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Motivation: Extract the solid CKM matrix element |V

us |

Phys Rev. D 70, 114036
| Il ] G R P e P S R S S R R S A S e Sy,
mass | =2.2 MeV/c2 =1.28 GeV/c2 ~173.1 GeVic? : ‘%jAepe . GFl | fl(O)ZAS 3 6 4 A=Mp—-M, \
charge |3 5 | Loy = ‘= 1 —=6+—=56%+=5%g2 Mp—M
|+ & - 9 ; y M= TA 6073 3 2 7 ) 7 o= AMA £
up charm top ' 9 12 12 6
\ \ '\ < - (3 ——5+— 52)gav + —52gavz += 52gw ( 46 + 652)gavgavz] ‘
=4.7 MeV/c2 =Ng MeV/cz =4’.18 GeV/c2 - o 2 " 7 3 o .
xtractin requires I Ny .— — =
\ \ J\ J g us q A—pe v, Y1 8av £(0) 8w fl(O) a2 fl(o)
< |V,| describes the transition between P - s A APPSR T
: O O \
s and a u quark - [ B, —pev o 8ay = gl( ), g, = fz( ) from experimental measurement
£1(0) £1(0)
<> Results from kaon decays indicate a : ,(0) i
.. . . Assume = =0 5
2.30 deviation from CKM matrix unitary : D Bav2 = £(0) £
CKM unitarity 0.2277+0.0013 D Get /,(0) through g,, measurement and LQCD input g,(0)
Kaon decays average Fed 0.2243+0.0008
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Current research of the |V | from different decays

us

PDG(2024): from independent measurements 2.3 o tension Through CKM unitarity

ubl | — Y- - Y. d b=

.........................................................................................................................................................................................................................

| V| : Most precise; results from different decays are consistent at O(10™%)

.,

| V| : there are different results from different decays as shown below.

|V, |: Small (]V, b| ~ 1.7 x 10™) — The effect could be ignored in current precision.

. .

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,.| = 0.22431 + 0.00085 |V,.| = 0.2207 + 0.0014 |V,.| = 0.2250 + 0.0027

Cited in PDG 2024 HFLAV 2022 PRL 92.251803(2004)
Dominated by the A — pe™ 7, ,

but show large uncertainty.

2025 07.04 STCF FBF¥RBREIIREA — pe v, ITAR 4


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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Current research of the Form Factor from [[JiBEREN decays

A—> N YX—> N
A0/
This work 0.963 & 0.061 | 0.993 + 0.059 g4 /gy FORA > pev, [ INSPIRE $
Qua'rk model [1 1] 0.987 0.987 Measurements with fewer than 500 events have been omitted. Where necessary, signs have been changed to agree with ou
Quark model [12] 0.976 0.975 conventions, which are given in the “"Note on Baryon Decay Parameters" in the neutron Listings. The measurements all asst
the form factor g, = 0. See also the footnote on DWORKIN 1990 .
XPT [20] 1.027 1.041
xPT [22] 1.00175:015 1.08770037 VALUE EVTS DOCUMENT ID TECN COMMENT
1/N, expansion [23]  1.02 £0.02 1.04 £+ 0.02 —0.718 + 0.015 OUR AVERAGE
lattice QCD [31] 0.957 + 0.01 —0.719 +0.016 +0.012 37k 1 DWORKIN 1990 SPEC ev angular corr.
0)/£1(0 -0.70 +0.03 7111 BOURQUIN 1983  SPEC Eo A
g1 (~ )/ £1(0) ‘ ~0.734 £0.031 10k 2 WISE 1981  SPEC ev angular correl.
This work 0.708 £0.047 |-0.327 £ 0.046 + + » We do not use the following data for averages, fits, limits, etc. « «
Cabibbo model [7] 0.731 —0.341 ~0.63 £0.06 817 ALTHOFF 1973 OSPK Polarized A
Quark model [13] 0.724 —0.260
Soliton model [17] 0.718 £0.003 |-0.340 £ 0.003 ) . )
o PO Soliton model [18] 0.68 ~0.27 8., = £1(0)/f1(0) included in PDG are obtained 30 years ago
1/N. expansion [23] 0.73 —0.34
lattice QCD [29, 3(] —0.287 + 0.052 . o .
B ] | 0.718+0.015 |—0.340 £ 0.017 8., = »(0)/f1(0) not cited by PDG for its high uncertainty
f2(0)/£1(0)
This work 0.752 £0.074 |—1.042 + 0.090
Cabibbo model [7] 1.066 —1.292
Quark model [13 1 —0.962 . .
The most precise Sy model[[l.].] EE ] | e e The more precise measurement of Form Factor at STCF is important.
Measurement Soliton model [18] 0.71 —0.96
1/N. expansion [2]] 0.90 —1.02
lattice QCD [29] -1.52+0.81
Exp [4] 1.32 +0.81 [65] | —0.97 +0.14

Cited from JHEP06(2024)122
2025 07.04
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(Z ik Measure the branching faction
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Double o method o e S I S S P R S P S o F TS Il N Y- 5 Ny S PN, \
¢ N = 2NAK’%

! tag tag€iag
4 Nsig — 2NAK‘%tag‘%sig€tag,sig
f 3
ﬁ i B = N, szg/ €tag,sig ‘
_ | sig N. Je Get the absolute branching faction
A ' tag’ “tag ;
Tag N st s b S eSS s ik bomsatssaial
/ \ nt
+ _—

£ € i e e i e s e i it i A G S g
- Njj : the number of AA Paris ]

Signal / : ggmg: Branching faction of A — pr*
- A — 1 B;,: Branching faction of A — pe™r,
p e |
\ Ve Ny STyield Ny DTyield :
k €qg - ST efficiency €agsig - ST efficiency

Decay channel: J/y — AA, A - pe 0, A - pr
not include charge conjuration

Inclusive MC: 1 billion J/w — anything MC based on fast simulation Can be obtained in our analysis

2025 07.04 STCF FBF¥BREBIIEA — pe v, ITRAR 6
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Selection criteria at PhysRevLlett.127.121802 My, =+/EL —|Pgl?

<> Good charged tracks Pgr: The momentum of the A
v/ At least 2 oppositely-charged tracks x10°
g 40}
v/ No vertex requirement due to existence of A i P e
V' |cosd| < 0.93 230 |
@ I
% I
S I
S 20 ¢
<{> Reconstruction of A % [
S 10|
v/ Looping over all combinations with positive and negative charged tracks L?q Or
v/ Vertex and Second Vertex Fit for A based on pz* hypothesis 0 -
1.08 11 112 114 1.16
The candidates are selected from combinations with the minimum AF = £, — FE.. M, (GeV/c?)
beam single bc
v/ Vertex/second vertex fit: )(2 <100,L/oc>2 Can get N tag and €tag from this fit to M),
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.121802
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Measure the branching faction

Fudan University

Selection criteria at v, =E, . —c| P,mssl
<> Good charged tracks E, ;.. The energy of the missing neutrino
v/ 4 good tracks( another 2 tracks based on single ta P . : The momentum of the missing neutrino
g g g miss:* g
rrrrrJyrrrrprTrrrrrrrr T T T T T T T T T T T T
v/ No vertex requirement due to existence of A 40 Inclusive MC —
35 Sl =
- C e ackground: A—pr -
J |COS0| < 093 E 30 —— Othlt;.ifbackgroundl;7t —
4 = =
v %50, =0 2 2E -
< 20F —
<> Reconstruction of A = 155 =
, 2105 =
v/ Vertex and second vertex Fit for A 55 l ‘E
v/ Decay length >0 0 =T S =W
v 3% < 100 1 i
X ]
RO 5 §9¢$zé *}éig—‘}—f—*—*—iﬁ—i—ﬁ
< Particle identification 0.050.04°0.03-0.02-001 0" 0,01 0.02 0.03 0.040.05
v/ Require one track to be electron strictly
The other track is assumed to be a proton Can get Ny;, and €,,, i, from this fit to U, ;,

2025 07.04 STCF FRBFHRBRRINIREA - pe v MIFIHR 8
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Calculation of branching faction Further analysis and prospects

The STCEF is prospected to collect 3.4 trillion J//ys one

W

€rag = 37.85 % Eyear then provide ~10"9 hyperon pairs per year.
€1ag.5ig = 14.13 % We can give a prospect of the statistical uncertainty
’ through sampling method bootstrap.
Ny, = 455937 £ 800 e
Nsig =1043x11.8 1003_ ;E}:{;sl;emc _f
% - Background: A—pn’ 7
NSZ /em Si E 80:— — — Other backgrounds ]
g = ————— = (6.12+0.61) * 107 =
N, Zag/ €rag E
&
Bipuy = 6.00% 107
¢ The output branching faction is consistent with our The relative statistical uncertainty from N,;, can be

‘input in 1 billion Inclusive MC, uncertainty is only

statistical from N, to be 9.97%. %deduced to be 0.16%, consist with our input too.
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The Formalism for this decay

A rest frame

W~ rest frame

Definition of the helicity angles
[Phys. Rev. D 108, 016011]

Measure the Form Factor

A rest frame

o=@

\
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’ gcll};a gW ’ aA) Q
ol €| Fo(®) + @, F1(®)

"l < W @, AD

|

(al//7 A®7 gav9 gw’ aA)

+a(Eay (92(5 )+, Fy &) +1/1- a2 cos(Acp).%(g')) |

+L/Eag <%(§') +a, FLE) +1/1 — al cos(AD)F (&' )>
/1 - aZsin(A®)(alENF (&) + BENFYE) + a&%(é’))]

5¢ 99‘9¢‘)9§ = (HA’ ¢p’ e? ° p’¢ ) 5// = )

We assume the o, = a3 ,8,(0)=0

Parameters input

Mode a, AD ay/ay 853 / 8»1}
A — pe i, 0.4748 0.7521 0.4748 1.066

gh/ gav The g2/ gav value input is the most

0.719 precise measurement from experiments.

The g, Af gw value input 1s from Cabibbo theory.

2025 07.04
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Measure the Form Factor

|/O check for our method

- e comizooss ] ]
N W‘ ( 5 50f  Sigma=1.104 £0.061 -
~InZ = 21 | o :
NQ) (Q) ‘ . 5
) 5 300 =
—1In Lsig = —1In Ldata + In Lbkg—pn 3 o 20:_ E
= (ay/’ ACI)’ 8avs 8w» aA) I 103— —f
GEF I 0 It should be a standard
pull-g.. normal distribution.
50_"'I"_'I"J'rl"'l"'l"'""""'I"__
gav/gav 2 gW /gW are ﬂoatlng N ggma;gggggggi; ]
The other 3 parameters are fixed. or E
Normalization factor is got using mDIY MC £ 30- ]
: = b .
. . e r ]
Contributions from backgrounds can be subtracted © 0L ]
The dominated contributions from pr is considered b E
Selection criteria is similar to measuring 93 besides OZL o ]

-10 -8 -6 4 -2II I0|”2 4 6 8 10

2025 07.04 STCF FBFHFBRINIEA — pe v, TR 11
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Measure the Form Factor

Results of our fit

L — LI — I —— T T I I — L — T T 1
Soliton model(2) L] 0.71
Soliton model = 0.637+0.041|
Soliton model(2) 0.68
(CERN(1971) [ i 0.89+0.61 ICabibbo model 0.731
Quark model 0.724+0.03
CERN(1973) | 1 0.800.90
Eoliton model(1) 0.718+0.003
CERN(1983) I 41.32+0.81
PEC 7111 events 0.70+0.03
Fermilab | 0.15+0.30
PDG(2022) average 0.718+0.015
(Cabibbo theory Hose KPEC 37k events 0.719+0.016:0.012
3-dtrillion 433840 events LT B.4 triilion 433840 events 0.7189+0.0034
N T T T T T T N N R B [ R I NI N B AT T N T T AT T 0T I YT T Y YT S I A A
0 0.5 1 1.5 2 055 06 065 07 075 08 085 0.9
A A
gW gav

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

2025 07.04 STCF FRBFHRBRRINIREA - pe v HIFIHR 12
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Calculation of |V,

us |

Uncertainties from our prospects and PDG

2 Phys. Rev. D 70, 114036 U ——
/ T Tesm ) o _ Beiopyterw ' "N
. 4 By ' From BF(prospect):0.0002; f
L. &gmEe s 6 0 ‘
2 = 1-— '—5 =+ —5 —+ —5 i
dg? 607; - 1[; 2 7 )6f1(q e From LQCD:0.0005; )
+(3 = 50+ —89)01(¢*)* + 28 f1(4*) fa(4)), L
From PDG:0.0009; .
2y 2 L 1 4
hg) =hO)x[1+q (m% + m3 + az! )l t From FF(prospect):0.0004;
(@ =£0)x [1 +q2(L + : + : )] ‘
2 2 my  my+ag'  my+ 205! ’ /
- o L1 |
$1@) = O x M +a° (5 + Tl Through MC method
0 V. | =0.2117 £ 0.0011
Through ¢, f{ 1((0)) " ?EO;’ ,(0) = — 0.9263 + 0.0023(From LQCD) Vi
1 1
Physics Letters B 686 (2010) 36—40 The uncertainties of BF and FF contribution
We can get the result of | V|

mainly come from statistical uncertainty

2025 07.04 STCF FBFHBRINIFEA — pe v, HFRHAR 13


https://pdf.sciencedirectassets.com/271623/1-s2.0-S0370269310X00090/1-s2.0-S0370269310001905/main.pdf?X-Amz-Security-Token=&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20250623T101748Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYSV5VPF6C/20250623/us-east-1/s3/aws4_request&X-Amz-Signature=814bf395b3a57ae48632c748a3051167d6d3e283d405bcb6715f7f3918a09acf&hash=14f9c4cad29fbd0c671a921b18ada76bb041729c3150e0a1346c6eb14a9fa357&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S0370269310001905&tid=spdf-97140ca8-7a7f-4272-97c8-c71b74e6a4de&sid=324da70f129a024b9e8807480002be92c0b0gxrqa&type=client&tsoh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&rh=d3d3LnNjaWVuY2VkaXJlY3QuY29t&ua=050a5955555055040258&rr=95433cd75b64853e&cc=cn&kca=eyJrZXkiOiJJTWpGT2VGQTNMQ09MdlhIVFdxL1BtWTNuMVpjbk9QS2pNM0FuWXlrRm51dXc0aWtBcy9DTEVETk81MHFaZlVXNjhveTk0eVRPQnR6cC8xREpkMWl2UEZ1bnZEZjdBMkREK3Z2Wkxub3R5RmQrMHFNaWtwc1NxRDRaSUVnSUNQZjNwZUI5WlFXcE95Q2dKV3hlSmptdFFHWmRXdkl0Uit2SG9vU0xqQmN6REZEWWhSRmlRPT0iLCJpdiI6ImJlNTVmMjc0ZDI3ZTUzMDNlNWFiNGQwN2JjNmI5NmY1In0=_1750673874018
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.70.114036
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Comparison of |V,

Super Tau-Charm Facility

T I I I I I I I I T I I I I T
PDG(2022) CKM unitarity 0.227710.0013
The most precise measurement from A — pe™r,
PDG(2022) Kaon decays average 0.2243+0.0008 L. . .
show 1.5¢ deviation from the CKM unitarity.
HFLAV Tau decays average 0.2207£0.0014
PRLY2(2004)251803 Hyperon average 0.22501+0.0027
SPEC measurement A semileptonic decay 0.2224+0.0034
This analysis A semileptonic decay 0.2117+0.0011
» If our central value measurement is comparable
STCF prosepct A semileptonic decay 0.2224+0.0011
to the most accurate one previously.
T T [

The prospect results show 4.8¢ deviation

0.18 0.19 0.2 021 022 023 024 0.25
|V | from the CKM unitarity .

2025 07.04 STCF FBFHBRIIREA — pe v, HFRHAR 14
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@ - 1.Give a prospect of the |V, | measurement with its uncertainty at STCF.
" 2.As prospect, the results will test the CKM matrix unitarity with higher precision in Hyperon decay.

’. 3.The result can be combined with other SL decay to prospect lepton flavor universality.

»' 1.A full systematic uncertainty study is not included until the design is completed finally.

2 More precise kinematic fit and uncertainty can be considered in further software framework OSCAR.

3 Currently, the rough prospect of statistical uncertamty depends on samphng method not real data. With the |
s help of OSCAR and new fast simulation, more precise results can be given in the future. |

Thank youl!
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Table 2: The input value and their contribution to final result

Source input value relative uncertainty(%) contribution to §y, ,
B(A—pe1.) 8.32x10* 0.17 0.0002,;4;
G 0.7189 0.47 0.0004....
G 1.066 2.12
Gp 1.1664x10~°GeV/c? 5.14x1075
ma 1.1157GeV/c? 5.38%x10~*
m, 0.9382GeV/c? 3.09%10~® 0.0009
TA 2.6170x10 1% 0.38
GaNN 1.2574 0.10
9% \x 1.779 0.22 0.0005

2025 07.04 16
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ST LIS O O O O o
- —— R=0.0001 _
L —— R=0.001 _
1000} R=0.01
| — Default 1 _

800 o
i | }7 _
|

Events
g

400

200

L]
0.1 0.15

D2 015 01 005
U_miss

R is the factor of the misidentification pi/e
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System uncertainty at BESIII BAM-00767: Study of Lambda -> p e- anti-nu, Shun Wang et al.

Table 15: Absolute systematic uncertainties in the measurement of the form factor.

-—- e - + -— -
Table 12: Relative systematic uncertainties (in %) in the measurement of the BF for A — pe™7,. Decay mode A — peve A—peve Ao peve+cc.

it Form factor A X A X
Sources Uncertainties oy e TS S S, YV

Fitting My, 0.37 —
Fitting Upiss 0.80 Fitting method — I/O check 0.013 0.001 0.006 0.004 0.032 0.001
_ Fitting method — Formalism 0.001 0.001 0.001 0.002 0.007 0.001
Nry =4 0.03
A reconstruction through vertex fit 0.20 Fixed parameters

Tracking of p 0.26 The number of A — pn~ background events

Electron detection 1.55 The number of other background events 0.272 0004 0337 0012 0217 0.006
Kinematic fit 0.22 MC correction factors
Total 1.83 Cut on p, 0.132 0.008 0.160 0.006 0.123  0.004
g“tt on dfcafykli‘:’lngth t‘.’fgt Negligible
After taking the efficiency correction and systematic uncertainty into account, the BF for A — pe™v, utony™ of kanematic

Sum 0.303 0.009 0.373 0.014 0.252  0.007

s updated to be:
B(A — pev,) = [8.16 + 0.22(stat) + 0.15(syst)] x 107,

This work 1s also carried out at BESIII now, So we can cite
uncertainties just for rough estimation.

2025 07.04 18



https://hnbes3.ihep.ac.cn/HyperNews/get/paper767.html
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BAM-00767: Study of Lambda -> p e- anti-nu, Shun Wang et al.

I T T T T I T
CKM unitarity, \/ HV Vi,
0.22799+0.00137
Kaon average
——
0.22431+0.00085
. Tau average Uncertainties from different items
0.2207+0.0014
— . = Cabibbo, hyperon average (1) From BF: 0.0035; From our measurements:
0.2250+0.0027
(@ From FF: 0.0058; 0.0068
Cabibbo, A —>pe” V, .
0TI | @) From Lattice: 0.0005;
‘ This work,input £0)° @ From PDG:  0.0009.
i 0.2199% ee
_ This work, input gl(O)LQCD
i 0.2120"0 00
1 I 1 1 1 1 I 1 1 1 1 I 1
0.21 0.22 0.23

IVl
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