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The Beijing Electron-Positron Collider ( BEPC)

Tau-charm energy region : 2-5 GeV
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The wuper au- harm acility in China (

“*STCF: a natural extension of the Beijing Electron-Positron Collider
(BEPC II) and a viable option for a post-BEPCII HEP project in
China.

- Extended energy region: E_,, = 2-7 GeV

« Super high luminosity: L >0.5x103%> cm-2s-1@4 GeV
« Linac injector: ~300 m, storage ring: ~600 m

« Large Piwinski angle & Crab waist

« Potential for luminosity upgrade and a polarized
electron beam

An super t-c machine far beyond BEPCII



STCF Project Activities

® Working groups and routine group meetings

STCF Accelerator ©
STCF Physics

STCF Detector v
STCF Accelerator-Detector Joint meetings v

STCF International Conference

B International workshops on Future Tau-Charm Factories
« 2015 USTC
« 2018 UCAS (March), Novosibirsk (May),
Orsay (December)
« 2019 Moscow (September)
« 2020 Online (November)
« 2021 Online (November)
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STCEF Project Timeline ( ideal )

2018 | 2019 | 2020 | 2021 | 2022

2031-2040 2041-2042

Construction

Data taking

Upgrade

STCF

Conceptual Design Report

STCF

Conceptual Design Report

B Conceptual design studies
have been largely finished.
Three volumes of CDRs are
being under review and will
be released soon.

B Moving to the TDR stage with strong support from USTC and local governments.

« Anhui province, Hefei city and USTC have agreed in principle to jointly fund a
full R&D program for the STCF project. Details are being worked out.




STCF Detector Concept

Muon Detector Magnet Electromagnetic Calorimeter
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Physics Requirements

B o L o o o e S
pine‘e— ppJiy @ 6.0 GeV
STCF CDR pinJy—AR @ 3.097 GeV
Kin KK+X @ 7.0 GeV

in 1 Kv @ 4.26 GeV
nin Jy—AR @ 3.097 GeV
pin Ty @ 4.26 GeV
pin - 31 @ 4.26 GeV

< Highly efficient and precise reconstruction of exclusive 10
final states produced in 2-7 GeV e+e- collisions .

» Precise measurement of low-p particles — low mass . 7 e o s
10°
» Excellent PID : /K and p/= separation up to 2 GeV :
10
. Optimized . 1
Process Physics Interest Requirements "
Subdetector 00 05 1.0 15 20 25 30 35
T - Knv,, CPV in the 7 sector, acceptance: 93% of 4r; trk. effi.: P (GeV/C)
J/y — AA, CPV in the hyperon sector, ITK+MDC > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c SRR RSN AR AALRAR AL
Dy, tag Charm physics op/p =0.5%, 0y = 130 um at 1 GeVj/c STCF CDR yise :ce::é@i:g sov
ete” » KK+ X, Fragmentation function, PID /K and K/n misidentification rate < 2% z:: E/Ld:ec:gy% 337079376(%
D, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c z:; B:W_l: ?D‘:-jfﬁ%"eev
T = U, T — YU, cLFV decay of 7, PID+MUD /7 suppression power over 30 at p < 2 GeV/c, ¥inY{ESh> Y (2) at 686 GeV
D; —» uv CKM matrix, LQCD etc. u efficiency over 95% at p = 1 GeV/c
T — YU, cLFV decay of 7, EMC og/E~25%atE =1GeV
¥(3686) — yn(2S) Charmonium transition Opos ® Smmat E = 1 GeV
ete” — nn, Nucleon structure EMC+MUD or= —20_ b r
Do = Kum'n” Unity of CKM triangle VP 00 02 04 06 08 10 12 14 16 18 20

E (GeV)



Experimental Conditions

Oy e S < Interaction region and
------------------ i machine detector interface
T j:——'— e » Boundaries defined for the
e e e i detector system: beam pipe
o diameter of 6 cm, opening
simm 1660mm Tungsepn sheid angle of 300 ...
pome vome " mem "

< Beam-induced backgrounds have to be fully simulated and
carefully evaluated.
» Luminosity backgrounds: radiative BhaBha scattering, two-photon process

» Single-beam backgrounds: Thouschek scattering, beam-gas interaction,
synchrotron radiation, injection background



Beam-induced Backgrounds

NIEL Counting rate

1 MeV neutron/cm?>/y
300 - 10

10°
107

10

10"

10°

R axis (cm)
R axis (cm)
R axis (cm)

10*

250 200
Zaxis (cm) Zaxis (cm) Z axis (cm)

Contributions on TID Contributions on NIEL damage Contributions on background count

[ Beam-related background
[l Two Photon process
B8 Radiative Bhabha

leam-related background
'wo Photon process
a ive Bhabha

Beam-related background
Il Two Photon process
Radiative Bhabha

Contribution proportion of background sources
Contribution proportion of background sources
Contrisution proportion of background sources

= Imnertracker - MOC FD-B PIDE ECAL-BECALE MUD-S MUD-E ~ Innertracker -~ MDC FID-B  PID-E ECAL-B ECAL-E MUD-B MUD-E Inner tracker MDC  PID-B PIDE ECAL-BECALE MUC-B MUCE

Detector system Detector system Detector system

Inner most detector layer : ~3.5 kGy/y, ~1012 1MeV n-eq/cm?/y, ~1 MHz/cm?
10



General Considerations for the Detector Design

BESIII Detectg

< Highest energy available 5 — 7 GeV :
pushing up PID momentum range.

» Plastic scintillator/MRPC TOF detectors —
Cherenkov detectors

» Thicker iron yoke is needed

< Peak luminosity 1033 — 1035 cm-2s! :
significantly pushing up radiation background
level.
» Inner tracker : wire chamber — high-rate
tracking detector options

» EMC: CsI(TI) — fast crystal ( pure CsI)

» Streamer-mode RPC — avalanche-mode RPC +
scintillator strips

AT Rl
SMEIERM =%

~7m

STCF Detector 11
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The STCF Detector Conceptual Design

Scintillator

291 cm—>

185cm_

149cm—*

i >

PID (RICH) E

105 cm——o>»

8cm —

Solid Angle Coverage :

+<— 40cm

94%e4r (6~200)

7200

< Inner tracker
» MPGD: cylindrical hnRWELL
» Silicon: CMOS MAPS
< Central tracker
» Drift chamber
+ PID
» Barrel: RICH
» Endcaps: DIRC-like TOF (DTOF)
%+ EMC
» pure Csl + APD
< Muon detector

» Bakelite RPC + scintillator strips
12



Inner Tracker - uRWELL Option

MRWELL: micro resistive WELL detector Cylindrical pPRWELL tracking chamber
FRHR |
FBE 3mm

.
EHEFE
Copper top Iaver (5pum) Well pitch: 140 um Slisgmghiod D < @ 5
Well diameter: 70-50 pm Outer tube: y-RWELL foil 3 layers of cylindrical uRWell inner tracker
Kapton thickness: 50 pm
DLC layer (0.1-0.3 Hm) Sealing ring No.3 D Gas Volume

R~50-100 Mﬂ/u/)m e ———————— [ner tube-Cathode
Rigid PCB readout electrode S“““g"i“g"'y ’:’ T h ree cyl i n d ri ca I I aye rs

» Located at 6cm, 11cm, 16 cm

Structure Material Thickness ~ Material budget

XX .
Tnner tube Aluminum (Xo=8.897 cm) 0001 0011% » Material bUdget / Iaye r: 0.25% XO
Polyimide (Xo=28.57 cm) 001 0.035%
Aramid h b/Rohacell (X267 cm) 0.2 0.075% . .
Gas Volume H:llir::n—b;’::glcg(;:lmix?uraeC§XU=;)67]0 o 03 0.00053% » 2D XV stri p rea dou t, 0.4mm P itch
Outer tube (W\RWELL foil) ~ Alumium (X(,=8.897 cm) 0.0015 0.017%
Polyimide (Xo=28.57 cm) 003 0.106% :
DLC Gocta e > Hit rate up to 1 MHz/cm?
Total 0.245%

13



Performance Simulation and Design Optimization

Parameters Optimization
(a) 250 (b)

—— Lorenz angle = 30 deg —— Velocity = 4 cm/ps
Velocity = 2.5 cm/us Width =5 mm
200 \
150 \

Position reconstruction algorithm
charge centroid + micro-TPC

150

140

D =300 pm/sqrt(cm) D =300 pm/sqrt(cm)

Drift cathode

130

120 \

RO e e e

Drift region

Optimal region

Spatial resolution in ro direction (um)

ey VY VT VY N7 Optimalregor
- 4 7 8 10 1 20 40 60 80
Readout anode > ﬁ‘b > S s Gas volume width (mm) Lorenz angle (degree)
L J (c) (d)

250 400
—— Lorenz angle = 30 deg
Velocity = 2.5 cm/us

300 Width = 5 mm

—— Lorenz angle = 30 deg
Width =5 mm
D =300 pm/sqrt(cm)

2004} /
150 \
) \/—/ Optimal region

Position resolution

N
o

200

IN)
=}

100

Optimal region
0 200 400 600 800 1000

o
S

100 0

Spatial resolution in ro direction (um) Spatial resolution in re direction (um)

Spatial resolution in r¢ direction (um)

R RN

‘ —oa— pion- ’»
‘ —o— pion+

®
=}

Electron drift velocity (cm/us) Transverse diffusion coefficient (um/sqt(cm))

@
=3

Optimized configuration

« Working gas: Ar:CO, = 85:15
T cmegetenren - Drift field: 500 V/cm

Occupancy with strip readout needs to be further examined. « Drift gap: 5 mm

N
o

Spatial resolution in r¢ direction (um)

N
o
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MRWELL Detector R&D

Major challenges: high rate, cylindrical shape

Stepl: Gluing
High-rate pRWELL prototype development

urwellX_bias 11

Nentries
(=3
8
?

Step2:Patterning, Etching

-\
o
g =
3

09

084{=X

-3
=1
2.

Normalized gain

o
2
Normalized gain

IS
]
7

n

=1

=3
T
°
>

I
0.5 1 T
Bias_X(mm) 0.01 0.1 1 10

Stei3: DriIIini
Stei4: Platini cylindrical pPRWELL structure design and engineering

Step5: Etching

LA b A

A fast-grounding layout
for large area fabrication

Counting rate (MHz/cm?)
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Inner Tracker —- CMOS MAPS Option

Aiming for a low-

power chip design
(required for a low-
mass system) with

timing capability

A 1X1

TRERER
[ T
4 BEHEREE [
H FEEREE
HERER
JAULLIRIEALL
C: 3X2 D: 6X6 E:Stripﬂ_BOXISO F:Strip® 60x90  G:Strip% 180x180

HHEE

SRAM

TJ) 180nm CIS

ROM

16



Central Tracker — Main Drift Chamber

1400
1274 0o cosé =0
- STCF CDA
1187 %% 08~ :
576.5 P _. 07
< o\o 1
\Z" 06} ’ 8
g osf . | i 048
. 252
0.4 |- 44
STIL 40
03002 04 o6 05 T 1z T4 16
P (GeV)
Superlayer Radius (mm)  Num. of Layers Inclination (mrad) Num. of Cells  Cell size (mm) . . . .
N 000 g 5 738 sso2s~ M A lot of simulation performed to optimize
U 271.6 6 393 0 47.6 160 10.7 t0 12.9 i i .
\' 342.2 6 41210-484 192 11210132 the drift chamber deSIQn .
A 4192 6 0 224 11.71013.5 . . N
U 499.8 6 50.0 to 56.4 256 12310 13.8 Square cell : 9.8 ~14.5 mm
N e ; Jliwesiz s 2610140 + 48 wire layers arranged in 8 super layers
. . 0 . . . . .
A 744.0 6 0 352 13310145 « Sense (field) wire : W(AI), 20(100)um in diameter
total 200108273 48 11520

« Working gas : He/C3H8 (60/40 )

Hit rate at the inner most layer ~ 400 kHz/channel - Total material budget: 4% (walls included)
— a big challenge for readout electronics ' 17



Expected Performance of the tracking system
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Particle Identification

¢ 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)

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

ax=1050mm

“ " Track (0,9)
4

19



The RICH Detector

A RICH prototype with quartz radiator

< Radiator: liquid C6F14 with n ~ 1.3 =N | .

< THGEM + MM with CsI photo cathode
< Simulated number of photon electrons ~ 10
< Total material budget < 0.3X,

10 |55 20 25 30

r(limlidCsFl‘)-wmm . K/Tl' > 4 ) @ZOGeV/C A RICH prototype W|th C6|§:'|n_"2|.
- K/p>40 @ 2.0GeV/c - = e
« potential for /u in v e —
0.3-0.5GeV/c S

= 50
o 099 @
40
098
30§ 0.97
201 0.96
10E_ 0.95
: L L 1 1 1 1 1 ! 0'94
88 1 1214 16 18 2 22 24 88 1 12 14 16 18 2 22 24

Momentum [GeV/c] Momentum [GeV/c]



The DTOF Detector

+¢* Detector design has been deeply optimized Length of propagation is calculated for

» quartz plate size and thickness, surface treatment, each detected photon. TOF is then
MCP-PMT coupling reconstructed from arrival times
200m measured of all detected photons.
i

—
E =2.00GeV
0.035} ] = 23 ozy’.ew =5.00° 0.016/ ﬂ( b e- s i .
0.03" i f  mKseparation = 4.245 0.014} / w ok . s

2 ; 1 n sample o o EL « sample | Er 88 :
2 0025 | [ 55 xeampie % o012 | i . —
S oo | g ool ? TSR AR
2 : £ o.008 f ]
_r-én 0.015; H | g 0.006! ! | \ 100 x2/ndf 424717
. IR ® oo J % s iz o A DTOF prototype and

0.0054 / ]L \ 0.002, y E‘ \ 80" .

900 200 100 0 100 200 300 Y66 T300 " 100 0100 200 300 €0 rea d out e I ectronics were
LogL -LogL, LogL -LoglL, 60

developed and tested
Hh with cosmic rays.

Time resolution < 30 ps

/K ~ 4 0 @2GeV
The PID performance can be further enhanced by 0

N
o
LR A A M At M M

! |

combining timing and spatial pattern of photon hits 0 2 # 6 8 iz 75 s

Nfires
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Electromagnetic Calorimeter

B A crystal calorimeter using pCsl ( short decay
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?)

I
=
—
—
1
—
—1
——7

/

JIl

pCsl has a very low light

" Energy resolution ~

yield of 3.6% — amajorR&D % °[ " 29 @1GeV
task : enhance light yield ERNS
g 4
Simulation assuming a light & |
yield of 100pe/MeV & ) .
0 1 2 3
E, (GeV)

Position Resolution(mm)

Position resolution ~

5mm @1GeV

E,(GeV)
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Pileup mitigation and detector R&D

® Waveform fitting with
multiple templates

> E
2 20
w =

18F

[\

14; I \

12; l

10 t \

of

of | \

i | \

hE i \,

0o 00 200 300 400 500

tins

§ % | 'STCFCDR
2 E
é 25i e Without Background|
% C e With Background
g r
@ 20: MultiFit

150

10

e
3 RETTY PO BN MM
T D

sl
E, (GeV)

Very effective in mitigating
the pileup effect

W Light yield studies

90 E Csl(pure) @ 4 S8664-1010
Mean = 5058.8 ADC Counts
L.Y. = 155.0 p.e./MeV

-4000 5000 6000 7000 8000
A ounts

Light yield reached up
to 155 p.e./MeV

®m Development of waveform digitization
electronics (CSA + shaper + ADC)

Energy / MeV
a N W A OO

9

Dynamic range :
3 MeV ~ 3 GeV
ENE : ~ 1 MeV

Time resolution :
< 200 ps@1GeV
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The Muon Detector

MUD Endcap-2 (a)

wpmee m A hybrid design with Bakelite RPC and scintillator
W ' strips for optimal overall performance

Plastic scintillator

IR

Neutron

il « RPC for inner layers : not sensitive to background

. > Endcap Yoke . o o, .
e H” componen « Scintillator for outer layers: sensitive to hadrons
7 layﬁersAof V) . . .
By T m Key design parameters have been optimized based
3 layers o Neutron . . . o o .
Bkl RPC “ ildng on simulation of muon identification performance

,,,,,,,,,,,,, « Inner 3 RPC layers + outer 7 scintillator layers

« Taking neutral hadron identification into account

Neutral hadron identification ability

o

Parameter Baseline design 10 T ———
R;, [om] 185 ° g
Rou [cm] 291 L g 06
R, [cm] 85 g 071 2
Lparrer [cm] 480 £ os1 % 06 \
TEndcap [cm] 107 5 05 3
Segmentation in ¢ 8 8 04] 5
Number of detector layers 10 3 g
Iron yoke thickness [cm]  4/4/4.5/4.5/6/6/6/8/8 cm §° 3 —=—KUphoton
(A=16.77 cm) Total: 51 cm, 3.044 = 02 Boaf | iperen t
Solid angle 79.2%x47 in barrel 0.1
14.8%x4m in endcap 00 T 7 7 F ' I 00
94%)(47[' in total 0.2 0.4 0.6 08 1.0 12 14 16 16% 5"% 3% 1%
Total area [mz] Barrel ~717 Muon/pion momentum (GeVi/c) Fake rate
Endcap ~520 Using BDT combining the muon detector and EMC
Total ~1237 2 4




Detector Summary

< 0.25%X/ layer
Oxy< 100 pm

Cylindrical pPRWELL
CMOS MAPS

MDC

Oxy< 130 pm
* o/p~05% @ 1GeV
* dE/dx~6%

Cylindrical
Drift chamber

185 cm e 2

149 cm—*

105 cm >

S £1ViC
E range: 0.025-3.5GeV
o (%) @ 1 GeV
Barrel: 2.5
Endcap: 4

85cm — |

pCsl + APD

<+<— 40cm

3,6em — X _—_ A B Pos. Res. : 5 mm
g MUD
= e« 04-2GeV RPC + scintillator

* msuppression >30 25



STCF Physics Program

XYZ Properties: e+e-— Y —yX,nNX,pX; e+e-—Y—11Zc, 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-

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-— 11+ TT-, TT+ T1- 10, 47171, K+ K-, yy— 110, n().17+ 17-

Fragmentation functions: e+e-— (11,K,p,A,D)+ X, e+e-— (1, KK, TK)+X

semans |7

TR

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

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

CPV in Hyperons: J/y—AAbar, S>bar, =- =+bar, =0 =0Obar
. \ DO-DObar mixing: y(3770)— (DO DObar)(CP=-),
( Physics at STCF [ Flavor Phyelce and CP Violation W(4140)— 110 (DO DObar)(CP=-) or y(DO DObar)(CP=+)

CPV inT1: T—Ks v, EDM of 1, T—=11/K 110 v for polarized e- beam

CPV in Charm: DO—K+K-/TT+11-, Ac—pK-TT+TTO/ATT+1TT+TT-/pKsS 114717

Y/$3 measurement: DO—K(s/L) m+ 11-, K(s/L) K+ K-, K317, 4717

vy polarization: DO—K1 e+ v_e

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

Symmetry violation: n(')—IlIm0, n"—nll...

Forbidden/Rare decay and New Particl FLV decays: T—vl, Il P1 P2, J/y—II, DO—II (I'=l)...

- Leading role
- Competing with Belle Il/LHCb P T e T
- Complementary to Bellell/LHCb/Eic/EicC Millicharged:ie:re==XXYz--

FCNC: D—vyV, DO—l+ |-, ete-—D « , S+—pl+ |-

26



Expected Data Samples at STCF

Data samples produced per year Hyperon Factory
T - - - Decay mode Bunits 1077) Angular distribution  Detection ~ No. events
CME (GeV) | Lumi (ab™") samples o(nb) No. of Evel?l.s remark parameter g efficiency _expected at STCF
3.097 1 Il 3400 34x 107
3.670 1 o 24 24%10° Jjw — AR 1943+£0.03+0.33 0469 +0.026 40% 1100 x 10°
w(2S) - AA 397+0.02+0.12  0.824+0074 40% 130 x 10°
W(3+6§6) 640 6.4x 10: Jj — =020 11.65 £ 0.04 0.66 +0.03 14% 230 x 106
3.686 1 T 25 25x 10 273+0.03 0.65 +0.09 14% 32x10°
Y(3686) — 11~ 2.0x 10° = 10.40 + 0.06 0.58 +0.04 19% 270 x 108
DOD0 36 3.6x10° w(2S) - =2+ 278 +0.05 091+0.13 19% 42 x 10°
D*D™ 28 28x10°
3.770 1 D°D° 7.9% 108 Single Tag H
D*D" 55x10° Single Tag nght meson Factory
T+ 29 29% 10° Decay Mode B (x107%) [2] 75/’ events
YD 040 40x 10: CPpopy = +1 T/ — yif’ 521+1.7 1.8 x 101
4040 . D D0 0.40 4.0% 10 CPpypp = -1 N 11.08 2027 37 x 10°
DD; 020 20x10° r 5
. 35 35 10° J/w — on 7.4+038 2-5 IOQ
D¥D; +c.c. 0.90 9.0x 10° J/v — on 46+05 1.6 < 10
4.180 1 D}*D;+c.c. 1.3x 108 Single Tag
T 3.6 3.6x 10° XYZ Factory
Jjunt ™ 0.085 8.5x 107 . . ..
4230 1 xT;;_n 36 36x10° XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872)
wéﬁéé)n+;— 0.058 58 %107 No. of events 1010 109 109 Sx 106
4360 ! Tt~ 35 35x 10°
U(3686)1 7~ 0.040 40x 107
4420 1 . . .« .
35| 350 ® High detection efficiency and low background for
U(3686)1 7™ 0.033 33x10
4.630 2 .
| A 056 | s6x10° production at threshold
AA. 6.4x 107 Single Tag . . . . . L.
34| 34xio ® High detection resolution, kinematic constraining
4.0-7.0 3 300 points scan with 10 MeV step, 1 fb™ /point
>5 2.7 several ab~! high energy data, details dependent on scan results [ ] U nexp I fe} red o) p po rtu n ities at 5 _7 GeV
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Expected Sensitivities

Physics at STCF

XYZ properties

Pentaquarks,
Di-charmonium

Hadron
Spectroscopy

Muon g-2

R value,
T mass

Fragmentation
functions

Nucleon Form
Factors

FLV decays

LNV, BNV

Symmetry violation

Benchmark Processes

ete” 5 Y - yX,nX, pX
ete” > Y o> nZ,KZ.

e*te™ - J/ypp, ADp, .Dp
ete™ =]/, 1/Wh,
Excited c¢ and their transition,

Charmed hadron,
Light hadron

ntn,ntn n® KtK~
yy = %O, mtn
e*e” - inclusive
ete” »1tr”
ete™ - (m,K,p,A,D) + X
ete” - (mm, KK,mK) + X
e*e™ > BB from threshold

T - yLIULIP P,
J/Y =W, D> ' #1)...
Dy = U'I*X™ ]/ — Ace,
B—B...

7 > U ' > nll...

Key Parameters*

NY(4260)/ZE/X(3872)N
10%° /10°/10°
o(ete” > J/Ypp)~4 fb;
o(ete™ > J/pcc)~10fb
(prediction)

Nyjpw(ze86)/a.~
10%2 /1011 /108

Aafl"P « 40 x 1071

Am;~0.012 MeV
(with 1 month scan)

AACollins < 0.002
SRy ~1%

B(T - yu/uup)<12/1.5x 107%;
B(J /Y - e1)<0.71x 107°

B(J /Y > Ae”)< 10711

B — l/nll)< 1.5/2.4 x 10710

Physics at STCF

CKM matrix

v/¢3 measurement
D° — D° mixing
Charm hadron decay
Y polarization
CPV in Hyperons
CPVint
CPV in Charm

FCNC

Dark photon,
millicharged

Key Parameters*

8Vcdlcs~0.15%;
8fp/p,~0.15%

Benchmark Processes

Dy = I*v;, D - Pl*y,

_ _ A(cosdg,) ~0.007;
0 + + K >
D - Ksn'n KKK~ .. A(SM)~2°

Ax~0.035%;

Y(3770) > (D°D°)cp-,
Ay~0.023%

P(4140) - y(D°D)cp_y

D5y, AE, 2, Ec, O decay Np,p,/a,~10° /108/108
D° > Kietv, AA}p~0.015
g0 AA,~1074

J/¥ - AA, 2%, E7E, B0

AAT—»K,n'vN 10_3;

K,mv, EDM of 7, .
T ATy s Ad,~5 x 10719 (e cm)

AAp~1073;

D > K*K~/mtm™,
AAp, ~1073

A, > pK ¥ ...
D—yV,D° > 1", ete” - D,
creE oot ee B(D° > e*e X)< 1078
T pltl L
Mixing strength

ete” > (J/Y) > yA' (- ).
Aey~107% Aey~1074

ete™ - xyy ...

*Sensitivity estimated based on £L = 1 ab™?!
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Collins Fragmentation Function (FF)

Collins f SIDIS e+ e-

ollins function ; : ; . .
Transversely Transversity (X Collins FF Collins FF (0 Collins FF
polarized ——»@ ................ ,

quark e \/e

J. C. Collins, Nucl. Phys. B396, 161 (1993)

0 ] h
D,z Pyy) = Diz P}) — *
kxXP,)-S pp1 X
+HiLq(Z,P%J_)( Zﬂhll) q’
H,: Collins FF h

— describes the fragmentation of a transversely polarized quark into a spin-less hadron h.
— leads to an azimuthal modulation of hadrons around the quark momentum.

x10° x10°

« The statistical uncertainty asymmetry AUt with 1ab™?
at 7 GeVI':

> (1.4~4.2)x10~* for mnX
> (3.5~20)x1073 for KKX
* 2% precision required by EicC

[1] B. L. Wang et al., Journal of UCAS 38 (2021) 433 29



D, (Semi-)Leptonic decay

Purely Leptonic: Ghfp: w2\
F(DEI;) — £+I/g) = g | Vcd(s) |2 mng?‘;) ]._ m2
D+
®
Semi-Leptonic: dr < K(x) Veq et
’ —=—|V DS )% i
(lq2 QHFS l Cs(d)l Pk () |f+ ( 1 )I o Y W < -
_ D—f % Bt i q
Direct measurement : |Vcd(s)| X fD(S) or |Vod(s)| x FF q s » F =)
O Input fp or fm(0) from LQCD = [Vy) £ q

O Input |[Vye)l from a global fit = fp or fk((0)
O Validate LQCD calculation of Input fg) and provide constrain of CKM-unitarity

E T T T S BESIII [57] Bellell [57] This work at STCF
~T700F + + ource
ook 6 DS T Ve -1 -1 -1
<« 600F 6fb~ " at4.178 GeV 50 ab™" at Y'(nS) 1 ab™" at 4.009 GeV
(] E
QO 500F
é 4002— BD: Sttve 1.6%star.  2.4%syst. 0.6%stat. ~ 2.7%syst. | 0.3%star. 1.0%syst.
= £
3 300F
;f, 200;— fD; (MCV) 0-9%stu(. ]-4%3)'.\1. - - O-Z%smt. 0-6%syxl.
= 100F
é ¥ |V(c ‘ O-g%slu(. 1 -4%syst. - - 0-3%513(. 0<7%sys(.
-%.2 -0.1 0 0.1 0.2 O[Oty Bps iy
MMZ(GeVz/c“) B_Diﬂ_+r 2.6%sat. 2~8%sys!. 0.9%sar. 3~2%sysl. 0.5%stat. ]'4%sys|.
s v

H.J. Li, J. J. Liu et al., Eur.Phys.J.C 82 (2022) 4, 310; 337 30



Probing CP Violation

+ In Hyperon Decay
Ais transversely polarized
CP test via Acp= ——t

a_—a,

4 trillion Jiy events = Acp~10~*

Complementary to
Kaon decay with P- <
wave transition

* In tau Decay

The CPV source in K° — K° mixing produces a difference
in T = K;mv decay rate:

_ B(r* = Kntor) — Bt~ = Kdnvr)
" B(tt = K3ntw,) + Bt~ = K3mvy)

i = (+0.36 + 0.01)%

@8 a00f —+— inclusive MC
S ([ t—nnnvii—evy
T = 5 ommvitonvy

CPV sensitivity with 1ab' @ 4.26

[ wonmnv;t-an’y

. —4 200 [ onKgndvitoevy
GeVI™: Agrep~9.7x10 ” o

[1] H. Y. Sang, et al., CPC 45, 053003 (2021)

e
16

06 08 1.0 1.2 1.4 18

My (GeV)
¢ In Charm Decay + In K° — K° Mixing
Quantum coherence of D° and D° | 28mg
W(3770) — (D°DP)qp__ or 1(4140) — D°D*® — 70(D°D%)p__ or 7(D°D)ep_, CPT test: ¢4 = ¢poo = ¢ = tan AT
N(r) — kN(7) osf [edos=o07
1/ab @4.009 GeV  BelleIl( LHCb(50/fb) A=) = FoOFeN 0
QC+incoherent ] . _ ‘
(QC | QC+incoherent) 50/ab) (SL | Prompt) _ _2|77f| (/DTS o5 (Amr — @) 2 °
x(%) 0.036 | 0.035 0.03  0.024 |0.012 T+ [ eToTor
y(%) 0023|0023 002 0019 | 0013 With 1 trillion J /1. J /1 — K-m+KO + | ]
e 0017|0013 0.022  0.024 | 0.011 c.c., Ap,~0.05" (PDG: 0.5 e
acp(®) 13 | 1.0 1.5 17 |08
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Summary

» STCEF is a super tau-charm factory proposed by the Chinese HEP
community as one of the post-BEPCII HEP projects in China.
» E.,=2-7GeV,L>0.5x10% cm?s' @4 GeV
*+ Many activities promoting the project at home and abroad, and
conducting design studies and detector R&D.

» Intensive conceptual design studies in the past few years have
resulted in 3 volumes of CDRs covering physics, detector and
accelerator.

» The project is moving on to the TDR stage with strong support from

local governments and USTC. International collaboration is

essential for realizing the project.
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