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A

Study of semileptonic hyperon (SLH) decays S8

@
e Presentation is based on recent manuscript: [2302.07665]
e Motivation (theory):

e Development of formalism for SLH 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 SLH decays

e Motivation (experiment):

e Analysis of process ete™ — J/1,1%(2S) — (B1 — SL)(B1 — H) + c.c.
— extraction of decay parameters using provided modular method
—— some of them has been measured > 30 y.a.

e Measurement of V;; matrix elements in SLH decays
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[PRD99(2019)056008] @
|

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

Production process

B,transverse polarization

1+ vy cos? 0 0 By sin b cos b 0

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

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

By — By + Wo;f—shell(_) Z_Dl)
By for {4 — 5 +{0,£1}}

2 2
B (¢°—mi) \3 Bs
Ty - 2 ZV:O BHVUV

Helicity amplitudes:
HigH 19,H1, H 1,
2 2 2 2

e Main parameters:
Qy= {02.02,0}, @ = {1, 0,0}
g€ (m}, (My — M2)?), g2.(4?). g2 (¢?)
where g%, (¢*) = F{*(¢*)/ FY (0)
and g2 (¢%) = FY' (¢*)/F) (0)
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Semileptonic Hyperon decays (1)

e Initial baryon B; with spin-density matrix p'f"”", transforms to final baryon Bs with
’
spin-density matrix p22/\2

p>\2)\l2 — Tﬁn',)\z)\;

!
KK
2 P1

e Transition tensor:

’ ’ " A2\ .
TrE A2Ay — % Z)\ , TR A2 2((]2, QQ)LAW Ay (qz7 Ql)

AwAw T Aws A

e Hadronic tensor

Kk A2y, o _ * 1/2% 1/2
Ty (@ 22) = Hoop HY oy Dos, o (Q2)Dy o (02)
o Lepton tensor with e = m2/(2¢?)

2_ 2 o
Ly, o, (a2, ) = 2 [eafw,xw(ﬁz) + Eeiw,xw(ﬂz)}

; — . i
e nonflip(Ay, = F1) : |h>\

o flipQAy, =0,1) : |hglzi%,xyzi%|2

l=1%:>\1/=:l:%|2 = 85(>\l + Al’)(q2 - le)
= 85(\ = A )e(g? = m)
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Semileptonic Hyperon decays (2)

3
3(¢* —m?)
B B
o = ) Bual?

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

1/2 1/2

A, A2
Buv = 3(q2—m2) Z,\2,,\’2— 1/2 ki =—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 A=A AL
— ™ * 2T AW N2 7W 27 2
bov = Gm—mn Dy Ay 2ongng Haaay H o o Ly 2, (@)
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Semileptonic Hyperon decays (2)

3
3(¢* —m?)
B B
o = ) Bual?

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

_ 1/2 1/2
Buv = 3(q2—m2) Z,\2,A’2— 1/2 Zn,n/:71/2

oy
3
Z /us m/(q Ql)

’ ’ AL
KK (Ao, KK 2,72
T 220,77 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 A=A AL
— ™ * 2T AW N2 7W 27 2
bov = Gm—mn Dy Ay 2ongng Haaay H o o Ly 2, (@)

e Replace by, by other decay matrices
— can describe By — Bz + 7 or By — By + 7y
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Rotation matrix R,

e 4D rotation matrix R, () with Q = {4, 6, x}

1 0 0 0

0 cosfOcosxcos¢ —sinyxsing —cosBOsinxcos¢p —cosysing sinfcos¢
0 cosfcosxsing + sinycos¢p  cosxcos¢p — cosfsin x sin ¢ sin 6 sin ¢
0 —sin 6 cos x sin 6 sin x cos 6

° RH,@(QQ) = Run(d’%e% O)
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: i
Decay matrices 0!,

By — B+
1 0 0 ap 1 0 0 oy
0 ~p —PBp 0 0 0 0 0
D Y
b o 0 Bp b 0 b o 0 0 0 0
ap 0 0 1 —ay 0 0 -1
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: i
Decay matrices 0!,

By — B+
1 0 0 ap 1 0 0 o
0 v -Bp O 0 0 0 0
D Y
L I S bry o 0 0 0 0
ap O 0 1 —ay 0 0 -1

By = Ba + W qon(— 177): B3EW =02t 4 ebf

beh —R(Z3) (T bes
gt _ | —R@Y) R(EGHEN) S+ ) R(IR)
K ST S(Ep - R(ER + M) —S(T)
bgh —R(Z3) S(z5f b3h
bgof *%(I(fn)f %gI{o) . by
[ — _%(110) R(E 0 5%1) _%(S(f)o - %1 %(I{:,’)
v %(fI{O) g(‘("OO + 811) §R(gOCi —'f_gll) _%(fl_{3)
b30 _%(Igl) S 131) b33
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Polarization P of baryon Bs

e Represent first row of b, matrix

P, —cos¢; sing; 0 R(Zo1)
P, | = bﬁgo_:—sbg sing; cos¢; O (101)
P, 0 0 1 bat + ebl,

where
b 0 cos 02 H L P S (1 £ cos0)2H 1P+~ sin? 6(|H o2+ |Hog|?)
00/03 = 4 l 31 1 l -1i-1 2 W 1o Lol™)

1
bgo/o:&:|H1t| +—|H_ 1t|2 7sm 01(|H11| +—|H_ %,1‘2)"‘*(30529l(|H%0|2+*|H7%0|2)
—cosGlﬁ(H%OH%t-I—*H_%OH,%t)v

1.
Iglf::t%/?sm@l [(1:|:cos01)Hi%_1H%0+(1$cos6‘l)Hi%OH%l],
1.
T = \/551110; [(Hj%71H§ —H* H11)+cosl91( Hll Hi%,lH%O)}'
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Semileptonic baryon decay

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

10 q” (

v FY (4®) + F5*(a®)vs)
1

(Ba(p2)|JY T4 B1(p1)) =t(p2) [vu(FY (¢°) + Fi*(a*)ys) +

+ L (Y () + PR )| uln)
1

where gy = (p1 — p2)u
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Semileptonic baryon decay

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

(Ba(p2)|7Y T4 |B1(p1)) =t(p2) [vu(FY () + Fi*(¢*)vs) + %(sz(f) + F5' (¢%)vs)
+ I @)+ FA) | ulp)
where gy = (p1 — p2)u
@ For By — Bae i, at O(%) - 0= Fy*¢?) =0
@ Hyyny = (HY,ny, + Hi ) with (A2 = £1/2 Ay = £,0, 1) HXQ";W = H;’égW(FX,QA(qz))
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<5

Semileptonic baryon decay

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

_ i00q”
(Ba(p2)|7Y T4 |B1(p1)) =t(p2) [vu(FY () + Fi*(¢*)vs) + ]‘\}7"1(&‘/(42) + F5' (¢%)vs)
vy 2 A, 2
+M(F3 (@) + F57(a%)vs) | ulp1)
where ¢, = (p1 —p2)u
2
® For Bi — Bye 7 at O55) =0 = FY (%) =0
@ Hayny = (HX,ny, +HS s, ) with (2 = £1/2 0y = £,0,£1): HA = HUA - (F54 (6%)
vector helicity amplitudes axial-vector helicity amplitudes
- M A _ A_M_ g
HY, =/2Q- (-FY - SEEY), HY, = /2Q% (Fft - S Fe),
Q_ 2 Q 2
wYy =5 (MeRY +4nmY ), H = (MR Y,
Q 2 Q_ 2
ny, =/ (M-FY + $FY ), HY, =\ (M4 P + 4P
where Q1 = (M1 + M2)? — ¢ = M3 — ¢2, HZ;;,_AW = j:Hl‘\/z";W
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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, F§' and Fy — 0
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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, F§' and Fy — 0
@ FF parametrization for hyperons [P1L.B478(2000)417|[EPJC81(2021)226]:

V,A, 2 F4(0) 1 VA, 2 V,A V,A 2
i (q):1 9> q 92 > F00 (%) = By (0)[14—”"1""“]
— —a
Mz, BKM?/YA

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

Decay B(x107%) g (0) aP(0) ]\4[%\/[;\,]\]/[2 Ref.
A= pe be 8.32(14) 0.718(15) 1.066 177 11, 2]
nt = Aetrld] 0.20(05) 0.01(10) 2.4(17) 74 ]

ET = Ae D 5.63(31) 0.25(5) 0.085 206 2, 3]

l2]Since Flz =0, gav and g, are defined as Flv/FlA and F2V/F1A, 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, F§' and Fy — 0
@ FF parametrization for hyperons [P1L.B478(2000)417|[EPJC81(2021)226]:

V,A, 2 FiV’A(O) 1 V,A, 2 V,A V,A 2
i (q):1 9> q 92 > F00 (%) = By (0)[14—”"1""“]
— —«
Mz, BKM?/YA

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

My — Mo

Decay B(x107%) g (0) aP(0) [MeV] Ref.
A= pe be 8.32(14) 0.718(15) 1.066 177 11, 2]
nt = Aetrld] 0.20(05) 0.01(10) 2.4(17) 74 ]

ET = Ae D 5.63(31) 0.25(5) 0.085 206 2, 3]

l2]Since Flz =0, gav and g, are defined as Flv/FlA and F2V/F1A, 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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Form factors for charm baryons (1)

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

2
Fi(¢®) = Fi(0)) (1 S G (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 = mpxo = 2.42 GeV
o |[AC|=|AS|=1: my = mpx = 2.11 GeV, my = mp,, = 2.54 GeV
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Form factors for charm baryons (2)

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

potential:
FU) = ————— 3% afi ()
F; n
1- g2/ (B2
oy Vtr—a?—\/tr—to . _ _ 2
where z(¢?) = Vi Vi with tg = (M1 — Ma)
FYY)) m(FY) mFL) mFS) My — M
D F m(Fy o 3 1,2 3 Ref.
ecay + [GeV]  [GeV]  [GeV]  [GeV] [GeV] ¢
AT = ATy, mp+mg 2.11 2.32 2.46 1.97 1.17 [1]
. — Sy, mp, +mg 2.11 2.54 2.54 1.97 1.15 2]
Zc — Aly; mp + mx 2.01 2.42 2.42 1.87 1.35 (2]
[1] [PRL118(2017)082001]  [2] [EPJC79(2019)695]  [3] ZPhysC21(1983)1
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Af — Aetp, FFs

e First measurement by BESIII [PRD129(2022)231803] @

e Comparison with LQCD calculation [PRL118(2017)082001]

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

o {FY,FY F{F'y — {f+,fL, 9,91}

==:DATA: A;—> Ae'v,
== LQCD: A{—> Ae'v,

st

£1(4»

un®
e
PR
wan

0.5 1
4* (GeV?/c*)
_ 0.2
< _
§ 0.15 o
& = i
ool o —
g
0.05
% 02 04 06 08 1 12 0.5 , 1 0'40 0.5 R 1
GV 9% (GeV?/c?) 4% (GeV?/c)
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A &
@) 3 s
@ Presented general formalism [2302.07665] can be applied in the BESIII

analyses to fit data and to generate MC samples

Conclusion and Outline

@ 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
@ Provided modular description is very flexible:
e Non-leptonic, semileptonic and radiative decays of baryons with
spin 1/2
e One- and the-step decays
@ Next step: extension of method for charm baryons

e Semileptonic decays
e Three-body decays with mesons (spin {0,£1}) in the final state
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Conclusion and Outline NI

@ Presented general formalism [2302.07665] can be applied in the BESIII
analyses to fit data and to generate MC samples

@ 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
@ Provided modular description is very flexible:
e Non-leptonic, semileptonic and radiative decays of baryons with
spin 1/2
e One- and the-step decays
o Next step: extension of method for charm baryons

e Semileptonic decays
e Three-body decays with mesons (spin {0,£1}) in the final state

Thank you for your attention!
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Joint angular distribution (1)

e ete™ = J/Y,9(2S) = By — BoW g gy (— 17 11)

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

o Cuo=(1,Ps, Py, P.)
o B = Ry (02, 02)bro (01, 61, 4% it g )

o cte™ — J/?ZJ,?/J(ZS') — (Bl — B2VV(;f—shell(*> 17171))(31 — Bgﬂ+)

3
_ BB, B1B3
Trpp,p, X E CIU_’B;L() Ago
=0

] C‘“j = Cuf,(Ol;ad,,A@)
o 350' B2 = Ry (02, $2)bio (01, b1, 4% g5, g5)

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

o cte™ = J/,(2S) = (2= — A(— pe v )7 ) (EF = A(— prt)rT)
3
Trppp o Z C:: Z a_A BA 0 Z a;I//\,aA,%
w,v=0 v’'=0
o B =Ryw(0p, 00)bro(Oc, bes 425 g 98)

o ete™ = J/,(28) = (527 — A= pr)e ) (EF = A(— prt)rT)

3
== =A A;D 5/_\ Aﬁ
Trppp o D Cpi Z 5Ehalty 3 aEball
w,v=0 v’'=0
° B;H’ = RMH(GA 0\)bnu’(987¢€7 q2§g§vvgvav)
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