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Super Tau-Charm Facility (STCF)
in China
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> 0.5x10% cm? s @ 4 GeV
» Potential to increase luminosity & realize beam polarization
> Total cost: 4.5B RMB

» Peaking luminosity:



Requirement:

STCF Detector

Iron Yoke

~6m

PID system

Outer Tracker

Inner Tracker

~7Tm

High detection efficiency and good resolution
Superior PID capability

Tolerance to high rate/background environment

ITK
<0.25%X0 / layer
Oyy< 100 mm

MDC

Oyy< 130 mm

op/p ~0.5% @ 1 GeV
dE/dx~6%

PID
n/K (and K/p) 3-4c separation
up to 2GeV/c

\% 18] ))
0.4-1.8GeV
T suppression >30




Tentative Plan
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CDR
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STCF Physics
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STCF International Conference STCF Physics Simulation Working Group

STCF Domestic meeting Joint Meeting on Software/Physics with Russian Group L
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Machine Parameters

60/0.6 50/0.5(estimated)

0.8 0.8

155, 1000s 156, 1000s
Luminosity @Optimized 05 1.0

Energv/ X 1035¢cm2s1




Expected Data Samples at STCF

Data sample produced per year

Lumi (ab™")

No. of Events

Hyperon Factory
Decay mode B(units 107%) Angular distribution Detection No. events
parameter ay, efficiency expected at STCF
J/w — AA 1943 +0.03+0.33  0.469 +0.026 40% 1100 x 106
w(2S) = AA 397+0.02+0.12  0.824 +0.074 40% 130 x 10°
Jw — =0=0 11.65 + 0.04 0.66 + 0.03 14% 230 x 10°
w(28) — =020 273 +0.03 0.65 +0.09 14% 32x 10°
Jjy — =7=F 10.40 £ 0.06 0.58 £ 0.04 19% 270 x 10°
U(2S) » == 278 £0.05 091+0.13 19% 42 x 106

Light meson Factory

Decay Mode B (x10~%) [2] /5’ events

JIw — vy’ 52.1+1.7 1By 1D™
J/w — yn 11.08 + 0.27 3.7 x 10°
J/w — o 7.4+0.8 2.5 x 10°
J/w — on 46+0.5 1.6 x 107

CME (GeV) samples o(nb) remark
3.097 1 Il 3400 3.4x 1012
3.670 1 T 24 24%x10°
¥(3686) 640 6.4 x 10"
3.686 | Tt 2.5 2.5% 10°
U(3686) — TH ™ 2.0x 10°
Dp°po 3.6 3.6 x 10°
DD~ 2.8 2.8x10°
3.770 1 D°p° 7.9% 108 Single Tag
D*D" 55%10° Single Tag
T 29 29x%10°
yD°D° 0.40 40x10° | CPpopp = +1
a°D°p° 0.40 40x105 | CPyrp = -1
4040 l DiD; 0.20 2.0x 10° o
™ 35 3.5x% 10°
D¥D;+cc. 0.90 9.0x 10°
4.180 1 DD +cc. 13x 108 Single Tag
ek 3.6 3.6x 10°
Iyt n 0.085 8.5x 107
4.230 1 Tt 3.6 3.6% 10°
yX(3872)
W(3686)1 1 0.058 58 %107
4360 ' T 35 3.5%x10°
Y(3686)r* n~ 0.040 4.0x 107
4420 ' ' 35 3.5%x10°
W(3686)n 1 0.033 3.3x 107
4630 | A, 0.56 56x 108
AA. 6.4x 107 Single Tag
™ 34 34x10°
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
XYZ Factoty
XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872)
No. of events | 107 10° 10° 5% 10°

Bellell (50/ab) has more statistics

LHCb have much more statistics, but huge
background

STCEF is expected to have higher detection
efficiency and low bkgs for productions at
threshold

Additionally, STCF has excellent
resolution, kinematic constraining ,
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=2 Collins effect B.L.Wang et al., Journal of UCAS 38 (2021) 433

Libhos Y photon polarization Y.L.Fan e al., EPIC 81 (2021) 1068
n/- D;-I_ A +V£
e £ =T HIJ Lietal, EPIC 82(2022) 310
e £ = J.J Liueral, EPIC 82 (2022) 337
Zs CP violation
* A decay
» with non-polarized beam Y. Xu ez al., submitted
» with polarized e beam S.Zengetal., ongoing
« K% — KO system
> in ]/II) decay J. Y. Zhang et al., draft ready

» in 77 decay H. Y. Sangeral, CPC 45 (2021) 053003



Collins effect

ete” - qq (o6 =~ 5 nb,Lundarlw)@ /s = 7 GeV with a MC of 1 ab™!
B. L. Wang ef al., Journal of UCAS 38 (2021) 433

5 Hadron
Transversely Collins function '\_Q.'

polarized g / P
quark —— > hi
‘ o)

* The number density [1,2]:

*e~ : Collins FF ® Collins FF

unpolarized
Dh,qT(Zr P%u) = D;’(z, Plzu) )
spin
. (i’ Xl—jhl) . g’q SIDIS: Transversity ® Collins FF
+H1q(Z,P,2u_) e e
z M,
Z = . fractional energy of hadron (/%)

\/—/

[1] J. C. Collins, Nucl. Phys. B 396, 161 (1993).
[2] R. Seidl et al. (Belle Collaboration), Phys. Rev. D 78, 032011 (2008). 9



Unlike-sign (U) ete™ - qq - hfh'z_*X (hy = h; =, K)

Like-sign (L): e*e™ - qq —» hi h; X

* Double ratio (DR):

RU
DR(2¢y) = =1+ AL cos(2¢y)
Collins asymmetry

Azimuthal angle
RUMD) — N(2¢y) Yield of hqh, pair in a 2¢p, range

< Ny >Average yield

* The ratio of the relative statistical uncertainty of A(,utput with 1 ab™1!

over the
precision of 2% required by EicC.

10 5
o] o
WhenAﬂl’i,ut>OO7 the relative | S * e %00 TU'OO
i ° o g .
statistical uncertainty of AJyut 5 *eed.l® ‘.’ Tee .
with 1 ab™1 is better than 2%. e T i oo e e e P e o

0 0.02 0.04 0.06 0.08 0.1 0 002 004 0.06 008 01 0.12
asymmetry input
* T X oKKX
10



b — s y photon polarization

D° - K,(1270)"e*v, @ys = 3.773 GeV witha MC of 1 ab™!
Y.L. Fan et al., EPJC 81 (2021) 1068

InSM, b - sy : predominantly left-handed.
New physics: a right-handed photon polarization.

* The photon helicity (4,) in B - K, y [1] * In Ref.[2]
. +
1= |C7rl? — 1C7.)? 2 =4‘AUD_’ inB* - Kiy
Vo CqRI2 + 1€ V' 3Ayp — inD® > Kietv,
C: Wilson coefficients
n
* The ratio of up-down asymmetry:
D° - K,(1270) (- K m*mn)e'tv,
, _T(cosBg >0) —T(cos Oy <0) iy
U™ T(cos8; > 0) —T(cos B; < 0) y . r
( fast

/

y

[1] M. Gronau and D. Pirjol, Phys. Rev. D 66, 054008 (2002).
[2] W. Wang, F. S. Yu, and Z. X. Zhao, Phys. Rev. Lett. 125, 051802 (2020). 11



O Efficiency corrected signal yields

%10° x10°
250F 250
_200f 3200: —+— Generic MC
wn E L
S..f S
:5150: 515(): Best fit
c 2 c 2
2 100f 2 100
w E L C
50f- 50
R P Y O 00405 00304 08 08
cosb, coso,
O Optimization parameters for the STCF detector
* Reconstructed efficiencies for tracks are improved by 10%:;
* 1/e mis-identification rate: 3.2% @ 0.2 GeV/ec.
O Results
1ab™?! The statistical uncertainty of Ayp
Default 1.8x102
With optimizations 1.5x1072 Improved by 17%

12



Pure leptonic DI decays

Axial current (nonperturbative) 7 P It
cq +
<05y, ¥sc|Df >=ip, fpr. D} A
: DT decay constant e v
f pi- Us y G(d.s) fDZ{ l

V.s: CKM matrix element, fundamental SM parameter, measured by experiments.

2 2 \?2
1. _GF 2 2 m,
8 § s mD+

Branching fraction: Br(Dy — l"v;) =T - 7p+ (lifetime)

2 .
Br(D} - I*v)) x [fD;r : |VCS|] Direct measurement

O fps : calibrate the Lattice QCD calculations O 7 /ut : test lepton flavor universality

O [V, : test the unitarity of the CKM matrix

13



D - ¢ v,({ =1, n) + c.c.

ete” - DI D; @ 4.009 GeV with a generic MC of 0.1 ab™!

* D;- - T+v1- Via T+ — e+veVI ° D;’ N ”'I"V”
Signal peak |
w,  I.J. Lietal, EPIC 82(2022)310 I.J. Liu et al., EPIC 82(2022)337
:'“ I:::: - ‘+I IP;el'ld'o-:ia'tz; o g {_ + Pseudo-data

L 6_ ’ Best fit _ = 700 } Best fit

2 | ¢ Non-Dg background(BG) N& 600 E_ ....... Fitted bkg

= % - - BKGI: right ST D with wrong D} —u*v,
% 4 2 500 E_ - BKGII: wrong ST D_

& _ S 4001

i S B

S | < 300F

Z = =

5 20 S 200¢

= = 100F

V2 o1 T 01 02

1 1 2
0 05 > MM? (GeV?/ch)

ESira (GeV)
2 . 2
EtS . : the total energy of the extra good MM? = \/ (Epeam — Eu+)” — |—Pp- — But|

EMC showers. Missing mass squared.

14



O Optimization of detector response

* Reconstructed efficiencies for tracks are improved by 10%:;
/K mis-identification rates: 1.0% @ 1 GeV/c.
* 1/u mis-identification rates: 3.0% @ 1 GeV/c.

O Results
Source Brps_;+y,_ | Combined T and u (STCF)
1 ab-1 BrDS+—>r+vT BTD;r_)”+V” B
( d ) D} _>”+vu st+ (MeV) |Vcs|
ﬁ:ltatwe 0.3% 0.2% 0.5% 0.1% 0.2%

l

Comparable to uncertainty (0.2%) of the LQCD calculation (249.9 + 0.5) MeV.

Syst.: limited by the uncertainty (0.8%) of the D lifetime Tpt = (504 £ 4)x10715 s,

15



CP violation (CPV)

O Sakharov conditions for the observed matter-antimatter asymmetry :

* Baryon number violation

e (C and CP violation

*  Out of thermal equilibrium

0 CPV in SM is too small:

Source CPV magnitude | Experiments

K meson 0(1073) Discovered in 1964 at Fix targets

B meson o) Discovered in 2001 at BaBar and Belle
D meson 0(107™%) Discovered in 2019 at LHCb

CPYV has yet to be established in baryonic decay and lepton sector.

16



ete” - J/Y > A(-> pr™) A(-» nin®, pr*) with a MC of J /3 events @ 3.097 GeV

* A polarizaiton

AD + 0, the phase difference between helicity conserving and helicity flip amplitudes of
ete” - AA.

* The angular distribution of protonin A - p ™

1 =y =
y (1+a;P,-n)
1 \4 A polarization

asymmetry parameter

* The joint angular distribution

Polarized e~ beam case [1] = Non-polarized beam case 0:angle(A, e™)
+ a1T6 + a2T7 — a1a2T8 Or
} 0: angle(A,e™)

« polarizability P, of the e~ beam

[1] N. Salone ez al., Phys. Rev. D 105, 116022 (2022). L7



Polarization

IPolarizationl

The polarization of A in the y-axis with

non-polarized beam:

The polarization of A with polarized e~ beam:

0:angle(A, e™)

V1 — a? sin 0 cos 6

Pyiny =
Ainy 1+ a cosz0

Y. Xu et al., submitted P
0 -« Signal MC . —e-
03 PHSP MC .
S o02f -
© . R U
£ o
3] o e
sin (A®P) T Ops . Yy-axis e
-0.1F -
- —— . .
o02F -~Included detection efficiency
e A= Saa
e e by by e b b e b by b Ly
i -08 -06 -04 -02 0 02 04 06 08 1

0: angle(A, e™) cosf

7-aXxis

0.5

—P =1

z

—P, =08
-0.5
—P,=0
C . v v v -0.2 R B B R I T R B
-1 -05 0 05 1 -1 -0.5 0 05 1 -1 -0.5 0 05 1
L5¢ cos0 cosf
The magnitude

0.5

-1

coso

P S T P SR L
-05 0 05

P, : e beam polarizability  S. Zeng er al., ongoing
—P,=1
—P,=08
—P,=0

]- The magnitudes are higher.

18



« The statistical sensitivity for CP violation in A decays with 1x10? J /1 events in the
non-polarized beam case.

_agta Theoretical prediction Acp ~ 1074 [1,2].

“1 T %2 —4
Acp = a, — a, 0(107) (If CP is conserved, &y = —ay, Acp = 0)

* The precision of each parameter with different polarizability P, of the e~ beam
(1x10'2 J /3 events).

A->pm A-pnt
60 P,=0 o
a8 L a
g YF <I
20 20 &
0% 0%
0.001 0.002 0.003 0.001 0.002 0.003
The error of Q, The error of o,

* The sensitivity of A.p is expected to be smaller in the polarized beam case.

[1] J. F. Donoghue, X. G. He, and S. Pakvasa, Phys. Rev. D 34, 833 (1986).
[2] L. I. Bigi, X. W. Kang, and H. B. Li, Chin. Phys. C 42, 013101 (2018). 19



CP violation of K° — K° system

Strangeness is conserved in strong interaction
K°=ds, K°=ds

Strangeness can be changed in weak interaction

eg. K > mrm™ K° — K° mixing or oscillation
Assume CP is symmetric, * But CPis violated in weak interaction, the
the CP eigenstates: mass states:
1
CP =1. |KS > = [|K1 > +65|K2 >]
V1t |egl|?

Ky >=—=[|K°> +|K° >,

sl

2 1
K, > = [|1K, > +€,|Ky >]

CP = -1. Vl_l'lELl2

(If CP conservation: € = €, = 0)

K, >=—=[|[K°> —|K°>]

fol=

2

20



J/Y - K ntK°’ +c.c

ete” > J/Y > K ntK°(—» n*m™) + c. c. with 3.9x10° signal events.

Introduce the CP violation parameters:

_AK, - mtm)

= = ORE
AKg > mtm) In.-le

n4-

— Amplitude
« The K°/K° can be tagged:

J/Y - K n*K°
J/¥ - K~ K°

* The decay lifetime of K° ( K°) at STCF:

J. Y. Zhang et al., draft ready

vertex
+ .
7"\ constrained fit

Kodecay vertex

production
vertex

______
~

meg- |LK|
74
The position uncertainty of production

vertex is taken as o, = 13. 6 pm,
oy =1.4 um, o, = 50 pm.

T —

-
B (’
L ~o

-
———————

beam spot

+

vertex n

constrained fit

21



. 9 '
* The number of time-dependent events 10° | 4
10 }' =
0 ) : :
+ NT)for K — n* n = | i
o 10 E L E
ﬁ -.E B ... &
210° %%go 3
b N@for K — ot - * ;
— - < -
(t) for Al 10° |
10° £ - ereen
The time-dependent decay rate asymmetry E L ey e
0 2 4 6 8 10 12 14 16 18 20

N(t) — kN(7)

Seperated K° and K’ decay time (tg)

A, _ = —
+-(7) N(t) + kN(7)

05 v2/d.o.f=0.7

— _2 |nf|e(rS—FL)T COS(Am T—(pf) :

- 1+|77f|2 e(ls—TL)t I

.0
: <
Par. ‘n+—‘(10_5) ¢+—(degl‘ee) + Signal MC

PDG 2.232 +0.011 434405 o |

STCF| 2.2320 +£0.0025 £ 0.0027  43.510 £ 0.051 £ 0.059 T Best fit N
0 5 110 115 20

The relative precisions of the CP violation
parameters are 1x1073,

Neutral kaon decay time (1)

22



T > Kom v, +c.c.

ete” - 1ttt (0 ~ 3.5 nb) @/s = 4.26 GeV with a MC of 1 ab™!
H.Y. Sang et al., CPC 45 (2021) 053003

In the SM, the CPV of T~ —» Ko~ v, due to the K® — K° oscillation [1, 2]:

+ 0+ ) _ - 0, —
Ay = I‘(t+ - Kson 1:,) I‘(r_ - Kgn_vr) = (0.33 +0.01)%
r(zt -» Kdn*v,) + (v~ - K~ v,)

BaBar Collaboration [3]:
Acp[t™ » K" (= 0n®)v,] = (-0.36 £ 0.23 £ 0.11)%

2.8 o away from the SM prediction after correction.

A higher-precision result of T~ — K9~ v, is required to

* hunt for signals of New physics.
* Determine the intermediate resonances parameters.

* Determine the CKM matrix element |V ]|.

[1] L. I. Bigi and A. 1. Sanda, Phys. Lett. B 625, 47 (2005).
[2] Y. Grossman and Y. Nir, JHEP 1204, 002 (2012).
[3] J. P. Lees et al. (BaBar Collaboration), Phys. Rev. D 85, 031102 (2012).

23
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Decay chain: Doz T T o7 T T —— inclusive MC
b - o 8 E (I T—>nnnv;t—evy
e e —-oTT Lﬁ 250 [~ ¢ B rommvitouvy
- [ t>nrnv;t—nanly
. + + — - . .
. - — e [ onKsndvi;toevy
Tag side: 7 ¢ VeVe (f € ”) = (] other ditau
. . _ _ _ E, . (] hadrons
Signal side: T~ —» Ky v, K2 - ntm o —
. . . 100
(The charge conjugate decays are always implied.) y
s0f
After fitting the K? ST~ 1nvar1ant mass, the statistical . . : : _ , :
sensitivity of Acp is 9.7x10~% based on 1 ab™! @4.26 GeV My .-(GeV)
- "J5N DL B AL BN BN B RN "0\0-50:"'l"'l'"l"'l"'l':
s 334 3 . . 0 ERR> 45 E- ege o -
S a0k The relative difference <3% : 33'405 Acp sensitivity o< 1/vV L E
5 33.0 = % 0'35§ E
= 328F ' 4 ¢ 7F
5 2°F w ) & 0.30F
326 [ ] = :
C . 0.25F
324F L - E
= . 0.20
32.2 - E 0.15 3
32.0F LI -
C . 0.10
31.8F - E 3
C . 0.05 3 =
316 L A PPN BPEPEPEE SPEPEPEE B T 000:' PP R B BEPEEP B R
4.0 4.2 4.4 4.6 4.8 5.0 ’ 0.2 0.4 0.6 0.8 1.0
s(GeV) Luminosity(ab™)

The statistical sensitivity of Acp is 3.1x10 % based on 10 ab~! @4.0 - 5.0 GeV.

Comparable to uncertainty of the SM prediction of (0.33 £0.01)%. ,



Summary

Channel (1 ab™1)

Summary

ete” - qq The Collins asymmetry (> 0.07) with 1 ab™1 can satisfy the
@7GeV precision of 2% required by EicC.
D° - K,(1270)"e*v, , : 2
@3.773 GeV The stat. of ratio of up-down asymmetry is 1. 5x107~.

+,— + -
ZD Z. 039DGSIeDVS The relative stat. of f+ is 0.1% with D} - ¢*v,(¢ = T, ).

~ CP violation in A decays is 10~* with non-polarized beam case;

J/¥ = AA The magnitude of A polarization with polarized e~ beam is
@ 3.097 GeV

higher than that with non-polarized beam.

J/Ww - K n*K° + c.c.

The relative stat. of the CP violation is 1x1073.

@ 3.097 GeV
ete” > 1T CP violation in T~ —» K~ v, decay is 9. 7x10~*, and will
@4.26 GeV reach 3.1x10~* based on 10 ab™! @4.0 - 5.0 GeV.

Thanks for your attention!

25
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Physics in tau-Charm Region

™ = e BES o Markl
g 1“ 5 __._ .......... o N B B B |
- =< i pluto ..
Tl E = KEDR o Opportunities at 5~7 GeV
-: T AR R UL, | New XYZ particles I
RN i 1 Pl T Hidden-charm pentaquark i
+: ‘é)/ 3 :__ ....... 1 ..... {A ................................. .' ‘; Search for dl-charrnonium state .
14 e S 4% 1_]-:* Lé‘{“‘% P .1 *;,# ¢"p1'1'§ More charmed bar}_'on
2 % """""""""""""""""""" Hadron fragmentation
o i : :
1 é é , .
Ns (GeV)
« Hadron form factors okt h . XYZ particles
. Y(2175) resonance + Lig t.adron speFtroscopy P .
+ Gluonic and exotic states » Physics with D mesons

« Mutltiquark states with

« Process of LFV and CPV - fD and fDs
s quark, . . DO.DO mix
« MLLA/LPHD and QCD . Rare.and forbldden decays -DO mixing
» Physics with t lepton « Charm baryons

sum rule predictions

* Rich of physics program, unique for physics with c quark and < leptons,
« important playground for study of QCD, exotic hadrons, flavor and search
for new physics.
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Fast Simulation Package

X. D. Shi et al., JINST, 16, P03029 (2021)

» The FastSim can provide a critical tool for
exploring physical potential;

==

» The package is validated well by comparing fast E—

simulation and BESIII’s result o |

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

» Geant4 free, save time and space

- o~ X103
2 2500:'_ } Ful simutation Q I « Full simulation O L
E, - Charged B 210000:* Neutral i = 100% Vertex Fit * Full simulation
@ WWE ~ 8000} E, 8 — STCFast
o - ]
3 100 < 6000} 6
S 1000} g
2 : S 4000 af
; (w -
500} 2000f 2k
8667367 368 369 37 371 3.72 J08 01 0412 0414 016 018 0 20 40 60 80 100

M(y')(GeV/c?) M,,(GeV/c?) Vs,



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

Fast Simulation Package

RMS of pi0 with different energy/position resolution of photon:
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X. D. Shi et al., JINST, 16, P03029 (2021)
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The polarization of weakly decaying particles, such as the A
hyperons, can be inferred from the angular distribution of the daugh-
ter particles. In the case of decay A — pz~ and with the A hyperon
polarization given by the vector P,, the angular distribution of the
daughter protons is ﬁ (14 a_P, - n), where n is the unit vector along
the proton momentum in the A rest frame. The asymmetry para-
meter a_ of the decay is bounded by —1 <a_<1 and characterizes

the degree of mixing of parity-conserving and parity-violating
amplitudes in the process'. The corresponding asymmetry param-
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The relative expected precisions

BESIII [1] Bellell [1,2] This work at STCF
Source 6fb 1 at4.178 GeV |[50ab latY(nS) |1ab~ ! at4.009 GeV
Stat. (%) | Syst. (%) | Stat.(%) | Syst.(%)| Stat.(%) | Syst.(%)
Brps .+, 1.6 2.4 0.6 2.7 0.3 1.0
fpr (MeV) 0.9 1.4 - - 0.2 0.6
V] 0.9 1.4 - - 0.3 [ 0.7
BrD;'—>r+vt
B 2.6 2.8 0.9 3.2 0.5 1.1
rD}'—m*‘v”

/

The external input of D lifetime [Tpr = (504 + 4)x10~15 §] introduces a relative
uncertainty of 0.4%, need to be improved.

[1] M. Ablikim et al., Chin. Phys. C 44, 040001 (2020).

[2] E. Kou et al. (Belle 1I Collaboration), PTEP 2019, 123C01 (2019);
PTEP 2020, 029201 (2020) (erratum).
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* The precision of each parameter with different polarizability P, of the e~ beam

(normalized to 1 trillion J /1 events).
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* The reason for the much improved precision may come from the reduced global
correlation factor.
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g 40 B :.:) 40 - _PZ =
> o -
84 : m -
20 (— 20 -
0 _‘ A — —d — e i L L L 1 s L L L | L L 1
02 03 04 03 %.2 0.3 0.4 0.5
The global correlation of a The global correlation of AP
I : L
2 i » L
= 40 — = 40 |
> I >
3 R I
20 — 20 —
0 [ 1 L L L L | L I 1 | " L 0 i 1 L i L L 1 L L 1 | L L
0.4 0.6 0.8 1 0.4 0.6 0.8 1
The global correlation of aq The global correlation of a,

34



CP violation of K° — K? system

Neutral kaons have definite quark components and strangeness S when they are
produced by strong interaction (K® = d5, K° = d s). J.Y. Zhang et al., draft ready

But the strangeness can be changed via flavor changing process (weak interaction),
namely K° — K° mixing or oscillation.

Assume CP is symmetric, the CP eigenstates:
1 _ K° — K° mixing
Ky >=—[|K°> +|K° >| with CP = 1;

\/E d u,c,t 5
1 »- > P
T KO ~ _ |0 . _ _1.
K, >= 7 [|K° > —|K°®>] with CP = —1; o S -
But CP is violated in weak interaction, the mass « « «
states: 1 5 u,c,T d
|Ks > = [IK1 > +e€5|Ky >];
\/1 + |€S|2 d W~ S
| |
1
K > = [IKy; > +e€,|Kq >]; KO u,c,ty AucT X0
1+ |e,|?
< <
s W+ d

If CP conservation: € = €¢; = 0.
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 Two-dimensional (2-D) fit for D° —» K,(1270) " e*v,

C g2 _ 2 = 2
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» Efficiency corrected signal yields
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The statistical uncertainty
of Ayp is 1.8x1072,
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ete” - J/P - A(~ prn~) A(» nr®, pr™) with a MC of J /1 events @ 3.097 GeV

* The joint angular distribution with non-polarized beam: Y. Xu et al., submitted

P The angular distribution of J /i > A A
W (§) = Fo (§) + aFs5 (€)
+onaz (F1 (§) + V1—a?cos (A®)F; (§) + aFs (£))
/+ 1 —a2sin (A®) (—a1F3 (&) + aaFy (§)),
the spinj:orrelations between A and A

the transverse polarization effects of A and A

The joint angular distribution with polarized e~ beam [1]:
W (&) = Fo () +aFs (§)
+ ajag (F1 (§) +V1—a?cos (ADR)F; (§) + aFe (£))
+V1—a?sin (A®) (—anFs (&) + aaFy (§)),

S. Zeng et al., ongoing

The angular distribution of
protonin A - pm is
Ha1Tg + aT; — T 1 - =

116 2l7 — 1021 E(l"‘alPA'n)-

1 N\ polarization

asymmetry parameter
37

x polarizability P, of the e~ beam

[1] N. Salone et al., Phys. Rev. D 105, 116022 (2022).



LFV decay of T—>yu at STCF

Signal side T = yu
Tag side: T = evd, mv, nn’v(Br = 54%)

_,..:Il}c'lus.i"‘.’.e:.fmﬁc e
' ; ' Dominant background: ete™ - u*u~ and

S @ e
H o

V VY

2Erie v ete >ttt , 1t - nnlv, 7 - wiv
SN LLNE "7?\/} . ;}'.80 TABLE II. Optimization for pion/muon separation.
(GeV) peff.at1GevV UL(B(T — yp))/107°
3%  96.7% 1.2
1.7% 926% 1.5
TMVA overtraining check for classifier: BDT 1 % 873 % 18
3 oS T ey ¢ i
g B 7] Background (test sample) | | + Background (tralning sample) 3 _.
i 18 :Im—ﬂn’mﬂ:mﬂmvmﬂ:ﬁ (0.206) K j
18 .
t i » STCF with 1ab!:

N}
1 BR@-yw <o

| 4\_ _ 2EN .

1 1.0
0 02 04 06 08 cut value
BDT response

~1.2x 1078

mrrmrm T mn
WOLbw (S0 (00, Q0% / (0.0,0.0r%
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