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The Standard Model

The standard model of particle physics is a well-tested theoretical framework,

However, the SM has a number of issues need further investigation:
O The nature of quark confinement
O Matter-antimatter asymmetry of the Universe
O Gravity, dark matter, neutrino masses, numbers of flavors, etc.
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Physics in tau-Charm Region
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Fast simulation package

JINST 16 (2021) 03, P03029

McGenEvent

» The FastSim can provide a critical tool for exploring
physics requirement and physics performance;

» The FastSim takes the response of physical objects in
each sub-detector: resolution, efficiency, helix, error
matrix etc.

» Geant4 free, save time and space

» The package is validated well by comparing fast
simulation and BESIII’s result
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Fast simulation package

JINST 16 (2021) 03, P03029

» The FastSimu provide flexibly adjusted responses in each sub-system,
which is helpful for the optimization of detector design during R&D.

« RMS of =° with different energy/position resolution of photon:
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« D tag with different track resolution:
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Physics requirements

Charged particles
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pine'e— pfliy @ 6.0 GeV
pinJiy—AR @ 3.097 GeV

Kin KK+X @ 7.0 GeV

xin =— K'nv @ 4.26 GeV

win Jy—sAN @ 3.097 GeV

win t—yn @ 4.26 GeV

wint— 3u @ 4.26 GeV

win D—muv @ 3.77 GeV

eli in e'e — nmy(3686) @ 4.66 Ge'

STCF CDR

Photons

T T I
vin cnnhnuum @ 7 0 Ge\.'
v in Ac decay @ 4.7 GeV
¥ in T decay @ 4.26 GeV
1 04 v in D° decay @ 3.773 GeV
v in J/y decay @ 3.097 GeV
¥ inToyu @ 4.26 GeV
ylnD —>7D at 4.18 GeV
yin w(ZS}—) y n,(25) at 3.686 GeV

10°

Neutral hadrons

STCF CDR K, in D decay @ 3.773 GeV
K/ in D°= K n7 at 3.773 GeV
nin Ac decay @ 4.7 GeV

nine‘e— 'YISHFIH' @ 3.773 GeV
nin Jiy— AA @ 3.097 GeV
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7 Kav,, CPV in 7 sector, acceptance: 93% of 4x; trk. effi.:
I — AA, CPV in hyperon sector, Tracker > 99% at pr > 0.3 GeV/c; > 90% at pr = 0.1 GeV/c .
Dy, tag Charm physics op/p=05%, oy = 130 umat 1 GeV/e
efe” - KK+ X, Fragmention function, PID n/K and K/m mis-identification rate < 2%
Dy decays CKM matrix, LQCD etc. PID efficiency of hadrons > 97% at p <2 GeVfc  _gm
T — MU, cLFV decay of r, MUC, PID m/p suppression power over 30 at p < 2 GeVlc,
D, — uv CKM matrix, LQCD etc. w efficiency over 95% at p = 1 GeV/e
T — YU, cLFV decay of 7, EMC op/E~25%at E =1 GeV
1#(3686) — yn(2S)  Charmonium transition Tpos ¥ Smmat E = 1 GeV
ete” — ni, Nucleon structure EMC. MUC ra =T
Dy — Kt Unity of CKM triangle ’ VrGev?)
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Physics program at STCF

XYZ Properties: e+e-—Y—yX,nX,pX; e+e-—Y—1nZc, 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-

LR

Nucleon Form Factors: e+e-—BBbar from threshold

Pentaquarks: e+e-—J/yppbar, Ac Dbar pbar, 2c Dbar pbar
Di-charmonium: e+e-—J/ync, J/yhc

Muon g-2: e+e-—TI+ TT-, T+ T1- 10, 4711, K+ K-, yy—110, n(),mm+ 11-

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

CKM matrix (Vcd, Ves): D _(s)+—l+v, D—=P I+ v

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

CPV in Hyperons: J/y—AAbar, >3bar, =- =+bar, =0 =0bar

DoO-DObar mixing: y(3770)— (D0 DObar)(CP=-),
W(4140)— 10 (DO DObar)(CP=-) or y(DO DObar)(CP=+)

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

CPV in Charm: DO—K+K-/11+11-, Ac—pK-11+TTO/ATT+11+11-/pKS 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)+—I+ |+ X-, J/y—Ac e-, B—Bbar...

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

Forbidden/Rare decay and New Particl FLV decays: 1—vl, lil,I P1 P2 | J/w—II', DO—II" (I'=l)...

- Leading role
- In Competition with Bellell/LHCb Dark photon: e+e-—yA(—l+ |- ), Jy—e+re-A...
- Synergy with Bellell/LHCb/Eic/EicC P - s

FCNC: D—vyV, DO—l+ |-, e+e-—D « , Z4+—pl+ |-...




Some Physics Performance



Charmonium (Like) Spectroscopy

Excellent platform to explore the QCD
@ Fruitful results in past decade, a new territory to study exotic hadrons

GeV A Tasks :
O Precisely measurement the transition
O Search for the missing states X(3872)
4.801 O Understand the nature of unknown states X(3940)
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Charmonium(Like) Spectroscopy at STCF
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BESIII at 4.260 GeV: PRL110, 252001
0.525 fb! in one month running time

O B factory : Total integrate effective luminosity
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Electromagnetic Form Factors

« Fundamental properties of the nucleq
» charge, magnetization distribution

O
>

Annihilation:Time-Like

Unphysical
region

Scattering

» testing ground for models of the

) FFs are real
nucleon internal structure

Space-Like region 0O o q?
« Mysteries observed from current experimental results in time-like
Nat. Phys. 17, 1200-1204 (2021) ~ National Science Review, nwab187 STCF prospect
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» Oscillation features in form factors /s (GeV)
« Threshold effect of baryon pair production
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Collins Fragmentation Function (FF)

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

{ J_q( P )*kXPhJ_) S

W,

SIDIS .
4.

Transversity (< Collins FF

e+ e-
Nl

Collins FF (<) Collins FF

O The Q2 evolution of Collins FFs was assumed following the extrapolation in
the unpolarized FF, and this has not been validated.

O Low Q?data from e*e- collider is useful.

O BEPCII/STCF

« Similar Q? coverage with SIDIS in EicC

_ SIDIS

3-10GeV?

STCF is a perfect machine for studying Collins effect

The statistical uncertainty of 7/ KK Collins with 1ab=! MC is ~10~* to 1073
[1]. Wang B L, Lv X R, Zheng Y H. Journal of University of Chinese Academy of Sciences, 2021, 38(4):433-441

For more about FFs, please see Yuxiang Zhao’s talk on Nov.15th

25GeV? 100GeV?

12




Precision Measurements of CKM Elements

CKM matrix elements are fundamental SM parameters that describe
the mixing of quark fields due to weak interaction.

O A precise test of EW theory
O New physics beyond SM?

d ) /Vud\/ AVARRNYE: I

h)
|
S T !:l_ Clk_ S
TCF + B factories +
' [ —
\b % d V- b Kb Yy, LQCD
Three generations of quark? Unitary matrix?
Expected precision < 2% at BESI|I| TCF + B factories +
How about at STCF LHCb + LQCD

A direct measurement of V4, is one of the most
important task in charm physics 13



Prospects of |V| and fp+ in D5 - [Ty,

_YF iy 22 2 ‘ .
I e, = \Ves|“ fomympy+
3
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L AL L UL LA SN AL T T 1 [ 1 T rr ] rrrrrrrrrrr
ETM(2+1+1) PRD91(2015)034507 | CKMTFitter PIC41(2005)1 1
FMILC(2+141) PRDI32018)074512 H ETM(2+1+1) PRDI1(2015)054507 "
FLAGI9(2+1+1) arXiv:1902.08191 [hep-lat] H FMILC(2+1+1) PRDSEC018H074512 _

FLAGI9(2+1+41) ariiv:1002.08191 [hep-lat] H
HFLAVIS EPJC81(2021)226 | E—
CLEO< PRDT9(2000)052002, T,y HFLAVIS EPJCE1{2021)226 —
CLEO-¢ PRDS0(2009)112004, 7y CLEO-c PRD79(2009052002, 7,y
CLEO-c PRD79(2000)052001, TV ! i CLEO-¢ PRDE0009)112004, 7w
BaBar PRDS82(2010)091103, 1, v CLEO-« PRDTOC009NS200L, T
Belle JHEP09{2013)139, =, v [—1 BaBar PRDE2010091103, =, v
BESII 0.482 fb? PRD4{2016)072004, uv Belle THEPOS(013)139, <, v _
CLEO< PRD79(2009)052001, puv BESIIT 0.482 iy PRDSCOLE072004, 1
BaBar PRDS2(2010)091103, v CLEO-c PRDTH(2009052001, pv
202 . v —
Belle THEP0O(2013)139, v BaBar PRDE2(2010091103, 1
THEPOS(2013)139, v —_—
BESII 3.19 fb! PRLI22(2019)071802, pv Belle ) (2013)139, W
71 PRLIZ(2019)071802, —_
BESI 6.32 b arXiv:2102.11734 [hep-ex], pv BESIIT3.19 fl:|1 ) s
7l arXi210211734 v —i
BESII 6.32 ! arXiv: 2102.11734 [hep-ex], v BESIII6.32 fb™ or Thep-ex],
BESIIT .32 fb!  axXiv: 210211734 [hep-ex], T,v [E——

STCF L0 ab? uv @4.009GeV N ~ -

L1 L1 T R | STCF 1.0 ab By @4.005Ce H

1 | I | | 1 1 1 | | 1 | | I 1 ] 1 I | 1 | | 1 1 |

-0 -8 -6 -4 -2 0 2

4 10 8 6 -4 2 0 2 4

0
by Blvcsl/o
Parameters | Value | Uncertainty \/
Ogyst. = x (3.19*c 1000* o cr
Gr (1.1663787 = 0.0000006) 10 5 GeV2 | &(10 7) syst Ored. 418)/( 401) + Oineg. + Opre.
my 105.6583745 + 0.0000024 MeV/c? o(107%)
s 1968.35 +0.07 MeV/c? 0.003%
—15 .
Ty (504 £ 4) x 10~15s 0.7% Svs. Unc. : 1.0%
LQCD 249.9+0.5 MeV 0.2% . . ..
@{(élo%al ﬁ)t) 007320 0.0001 1 oo For details, please see Huijing Li’s talk and Jiajun’s
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poster on Nov.16th



Measuring b — sy photon polarization in D? -
K,(1270)ev,

Yulan Fan et al., arXiv:2107.06118 [hep-ex]

* The photon helicity in b — sy is predominantly left-

(o Koo
handed and its measurements plays a unique role in \C/“W‘_)—‘i; .
right-handed coupled in New Physics .

D K

- Hadronic state helicity in B > K; (- K7m)y pPhys.Rev. - ‘agn
Lett.112, 161801 (2014) Vb ™

My in (1.1,1.3) GeV, Ayp = (6.9 + 1.7) x 1072

« Anovel method is provided to combine the B - K;y and D - K;["v to

] .. 4A
determine the photon helicity 4, = - dqf”’ Phys. Rev. Lett, 125, 051802 (2020)

UD
> Kinematics for D° - K,(1270) e*v, » K- n*ne*v, ~» 2-Dx?2fitto cos 6 and cos 6,

A\

X7k o
..................
- 0587060402 0 02040608 008060402 0 0204 06 08
slow cosf) cosf)
/ chast % :

Ve

=Y
2

<10*

-
8
T
8
eSS

~
Events/0.5)
>‘: \
Events/(0.5)
-

2
g

_ statistical sensitivity 1.8 x102 @lab™* MC sample
For details, please see Yulan Fan’s talk on Nov.16th



CPV Iin T decay

H.Y. Sang, et al., Chin. Phys. C 45, 053003 (2021)
> The CPV source in K° — K° mixing produces a difference in tau decay rate

B(rt = Kenti:) — B(t~ = Komvyr)

In Theory . Ag = B(rt = Kontv,) + B(t~ = Ky v;) = (1L 0005

BaBar experiments = Acp(t™ = Ksmv[> 07Y]) = (-0.36 £ 0.23 + U.ll)?ﬁ
2.8c away from the SM prediction
Theorist try to reconcile the deviation, but not coverage even NP included

Y.S Tai, Phys.Rev.D 51 (1995) 3172-3181

ke T N =1l Possible choice of CPV study
> - [T T—>nrnv;t—evv . N
LI>J 250 - . ES romnv;touvy with polarlzed beam
C . %t—)mwwnicv—)m:“v a Ta -ChQ m
o T ;Toevv
o : Bz othe':sditau 104 E=2.087GeVv
150 - E==] hadrons
E : s 0.9
100 - « -
2 o 1 08+
50 - -
: ‘ . B fGCtOr 7T E=6GeV
06 08 10 12 14 16 18 06+
MKS+7|:'(GeV) L ] \ ! |
-1.0 -0.5 0 0.5 1.0
cosé
The CPV sensitivity with 1ab! @ 4.26 GeV: merit = luminosity x @z x total cross section
Agrcp~9.7 X 1074 o luminosity x (w; + wsg)
. 1 .
With 10 ab-! data: /1 — a2 a?a®(1+2a) ,

ASTCFNS' 1 X 10_4

Merit (STCF: B factory) =7.7:1




CPV In A decay

EE‘ D.OOS? S - — -
; 0_0025: 3 g 14000; '\BAe(io-l;e gpt.
; - 12000} After Opt.
£ oo :_2‘10000;
g £ 8000¢
0.0015: 6000;
0.001 4000;
2000}
e 010z 03 04 05 06 07 08 s T 0 . 0.‘3
J/y Event/Trillion PT(R) GeVic
"'70:5‘:: J\ua ‘ I I ‘ ‘
0.01— D; —
W(E) = Fol€) +aF5(8) i P
+araz(F1(§) + V1 = a? cos(AP) F5(§) + aFg(€)) 3 °C / 1 & oo
+ V1 —a?sin(A®) (a1 F3(§) + aaFy(€)), 1
0.01— \ - 0,005
Ao =ﬂ1+ﬂ2’ ~ V1-—a*sinfcosf )
P ar—a by = 1+ acos?0 sin(A®). P | ] _0.0055
0.71 0.72 0.73 0.74 0.727 0.7275 0.728 0.7285 0.729
L _4_ AP Ad
3.4 trillion J/y events = A-p~10
* Luminosity optimized at J/\y resonance —3x107 <4, =4%107
o -2x10524; <1x105 CKM
* No polarization beams are needed -5 x 107554z, 5% 1070
* Optimized the efficiency of low momentum | Tandean,Valencia FROGT, 056001
tracks
17

O feasibility study of A CPV with polarized e+ beam is undergoing



LFV decay of T at STCF

AE (GeV/c?)

electronic = muonic . . . - e
» pionic 1-prong » ofhers \/ » Precisely known kinematics of initial state
. / . » Full reconstruction of signal side
/ > Neutrino in tag side is missing
/::: tag side

» Signal side: T — 3leptons

> Tag side: T - evt, uwv, v + nr® (Br = 82%)

> Almost background free, the sensitivity : B (t — pup)~1/L

> Best efficiency (t — uuu ): 22.5% (including tag branching fraction)

> STCF with 1ab?:

02 F — T T T T 1. N?](i
2 P 0. 20 -9
o Lt === G o By (Tt - ppp) < 2EN ~1.4x10
00F - [ .
Fe = T Tt TTTeTTTTTTTTT T i'_i' ___________ 0.
01F P 0.
03F o 0.
z'jg ; Background b 0. SM + heavy majorana PRD 66.034008 10 1010
TE . 0.
0.5F P 0. Non-universal Z’ PLB 547(3)252  10° 108
_06 il R TR NN S SN TR N T TN T A B ST TR T R 0
0.6 -0.4 0.2 -0.0 0.2
2 ) g -10 -7
AM (GeV/c)) SUSY + seesaw PRL 89:241802 10 10
SM + 4th generation ~ arXiv.1006.530 108 107
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LFV decay of T at STCF

" pionic 1-prong = others signal side // > Signal side t — yu
/ - > Tag side: T — evt, mv, nlv(Br = 54%)
A e » Dominant background: ete™ - u*u~ and

ete" -ttt , ¢t

- v, 17 = v

» Stringent selection criteria applied to remove the backgrounds
» Efficiency: 4.2%~8.5% depending on loose/strict cut (include tag
branching fraction)

> The sensitivity: B2 (t —» yu)~1/VL

; 2‘16-.- .
X 3 : Tt e L c 1.
%2‘14_..--= B TR » STCF with 1ab: oo
212+ ‘Background-i: .. L i B9 (7 5 vi) < VUL 1 65 10-8
2.10; e '°_ Coe o aa o PR - UL( }’Il) ZENTT
2.08 . . .
o . e For details, please see Teng Xiang’s poster on Nov.16th

1.74 176 19

1.78° "1.80
M (GeV)



Summary

OSuper t-c Facility (STCF):

> ete-collisionwithE_,, =2 -7 GeV, L>0.5 x 10%® cm=s?
COSTCEF i1s one of the crucial precision frontier

» rich of physics program

» Important playground for study of exotic hadrons, hadron
structures, flavor physics, CPV and search for new physics.

O Complementary to Belle-11 and LHCb in understanding the
QCD/EW models and searching for new physics

Thanks for your attention!
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Prospects of Physics Highlights



QCD and Hadronic Physics

not all-inclusive

XYZ properties

Pentaquarks,
Di-charmonium

Hadron
Spectroscopy

Muon g-2

R value,
T mass

Fragmentation

ete”™ > Y - yX,nX, pX
ete”" >Y->nZ,KZ_.

ete™ = J/Ypp, A.Dp, 2. Dp
ete” - J/ume, J/Wh,

Excited cc and their transition, Charmed
hadron spectroscopy,
Light hadron spectroscopy
ete s ntn~,ntn n® KtK~
%% N T[O, n(/), 7T+TL'_

ete™ - inclusive
ete” - ttr™
ete”™ » (n,K,p,A,D) + X
ete” -» (mm, KK, nK) + X

Ny(4260)/2,/x(3872)~
1010 /10°/106

a(ete” - ] /ypp)~4 fb;

g(ete™ - J/Ycc)~101h
(prediction)

Ny pp(3686)/.~
1012 /1011 /108

Aaj/"F « 40 x 1071

Am,~0.012 MeV
(with 1 month scan)

AACollins g 002

functions
Nugcleon Form ete™ - BB from threshold ORg~1%
Factors
*Sensitivity estimated based on £ = 1 ab™?!




Flavor Physics and CP violation

not all-inclusive

CKM matrix

Y /g3 measurement
D° — D? mixing
Charm hadron decay
¥ polarization
CPV in Hyperons

CPVinTt

CPV in Charm

D& = v, D - Pl*y,

D° > Kntn K, KTK™ ...

¥(3770) - (D°D°)cp=-,
¥ (4140) > y(D°D°)cp=+

D(s), AL, Z¢, B¢, Q. decay
D° - K,etv,

0

(89

J/W - AR, 33, E-E~, EO
T - K;nv, EDM of 7,
7 - w/Kn % for polarized e~

D° > K*K~ /n*m~,
A, - pK mntm® ..,

6VCd/CS~0'15%;
SfD/DS"’O.lS%

A(cosdy,) ~0.007;
A(SKn) ~2°

Ax~0.035%;
Ay~0.023%

Np/p,/a,~10° /108/10°
AA};p~0.015

AA,~107%
AAT—)Ksnv~1O_3;
Ad,~5 % 1071° (e cm)

AAp~1073;
AAp ~1073

*Sensitivity estimated based on £ = 1 ab™?!
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Forbidden/Rare decay and New Particle Search

Benchmark Processes

Physics at STCF

not all-inclusive

Key Parameters*
(U.L.at90% C.L.)

t->yLULIPP,

LFV decays J/ = 1, D% = 1'(I" £ 1)...

Dy = Y X~ J /Y > Ace™,

LNV, BNV _
B - B...

Symmetry violation n" = Ur n' ->nll...

FCNC

pltl~ ...
Dark photon, ete™ > (J/Y) > yA (> 1T1)...
millicharged ete™ = xiy ..

D - yV,D° >t~ ete” > D* =% -

B(t — yu/upu)<16/1.5x 1077
B(J /Y — e1)<0.71x 10~°

B(J /Y - A.e”)< 10711

B(n' - U/nll)< 1.5/2.4 X
10—10

B(D® - ete X)< 1078

Mixing strength
Aeyr~107%; Ae,~107*

*Sensitivity estimated based on £L = 1 ab™?!
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