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Introduction

@ More than 50 years of the knowledge about CP violation (CPV)

e Confirmed only in meson decays

@ SM CPV is not sufficient to explain observed
matter-antimatter asymmetry

@ Baryogenesis requires C and CP violation in
the processes
[PismaZh.Eksp.Teor.Fiz.5(1967)32]

@ Systematical mapping with different hadronic systems and
complementary methods are needed for understanding CPV in flavour

sector
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Ground-state strange baryons

Hyperon | Mass [GeV/c?] | Decay (B) [%]
pr— (64.1)
@ Weak AS =1 transitions A(uds) 1.116 nm?(35.9)
pe~ .(0.083)
nm— (99.8)
ne” .(0.102)
pr0(51.6)
=t (uus) 1.189 nnt(48.3)
Aetv.(0.002)
Ar0(99.5)
Ste~7.(0.025)
An—(99.9)
Ae~ 7 (0.056)
AK—(67.8)
=07~ (23.6)
=~ 79(8.6)
=0e™ 7. (0.56)

° Spin—% baryon octet

5 £~ (dds) 1.197

=0 (uss) 1.315

2 (dss) 1.322

Q~ (sss) 1.672
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Study of hyperon decays of spin-1/2 baryon

e Presentation is based on recent paper: [PRD108(2023)016011]
e Motivation (theory):

e Development of formalism for SL baryon decays that allow to study the spin
correlations and polarization

— similar way as developed for hadronic hyperon decays [PRD99(2019)056008]
— have not been done before

e Test of CP symmetry in SL baryon decays
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Study of hyperon decays of spin-1/2 baryon N
e Presentation is based on recent paper: [PRD108(2023)016011]
e Motivation (theory):
e Development of formalism for SL baryon decays that allow to study the spin
correlations and polarization

— similar way as developed for hadronic hyperon decays [PRD99(2019)056008]
— have not been done before

e Test of CP symmetry in SL baryon decays

e Motivation (experiment):

e Analysis of process ete™ — J/¥,9(2S) — (B1 — SL)(B1 — H) + c.c.
— extraction of decay parameters using provided modular method
—— some of them has been measured > 30 y.a. (hyperon sector)

e Measurement of V;; matrix elements in SL baryon decays

Process [ Final state [ Reference
— 15(2019)6-
v Ak | eeeet) | R ko)
P»(25) - £ 5T (nm—)(ArxT) [JHEP12(2022)016]
(pm0) (pr?) [PRL125(2020)052004]
J/p — =t8— (nmt)(ax") [PRL131(2023)191802]
(pvy)(p7°) [PRL130(2023)211901]
P(25) - STE— (pr9) (p70) [PRL125(2020)052004]
¥(25) — =VE° (A=°)(A70) [PRD108(2023)L011101]
J/Y — = o Nature 606(2022)64
w(éié) Szt | @ )(At) |PIRD1[]6(2()2£)L[]9>1l(]‘1|
»(25) - Q QT | (AK)(AKT) [PRL126(2021)092002]
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Non-leptonic decays of spin-1/2 baryon
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Process [ Final state | Reference
= NaturePhys15(2019)631
I/ — AA (pm ) () [ [PRL129(},202£)1312§01] ]
P(25) - - =T (n7—)(AnxT) [JHEP12(2022)016]
(pm0) (p7?) [PRL125(2020)052004]
J/p - =ts- (net)(An—) [PRL131(2023)191802]
(pv) (p7°) [PRL130(2023)211901]
P(25) — 2+2* (p0) (p70) [PRL125(2020)052004]
(A7°) (A7D) [PRD108(2023)L011101]
% Nature 606(2022)64
p(25) » -2+ | A7 Y(Art) [P[RD106(202é)L09>110]1]
»(25) - Q QT | (AK)(AKT) [PRL126(2021)092002]
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[PRD99(2019)056008] @
|

1 B B
@ Two spin-1/2 particle state: ‘ p1/2,1/2 ! Z,ul? C#VUM ® oy

Production process

B,transverse polarization

1+ vy cos? 0 0 By sinf cos 0

O o 0 sin” 0 7y sin 6 cos 0
0 —7, sin 6 cos 0 0 —avy — cos?
B,transverse polarization spin correlations

@ By =,4/1— ai sin(A®) and vy = /1 — a?p cos(AD)
@ Main parameters of Cpp: 0; ay€ [—1,+1], APE [—7, 4]

’

>

)
%
N>

arvara Batozskay: 2023/11/17, USTC 6 /22


https://arxiv.org/pdf/1809.04038.pdf

/ lab frame

° Bl—>33+ﬂ'+ Bl_>BQ+Wffshell(_)l Ill)

e ay, for {%—)%—i—O} Buy for {§H5+{0,i1,t}}
= 3(g2 —m2
‘751 423:0 auvafs ‘751 - % V=0 BMV‘752
e Helicity amplitudes:
Bi1,B Hi,, H Hi,,H Hi,,H
b5y yoHjoHyn Hog o Hyp Hoy,
e Main parameters:
Q3 = {p3,03,0} Q2 = {2, 02,0}, sz{wﬁho}
ap,ép q*€ (m}, (M1 — M2)?), g8 (¢*), 97 (¢*)

where g5 (¢*) = F{*(¢*)/FY (0), 97 (¢°) = Fy (¢*)/ FY (0)
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Hadronic baryon decay

@ Momenta and masses: Bi(p1, M1) — Ba(p2, M2) + M (p3, m3) @
@ Decay can be described by transition matrix [PRL55(1985)162]:

(Ba(p2)IM|Bi(p1)) =u(p2) [As + ApG - 2] u(p1)

ra Batozskaya 2023/11/17, USTC 8 /22
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Hadronic baryon decay

@ Momenta and masses: Bi(p1, M1) — Ba(p2, M2) + M (p3, m3) @
@ Decay can be described by transition matrix [PRL55(1985)162]:

(B2(p2)|M|Bi(p1)) =u(p2) [As + Apd - ] u(p1)
@ Asymmetry parameters [PRD99(2019)056008]:

R(Agx Ap)  1BilP—1B 1

oa=— = ,
[AsP +14p ~ B, + 1By
C\B B*
s S(Ag * Ap) _9 S( 3 —%)
|4s|* +1Apl*  "B1P+[B_y*
R(B1 B*
As? = japp  BBLBLL)

= =2 ,
T TSP AR T T IBL R 1B P

where 8 = v1 — a?sin¢g and v = V1 — a2 cos ¢

@ Possible CPV tests:

+
hSy

oz—l—oi and Pep = ¢

Acp =

¥ ‘
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Semileptonic baryon decay

@ Momenta and masses: B1(p1, M1) — Ba(p2, M2) + 1~ (pi, m;) + 7(p5,;, 0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

10 q”
—2(FY (¢%) — F5*(4®)vs)

(Ba(p2)| 4 1Bup1)) =ap2) | (FY (6%) = F'(a*)s) = =1

o (FY (¢%) = F5(6)75) | u(pr)

q*
My

where gy = (p1 — p2)u
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https://arxiv.org/abs/hep-ph/0511019

Semileptonic baryon decay

@ Momenta and masses: B1(p1, M1) — Ba(p2, M2) + 1~ (pi, m;) + 7(p5,;, 0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

(Ba(p2)|7 T4 B1(p1)) =u(p2) [vu(FY (%) — Fi*(a*)vs) — " (¥ (42) — Fi(¢?)s)

My
HIL Y @) = B @) | ulp)
where gy = (p1 — p2)u
@ For By — Bae e atO( Z)—)O:>FVA(q )—=0
@ Hayny = (HY,ny, +HS s, ) with (2 = £1/2 0y = £,0,£1): HA = HUA (R34 (6%)
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Semileptonic baryon decay

|
@ Momenta and masses: B1(p1, M1) — Ba(p2, M2) + 1~ (pi, m;) + 7(p5,;, 0) @
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

(Ba(p2)|7 T4 B1(p1)) =u(p2) [vu(FY (%) — Fi*(a*)vs) — %(sz(qz) — F5*(4®)vs)
HIL Y @) = B @) | ulp)

where ¢, = (p1 —p2)u
@ For By — Bae e at O(

55) = 0 = "% (¢%) =0

™

2
@ Hayny = (HY,ny, +HS s, ) with (2 = £1/2 0y = £,0,£1): HA = HUA (R34 (6%)
vector helicity amplitudes axial-vector helicity amplitudes
HY, = VoQ- (-FY - 5ERY),  HE =0y (R - SR,
Yy = (R i my). # =G (MR )
HY, =[G (MoFY 4 ). i =[G (M F o+ )
where Qi = (M1 £ M2)* —¢> = M3 — o>, HYY = +H]A
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Semileptonic Baryon decays (1)

e Initial baryon B; with spin-density matrix p'f"“, transforms to final baryon Bs with
’
spin-density matrix p;2/\2

p)‘2 )‘2 Tmn )\2)\

2 2ppt

e Transition tensor:

’ ’ " A2\ .
ek A2Xy — L Z}\ , T;:; ,ACV 2 (q27 QQ)LAW A (qz’ )

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

e Lepton tensor with e = m?2/(2¢?)
8(¢g°—m n
Ly Ny (@2 0) = U omi) [5 Al (Ql)+5€wa,A’w(Ql)}

e nonflip(Ay, = F1) : |hl>\l=1 Av=tl |2 =88(\ + Av)(g? — m3)
o flip(Ay = 0,¢): |A!

=886(M\ — A\v)e(q? —m?)

N=t3.A,= :tll
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Semileptonic Baryon decays (2)

3
3(¢* —m?)
B B
o = ) Bl

e B, can be obtained by inserting Pauli matrices for mother and daughter baryons in
TR X2X% tensor expression

1/2 1/2

Ay, Ao
Buw = 3(q2—m2) Z,\2,,\’2— 1/2 2ok =—1)2 Ov

’ !
KK Ao Ay KK
T 20,

® Rux -4 x4 rotation matrix

e b, coefficients correspond to B — Bz transition where axes orientation of the r.s.
are aligned Q2 = {0,0,0}

Ao —Ap s A=A AL
— ™ * 2T AW N2 7W 27 2
bav = Gim—m?) Doaw Ay 2ona g Hxanw HY yr o Ly 2 (@ 0)
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Semileptonic Baryon decays (2)

3
3(¢* —m?)
B B
o = ) Bl

e B, can be obtained by inserting Pauli matrices for mother and daughter baryons in
TR X2X% tensor expression

_ 1/2 1/2
Buw = 3(q2—m2) Z,\2,A’2— 1/2 Zn,n/:A/Q

o
3
Z /us m/(q Ql)

’ ’ AL
KK (Ao A5 KK 2,72
T 2220, oy

® Rux -4 x4 rotation matrix

e b, coefficients correspond to B — Bz transition where axes orientation of the r.s.
are aligned Q2 = {0,0,0}

Ao —Ap s A=A AL
— ™ * 2T AW N2 7W 27 2
bav = Gim—m?) Doaw Ay 2ona g Hxanw HY yr o Ly 2 (@ 0)

e Replace by, by other decay matrices
— can describe By — B2 + w, By — Bs + v and others

Dr. Varvara Batozskaya 2023/11/17, USTC 11 /22



Rotation matrix R

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

1 0 0 0

0 cosfcosxcosp —sinxsing —cosfsinycosp —cosxsing sinfcosyp
0 cosfcos x sin ¢ + sin x cos ¢ Cos X cos ¢ — cos @ sin x sin ¢ sin 0 sin ¢
0 — sin 0 cos x sin 6 sin x cos 6

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

2023/11/17, USTC 12 /22



: i
Decay matrices 0!,

B1 — By +m
1 0 0 ap 1 0 0 o
0 1w —Bp O 0 0 0 0
D o
b o 0 Bp 0 by o< 0 0 0 0
ap 0 0 1 —ay, 0 0 -1

ra Batozskaya 2023/11/17, USTC 13 /22



: i
Decay matrices 0!,

By — B+

1 0 0 ap 1 0 0 o
0 9 —-Bp O 0 0 0 0

D Y
L I S bro o 0 0 0 0
ap O 0 1 —ay 0 0 -1

By = Ba+ Wg qon(— 177 B35V =028 4 ebf

beh —R(Z3) (T bes
gt _ | —R@Y) R(EGHEN) S+ ) R(IR)
K ST S(Ep - R(ER + e —S(T)
bgh —R(Z8) S(z5f bsh
bho —R(ZE;) S(zty) bhs
[ - _%(I{O) R(Ego 5{1) —%(S(f)o - {1 SR(I{:,,)
v %(I{O) g(‘("OO + 8{1) §R(‘g(f)() + 6{1) _%(I{3)
by —R(Z4,) 3(Z5)) by

Dr. Varvara Batozskaya
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Polarization P of baryon Bs

e Represent first row of bg, matrix

P, —cosp; sing; 0 R(Zo1)
P, =1 sing; cosp; 0 (101)
Y bgo+ebyo
P, 0 0 1 b +ab
where
B30 0 = (LF cos 0,)2 Hyy [+ = (1 cos 0)2|H_y _y [+ = sin? 6,(|H_ 10"+~ Hy,[?)
00/0%_4 F cos 0 %1 1 cos U 7%71 2Sln 1 7%0 %0 )

1
bhojas = [Hy [P 1H_ 3 P+ Lo u(1H y P [y [P) 4 cos” 6|yl +|H_3/?)
_cosGléR(H%OH%t+7H_%OH7%t),

1.
Zglf::tQ\/?smel [(1:I:cosOl)Hi%_lH%O+(1$cos6‘l)Hi%0H%1] ,
1.
T = \/ism@l [(Hi%71H§ —H* H11)+cosl91( Hll Hi%,lH%O)}'

arvara Batozskaya 2023/11/17, USTC 14 /22



Joint angular distribution (1)

o ete™ — J/’l)[),’l[)(25) — (Bl — Bgﬂ'i)(Bl — Bgﬂ'+) @

3
_ ByBs BiBs
Trpp, g, E , C,uﬂauo )

H,v=0

° Cl“j = C’Mf,(Ol;a,/),Aé)

B1Bs _ .

o a5’ =au(ls.p3508,)
BiBs _ g .~

e agg ? =apo(03,P3;aB,)

Dr. Varvara Batozskaya 2023/11/17, USTC 15 /22



Joint angular distribution (1)

o ete™ — J/T)[),’l[)(25) — (Bl — Bgﬂ'i)(Bl — Bgﬂ'+) @

B1 B3 3133
Trpp, 5, x g Cm,a agg
p,v=0

o Cup = Cup(b1; 0y, AD)

o a7 =au(ls, ¢3;08,)
BB o
o a i =apo(fs, ¢3;a8,)

o ete™ — J/Y,0(2S) = (B1 — BoW . ooy (— 17 11))(B1 — Bamt)

3 — —
Trpp,p, 0 Y Cuolds agy™ = Z CWZRM (922)b33 7 (¢, )agg ™
p,7=0

B1B B B
o 5,17 = Run(02, 92)bro (01, b1, 4% gart  gw ")
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Joint angular distribution (2
o ete™ = J/ab,p(2S) — (B1 — By )(B1 — Bsr™) @

dl' x W(&; oy, A®, g, ,ap,) =
1+ Ay 0082 01 Cross section Spin correlations

g, g, (sin® 0 (st3cpastycps -+ staspsstasps) —(cos? O+ ay )ctacts)
+ap, ap, /1 — ay? cos(AD) sin b, cos b, (stzcpscts — ctgstzcps)

+4/1 — a2 sin(A®) sin 6, cos by (—a, stzsps + v, st3sps) Polarisation

2023/11/17, USTC 16 /22
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Joint angular distribution (2)
o ete™ — J/’l[l,’l[)(2s) — (B1 — Bgﬁ_)(Bl — Bgﬂ'+)
dl' x W(&; oy, A®, g, ,ap,) =

2
1+ Qi COS 01 Cross section Spin correlations

g, g, (sin® 0 (st3cpastycps -+ staspsstasps) —(cos? O+ ay )ctacts)
+ap, ap, /1 — ay? cos(AD) sin b, cos b, (stzcpscts — ctgstzcps)
+4/1 — a2 sin(A®) sin 6, cos by (—a, stzsps + v, st3sps)

Polarization

o ete™ — J/Y,¢(25) — (B1 — BaW g pon(— 1=7))(B1 — Bsnt)
dl o W(&'; g, AR, 920, g5 a,) =

2
boo(1 + cy cos™ 6y ) ‘ Cross section

Spin correlations

+b300 3, (Sil’l2 91 (St20p2§t36793 + awst25p2§t3s_113) — (COS2 91 + aw)ctzc_tg)

+b10 s, (— sin? 0; (ctacpastscps+ ayctaspastssps) — (cos® O+avy ) stacts)
+b3000p, 4/ 1 — a2 cos(AP) sin 6, cos O (stacpacts — ctastsips)
+b10(131 \/1— a,ﬁ COS(A‘I)) sin 91 Ccos 91(761526])26}3 + st25_t3c_p3)

+\/1 — a2 sin(A®) sin 6, cos 6, (—bzostasps + @, stzsps + bigctasps)
Polarization
Dr. Varvara Batozskaya 2023/11/17, USTC

16 /22



Form factors

@ Neglecting possible CP-odd weak phase, FF (1=, 7;)=sign FF(IT, 1) @
@ In limit of exact SU(3) symmetry, Fs' and F} — 0

2023/11/17, USTC 17 /22
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Form factors
@ Neglecting possible CP-odd weak phase, FF (1=, 7;)=sign FF(IT, 1)
@ In limit of exact SU(3) symmetry, Fs' and F} — 0
@ FF parametrization for hyperons [PLB478(2000)417|[EPJC81(2021)226]:

F. "‘(0) 1

V,A V,A V,A V,A

F> (‘12)_ . 2 42 = F (qz)—li7 (0)[14‘7}" q2+~~-]
1 M2 1 O‘BKMZ

with rV°A = 2/mVA [AnnRevNuclPartSci34(1984)351] [AnnRevNuclPartSci53(2003)39]
e AS =0: my = 0.84 GeV [RivNuovoCim2(1972)241], ma = 1.08 GeV [BNL-24843]
o |AS| =1: my = mg=(gg2) = 0.89 GeV, ma = mg=(1270) = 1.27 GeV

Decay Bex10~) g0 gRo) Vi Re

A= pe ve 8.32(14) 0.718(15) 1.066 177 [1,2]

5t — Aetr ! 0.20(05) 0.01(10) 2.4(17) 74 1]
- = Ae 7 5.63(31) 0.25(5) 0.085 206 2,3]

“gav = F{*(0)/FY (0) and g = F}' (0)/FY (0)
[PISince Flz =0, gav and g, are defined as Flv/FlA and sz/FlA, respectively
[1] PTEP2022 083C01(2022)  [2] AnnRevNuclPartSci53(2003)39  [3] ZPhysC21(1983)1
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Form factors

@ Neglecting possible CP-odd weak phase, FF (1=, 7;)=sign FF(IT, 1)
@ In limit of exact SU(3) symmetry, Fs' and F} — 0
@ FF parametrization for hyperons [PLB478(2000)417|[EPJC81(2021)226]:

F. "‘(0) 1

V,A V,A V,A V,A

F> (‘12)_ . 2 42 = F (qz)—li7 (0)[14‘7}" q2+~~-]
1 M2 1 O‘BKMZ

with rV°A = 2/mVA [AnnRevNuclPartSci34(1984)351] [AnnRevNuclPartSci53(2003)39]
e AS =0: my = 0.84 GeV [RivNuovoCim2(1972)241], ma = 1.08 GeV [BNL-24843]
[AS| = 1: my = mpx(g92) = 0.89 GeV, ma = mg=(1270) = 1.27 GeV

Decay Bex10~) g0 gRo) Vi Re
A= pe ve 8.32(14) 0.718(15) 1.066 177 [1,2]
5t — Aetr ! 0.20(05) 0.01(10) 2.4(17) 74 1]

- = Ae 7 5.63(31) 0.25(5) 0.085 206 2,3]

“gav = F{*(0)/FY (0) and g = F}' (0)/FY (0)

[PISince Flz =0, gav and g, are defined as Flv/FlA and sz/FlA, respectively

[1] PTEP2022 083C01(2022)  [2] AnnRevNuclPartSci53(2003)39  [3] ZPhysC21(1983)1
@ FF parametrization for charm baryons:

[EPJC76(2016)628] [PRD93(2016)034008] [PRD80(2009)074011][PRC72(2005)035201]

and many others
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http://arxiv.org/abs/hep-ph/9904490
http://arxiv.org/abs/1909.12524
https://lib-extopc.kek.jp/preprints/PDF/1984/8406/8406176.pdf
http://arxiv.org/abs/hep-ph/0307298
https://link.springer.com/article/10.1007/BF02759855
https://inspirehep.net/literature/132839
https://doi.org/%2010.1093/ptep/ptac097
http://arxiv.org/abs/hep-ph/0307298
https://doi.org/%2010.1007/BF01648771
https://inspirehep.net/literature/1489335
https://inspirehep.net/literature/1408545
https://inspirehep.net/literature/833309
https://inspirehep.net/literature/678171

Form factors for charm baryons (1)

@ Light-front approach [Chin.Phys.C42(2018)093101]:

2
Fi(¢®) = Fi(0)) (1 S (f) )
Mgt Mg

where mg¢, ¢ fitted from numerical results

@ Pole-dominance model:
SU(4)-symmetry limit [PRD40(1989)2944], MIT bag model [PRD40(1989)2955]:
VA, 2y _ pV,A V,A 2 . V,A _ 2
F % (q*) = F;>7(0) [1+7~i q ] with 7% =n/mi, 4

o |AC|=1,A8 =0: my =mp+ =2.01 GeV, myg = mp«o = 2.42 GeV
o |[AC|=|AS|=1: my = mpx = 2.11 GeV, my = mp,, = 2.54 GeV
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https://inspirehep.net/literature/1658771
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.40.2944
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.40.2955

Form factors for charm baryons (2)

@ Relativistic quark model based on quasi-potential approach with QCD-motivated
potential:

1 Mmax
Fi(¢?) = —————— > ahi[z(¢?)]"
1- (]2/(1\41)ozle)2 n=0

Ve ey
where 2(¢?) = RVAS S VA ki TS N to = (M1 — M>)?

T Vi -2+t —to
m(FY,) m(Fy) m(FYy) m(F{) M — M
Decay v GVl [Gev] [V [Gev] [Gev] ~ Tef
AT S ATy, mp +mx 2.11 2.32 2.46 1.97 1.17 ]
Ze — Ely, mp, +mi 2.11 2.54 2.54 1.97 1.15 (2]
= — Alyy mp + mx 2.01 2.42 2.42 1.87 1.35 (2]
[1] [PRL118(2017)082001]  [2] [EPJC79(2019)695]
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https://arxiv.org/pdf/1611.09696v2.pdf
https://link.springer.com/content/pdf/10.1140/epjc/s10052-019-7214-5.pdf

Af — Aetry, FFs

e First measurement by BESIII [PRL129(2022)231803] @
o z(q?%) expansion
e Comparison with LQCD calculation [PRIL118(2017)082001]

e Different kinematic behaviour for FF(q2)
e Agreement for decay rate

° { F2V7 7F2A}—>{f+7fl7g+7gl.}

3f==DATA: A Ace'v,
== LQCD: A{— Ae*v,

£1(4%)
LS}

0 0.5 1 0'40 0.5 1
q* (GeV?/c*) > (GeV?/c*)
e 1
_oar 20t s ne L5k
> - — L
5§ 0.15 ‘é s T.S," 0.8 o Z
Z b e +
e S e 0.6 b
5 0.5
0.0
0 02 04 06 05 1 12 3 0 0.5 N 1 0.40 0.5 , 1
42 (GeVIeY) q* (GeV?/ct) q? (GeV?/c*)
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.129.231803
https://arxiv.org/pdf/1611.09696v2.pdf

Summary

@ General formalism [PRD108(2023)016011] can be applied to data analyses
performing in e*e™ collider experiments
@ Modular description is very flexible:
e Non-leptonic, semileptonic, radiative and electromagnetic decays of
baryons with spin 1/2
e One- and two-step decays
o Different FFs parametrization can be taken into account
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Summary N

@ General formalism [PRD108(2023)016011] can be applied to data analyses
performing in eTe™ collider experiments
@ Modular description is very flexible:
e Non-leptonic, semileptonic, radiative and electromagnetic decays of
baryons with spin 1/2
e One- and two-step decays
o Different FFs parametrization can be taken into account

@ Neglecting hadronic CP-violating effects, CP-symmetry tests can be
performed using FFs

@ Measurement of FFs and BR will allow to measure CKM matrix
elements V;; within one data analysis
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V.. measurement

T T T T T T T T T T T T T T T T T
PDG(2022) CKM unitarity 0.2277+0.0013 == @
1V, v, P
PDG(2022) Kaon decays average (>15M events) 0.2243+0.0008 o
BF from experiment; decay constant or FF from Lattice QCD
HFLAV(2021) Tau decays average (>394K events) 0.2207:0.0014 T
BF from experiment; decay constant (moment) from Lattice (perturbative) QCD
PRL92(2004)251803  Hyperon decays average (>37K events)  0.2250+0.0027 L |
No absolute BF measurement; 1 experimental FF ratio, 2 model dependent FF with unclear values
L L 1 L L L | s L L | L L L | L L
0.16 0.18 0.2 0.22
(A
us
143 . dr 2 2 2 2 2
s — u transition SL: 3 %< GelVus|*Vpr(a®)(¢® — mj)boo
Decay Rate a/fi Vus
Process (usec™!) [PRL92(2004)251803|
A— pe T 3.161(58) 0.718(15) 0.2224 + 0.0034
3" —ne v 6.88(24) —0.340(17) 0.2282 + 0.0049
E-—Ae v 3.44(19) 0.25(5) 0.2367 * 0.0099
E'—3%ew 0.876(71) 1.32(+.22/ - .18) 0.209 = 0.027

Combined 0.2250 * 0.0027
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V.. measurement

T T T T T T T T T T T T T T T T T
PDG(2022) CKM unitarity 0.2277+0.0013 ==
1V, v, P
PDG(2022) Kaon decays average (>15M events) 0.2243:0.0008 L
BF from experiment; decay constant or FF from Lattice QCD
HFLAV(2021) Tau decays average (>394K events) 0.2207:0.0014 T
BF from experiment; decay constant (moment) from Lattice (perturbative) QCD
PRL92(2004)251803  Hyperon decays average (>37K events)  0.2250+0.0027 L |
No absolute BF measurement; 1 experimental FF ratio, 2 model dependent FF with unclear values
L L 1 L L L | s L L | L L L | L L
0.16 0.18 0.2 0.22
(A
us
143 . dr 2 2 2 2 2
s — u transition SL: 3 %< GelVus|*Vpr(a®)(¢® — mj)boo
Decay Rate g1/ Vs
Process (usec™!) [PRL92(2004)251803|
A— pe T 3.161(58) 0.718(15) 0.2224 + 0.0034
3" —ne v 6.88(24) —0.340(17) 0.2282 + 0.0049
E-—Ae v 3.44(19) 0.25(5) 0.2367 * 0.0099
E'—3te T 0.876(71) 1.32(+.22/ - .18) 0.209 = 0.027
Combined 0.2250 + 0.0027

Thank you for your attention! ¥}/
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Backups

Ty < e
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By — BQ’)/* — Bgl+l7

@ Differential decay rate

dr a? 9 4m;
@ x eQmVPh(q ) 72 plastiy
@ Unrotated decay matrix:
1 X2 =Xy, M52 AL A
bi‘BZW > > Hoox, H3p 5 0w TR gy 2L>\A,,A;Y(q27ﬂl)
(@® = 4m) 7K 35X K
Yoy A2,0
where A\, = {—1,0,1} for v* decay and its elements:

A
wr=| ob R B MR
LI )
0 —byy b33 DSy

@ Non zero FFs: HY =HY, and HY =HY,
51 —5—1 50 —30

@ Full definition of bk, elements is provided in [PRD108(2023)016011|

2023/11/17, USTC
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Jav and gy, sensitivity

35
i 30 fg s
8 2%
I% ------------------- @ O RS e .
S ~ 2% Ty
= T B S
§ Lk - =
10
T I
2
5
0 0
0.0 02 04 056 08 10 0.0 02 04 0.6 08 10




Joint angular distribution (1)

e ete™ = J/Y,9(2S) = By — BoW g gy (— 1 11)

3 3 3
Trpp, x Z CMOBEOI P = Z Cuo Z Ry (92)175632 (q2, W)
pn=0 n=0 k=0

o Cuo=(1,Py, Py, P.)
o B = Ry (02, 02)bro (01, 61,4% git gt

o etem = J/,(28) = (Br = BaW g g (— 1 12))(By — Bst)

3
_ BB, B1Bs
Trpp,p, E CIU_’B;L() ()
=0

° Cuf, = C’“f,(el;aw,A@) . .
. Biol }?2 = Run (02, 02)bro (01, b1, 0% gart s gw )

= apo(03, ¢3;ap, )
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Joint angular distribution (2)

o cte™ = J/,(28) = (2= — A(— pe v )7 ) (EF = A(— prt)r™T)
3
Trppp o Z C:: Z a_A BA 0 Z a;I//\,aA,%
w,v=0 v’'=0
o B =Ry w(0p, 00)bro(Oc, bes 425 g 98)
e ete™ = J/Y,(28) = (527 — A= pr)e 7)(EF = A(— prt)rT)

3
Trppp Z C:: Z B;{L\ Ap Z ay

n,v=0 v’'=0

| (11

| >|
>\
ST

° Blilll\/ —RHH(GA ¢\)bnu’(987¢€7q2§g§vvgvav)
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