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Tagging method
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1. Df - [I"v

Improve the measured precisions of :

« branching fraction—decay constant st+ and CKM element |V__|;

BESIII samples:
Data: 0.482 tb-1;
Cocktail MC: 5x data.

STCF sample:

Fast simulation.

cocktail MC: 0.1 ab-1 (59 rounds);

Signal MC sample:

generated for each tag mode;
Obtain the DT efficiency.
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Data sets

BOSS version: 703

Method: double tag
Channel: ete” - D D
Signal mode: pF - pty,

14 tag modes:

D; - KK 7~(101) K{KJ n™(109) T Mgy, (115)
K"‘K_]Z'_]Z'O(IOZ) KSQK+7T_7T_(1 10) ][_]7}:100_'_ _(116)
(103 7
N (105) KOK-z*z(111) Pt (118)
K°K—(104 N
sk (104) T 17),7,(113)
KK~ 7°(105)

2 o(114)
K 7~ n(107)

The charge conjugated channels are also implied.



Comparison of AE between BESIIl and STCF
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Comparison of My~ between BESIIl and STCF
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Tag mode STCF (10 rounds) BESIII
K*K-7(101) 39.87+0.22 40.73+0.55
K*K 7~ 7z°(102) 17.16+0.31 16.53+1.00
= (103) 51.97+0.90 56.06+2.14
KOK=(104) 43.68+0.46 48.39+0.94
KQK_EO(IOS) 21.37+£0.75 20.25+1.87
K-7-7+(107) 41.11£1.40 45.31+3.73
KKz~ (109) 22.87+1.04 22.58+1.70
K{K*n~n=(110) 22.97+0.62 20.92+0.56
KK ntn=(111) 20.03+1.44 19.38+2.05
1, (113) 49.18+0.71 47.22+1.74
TN o(114) 30.14£0.70 26.56+1.66
T gy (115) 26.32+0.42 23.53+1.00
7, (116) 32.41+0.64 34.05+1.60

TP+, —

21.81+0.34 19.80+0.88

Pl (118)

9

Comparison of ST efficiency (%) between BESIIl and STCF

Consistent;
The largest absolute
difference is about 5%.



Comparison of DT efficiency (%) with different muon selections at STCF

Tag mode MUC100 (MUC101 [IMUC102

K+K-7-(101) 32.17+0.08 | 28.08+0.04 | 22.94+0.07 The probabilities of pion
K*K-7-70(102) | 1469009 | 12561008 | 10.27:0.08 misidentified as muon for
2 1H(103) 42.24+0.08 | 36.16+0.08 | 29.63+0.08 MUC100, 101, 102 are
KOK~(104) 34.75£0.09 | 29.73+0.09 | 24.33+0.08 1 1 1 )
KOK~7°(105) 18.25+0.12 | 15.58+0.11 | 12.82+0.10 (309 60 100) prob(u)
K-n-7+(107) 36.17£0.16 | 30.95:0.15 | 25.17+0.15 > prob(elK/p)
KOK%z~(109) 19.59+0.19 | 16.80+0.18 | 13.59:0.16

0+ —_— 19.84+0.11 16.98+0.11 13.91+0.10
K K n 7 (110)

Op— +.,..— 18.41+0.07 15.72+0.07 12.85+0.06
KK~ mta=(111)

ﬂ_ﬂW(l 13) 44.11+0.08 37.78+0.08 30.81+0.07
Jl'_ﬂnJrﬂ—,[o(l 14) 25.53+0.07 21.86+0.07 17.90+0.06
”_’7;#7:—%(1 15) 22.24+0.07 19.07+0.06 15.57+0.06
ﬂ—n]:po (1 16) 25.95+0.07 22.22+0.07 18.16+0.06
ata—
107[__71'0”7/}/(1 18) 18.12+0.06 15.54+0.06 12.69+0.05
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Measured branching fraction at STCF

Events / (0.004 )

Combined 14 tag modes

- Fit_Mmiss2=G*S+C Emiss = Ebeam - EM+
600 Nsignal = 13495.3 + 118.2
500 f— Nbkg = 487.0 + 39.3 Pmiss == Prtag ™ Pu+
400 i— Ml’%liSS = EI%liSS o ‘ ?miss 2
300
200 _ DT efficiency: MUC100
100 The signal efficiency is (83.2310.27)%.

PP f N B TR BTN e -

90.2 -0.15 -0.1 -005 O 0.05 0.1 0.15 0.2
Mmiss?(GeV?/c*)

Sample Integrated Luminosity | B(D] — /4+1/ﬂ)(><10_3)
STCF @4.009 GeV 100 fb-1 5.60 £ 0.05,,
BESIII @4.009 GeV ] + +
[PRD94(2016)072004] 0.482 tb-" 495£0.67,, % 0'26Sysf
BESIIl @4.178 GeV 3.19 fb-1 549£0.16, , £ O.lSSyS,

[PRL122(2019)071802]

11
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Data sets

BOSS version: 703
Method: double tag
Channel: ete” — D D~

Signal mode:

Df >ty 7 > eTv,u,
11 tag modes:

D; — KJK~ D; — K*K n~ Dy — 71y,

D; - KK ntn~ D; - KKz~ n’ D; - n 7,7

D= K%‘na-  Di—Koa Dy = Ty
D > nrnrx" D~ - ﬂ_”;:p,9+ﬂ_

The charge conjugated channels are also implied.

13



Events/( 2.0 MeV)

Comparison of AE between BESIIl and STCF
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Scale: same area.
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Comparison of My~ between BESIIl and STCF

Events/( 1.1 MeV/c?)
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Comparison of ST efficiency (%) between BESIIl and STCF

Consistent;

The largest absolute
difference is about 7%.

Mode

BESIII PRD94(2016)072004

est (%) esto (%) ey

D; — KK~ 28.11£0.09 34.78 £0.52 32.36 £ 0.24
Dy > KtK 7~ 42.53 £ 0.07 41.38+0.34 42.45+0.18
Dy > KtTK—7~7° 15.29+40.07 11.99+0.36 12.56 + 0.21
Dy — KOK-ntr~  12.824£0.23 13.04+0.96

Dy » KOK*n—r~  14.64+£0.11 14.80 £ 0.50 16.17 & 0.25
Dy - atrw 55.98 + 0.25 57.38 & 1.30 58.27 + 0.87
Dy — 7, 19.39 + 0.08  18.47 £ 0.49 18.26 =+ 0.26
D; — na%,, 9.97+0.05  7.92+0.32 9.62 + 0.12
Dy = T oipyoyy 419002 3.20£0.10 4.67 £ 0.08
Dy =70, 10.27 +0.06  9.87 £ 0.30 12.09 + 0.25
Dy - K ntr™ 47.01 £0.38 48.25 + 1.88

The branching fractions of sub-particles decays is included.
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Comparison of ST efficiency(%) with D" — ,u+1/ﬂanalysis

Mode

Df — ptvy, (10x) Df — 7%v, (59x)
D; - KK~ 43.68 + 0.46 40.62 4 0.12
D; - KtK—m~ 39.87 + 0.22 42.53 + 0.07
D; - KTK7n—7n° 17.164+0.31 15.47 4 0.07
D; - KK ntn~  20.03+1.44 18.53 £ 0.33
D; - KOKtn—n~  22.97+0.62 21.15 4+ 0.16
D; »ntn— 7~ 51.97 £ 0.90 55.98 £+ 0.25
D — TNy 49.18 +0.71 49.19 +0.19
D; — w70y, 21.81+0.34 25.60 £+ 0.12
Dy = T Mt pyyy 2632 % 0.42 24.94 4 0.12
Dy — 7171, o 32.41 4 0.64 35.53 + 0.20
D; - K ntn™ 41.11 4 1.40 47.01 4 0.38

The branching fractions of sub-particles decays is not included.

17

Consistent;
The largest absolute
difference is about 6%.



Comparison of Signal efficiency between BESIIl and STCF

Mode STCF(%) BESIII(%)
D. - KOK~ 66.62 71.61
D- - KtK-n—  65.12 66.05
D- - KtK-7-70  64.99 59.47
D- = KOK-ntn~  67.63 63.86
D; - KdKtn—n~  67.86 64.76
D; »rntn 7w~ 68.54 72.45
D; — 7, 68.64 72.08
D- — 1., 68.46 69.26
D =T Wiy 6826 70.21
Dy =7, 68.39 72.31
D; - K ntrw 66.90 70.95

18



Fitting result of DT side at BESIII

Definition of E2%/ :

The total energies of the good showers, except for the photons used in the tag side.

100 _—
_{ Ny, = 191 23
% 80 B Combine 11 tag modes
O - :
— - Solid dots: data 0.482 fb-!
S 60— Ly Open dots with error bar: M g~ sideband (fix);
= - Dashed blue: D;" semileptonic decay (float)
@ - + » .+ 0,+ .
c L + Shaded green: D — Kje™ v, decay (fix);
q>) _ 7T Solid red line: fit results
L i + o .%% O_Q'%+ +
20 3 % + - % | :_ B :
- T A X I
r.l.:lllln‘llllJn-] L ll L1l l 1 :_l_—l'?'li_l’]?l.‘l |
0
0 02 04 06 08 1 12 14 16 18 2
tot
E .. (GeV)

SIZ _ pztot - :
NDT = Nsig - f1- Nciass 1 = Nclass 11 — f2- NCiass 1115
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Events/(0.1 GeV)

Fitting result of DT side at STCF
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Measured branching fraction

Mode STCF (%)
D; - KoK~ 4.75 £0.25
Dy - KtTK— 7w~ 4.89 £0.10

S

D; - KTK-n—n% 3.8240.13

S

Dy - KYK—ntn~  4.5940.74

S

D; - K¢KTn—n~  5.154+0.38

DZ_ — atr T 3.35 £ 0.32

Dy = 11y, 4.79 +0.21

D; — n~n'n,, 4.34 +0.13

Dy = T sy 423 0.29

Dy =7, 3.50 £ 0.32

D - K ntn~ 4.69 + 0.46

Average 445+0.06 «—— WWeighted by the statistical error
Sample Integrated Luminosity B(D} — vt )(x1072)
STCF @4.009 GeV 100 fb-1 4.45+0.06,,,
BESIII @4.009 GeV ;
o > et 0.482 b 4.07x0.61,,,
BESIII @4.009 GeV ]
[PRD94(2016)072004] T — ZT'D, 0.482 fb-" 4.83 £0.65,,, = 0.26,,,
PDG (2018) 548 +0.23
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2. DY - K,(1270)"e*y,

BE=1, MR, BENVE?, IibRR2

1. HINKE
2. K
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Motivation

1. The photon helicity in b — sy is predominantly left handed, and thereby, its
measurement plays a unique role in probing right-handed coupling in new physics.
2. Help to measure photon helicity in a model-independent way:

__» B — Ky
[PRL125(2020)051802] 4 Aup

A =
/4 / /yD—>K€+l/

Up-down asymmetry

[k ey [cOs O > 0] =Tk ,, [cOs O < O]
[k ey [cO0sO; > 0] =T’k ,, [cosO; < O]

/
UD

FIG. 1. Kinematics for D - K, (— Kznr)etv. The relative

angle between the normal direction of the K ., decay plane and In SM:

the opposite of D flight direction in the K rest frame is denoted

as @, while 0, is introduced as the relative angle between the / )
flight directions of e in the e*v rest frame and the e*v in the D UD — (9 2 + 2 . 3) X 10

rest frame.
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Data sets

Method: double tag
Channel: ete™ — w(3773) - D°D° @ 3.773 GeV
Signal mode: DY — K,(1270)"e*v,, K;(1270)" - K ntn~
Three tag modes:

DY - K*n~

DY > K*tn= 7Y

DY = Ktn—ntn

The charge conjugated channels are also implied.
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Comparisons of AL and My~ between BESIIl and STCF B0 s Ko

E 25000—
18000[— STCF B STCF
16000— s
C 20000—
14000— [
12000— B
- 15000—
10000— _
8000 — 10000—
6000[— B
4000— 5000{—
2000— E
0 = | i | 1 1 1 | 1 n E | | oo
- BESIII : BESIII
40000 50000 —
35000 — N
30000 oo
25000 &
E 30000—
20000— N
15000 20000
10000— &
= 10000—
5000 — &
ot . T | |
0T es 1.84 1.85 1.86

Mpc (GeV/c?)
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Comparisons of ST efficiency (%) between BESIIl and STCF

Mode STCF BESIII From signal MC
D’ - Ktz 63.42 65.77
D’ — Ktn=a" 40.40 35.52
D’ - Ktn=ntn~ 45.41 46.84

From inclusive MC

BESIII BESIHI[PRL122(2019)011804]
D° - K*n~ 59.15+0.03 66.09+009 @ 6537 %0.09
D’ — K*zn~n’ 3850+ 0.02 3499+0.05 = 34.67 +0.04

D’ - Kt ntn™ 4122+002 3889+0.05  38.20=%0.06

20



3.D — Kg/L ntm
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u
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Physics in Quantum Coherent D' — D" @4.009 GeV

« Use quantum-coherent DY — DY sample to extract strong-phase
difference Iin Kg/L n ™, help to improve the precision of CKM angle Y.

. C-even QC D' — D will help to perform time-independent
measurement of DY mixing parameter x,y related CPV parameter.

Phases of CKM elements:
B=e¢= ﬂrg(

a = (p) — (”'g(

Yy = @3 = arg (‘

Moriond 2018
Vc‘dvr.b )
VeaVen [)) - (22.0 + 0.7)(

ViaVen
Vud Vl} b

) a = (84.9*31)°

Vlldvl;b) . +4.2
dub ) = (73.5442)0
VCchb ) ( .).l)

~ an order of magnitude worse than that on [3.

—_—

2 '
S H
> 12 CHARM 2018 |:

~ |CPV allowed

1-

- . B0
_0.2___ H : 20
" ’ B30
_0'4‘; 40
_o.ﬂ'l—; poefopepp b b Lo Loy g bopsg i Loy . 50
~06-04-02 0 0.2 04 06 08 1 1.2
X (°/o)_
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Data sets

BOSS version: 703

Method: double tag

Channel: ete” - DDV - DODOﬂO/y @4.009 GeV
Signalmode: D, - K{,, ntn~

14 tag modes:

Mixed CP tag Flavor tags CP—even tags
D, - Kntn~ K*r~ KK~
Ktn ' A
Ko nnt ata "
Kgnoﬂo

The charge conjugated channels are also implied.
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Event selection

 Based on BESIII MC, data.

0 1”0 : , : Mp, T Mp,
. Best D" D" candidate is selected with the least Am = — Mppo
« Other two variables considered as cut variables.
AE = Ecys— Ep — Ep,
2
MM?*(recDD) = (Ecprs — ED1 — ED2)2 — ‘le + Pp,
CP Tag flavor Tag

g—j L STCFCDR ]

B

8 05§

A A A I A l '

0 02 04 06 08 1 12
P;(K ) (GeV/c)
L

llllll
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Comparison of DT efficiency between 4.009 GeV and 3.773 GeV

vs. signal side is Kgﬂ'-l_ﬂ'_

Mixed CP tag

Flavor tags

CP—even tags

CP—odd tags

Mode[BESIII]

K§ﬂ+ﬂ_
Kt~

Ktz Y

Ktnna"

0,,
S " yrntm~

0,,
KS ;771""71'_77

0
KSa)
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4.009 GeV (%)

16.90
23.51
12.86
14.04
22.74
23.51
13.50
6.08
13.26
11.70
4.27
8.33
5.62
4.07

3.773 GeV(%)
[PRD101(2020)112002]

18.53 = 0.06
27.28 = 0.07
14.45 = 0.05
13.75 £ 0.05
25.97 £0.07
277.27 £0.07
14.28 £ 0.06

6.47 =+ 0.03
14.84 = 0.05

12.86 £ 0.05
6.98 £ 0.03
9.87 £0.03

5.06 =0.02
6.30 = 0.03



Preliminary estimation of the precision of
mixing and CPV parameters

_ _ N=L*oc*e¢
* Luminosity: 1 /ab;

. D" decay mode: K o, Kr, Krnr°, K3, Klv;;
. Least )(2 fit method is used to extract mixing and CPV parameters.

meo — Ty ].’-2 — ].’1

D = T » YD T Top repe'°? = q/p. Dyo = pD" +¢D",
C-even sample (1/ab) HFLAV2019
o (x) 0.036% 0.11%
o (y) 0.023% 0.063%
o (rep) 0.017 0.045
o(acp) 0.023rad 0.078rad

l

statistical error only



Summary and next to do

1. The precision of the measured branching fraction is consistent with the value evaluated
from BESIII for D} — [T, analyses;

2. The single tag has been done for DV — K,(1270)"e*v,;
3. Preliminary precision estimation of mixing and CPV parameters has been done for

D — KgﬂJ”ﬂ_.

Next to do:

1. Optimize tracking and PID efficiencies for K/x in ST side, and resolutions of
energy and position for photons in DSJr — Z+Vz analyses;

2. Finish the double tag study for D — K,(1270)"e*v,;

3. Improve the D — Kgﬂ+ﬂ_ decay, and study D — K ztn~ decay.
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Do+) and D.* data set at BESIII

> D" data:
a Taken @ E., = 3.773 GeV.
» Integrated luminosity = 2.93 fb-1
(The world’s largest ete- annihilation sample taken at the mass-threshold).

= cross section: o(ete™ — D"DO) ~3.6 nb = 21 M D" produced!
= cross section: c(e’'e” — DD )~ 2.9nb = 16 M D" produced!

> D} data:

s @Ecm =4.009 GeV.
e Integrated luminosity = 0.482 fb-1

eo(e’e” - DID;)~0.3nb = 0.3M D, produced.

« D_is produced in pair with equal mass.

s @E.n=4.178 GeV.
«Based on the data accumulated in 2016!
Integrated luminosity = 3.19 fb-1

ec(e’e” —> D’D,)~1nb = ~6M D_produced!!
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Analysis method

Tag K<_ N tag =2N DD, Btag €tag )
Dy | NSig =2 NDSDS Btag BsigBT+_)e+v 5 Ctag, sig
4009 < — B. = Nsig €tag
/ ¢ TN e B
tag “tag,ssig Frt—etv, v,
Signal DS+
i Np p: the number of DD, pairs;
N B,:.  branching fraction of Dy — atag mode;
B..: branching fraction of D - v ;
sig g s T
Nyt ST yield; “
Ng,: DT yield; Obtained in the
coe:  STefficiency; | analysis.
eug. s DT efficiency. |
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The difference of MC sample between BESIIl and STCF

From BESIII: From STCF:
1. 88 FEMNEZNMNER 1. RIEHL

2. HXHER
3. TlRHEF

37



