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> Results from kaon decays indicate a 2,(0)

¢ ] Assumeg,, = £ 0) =
| 1

CKM unitarity 0.2277+0.0013 "Z D Get f,(0) through g, measurement and LQCD input g,(0)
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from experimental measurement

s and a u quark t [0 & A—>pe—7, s8ay =

2.36 deviation from CKM matrix unitary

- P . . N Q - 0 _ . ol q o~ - VS . - 0 _ . s q ~- P . . oS Q _~- P . . AL N L~ P

Kaon decays average 0.2243+0.0008
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PDG(2024): from independent measurements 7.3 &5 tension Through CKM unitarity

u

24|V, 12|= 0.9984 + 0.0007 | | VRV P4V, P =1

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
. g

.

o i3

.....
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Most precise Second most precise Our target decay
, Kaon:2.3 o tension from unitarity Tau:3.7 o tension from unitarity ', Hyperon:consist with CKM unitarity |
| V,] = 022431 £0.00085 )L 1V, =02207£0.0014 V.| = 0.2250 + 0.0027
Cited in PDG 2024 HFLAV 2022 PR1.92.251803(2004)

Dominated by the A — pe™r, ,

but show large uncertainty.
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https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-ckm-matrix.pdf
https://pdg.lbl.gov/2024/web/viewer.html?file=../reviews/rpp2024-rev-ckm-matrix.pdf
https://hflav-eos.web.cern.ch/hflav-eos/tau/winter-2022/vus.html
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.92.251803
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Introduction

Recent results at BESIII

W
. 2 2
CKM unitarity Vl-qudI -1V,

0.22799+0.00137 |

K meson av.
0.22431+0.00085

T lepton av.
0.2207+0.0014

Cabibbo, hyperon av.
0.2250+0.0027

Cabibbo, A = pe” ¥, |
0.2224+0.0034

This work, input LQCD FF

0.2332+0.0042
0.22 0.23 o (Vus) 3.4%

IV,

us

http://arxiv.orqg/abs/2509.09266
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, S = = o - 0 MA@ = sy . = = - - S S A TN Sl
e LS < / T e e N el 2y - a e = Z = < =

¢ N tag — 2N AK‘%;

Nsig — ZNAK‘G/?

ﬁ ; R N szg/ etag,sig

— A

_ sig = Get the absolute branching faction
A 1 N, tag/ €tag 5

“\
& ¥

N AA - the number of AA Paris 3

/ f Q?tag: Branching faction of A — prt

' tagetag -

tag Szgetag,szg

A . 3B, Branching faction of A - pe @
— T~ ,— . 5

7, | Ny STyield Ny,: DT yield

€40+ ST efticiency €ag.5ig - S1 efficiency

Decay channel: J/yy = AA, A = pe 0, A — pn

Software: Oscar 2.6.2 (update 6.25) Can be obtained in our analysis
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Selection criteria at PhysRevl ett.127.121802

(> Good charged tracks

v At least 2 oppositely-charged tracks

v/ No vertex requirement due to existence of A

v/ |cosf| < 0.93

{> Reconstruction of A
v/ Looping over all combinations with positive and negative charged tracks
v/ Vertex and Second Vertex Fit for A based on pz™ hypothesis
v/ The candidates are selected from combinations with the minimum AL = £, —

singletag

v/ Vertex/second vertex fit: y* < 100, L/ o > 2
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121802
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Table 1: Cut flow at Oscar single tag

entries, nocut 1995994
entries, Goodtracks 2586630
entries, AFE cut 1524035

entries, lam_chi tag<200 1513869
entries, length /lengtherr>2 1358343
eta,g 0.925

Analysis

2025 09.21
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Table 2: Cut flow at BESIII single tag

entries, nocut 10000
entries, Goodtracks 10043
entries, AF cut 7062

entries, lam_chi tag<200 6695
entries, length /lengtherr>2 6110

€tag

0.611
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Selection criteria at

Cut flow of double tag

(> Good charged tracks

v/ 4 good tracks( another 2 tracks based on single tag) Table 1: Cut flow

Events [Efficiency(%) Relative Efficiency

v/ No vertex requirement due to existence of a

Total number 1997996 100
v |cosf| < 0.93 Good tracks 1581149 61.59 61.59
AFE cut 973336 48.71 61.55
v Z0.=0 lam chi tag<200 937279 47.41 97.32
length /lengtherr>2 853987 42.74 90.15
. mbc_tag 710725 35.47 82.21
< Reconstruction of A lam_chi_sig<200 684798 34.27 96.37
, _lam sig len>0 684798 2395 100
v/ Vertex and second vertex Fit for A e -'pmb(e >pr0b other) ATRBRO gy e 0T
prob(e)>0.987 254693 12.35 09.95
>
v Decay length =0 | Xue cut 238678 11.74 93.71 |
v y* <100 | p.sig e>012 151151 757 6332 |
Umiss cut 140877 7.05 - 93.2

{> Particle identification

v/ Require one track to be electron strictly

The other track 1s assumed to be a proton

2025 09.21 Oscar FEFHR=
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mis-1D of e/x with global PID
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mis-ID of e/x with global PID
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Poor reconstruction quality at low momentum
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PID of e track at Oscar
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Kinematic fit performed under the background hypothesis,c — =
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u, .=L

miss miss
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miss |

E, ... The energy of the missing neutrino

P,...: The momentum of the missing neutrino
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Table 12: Relative systematic uncertainties (in %) in the measurement of the BF for A — pe™v.,.

Estimation of

Sources Uncertainties
Fitting My, 0.37
Fitting U yiss 0.80
Nr =4 0.03
A reconstruction through vertex fit 0.20
- . Tracking of p 0.26
1 OA7 A A pal IS at B ES Electron detection 1.55
Kinematic fit 0.22
Total 1.83

Category Source relative uncertainty(%)
proton tracking 0.01
e PID 0.08
_ Ored - Kinematic fit 0.01
N\ \ A reconstruction through vertex fit 0.01
1079 A pairs at STCF - realiibi
Fitting My, 0.37
irred. Fitting Ulyss 0.80
Sum 0.88

2025 09.21 Oscar FRBFHBREIIIIEA - pe 1, WHARER |7/
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Measure the Form Factor

dFoc%('g’a A@,gg,,gw,aA) Q= ( ACD gav,gw,aA)
€| FoE) + a, 7€)

A rst ame +a A(5”)61 A (“2(5’) + a,F5() + \/ 1 — ayzj Cos(AD)F 4(5')>
' +1(Eay (%(&') +a, FYE) +1[1-aZ cos(A@)%(z;s) 1
— / - +\/ 1-a sm<A<b>( AT+ HEFY + anF & >)]
Definition ofthe helci anels 5=(9A9¢9¢)5=(6A9p¢9 ........... P

[Phys. Rev. D 108, 016011] We assume the «, = a; ,2,0=0

.
.....
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Parameters input

Mode

a, AD a,/ai g/ g{} gh/ gé_\v The g/ gav value input was the most

A= per, precise measurement {rom experiments.
0.4748 0.7521 0.4748 1.066 0.719

The ¢/t value iput 1s from Cabibbo theory.
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.108.016011
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—In& = — Z In LACEL)
i=1 N (£)

— In Lsig = —]n Ldata + In Lbkg—pn

Q — (al/p A(I)a gava gwa aA)

Measure the Form Factor

Results of our fit with Oscar

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
. L]

. .
. *

g/ 82_\1, , g/ g are floating.
The other 3 parameters are fixed.

Normalization factor 1s got using mD

Y MC

Contributions from backgrounds can

The dominated contributions from px 1s considered

Selection criteria 1s similar to measuring 98 besides

»
.
«
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

be subtracted

VR

> () o ) -*

==,
B PSR A B

Super Tau-Charm Facility

nput 0.719
SPEC measuremnt 2022 0.719+0.028
BESIII measurement 2025 10.729+0.048+0.007
FastSim 0.719+0.0034
Osear no mix 0.719+0.0041
Osacr mixing bkg 0.717+0.0041
. ST B Cl . ST B
0.6 0.65 0.7 0.8
S
Cabibbo theory(input) 1.066
BESIII measurementt 1 0.8910.3510.19
FastSim 1.066:0.023
Oscar no mixing 1.06610.0251
Osacr mixing bkg 1.064+0.0253
Co b I
0.2 0.4 0.6 0.8 1.2 1.4
| g,
a prospect of the statistical uncertainty through sampling method bootstrap same as measuring BF.

Oscar FRBFHRBTHIEA - pe v HRERE |0

2025 09.21



f\

— . t'/
iF_fI;’(fITI:"?’i’EE

Super Tau-Charm Facility

Measure the Form Factor

IO check of our fit Only signal MC check with Oscar

181_ Mean =-0.158 £0.116 [ - 183— Mean =0.023 £0.100 | _f
16F  Sigma=1.114+0.082 = ([ Siema=0962£0071 -
145_ ? E 145 . E
=10E E 5 10 E
D oF - 2 F -
O 8F E O gk -
oF E oL E
4; ; 41— =
2 - 2 =

0 | T TS T 0 2 T T T o

pull-gav pull-gw

a prospect of the statistical uncertainty through sampling method bootstrap same as measuring BF.
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min

Calculation of [V | Eelel Il MT={]| A L BES NIl Uncertainties from Fastsim and PDG
/qgnax I‘e,SM dqQ = BBl—>BQ+£+Ul A m—  -
: dg? TB1 { From BF(prospect):0.0002; '

Ije,SM G%‘ |Vus|2 A5
dq? 607 From LQCD:0.0019;

01 6 i f
+(38 = 50+ —=0%)g1(¢°)* + =0 f1(a") f2(a")). !

(1= 25+ 2 A + 28 (e

From PDG:0.0007;
2\ — 2 1 1 .._
M@ =hO)x1l+q (m%, i mé + ag! ) ¥ From FF(prospect):0.0004;
15@D) = HO) X [1 + g5 +———— + ———)] '-
1 1 SR e B e e e iR il A ey STl e
81(¢°) = & (0) X [1 + ¢*(—; + )], Through MC method

2 —1
mA my + agp

V | =0.2335+0.0021

=8O 5O 0) =~ 0.8263 % 0.0070(From LOCD)

f1(0) v A0) .
https://arxiv.org/pdf/2507.09970  The uncertainties of BF and FF contribution
We can get the result of v,

[hrough g,

mainly come from statistical uncertainty

2025 07.04 Oscar FEBFHBRTITEA - pe 7, IHRERE D]
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Comparison of |V .| and uncertainty

prospect results with FastSim

PDG(2024) CKM unitarity 0.2280+0.0014
PDG(2024) Kaon decays average Fed 0.2243+0.0008
HFLAV Tau decays average e 0.2207+£0.0014
PRL92(2004)251803 Hyperon average 0.2250+0.0027
SPEC measurement A semileptonic decay +—s—s 0.2224+0.0034 LQCD input accounts for 90%
BESIII measurement(2025)A semileptonic decay 0.2332+0.0042

STCF prosepct A semileptonic decay —=—

2025 07.04
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fg k£ Summary

Fudan University

Have studied

| \ . . . . . .
. 1. As prospect, give a prospect of the |V, | measurement with its uncertainty at STCF with Fastsim.

; 2. The results will test the CKM matrix unitarity with higher precision in Hyperon decay.

K.
~ SR o o . Py g i [P _ - o o - ac b AR g o = _ - o o o o _ poama- g i ikt _ - _ - . 5 - 5 LB - _ N o o o 5 Py P o , - o~ - . <.~ - - L o o e _ Lama- e
B 5 Az A =Y ST e e BB SO S - = _for sy P T RS | SO - Ach A _p\s sBa S m e e A 5 BB, SO - Azn_Sc _ e B BB, oS - Acs Bt _fur AR 43 IO a0 A BB, SO 42 MO el A e - Acp A _ e AR -
|~ > . . . . = \ - ~_ <~
_ - N > = o = & y 3 2 gk = - Ty N > - o ° @ gk = - Ty S A gk = . ry S A N—gh = a e N > o 2 A A N—gh = a e ° @ gk
Lo R O3 TR B PR AW OR PR e O3 TR B B RN RO yN. O O BT ReS O3 R B PR L SO Ry R O3 T B PR, R OR PR I T O3 TR B B PN SO PR I SO O &7, ReT O3 R B PR L ORI T y 2 -

{ 1 .There are many mis-combinatorial backgrounds on the tag side.

2 the 10 check with mixing background 1s not fully studied at OSCAR.

3.Current1y, the LQCD input value has high uncertainty , wait for more precise input.

‘ 4.Use ECAL information to separate e/x 1f possible.

S $Z MRl o e oan MalCl o dl o b NS e, AE Ace A La L

Thank you!
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ETE

Fudan University

Table 2: Cut flow at BESIII
Events Efficiency(%) Relative Efficiency

Table 1: Cut flow at Oscar
Events Efficiency(%) Relative Efficiency

Total number 450 000 100
Total number 1997996 100 Good tracks 246 0537 54.67 84.29
Good tracks 1581149 61.59 61.59 AE 167 622 37.24 68.12
AE cut 973336 48.71 61.55 lam_ chi_tag<200 160 2914 35.62 95.62
lam_ chi_ tag<200 379 7.4 3;?25 Ljo 147 0345 39 67 91.72
g I 107 I 22 21 mbc_ta.g | 137 8986 30.64 93.78
lam_sig_len>0 684798 23.95 100 lam Sig len 1219667 27.08 95.12
prob(e)>prob(other) 478580 17.95 62.07 prob(e)>0.001 998872 22.17 81.9
prob(e)>0.987 254693 12.35 09.95 R>0.999 583096 12.95 58.4
X4c cut 238678 11.74 93.71 chi_4c 563765 12.52 96.68

p_sig e>0.12 151151 7.57 63.32 p_sig e>0.1 401 954 8.93

Unmiss cut 140877 7.05 93.2 U miss 383 199 851
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1O check of our fit Mix ppl bkg and beam bkg with Oscar
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a prospect of the statistical uncertainty through sampling method bootstrap same as measuring BF.
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