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Super Tau-Charm Facility (STCF) in China

En=2-7GeV

PID system

[ Outer Tracker ]

[ Inner Tracker ]

~7Tm

> Peaking luminosity: > 0.5x10%° cm? s! @ 4 GeV
» Potential to increase luminosity & realize beam polarization
»> Total cost: 5.5B RMB



STCEF Detector STCF CDR, arXiv: 2303.15790 [hep-ex]

ITK:
<0.25% X, / layer , 291.cm——>
ay< 100 um

Scintillator

PID : 18%em__ , 7

n/K (and K/p) 3-4c separation up to 2GeV/c 149 cm—»_
EMC

| D\ (O MUD: 105 cm—» J.UW%

E range: 0.025 - 3.5 GeV 0.4-1.8GeV B
o =2.5% @ 1 GeV U/T suppression
Pos. Res. : ~5mm @ 1 GeV  FiussEeil]

20 cm

16 cm\—>
11(9.8) cm >
6(3.6) cm

Requirement:

* High detection efficiency and good spatial resolution
* Superior PID capability

* Tolerance to high rate/background environment 4



Expected Data Samples at STCF

Data sample produced per year

CME (GeV) | Lumi (ab™1) Samples o(nb) No. of Events Remarks
3.097 1 JIy 3400 3.4 x 1012
3.670 1 THr 24 24x10°
Y(3686) 640 6.4 x 10"
3.686 1 T 25 2.5%x10°
Y(3686) — 77T~ 2.0x10°
DD 3.6 3.6 x 10°
DD~ 2.8 2.8 x10°
3.770 1 D°D° 7.9 %108 Single tag
D*D~ 5.5x108 Single tag
T 2.9 29x10°
D*ODO + c.c 4.0 14 x 109 CPDODO =+
DD + c.c 4.0 2.6 x 10° CPpopo = —
4.009 ! DD 0.20 2.0x 108
L 35 3.5x10°
D*D; +c.c. 0.90 9.0x 108
4.180 1 D*D;+c.c. 1.3x 108 Single tag
T 3.6 3.6 x 10°
Jlyntn 0.085 8.5 x 107
4.230 1 THr 3.6 3.6 x 10°
¥X(3872)
W(3686)n* 1~ 0.058 5.8 x 107
#2360 1 Thr 3.5 3.5x10°
W(3686)1* 1~ 0.040 4.0 x 107
4420 1 THr 35 3.5x10°
- Y(3686)1" " 0.033 3.3 x 10;’
) AcA, 0.56 56x10
A, 6.4 x 107 Single tag
THr 3.4 3.4 %x10°
4.0-7.0 3 300-point scan with 10 MeV steps, 1 fb~!/point
>5 2-7 Several ab™! of high-energy data, details dependent on scan results

XYZ Factory
XYZ Y(4260) | Z.(3900) | Z.(4020) | X(3872)
No. of events | 1010 10° 10° 5x 10°
Light meson Factory
Decay mode B (x107*) [177] n/n’ events
JIy — yi' 52.1+1.7 1.8 x 10%0
J/W — yn 11.08 +0.27 3.7 x 10°
Iy — ¢nf 7.4 +0.8 2.5 % 10°
Iy — ¢n 4.6 +0.5 1.6 x 10°
Hyperon Factory
Decay mode B (units of 10~%) Angular distribution Detection No. of events
parameter @y, efficiency expected at the STCF
Jy —> AA 19.43 +0.03+0.33  0.469 + 0.026 40% 1100 x 10°
¥(2S) > AA 397+0.02+0.12  0.824 +0.074 40% 130 x 10°
JJy — EOE0 11.65 + 0.04 0.66 + 0.03 14% 230 x 106
Y(2S) — 2050 2.73 +0.03 0.65 +0.09 14% 32 x 10°
Jy — E-E* 10.40 + 0.06 0.58 + 0.04 19% 270 x 109
Y(2S) —» E-E* 2.78 +0.05 0.91 +0.13 19% 42 x 10°
5



Pure leptonic D(;, decays



Comparison of D] events

Colla. Type \/E Luminosity No. of D;r events Efficiency
CLEO 4.17 GeV 0.6 fb1 0.6x10°
BESIII ete 4.18 — 4.23 GeV 6(9) fb~1 6(9)x10° ~10 — 30 %
-1 8

STCF 4.009 GeV 1 ab 2x10 " % % %
Belle(11 10.58 GeV -1 . 3

elle(1I) . e 1(50) ab 1.3(65)x10 . *i‘5—10%
BaBar 10.58 GeV 0.5ab! 6.5x108
CDF pp 1.96 TeV 9.6 fb~1 1.3.x1011

<0.5%

LHCb pp 7 TeV+8 TeV 1.0+2.0fb™! 5.0x10%% 4 4l

> Bellell (50/ab) has more statistics;
» LHCDb has much more statistics, but huge background;
» STCF is expected to have higher detection efficiency and low bkgs for productions at threshold;

» Additionally, STCF has excellent resolution, kinematic constraining.



Pure leptonic D(S) decays

» Axial current (nonperturbative)

<O0|sy,ysc|Di >= ipufng)

(fp, : D{;, decay constant )

» Veacs): CKM matrix element, fundamental SM parameter, measured from

experiments.

» In the SM, ignoring radiative corrections, the decay width:

2
2 m%

Gr
I' = 811' fD() |Vcd(s)‘ mf mD(S) <l_mé+ > (fze,ﬂ,‘t)
(s)
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» Branching fraction: Br(DErS) - {tv,) =T Tpt, (TDE;) : lifetime)

2
Br(DErS) — 3+W) X [fng) ’ ‘Vcd(S)‘ ]

 Input f Dy, from * Input |V 45| from SM

LQCD calculations, global fit, extract f DY,
extract |V g5

O The decay constants f D’ help to calibrate the LQCD calculations;

O The CKM matrix elements |V 4. [: help to test the unitarity of CKM.



[ Lepton flavor universality (LFU): 2

- T(D§ ~thvy) Mpy,

RNy i 2

Expectations in the SM:
R(D* - ttvy: ptv, etv,) =2.67: 1: 2.35x107°
R(D} - ttvy: ptv, etv,) =9.75: 1: 2.35x107°

Any deviation from experimental measurements potentially indicates the
existence of New Physics beyond SM.

SM predicted: B(DE;) — eTv,) < 1073, not yet experimentally observed so far.
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Comparison of f+

Taking |V, ;| = 0.97320 + 0.00011 [1] from SM global fit:

| | | | | | | | | | | | | | | | | I
ETM(Q2+1+1) PRD91(2015)054507 2472+4.1 Fed
FMILC(2+1+1) PRD98(2018)074512 249.9+0.5 .
FLAG21(2+1+1) EPJC82(2022)869 249.9+0.5 °
HFLAV21 PRD107(2023)052008 2522+2.5 ol
CLEO PRD79(2009)052002, t.v 251.8+11.2+5.3 ——

CLEO PRD80(2009)112004, v 257.0:133+5.0 ——1
CLEO PRD79(2009)052001, <, v 277.1+17.5+4.0 ——
BaBar PRD82(2010)091103, T, v 244.6:8.6:12.0  H—e—H
Belle JHEP09(2013)139, <, .v 261.1:4.8+7.2 HeH
BESIII 0.482 fb! PRD94(2016)072004, pv 2455:178:+51 F—e—oi
CLEO PRD79(2009)052001, uv 256.7+10.2+4.0 ——
BaBar PRD82(2010)091103, uv 264.9+8.4+7.6 H—e—H
Belle JHEP09(2013)139, pv 248.8+6.6:4.8 et
BESIII 3.19 fb!  PRL122(2019)071802, pv 253.0+3.7+3.6 e
BESIII 6.32 fb!  PRD104(2021)052009, v 249.8+3.0+3.8 ol
BESIII 6.32 fb!  PRD104(2021)052009, v 249.7+6.0+4.2 e
BESIII 6.32 fb'l PRD104(2021)032001, T v 251.6+5.9+49 H—e—H
BESIII 6.32 fb'l PRL127(2021)171801, t.v 251.1+2.4+3.0 Hel
| | | | | | | | | | | | | | | | | |
0 100 200 300
fo: [MeV]

[1] P. A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update.

Theorical
precision: 0.2%.

Experimental
precision: 1.0%.
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Comparison of |V ]

Taking fp+ = 249.9 = 0.5 [1] from LQCD calculations:

-1

A
CS

[1] Y. Aoki et al. (Flavour Lattice Averaging Group), Eur. Phys. J. C 82,10 (2022).

0

| I | I I I I | 1 I I 1 I I

CKMFitter PTEP2020(2020)083C01 0.97320+0.00011 B
HFLAV21 PRD107(2023)052008 0.9701:+0.0081 .
CLEO PRD79(2009)052002, v 0.981+0.044+0.021 e
CLEO PRD80(2009)112004, T v 1.001+0.052:0.019 i
CLEO PRD79(2009)052001, <,v 1.079+0.068+0.016 (——
BaBar PRD82(2010)091103, <, v 0.953+0.033:0.047  HeH
Belle JHEP09(2013)139, <, , v 1.017+0.019+0.028 HoH
BESIII 0.482 fb™! PRD94(2016)072004, v 0.9560.069+:0.020 +——i
CLEO PRD79(2009)052001, pv 1.000+0.040+0.016 bt
BaBar PRD82(2010)091103, pv 1.032+0.033+0.029 e
Belle JHEP09(2013)139, uv 0.969+0.02620.019 11
BESIII 3.19 fb! PRL122(2019)071802, pv 0.985+0.014+0.014 -
BESIII 632 fb! PRD104(2021)052009, pv 0.973+0.012+0.015 ™
BESIII 632 fb! PRD104(2021)052009, t,v 0.972+0.023:0.016 i
BESIII 6.32 fb-l PRD104(2021)032001, T,V 0.980+0.023+0.019 ol
BESIII 632 fb! PRL127(2021)171801, t,v 0.978+0.009:-0.012 -

| | | | | | | | | | | | | | | | |

1

Experimental
precision: 0.8%.
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LFU in B decays

R(D®) = Br(B - D™t v,)/BF(B - DW¢v,)

g\ O .4 B | ] 1 1 I ] 1 1 | I | 1 1 | I 1 1 1 1 I || 1 1 | I 1 1 | 1 I 1 1 1 | I 1 1 1 | I 1 ] i
2
e B m Ax”=1.0 contours -
- B Prelim. 2023 ]
035 BaBar12 —_
_ Bellel5 -
03 '\ ]
i LHCb23 LHCb22 -
- [ ] —
f— ® . 0 —
0.25 [— f - Bellel9 ]
B Bellel7 PRD 94 (2016) 094008 _
B PRD 95 (2017) 115008 World Average n
0.2 [—  $HFLAV SM Prediction  JHEP 1712 2017) 060 R(D) =0.356 £ 0.029,,, =]
B R(D) = 0.298 + 0.004 T gg}g; o ot R(D*) =0.284 = 0.013,, =
B R(D*)=0.254 0005  pic 50 (2020, 2. 74 p=-0.37 -
B PRD 105 ’ P(x%) =25% -
(2022‘ 034503
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0.2 0.25

0.3 0.35 04 0.45 0.5 0.55
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Generic MC (Pseudo-data ) samples at STCF

VS (GeV) | Luminosity (ab™1) | Decay of interest

4.009 0.1 ete” — DSin

The data samples at /s = 4.009 GeV with larger statistics can avoid the

systematic uncertainty caused by y/m® reconstruction directly from D} decays
at /s = 4.18 GeV.

B ' | T i
os}— YDD : 100 ] 4+ -
CIoD. [4009GeV ] | ole’e” > DsDs)soosgev 4
g : 4.18GeV . g 2 ~ U
= oal i I 1 o(ete™ > DgDg)418cev
0z |- ¥, -
- S v -~ 4 CLEO Collaboration, Phys. Rev. D 80, 072001(2009)
— : . VvV VvV, Ve w .

390 3.95 400 4.05 410 4.15 420 4.25
Ecu (GeV) 14



Analysis method for D] decays at STCF

O Single tag (ST):
Fully reconstruct one Dyg.

AE = EDS_ — Epeam

2
= | Ebeam — |Po;|
Mg = \/Ebeam Pp;
o T T T
3 K~
L 4e0f D5 KK
é 30 0_ ¢ Pseudo-data
A | — Best fit
= 200F--- Bkg: ARGUS
> [
E 100
]
S S T |
=

1.9 1.95 2
Mgc (GeV/c?)

O Double tag (DT):
In the recoil side against D :

D} - tv_via
Tt > etv, v,
ELo! .: the total deposited

energy for all of the extra
good showers in the EMC.

. + +
Dg - p'v,
Missing mass squared:
MM? =

\/(Ebeam - Eu+)2 - |_I_,)Ds_ - I_’)pﬁlz

The charge conjugated channels are also implied.

Kt K™
[ 7
Tag \DS_ -
/
+
4.009
- GeV —
e
/
Ds Signal
/ 1gna

15




- Ty, viat - ey,

O Double tag (DT) Signal +—ir 7 &k | gf KK | 3f
1 - . 3 4
peak | al 1 2t
* Only one e*. 05} N ||
EZ%..: the total energy of the extra ~ _ os}p ap T
— Or I 3r
good EMC showers. X o4l ; 2l
> 5 : .
o ° ° o r _° .. 1 [
* DT yield (Npt) in the signal S L :
S I o 0.6
E' < 0.4 GeV: Z 1 :
extra : . =5 ; N o4l
> I N
=R osf :
pT = INpT DT DT DT 26 0 os TS
] 1,55— - ¢ Pseudo-data
NDT — 18, 771 i 2495tat. 1; ] BeStﬁt-
¢ Non-D; background(BG)
O0SF oofece ] e D! —Xe*v, BG
Br(D} - ttv,) = (5.49+ 0.07 X102 Bzt 8 . DI-Klev. BG
(Ds o) = ( - stat.) 20 95 115 2 ppic 82,310 (2022)

EY  (GeV) P

extra



Optimizations of detector response EPIC 82,310 (2022)

> The parameters can be AT T N | T R O e

g @ 8 | « DoK'k

adjusted flexibly by a scale

......... o-g- * D>KKnn

factor;

€st (%)

40 |-

» Check the change on the iggs 8 8 8 sl[se ° ¢ ° ¢ o Do KK
. . : I A SO I I T SO S ] KK
single tag efficiency with 20 +* ; ; g B B B Bt o Do KK TR

1 1.2 14 1 1.2 14
the parameters; Charged & .. scale Photon e scale

o D wnm

I | | | I I | I | | 0 D;_) n-nYY
e s ey (d)
Optlmlzatlon result8: 60 __. ............ . ............ __ __. ..... oc.) ..... (:) ..... :b ........... o.. o D> ©n nYY
. . . S [ o z ; 6 o o6 | [ o Db o e o 21 _ ’
* reconstruction efficiencies: £ ? 8 8 g R N * E * E * I R S
) 4 : o : o . : 4 . e o o o o o ) _
IO%T; wm 40 _§ ..... *; ..... ** ..... ot ; _ _: ..... ,, ..... %Q% ..... &_ . D> nn,yp
o o ° ° I : m] m} (m] O [:] (m} [;] O |:| D; K'+-
 misidentification rate (1t /K): 8 8 @oacoaqts o8 o 886y FOURE
p | e OOOR-JOUSE JOROS-JOPS-JOONL-JOOS SO [ - OSSSRRUOS USROS - SOOS- SO SO SO S
1.0% at 1 GeV/C. I_:l'I - I()l - I:lI - I2‘ - I3I I_:l'I - I()I - ‘1‘ — IIII3I

[\

P(K—) (x10?) P(n— K) (x10%)
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Results EPIC 82,310 (2022)

Luminosity (ab™1) 0.1 |
Optimization without with with
5.49 £ 0.06 +0.02
+ + -2 — stat. - stat.
Br(Df - ttv,) (x1072) | 5.49 4 0.07, (Improved by 14.3%) (scaled by luminosity)

BESIII [1] Bellell [1] D} - ttv, (STCF)

Source 6 fb~! at 4.178 GeV 50 ab~! at Y(nS) 1 ab~! at 4.009 GeV
Stat. (%) Syst. (%) Stat.(%)  Syst.(%) Stat.(%) Syst.(%)

Brp: .+, 1.6 2.4 0.6 2.7 0.3 1.0
fp: (MeV) 0.9 1.4 - - 0.2 0.6
Vs 0.9 1.4 - - 0.3 0.7
BrD;'—n"'vt
Brpt v, 2.6 2.8 0.9 3.2 0.5 1.1

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

scaled according to Ref.[1]. / 18



O Double tag (DT)
* Only one ut.
 Missing mass squared (MM?):

MM? =

\/(Ebeam - Eu+)2 — |_I_)>D; o ﬁu* |2

NDT —_ 14‘, 687 i 14'25tat.

700

N WO B O O
o O o o O
o O O o o

Events/(0.004 GeV?/c?)

100

BF(D{ - ptv,) = (5.61 £ 0.055,,)x107>

5

3

o |

A

0
MM (GeV?/¢4)

EPJC 82, 337 (2022)

+ Pseudo-data

Best fit
------- Fitted bkg

- BKGI: right ST D, with wrong D —u*v,

- BKGII: wrong ST D

01 02
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Optimizations of detector response EPIC 82, 337 (2022)

10000 i s D KK
i - +K—— D+ + - : : I : : : . ¢ s n
_ D - K"K nt~,Dg > u vy, (1] EEETR T R o T SIS - . Do KK
< 8000 - p g = 0= = s Bfo o o iz @i oo D> mw
2 [ L[l( ~  50f 818 8 & &°F ] © Do KgK_
ATV . S bSO A R A e e ] s o
9 000 X 3 z z P Te % s s sl 8] I ki
en N N’ L : : HE : : : - s
o L . . . . L ° .: ° . ° .: ° n - 0¢-0_.-
= LU; 40 UUUUURRRS SUURURRRRRR O ER SO TS e S . g§_>§§§_5n+ ]
= - ; ; I . o TR
~ 4000+ [ A & R: & AT ] D — K§K+TE'TE'
Z [ 2 ‘g B B BELa a & ia sl o8] D xS
= 30_.: ....... E_... ............. [ S i ieecescccana A — o s TN Y
q; 2000 - @ o ! o© o: o o X o o: u] ‘o o: o - D— Tc'n¥
— ; o o o » T : : : . - T
= i AR RS S S I SR N SR S SR S o Do mm e
_ Y _ 0] S S SRS O S P S 0 iem ] a D ™
0 o5 T S I TP NI 10 N R A S s D=oem,
' 60 70 80 90 60 80 100 120
Momentum (GeV/c) (a) Average eff. of charge 7 (%) (b) Position reso. (Lm)

Optimization results:

* The average tracking efficiency for charged pions: 66.18% at py € (0.05,0.1)GeV/c;

* Weak dependence from different spatial resolutions is observed, the optimization of
momentum resolution of charged tracks is not changed.
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Es1(70)

ol i L I ! J ! ! : ! C S

- : : : o : : : : : .

60?“5 ........ D ..... nnu ....... e R I:]. ....... peeeeees m ........ I.j __ .................................. .................. .
F] : : : : & & o = o 0 o

0 SUUUOE U N SO & SO SO A AN 0 SRS T E
[ § 9 " S 9 81 ¢ S S 9 S $ I 9 S S S S $

PSS JOUUUORCE SNC I UL TS . SUUOO. 0 O JNUUUOI SOPPUORC UUSOOO. VUL SOOROOOE S i JOUOOOOR TN L SOOI 0 SO, SO T
- : : : A A 4 : : : :
O e T s L O S S - T - A S

30:_.EJ ....... g,. ..... g,g,.g ....... g__u ........ ff ........ I? ........ I.:l m_:_ﬁ,, ......... E.l ........ El |:| ........ |'3 ........ m_:

B B 8 : @& & BTGB ] A B 8 B 1 8 8 ] 8 8 A ]

- & °: e I e e » T o 5 : A A A A A A A4

20-— Y, -. ......... ....- .......... _._“_ ........... :........... ........ Q ........ [ .?..._._..é ........ gt @ crrenne [P P ?._-
S I B I B B = N P B B O A I R
80 90 100 110 120 1.5 2 2.5 3 4 5 6

(c) Detection eff. of y (%)

(d) Energy reso. of v (%)

The photon position resolution: 6mm.

(e) Position reso. of y (mm)

The photon detection efficiency: 88.33% for E,, € (50,200) MeV.
The photon energy resolution: 1.75%;

EPJC 82, 337 (2022)

* X% X% X X% @ ©O @ ©O©0 o Oo0 e

D.—» K'Kn
D.— K'Knn’
D— n'nw
D,— KgK
D.— K§K'Jt°
D— K
D,— K%Kgn'
D— K Krn'n

D—>K§K I

D—> J‘EJt‘r]
D,— wn'n’
D;_> J'E’Y]’ JEJIJI
D — JUTnly v)
S

- S
D= pm

1t /K misidentification rate: 1% at 0.8 GeV/c, with the dE /dx resolution of 6%;

u /1 misidentification rate: 3% at 1 GeV/c, with the muon identification efficiency of
97%.
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Results EPJC 82, 337 (2022)

* Stat. : combine DY — t7v, and D — u*v, together

Source Br,, + oty Combined 7 and u (STCF)

_ BTD;-_) tv, BT'D+_) + e
(1ab™!) o S Brpr e, fpr (MeV) Ves|

Relative stat.\ ¢ 304, 0.2% 0.5% 0.1% 0.2%

|

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

 Syst.: a relative uncertainty (0.4%) from the D{ lifetime Tp+ = (504 * 4)x10715 s,

22



b — s y photon polarization

23



b — s y photon polarization

EPJC 81, 1068 (2021)
» In SM, the photon emitted from the electroweak penguin loop in b — s y transitions is

predominantly polarized, and predominantly left-handed.

» New physics (NP): an observation of right-handed photon helicity in b — s y transitions
would be a clear indication for NP.

* The photon polarization parameter * In Ref.[2], an up-down asymmetry (Ayp)
(4y)in B - Ky y [1]:
_~ Wilson coefficients in B" — K-li_ (- K'm ")y
|C7r|* — |Cqp ] _ 2 4up
/1 — A)’ /
Voo ICRI2 + 1€, | 3 Aup~,

inD? > K{(-» K*'n nHe'v,

~ {_1’ Ii ” .s;y (SM predictions) The model-independent way to
+1, b-sy determine photon polarization in
b-sy.

[1] M. Gronau and D. Pirjol, Phys. Rev. D 66, 054008 (2002). 24
[2] W. Wang, F. S. Yu, and Z. X. Zhao, Phys. Rev. Lett. 125, 051802 (2020).



EPIC 81, 1068 (2021)
e The ratio of up-down asymmetry Ayp in D° - K,(1270)" (- K n*n)etv,

n

Ik e+y,(€cOs Ok > 0) — Ig-p+, (cOs Ok < 0)
I'k;etv,(€0s 0p > 0) — I'k-e+y, (cOs 6 < 0)

’ —
AUD -

« The D° - K,(1270) e*v, has been observed for the  _
first time with a statistical significance greater than 100
by using 2.93 fb~1 of et e~ collision data at /s = -
3.773 GeV by BESIII Collaboration|[1]:

nfast

Br(D® - K;(1270)"e*v,) = (1.09 + 0.13%992 + )x1073

* Due to limited statistics of the current BESIII

data set, Ayp has not been measured. the

assumed branching fractions of

[1] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 127, 131801 (2021). 25



STCF: ete” - ¥(3770) - D’°D° @+/s = 3.773 GeV witha MC of 1 ab™!
EPJC 81, 1068 (2021)

« Single tag: D° - K*n~,K*n n®, K*¥n~n*m~, with a similar method as that using in
D¢ decays @/s = 4.009 GeV

* Double tag: D° - K,(1270)"etv,, K;(1270)" > K w*nm™

——— Pseudo-data Best fit [ Two-dimensional (2-D) fit |

2 2 — :
M niss = Enmiss — |pmiss|2 """""""" Signal e Bkgs: Knnn+Knunn+others
E ..=E —zE- e F i K{(1270)"
miss beam . j 95@000. 8
J = [ =]
8“”' S
n ok ]
— _ — — - b sm_
Pmiss = —Ppo — Dj S | k-
- w5000
J ;
j: K7, Tl'+, T, et Sbt, g T

12 1.4 16

Mlzniss (GEVZ/C4) MK_TL'+T[_ (GEV/CZ) 26



EPJC 81, 1068 (2021)
* Efficiency corrected signal yields in bins of cos g and cos 8,  , ¥2 fit

%10°
2501

Fit function:

T‘]'VY

f(cosBx, cosO; Ayp. dy,d_) = (4+dy +d_)
[1 + cos’ Ok cos’ 0]
+2(d+ —d-o)[1 + cos’ Ok | cos 6
+ 2Ayp(dy — d_) cos Ok [1 + cos? 6]
-+ 4A/UD (dy + d_) cos Bk cos 6 e
— (@4 —-dy — a'_)[cos2 Ok + cos> 0].

-i
“J Ll

-+- Pseudo-data

Events/(0.5)
8

g

— Best fit

) 1 ada |

aaadaaal ool ool addasal ool aaal. oo
-1 08-06-04-02 0 02 04 06 08 1
cos O

N
&

g

-+- Pseudo-data

E!entsl(O.S)
8

. e S / . . :
The statistical sensitivity of Ay is determined to be in — Best fit

&

the order of 1.8x102 based on 1 ab~! MC sample.

(=)

1 -0.8 0.6-04-02 0 0.2 0.4 06 0.8 1

cos 0, .



Optimizations of detector response

» Check the change on
the DT efficiency and
signal-to-background
ratios with the
parameters;

» Optimization results:

0.13¢
0.12f
0.1}
0.1}
0.09f
¥ 0.08f
K 0.07}

0.06}

0.05f

0.045

iciency

(a)

=

gy Ry
1.1

A l ' ' A ' l ' ' 'S
1.2 1.3
Charged track efficiency scale

* reconstruction efficiencies: 10%7,
* misidentification rate (r — e): 3.2% at 0.2 GeV/c.

O With optimizations, DT efficiency: 33% 1.

A S
14

1.5

S/\S+B

S/\S+B

2 & &8 8

EPJC 81, 1068 (2021)

(b)

i . — ——— —

.

'l A A A l A A A A l A A A A l A ' ' A l ' ' '
1 1.1 1.2 13 1.4 1.5

110p
105¢-
100
95
90F-

80F-
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60—

Neutral track efficiency scale
(c)
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Results EPJC 81, 1068 (2021)

1 ab™1 MC samples The statistical uncertainty of Ay
Default (no optimizations) 1.8x1072

With optimizations 1.5x1072 Improved by 17%
Prediction App = (9.2 +£2.3)x1072

\A 4 Ayp - Ay, = 1for b > sy in SM

Y 3 Ayp

Ayp = (6.9 +1.7)x10% from Bt > Ktmnt y

—

in Mg+ -+ € [1.1,1.3] GeV/c? [1]

[1] R. Aaij ef al. (LHCb Collaboration), Phys. Rev. Lett. 112, 161801 (2014). 29



Other works [1]

Source Goals

D—>T[‘B+V{)

LFU test, form factor

Multi-body D decays

Study CP-violating asymmetries in local Dalitz region

ete” - D°D° @ 3.773 GeV

Study D° — D° mixing and CP violating parameters;
strong-phase difference between CF and DCS amplitudes

ete” - yD°D? @ 4.009 GeV

Constraints on D® — D® mixing and CP violating parameters

Strong phase of D decays

Important for the precision measurement of CKM unitary triangle angle y.

Rare and forbidden decays

Probe new physics beyond the SM

ete™ - D*D®™ () @4.1 ~7.0 GeV

Study excited charmed meson states

—~+,0 .
At 277, Q0 - non-leptonic decays

Decay asymmetries with high precision

=+,0 : -
At 277, Q0 - semi-leptonic decays

Form factor

5~7GeV

Study the excited states of AL , 2., E g'), QY

> 7.4 GeV

Study double charmed baryons, like EF*.

[1] STCF CDR, arXiv: 2303.15790 [hep-ex].
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Summary

Highlights

Channel (1 ab™1)

D! - ttv,
ete” - DIDg
@ 4.009 GeV

Ds - ptv,

The relative stat. of f,+ is 0.1%, which is comparable
to uncertainty (0.2%) of the LQCD calculation

(249.9 + 0.5) MeV.

The relative stat. of |V | is 0.2%;

The relative stat. of T+ /u* LFU is 0.5%;

The results will be limited by the uncertainty (0.8%) of

the D/ lifetime Tpr = (504 4)x10~ 15 s,

D° - K,(1270)"e%v,

@3.773 GeV

The stat. of ratio of up-down asymmetry is 1. 5x1072;
Combined with thatin B - K (K*n ") y, the
photon polarization in can be measured to probe the
new physics.
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Thanks for your attention!



2031- 2041-
2018 | 2019 | 2020 | 2021 | 2022 | 2023 2024 2025 | 2026 | 2027 | 2028 | 2029 | 2030 2040 2043
CDR
TDR
Construction
Commission
Upgrade
5 years 7 years
R&D and TDR Construction

Figure 5.1: Expected timeline for the STCF project.
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Decay constant f D,y if inputting the |V 4(,)| from SM global fit.

O Helpful to precisely calibrate Lattice QCD (LQCD) calculations.
The first absolute measurement on f p; from BESI [PRL74(1995)4599].
ete” - DID; @ 4.03 GeV with 22.3 pb~1
L @erecol Df ST (e VI v, ] for = (4.3213%04)x10% MeV

r Double tag: 3 events

— L L} T l T L T I L] T A l T T T | T T L5 2
> o T S —" % P S S—" % SR S — { PR 1Y B — % : r 68.30A) conﬁdence interval
D o -
3 oL )precol DY — utv, i i 1 | _
~ r 1
[72] 4
g -
> ~ M )
w n + + | + " + 4 | . " 1 + + + + i ) -

0 T T - .0‘ b.s

AR
A58

\

VV\
DO
RSN
OOOO)

+—t—t—t—t——
(c) &,4 recoil zzap > 400 MeV/c X
25+
(XXX
X 9050505050

i os1p > 550 MeV/c ] L
b ) | 4
g l ‘ AKX
[ ] . QOO
ol 0 I, . ] () b Pe00%0% %% %% %% %% %% % o

1.8 1.85 1.9 1.95 2 0 200 400 600 800 1000
D, Candidate Mass (GeV) fos (MeV)

O improve the theoretical precision on the decay constant of B meson|[1].

50 ot AM
« BB mixing parameter xp = F—B can be well measured.
B

 Inthe SM, assuming |V,,| = 1, x5 < fg [V 4|?
 aprecise determination of f g+ is important for extracting |V 4|

* The ratio fy+/f g+ has a better precision from LQCD calculations
34



2. CKM matrix element |V 4 ()|, with the f Dzr)predicted by Lattice QCD.

O Helpful to test the unitarity of the CKM matrix.

— I 1
VCKM — ' ed Vcsl ch | C
. u

- /

Relative magnitudes

d s b - )
AAAYEl LI
V

Unitarity (VTV = 1) prescribes 6 complex equations:
VigVea + ViiVe + VipVep = 0 VisVua + VesVea + VisVig = 0
VuaVea + VusVes + Vi Vep = 0 VibVua + VepVea + VipVea = 0
VeaVea + VesVes + VepVep = 0 VabVaus + VepVes + VipVis = 0



#[5], BR T —HEEnEER T EERA RERZTR
(6], Hhzm X Higgs —EAMHEA | leptoquark A fZ A &, (Hix
WHpERAMEALR FH—FRIE(7]. F4, XEI8IBE, &
cosKRITRESF, NHiges —EANEA WA HE Higes FET S5
WIkTE SR EREA W RE TS 5MKkETRFETY, XKF
HEESHEBEFLEESERHEAR, A, £ EFUBIAREDE - 1Ty
NELRRDYEFTWNR T EEEZ BRI, ATARHARRFAE
A FREE R EEANTHERELRKE, <

Possible source of LFUV

Leptoquark

Charged Higgs
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