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Introduction

@ More than 90 years of knowledge about semileptonic decays (SLDs)

[Fermi, 1934] [Gamow,Teller,1936]

@ Detection of # decays of strange mesons and
hyperons and discovery of SU(3) symmetry of
hadrons w _

— Cabibbo theory (CT) [cabibbo,1963] n

@ CT led to detailed description of SLD of

baryons and mesons

— small number of parameters
— predictions for CKM matrix elements
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V.s determination: current status

N

. . 2 2
CKM unitarity \ LIV -V

0.22799+0.00137

K meson av. [PDG2024]
0.22431+0.00085

T lepton av. [HFLAV2023]
0.2207+0.0014

Cabibbo, hyperon av.

0.2250+0.0027
[PRL92(2004)251803]

Cabibbo, A —pe” ¥,
0.2224+0.0034
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V.s determination

@ Using K — wly; decays:

’TK G2M5
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V.s determination

@ Using K — wly; decays:

T G2M5

@ Using Y1 — Yaly; decays:

5175
ZZBMA‘ 1_§ _4 22 ’
Bsun) =563~ (1= SB{UE +397) - e+ Z5%F+ O(8°)

where FF=FF(¢?), F2 = 3f% + 3f1f2 + 2f2? 4+ 6912 + 692 + 219192

with 8 = (MaA — Mp)/Mp ~ 0.159 for A — pl~
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V’LLS

determination

Using K — wly; decays:

2 5
’TK G M

Using Y1 — Yaly; decays:

7_ 55M5 3 2

where FF=FF(¢?), F2 = 3f% + 3f1f2 + 2f2? 4+ 6912 + 692 + 219192

with 8 = (MaA — Mp)/Mp ~ 0.159 for A — pl~

Neglect 33 terms and g2 dependence for FFs, g = 0 — two ways to extract Vi

[Cabibbo,1963]
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V..s determination

@ Using K — wly; decays:
T G2 M5
1927

@ Using Y1 — Yaly; decays:

7_ 55M5 3 2

where FF=FF(¢?), F2 = 3f% + 3f1f2 + 2f2? 4+ 6912 + 692 + 219192

with 8 = (MaA — Mp)/Mp ~ 0.159 for A — pl~

@ Neglect 33 terms and g2 dependence for FFs, g2 = 0 — two ways to extract Vi

[Cabibbo,1963]

© Inputs from experiment: {B,7y,,gav = g1/f1} and theory: {f1 or g1}
@ Inputs from experiment: {B, 7y, } and theory: {f1,91 — gav}
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Experimental facility:
BEPCII and BESIII J
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BESIII @ BEPCII [Nucl.Instrum.Meth.A598(2009)7]

@ Beijing Electron-Positron Collider (BEPCII)
e ete™ collider with 2.0 GeV< Ecnms < 4.95 GeV
o Lpcak = 1033cm—2s~1

e Data taking since 2009

@ Beijing Spectrometer (BESIII)

e Optimized for flavour physics e Momentum resolution:
o(p)/p=0.5% at 1 GeV/c

e Covers 93% of 47 solid angle
e Energy loss resolution: dE/dx = 6% for electrons

e 1.0 T super-condacting
solenoid e Time resolution: 68 (65) ps in barrel (end cap)
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BESIII data sample

@ World’s largest charmonia sample:
[ ] NJ/w ~ 1010
® Ny@s) ~3-10°

@ Full baryon-antibaryon octet kinematically accessible

Resonance | Pair | e(%) | Nobs(10%) | Reference
AA 42.37+0.14 441 ) .
I/ 50530 17.83 £ 0.06 111 [PRD95(2017)052003]
DORE Py 24.14+0.7 87 [JHEP11(2021)226]
=-= 18.40 £ 0.04 43 [PRD93(2016)072003]
=0=0 | 14.0540.04 135 [PLB770(2017)217]
AA 42.8340.34 31 [PRD95(2017)052003]
0(25) $050 | 14.79 £0.12 6.6 ‘
»t5- 18.6 0.5 5.4 [JHEP11(2021)226]
=-Z 18.04 £ 0.04 5.3 [PRD93(2016)072003]
=020 | 14.104+0.04 10.8 [PLB770(2017)217]
Q- Ot 17.1/18.9 4.1 [PRL126(2021)092002]

*numbers for 1.31 - 109.J/4 and 0.45 - 1094(25)
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Modular method to study full process:
ete™ — (c) =YY — (BM)(BM) J

Varvara Batozskaya



Production process

1 Y] Y]
[ Pij212 = Y Curoyt @ oy ]
no

@ Spin % + 1 baryon-antibaryon density matrix:

2
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A

B

Production process [PRD99(2019)056008]

1 Y %1
P21z = 4 Z Cupo,t ® 0y
uv

@ Spin % + % baryon-antibaryon density matrix:
Y, transverse polarization
1+ay, cos?0 0 Bysin 6 cos 0 0 )
C.- — 0 sin“0 0 Yop5in 6 cos 6
pv —PBysinf cos § 0 oy sin26 0
—Yy,8in 6 cos 0 0 —Quy —cos?0
Y7, transverse polarization spin-correlation terms

By = 1/1 — ay?sin(A®), vy =1/1— ay? cos(AD)

ra Batozskaya 2025/09/16, CKM2025 9/21
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Strange baryon decays:
Yi—> Yo+ M
Yi=Yo 4+ +y
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Non-leptonic decay

@ Momenta and masses: Y1(p1, M1) — Ya(p2, M2) + M(p3, m3)

@ Decay can be described by transition matrix [PRL55(1985)162]:

(Ya(p2)|M|Y1(p1)) =t(p2) [As + Apd - 7] u(p1)

2025/09/16, CKM2025 11 /21
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Non-leptonic decay

@ Momenta and masses: Y1(p1, M1) — Ya(p2, M2) + M(p3, m3)

@ Decay can be described by transition matrix [PRL55(1985)162]:

(Ya(p2)|M|Y1(p1)) =t(p2) [As + Apd - 7] u(p1)

@ Asymmetry parameters [PRD99(2019)056008]:

2 2
. R(AsxAp)  1BilP 1By
|[Ag|? + |Ap2 |BLI> +1B_1 ]

Cx *
5o g SMscap) _ SGLELY)
AsP +[ApP ~ B P+ (B
R(B1B* ;)
2 ~3

o =

L _AsP =l _
[Asl? +14p[>  TIB1P+[B_1|*

where 8 =11 —a?sin¢ and v = v1 — a2 cos ¢
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Semi-leptonic decay

@ Momenta and masses: Y1(p1, M1) — Ya(p2, M2) + 1~ (p;,my) + 71(pp,, 0)
@ FF for weak current-induced baryonic 1/21 — 1/27F transitions [EPJ €59 (2009) 27]:

v (2) — ga(a®)s)

(Ya(pa2)|J T4 Y1 (p1)) =a(p2) |vu(f1(a%) — 91(a*)vs) — M,

+J‘{7”1<f3<q2> — g5(¢®)s) | u(pr)

where gy = (p1 — p2)u

@ 6 FFs define 3 vector and 3 axial vector helicity amplitudes:

—_ gV
H)‘Q’AW - H>\2 Aw

A V,A VA V,A V,A VA
+H>\2,AW<_{H11 ,H H }w1thH_)\2,_AW +H Ao Ay
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A

. . {‘

Semi-leptonic decay B
@ Momenta and masses: Y1(p1, M1) — Ya(p2, M2) + 1~ (p;, m;) + 1(pz,;, 0)

@ FF for weak current-induced baryonic 1/21 — 1/27F transitions [EPJ C50 (2000) 27]:

(Va2 I AW 00)) =0(62) |3 (1) = @)~ T (1a(aP) g (a))

q*
+(f3(d® gs(qg)’YS)} u(p1)
M
where g, = (p1 — p2)u
@ 6 FFs define 3 vector and 3 axial vector helicity amplitudes:

v A VLA VA ViAY s V,A _ V,A
Hy, ap = H)\27AW + HAQ,AW A {H%I ’H%O ’H%t } with H—AZ»—AW - :tHAZvAW

'rr2
@ For Y] — Yae 7, at 0(2;;;) — 0= f3,93 =0

@ Main parameters:
91(0)

gav(o) = f1(0)7 gw(o) =

J2(0) ~92(0)

O)

Jav2 (0)

f1(0)°
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Semi-leptonic decay B
@ Momenta and masses: Y1(p1, M1) — Ya(p2, M2) + 1~ (p;, m;) + 1(pz,;, 0)

@ FF for weak current-induced baryonic 1/21 — 1/27F transitions [EPJ C50 (2000) 27]:

(Va2 I AW 00)) =0(62) |3 (1) = @)~ T (1a(aP) g (a))

+ L (a2 g3<q2)75)} u(py)

where gy = (p1 = p2)p

@ 6 FFs define 3 vector and 3 axial vector helicity amplitudes:

Haay = H +HL o {HYA HY A HYAY with HY =+H)A
2

\4
)\27AW >\27AW %1 ’ %0 ’ —AZ»—AW AZ»AW

'rr2
@ For Y] — Yae 7, at 0(2;;;) — 0= f3,93 =0

@ Main parameters:

_ 91(0) _
g,w(O) = f1(0)7 gw(O) -

12(0)
f1(0)°

_ 92(0)
f1(0)

Jav2 (0)

@ FF parametrization: f;(g%) = f1(0)[1 + (r2)q?]
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A

R
Baryon decays [VB,AKupsc,NSalone, PRD108(2023)016011] &\)')

. . . . . . . . A2 A\b
e Y7 with spin-density matrix p’f“’ transforms to Y2 with spin-density matrix pz2 2

)‘2X2 _ ek’ A\ kK
py* =T 272 p]

e Transition tensor:
Kﬁ/,)\z AIQ

TN = LS T 2 ), (6% )

’
woA
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A

Baryon decays , ~ B

[VB,AKupsc,NSalone,PRD108(2023)016011]

. . . . . . . . A2 A\b
e Y7 with spin-density matrix p’f”’ transforms to Y2 with spin-density matrix p22 2

)‘2X2 I T PO VAN
py* =T 272 py

e Transition tensor

Tﬁn )\2)\2 _ 1 Z)\ HK JA2 ( 2 QQ) Ay oA (q Q])

W7 W )\‘/V7)\l
2 2y 3
i 3(¢" —m7) 3 Ya
o, — 1 Buo,

e B, can be obtained by inserting Pauli matrices for Y7 and Y2 in TR’ X205 tensor

P VAP
B = T)i)i >\2>\2 sK 23,42
laid 2 m2) ZAQ, 2 ,1/22 v

ll

3

k=0

o Rux - 4 X 4 rotation matrix with Qo = {p2,602, x2}
e b, coeflicients correspond to Y7 — Y3 transition where Q2 = {0,0,0}
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A

SN
Baryon decays [VB,AKupsc,NSalone, PRD108(2023)016011] &))

. . . . . . . . A2 A\b
e Y7 with spin-density matrix p’f”’ transforms to Y2 with spin-density matrix p22 2

)‘2X2 I T PO VAN
py* =T 272 py

e Transition tensor

Trm A2y 1 Z)\ 'm A2, ( 2 Qg)

’
Aw Ay )‘w)‘

A Ay (€75 1)

3
3(¢> —mj)
Y, Y-
W T > Buoy?

e B, can be obtained by inserting Pauli matrices for Y7 and Y2 in TR’ X205 tensor

P VAP
B = T)i)i >\2>\2 sK 23,42
laid 2 m2) ZAQ, 2 ,1/22 v

ll

3

k=0

o Rux - 4 X 4 rotation matrix with Qo = {p2,602, x2}

e b, coeflicients correspond to Y7 — Y3 transition where Q2 = {0,0,0}
° bm/((]z,ﬂl) — ll,;,,,(o) for Y1 > Yo+ 7
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Joint angular amplitude

[VB,AKupsc,NSa‘lone,PRD108(2023)01601l ’

( —
1 ¥,
p1/2,m = Z Z C’;u?()"}{1 ® 0'171

@ Production matrix: L uo )

Y1
- Z R,mbw 2
k=0

@ Decay matrix:

Y
0',,1 — E Rgga,},/a h
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Joint angular amplitude B

[VB,AKupsc,NSalone,PRD108(2023)01

=

/

1 v v,
p1/2‘m = Z ZCWjaMl ® 0'171
o

\ ,

@ Production matrix:

3

% Y] Y

ot — g Ru,ﬁbﬁ;,a“?
k=0

@ Decay matrix:

3
Y Y1 _Y:
ozl — E RDRCLR}//O'D,Z
=

@ Joint angular amplitude of full decay chain takes into account polarisation,

entanglement and sequential decays
3 3

W€ w) = Z:CW Z[waz%ﬁaﬁ?&]

p,v=0 Kk,k=0

a Batozskaya 2025/09/16, CKM2025
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Experimental results:
ete™ — AN — (pe~ ) (pr™) + c.c.J

[arXiv:2509.09266]
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Analysis method: Single tagging

Ve e
10°
Frr T T T T
6F E
° N-]/ﬂ) =10 ; E ;l;:c':lm E
a [ —— Signal |
@ Single-tag reconstruction § 03 P —- Background E
— only A — prt or A — pr— S oaf
e F
@ My, = Egeam - |ﬁﬁ7r+ |2 %0'3?
2 02F
@ NIt =14.3-105 and 2%
01F
esT = (54.09 £ 0.01)%

M, (GeV/e?)




Analysis method: Double tagging

160;* { Ny = 1854 + 49 é
@ Double-tag reconstruction < 140t Npr =448 +£50 3
~5 A =+ 2 q0 T e Nigg = 0431
— A — pe” Ve and A — pr 5100;— ¢ E
— A= pr— and A — petr, S 3
@ Uniss = Emiss — ¢~ |ﬁmiss| g 601 E
1. 40 E
@ Within Upiss € (—0.02,0.02) GeV: e 3
s b re |

ng‘lf = 1791 £ 47 with Npr = 207 £ 30 Y
and ept = (8.58 £ 0.01)% Z 0 ,,“,‘m‘,miﬁgﬁéﬁ*&%ﬂivﬁhﬁiw

004 -0.02 0 002 004
Upiss (GeV)
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Analysis results

@ First measurement of absolute branching fraction

N,
B(A — pe~ ) = 2L ST (816 +0.22 £ 0.15) - 10~4
epr Nst

@ Consistent with world averaged B(A — pe~7e) = (8.34 £ 0.14) - 10~ [PDG2024]
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Analysis results

@ First measurement of absolute branching fraction

N,
B(A — pe~ ) = 2L ST (816 +0.22 £ 0.15) - 10~4
epr Nst

@ Consistent with world averaged B(A — pe~7e) = (8.34 £ 0.14) - 10~ [PDG2024]

@ Joint angular distribution allowed to extract two sets:

Observable This work Previous result Refs.
av 0.74270:012 £0.009 0.718 £0.015  [PDG2024] 7
9o —0.70673:99% + 0.014 —
(gav) 0.72979:94% 1 0.007 — .
9m 0.934+0.51+£0.17 0.15+0.30 [FNAL,1990] | 927
95 0.89+0.49+020 —
(gw) 0.894+0.35+£0.14 — ]
(gav> 07061—8822 — T
(gw) 0.7750 5% - g2 #0
({gav2) —0.197062 _ ]
* (g;) is measured for both A — pe” U and A — petve, assuming g‘;’i = _g‘t“i’ 9 = g$

** ay, AP and ay g are fixed to [PRL129(2022)131801]
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&

A FF ratio measurements

CERY a7 03200 — ‘ ‘ ‘ ‘
BNL LIS 0728019 —_—
ANL  menener 032047 — CERN  PLBSZI971535  0.89:0.61 —_—
ANL 0.68:0.54
CERN  PLVUSTISS 0334020 et CERN . 0508090
CERN  ABS(I75355 0624009 —
BNL  RL6OVIES 0755018 —_—
Heidelberg ZPhs209(1972279  0.7420.12 — CERN  ZPhsC(19831 1326081 —_—
CERN  MBS17327  0.6440.06 -
LENL  NusoCm 3197614 04020.14 —_—
LENL  NuwoCnA31976)14 0.5240.10 — Fermilab  PROSIIS0780  0.I5H0.30 e
ANL  mDIGIOTRI0N 03340.14 —_—
ANL  RoIsa9T2ion 053011 —
Cabibbo theory 1066
BNL PLB9 1981123 0.73410.031 . :
CERN  ZPhs@I(9s91  0.70:0.03 -
Fermilab  ADUI90750  0.719:0.020 This work 093054 —_
PDG2024 071840015
This work 07427078 —_
L P T s I T P IR W v b b b e b I B 1
41 05 0 05 1 15 2 15 -1 05 0 05 1 15 2

Q;\V g;\"

@ Used approach allows FF extraction with reasonable uncertainties using limited data

e 1.8-10% AB events — 0({gay)) = 0.049
e 37- 103 Aﬂ events — U(gav) =0.020 [Fermilab,1990]

[VB,AKupsc,NSalone,PRD108(2023)016011]
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Determination of |V
@ Assume SU(3) is conserved, fi = —4/3/2 [PRLO2(2004)251803]

[ [Vuslsu(s) = 0.2199£0.0036pEs11 BF £ 0.0087pEs111 FF £ 0.0004,, + 0.0005Rc] (0.80)
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Determination of |V
@ Assume SU(3) is conserved, fi = —4/3/2 [PRLO2(2004)251803]

[ [Vuslsu(s) = 0.2199£0.0036pEs11 BF £ 0.0087pEs111 FF £ 0.0004,, + 0.0005Rc] (0.80)

@ Using LQCD FF prediction [hep-lat/2507.09970]
[ |Vus|LQCD = 0.2332 £ 0.0039gEsi1 BF £ 0.0004-, £ 0.0006Rrc + 0.0014LQCDJ (1.20)

CKM unitarity [ 14V, -1V,
0227992000137

K meson av.
0.22431=0.00085

T lepton av.
0.220720.0014

Cabibbo, hyperon av.
0.2250+0.0027

Cabibbo, A —pe” ¥,
0.22240.0034

This work. input LQCD FF
02332200042

PR IR S B
022 023
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Summary and outlook

@ With 1010 J/4 events collected by BESIII [arXiv:2509.09266]
! " KM unitarty {1V PV,

e First absolute BF for A — pe™ D is measured - A

e Axial-vector gq, and weak magnetism g,
couplings are determined

e First measurement of weak electricity coupling
GJav2 1s performed for AS decay . B ot b

e Two |Vys| values for hyperon SLD is extracted o

0220700014

Cabibbo, A —pe” ¥,
02224200034

+* Experimental and LQCD input would

“This work, input LQCD FF

allow for |Vys| result with a sensitivity 02252200042
comparable to that of kaon decays

2025/09/16, CKM2025 21 /21
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Summary and outlook

@ With 1010 J/4 events collected by BESIII

e First absolute BF for A — pe™ D is measured
e Axial-vector gq, and weak magnetism g,
couplings are determined
e First measurement of weak electricity coupling
GJav2 1s performed for AS decay
e Two |Vys| values for hyperon SLD is extracted
+* Experimental and LQCD input would
allow for |Vys| result with a sensitivity
comparable to that of kaon decays

kM ity IV IV,
oo0r37

0220700014

Cabibbo, hyperon av.
02250200027

Cabibbo, A —pe” ¥,
02224200034

“This work, input LQCD FF
02332:0.0042

L L
022 023

@ Analysis method is directly applicable to other SLDs including strange and charm

baryons |VB,AKupsc,NSalone,PRD108(2023)016011]

e BESIII — more interesting results are coming using collected statistics

@ LIHCH A = pu~ vy study — mode details in Alessandra Gioventu’s talk tomorrow

@ Future prospects for:

* Super J/1 Factory [FrontPhys(Beijing)19(2024)14701]

* CBM at GSI/FAIR [NuclPhysNews35(2025)18]

tozskaya
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Summary and outlook

@ With 1010 J/4 events collected by BESIII
e First absolute BF for A — pe™ D is measured
e Axial-vector gq, and weak magnetism g,
couplings are determined

e First measurement of weak electricity coupling oot
GJav2 1s performed for AS decay . B o beniy
e Two |Vys| values for hyperon SLD is extracted o n pe s,
* Experimental and LQCD input would S

02332:0.0042

allow for |Vys| result with a sensitivity
comparable to that of kaon decays

L L
022 023

@ Analysis method is directly applicable to other SLDs including strange and charm
baryons [VB,AKupsc,NSalone,PRD108(2023)016011]
e BESIII — more interesting results are coming using collected statistics
@ LIHCH A = pu~ vy study — mode details in Alessandra Gioventu’s talk tomorrow
@ Future prospects for:
* Super J/1 Factory [FrontPhys(Beijing)19(2024)14701]
* CBM at GSI/FAIR [NuclPhysNews35(2025)18]

Stay tuned!

2025/09/16, CKM2025 21 /21


https://inspirehep.net/literature/2968947
https://inspirehep.net/literature/2632809
https://indico.cern.ch/event/1440982/contributions/6579479/
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Backups
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SLD of A and A

Events / (1.0 MeV)

D

2

E ¢ b } 90F- ¢ Dua E
| Total fit “Total fit 3
E Signal 80F —— signal . =
E 22 e mckgrommas 2 T0E 5L vt E
60 = E
S0E 2 E
40 2 E
30= 3
20 a 3
105 E
0 2
=4 - _4
=0§§§ A g Wty 5 A
605 -0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 0.04 0.05 605 0.04-0.03-0.02-0.01 0 0.01 0.02 0.03 004005
Upi(GeV) Upi(GeV)
Decay mode Niig Npr Npkg
A — pe” e 888 + 33 93£10 1+3
A — petrve 903 +£34 1024+17 12+11

* With Upigs € (—0.02,0.02) GeV
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Kinematic variables of A SLHD

Events/( 10.0 MeV/c)

T T o0 A T 9
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& E
20 4
i . 5 \ .
$65077075 08 055 09 005 1 105 11 TS 8705 02 023 03 035 04
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40E 3 =20
20 =

,
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Baryon decays

e Initial baryon Y7 with spin-density matrix pT"l transforms to final baryon Y2 with
’
spin-density matrix p;2/\2

p>\2)\/2 — Tmn/,)\z)\;

!
KK
2 P1

e Transition tensor:

’ ’ " A2\ .
TrE A2Ay — L Z)\ L TR 2(q27QQ)LA‘,VA'W((JZ’Ql)

4m —W’AW vaéﬁ/
° Hadronic/tensor
rE X2y, o _ * 1/2% 1/2
TAWA’W (¢°,92) = H/\QAWH 'ZA'WDH,ATAW(Q@DK/,,\IQ_%V(92)

e Lepton tensor with e = m2/(2¢?)

2_m2 o
Ly, o, (6%, ) = 7m0 [gw,xw(ﬂz) + diw,xw(ﬂz)}

; — . l
e nonflip(Ay, = F1) : |h>\

o flipQAy, =0,1) : |h§,:i%,n:i%|2

l=1%:)‘u=i%|2 = 85(>\l + Al’)(q2 - ml2)
= 85(\ = A )e(g? — m)
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Rotation matrix R

e 4D rotation matrix R, () with Q = {¢,0, x}

1 0 0 0

0 cosfcosxcosp —sinxsing —cosfsinxcosp —cosxsing sinfcosep
0 cosfcos x sin ¢ + sin x cos ¢ Cos X cos ¢ — cos fsin x sin ¢ sin 0 sin ¢
0 — sin 6 cos x sin 6 sin x cos 6

e BESIIL R,k (Q2) = Rux(p2,02,0)
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Decay matrices

Yi > Yo+

1 0 0 «

0 Yo —Pp

0 Bp D
ap 0 0

]

Ary X

= o o

Y1_>Y2+Wffshell(_>l Vl) bSLW_bnf —|—€bf

bse —R(Z5T) () bys
pnf — —%(I{‘é) %(58(5 + 5?1:) —%(56]@ + Sﬁi) %(I{‘:};)
= S(Zi)  S(&5p — €11 R(Ey + E11)  —S(Zis)
b3h -R(Z3) (T3] bgh
o ma@) A
o = —R(Zip) R(Eyo —E11) —S(E ?0 - 511) R(Zy5)
v S(Thy)  S(Eh + E1y) R(& +511) —S(Z1)
by —R(Z4,) (I31) by

Varvara Batozskaya
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A

<5

Semi-leptonic decay

@ Momenta and masses: Y1(p1, M1) — Ya(p2, M2) + 1~ (p;, my) + 71(py,, 0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

T (b (2) ~ ga(a®)s)

(Ya(p2) |7 T4 Y (p1)) =u(p2) [w(fl (@®) = 91(a*)7s) — N

a2 3

yAE G3(q°)7s) | ulp1)
where g, = (p1 —p2)u

@ For Y1 — Yae e at O(

771

) = 0= f3,93 =0

2q 2
© Hyyny = (HY,ny, + Hil ) with (A2 = £1/2 Ay = £,0,+1): HA2AW = AQAW( F5(@?)
vector helicity amplitudes axial-vector helicity amplitudes
M M_

HY, = /20" (-FY - FEFY), HE, = /2Q% G WFA)

v _ [Q- v, @ nv A Qy A A
H%O_,/q—z(M+F1 +mF2), H%O_,/q—z(—M_F +M1F )

Q 2 Q_
Hy, =/ (M-FY + {4 FY ), HY =\ (—MFf+ R
where Q1 = (M1 + M2)? — ¢> = M3 — ¢2, HY’;;’_AW +H Xzf‘xw
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https://arxiv.org/abs/hep-ph/0511019

Form factors

@ Neglecting possible CP-odd weak phase, FF (1=, ;)=sign FF(IT, 1)
@ In limit of exact SU(3) symmetry, g2 and f3 — 0

@ FF parametrization for hyperons [PLB478(2000)417|[EPJC81(2021)226]:

V,A, 2 FiV’A(O) 1 V,A, 2 V,A V,A 2
FVA () = E = F @) = F A0 [L4n ¢ + .
Py P ek

with rV»4 = 2/m%,A [AnnRevNuclPartSci34(1984)351] [AnnRevNuclPartSci53(2003)39]
e AS =0: my =0.84 GeV [RivNuovoCim2(1972)241], m4 = 1.08 GeV [BNL-24848]
o |AS| =1: my = mg=(gg2) = 0.89 GeV, ma = mg~(1270) = 1.27 GeV

Decay B(x10-4) gDyl gDyl ]‘4[1\4;\,1‘]42 Ref.
A= pe be 8.32(14) 0.718(15) 1.066 177 [1,2]
nt - Aetr ! 0.20(05) 0.01(10) 2.4(17) 74 [1]

E- > Ae e 5.63(31) 0.25(5) 0.085 206 2,3]

“Igay = F{*(0)/FY (0) and gu = Fy (0)/F} (0)
[PISince FlZ =0, gav and g, are defined as Flv/FlA and F2V/FiA, respectively

[1] PTEP2022 083C01(2022)  [2] AnnRevNuclPartSci53(2003)39  [3] ZPhysC21(1983)1
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