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Introduction

Motivation:
e Theoretical: a general modular method for the semileptonic hyperon decays
e Experimental: analysis of the semileptonic hyperon decays using modular
method to extract decay parameters

—> will be presented by Shun

@ Work is based on:
e Polarization observables in et e~ annihilation to a BB pair [PRD 99 (2019) 056008
e Helicity analysis for 20 — 3+ (= pr0)i— 5 (I=e,pu~) [EPJ 59 (2009) 27]

o Helicity method allows:

e Compact calculations of the angular decay distributions
e Analyze the semileptonic decays of polarized hyperon
e Take into account the lepton mass effects

= vector and axial-vector currents

@ Presented work is in a progress...
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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:

, 1+ ay, cos? b 0 By sin 0y cos 0, 0
1 B B = 0 sin® 6, 0 Yy sin 6y cos 0y
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'?=0'x,09=0'yand0'£=0'1 ﬁ¢:1/1—aﬁ,sin(A(I>) ",’w:,/l—ozicos(ACD)

@ 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:

s 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 sin 0 cos 6, 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'§\:0'z ﬂ¢:1/1—aﬁ,sin(A<I>) '\,’w:,/l—aicos(ACD)

@ 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/ib — (A = pe~ve)(A — prT)

ra,
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Full hadronic decay chain

@ ete™ = (A — pr)(A — prt) (full determination in [PRD99 (2019) 056008])

Z7
oA

A rest frame and
resonance helicity frame

A rest frame and
resonance helicity frame

/ lab frame

@ Decay matrix or transition matrix ay, for {% — % + 0}

3

oy — Z aﬂya-’vi

v=0

@ Two helicity amplitudes: B1,B
2

1
2

@ Main parameters of a: B
0, ¢ - spherical coordinates of the p/p momentum in the A/A helicity frame
ap€ [-1,+1] and ¢p€ [—m, +7] - decay parameters (D = A, A)



https://arxiv.org/abs/1809.04038

5
®

@ A —pr iy — (cosby, dp) 1 an
o A— prt: fy — (cosbp, dp)  ax
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Exclusive joint angular distribution (2)

3
Trppp o« W€ w) = Z Cﬂpal‘}oa’-‘})
u,v=0
o Cpy(On; ay, AD)

* a,omatrices for 1/2 — 1/2+0 decays aﬁg = a0 Gy, 0pif@,)
o ago matrices for 1/2 — 1/2+0 decays & aly = a‘—,g(H-,gaﬁ;

o &= (0A,0p, 05,05, 95) — 5D PhSp

cw = (ay, A(I),@
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Exclusive joint angular distribution (2)

3
Trppp o« W€ w) = Z C,,pal‘}oa’-‘})
u,v=0
o Cpy(On; ay, AD)

* a,omatrices for 1/2 — 1/2+0 decays & aﬁo = a,0(0p, 0p;

o ago matrices for 1/2 — 1/2+0 decays & aly = a‘—,g(H-,gaﬁ;
o &= (0A,0p, 05,05, 95) — 5D PhSp

cw = (ay, A(I),@

dl x W(€;ay, AD, oy, ) =

2
1+ aycos”a|  Cross section |

+ oy (sin? Oy (nyoma, — aynyynay) + (cos® Ox + auy)ny 2ny )

+aoayaxy/1— Oéwz COS(A‘I’) sin 05 cos 0/\("1,1”2,2 + nl,znz,z) Spin correlations

‘-‘r V1 — o?sin(A®)sin O cos Op (chnLy + ozng,y) Polarization |

@ A® # 0 = independent determination of ary and oz [PLB772(2017)16]

@ BESIII measurement [Nature Phys.15(2019)631]:

a,; = 0.461 £0.006 £0.007 a— = 0.750 £0.009 £ 0.004
AP = (42.4+£0.6 £0.5)° ay =—0.758 £ 0.010 £ 0.007
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Semileptonic-hadronic decay chain (1)

@ ete™ — (A — pe we)(A — prt)
@ AN —pe e =A—pW (= e D)

A rest frame and
resonance helicity frame

A rest frame and
resonance helicity frame

/ lab frame

@ Decay matrix or transition matrix by, for {% — % + {0, £1}}
3
Tp = Z buvo"fW
v=0

@ Four helicity amplitudes: 1, 1
2

10, H1,, H 1
30Tl

@ Main parameters of by,: Q = {¢,0,0} and Q' = {x,0;,0}

g€ (m2, (M — Mp)?); oﬁ’Dl(Hl, ¢%) and qﬁS’Dl(Hl, ¢%) - decay parameters (D = A, A)




BESHL & & @

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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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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@ 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

A v 1 2 v = A _ A _ M1 =M
. HY, = \2M (—F1 R VL ) 5 HY = V2M, (Fl W F2)
= >
g VM- 2 el VM.
"\ HY, = N ((M1 + My)FY + ;—FZV), g\ H, = «/—2 (—(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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Form factors

1
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n; 1 i
FAq) = O [ | ————= F,V*"(O)(l ) s | = 0 (0
n=0 _W n=0 ""V,A
EA0)(A — p) my,a o [Gev—2] ni
1
Y (@?) V3 e e n =1
JP =1~
M
FY (¢?) aar FY(0)? ng =
F?}/(‘IZ) 01 - 0.9 n3 =
T g% 0
Fi(q?) 0.719FY (0)3 (f; <:12IO+>) ny=1
FQA(qZ) 0t — ng =2
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

[JHEP0807(2008)132]
3 [PRD41(1990)780]

4 Vanish in the SU(3) symmetry limit; Goldberger-Treiman relation [PR110(1958)1178],
[PR111(1958)354]

pp = 1.793 [Lect.NotesPhys.222(1985)1], [Ann.Rev.Nucl.Part.Sci.53(2003)39],
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Intermediate step

o aSl(9l7 ) = {avalva”ugl,27’yl’2}(q2) and gé\m g'{};
@ o, ¢/, &, Bi,2 and 1,2 € [—1,+1]
) Introduce the intermediate parameters:

normalization n = \H11\2 +|H_: 1\2 +2(|H_ 10\2 + \H10| s

3

)

= ‘H%1‘2 [H_y_4* +2(|H. ‘0‘2 ‘H10| ):
‘o\z + \H‘0| ):

)

b
a,_‘H‘l‘ +H_y 1‘2*2|
‘0‘2 ‘H’u| ’

(

(

3 (15

o = |Hy P~ H_y —2<|H
Bro=2AS(H" , H_y )+ S(H],H
o

Y2 = AR o)) £ R

\u* et

30
Hyg ))
where BPra = % n?—a?—(a/)? + (0”)2 sin g1 and T2 = % n? —a? — (a/)? + ()% cos é1,2

® a2+ (o) — ()2 + 252, (42 + B2) =

@ Main parameters to describe semileptonic hyperon decays are:

“EY(0), EY(0), FA)
or A 14
20 = BO g B O

@ 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)
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05 "a?\l provides not complicated
Sy but the rich information about
ﬁ 2

the decay." ©S.L.Olsen

o A —pW i ny — (cosby,dp) 1 (W™ — e i) = af
o W e T (e,x,q%) : g, 92
o A — prt: Ay — (cosbp, ¢p)
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Exclusive joint angular distribution (2)

3
Tippwp o« W(E @) = ) Cusblaly
u.v=0
o Cup(Oa; ay, AD)

e by matrices for 1/2 — 1/2 + {0, il}decay§ o b‘/l‘0 = buo(6, ,cp,,,ge,,\/,qz;)
o as matrices for 1/2 — 1/2+0 decays & afy = am(e,;,‘p,;;

o &= (07.0p,0p,0es - 4505, 05) — 8D PhSp

o w = (ay, ACI),
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Exclusive joint angular distribution (2)

3
Tippwp o« W(E @) = ) Cusblaly
u.v=0
o Cup(Oa; ay, AD)

BESTT & <5 ¢

e by matrices for 1/2 — 1/2 + {0, +1} decays & b‘/l‘O = buo(6, ,(p,,,l)e,,\/,qz;)

o ayo matrices for 1/2 — 1/2+0 decays & “éo = am(e,;,‘p,;;
o &= (07.0p,0p,0es - 4505, 05) — 8D PhSp

o w = (ay, ACI),

@ ¢’: (cosfp,ny,n2) < 5D PhSp

L < W(E's ay, AD, 0, az) =

2
14+ aycos”a|  Cross section |

+ajag (sin2 O (1490 — Cpniyna,) + (cos? Oy + aw)nl,znz,z)
+ajaz/1— ay? cos(AP) sin by cos Op (N 4oz + 1120 s)

Spin correlations

I-‘r V1 — o?sin(A®)sin O cos Op (ai’nlyy + gy, )I Polarization |

@ A® # 0 = independent determination of o and aj

@ 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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Interim summary and outline

@ Determination of helicity formalism to describe semileptonic-hadronic
decay chain is in a progress...

@ Introduction of a general modular method for the semileptonic decays
will allow to describe

e semileptonic baryon/hyperon decays
e semileptonic cascade decays

@ Verification of the formalism using toy MC sample

@ Test the formalism using BESIIT MC and data
= will be presented by Shun

@ Next steps:
e Preparation of phenomenology paper

Thank you for your attention!
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oo 1 1
Decay Chaln. 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(A5Ap) = 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

29 June 2021 15 /13
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Decay chain: 1 — 1+ {0, %1} BESIT & 5 @

@ Relation between helicity amplitudes and decay parameters
2 2 1 2
normalization —(1 — cos 6)) 1Hy P+ (1 +cos 6 |H_ 1l 7sm 2 G,(1H._ Jof +|H10\ )=1,

"u 7(1 — cos ) \Hn,l2 - 7(1 + cos ) \H,.,l|2 *il" 2 6,(H._ 10|2 \H;DI ),

1 " .
B = 5 sin@ (1 + cos 9!)3("],%07"7%71) +(1 —cos 91)5(1"%,”%0))

vl = L sinfy (1 +cos@)RMH | H_y_p) + (1 = cos O)R(H], Hyp))
V2 -0 2!

where Bﬁ = 4J1=(a} 12 sma&g and yijl = 4J1=(a} 12 cosng

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

boo :0%, bo1 :7(/ Cosx+5Dsmx)cos0,,sin¢,,
bos = ah, — (v sin x — B} cos x) cos [
bio = a3} cos ¢p sin b, bos = (yjisiny — B3 cos x) cos 0, sin ¢,
bir = —(78 cos x + B sin x) cos 8, cos ¢, — (7§ cos x + B sin x) cos ¢y,
+("/g sin x — ﬁg cos x) sin ¢y, bosz = U‘D sin 6, sin ¢,,,
bia = (yisiny — B3 cos x) cos B, cos bso = i} cos B,
4+ (75 cos x + B sin x) sin ¢y, ba1 = (7§ cosx + B3 sin x) sin 6,
b1z = o sin 6, cos oy, bae = —(Yisinx — B3 cos x) sin 6,
bog = ale sin 6, sin ¢, b33 = o3 cos Op-

@ Main parameters
o =03i(01,4%), a3t = ot (01, 4%), B = B (01, 4%), v =5 (01, 4%)
@ Each element of by, is multiplied by ¢?p where p = /M4 (¢2)M_(q2)/(2M1)
29 June 2021 16 /13
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Intermediate step (2)

@ Relations between intermediate and decay parameters:

= ((M_-My)* = g1+ (92(¢)) + ¢ <4Mle((ga’i(qz))2 -1+ ]3712627((95(115)2(1%1 +¢)+ 4!;5(!12)M+))

M
a=2/Q-Q. [qa,, (¢ = M_My) + 290, (a%) . ( 2>q217;]

@ = Q0. [~ B + (4L

o' = 2/Q-Qu [90(a®)(¢” + M_My) +292,(0%) 9. (¢) "]
where M_ = M, — M, and My = M, + M, and Q+ = Mi — ¢

A>pev, g

Intermediate parameters / n (d)

|

I | | I
o wor o 5 o Ty

3
3
o
E}
3
3

Tom 50 o o o
m
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@ Non-zero elements of the decay matrix by, :

by = FAcos O, sin ¢, F B cos ¢y,
boz = a%, by = +B cos B, sin ¢, T Acos @y,
’bm = a$} cos ¢y sin b, | bys = sin 0, sin ¢y,

b1y = FAcos O, cos ¢, £ Bsin ¢y,

b2 = £Bcos b, cos ¢, + Asing,, bz = £Asinf,,
b1z = sin 6, cos ¢y, b3y = FBsinb,,

‘bm = a3} sin 6, sin ¢p7‘ bsz = cos b,

a_ ap,¢*)  a+a”cos’ O T (n+a)cosh

h sb— =
where af, o6, ?)  n+a'cos?f T (o + a”)cos b’
1 sin 6,
+ 6 + 6
T 22080, ¢ )[COSX(% cos 0172) + sin x (1 = cos 6,5,)],
1 sin 6,

[sin x (71 % cos Oy2) — cos x(B1 % cos 6,52)]-

T 2V203(0,4)
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Form factors

n; 1
F'¢) =FM0) | | ———— ~ F*0)|1 +
il ,()]_[1 = 40 Z +mw

n=0 1= —3 1 ()
mVA+ml

Dashed lines:
sz(q2) are switched off

A
T(V,A)::\/quZ’l
2

V,A
L(V,A):=+/ qu%U

T(A)
L(A)

V@ x helicity amplitudes [GeV]

/

wslf o
el R S Y N i bl
i e i k= o T
@ [Gev]
@ Ifg2. = m ~0=> HV and HA are dominated

min

@ Ifq2,, = (My—My)?=H %1 = —\/§H§0 are dominated
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Helicity amplitudes of the lepton pair hlAl A\ e

@ Lepton and antineutrino spinors

o1 £71-1
ur(xi,Pr)= \/Ez+m1(X o Xi),

T E +my

1 +
W(E) = \/E_‘v(:Y ).

X+

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

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

=1
hlr—;l/Z p=1y2 = 05 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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