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Super tau-charm facility (STCF) in China
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Peak luminosity >0.5x10% cm=2st at 4 GeV 1 ab-! data expected per year

Energy range E,, = 2-7 GeV Rich of physics program, unique for physics with c
guark and t leptons,

Important playground for study of QCD, exotic
hadrons, flavor physics and search for new physics.

Potential to increase luminosity & realize beam polarization
Total cost: 4.5B RMB




Expected data samples at STCF
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» STCF is expected to have higher detection efficiency and low bkg. for productions at threshold
» STCF has excellent resolution, kinematic constraining

» Opportunities at 5-7 GeV which is experimentally blank before



Physics program of STCF

XYZ Properties: e+e-—Y—=yX,nX,0pX; e+e-—Y—11Zc, KZcs

STCF CDR-' VO/LIme 1 - Phy5i03 & DeteCtor Hadron Spectroscopy: Excited ccbar and their transition,
arXi|/,'2303.15790 Charmed hadron spectroscopy, Light hadron spectroscopy

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

QCD and hadronic physics Nucleon Form Factors: e+e-—BBbar from threshold

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

Muon g-2: e+e-—T11+ 11—, 1+ T1- 10, 4711, K+ K-, yy— 110, N('). 17+ 171-

Fragmentation functions: e+e-— (11,K,p,A.D)+ X, e+e-— (1111, KK, TK)+ X

CKM matrix (Ved, Vecs): D _(s)+—l+v, D—P I+ v

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

CPV in Hyperons: J/y—AAbar, 23bar, =- =+bar, =0 =0bar

. DO-DObar mixing: y(3770)— (D0 DObar)(CP=-),
( Physics at STCF )——' Flavor Physics and CP Violation W(4140)—n0 (DO DObar)(CP=-) or y(DO DObar)(CP=+)

CPVin T1: T—Ks v, EDM of T, T—11/K 110 v for polarized e- beam

CPV in Charm: DO—K+K-/TT+11-, Ac—pK-T1+TTO/ATT+1T+1T-/pKsS TT+T1T

v/$3 measurement: DO—K(s/L) m+ -, K(s/L) K+ K-, K311, 47171

y polarization: DO—K1 e+ v_e

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

Symmetry violation: n()—Ilm0, n'—nll...

Forbidden/Rare decay and New Particl FLV decays: 7—vl, liLI P1 P2 | J/y—II', DO—II' (I'=£])...

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

- Leading role
. . Dark photon: e+e-—yA (—l+ |- ), J/Jwy—e+e-A'...
- In Competition with Belle 1I/LHCb Millicharged: e+e-—XxX V...

- Synergy with Bellell/LHCb/Eic/EicC

*Due to time constraints, only one or two types will be briefly introduced
For specific details, please refer to the CDR 5



Hadrons Spectrum

s Experiments at particle accelerators in last fifties and sixties created more than 100 hadrons

= “hadronic zoo”

¢ Quark model established order in the hadronic zoo

M. Gell-Mann, A schematic model of baryons and mesons:

Phys.Lett. 8 (1964) 214-215
“Baryons can now be constructed from quarks by using the

combinations (qqq), (99qqq), etc., while mesons are made out
of (), (999q), etc”.

« Suggested by self-coupling of gluons of QCD, glueballs and

nybrids exist.

« Experimental searches for exotic hadrons have a long history

« Recent high-quality data samples from several experiments
allow us study the properties of established mesons, and search

for new states.

G. Zweig, An SU(3) model for strong interaction symmetry and its
breaking. CERN-TH-401

“In general, we would expect that baryons are built not only from the
product of these aces, AAA, but also from AAAAA, AAAAAAA, etc.,
where A denotes an anti-ace. Similarly, mesons could be formed from
AA, AAAA, etc’.




Heavy “nonstandard” hadron candidates

« Large amount of experimental activity on the “nonstandard” heavy sector

> ete” direct production: BESIII, Belle, BaBar
» pp/pp promote production: LHCb, CMS, ALTAS...
» Quarkonia decay: BESIII, Belle, BaBar

> B, A, decays: Belle, Babar, LHCb
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« Most of them are with masses in 4-7 GeV.
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- 2021-
4 2019- X(4685)
2017- P(4457)

X(4630)
7 (MagR)

« However, their properties are still poorly known.

Before 2003, it was thought that charmonium states, being bound states of a charm and an anticharm quark, should be well described by nonrelativistic
potential quark models. However, since the discovery of the X(3872) by Belle in 2003, a large number of new resonance(-like) structures have been
observed in the charmonium mass region by various experiments, including BESIII, BaBar, Belle, CDF, DO, ATLAS, CMS and LHCb.



Mass (MeV)

4500 -

4000

3500

3000 -

Charmonium (Like) states at STCF
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O Belle Il : ISR approach; B meson decay (myp <
4.8 GeV)

O LHCb: B/A, decay; Prompt production

O STCF: Scan with 10 MeV/step, every point has 10
fb-tlyear, 3 ab?tin 4-7 GeV



Charm physics

» LHCDb: huge x-sec, boost, 9 fb-! now (x40 current B factories)

» B-factories (Belle(-11), BaBar): more kinematic constrains, clean environment, ~100% trigger

efficiency

» t-charm factory : Low backgrounds and high efficiency, Quantum correlations and CP-tagging are

unique
» STCF: Production yields
* 4x10° pairs of D*%and 108 D, pairs per year Background level

— 10%° charm from Belle Il/year Systematic etror

 Highlighted Physics programs

— Precise measurement of (semi-)leptonic decay (fp, fp,, CKM matrix...)  (Semi)-Leptonic mode

Completeness

— D decay strong phase (Determination of y4$3 angle)

— D% — D% mixing, CPV

— Rare decay (FCNC, LFV, LNV....)

— Excite charm meson states D;, D; (mass, width, J°¢, decay modes)

Neutron/K; mode

Photon-involved

Absolute measurement

— Charmed baryons (JP¢, Decay modes, absolute BF) arXiv:2203.03211
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CKM matrix elements are fundamental SM parameters that describe the mixing of quark fields
due to weak interaction.

/d l\ /Vudvusvub \ (d )
s' | =| MgV, S

P (MuVesVew AP
Purely Leptonic:

C$

Leptonic and semileptonic decays of charmed
hadrons (D9, D*,Ds*, A}) provide ideal testbeds to D, |
explore weak and strong interactions

1. [V Petter test on CKM matrix unitarity

2. (Semi-)leptonic D(s) decays allow for LFU tests Veq wi_e® P G2

3. o F™(0): test of LQCD S Fpe e Ve 5 = gl Vesta PPkl (@)
+ 'D(s) : = A% dg?  Un?

10



Probe CP violation at tau-charm factory

™

Billions hyperon pairs from J /1y decay,
clean topology, background free

Transversely polarized, spin correlation
\Sf)nsitivity: Acp~107% £~0.05

CP i'ﬁ/hyperon
decay

CP In charm

— — ~ mixin
Billions D° /DY, threshold productign, J

quantum coherence with (D°D°)¢cp-X0r
(D°D®)cp=+
Sensitivity: x~0.035%, y~0.023%, |

rrp~0.017, aqp~1.3
\CP CcP )

CPintau

o.; = 3.5nb, 10 ab' data in total

Sensitivity of T decay with 1lab?! @
426 GeV ~9.7 x 10~*

fPeak cross section in y/s =4-5 GeV, \

decay/production

CPT in kaon

mixing

)

" CP tagging and flavor tagging of K°/K°

avallable from J /1 decay

CP variables determined with time-
dependent decay rate

CPT Sensitivity: . ~1073, A¢+~0.05

N

J/

11



Sensitivity study

For precision measurements _ For rare/forbidden decays
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» Precision frontier for testing of SM >  Sensitivity of various rare/forbidden decays from
parameters, uncertainties from reducible STCF measurements are compared with various
(selection-based), and irreducible sources BSM models. The excellent precision from STCF

(theoretical input, instrument effect). can be used to distinguish from various BSM
models. 12



STCF accelerator

Current/A 1.5 2.0 : _
: Injector:
Emittance (Ex / sy)/nm-rad 6/0.06 5/0.05
B Function @IP (B;/B;)/mm 60/0.6 50/0.5(estimated) > Length: 400m
Full Collision Angle 26/mrad 60 60 » e, a convertor, a linac and a damping ring, 0.5
Tune Shift &y 0.06 0.08 GeV
0.8 0.8 > e, apolarized e- source, accelerated to 0.5
Aperture and Lifetime 150, 1000s 150, 1000s GeV
Luminosity @Optimized
~0.5 ~1.0 » No booster, 0.5 GeV—>1~3.5 GeV

Energy/ X 1033c¢cm2s 1

13



Challenges for future tau-charm accelerators

Large Piwinski Angle + Crab Waist * Accelerator physics

(P. Raimondi 2006) — High current and small bunches at IP —»
Collective effects and Instability increased

— Strong Focusing—Negative chromaticity —
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 Misc

— high integrated luminosity : Beam
iInstrumentations and so on

— Beam sources and injection : high current and

K. Hirata PRL 1995 quality electron and positron source; on-axis
Test of “Crab-Waist” Collisions at the DA®NE & Factory, PRL 2010 C .
injection may be necessary



Ring lattice design

Optimal beam energy, E

Circumference, C m 616.76 616.76 616.76
ﬁlﬂ”"*""”#ﬂﬂq Crossing angle, 26 mrad 60 60 60
,@\\‘-ﬁ“ #%}% Relative gamma 39139 39139 3913.9
o %‘:"n Revolution period, To ms 2.057 2.057 2.057
’ﬁ‘r\ ‘,"*&\ Revolution frequency, fo kHz 486.08 486.08 486.08
) ‘Hal-ﬁGf—”;L ARC = — %, Horizontal emittance, gy nm 5.40 3.12 447
3 — = — 4;,%& Coupling, k 0.50% 0.50% 0.50%
: | # Vertical emittance, ¢, pm 27 15.6 22.35
AL — - A N Hor. beta function at IP, By mm 40 40 40
Alg 2 //‘ \ /,/ | 5. o~/ \ NN A Ver. beta function at IP, By mm 0.6 0.6 0.6
FAie .. ol 2L \_| Hor. beam size at IP, um 14.70 1117 13.37
= rnrttfre— e o e ivh e B A i i & o -
; e o I T I Ver. beam size at IP, oy pum 0.127 0.097 0.116
- E Betatron tune, vy/vy 31.552/24.572 31.552/24572  31.552/24.572
— e I A =% Momentum compaction factor, oy 107
- /\ -— o &WW | ;5 Energy spread, ce 10
s A D S R S 1 !! Beam current, | A 2 2 2
\ A / il I | F. F Number of bunches, np, 512 512 512
’5 °. \ / \+ % g \/ | » $ Single-bunch current, Iy, mA 3.91 391 391
L) 2 VAR V | SS L
Yt e e e ; N Particles per bunch, Ny 1010 5.02 5.02 5.02
"( , 0.0 25 5.0 75-;L"‘|Jn.0 125 15.0 17.5 ) 0 20 . -‘:’llm: 60 -SO ] : \ Slngle_bunch Charge nC 8.04 8'04 8'04
%@ nner nggler section TeChanue sectio * Energy loss per turn, Ug keV 135.87 273 273
#flmﬁmﬂm'."w“%& Hor. damping time, ms 60.57 30.14 30.14
Ver. damping time, Ty ms 60.57 30.14 30.14
Long. damping time, 1, ms 30.28 15.07 15.07
- Beam-beam simulation, collective effective simulation are considered- il - i i
Harmonic number, h 1024 1024 1024
— — — RF voltage, Vgr MV
. = = e d =
O, 8.04 mm(W/O IBS)’ fx 0.0040 U, 2.5 fx Synchronous phase, fs deg 173 167 167
_ . _ _ Synchrotron tune, v, 0.0100 0.0099 0.0099
* O-Z - 8 94 mm(WI IBS)? Ex - 0 0032 - vZ - 3 1 fx Natural bunch length, o, mm 5.22 8.04 8.94
35 2 1 RF bucket height, (AE/E)max o 1.73 1.56 1.56
- w/o IBS: fy =0.148, L =1.98 X 10°° cm™“s Piwinski angle, dpy, rad 1066 2158 20.06
Hor. beam-beam parameter, & 0.0094 0.0040 0.0032
35 21 Ver. beam-beam parameter, & 0.173 0.148 0.111
‘ BS:&,=0.111, L =1.45 X 10°>cm™“s - P R - - -
W/ I Ey ’ Equivalent bunch length, o; o mm 0.49 0.37 0.45
. . Hour-glass factor, Fy, 0.8932 0.9287 0.9066
- Touschek Lifetime ~100s Luminosity, L om?s!t  2.23E+35 1.98E+35 1.45E+35



STCF Detector Conceptual design

Muon Detector Magnet Electromagnetic Calorimeter

ST |
NS

~6m

(57 %3505
| srzmngs | Particle Identification Detector

Inner Tracker [ R IR =5 ] Central Tracker

~7Tm

16



STCF detector

' ' ' ' ' Y sTeFebr | - Scintillator

Y from 1—yp @ 4.26 GeV 3 291 cm > ITK
y from 1 decay @ 4.26 GeV 7
v from continuum @ 7.0 GeVg

y from A_decay @ 4.64 GeVE <O . 25%x0 / Iayer

v from D;—» v D

v from y(2S)— ;nc(zs) _§ w=w

O,y< 100 um
MDC

‘ 3 185cm_ o
1 I I I I I I I I ﬁl]m"% _ 0Xy< 130 Mm
00 02 04 06 08 1.0 1.2 14 1.6 1.8 2.0 2

149 3
E (GeV) o op/p ~0.5% @ 1 GeV
UL AL BN BLELELE BLELELE BLELELE BLALELEN BLEL LA B B *
10* & STCFCDR K, in D° decay @ 3.773 GeV
K inD"— KL:rt:rt at 3.773 GeV 105 cm

PI1D

/K (and K/p): 3-4c separation
up to 2GeVi/c

nin Ac decay @ 4.7 GeV
nine‘e— ¥,gaN @ 3.773 GeV
nin Jhy— AA @ 3.097 GeV 85 cm

" 20°

" uoJ|

10 « 40 cm
20cm
1 b~ | 10cm
EESIPIN BTN EPRVETE PRI A SRR LA PR | | PR BRI BT BROIEIE T R o T e s i | | e | g e G s et | e
0.0 0.2 04 06 08 10 1.2 14 16 1.8 2.0 o @
P (GeV/c) 8 S
LA BN L B L L BN L SRS B § 3
STCF CDR

—— = from mn+X @ 7.0 GeV
——— xfromt— K'mp @ 4.26 GeV  —
— = from J/y—AR @ 3.097 GeV 3
— ufrom toyn @ 4.26 GeV

Lrems MBERE ] Requ irement:

o] » High detection efficiency and good resolution MUD
E : - 0.4 -1.8 GeV
] » Superior PID ability

15 2025 sl as « Tolerance to high rate/background environment
P (GeV/c) 17

10?
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Detector options

MUD Endcap-2 (a)
MUD Barrel

/ ,MUD Endcap-1

Plastic scintillator

\

Neutron
shielding layer

Bakelite-RPC ~ Iron yoke : I' r:t;}g:):s:: %// ,///// Illl|| \\ k§
6m ZezzzzZIIIRY

Muon detector
« Bakelite RPC + Scintillator strips

EM calorimeter
* Pure Csl crystal + APD

PID system

[ Outer Tracker ]

[ Inner Tracker ]

~7m 1/
Radiator (liquid C.F,) /\\

[
K 43

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

NWELL PMOS NMOS

Spacing DIODE Spacing TRANSISTOR , TRANSISTOR Track (8.9)

T HKWer o

/ Cathode & supporter
/

p epitaxial layer -

"'"""""J P 3 layers of cylindrical gRWell innertrack
BRAERERNS S . T .
Particle Identification
Inner Tracker B I RICH
. . : . arrel:
« MPGD: Cylindrical uP(RWELL Central Tracker . EndCap: DIRC-Like TOF
« Silicon: CMOS MAPS « Drift Chamber with extra-low mass

and small cell 18



Tracking system: inner tracker + drift chamber

MPGD option: uRWELL :

puRWell foil i
Cathode & supporter

oH4 00 0%
000§ OO0
C#H 000
CO04 00
cdo00H

3 layers of cylindrical uRWell inner tracker

Silicon option: CMOS MAPS

NWELL PMOS NMOsS
Spacing DIODE spacing TRANSISTOR, TRANSISTOR
<>

i
.
s S ——

H .
“

Depletion™._
region™.

h "\-..:‘; p~ epitaxial Iay;f'.:'
Particle hit‘/ P substrate
BRBRGRRNE
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oDO(mm)

op/p(%)

28F

Expected Performance of the tracking system

cos6 = 0.0
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Optimization campaign of the inner tracker layout has been recently
launched, particularly targeting low momentum tracking performance.
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800 1000 1200 1400 1600 1800
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Particle Identification

s Barrel : A RICH detector using MPGD for photon detection (TOF technology no
longer feasible for PID up to 2 GeV due to short distance of flight)

s Endcaps : A DIRC-like high-resolution TOF detector is proposed (TOF option is
possible thanks to the longer distance of flight) .

: Track (8,9)
4

21



Development of a RICH Prototype with C6F14

RICH Prototype fabrication
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Full size DTOF prototype and readout electronics

Quartz radiator cleaning and mounting Readout electronics development

= - \ - 18
! e y S \ \ s e cm
—l I- Dark Box b ﬁlﬁgf - PXle Crate
| oinnonans = | _ P e s i e | et DL 2
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) 16 channel || | Readout Board i 2| Zero-Board
) meppmT  f t Ll
1 I
l 16 channel ! :
| — = ) MCPPMT | Front-end | Data A =
: 1 16 channel : Readout Board [=— ]| Collect | 1 "
~ ~ \— R MCPPMT L) 4 le .- ' ®
ARERSEBNELEE BEAREE BEMESH BB BEH | & i et 12 ‘
142" MCP-PMT | : Board [T ‘ l
1 672l i : HiET o e .
- £ 'k & Trigger |
l 16 channel ,’i‘ 1 : Clock & Trigger
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Electromagnetic Calorimeter

B A crystal calorimeter using pCsl ( short decay N M
time of 30ns ) to tackle the high background §
rate (~ 1 MHz/crystal )

« crystal size: 28cm (15X;), 5x5cm?

« defocused layout: 6732 crystals in
barrel, 1938 crystals in endcaps

* 4 large area APDs to address low light
yield: 4x(1x1cm?)

p.CsI has a \éery low "th S ol Energy resolution~ E - Pdsition résoluti6n~
yield of 3.6% — amajorR&D 5 "I 2% @1GeV g ol 5mm @1GeV
task : enhance light yield 2 -

g 4 €
Simulation assuming a light & | S s
yield of 100pe/MeV G .. 8 [

0 1 2 3 0 1 2 3
E (GeV) E. (GeV)

24



The Muon Detector

MUD Endcap-2 ()
MUD Barrel
s N / MUD Endcap-1

Plastic scintillator

INLY

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

Neutron

pilding layer « RPC for inner layers : not sensitive to background

SrENER | A - Scintillator for outer layers: sensitive to hadrons
3laveri:sééii?;;ﬁim\ e “°°“‘"’Nm m Key design parameters have been optimized based
pakclicec ||} i on simulation of muon identification performance
~~~~~~~~~~~~ .\“k * Inner 3 RPC layers + outer 7 scintillator layers
I

« Taking neutral hadron identification into account

Parameter Baseline design 1.0 10 Neutral hadron identification abilit,
0.9 = \_

R, [om] 185 NG \
R [cm] 291 087 S o0s
R, [cm] 85 g o7 : ™~ ~
Lgarrer [em] 480 % 064 § 0.6 \
TEndeap [cm] 107 £ 05 g T~
Segmentation in ¢ 8 8 04l 5 \
Number of detector layers 10 3 ® o4
Iron yoke thickness [cm]  4/4/4.5/4.5/6/6/6/8/8 cm s 031 . ___Kiu:homn \A
(A=16.77 cm) Total: 51 cm, 3.041 021 = BESIl e U design, i rjcton sk = 7% || 302 _._2,}2,_(“0" '
Solid angle 79.2%x4m in barrel 0.4 L BESiIike MUD d6sion, pion rejection ate = 98% |

14.8%x4n in endcap e | . 00

949 x4n in total 02 o4 08 o8 o 12 4 18 T 0% 5% 3% 1%
Total area [mz] Barrel ~717 Muon/pion momentum (GeV/c) Fake rate

Endcap ~520 Using BDT combining the muon detector and EMC

Total ~1237 2 5




Tentative plan of STCF

2018 | 2019 | 2020 | 2021 | 2022

Form collaboration

Conception design
CDR
R&D
(TDR)
Construction

Operation

Upgrade
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STCF kickoff meeting in 08/25/2023

B PR IR B R ERADKRI B &R A RIS BIH Bai=
Project Launch Meeting for Key Technology Research and Development of STCF
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Summary & Outlook
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