K° decay vertex =
essential for time-distribution

|n4_| reveals direct CPV in kaon meson

¢ _ used to set limits on CPT violation.

With >10'0 K9/K° events from ] /1 decay,

the sensitivity of [n4_|, ¢,_ are 0(1073)
= one magnitude better than PDG average.

Xiao-Rui LYU MENU 2023, Mainz
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D°-D° Mixing and CPV

_ )
STCF is an unique platform for the study of D° -D° mixing and CPV by
means of quantum coherence of D° and D° produced through

¥(3770) - (D°D°).__; (4140) - D°D*° - y(D°D®)__, orm®(D°D®) __

J

« 4x10° pairs of D*0 and 108 D¢ pairs per year

« AAcp~10~3 for KK and nn channels with 1 ab-' data at 3.773 GeV

x2+y?2

- Mixing rate Ry, = ~10~°> with 1 ab! data at 3.773 GeV via same
charged final states (K*n")(K*n") or (K*1*v)(K*l™v)

« Mixing and CPV parameters can be performed with data at 4009 MeV
via coherent (C-even and C-odd) and incoherent process

Xiao-Rui LYU MENU 2023, Mainz 13



D°-D° Mixing and CPV

STCF is of comparable sensitivities with 1 ab-! data with Belle Il and LHCb

1/ab @4009 MEV BELLEII(50/ab) LHCb(50/fb)
(only QC | QC+incoherent) [PTEP2019, (SL | Prompt)
(preliminary estimation) 123C01] [arXiv:1808.08865]
x(%) 0.036 0.035 0.03 0.024 0.012
y(%) 0.023 0.023 0.02 0.019 0.013
rcp 0.017 0.013 0.022 0.024 0.011
acp(®) 1.3 1.0 1.5 1.7 0.48

- The only QC : contains D° - K¢nr, K~ n*tn® and general CP tag decay
channels

- The QC + incoherent : combines coherent and incoherent D° meson samples

« The BELLE Il and LHCDb results only contain incoherent D° - K nm channel

Xiao-Rui LYU MENU 2023, Mainz 14



D% strong phase difference in y/¢; angle

B->DK decays with interference is the cleanest way and promising process
to measure y4; angle, and the strong phase difference of D°D° is needed

Runs Collected / Expected Year v/ 93 A(B® —> D°K™) _ O
integrated luminosity attained sensitivity AB* - E K" B

LHCb Run-1 7,8 TeV]  3fb~* 2012 8°

LHCb Run-2 [13 TeV] 5 fbt 2018 v } BESIII 20 fb-1: o(y) ~0.4°

Belle I Run 50 ab~! 2025 1.5°

LHCb upgrade I [14 TeV] 50 fb~* 2030 <1°

LHCb upgrade II [14 TeV] 300 fb~* (>)2035 <0.4° =—» STCF is needed!

« Gronau, London, Wyler (GLW): Use CP eigenstates of D)% decay, e.g. D? > K.m% D>
L |

« Atwood, Dunietz, Soni (ADS): Use doubly Cabibbo-suppressed decays, e.g. D? > K*mr -
— With 1 ab™ @ STCF : o(cosd,;) ~0.007; o(dk,;) ~2° = o(y) <0.5°

 Giri, Grossman, Soffer, Zupan (GGSZ): Use Dalitz plot analysis of 3-body D? decays,
e.g. K ;

— STCF reduces the contribution of D Dalitz model to a level of ~0.1°, and allow
detailed comparisons of the results from different decay modes.

Xiao-Rui LYU MENU 2023, Mainz 15



CKM elements measurement

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

<) e eea va m mmmaap e vv e —mam e

BESIII STCF Belle I
Luminosity 293fblat3.773GeV 1ablat3.773GeV 50ab!at Y(nS)
BD" - " vy)  5.1%sa 1.6%syst [8] 0.28%stat -
for MeV) 2.6%stat 0.9%syst [8] 0.15%g4¢ —
Vel 2.6%stat 1.0% 35, [8] 015%a ) Theory : 0.2%(0.1% expected
B(D* - 1v;) 20%stat 1O%’syst [9] 0.41%stat -
+ +
BD" 2TV G 13%sgs [9) 0.50% -

B = 1)
Luminosity 32fbTat4.178 GeV 1ab~at4.009 GeV 50ab!at Y(nS)

Xiao-Rui LYU

B(D§ — .u+Vu) 2.8%stat 2-7%syst [10] 0.30%stat 0.8%stat 1.8%sy5t
Jpr MeV) 1.5%stat 1.6%syst [10] 0.15%stat
Vel 1.5%tat 1.6%syst [10] ﬁ Theory : 0.2%(0.1% expected)
fD; /fD* 3~0%stat 1-5%syst [10] 0~21%stat =
B(D} — T¥vr) 2.2% 101 2.6%] 0.24%qa 0.6%gat 2.7 %osyst
+ MeV 1.1%¢a 1.5% 11 %un »
for MeV) o 1.5%sy (O T o l% Theory : 0.2%(0.1% expected)
Vsl 1.1%ga 1.5%. 0.11%q; -
For (MeV) 0.9%star 1.0% 0.09%s1at 0.3%gtat 1.0%syst
Ve 0.9%q1at 1.0%syst" 0.09%sa -
B(DF - tFvy)
m 3.6%stat 3.0%! 0.38%stat 0.9%stat 3.2%syst

Stat. uncertainty is close to theory precision, Sys. is challenging

MENU 2023, Mainz
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Lepton Flavor Universality

LFU is critical to test the SM and search for new physics beyond

Purelv Leptonic: Semi-Leptonic:
v m2, [ 1— 1:_;; ]
" I'(D, = 71 vy) ' ( ’”ut:> 1_‘D—>h,uvﬂ
Ry = = —— - 5. R/ - -
(s l (1‘)|.~') — H ”ll) = (] m‘-” ) ll € FD—)heve
m- o ;'z—

N R

| R(DF) — RMDY) ) R(k-) FRKY) R(7") R(7")
SM 19.741)  2.66(1) 1 0.975(1) Y0975(1)  0.985(2) | 0.985(2)
BESII h0.19(52) 3.21(64) } 0.974(14) : 013(29)  0.922(37), 0.964(45)

s 320, 092

BESIII BESIII
1o difference ~2c difference

« Large uncertainty from BESIIl, dominant by statistically limited

« STCF would improve them significantly

Xiao-Rui LYU MENU 2023, Mainz 17



Comparison of Facilities for Charm
Studies

« LHCb : huge x-sec, boost, 9
STCF Bellell LHCb

-1 -1 .
fb-1 now (300 fb-1 Run lll) Production x| oregmx | rrerk
yields
« Belle-ll : more kinematic Background level *%%%% %k *k
constrains, clean environment, Systematic error | ok | bkl | aok
Completeness | **xxkk = Jkxk *

~100% trigger efficiency

(Semzl-lc;gztonic Ak | kkkEE | dokk
« STCF : Low backgrounds and
Neutron/K, mode | ***x*xx = Jkkk *
high efficiency, Quantum Photon-involved = *&%%* = kkkk & ki
correlations and CP-tagging Absolute KAk | HkxE |k
measurement

are unique

* Most are precision measurements, which are mostly dominant by
the systematic uncertainty
« STCF has advantages in several studies

Xiao-Rui LYU MENU 2023, Mainz 18



Benchmark processes simulation

L =1 ab -1 Physics at STCF  Benchmark Processes Key Parameters* Physics at STCF  Benchmark Processes Key Parameters*
. e'e” Y - yX, X, ¢X Ny(aa0)/2,/x(3872) : + o+ + OVeaes~0.15%;
XYZ properties ete” > Y - 1z, KZ, 101 /10%/106 CHMmatrix LR 8o/, ~015%
+,- P .
4, 5, A,Dp, £.Dp a(ee” - ] [ypp)~4 b, o X
DF_’er;‘taquarl_(s, e'e :’_]N’PP: cDp, ZDp a(e*e” - J/pee)~10fb ¥/ measurement D Kr*n ™, KK*K™ .. Aleose) 0'207’
i-charmonium ete™ - ]/Un. I/ Uh, (prediction) A(Sg,) ~2
Excited c¢ and their transition, -
Hadron Charmed hadron N1/¢/‘p(3686)//‘c"’ D0 _ o mixing Y(3770) = (DOD_O)CP=—’ Ax~0.035%;
Spectroscopy Light hadron ' 10%2 /10'1/108 (4140) - y(D°D%)¢p_s Ay~0.023%
to= oo =0 -
Muon g-2 ny:j;"nng) ’nlinli AaP « 40 x 1071 Charm hadron decay D5y, AY, 2, B, Q decay Nppya,~10° /108/108
R value, ete” - inclusive Am,~0.012 MeV L 0 - ,
T mass ete” o Th (with 1 month scan) ¥ polarization D7 Kie™ve Adyp~0.015
¥ i to- . — — — —
B ‘}ﬁ:‘l’c"t'l’;:?““ j+2_ : gn K K’;(An% iﬁ Aacellins < 9,007 CPV in Hyperons JJb > AR, 3T, 575, 200 Ag~107t
Nucleon Form o . DAr gy ~1073;
Factors e*e™ - BB from threshold SRen~1% CPVint 7 K,mv, EDM of 7, Ad,~; x 1"6/_19 e
T yl,1IL,1P,P, B(1 - yp/pup)<12/1.5% 107°; ) ] D K*K~/mtn, Ap~1073;
FL decays I~ 1,0 0T % 1).. BOfp - en<0Tix100 | CFVImCham Ao, 2y 1078
Wi = FFE Age, D-yV,D° > 1*" ete” - D’
LNV, BNV (o7 PUXSI = Ace B/ - Ae”)< 10711 FCNC CYRE L e PP pp0 s etex)< 1078
B-B.. o pltl ..
N - Dark photon ete” > (J) » yA (= IF1)... Mixing strength
0] 0,/ ’ 0 10 )
Symmetry violation " - Ur y' - ll... B(y' - U/m°ll)< 1.5/2.4 X 10 millicharged etem > iy . dey~107%; Aex~10’4
-5
l ! ? 10 I Currently limit
] B STCF(0.2 ab™)
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Status of Project Promotion

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

ELHFSWER
Fragrant Hills
Science Forum

11
academicians

ega 8 e 1

Mt EE i

Notice of the
People’s
Government of
Anhui Province and
the CAS on the
Implementation
Plan of Hefei
Comprehensive
National Science
and Technology

CeTer

| s

USTC
Scientific
Committee
Meeting

eaavass

-2 B L

Conceptua
| Design
Report

(CDR)

Project review
for R&D of key
technologies
organized by
Anhui
Province.

USTC
formed
project

leadership
team
headered by

USTC

president

1>

Super Charm-tau Factory

Xiao-Rui LYU

Demonstrate
d importance
and necessity
of STCF,
Urging to
lauch
fesibility
study and
R&D as soon
as possible

STCF was
listed as
large
scientific
facility that
about to
promote.
Proposed to
start
fesibility
study, and
R&D.

Demonstrate
d the
significance
of STCF.
USTC
President
ratify
20 M CYN to
support
feasibility
study

STCF

Conceptual Design Report

I - ST U AT S R

STCF
Conceptual Design Report

Volume 1l - Detector

MENU 2023, Mainz

Endorsed
420 M CYN
for R&D

HPIEREERAR RS

Implement
funds;
Coordinate
with CAS and
National
Development
and Reform
Commission to
promote
projects
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Conceptual Design Report

ar <1V > hep-ex > arXiv:2303.15790

Help | Advanced

High Energy Physics - Experiment
[Submitted on 28 Mar 2023]

STCF Conceptual Design Report: Volume 1 -- Physics & Detector

M. Achasov, X. C. Ai, R. Aliberti, Q. An, X. Z. Bai, Y. Bai, O.Bal"~ * T~ ~%— ' #°¥--- s |-t = =
— s ISSN 2095-0462
Bodrov, A. Bogomyagkov, A. Bondar, |. Boyko, Z. H. Bu, F. M. | Fro ntiers ()JL Volume XX Number X
HKUXXXXXX XX

Chang, K. T. Chao, D. Y. Chen, H. Chen, H. X. Chen, J. F. Chel
Chen, S. Chen, S. P. Chen, W. Chen, X. F. Chen, X. Chen, Y. C
Cheng, J. P. Dai, L. Y. Dai, X. C. Dai, D. Dedovich, A. Denig, |I.
Druzhinin, D. S. Du, Y. J. Du, Z. G. Du, L. M. Duan, D. Epifano\
C.Q.Feng, X. Feng, Y. T. Feng, J. L. Fu, J. Gao,P. S. Ge, C. C
W. Gradl, J. L. Gu, A. G. Escalante, L. C. Gui, F. K. Guo, J. C. (
L. Han, L. Han, M. Han, X. Q. Hao, J. B. He, S. Q. He, X. G. He
Hou, Y. R. Hou, C. Y. Hu, H. M. Hu, K. Hu, R. J. Hu, X. H. Hu, Y

The Super 7-Charm facility (STCF) is an electron-positron collider prog
is designed to operate in a center-of-mass energy range from 2 to 7 G
or higher. The STCF will produce a data sample about a factor of 100 |8
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*@BERKETHE R&D project Review

i . 2022.04.22
A new generation of e*e- collider
—STCF Key Technolgy R&D
April of 2022
Identified 31 items for R&D
Chapter 1. Instroduction
2022 40 Chapter 2. Background and necessity of STCF
2023 190 Chapter 3. Physics opportunities and the key technologies
Chapter 4. Contents of the R&D
2024 120 Chapter 5. Project management and implementation scheduling
2025 62 Chapter 6. Project risks and countermeasures

Chapter 8. Appendix

Total 420 Chapter 7. Conclusions
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BRUSHRTF

State Key Laboratory of Particl {

HENFHARED \ " »

State Key Laboratory of = = —
Particle Detection and National Synchrotron

Platform for Organizations
1. Collaborative Innovation Center
for Particles and Interactions

Electronics Radiation Laboratory

2. Particle Science and Technology
Research Center of USTC

* Institute of High Energy Physics, Chinese Academy of Science (CAS)

* Hefei Institutes of Physical Science, CAS

* State Key Laboratory of Nuclear Physics and Technology, PKU

* Key Laboratory for Particle Astrophysics and Cosmology, Ministry of
Education, SITU

* Key Laboratory of Particle Physics and Particle Irradiation, Ministry of
Education, SDU

* Key Laboratory of Particle Physics and Cosmology of Shanghai, SJITU

* Tsung-Dao Lee Institute, Shanghai
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Construction Site: Hefei, Anhui

Heifei Science City: one of three comprehensive
national science centers for ‘Mega-science’
facilities in China

I : - -Sgientist Town
(RO 16008

\ e et S SR

(RIEI 23607 ) AR A ER
MU T XRRAFRRAEEE " L i, (1000%3)

REER BN FSRNE (BEST)

P » 6 big facilities for science and technologies (17155 acres).
= » Ecological green space and modern agricultural (11815 acres)

SR fate... W8 « HALF (4t generation light source) was approved by central

b ot a3

| government , and just began construction
STCF site is preliminarily decided by local government in Apr.
2023, geological exploration and engineering design is ongoing
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Challenges of Accelerator

Accelerator physics

Large Piwinski Angle + Crab Waist
(P. Raimondi 2006)

— High current and small bunches at IP —
Collective effects and Instability increased

— Strong Focusing—>Negative chromaticity —
e Chromatic correcting sextupoles + crab
waist sextupoles — more non-linearity

— Smaller dynamic aperture and energy
aperture, also much shorter Touschek
lifetime

 Key Technologies

— high peak luminosity : Interaction Region

RS X Misc

— high integrated luminosity : Beam
instrumentations and so on

K. Hirata, PRL 74, 2228 (1995)
Test of “Crab-Waist” Collisions at the DA®NE & Factory, PRL2010 — Beam sources and injection : hlgh current

and quality electron and positron source;
on-axis injection may be necessary

Xiao-Rui LYU MENU 2023, Mainz 25



Status of Accelerator Design

%
\;""A{F Half of IR

| & /\ /} — VB

/ A N /1N
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o / A
s e e e et = LI

201

% nner wiggler section
K7

0 0

Technique sectiog. $~

# Flmwmmlﬂlwn\w*

g
Ai RCj %

o Beam-beam simulation, collective effective simulation

are considered

o 0, =8.04 mm(w/o IBS), {, =0.0040 - v

=8 ;

o Touschek

Xiao-Rui LYU

MENU 2023, Mainz

:=2.5&,
=3.
w/o IBS: §, = 0.148, L = 1.98x10%° cm 257!
w/ IBS: §, = 0.111, L =1.45x103° cm 257!

18,

Parameters

Optimal beam energy, E
Circumference, C
Crossing angle, 26
Relative gamma
Revolution period, To
Revolution frequency, fo
Horizontal emittance, &x
Coupling, k

Vertical emittance, gy

Hor. beta function at IP, Bx
Ver. beta function at IP, By
Hor. beam size at IP, ox
Ver. beam size at IP, oy

Betatron tune, vx/vy

Momentum compaction
factor, op

Energy spread, ce

Beam current, |

Number of bunches, no
Single-bunch current, Ib
Particles per bunch, No
Single-bunch charge

Energy loss per turn, Uo

Hor. damping time, tx

Ver. damping time, 1y

Long. damping time, T

RF frequency, fre

Harmonic number, h

RF voltage, Vrr

Synchronous phase, fs
Synchrotron tune, v:
Natural bunch length, c:

RF bucket height, (AE/E)max
Piwinski angle, ¢piw

Hor. beam-beam parameter,
E)(

Ver. beam-beam parameter,
&

Equivalent bunch length, c:_e
Hour-glass factor, Fn
Luminosity, L

cm

Units

GeV
m
mrad

ms
kHz
nm

10
10"

mA
1010
nC
keV
ms
ms
ms
MHz

MV
deg

%
rad

mm

25

STCF-v2 .
(no wiggler)
2 2
617.06 616.76
60 60
39139 3913.9
2.058 2.057
485.84 486.08
2.84 5.40
0.50% 0.50%
14.2 27
90 40
0.6 0.6
15.99 14.70
0.092 0.127

37.552/24.57131.552/24.572

s [N ENECEN

STCF-v3
(wiggler)

2
616.76
60
3913.9
2.057
486.08
3.12
0.50%
15.6
40
0.6
11.17
0.097

STCF-v3
(wiggler+IBS)

2
616.76
60
3913.9
2.057
486.08
4.47
0.50%
22.35
40
0.6
13.37
0.116

31.552/24.57 31.552/24.57

2

2
877 ]

2 2 2 2
512 512 512 512
3.91 3.91 3.91 3.91
5.02 5.02 5.02 5.02
8.04 8.04 8.04 8.04

157.3 135.87 273 273

52.34 60.57 30.14 30.14
52.34 60.57 30.14 30.14
26.17 30.28 15.07 15.07
4975 497.5 4975 4975
1024 1024 1024 1024

3 12 12 12

177 173 167 167
0.0113 0.0100 0.0099 0.0099
2.55 5.22 8.04 8.94
4.04 1.73 1.56 1.56
478 10.66 21.58 20.06
0.0884 0.0094 0.0040 0.0032
0.489 0.173 0.148 0111
0.53 0.49 037 0.45
0.8801 0.8932 0.9287 0.9066
6.21E+35  223E+35  198E+35  1.45E+35
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Status of Accelerator Design

Electron source

e 1.0 GeV

By pass electron transport

e 15GeV

Positron source

T L T L T L T L} T L T % T
Bx
\
|
|
\
‘ \ L
\ /f\*‘ \ 1 A ¢\ I b’ \& ‘,‘
L | ARAFAN
55— l v VYvyy v n
PR SO PN SRR RN SR PRNN PR PR TR F y
0 50 100 150 200 250 300 350

Distance (m)

damping rin

e' e 35GeV

Siberian

snake

Parameter
Energy
Perimeter
Repetition frequency
Bending radius
Dipole magnets , B,

Momentum compression factor ,

o

U,
Damping time x/y/z

8o

&
Bunch length
Einj

Eext x/y

6inj/ 6ext
Divergence of energy
frf
Vrf

Value
1.0 GeV
~58 mm

50 Hz

2.7m

14T

0.076

35.8 keV
12/12/6 ms
0.05%
287.4
mm-mrad
7 mm
2500 mm-mrad
704/471
mm-mrad
0.3/0.06
1%

650 MHz
1.8 MV

By optimizing the layout of the focusing units in the bypass
drift section, the Twiss parameters have been successfully
reduced to an acceptable range.

Xiao-Rui LYU
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Challenges of Spectrometer

Highly efficient and precise reconstruction of exclusive final states under the
extreme conditions of high event rate, dynamic range, and radiative hardness

291 cm >
W hasntananiasnsanns oons ensnand BB ——TonYork/MUD
——— pine'e— pply @ 6.0 Ge - e ¥ in continuum el
s P 1 | sworom P ;E hleoa 15
——— xintK'v @4.26 GeV o
10° Srmtaimsl o 10E e et PN :
= e 1 =
f\ g:.ﬁ;?:i:&sgajv@uaseev: 10° St -:mvizs;i -,’1(2é;a|aeaeeev E T
10° 67 R ~ 3 ' 3 EMC [) -
H/ ! 110 NS
10 § ] N * 105cm—» 4
3 1- 5 EIE IB]&HI 11l o
g 10%‘ 85¢m » 7 ‘E '—‘ 2
: 1t /|G . —
i o s B N 3L e e 20 %0 0 10 MDC g
00 G818 20 25 S0 3E oD 04 08 0B 10 12 44 16 18 20 . i -
P (GeVlc) E (GeV) : g 40cm
20cm > 'Tk
T —
N 55 & 3
3 3 3 3 §
ITK EMC PID Others :
o <0.3% .
= 1/(‘; f)((,/layer * E range: 0.025~3.5 GeV * 1/K (K/p) 3~4c Sepa. * Solid Angle Coverage : 94%-47
e o..< pm o 4o
= * o (%) @ 1GeV up to 2GeV/c * Radiative hardness at the most
MDC .
<130 — Barrel 2.5 MUD inner layer :~3.5kGy/y , ~2x10"!
* Oy pm
- 1MeV n-eq/cm?/y, ~1 MHz/cm?
« o,/p~0.5% @ 1GeV EndCap 4.0 e 0.4~2.0 GeV eV n-eq/cm®/y, /e
« dE/dx ~6% * Pos. Res. : Smm + 7 Suppression > 30 * Eventrate : 400KHz @J/y
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MUD Endcap-2 (a)

Plastic scintillator MUD Barel

- / MUD Endcap-1
U
!
} Neutron
,'| shielding layer
U
\ n

Z //////é DA
EM calorimeter
Pure Csl crystal + APD

Endcap Yok
Bakelite-RPC ~ Tron yoke :(»;;Eln:nle

Muon detector
+ Bakelite RPC + Scintillator strips

~6m

NWELL PMOS NMOS

Spacing DIODE Spacing  TRANSISTOR  TRANSISTOR

e
<> >

| PID system

[ diode : |

Depletion®,, | ... /*
region®., /"
(P e |
. e

..\ p” ephaxial layer *

Particle Identification
 Barrel : RICH

m‘w! [ « EndCap : DIRC-Like TOF
BREERRERNE
Inne.r Tracker Central Tracker
* MPGD: Cylindrical PRWELL .+ Drift Chamber with extreme-low

+ Silicon : CMOS MAPS mass and small cell

The R&D of each sub-system are ongoing, include both detector and electronics
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Offline Software

« Offline Software System of Super Tau-Charm Facility (OSCAR)
« External Interface+ Framework +Offline

« SNIPER framework provides common functionalities for full data
processing

« Offline including Generator, Simulation, Calibration, Reconstruction and
Analysis

OSCAR

| simulation || |_Reconstruction |

Externallnterface

Sinfie DD4HEP ROOT Geant4
* HepMC CLHEP Boost Python

SNiPER

ECALPoint

 Geometry management system, FullSim, FullRec, PodlO event data model
are almost done
» Algorithm of reconstruction, calibration, analysis tool and performance test
are under optimizations
Xiao-Rui LYU MENU 2023, Mainz 30



Tentative Plan of STCF

2018 /2019|2020 2021 | 2022

Form collaboration

Conception
design
CDR
R&D
(TDR)
Construction

Operation
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Summary

« STCF is an unique facility in precision frontier
v' Ecm = 2-7GeV, peaking £ > 0.5x10%° cm=s', polarized beam (Phase II)
v' Symmetric, double ring with circumference around 600~1000 m
« STCF has rich physics program, and has potential for breakthrough to

the understanding of strong interaction, and to the new physics
searches, but it also challenge in both accelerator and spectrometer

* During the past few years, we have finished STCF feasibility study
and the conception design (CDR).

« Anhui province and USTC have officially endorsed the STCF project:
the R&D for the key technologies is launched and great progresses
have been achieved; the project site is preliminarily decided, and
geological exploration and engineering design is ongoing

* Project construction will be applied during the 15 five-year plan
(2026-2030y) from central government
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‘Welcome to join!
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FTCF202

USTC Hefei

-
.

The 2024 International Workshob‘
on Future Tauw-Charm Facilities

International Advisory Committee:

Bagini, Marica
Barsuk, Sergey
Bianchi, Fabrizio
Bonder, Alexander
Chao, Kuang-ta
Cheng, Hai-Yang
Funakoshi, Yoshihiro
Gradl, Wolfgang
Hanhart, Christoph
He, Xiao-gang
Hitlin, David
Karliner, Marek
Kudenko, Yury
Lusiani, Alberto
Ma, Jian-ping
Mitchell, Ryan
Nakada, Tatsuya
Ohmi, Kazuhito
Olson, Stephen
Pich, Antonio

Roig, Pablo

Shen, Xiaoyan
Wilkinson, Guy
Yuan, Changzheng
Zhao, Zhengguo
Zou, Bing-song

Xiao-Rui LYU

.
January 14-18, 2024

INFN-LNF m )
1JCLab 4 ‘
University of Turin & INFN
I;l;zos:brrsk State University & BINP | Local Organizing Committee
Academia Sinica Program Committee )
gf/K Yang, Zhenwei PKY
FZ Juelich Luo, Qing usTc (G;ug’ ?fir",%kyn ;.,T:BNU
SITU Piminov, Pavel ~ BINP H“ i - e
Caltech 3 Liu, Jianbei USTC 00

Tel Aviv University - : BINP Hu, Qipeng UsTC
INR Z’rkhc))(rjov, Yyn UCAS Lyu, Xiaorui UCAS
Scuola Normale Superiore & INFN S WL Yan, Wenbiao USTC
TP Pakhlov, Pavel HSE, Moscow Z ha'ng Allin USTC
;:;na UnilBsity Nefediev, Alexey — Jozef Stefan institute ZHou, Xizotong USTC
KEK Peng, Haiping USTC

Chung Ang University & IBC
IFIC, Valencia University
Cinvestav

,:nEiCersi ty of Oxford

Usie University of Science and Technology of China
TP

sincerely welcome your attendance!
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https://indico.pnp.ustc.edu.cn/event/91/

Backup Shdes
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D°-D° Mixing and CPV

* Three kinds of D°D° samples can be used @4009MeV
— Quantum-incoherent flavor specific D° samples: D** - D™
* Help to improve precision of strong-phase difference measurement
* Be used to constrain the charm mixing and CPV parameters
— Quantum-coherent C-even D°D° samples: D*°D° - D°D°%y
* Be used to perform charm mixing and CPV parameters measurements

— The interference effect, containing mixing and CPV, is doubled compare to
incoherent case

* Help to constrain the strong-phase difference and CP fraction measurements
— Quantum-coherent C-odd D°D° samples: D*°D° —» D°D°r®
 Same as D°D° samples @3770, improve precision of strong-phase difference
measurements and CP fraction measurements
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Status of Key Technology R&D

Positron Source Design

MDI DeS|g Bunch-by-Bunch 3D
polsition measurement
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Status R&D (PID)

A RICH Prototype with quartz radiator, A small-sized DTOF prototype (2019),
with time resolution <30 ps by cosmic rays

100
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c 2243 +0.9124
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A RICH Prototype with liquid C6F14 (n~1.3) ) A full-sized DTOF prototype,
radiator, aim for a beam test in August “with time resolution <28 ps by cosmic rays
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Status of R&D (EMC)

Increase light yields and reduce the pile up effects, time capability is expected

A wavelength shifter in propagation scheme A waveform digitization electronics (CSA + Shape
to increase the light yields (3.5 times ) + ADC) for the waveform and time resolution

/4

"ﬂmCoating the NOL film on Tyvek

A waveform fitting with multiple templates
to effectively mitigate the pileup effect

3 °F g STCFICDR
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Sampling points
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