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Introduction

@ Motivation:
e General modular method for the semileptonic hyperon decays

e Determination of spin correlations and hyperon polarization
e Test of the SM of flavour-changing weak decays [PRL10 (1963) 531]
e Test of CP conservation in semileptonic hyperon decays

e Extraction of decay parameters using provided modular method
e Last measurement of some decay observables performed > 30 years ago
e One-step: A — pe™ e, etc.
o Two-step: 2~ — Ae e, AT — Aetue, etc.
@ Theoretical work is based on:
e Polarization observables in ete™ annihilation to a BB pair [PRD 99 (2019) 056008
e Helicity analysis for 20 — B+ (— pr0)i~ 5 (I=e",pu™) [EPJ C59 (2009) 27]
@ Helicity method allows:

e Compact calculations of the angular decay distributions
e Analyze the semileptonic decays of polarized hyperons

e Take into account the lepton mass effects = vector and axial-vector currents
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.10.531
https://arxiv.org/abs/1809.04038
https://arxiv.org/abs/hep-ph/0511019

Production process of two spin—% baryons

@ General framework of the ete™ — J/1 — AA [PRD99 (2019) 056008]
@ Spin density matrix of the production process:

, 1+ ay, cos? b 0 By sin 0y cos 0, 0
1 B B -~ 0 sin? 6, 0 Y 5in 0 cos 0
PiB = g Z Cur(O)o,' @ o Cor = — By sinf; cos b, 0 s sin® 0, 0
Hy=0 0 —~, sin 6y cos 6y 0 —ay, — cos? 0,
o'g:12,0'?20'x,17£\:0'yand0'§\20'1 ﬂ¢:1/1—aﬁ,sin(A(I>) '\,’w:,/l—aicos(A@)

@ Main parameters of Cpp(61):
0 - scattering angle of A baryon
ay € [—1,+1] - baryon angular distribution parameters
APE [—m, +7] - relative phase between the two transitions

v
- 92 Figure adapted from P.Adlarson’s slides
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Production process of two spin—% baryons

@ General framework of the ete™ — J/1 — AA [PRD99 (2019) 056008]
@ Spin density matrix of the production process:
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@ Main parameters of Cpp(61):
0 - scattering angle of A baryon
ay € [—1,+1] - baryon angular distribution parameters
APE [—m, +7] - relative phase between the two transitions

2,
v
- 92 Figure adapted from P.Adlarson’s slides

@ Production process doesn’t depend on the final states. It is the same for:
o ete™ = J/p — (A = pr)(A — prt)
o ete™ = J/ip — (A — peve)(A — prT) and c.c. process
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Semileptonic-hadronic decay chain (1) BESI

/
A rest frame

A rest frame

/ lab frame

@ Decay matrix or transition matrix:
by for {% — % +{0,+1}}
3

Opu = Z bliVon

3
a, —>Za (Td
H wy
v=0 v=0

ayy for {% —>%+O}

@ Helicity amplitudes:

Hi,,H 1,,H1,,H
1o 1o H1ys

[PRD99 (2019) 056008]
1 B
1

@ Kinematic variables and parameters:
Q:{d)lhepzo}: 94 :{Xzemo} Q= {¢177917’0}
q2€ (mgv(MA _MP)2)7 af\l(9€=q2) SN



https://arxiv.org/abs/1809.04038

BESI =

Semileptonic A decay

@ Momenta and masses: A(p1, M1) — p(p2, M2) + e (pe, me) + Ve (pi.,0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

(PP MAPY) = i(pa) [y,, (FY@) + Fias) + Zoh (FY @) + Fiats) + 3 (FY ) + Fg‘(qzm)] u(pr)

where g, = (p1 — p2)u
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BESIT

Semileptonic A decay

@ Momenta and masses: A(p1, M1) — p(p2, M2) + e (pe, me) + Ve (pi.,0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

0
<p(pz)|JX*A|A<p1)>:u<p2>[y,,(F¥(q2)+F¢(q2)ys) ;}q (FY (@ + F3(aPys) + M"l (FY& 3(q2>y5)]u(p1>

where g, = (p1 — p2)u

@ For A — pe— Veat(’)(m ) = 0= F g% =0

. VA _ VA V,A
® Hy,uy = (HX2>\W +H/\2>\W) with (A = £1/2 Aw = 0,41): HUX = HUN (Fyy (%))
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Semileptonic A decay

@ Momenta and masses: A(p1, M1) — p(p2, M2) + e (pe, me) + Ve (pi.,0)
@ FF for the weak current-induced baryonic 1/2+ — 1/2% transitions [EPJ C59 (2000) 27]:

0
<p(pz)|JX*A|A<p1)>:u<p2>[y,,(F¥(q2)+F¢(q2)ys) ;}q (FY (@ + F3(aPys) + M"l (FY& 3(q2)y5)]u(p1>

where g, = (p1 — p2)u

@ For A — pe— l/eat(’)(m ) = 0= F g% =0

_ VA V,A
® Hy,uy = (HX2>\W +H/\2>\ ) with (Ag = +1/2; Ay = 0, +1): HA2>\W Hy S (Frs (%))

M, +M M, -M

Vo v 1 2LV | oA — A_ M — My
| L= M- (—F1 R VL ) 5 HY = V2M, (Fl W F2)
- >
g VM- 2 el VM.
"\ HY, = N ((M1 + My)FY + L—F{), g\ H, = P (—(M1 - My)F} + Z[—F?).

: q 1 z 4 1

2 _ 2 V,A V,A
where My = (M1 £ M2)*° — q*; H_)\2 A ::i:H/\2XW
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Intermediate step
° Oé*l(f)m ) = {a, /0", B12,7m,2}(¢%) and g5, (¢?), g2 (4?)
@ (o, d, ", Bi,2 and v1,2)/n € [—1,+1]
n= |H%1‘2 + |H7%71|2 + 2(‘H7%0‘2 + |H%0\2), o = |H§1‘2 + |H—l—1|2 - 2(|H—10|2 + |H§0|2)~,
1|2*2(‘H 10|2 |H§0|2)’

a=|Hy P = [H ;P +2(H g = [Hyl?), o =|Hy*—|H

b= 4$(Hi%0H,%,1)A, M= 4§R( 10 —%—1)7

B2 =4(H1, Hyy), o = 4R(HI Hig)
where
"2 n2\ 1/2 2 N2\ 1/2
[ . nFa aF o
B2 = (—(n I;( ) — —(a Ea) ) sing, M2 = (7( :':2 ) — ( :':2 ) ) cos ¢

0 o+ () — ()2 + X2, (77 + B2) = n?
@ Main parameters to describe semileptonic hyperon decays are:

< FY(0), FY(0), F0)

b FO) £y (0)
9au(0) = ) 92(0) = )

@ Last measurement of gqy and gy in A — pe™ e by E-555 (Fermilab) [PRD41 (1990) 780]
® ggv = 0.731 +£0.016 and g, = 0.15 + 0.30
® gav = 0.719 £ 0.016 with constraint g, ~ 0.97 (CVC)

30 June 2022 6/9


http://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020

Exclusive joint angular distribution

@ Process ete™ — (A — pe ) (A — prt)

3
Trppwp x W(§;w) = Z C’m—,bﬁoago

w,v=0
° CMD(OA;O%,A(I)) )
° bﬁo = bMO<9p7 @p7067q2§g£p791{1\1> i a/ﬂ\() = aﬁo(eﬁv ¥p; 04/—\)
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Exclusive joint angular distribution BESI
@ Process ete™ — (A — pe ) (A — prt)

3
Trppwp x W(§;w) = Z C’m—,bﬁoago

w,v=0
° ;LD(GA;OWMA@) -

A — 2. A A A — P
L4 bMO = bMO<9p7<pp7967q agmngw> L4 a;?[) = a50(0ﬁ730;57a1\)
dl' o W(&; o, A®, gl g1, %) =

o (0,0) [l + apcos® 0| Cross section |
+a3 (01, ¢*)ax (sin? O () 49 » — gy yNa ) + (OS2 04 + g )y 2no )
+a3 (0, ¢*)ax /1 — g2 cos(AD) sin O, cos O (0 ,na . + Ny M0 ,)
+1/1 — a2 sin(A®) sin O cos O (a3 (01, ¢*)niy + aAnQ,y)H

Spin correlations

Polarization

where . sl (% 2 " cos2 6 / 50
af\’(é)e,qz)=a"\( .¢°) _ a+a”cos . F (n+ o) cos0,

030, ?) ~ n+ o cos2 6, F (o + ) cos b,

@ A® #£0 = independent determination of o and ay
@ Same expression for ete™ — (A — pr™)(A — prt) [PLB772(2017)16]: afxl S ap

@ Possible measurement of g,, and g,, using BESIII data
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BESIT

Summary and outline

@ Description and implementation of helicity formalism of
semileptonic-hadronic decay chain is at the advantage stage

@ Introduction of a general modular method for the full process will allow

to

describe semileptonic baryon/hyperon and cascade decays

extract spin correlations and hyperon polarizations

test assumptions of Cabibbo theory: CVC hypothesis, 2nd-class currents,...
test the C'P conservation

@ Ongoing steps:

e Measurement of g2, and ggv for J/1 — AA using BESIII data + memo
e Verification of formalism for =~ — A(— pm~)e™ De + c.c. decays
e Preparation of phenomenology paper
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semileptonic-hadronic decay chain is at the advantage stage

@ Introduction of a general modular method for the full process will allow
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describe semileptonic baryon/hyperon and cascade decays

extract spin correlations and hyperon polarizations
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test the C'P conservation

@ Ongoing steps:

e Measurement of g2, and ggv for J/1 — AA using BESIII data + memo
e Verification of formalism for =~ — A(— pm~)e™ De + c.c. decays
e Preparation of phenomenology paper

Thank you for your attention!
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Contributions

@ Conference talks:
e "Light hyperon physics at BESIII",
32nd Recontres de Blois, France, 17-22 October 2021
e "CP violation of hyperon-antihyperon pairs at BESIII",
BEACH2022, Poland, 5-11 June 2022

@ Publications:
e "Light hyperon physics at the BESIII experiment", Proceedings of 32nd
Recontres de Blois conference, submitted
e "Study of CP violation in hyperon decays at super-charm-tau factories with a
polarized electron beam", [PRD 105 (2022) 116022]
e "First Measurement of the Absolute Branching Fraction for A — pu~ D, ", [PRL

127 (2021) 121802]
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Backups

ST AINAYS BACK. UP EVERYTHING."

Varvara Batozskaya 30 June 2022 10/9



BESIT

oo 1 1
Decay Ch&ln. 5 — 5 + 0 [PRD99(2019)056008]
@ Relation between helicity amplitudes and decay parameters
normalization |As|* +|Apf* = |B_y* + By " = 1,
ap = -2R(A}Ap) = [B1o — 1B-1 ol

Bp = —28(AgAp) = 23(B1 2B, ),

¥p = A5 — 1A = 2R(B1 2B ),
where Bp = /1 -a%singp and yp = /1 - a3 cosgp

@ Non-zero elements of the decay matrix a,,:

a1 = Bpcosg+ypcosfsing,

aps = ap, ay = 7ypcosy—Ppcoshsing,

ajp = apcosgsind, ax3 = sin@sing,
ayy =ypcosfcosp—Ppsing, azy) = apcosb,

ajy = —Bpcosfcosp —ypsing, a3 = —ypsiné,

a3 = sinfcos g, az = PBpsind,

ax) = apsinfsing, az; = cosf

@ Main parameters: 0 = 0,/5, ¢ = @p/p, AD = 0 /55 PD = PR
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N BESIT
Decay chain: 5 — 5 + {0, £1}
@ Relation between helicity amplitudes and decay parameters

ol = 1(1 F cos)’|H), [ + 1(1 +cosO[H ;4 + %sinz Bu[H 3ol + | i),

1

ap = 7(1 Fcosh)? |H11\2 - 7(1 + cosf))? \HJAP ismz&,(\m%ﬁ - \H%UP),
1 :. * *

gl = ﬁsmel((l icoséh)%(H?%DH,%,l) +(1F (:osﬁl)%(H%IH%U)),
1 . - *

=75 sin01((1 £ cos O)R(H" 1o H_y_,) + (1F cos G)R(H], Hy,)

@ Non-zero elements of the decay matrix by, :

=7F ’YDQOQX‘F Bt sin y
bos = aﬁ1 +

bio = a cos ¢, sin b, bop =+

by = F(ve cosx+ﬂDsmx)cos0 cos ¢,

( ) cos O, sin ¢,
(v sinx — B3 cos ) cos By,
(73 sinx — B3 cos x) cos B, sin ¢,
('YD cos X + BD sin x) cos ¢,
+(yisinx — B3 cos ) sin @, by = ofh sin 0,sin ¢,
by = £ (75 sin x — B3 cos x) cos b, cos ¢,
+(y cos x + B sin x) sin ¢, by = £(7; cos x + Bjsinx) sin by,

b3 = o} sin 6, cos ¢, bga = F(vsinx — B3 cos x) sin by,

—olsing. s .
by = apsin b, sin ¢, bz = o cos 0,

@ Main parameters
O-g = JA/A(ef’q ) OZ% = OCA/A(QE, ) Bél = A/A(aévq )s ’Yf:f :"/A/A(eequ)

Upper and lower signs refer to (e~,7.) and (e™, ve) configurations, respectively
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BESIT

Form factors

n; 1 n; 1
FAq) = FAO [ | ————= F,V*"(O)(l ) s | = 0 (0
n=0 _W n=0 ""V,A
EA0)(A — p) my,a o [Gev—2] ni
1
FY(¢?) —\/§ Enzg*(sgz)o) np =1
JP =1- A
M
FY (¢%) aar Y (0)? ng =
F?Y(QQ) 0? - 0.9 n3g =2
Mg 0
Fi(q?) 0.719FY (0)3 (f; <:12IO+>) ny=1
) 0 - ETEEN
MA(MA+Mp) A (\4 mg
F:‘;q(q2) (mK_)zp F{(0) (JP:O*) ng =2

1 [PR135(1964)B1483], [PRL13(1964)264]

@ 2 pup = 1.793 [Lect.NotesPhys.222(1985)1], [Ann.Rev.Nucl.Part.Sci.53(2003)39],
[JHEP0807(2008)132]

@ 3 [PRD41(1990)780]

@ * Vanish in the SU(3) symmetry limit; Goldberger-Treiman relation [PR110(1958)1178],
[PR111(1958)354]
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Helicity amplitudes of the lepton pair hlAl \

@ Lepton and antineutrino spinors

o1 £71-1
MI*(:FE,PI*)= \/Ez+m1(X o Xi),

T E +my

1 +
W(E) = \/l'?v(:Y ).

X+

where y, = ((l)) and y_ = (?) are Pauli two-spinors

@ SM form of the lepton current (Aw = A\~ — Ap)

=1
hl:»xl/zm 12 = - (F5 WJ(I sz ){E;(O) }

where €(0) = (0;0,0, 1) and €(¥1) = (0; F1, —i, 0)/ V2
@ Moduli squared of the helicity amplitudes [EPJ C59 (2009) 27]

nonflip(Ay = ¥1) : n! P= 8(q2 - mz),

/li/lt

2
1 |

fipCw = 0): I\ )

= 87(‘] _m[)

@ Upper and lower signs refer to the configurations (I7,7;) (A, = 1/2) and (I*, ;)
(Av = —1/2), respectively

2
. e . . m
@ In case of the e-mode only nonflip transition remains under assumption ﬁ —0
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