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Super Tau Charm Facility (STCF) in China

: o

Linac: 400m

Peak luminosity >0.5x10% cm=s1 at 4 GeV 1 ab! data expected per year

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

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

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




Physics programs at STCF

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

ek

Hadron Spectroscopy: Excited ccbar and their transition,
Charmed hadron spectroscopy, Light hadron spectroscopy

0
NEs T
fi W

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-, T+ T1- 110, 4711, K+ K-, yy— 110, n("), 17+ 11-

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

BETA RAYS

SPINNING
cOBALT
NUCLEI

CKM matrix (Vecd, Vecs): D _(s)+—l+v, D—>Pl+ v

Charm hadron decay: Ac+, 3c, =c, Qc decay

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

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

Y(4140)— 110 (DO DObar)(CP=-) or y(DO DObar)(CP=+)

Forbidden/Rare decay and New Particl

CPVinT: T—Ks v, EDM of 1, T—=11/K 10 v for polarized e- beam

CPV in Charm: DO—K+K-/T1+11-, Ac—pK-TT+TTO/ATT+11+11-/pKS T14+1T-

v/$3 measurement: DO—K(s/L) i+ 11-, K(s/L) K+ K-, K311, 417

y polarization: DO—K1 e+ v_e

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

Symmetry violation: n()—IlImm0, n'—nll...

FLV decays: 1—vyl, lIl,I P1 P2, J/w—II', DO—II' (I'=l)...

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

Dark photon: e+e-—YyA'(—l+ |- ), J/y—e+e-A'. ..
Millicharged: e+e-— XX Y.-..




Expected data samples at STCF

Data sample produced per year

Table 1: The expected numbers of events per year at different energy points at STCF

A factory of hyperon, light meson, XYZ...

CME (GeV) | Lumi (ab™) samples a(nb) No. of Events remark
3.097 1 Jhy 3400 3.4 x 107
3.670 1 Tt 24 24x10° — T T T ! ! T T T T -
w(3686) 640 6.4x 10" f f f f : : : :
3,686 1 g 25 25 % 109 ........................................................................................................................................... s - BES||| L —
. 0 = Bellell(50 ab™)
y’)‘(3686) =TT 20 x ].0 ........................................................................................................................................ - STCF(1 ab1) ......... pu—
D°DP 3.6 3.6 % 10
D+£_)— 2.8 28 % 109 . O U OO SO
3.770 1 D'po 7.9x 108 Single Tag 2
D+£_)_ 5.5 X 103 Slnglc Tag é}_ .................................................
T 2.9 29x10° & 108 ) | NS || [
:ﬂz:;:ﬂz:; 0.40 4.0x% 182 CPpyopp = +1 =
0.40 40x1 CPym=-1 A e T R B oo e g
4040 ! DDy 0.20 2.0x 108 6 : : :
T+T_ 35 35 % 109 10 M | e
D Di+c.c. 0.90 9.0x 10°
4.180 1 DD +cc. 1.3x 108 Single Tag
T 3.6 3.6x10°
Tlntn 0.085 85x 107 T D° D* D, Ag Jhy y(3686) X(3872) Y(4220) Zc(3900)
4230 1 T+ 3.6 3.6 x 10°
yX(3872)
— 7
o |1 | emer o T . . B
T e B Y YO Ry T » STCF is expected to have higher detection efficiency and low
4420 1 el ' ' 0
35 35% 10 .
. T e by bkg. for productions at threshold
' A, 0.56 56x% 108 . . . ..
1 Ak, 64x107 | Single Tag » STCF has excellent resolution, kinematic constraining
' 34 34x%10° .
4070 3 300 points scan with 10 MeV step, 1 o™ /point » Opportunities at 5-7 GeV (less explored)
>5 2-7 several ab~! high energy data, details dependent on scan results




QCD and hadron spectroscopy

XYZ properties

Pentaquarks
Di-charmonium

Hadron
Spectroscopy

Hadron production
(<2GeV)

(Muon g-2)

R value
T MASS

Fragmentation
functions

Nucleon FFs

ete™ =Y - yX,nX,pX
ete"->Y - nZ,KZ.

ete” - J/yYpp,A.Dp, Z.Dp
eTe” = J/Un., J/Wh,

Excited cc¢ and their transition,
Charmed hadron spectroscopy,
Light hadron spectroscopy

ete ot ,ntn n’, KYK™
0 (1) b
yy - n0n0), mtn

ete~ = inclusive
ete" - 1ttr”
ete” - (m,K,p,AD)+ X
ete™ - (nm, KK, nK) + X

ete~ - BB from threshold

NY{4260),’ZC!X(33?2)
~10° /10%/10*

N/A

Nj/p/w(3686)/A,
~10%0 /10°/106

AayVP~30 x 107!

8R~3%
Am,~0.12 MeV

Mﬂol]ins~ﬂl02

NY{-uﬁu)szfx(za?z}
~101° /10%/10°

o(e*e = |/Ypp)~4 fb
o(ete™ = ]J/Wwcc)~10 b
(prediction)

Ny p/w(3686) /A,
~10'2 /1011 /108

Aay VP <10 x 107

6R~1%
Am.~0.012 MeV(1 month scan)

AACollins = 0 002

SREMM 1% - 3%




Flavor physics and CPV

CEKM maftrix

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

SVM;“—-I. 5%
Sfyfﬂs"'l. 5%

6Vedes~0.15%
sfpfﬂ.s ~ﬂ. 15%

_ _ A(cosdy, ) ~0.05 A(cosoy,) ~0.007
0 + + K Kn
¥/¢; measurement D" - Knm'm KKK~ .. A(By,) ~100 A(y) ~2°
0 FO s PY(3770) = (D°D¢p-_, Ax~0.2% Ax~0.035%
D" =D mixing ) 4140) - y(D°D%)p_, Ay~0.2% Ay~0.023%
Ch hadr
a';f;cai - D), AL, Z B, 0 decay  Npyp /4, ~107 /107/10° Np/p,/a,~10° /10°/10°
Y polarization D° - K, e*v, AAyp~0.2 27 AAy,~0.015
CPV in Hyperons  J/ — AA, XX, E-E-, £950 AA,~1073 AA,~1074
T Kanmv,EDMof 1 -3
. . AA Lk ~10
CPVint t - m/Kn®v for polarized N/A r 19
e Ad,~5%x 107" (e cm)
. D° - K'K™ /m*m™, AAp~1072 AAp~1073
CPV in Charm A, > pK-m*n® .. z_’lAﬂchvl(l'Z AAAC‘”IU'_E
CPV, CPTin K® — K9 mixing J/y » K°K—n*

7+~1073,A¢.~0.05



Exotic decays and BSM

LEY decass T = yL, 111, IP,P, N/A B(t - yu/l,t:};i.a;)c:lzu.sx
I 0 r -8
Jp - W, D> #0D.. BU/YP->en<1x10 B /i) - e1)<0.71x 10~
Dy - ITITX, Ae”,
LNV,BNY ® 7 ; gﬁp € B/ —» Aee )< 108 B(J/ - Ace™)< 1071
SC"“"gt" S By’ - l/m°ll) < 1 X By’ — Il/mOll) <
ymmetry =l = . 106 1.5/2.4 x 107°
Violation
0 +1— +,-
Fene D OVVD o UL eTen o g0 L etemx)< 1076 B > eteX)< 107
D', E7 - pl™l" ..
ete™ - - yA' (- .
Dark photon I(_{I/_I'L)') ’ Mixing strength Mixing strength
millicharged Aey~10%; Ae,~1072 A€, ~107% Ae,~107*

ete™ - yxy ...




D (semi-)leptonic decay

Purely leptonic:

Semi-leptonic:

I‘(DE:) — €+Vg) -

(.IF G2

dq

. )H ‘3|‘Cq | 1)1\(7')|

2 £2
GFfDF) 2 9 mﬁ
v msmn+ | 1—

. cd(s) | my D, m% )

Direct measurement : |Veacs)l X focs)
> Input fp(s) or FX™(0) from LQCD = |Veg(s)l
> Input |V g5 | from a global fit = f5 or 5™ (0)

> Validate LQCD calculation of fp,(s) and provide constraints of CKM-unitarity

Ix(rr

(¢°)]*.

Source

BESIII [57]

Bellell [57]

This work at STCF

6fb ! at4.178 GeV

50 ab~! at Y'(nS)

1 ab~ ! at 4.009 GeV

B+

5 = Tt Vi
fp: (MeV)

|Ves|

[or —+1ttve

Dy =t vy

1.6%gw.  2.4%syst.
0.9% . 1.4%yq:.
0.9% . 1.4%ys.
2.6%star.  2.8%0syst.

0.6%gtar.

0.9%stat.

2 .?%5}[51_

3.2%;yst.

0.3%tar. 1.0%syst.
0.2%a1.  0.6%gys
0.3%ga.  0.7%¢yq.
0.5%star. 1.4%yst.

BO00000

H.J. Li, J. J. Liu et al., Eur.Phys.J.C 82 (2022) 310
J.J. Liu, X. D. Shi et al. Eur.Phys.J.C 82 (2022) 337



Testing CPT with neutral kaons

CPV parameters |n._|, ¢,_ can be determined from difference
' 0 770 +._—. .
of time-dependent decay rates of K"and K™ ton™m™: [ = K- KO n
=S lAF‘L‘ K%ecay vertex
A+—(,L.)_Rf(T)_Rf(T)OC [n4—-|ez cos(Amt — ¢, _) e .
* Ry (1) + Rp (D) 1+ |ny_[2efTT = melLl /17 Ly
production ’ KO
' ' - e— vertex
0.5 | ¥2d.of=0.7 <
i .

* |n4—| reveals direct CPV in kaon meson
* ¢, _ will be used to set limits on CPT violation

. . , « With over 10 billion K" /K" events from J /iy decay,
0 5 10 15 20 e -3
Newtral kaon d i the sensitivity of |[n,._|, ¢,_ are O(107°) = one
eutral kaon decay ime (tg) magnitude better than PDG average

 Precise determination of K° decay vertex is
crucial to time-dependence measurement I, Y. Zhang et al., arXiv:2209.12551



Accelerator design

Relativistic Bunch Bunch

factor .wber intensity

L(cm™2s™1) = Ey

Zereﬁ

[

Vertical betatron function

Vertical beam-
beam parameter

Hourglass effect (difficulty of
reducing o to g, ~f, with
small B;, ) = L is decreased

« Crabbed-waist beam-crossing with large Piwinski Angle

(¢ = tan6 %)

* When ¢ >10, g,.¢5 ~ = ~ By (K 0;), no need of g}, 2 g,

 Beam-beam coupllng resonances are suppressed by crab
waist (proof-of-principle by DAFNE ®-factory)

» Deployed by BINP and SuperKEKB

Parameter Value
Circumference (m) 600
Beam energy range (GeV) 1 ~35
Optimized beam energy (GeV) 2
Current (A) 2
Crossing angle 26 (mrad) 60
Natural energy spread 40x107%
Bunch length (mm) 12
Luminosity (x10% cm™2s71) > 0.5
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Preliminary design of Lattice

« Preliminary accelerator physics design is finished

« Linear lattice and parameters can meet lumi requirements = 7.3x10%* cm~?s

« Key technologies (positron beam, beam stability, beam measurement, Low Level RF system)

are being studied

‘ o
2, - =,
e :
' Interaction Sect
o <& 20
& %
4 LI
R £ N\
1] ’
3“?"{‘-?' = -
o 5 (ee®
) \ 5 2 Ve
; SO B &
[ 8 £x 52 g
i ozo 2 o | A =
- 2 = 5 =3
- | & o= .= __:"
, s &3 ]
. SS 5 ; 5 ke
'-—-\'\"\‘h -
2, .~_S."
2 $° /
“ O o ;
N < i WA
~ \ e\ - . . ey -
W lechnical section, ‘\(/,
. = - - . - -
. Sy injection, RF cavity, \o\‘\'\.‘c"\w
O control tune 3
Snake

Total ring composed of 8 bending arc periods
(4 super-periods), one interaction region, one
technical region and 5 Siberian snakes

Parameters Value Unit
Optimize energy E 2.0 GeV

Circumference Il 617.06 m
frF 497.5 MHz
20 60 mrad

Ey[Ex 0.5 %

I 2.0 A
VrE 3.0 MV
o, (w.o/w IBS) 7.3/10 mm
&, (w.o/w IBS) 2.84/4.29 nm

Lyc >0.5x 103> [cm™?s7?!

$x /&y 0.004/0.10 -
TTouschek 180~200 S

11



Particles to detect and identify at STCF

« Charged particles
* e, U, K, m, proton (p up to 3.5 GeV, most with p < 2 GeV, lots of particles with p < 400 MeV)

* Neutral particles:
v (energy coverage from 25 MeV to 3.5 GeV)
* K;, neutron (up to 1.6 GeV)

Charged particle momentum Photon energy K; and neutron momentum
IIIIITI'I'IIIIII]['I'IIIIIIIII'IIIIIIII |||||I|IIIIIIIIIIIIIIIIIIIIIII||I|||I||| ||I|[|I|||||||I|||I|||I||[I||||lllII‘I
4 ine'e— pph .0 Ge — tinuum @ 7.0 GeV [ )
10°E srcrcor DIy ot % @ 5057 GoY 45 STCF CDR i Aodecay @ 47 GaV %5 10° g sTcF cor ahn D decgy @ 3778 Gev 4
C Kin KKeX @ 7.0 GeV ] ———— yintdecay @ 4.26 GeV N - LND'>Knxat3.773GeV 3
R nin1— K'mv @ 4.26 GeV . v in D° decay @ 3.773 GeV - nin A+c ‘decay @ﬁ4.7§;$¥3 oV .
3 = Rin JY-SAA @ 3097 GV _| yin Jydecay @ 3.097 GV 3 3 nine'e— v, M @ 3.773 Go
10° g i T>yp @ 4.26 GeV E . 3 10° F ninJiy— AN @3.097GeV  §
a wint— 3y @ 4.26 GeV 3 — Yin T @4.26 GeV ] o 3
L in D—mu\r@-s.'.n’? GeV . — vin D;—; i Ds at4.18 GeV ] o .
;“ Ine'cos Top(3606) € 4,06 Qe ——— v iny{2S)> y n(25) at 3686 GeV g C ]
10 E 2R 3 10° ..h[qlll E
10§ E : \q\"‘ﬂ%ﬂ " E
. : Wy ]
1 L o M“ 3
[N} 1 L | -] 1 | - A1 1 1 L 1 H 1 || I 1
00 05 10 15 20 25 30 35 00 02 04 06 08 1.0 12 14 16 18 20 00 02 04 06 081012141618 2.0
P (GeV/c) E (GeV) P (GeV/c)
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STCF detector

Scintillator

291ecm—»

185ecm——

149 ¢cm—*

105 cm -—

85cm >

20cm

16 crr%'

11(9.8) cm _E —

6(3.6) cm ek

'l
T
i

40 cm

s P

Performance requirements
> ITK:
o Material < 0.01X,, 0, < 100 um

» MDC:

o Material < 0.05 X,

o 0,,<130 um, _a(p)/p <0.5% at 1 GeV/c
o dE/dx resolution < 6%

- » PID:

o 30 m/K separation, PID efficiency > 97% up to 2
GeV

> EMC:

o 0,<25%,0,,,~4mm, o, ~300psatlGeV

pos

> MUD:

o u efficiency > 95% above 0.7 GeV withm - u
misidentification rate <3%

13



Tracking system
ITK + MDC (optimized working gas, MDC cell structure...)

Inner Tracker (ITK): 3 layers of uRWELL (alternative MAPS)

fla

| pRWELL film
|
Cathode & supporter
\ - -

Outer support 3 layers of
Outer tube-Cathode cylindrical
I
Gas Volume MWRWELL
Inner tube-uRWELL foil detector

[ —————
l . l l . . . . l . . l lStructure support material
e e e e e na]

Inner tube-PI film

Inner support

Main Drift Chamber (MDC): 48 Axial/Stereo
drift layers

op./p.(%)

120
% 100 |
5 /{/ : :
i) ] g 1
8 &0 ] ] ]
o v 3
5 =3
4 60 2 2
c TR LT T T
c .
2 —=—pion-
= —— pion+
i3 ——kaon-
=
= 20 ——kaon+
= —— proton
o
0

0

: : : : : T —
0 20 40 60 80 100 120 140 160 180
Polar angle (degree)

Expected a(pr)/pr< 0.5% @1 GeV/c

B >
16 - ; STCF CDR 0
| ko
14 S
| © cos6=0.8 S
1.2 t 2
: cosh=0.2 @
14 T
C © cosb=0.0
08 N
B ., —
N .
06| - SO SRR SO S <
04|
0.2 :. P | L [ | P il L P
0 02 04 06 08 1 12 14 16 18
p,(GeV)

Spatial resolution in beamline direction (Jum)

0.6

0.4

0.2

0.8

Expected g,, ~ 100 ym, g, ~ 400 pm

600 )

7
400 A~z }\

N A
SN ER bt

o
[=1
[=]

w
[=
o

200 .
——pion-
——pion+

100 ——kaon-
——kaon+
— proton

o

. . . . . . — T
0 20 40 60 80 100 120 140 160 180
Polar angle (degree)

Expected trk. Eff. > 85%
above 50 MeV

—_— = rem_rate>1
—|—re \_rate>0.95
| '_|_' | rem_rate>0.9
—+ refn rates08

|

o e L b b b |

. Ll P AT N
0 5 100 150 200 250 300 350

. L
400

450
pT(MeV)
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Particle Identification Detectors
Two Cherenkov detectors: RICH in the barrel + DTOF in the endcap

RICH: Micro-Pattern Gas Detector(MPGD) DTOF: DIRC-based Time-of-Flight
based Ring Image Cherenkov Detector  Full-size prototype is tested:
* Principle prototype is beam-tested: v"Intrinsic time resolution < 25 ps
« Performance (e.g. photon angular resolution, v 4.20 /K separation at p = 2 GeV using
light yield) meets expected requirements position and time

Reconstructed mean Cherenkov angle
fRec2

Entries 14554
Mean 0.891
Std Dev 0.04236
%2 / ndf 615.9/49
Constant 1704 + 18.9
Mean 0.8953 + 0.0003
Sigma 0.03264 + 0.00023

3
: 1800
i
1600
1400

1200

1000

4x4 pixels MCP-PMT

r1 570mm [

15mm 1020mm

800

Single photon
angular resolution):
0p~32 mrad

600

}II\l\\I‘Illlllll\ll‘l\w\l\ll

400

Side View Front View

200

1111 I llllll I |||||| I L1l I 111 I 1111 J 111
8.5 0.6 0.7 08 09 1 11 1.2 13 14 15
Reconstructed Cherenkov angle(rad) 1 5




Electromagnetic Calorimeter

* Pure Csl crystal (pCsl) = short decay time S
& good radiation resistance Nt
 Avalanche Photodiode (APD) for light

collection = large gain

» Defocused design = improve acceptance

Expected energy linearity

I . STCFCDR
1__ i .

e i i i
0 1 2 3

6732 crystals (51circles x 132 bars/circle) in

7

i

IITTIITH:

Expected energy resolution

Energy Resolution (%)

(%]
I T

[e)]
T | r

N
o

o

Position Resolution(mm)

Expected position resolution

—
o

8]
T T T T

STCF CDR
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Muon Detector

« Hybrid design: 3-layer Bakelite-RPC + 7-layer plastic scintillator
» Resistive Plate Chamber: low bkg., high eff., robustness, low cost
 Plastic scintillator: higher count rate, sensitive to neutral particles

» Test of scintillator strip, wavelength-shifting fiber and SiPM are
ongoing

Expected u PID with
rejection rate at 97%

PID using BDT

2500—
N_noisenhit o
L_distancetoip e
5 B
A theta % 2000_—
N _lastlayer = =
N_totalhit g C
N_maxhitlayer E 1500 B
T_time z L
E —
N_first3hit = i
.2 1000
L_meandistance % 8
N_last7hit . | S
TC type =
- + e . 500
E ecal Bl ;- identification
Q_trackquality
---------------------------
000 002 004 006 008 010 012 014 % 80 100

Feature importance

0 (degree)

Plastic scintillator

Bakelite-RPC

Neutral hadron detection efficiency

-
o
|

o
w

o
o
L

o
S
L

o
ma
1

0.0

MUD Endcap-2 (a)
MUD Barrel
MUD Endcap-1

Neutron
shielding layer

Endcap Yoke

Iron yoke component
Expected neutral hadron
detection efficiency

Neutral hadron identification ability
\\—.
—a— KL/photon \
—e—n/photon h
—a— n/KL
10|% I 5|% . 3:1&; I 1I%

Fake rate
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Timeline

2018 20195 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2026 2027|2028

Form collaboration

Conception design
CDR

R&D
(TDR)
Construction

Operation

Upgrade

d I'_{]_V > hep-ex > arXiv:2303.15790

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. Bakina, A. Barnyakov, V. Blinov, V. Bobrovnikov, D. Bodrov, A. Bogomyagkov, A. Bondar, |. Boyko, Z. H. Bu, F. M. Cai, H. Cai, J. J. Cao, Q. H. Cao, Z.
Cao, Q. Chang, K. T. Chao, D. Y. Chen, H. Chen, H. X. Chen, J. F. Chen, K. Chen, L. L. Chen, P. Chen, S. L. Chen, S. M. Chen, S. Chen, S. P. Chen, W. Chen, X. F. Chen, X. Chen, Y. Chen, Y. Q. Chen, H. Y.
Cheng, J. Cheng, S. Cheng, J. P. Dai, L. Y. Dai, X. C. Dai, D. Dedovich, A. Denig, |. Denisenko, D. Z. Ding, L. Y. Dong, W. H. Dong, V. Druzhinin, D. S. Du, Y. J. Du, Z. G. Du, L. M. Duan, D. Epifanov, Y. L. Fan, S.
S. Fang, Z. J. Fang, G. Fedotovich, C. Q. Feng, X. Feng, Y. T. Feng, J. L. Fu, J. Gao, P. S. Ge, C. Q. Geng, L. S. Geng, A. Gilman, L. Gong, T. Gong, W. Gradl, J. L. Gu, A. G. Escalante, L. C. Gui, F. K. Guo, J. C.

Guo, J. Guo, Y. P. Guo, Z. H. Guo, A. Guskov, K. L. Han, L. Han, M. Han, X. Q. Hao, J. B. He, S. Q. He, X. G. He, Y. L. He, Z. B. He, Z. X. Heng, B. L. Hou, T. J. Hou, Y. R. Hou, C. Y. Hu, H. M. Hu, K. Hu, R. J.
Hu, X. H. Hu, Y. C. Hu et al. (337 additional authors not shown)

The Super T-Charm facility (STCF) is an electron-positron collider proposed by the Chinese part
0.5%10%em ™25 or higher. The STCF will produce a data sample about a factor of 100 larg
(charge-parity violation), in-depth studies of the internal structure of hadrons and the nature of n
China is under development with an extensive R\&D program. This document presents the phys
physics case studies.

R&D projects in cooperation with Russia,
Italy, France, Japan, Germany, Sweden!

Subjects: High Energy Physics - Experiment (hep-ex); High Energy Physics - Phenomenology (hep-ph); Instrumentation an
Cite as:  arXiv:2303.15790 [hep-ex]

(or arXiv:2303.15790v1 [hep-ex] for this version)
https:/fdoi.org/10.48550/arXiv.2303.15790 o

Help | Advanced j

CDR Volume 1 — Physics &
Detector (arXiv: 2303.15790)

CDR Volume-Il — Accelerator
(in preparation)

Frontiers of woime

XXXXXXX  BEEd

Physics
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https://arxiv.org/pdf/2303.15790.pdf

Funding

* 0.42 billion RMB on the R&D projects from local government and USTC (year 2022-2025)

* In the past 5 years, about 24 Million RMB from foundation of USTC, CAS programs and
NSFC...

« Double First-Class university project foundation of USTC: 20 Million RMB (year 2018-2021)
* International partnership program of CAS: 3.5 million RMB (year 2021-2023)

« Over three NSFC projects for relevant technologies, and several general and youth programs
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STCF Site
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Summary

« STCF is an important and unique platform for probing physics at T-charm sector
* Funds of 0.42 billion RMB for R&D projects in year 2022-2025

» Feasibility studies of accelerator, detector, software have been performed
* CDR for physics and detector finished

« CDR for accelerator in preparation

« Key technology R&D projects are in progress

* Welcome to join STCF!
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OSCAR - Offline Software of Super Tau-Charm Facility

______________________________________
- -
- ™

- Based on C++17, CMake, gitlab
/ OSCAR . o
» SNIPER (adopted by JUNO, LHAASO) based light-weight framework
Applications « PODIO (used by FCC, CEPC ...) based Event Data Model
Generator  Reconstruction « Supporting a full event simulation and reconstruction workflow to
facilitate physics simulation and detector layout studies!
Simulation Analysis

. Event generation Geant4-based simulation of
Core SOf[“ dare (particle gun, KKMC, particle interaction with
EvtGen...) detectors

SNiPER EDM 10

Service User Interface

ITK and MDC RICH + DTOF + EMC
) ) reconstruction + MUD
External Libraries and Tools (tracking) reconstruction

DD4hep Geant4 PODIO

e ——
-‘____________________________________________________________________-P

ROOT Python cmake

-~
-
S

Global PID

arXiv: 2211.03137

Physics analysis
(vertex fit, kinematic fit)




International Collaboration

Russia: BINP and Novosibirsk State Technical University

- Preliminarily agreement on R&D of some key technology and talent training
- Joint monthly meeting (online)

France(LAL): Joint R&D on FTOF detector

Italy(Frascati National Laboratory): Accelerator physics, R&D of detector
Japan(KEK): Accelerator physics design and background study in IR region
Germany, Mainz University; Sweden, Uppsala University: Physics studies

Joint China-Russia-Europe International Conferences Researcher Exchange
Conference and Visiting

* International Workshop on Charm physics

P

* Conference on Flavor Physics and CP violation
* International workshop on Tau lepton Physics
* Gordon Research Conference
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Institutions Intended to Participate STCF

About 60 institutions (24 from foreign countries), are willing to participate.

Most these institutions have long time experiences working at BES experiments,
or the other collider experiments.
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Institute for Basic Science, Daejeon,
Korea

T. Shevchenko National University of Kyiy,
Ukraine

University Ljubljana and Jozef Stefan
Institute Ljubljana, Slovenia

Jozef Stefan Institute Ljubljana, Slovenia
University of Silesia, Katowice, Poland
Dubna, Russia

Budker Institute and Novosibirsk
University, Russia

Stanford University, USA

Wayne State University, USA

Carnegie Mellon University, USA

GSI Darmstadt and Goethe University
Frankfurt, Germany

Goethe University Frankfurt, Germany

GSI Darmstadt, Germany

Johannes Gutenberg University Mainz,
Germany

* Helmholtz Institute Mainz, Germany

LAL (IN2P3/CNRS and Paris-Sud University),

Orsay, France

Sezione di Ferrara, Italy

L'Istituto di Fisica Nucleare di Torino, Italy
L'Istituto di Fisica Nucleare di Firenze, Italy
Scuola Normale Superiore, Pisa, Italy
Laboratori Nazionali di Frascati, Italy

INFN, Padova, Italy

* University of Pavia, Pavia, Italy

University of Parma, Italy
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Conferences For STCF

“Tme | Pace | comem
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

“time | pace | Comemt

2018.10  Hengyang ( USC)  Super Tau-Charm Facility 201842-7 % H T (RFFE R IE 5 T XL bt of £ (HIEPA2018)

LABORATOIR CELERATEUR LINEAIRE

------IJ--T -r lm - - RE |
2019.03 Beijing (UCAS) Physics at STCF qﬁl?%a :J '_ \ Tiﬁﬁ ﬁgﬁ
= ; rﬁ 3 o o &€ A
2019.07 Hefei (USTC) STCF: accelerator e e g i i

measurement and
control technology

2019.08 Hefei (USTC) Physics and simulations
at STCF

2019.11 Beijing ( UCAS) STCF CDR

2020.08 Hefei (USTC) STCF: From CDR to TDR
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Particle Identification Detector - DTOF

 DIRC-based Time-of-Flight Detector in the endcap (22°-36°)

« Large area quartz (0.56 m? sensitive area)
« 3D (X, Y, t) measurement with 42 MCP-PMT ( 23x23 mm?

4x4 pixels MCP-PMT

sensitive area): g,, ~ 2mm, single photon o, ~ 70 ps

H 570mm |

15 »
mm 1040mm

gh
Q
g R '

=> 30 ps of charged particle

Side View Front View

v' Electronics for full
Size prototype ready 012

v’ Prototype is under
cosmic ray test,

~ p=2.00GeV
- sample
~ 0=24.00° ¢ = 45.00°

- ~— Ksample

—

preliminary results % 0.08 WK separation - 4,170 ’
shows intrinsic time 3 - y
resolution <25ps £ 006
v’ Application of DTOF  § o004 J
for barrel PID is = T % |
under consideration 002
0 il ot

%0 30 -20 -10 0 10 20 30 40
LogL - Log LK 27



Main Drift Chamber

48 Axial/Stereo layers of drift wires arranged in 8 superlayers
(AUVAUVAA)

op,/p. (%)

Square-shape cell structure (inner chamber: 6mm, outer
chamber: 10-15 mm)
Sense (field) wire: 20 (50) um-diameter goldcoated tungsten

(aluminum) wire 50

Working gas: He/C3HS8 (60/40) *1

40

Currently, stress analysis of wire board and analysis of electric 35|

field of cell on-going

14

+ cosb=0.8

cosb=0.2

© cosb=0.0
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CP studies with quantum-correlated YY pairs

» In Kaon sector, weak part from interference between |Al| = 1/2 and |AI| = 3/2 transition amplitudes in
S-wave decays

 In Hyperon sector, weak part from interference between S-wave and P-wave decays

> Typical reactionof ete™ - J/yp » £~ 5 > 1.3 B/ yields 73k J /i — 5~ 5+ events at
BESIII. First limit on weak phase of a P-
wave amplitude!

£ - =07+£20° €{-26°,+4.0°} (9% C.L.)
0F — Y =-23°421° €{-5.8,+1.2°} (90% C.L.)

7’"} polarization of & Pg > STCF will produce 3.4 trillion J /3, the sensitivity is
rt mt expected to be A(&f — £3)~0.04°

Strong phase |l Weak phase

. + ay : :
CP observables: v _ Zi O~ sin(5%, - 55,) sin(ef — &7)
Yy

> SM prediction of £&£ — &2 to be (—=0.01 + 0.01)°

» Any significance deviation from zero will indicate
new CPV beyond SM!

= —tan(¢f —¢8) m L — &8

X. R. Zhou, S. Olsen, Int. J. Mod. Phys. A. 37, 2250169 (2022) 29



Probe CP violation

* CPV has been observed in K, B, D mesons, all are consistent with CKM theory in the Standard Model
« Baryon asymmetry of the Universe indicates that there must be non-SM CPV source

’/éillions hyperon pairs from J /4y decay,

clean topology, background free | \
Transversely polarized, spin correlation &
Sensitivity: Acp~10~%, £€~0.05 -

‘CPin hyperon
decay

CP in charm
o — ~ mixing
Billions D°/DY, threshold productign,
quantum coherence with (D°D%)cp_S0r (0
(D°D®)cp=+ |
Sensitivity: x~0.035%, y~0.023%,
rcp~0.017, acp~1.3"

Peak cross section in /s =4-5 GeV, |
o, = 3.5nb, 10 ab'! data in total
Sensitivity of T decay with 1ab?! @
426 GeV ~9.7 x 10~4

1.777 GeV/c?

-1
w L

tau

CPin tau
decay/production

CPT inkaon
MIXING | CP tagging and flavor tagging of K°/K°
/  available from J /1 decay

\ e' CP variables determined with time-

~ Ldependent decay rate

CPT Sensitivity: n,~1073, A¢p,~0.05 )
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Y. L. Fan et al., Eur. Phys. J. C 81, 1068 (2021)

n

Photon Polarization in b — sy

» Left-handed photon in b—sy with SM. Many NP
models have predicted a significant right-handed

component: i 2
hoton polarization is given as: Ay = Crrl” — |Co 5

P P g . Y |C7R|2‘|- |C7L|2’ /
J Lslow

* A novel method proposed for model independent TUtas
determination of 1, by combining

and D° - K,,.ev, (w.wangetal., PRL. 125, 051802 (2020)):

4 Aup
Ay = —2
3455 "
AypinB > K roportional to A up InD = Kil*v 3
UD resY Prop y 1.6F Ay =(92 +
145 2.3)x10-2 in
Ao — I, .y[cos O > 0] — Ik, y[cos B < O] A= Ky etv, [cos O > 0] Iy etv, [cos B < 0] LE 1 2? SM prediction
Uub — FKres‘y[COS Ok > 0] +FK}33’]’[COS Bk < 0] FK{e+ve [COS 6 > 0] 7FK178+VE [COS 6 < 0] g . :
3 Imia- (T )] i (7 )] o, T
=M 4|72 : ]2 9" 0.8
0.6F-
' 0 0.4F
LHCh: Ayp = (6.9 + 1.7) x 102 At STCF, _ov;er 30k signal events of D* — ob
K;(1270)"e™v, can be reconstructed “E . )
. . PRSI NN U SN WO YT Y (U ST S NS SN Y | APV NNUTTUN NN U N
=> a stat. uncertainty of 0.015 for Ay is 97708 06 04 02 0 02 04 06 08 1
achieved A,

S5l



Detector requirements

Process Physics Interest Optimized Requirements
Subdetector
T— K.nv,, CPV in the T sector, acceptance: 93% of 4, 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=05%,0,, =130 um at 1 GeV/c
ete” - KK+ X, Fragmentation function, PID /K and K/m misidentification rate < 2%
D, decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p < 2 GeV/c
T — LT — YU, cLFV decay of 1, /m suppression power over 30 at p < 2 GeV/c,
;}:#—:' v v CKM matrix, EQCD etc. PID+MUD ' pzl:ﬁciencyl:wer 95% at p = TGEV/C
T — YU, cLFV decay of T, EMC op/E ~25%atE =1 GeV
W (3686) — yn(2S) Charmonium transition Opos ® dmmat E = 1 GeV
ete” — nn, Nucleon structure EMCAMUD oy = 30 ‘
VP (Gev?)

Du e KLJT+JT_

Unity of CKM triangle
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