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s Summary



Main goals

In the SM, ignoring radiative corrections, the decay width of pure
leptonic D(+S) decay (£ = e, u, T) is given by a simple form [1,2]:
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[1] D. Silverman, and H. Yao, Phys. Rev. D 38, 214 (1988). 3
[2] H. B. Li, and X. R. Lyu, arXiv:2103.00908 [hep-ex].
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O The decay constants f,,+ help to calibrate the LQCD
y D)

calculations;
O The CKM matrix elements |V 45| help to test the unitarity of

CKM.



[ Lepton flavor universality 5

Tt 2
T (D) — Tvy) - Mpe,
I (Dfy - 1ty 2. 2
mi, [ 1——
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Expectations in the SM:
R(D* - vy ptvy etv,) =2.67: 1: 2.35x107°
R(D{ - ttvye ptvy etv,) =9.75: 1: 2.35x107°

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

SM predicted: B(DE;) - ev,) < 1078, not yet experimentally observed so far.
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Hints of LFU violation in B decays

R(D*) = BF(B - D®Wtv,)/BF(B —» D™ ¢v))

R(D*)

0.35

0.3

025

0.2

‘I 2021 \

LHCb15

IIIIIIIIlIIIIlIIIIlIIII

Beliel7

LHCb18

30

T

T

[

T

1 1 1 I 1 1

Ay? = 1.0 contours

BaBarl2

& Bellel9

-+ Bigi 16, Gambino 19 (predication)
-+ Bordone 19 (predication)
|

~ Bellel5

World Average
R(D)=10.339+0.026 £ 0.014
R(D*¥)=0.295+0.010%+0.010
p=-0.38
P(x?) = 28%

IIIIIIII|IIII|IIII|IIII|III

0.2

0.3

0.4

0.5

z
"



MC samples at STCF

Vs (GeV) Luminosity(fb™1) | Decay of interest
4.009 100 ete~ > DD,

CLEO Collaboration, Phys. Rev. D 80, 072001(2009)
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Based on large statistics, the data samples at /s = 4.009 GeV can avoid the
systematic uncertainty caused by y/m® reconstruction directly from D} decays at

Js = 4.18 GeV. 7
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Single tag (ST) arXiv:2110.08864 [hep-ex]
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Double tag (DT)

Only reconstruct one good
charged track, identified as
positron.

EtS% ..: the total energy of the
extra good EMC showers.
Signal: E%% _~0.

DT yield in the signal
EY% .. < 0.4 GeV (Npy):

Events/(0.1 GeV) (x 10°)

tot non—Dg

Ketv, Xetv,

_NDT _NDT

NDT —_ 18, 771 i z49$tat

arXiv:2110.08864 [hep-ex]
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BranChing fraCtiOn arXiv:2110.08864 [hep-ex]

Mode BDj—)ﬁvT (%)
b
o No“ fe2, D; — KK~ 5.2740.26
Df =1ty obs, & | _ o
¢ NST *VeS Beb—sotv,p, D; -K*K™=x 5.57+0.11

D; - K*K nn’ 505+0.16
D; KK mntm~  5.55+0.76

Y D; - KKtn~mn~  5.67+0.40

- o D+—>*c+vf _ -
Bt yoty, = S oo Dy »rntnm 5.5340.34
" * Dy = Ny 5.5040.26
* ) Dy & My,  530£035

o
" =
(aBa . )2 ) Dy —m n'ypo 5.60+£0.37
—TT Vg

Dy 5K mwtn- 5.7240.46

Average ‘ 5.49+0.07 \

Statistical uncertainty only
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Optimizations of detector response
arXiv:2110.08864 [hep-ex]

Optimized results: reconstruction efficiencies is improved by 10%;
misidentification rate 1.0% at 1 GeV/c.
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Comparisons of ST(DT) efficiencies and yields
with or not the optimizations

arXiv:2110.08864 [hep-ex]

without  with with without with with

Mode est (%) ggr (%) NG epr (%) g (%) NGR
D; — KK~ 40744030  46.18+0.31 1820194512  26.91+0.07 30.224+0.07  1125+48
Dy - K'K m~ 424140.16  52.75+0.18 1125600+ 1567  28.60+£0.07 35.28+0.08  7467+119
Dy - KtK-mn® 1580+0.17 21.084+0.21 56784542293  11.83+0.05 16.15+£0.06  3916+102
Dy - KK mtn~  18.04+0.56 21.96+0.64 67306+ 1151  12.88+0.05 16.194£0.06 545455
Dy - K)K*m~m~  20.124037 25934045 1101534802  13.95+0.05 17.47+0.06  740+48
Dy »rntnn 56.094+0.61 61.61+0.63 31019441284 36.45+0.08 40.56+0.08 2086+ 101
Dy = My 49304047  55.07+0.50  150116+563  33.95+£0.07 37.794+0.08  993+42
D; — nn'nyy 25654030 27.914+0.31 39197941748  18.74+0.06 21.434+0.06  3037+81
Dy T My, 24654029  28.62+031 799804357  16.91+0.10 19.88+0.11 528430
Dy = w1, 33.95+049  36.754+0.51  189422+1050 23.44+0.09 25.81+0.09 1383480
Dy K ntm 46.1240.92  5492+0.97  157161+1132  33.79+£0.07 38.57+0.08 1123484
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Results

arXiv:2110.08864 [hep-ex]

Luminosity (ab™1) 0.1 1
Optimization without with with
BF(D} —» t%v,) 5 49 4 0.07 5.49 + 0.06 +0.02
(%) T (Improved by 14.3%) | (scaled with luminosity)
BESIII [45] Bellell [45] This work at STCF
Source
6 fb~! at 4.178 GeV 50 ab~! at X'(nS) 1 ab—! at 4.009 GeV
Bptetve | 1:6%sar.  24%syst. | 0.6%a.  27%syst. | 0.3%sa.  1.0%sys.  yyyp systematic
fpr MeV) | 0.9%qa.  1.4%gyst — - 02%g. 0.6% Uncertainty:scaled
according to Ref.[1].
|Ves| 0.9%stat.  1.4%syst. — — 0.3%star.  0.6%syst.
BD+—>T+V7;
A—— 2.6%sta.  2.8%syst. | 0.9%star.  3.2%syst. | 0.5%star.  1.4%syst.
s 7HT VU
[1] M. Ablikim et al. (BESIII Collaboration), Phys. Rev. Lett. 127, 171801 (2021). 13

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



NgoTt — 3, 4_52, 605 + 6177stat arXiv:2109.14969 [hep-ex]
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DT yield

arXiv:2109.14969 [hep-ex]
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Optimizations
arXiv:2109.14969 [hep-ex]

1. Tracking efficiency of charged particles

The tracking efficiency for charged pions is optimized to be
72.19% atpy = 0.1 GeV/c.
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arXiv:2109.14969 [hep-ex]
2. Photons

7000
6000
The detection efficiency of a photon 5000
is optimized to be 97.32% g 400"

at E(y)=200 MeYV. 3000

Q 2000F
L L
10005{

|

M B R
0.5 1

Energy of y (GeV)

D—K'Kn

Sr(%)

: ! T T T | T T T ! T T :: ; T ! T T T | T T T ! :: T T ! T T T ] T T T ! : 5 D;—> K-}-K-n_no

oo n o isv e e e sy S sl o dosse R e T e I [ Sy Sosnsarmopui on oy sl lrsnn s pessrsensvaoss i o - T
60 [ty T A S : : ] - D mwn

Lx2 1.l =« & ~F. : . : . A . . 4 ] H D~ KK’
BOE-ofo o i NN ISR U, A S S S .1 o D—~KKun'

L ¢ | s | 8 8 ¢ 813 $ s § s § T 3 $ 3 $ S 8] o D—=Kanw

[ : I : : T : : .1 =« D—>KKu

IR I S ot B SO (SO . RN LU RN S O AN S i S O,
40 : : . : : D.— KﬁK o

[ * * ke * : . : : s i

E i X i N A N x 4 4 i s i T i R i N i o D§—>KSK0 19
R ) S R RN SO T NRURNRN S i W SR ] & Dy

Ll 4 4 X 4 ” . R i N i i N D:— n-n0n¥Y

L o g 4 . : S

[ B B | B 8 8 8 i g 8 BT 8 i B i B i oy AW

SR D ! v I i : I i
20 et ERITT] TR ICI T SRR D I e i et R e . D;_> n’

Fo T ) : = Y P

| ST T TR R | | " | | | | x Ds_> pn«{ )
1 12 14 1

0.6 0.8
R(photon &) R(photon E reso)



arXiv:2109.14969 [hep-ex]
3. Photons performance in ete™ - DD~ (- y/n’D;) + c.c.

A better energy resolution of photon will improve the resolution of
AM, = M(Ds") — M(Dy).
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The ©°/ y contamination rate in different energy/position

resolutions keeps unchanged, which is about 28.1%.
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. . . arXiv:2109.14969 [hep-ex]
4. Tt /K identification

With the resolution of 6% for the ionization energy loss (dE/dx) in
the tracker system, the i /K can be well separated when the
momentum p < 0.8 GeV/c.

S. u identification

Three w /u mis-identification rates are checked: 1%, 1.6%, and

3.0%, corresponding to the identification efficiencies of muon to be
85%, 92%, and 97% at p, = 1 GeV/c, and the optimized one is 3%.

After optimization, the ST efficiency is increased by 1.1~1.2, and
the signal efficiency is increased by 1.3.
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Results

arXiv:2109.14969 [hep-ex]

Luminosity (ab™1)

0.1

1

Optimization

with

with

BF(D{ - u*vﬂ) (x1073)

5.61 1+ 0.05

+0.016
(scaled with luminosity)
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BaBar
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PRL122(2019)071802
SRR i — BESTII 3.19 b
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v @4.009GeV H STCF 1.0 ab?!
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u @4.009GeV H

4 -0 -8

Please also see Mr. Jiajun Liu’s poster
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Summary

® With MC samples of 0.1 ab-! from 4.009 GeV at STCF, we
performed the sensitivity study of D} — ¢*v, (£ = u, 1), the
relative statistical sensitivities of the branching fractions can be
achieved to be 0.3%, while the extracted decay constant f+
and |V .| are estimated to be 0.2%.

® These results with higher precision are crucial for the

calibration of LQCD and test of the Standard Model.



Thanks for your attention!
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Back up
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Comparison of f+

Input [V | = 0.9730 + 0.00011 from SM global fit

I I | I I I I | I I I I | I I I |
ETM(Q2+1+1) PRD91(2015)054507 247.2+4.1 ko4
FMILC(2+1+1) PRD98(2018)074512 249.9+0.4 .
FLAG19(2+1+1) arXiv:1902.08191 [hep-lat] 249.9+0.5 S
EPJC81(2021)226 254.5+3.2 bl . o
EIE%VIS PRD79(§009)())52002, TV 251.8+11.2+5.3 —e—1 Precision can be
CLEO PRD80(2009)112004, < v 257.0+13.3+5.0 —— . .
CLEO PRD79(2009)052001, T, v 2771+17.5+4.0 —— 1mpr0ved with a
BaBar PRD82(2010)091103, <., v 244.6:8.6:12.0  H—e—H l o Lo
Belle JHEP09(2013)139, T, v 261.124.8+72 HeoH arger statistics
BESIII 0.482 fb'! PRDY94(2016)072004, wv 2455+17.8+5.1 F—eo—
CLEO PRD79(2009)052001, uv 256.7+10.2+4.0 —e—
BaBar PRD82(2010)091103, pv 264.9+8.4+7.6 H—e—H
Belle JHEP09(2013)139, uv 248.8+6.6:4.8 e
BESIII 3.19 fb!  PRL122(2019)071802, uv 253.0£3.7+3.6 (]
BESIII 632 fb'!  PRD104(2021)052009, wv 249.8+3.0+3.8 HoH Dominant signal
BESIII 6.32 fb!  PRD104(2021)052009, <,v 249.7+6.0+4.2 ot
BESIII 632 fb'!  PRD104(2021)032001, T,v 251.6+5.9+4.9 o4 e+ e— N D * D
BESIII 6.32 fb!  PRL127(2021)171801, t,v 251.1:2.4x3.0 ol $™S
BESIII 6.3% fb1  Combined n v+ IT v 250.6:1.72.0 ™ |
| | | | | | | | | | | | |
0) 100 200 300

for [MeV]
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Comparison of |V ]

Input fp+ = 249.9 £ 0.5 averaged from LQCD calculations

[ [ [ [ [ [ [ [ [ [ [ [ [ [
CKMFitter PTlEP2020(2020)083COl | 0.97320+0.00011 -l
HFLAV1S8 EPJC81(2021)226 0.969+0.010 .
CLEO PRD79(2009)052002, t.v 0.981:0.044+0.021
CLEO PRD80(2009)112004, © v 1.001+0.052+0.019 . o
CLEO PRD79(2009)052001, T,v 1.079+0.068=0.016 — Precision can be
BaBar PRD82(2010)091103, <, v 0.953:0.033:0.047  HeH . .
Belle JHEP09(2013)139, Te,w; 1.0170.019+0.028 HoH 1mpr0ved with a
BESITII 0.482 fb™! PRD94(2016)072004, v 0.956:0.069:0.020 i larger statistics
CLEO PRD79(2009)052001, v 1.000+0.040:0.016  +
BaBar PRD82(2010)091103, uv 1.032+0.033+0.029 e
Belle JHEP09(2013)139, uv 0.969+0.02620.019 ¥
BESIII 3.19 fb'! PRL122(2019)071802, uv 0.985+0.014+0.014 -
BESIII 632 fb'! PRD104(2021)052009, uv 0.973+0.012+0.015 M D Omin ant Sign al
BESIII 6.32 fb’! PRD104(2021)052009, t,v 0.972+0.023:0.016 1
BESIII 6.32 fb'! PRD104(2021)032001, t,v 0.980+0.023:0.019 e+ e - D:- DS
BESIII 6.32 fb! PRL127(2021)171801, t.v 0.978=0.0090.012 »
BESIII 6.32 fb! Combined u v+ t v 0.976:0.007:0.008  °
| | | | | | | | | | | | | | | | |
-1 0 1
IV | 25



