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taRpazR%=E (STCF)

. ROEEEL- 7GeV B0, 5-1x10% cm? s 1 (2F+10042)
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HEid—SiEA = EMRCRTRYED
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STCFEEESEE
BEREEI1ab '$E, XL ABEPCIEREIENES

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

D XYZ I ' CME (GeV) | Lumi (ab™") samples a(nb) No. of Events remark
K . L. 3.097 1 I 3400 3.4x 107
3.670 1 T 2.4 2.4x10°
XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872) 9(3686) 610 | Gax10"
: ) 0 i ] 3.686 1 T 2.5 25 10°
No. of events | 10 10 [0 5% 10° O686) — T 2 0% 10°
Dp°po 3.6 3.6x 10°
DD 28 2.8x10°
3.770 1 DD 7.9 % 108 Single Tag
D ig ? I ,_ DD 55% 10° Single Tag
4 T 29 29 10°
— — : yD°D" 040 40%10° | CPpopo = +1
Decay mode B(units 107%) Angular distribution  Detection  No. events 20050 0.40 4.0% 106 CPyp = -1
parameter ay, efficiency expected at STCF 4040 I DiD; 0.20 20% 108
+ o 9
Iy~ AR 1943003£033 04690026 40% 1100 106 UL S T Lkt
¥(28) > AA 397£002£0.12 08240074 40% 130 x 10° 4150 1 Dps ‘ 10| SineleTas
Jjy — 2020 1165+ 0.04 066 +0.03 14% 230 x 106 ' s Csree y N 5: e e tg
Y(28) - E020 273003 0.65+0.09 14% 2% 10° ; f;;n_ R Ty
—— 6 . .
Jy -2 10.40 +0.06 058 +0.04 19% 270 x 10 4230 1 i 16 36x 10°
W(2S) - EE* 278 +0.05 091+0.13 19% 42x10° YX(G8T2)
w(3686)1* 1~ 0.058 58x 107
4.360 1
T 3.5 35x%10°
2\ I ,— W(3686)r 1~ 0.040 40x107
O EI J1 ) 4420 : ' 35 3.5% 10:
q A\ 7 u’f(3686_)rr+:r" 0.033 33x10
Decay Mo’de B(x107%) [2]1 n/n evenlf)s 4.630 1 AA. 0.56 Sex 10°
J/v — yn 52.1+ 1.7 1.8x 10 AA, 6.4x 107 Single Tag
_ 9
Jb = vy 11.08+027 3.7x10° — . ij L A R ke —
- ) 0-1. points scan wit eV step, "~ /point
J [ — & 1 74+08 25x10 >5 2-7 several ab™! high energy data, details dependent on scan results
J/y — oén 46+0.5 1.6 x 10°
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1. QCD and hadronic physics

2. Flavor physics and CP violation

3. New Physics search
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QCD 5i&FEF (L=1ab™")

XYZ properties

Pentaquarks
Di-charmonium

Hadron
Spectroscopy

Hadron production
(<2GeV)
(Muon g-2)

R value
T mass

Fragmentation
functions

Nucleon FFs

efe” > Y - yX,nX, pX
ete” > Y > nZ,KZ

ete” - ] /Ypp, Acﬁﬁ: Zcﬁﬁ
ete” = J/ymc, J/Ph,

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

ete” st ,ntn n® KtK~
0 (1) 4 —
vy >, ntr

ete™ - inclusive
ete” - tte™
ete” - (m,K,p,A,D) + X
ete” - (mm, KK, nK) + X

ete™ — BB from threshold

Ny4260)/z./x(3872)
~106 /106 /10*

N/A

Nj/p/w(3686)/A
~101° /10°/106

AayVP~30 x 10711

SR~3%
Am,~0.12 MeV

AACOHinS"’O.OZ

Ny(4260)/2./%(3872)
~101° /109106

o(e*e” - ]/ypp)~4 fb
o(ete™ - J/Pcc)~10 fb
(prediction)

Nj/p/w(3686)/Ac
~10%2 /101 /108

AayVF <10 x 10711

SR~1%
Am,~0.012 MeV(1 month scan)

AACRins 002

2022/12/11
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FIESCPV (L = 1 ab™1)

8Veq/es~1.5% 8V, 4/cs~0.15%
. dt + a cd/cs cd/cs
CKM matrix D - I"v;,D - Pl"v, 8fpp,~1.5% 8fp/p,~0.15%
_ _ A(cosdy,) ~0.05 A(cosd, ) ~0.007
0 + + Kn Kn
y/¢3 measurement D° - K,n"m ,KKTK™ ... A(3,) ~10° A(B,e) ~2°
D° — B mixing ¥(3770) > (D°D)cp-_, Ax~0.2% Ax~0.035%
¥(4140) - y(D°D%)cp_, Ay~0.2% Ay~0.023%
Charm hadron + - 7 7 146 N 102 /108 /108
decay D, Af Z.,E., 2. decay  Npsp_sa,~107 /107 /10 p/p,/4,~107 /10%/
y polarization D° > Kyetv, AAyp~0.2 ?? AAyp~0.015
CPVin Hyperons  J/¥ — AA, XX, 5~ 5, 5050 AA4~1073 AA,~1074
T - K;nv, EDMof t AA ~10-3
CPVin K7 for polarized N/A ToKsmv
t T m/Km :_ P Ad ~5 x 10719 (e cm)
. D’ - K*K /mtm™, AAp~1072 AAp~1073
CPV in Charm A, - pK-mHm® . AA, ~1072 AAy ~1073
2022/12/11 FE+hEERYIEBEMCPIEIFA TS



Bt HERBEHYIE(L = 1 ab™)

B(t = yu/uup)<12/1.5%

LFV/decays T - yL UL, LP,P, N/A fpar
! 0 1! {3}
J/W - W, D=1 #1)... BJ/Yp-oen)<1x10 B(J /i) — et)<0.71x 10~°
DYy - ITITX™, Ace”,
vy PO 7B EEAC gy o ne<1070 BO/ - A< 107
Sﬂﬁgﬁ ' S l®, n' — B(n' - lW/m°l) <1 X B(n' - Ul/m°ll) <
ymmetry moodmn o i 106 1.5/2.4 x 1079
Violation
D > yV,D° > It~ ete”
FCNC CYLE TR E T B(D0 S ete X)< 1076 B(DO > ete X)< 1078
D*, Xt - pltl~...
te~ A’ iy
Dark photon ceT lql/_l/;) A Mixing strength Mixing strength
millicharged L Ae,i~107%; Ae,~1072 A€ ~107% A€, ~1074
ete” = xXxy ..

'mnmyn B+ BEERIIEFCPREIFI TS 10



5EfF=ENEH. B¢5ihFE

B° 5 Dntm~

B* - hih3h3 b-s/dy b-ulv
Only charged particles  po iyin kM, 8 Vip v,

in the final state

and lifetime :
CPVin T lifetime B = D°tv Y(65)
D° - eu D® - h*h~ ,
0 sl Charged Higgs
S
BY mixing ok B KKK Y(55)
and lifetime B B - Kn%
T [pp B-K*nn’ B - hw, v
Charm spectroscopy

XGET) -~ Jppn % Dol

Charm mixing T — hadrons
— Neutral particlesin T vy
D — invisible :
‘ T Uy SOy thefinal state
Dark matter
Model-independent D® - Kdn*n~ Z(3900) ~ ] /ym

srmwp  Sew | SuR  CURER

Charged Higgs Clear BSM

Quantum correlated D°D° Absolute branching fractions

CPVin charm 5K1r Vea  Polarized beam
W J/(cé) » Wts  ]/¥ — hadrons

BT EHB
SHBA NS

HRETNE
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Some highlighted topics

* CPV In hyperon production and
decays

* CPT test in Kaon decays

* Precision form-factor of nucleon
and baryon (time-like)

* Fragmentation Functions
measurements (time-like)

* XYZ hyper-fine structure (fine scan)

*Weinberg angle

12



CPV in Hyperons from J/y Decays

STCF: a Tera-J /¢ (1012 ) factory =108 hyperons reconstructed

BESIII
[
X.G. He et al. Sci.Bull. 67 (2022) 1840-1843: 10%° J /4 = 4x10° hyperons
: — . STCF:
F — BESII : Monochromatic collision, 10*3 J /¢ = 10°
0.04r STCF sensitivity 004
F — SM ; hyperons reconstructed
003f — BSM 1003 cre .
: ] STCF CPV sensitivity: 1074 — 107>
002f T Jo02 Challenge to the SM!
0_01:— —:OAOI F T tobiiona L I I 10 illon J/y
: : ol G | BESHL 5 x 1073~ [~ [STCF: 10~
0.00 I+I - “_I Jo.00 . :
—0_01:— A o _:_0_()1 & - 1 & o0t
: ? AZp : -
—0.02f -6 J-om | J
L - _\\-\o.oos
Y] I U B T~

" 2022/12/11 S+hEEHRYEHCPHEFTIS 13



CP With Quantum-correlated YY Pairs

amplitudes in S-wave decays.

Typical reactionote'e —=J/P > & ="

Ratio of two helicity
amplitudes

= B= + B=

tan(¢f — £5) m &L — &8

* For K, weak part from interference between |4I| = 1/2 and |4I| = 3/2 transition

» Search of CPV in hyperons not only contains the information of the weak phase of the S wave,
but also can provide the information of the weak phase of the P wave, for the first time (which
IS not possible by the decay of the K-meson), and is of great significance.

BESIII: 1.3x10° J /¢ = 7.3x10* J /¢ —
EZ~ET events. First limit on weak phase of
a P-wave amplitude!

8 ¢S = 07°£20° €{-2.6°+4.0°} (90% C.L.)

Shn — 0% =—2.3°421° € {-58° +1.2°} (90% C.L.)
STCF produce 3.4x1012 J/yr

Expected sensitivity: A(E —&2)~0.04"
SM prediction: & — & : (—0.01 + 0.01)°

Any significant deviation from zero will
indicate new CPV beyond SM!

" 2022/12/11 &+ 1 B E R YIERICPRESR T 2 14




Testing CPT with Neutral Kaons

Atp (D) =

CPV parameters |9, _|, ¢._ canbe determined from time-dependent decay rates of Kand K° tomr*m~
Re(@) = Re(D) Ins-|e?”" cos(dmz — )

Ef(‘[) + Rf(T)

1+ [n4_|2eAl

KO
& Ks

not 90° K,

05 ' ' x¥d.o.f = 0.7

0 5 10 15 20
Neutral kaon decay time (tc)

K° — K9 studies At STCF:

time-distribution

« K9 — K9 flavor tagging viaJ /Y » K°Kn* /K°K*m~
« K, — K, CP tagging by reconstructingm™n~ orn*n™m

* Precise determination of K° decay vertex = essential for

|n,_| reveals direct CPV in kaon meson
¢, _ used to set limits on CPT violation.
With >101° K9/K° events from J /3 decay,
the sensitivity of |n,_|, ¢,_ are 0(1073)

= one magnitude better than PDG average.

0

2022/12/11
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Precision Measurement of CKM Matrix

and systematics are the challenge.
* Precision measurements of |V, 4|and |V | through the decays of charmed
baryon, hyperons and leptons, expecting statistical uncertainty < O(10-3)

» With lab'data at STCF, statistical uncertainties are comparable to theoretical ones,

F

| BESIII STCF Belle 11

I Luminosity 293fb T at3.773 GeV lab 'at3.773GeV 50ab~ ' at T(nS)
BD* — H+V,u) 5.1%stat 1.6%syst [8] 0.28 % sat - o 0,
T kMeV) 2.6%sta 0.9% syt [8] 0.15%a - Theory : 0.2%
Ved 2.6% g 1.0% (8] 0.15%w  ———0  (0.1% expected)

B(DT — thvy) 20%stat 10%sysl [9] 0.41%stat
B(D* — vy
:B(DJr—W 21%slal 13%sysl [9] O-SO%SIal -
Luminosity 32 Tat4.178GeV 1 ab T at4.009 GeV 50 ab~ T at T(nS)
B(D:— — ‘.l+'|/#) Z-S%Stﬂt 2'7%5)'51 [10] 0.30%5[a[ O-S%Stﬂt 18%5 ‘s
Dok MeV) 1.5%1ac 1.6%syst [10] 0.15%1a1 = Theory : 0.2%
cs 1.5%sta 1-6%sysl [10] 0.15%stat - 1 (y X
For I 3.0% gt 1.5% syt [10] 021%,a - (0.1% expected)
B(D! — T vr) 1.9% a1 2.3% 0.24% gt 0.6%star 2.7 Fosyst
MeV) 0.9%stat 1.2% ., 0.11%stat R -
0.9% g 1.2%], 0.11% . Thfm'y :0.2%
7’;& (MeV) 0.9% g 1.0% 0.09% giaq 0.3%¢uar 1.0%ysi (ﬂ.1 % expected)
el 0.9%,tat 1.0%,yst" 0.09%q -
B(D] — 17vy) N
— T 3.6%ga 3.0%] 0.38% gar 0.9% giar 3.2%yst
BD; — ptvy) e

2022/12/11
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D°-D% Mixing and CPV

STCF is a unique place for the study of D®-D° mixing and CPV by means of quantum
coherence of D® and D° produced through

Y(3770) » (D°D%_; Y (4140) - D°D*® - y(D°D®) =y or m®(D°DY) -_

* Time-integrated decay rate of D°DY system:

/ dtldtQ R(DDDO — flf2;t’1:t2)
0

1 - —
=T (KiK—j +K_iK;+2C/KiK_jK_;Kj(cicj +Sisj)Ki\ijK—jrclp(CEyi-ij)—l-Kj mr(ﬁj(crﬂ
K-iy/KjK_jrop (cjy =)+ K VKK rcp(y - si))

Even C parity is sensitive to constrain the mixing
parameter, x, y, and CP parameter r¢p, acp
* The QC + incoherent results contains D° —

0 L 0 ZH | ab~! @ 4.009Ge| HFLAV2019[39] LHCb [41]) Belle II [42]
K¢nr,D® > K n™m and general CP tag 6. (%) 0.036 0.11 0.012 0.03
decay channels, but Bellell and LHCb only 6,(%) 0.023 0.063 0013 002
contain incoherent D® - K¢mrmr channel. rer o7 0013 oy e
oacp(°) 1.3 45 0.48 15

' 2022/12/11 B+ EERYIEFMCPIEFAITS 17



Right-hand Polarized Photon

* Photonfrom b — sy is left-hand polarized in SM. The existence of right-hand photon
indicate new physics beyond the SM.

e LHCb observed asymmetrical ratio Ayp=6.9+1.7in B - K;(— Kmm)y processes, and
obtained the model dependent photon polarization information(K1 inner structure)

* Model independent photon polarization information can be obtained from the hadronic
effect of the B — Ky, based on Cabibbo favor process D - K (— Knrm)l*v.
4Ayp . Tk e, [cosOg > 0] — Tk e, [cos By < 0]

%, b of D - K (- Knr)l*v

* Photon polarization: 4, = = Ty.n, 0050, > 0] =T 0y [c036, < 0]

PRL 125.051802

cosb,

FIG. 1. Kinematics for D — K. (= Kaz)e"v. The relative
angle between the normal direction of the K., decay plane and
the opposite of D flight direction in the K rest frame is denoted A R Tk N - .
as A, while @, is introduced as the relative angle between the 917005 0 00501 12 14 1% 7% o0 o050 1 12 14 16

flight directions of e* in the e " rest frame and the ¢ “v in the D SenSItIM!}Ey Of CAbD |S 7 X 10_%“9@1ab-1

rest frame.

1000

2022/12/11 F£+h BERYIEFCPRIAAITES 18



Hyper Fine Structures at STCF

With good mass resolution of 1 MeV, STCF can provide precision measurement of
production cross section via fine scan data, which is crucial for

the study of the XYZ particles and high mass charmonium states.
These studies are important probes of the QCD at low energy.

Belle: 500 times more data
Resolution: about 10 MeV

80
70
60
50

30
20
10

0

o(r' 7 Jly) (pb)

3844244464855254

40:

= (b)

=

= * Fine structure

§H ﬂ Thyy

+++ Tt Hiﬁ'& *WH* ﬂH”

E.. (GeV)

PRL 110 (2013) 252002

BESIII: More clear fine structure seen
Resolution: 1 MeV

ook ~+ XYZ data o0k ~+ XYZ data
g 80) (a) == F:_—scan g 80? (b) -+ F[l_-scan
3 702_ .s=3.8713 ’5 70§_ \.S=3.8713
'_\’ 60; =it .% 60§ =—=!Flt
£ 50%— £ 502
p a0 1 A%
o 305 | 2 30,
()
T 20 \ % 20
10F 10f
ot ot
T g ottt e al e St T s S LIPS B ot 3o S S I
=2 N . e = Qe .y oot Rl
= 4 1 " L] = = 1 1 S e PP .
3.8 4 4.2 4.4 4.6 3.8 4 4.2 4.4 4.6
/s (GeV) /s (GeV)

Fine structures are seen at BESIII with scan datal!
PRD 102 (2020), PRL118 (2017)

2022/12/11
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Charmonium-like States

the basis for unraveling the internal properties of XYZ particles.

Though great progress has been made in the study of charmonium-like states, but their
internal structure and properties are not well known. Accurate experimental information is

XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872)
STCF opportunity: No. of events | 107 10° 107 | 5x10°
10000 e . .
* Searching for missing Charmonium-like states A E‘“’“E‘ @{?5;164%% i‘;f’:f[‘;;/u &
« XYZ particle spectroscopy(excited states, isospins, % :::' y '
'S 4000 |- < -
etc.) E e [
 XYZ particle properties: production sross section, R R oy B
decay modes, mass and width;

50ab ISR data gives 0.23 ab-1 at 4-5GeV).
« The detection efficiency at STCF is a few times higher than that of Belle-II.
-> great advantages for the study of XYZ particles!

« STCF can have 1 ab'l/year, a few time more than that of the total Belle-Il data(0.23 ab™!

" 2022/12/11 &+ 1 B E R YIERICPRESR T 2
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Nucleon EM FFs And Nucleon Structure

FFs is a fundamental observable that reflect the inner structure of the nucleon.

_ Space-like . Time-like ©
EIC - (®) + -
. Unphysical et N ee
Scattering region . Annihilation
FFs are real FFs are complex
0 4M? ~2 .
Qe ee—— —— —— BESIll observed anomalies =
a + __-8; E 'E_ i_c*e'—bh.’f 1.8 S
g e @ T | g AT
gsoo— ‘PP +_+_++—_ %200? :EgéD fit 3()(); 2501 _g,‘::i | Jrﬁ—’i }
8 4 31002— E ool 1 06
PRD 87, 092005 (2013) | © b g-;
°E I 2.0 e ot : : 0_-; G 5 ;;ﬂ':m — 00 20 22 24 26 28 30
s (GeV) 25 3@@ (Geiaﬂiz) 16 AT 4 4"15 (ij\f) ' ' Mpp'(GeV/.cz) -
, ,
« STCF:100 times more data, systematically [ b : i
E E s 3
study around the threshold . “IicF copstor B
+ — — a y o ~ i, -i :EESTCF Pe
e'e—>pp,nn, AA XX, EE, QQ, 1 e A
o ‘oo TG ]
ACAC' 2:czc: S 'Q'C'Qc . T STOF ]
R L N B LA B
» Expected precision< 1%, important for the b ] oamsTer E
understanding of nucleon inner structure IR T T
. 2.0 2.5 3.0 3.5 4.0 4.5
and dynamics. 's (GeV)
2022/12/11 F+NLEERYIEMCPRIIAA TS 21




HEAT TR RN E
QIE: Rk, ERML. Jet)BRES

Universality ? SIDIS

Vacuum vs inside a nucleaon ?

Transversity (< Collins FF

i A P
1) QED QCD-calcuIable QCD-non-calculable '
2) Hadronization/Fragmentation P
3) Detection

e+ e-

Collins FF (X Collins FF

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

' 2022/12/11 B+ EERPIEFCPIEAAITS 22 I



Collins FF at STCF

O STCF is a perfect machine for studying Collins effect
O Poor performance for the traditional de/dx & TOF PID system for tracks > 0.8GeV
O This measurement suffer from systematic uncertain from K — m mis-PID.

O The mis-PID is even worse in the case of KK Collins measurement.

O With 2.5 fb~1 7GeV qgq MC (o = 5nb LundArlw), we study Collins effect at STCF.

x10°

x10"

40 F
30 |
20 |

10 |

'

510“

Blue: m — K mis-PID in KK Collins measurement.
Left) de/dx&TOF. Right) a 1% mis-PID set in FastSim

O By setting the K — m mis-PID at 1%, we obtain:

The statistical uncertainty for 25fb=* MC is ~1073 to 1072
The statistical uncertainty for 1Tab=* MC is ~10~* to 1073

6000
5000
4000
3000
2000
1000

x10°

|||||

S TCF ek or kaon
. Un-matched

BIgE R M =45 ik REICCH & K

2022/12/11
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DEEFIIERE

- EeEURERAEES (EU«<E3) , BE2SE<E, EEAILFSuperKEKB
Y~ BV

- WRiRAKBEETEE (1-3.5GeV) T, BFENAISEERFEENSHR
A8 R ¥ R
At = =1e IR
“y 18, I roN.f
L -2¢-1) — H R KA _ y
S 2end | o i ’ 2myo,(0, + o))
&, % Hourglass
BRI
BRI A (SRR, H—E R, BT =K B
AKPiwinski Angle ¢ = tan? - Z crabz R EHDHIZR -FREL
. ) Sextupole IP (Anti)sextupole
Boby *ﬁ:.ﬁ; 1ﬂ,,ﬂy ~ INFN &2 IA
: = o z I5-4iE(2009)
Ayy=5 A,uyzi
Buy=n Buy=n
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PRMEbGk

REGESRFIRNERE, ERENRIAR TSEMARSRIFEEDN
SRENELAN IS ERNERRIF iR Ee

AR ERR B TEBZE

RAGILER B A R ) R 245 B 5 #%130 mm

2 5 #~100 um &5 P~ 0.5% @1 GeV

BFERE dE/dx 5 #~6%

TRV 2R
S—

2T E & T (n/K/p)
=Sl

1R E

A E JE B Amu/pi A

=22

SMEIE IR =F

PRI =%

PbaR T -
- =SRE: YIIEEXK, LLBESIIEEHER., seclEn#R. tiSSEE

c BAK: BRESENEAEK, EIPHHM4EBESIISEIEAY7 5/

- BV SREFENESEMER, EBESIIEY100E, mEA400KHz
- BHEE. SERERNESEMNSEMZR, H21TMEE, 18GB/s#dE

o RFIREET BEXREFREFRE—IER

— SRAWLBRATNIESE: SR ADNE. B ADSEE

2

~7m




STCFRIZZ X M AR
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Russia: BINP and Novosibirsk State Technical University

- Preliminarily agreement on R&D of some key technology and talent training
* France(LAL): Joint R&D on FTOF detector
* ltaly(Frascati National Laboratory): Accelerator physics, R&D of detector
e Japan(KEK): Accelerator physics design and background study in IR region
* Germany, Mainz University; Sweden, Uppsala University: Physics studies

Joint China-Russia- International Conferences
onference

* International Wotkshop on Charm physics

* Conference on Flavor Physics and CP violation
* International workshop on Tau lepton Physics
*  Gordon Research Conference
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\ Fragmentation functions: e+e-— (1
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Charm hadron decay: Acs, I¢, Zc, €

CPV in Hyperons: Jiy—AAbar, 55bar,

DO-DObar mixin
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Physics at STCF !

Flavor Physics and CP Violation
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FLV decays: 1, Il P1 P2

Forbidden/Rare decay and New Particle
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Millicharged: &e-—xyy
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