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Semileptonic A decay

@ Momenta and masses: A(p1, M1) — p(p2, M2) + e (pe, me) + ﬁe(PDeaO)

@ Standard set of invariant FF for weak current-induced baryonic 3 1+ -3 * transitions:

My = My + My = (p(p2)ld, A IA(p)) =

= M(Pz)[ (FY @ + Fys) + Mf’ (F3(@) + F3(@ys) + 1’57"1 (FY@ + F?(qz)ys)] u(py)

where g, = (p1 —pP2)u

V,A
F3

2 3
0ForA—)pe’DeatO(Z§)~4~1O’6:> —0

@ A—pe e = A—pW (= e De)

@ Helicity amplitude is Hx,x,, = (HY + HA A ) with (A2 = :I:%; Aw =0, £1):

Ao Ay

M, + M. M; — M.
[ HY = V2Q- (—FIV 1]\2 ZF; ) 5 [ Hi =20« (Ff‘ - %ﬂ)
g : o
2 v o_ V- < a4 _ V@4 _ _ A, T pa
1o N <(M1+A12)F1 M F2 ), el H%o— JE ( (M, — Mo)F{" + MIFQ)
where Q4 = (M £+ M3)? — ¢%; H‘_/XA2 Ay = + ;\/;;W
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Form factors

n; n;
: 1 - 1
FAP) = FAO | ———=FHO|1+¢ ) ——
i i __ 4 i m, , +na’"!
n=0 m%,A-rna"l n=0 ""VA
FiV’A(O)(A —p) my,A a [GevV~2] n;
1
FY(¢?) —\/g ?}Ig*(sgf_)o) ny =1
o =
Y (¢) A FY (0)? ny =
FY (q?) 0* - 0.9 ng = 2
A2 V(0)3 MK *(1270)0 —
Fi'(a?) 0.719FY (0) " @ 13) ny=1
Fi(q?) 0* — ng = 2
Al 2 MA(MA+Mp) 1A )4 e _
F3 (¢%) (mK_)QpF1 0) (JP:(]*) ng =2
@ ! [PR135(1964)B1483], [PRL13(1964)264]
@ 2 4, =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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https://journals.aps.org/pr/pdf/10.1103/PhysRev.135.B1483
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.13.264
https://old.inspirehep.net/record/220935
https://www.annualreviews.org/doi/abs/10.1146/annurev.nucl.53.013103.155258
https://arxiv.org/pdf/0806.4072.pdf
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.41.780
https://journals.aps.org/pr/pdf/10.1103/PhysRev.110.1178
https://journals.aps.org/pr/pdf/10.1103/PhysRev.111.354

Decay chain: 1 —  + {0, %1} (1)

@ete” — (A — pe v)(A — prt)

@ Formalism of ete~ — AA and A — pr+ [PRD99(2019)056008] <
QAN —pe U= 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}}

12 1 12
1 . 172+ 12
b =4 HuaHy Z @) @y D (@D @)
3 =12 Ay y=-1 K12
bood-W ¥z
Tu = Z w0y > Z |hlmv:11/2‘ZDR,.A,-AV(Q’)DI;V,AI-Ay(gl)v
v=0 AnAy=-1/2

Four helicity amplitudes: 1, .
2

%()7H%1,H,1

K, '; A2 - index of mother hyperon (A) and daughter baryon (p)

o
o
o )y, )\Q/V; A, Av - index of W~ -boson, lepton and neutrino
@ Kinematic variables: Q = {¢;,0p,0}, Q' = {x,0;,0} and g€ (m2, (M — Mp)?)




Decay chain: 1 — 1+ {0, %1} (2)

@ Relation between helicity amplitudes and decay parameters

1 1
o Z(l¥(os9,) \H1|\2+ (1i(os€l) \H777|\2 §si112¢9,(\H7%0\2+\H%U\Q)
1 1., 5 5
a3 Zl(lq:nosﬂ \Hll\sz(liws% \H_,_1|2 ﬁsinzb‘l(\H_%O\zf\H%o\z)
51 ] ;. oY * *
5 = ﬁsmﬂ 1=+ CosQ,)‘J(Hi%OH,%,l) +(1 3Fcos9z)S<H%1H%0>)y
sl 1 :. * *
i = 7 sin 0,((1 & cos ﬁl)N(H%UH,%q) +(1F (',OSGL)ER(H%IH%U)).
@ Non-zero elements of the decay matrix by, :
boo = o35, bar = — (7 cos x + B sin ) cos 0, sin ¢,
bos = o}, — (5 sinx — B} cos x) cos G,
bio = a3} cos ¢, sin b, bos = (yjisinx — B3 cos x) cos 0, sin ¢,
bir = —(78 cos x + B sin x) cos 8, cos ¢, — (7 cos x + B3 sin x) cos ¢y,
+(73 sinx — B cos x) sin ¢, bag = o sin 6, sin ¢,
bia = (yisiny — B3 cos x) cos b, cos b, bso = afh cos B,
+(7) cos x + B3 sin ) sin ¢, bsi = (75 cosx + B3 sin ) sin 6,
b1z = o sin 6, cos oy, baz = —(yisinx — B3 cos x) sin 6,
bao = afh sin 6, sin ¢, bz = o) cos B,

@ Main parameters
U% = (ela 2) QSZ = a%(0l7q2)7 % = SDl(eth)’ ’YSDZ = ’Yz)l(elqu)
@ Each element of by, is multiplied by p = \/Q+Q—/(2M1)
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Intermediate step (1)

o Uf\lv a 6 and "//S\l = {n7O‘val7a”751,2771,2}(q2): gzlzxv(qQ)v gﬁ;(qQ)
@ Introduce the intermediate parameters:

normalization  n = [Hyy|* + [H_y_,[* +2(|H_yo|* + [Hyol*),

o= Hyl = [H 3 1 + 21 3ol - |Hyol),

o =|Hy|* + [H_y 1 * = 2(H_ 1> + [Hyol*),

a”=‘H‘1‘Z [H_ i- W *2(|H% \H10| ):
Bra=2S(H o H_1 1)+ S(H] Hy)),s
71,2:2(%(H750H7§71)im( g %D))v

where 8, , = LV/n? —a? — (&) + (”)?sin g » and 715 = §1/n? —a? — (/)2 + ()2 cos 1 2

0 o2 ()2 — (@) 4232 (V2 +p2)=n?
@ Using the definition of helicity amplitudes the main parameters to describe
semileptonic hyperon decays are:

< FY(0), FY(0), F0)
Lo L O by B (0)
9an(0) = 0’ 9, (0)= 70)
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Intermediate step (2)
@ Relations between intermediate and decay parameters:
— (LMY = )0+ G2+ (M) = )+ 10 (02O + )+ 452007,) )
0 =20 s = MM + 202N
@ = QQu [+ ) + (12
o = 23/Q-Qu [9mla*) @ + M-My) + 295.(a*) 92 (4°)°]

where M_ = My — Ms and My = M; + M and Q4 = M2 — ¢

o {a,o/, 0", 1.2}(¢%)/n(q?) € [-1,+1]

H

Nodii b

&

H

H
3
3

]
_g

@ feevi)
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Intermediate step (3)

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

boo = 1, by = FAcos O, sin ¢, F B cos ¢y,
boz = a%, by = +B cos B, sin ¢, T Acos @y,
’bm = a}l, cos ¢, 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, bsa = FBsin b,
‘520 = a3} sin 6, sin ¢p7‘ bsz = cos 0,
sl 2 " 2 ’
where a3} = afi(ehq ) _ataicos 0 F (n+a)cosel7
o%(0,4%)  n+a'cos?b F (a+ o) cosb
1 sin 91
cos =+ cosb;y2) + sin =+ cos 6,
2\/§a (61, ¢2 )[ x(n 12) x(H 132)],
1 sin 6,

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

T 2V203(0,4)
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Sensitivity for extracted parameters (1)

Study the importance of the individual parameters in joint angular distribution and
its correlations using likelihood function [PRDD100(2019)11]

clo) = TP =TT ypieate

N is the number of events in the final selection
&, is the full set of kinematic variables describing i-th event
w is the full set of individual parameters

Reduced asymptotic expression of inverse covariant matrix element:

iy [LOPOP
Y =N | 5 o 0 ™

Sensitivity = o X VN
To eliminate complicated calculation of derivatives the numerical differentiation is
used [Numerical Analysis|:

P - P(wr + h) — Plwg)
h

Varvara B 6 April 2021 9/18


https://arxiv.org/abs/1908.03102
https://fac.ksu.edu.sa/sites/default/files/numerical_analysis_9th.pdf

Definitions and input values

_ Xp+Xb

_X—
Ap = and (Xp) EM

Xp—XbD 2

A A . _ A A
where Xp= AL Gav > Gw and Xp= QR 5 9avs w

@ Input values of decay parameters [NaturePhys.15(2019)631] and slide 3

Decay vy AD ap Gav Guw
J/¢Y — AN | 0.461 £0.006 +0.007  0.740 = 0.010 £ 0.008

A — pr~ 0.750 £ 0.010

A — pe~ i, 0.719  1.066

6 April 2021
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https://arxiv.org/abs/1808.08917

Sensitivity for extracted parameters (o x vV N) (2)

@ Sensitivity for AA — (pr~)(prT) is in an agreement with [PRD100(2019)114005]

Decay ay AP on gh gw (oa) Ax (gh) AL, (9b) AL
AA — (pr=)(prT) 3.43 7.47 6.83 1.76 8.81
AA — (pe~we)(prT) (¢ = 0,90 = 0) 3.19 7.13 6.97 21.0
AA — (pe~ve)(pn 1) (gw = 0) 3.46 7.57 3.46 10.6
AN — (pe™ ve)(prt) 3.50 7.74 3.73 25.9 120
AR — (pe~7e)(Petve) (4% = 0,90 =0) | 2.79 6.61 21.1 2.98 28.9
AN — (pe~ e ) (Petve)(gw = 0) 3.42 7.42 10.6 7.33 10.6
AN — (pe~ e )(petve) 3.43 7.44 24.2 111 15.6 229 835 69.5
(@ =0,90=0) (9u=0) o Od  On Gy 0ox oy AD
gd,  gd, oy  ay AD g, g, ax  ay  AD gl 1 005 0.08 -0.04 -0.04
o 1 096 002 002 [gN [ 1 004 004 005 g, 1 -008 091 0.04 005
gb, 1 0.05 003 | gt 1 004 -0.05 g} 1 -012 0.06 007
ay | (093 1 ay | -018 1 gl 1 0.06  0.08
ay | -0.06 001 1 0.02|a; | 001 019 1 024 az | 021 -0.31 1
AP | 0.04 010 018 1 | A® | 0.01 025 027 1 ay |-0.01 0.01 017 1 025
A | -0.00 0.00 024 028 1

* AN — (pe” o) (Petve) (above the diagonal) and AA — (pe™ e )(prT) (below the diagonal)
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https://arxiv.org/abs/1908.03102

Helicity amplitudes of the lepton pair hlAl \

@ Lepton and anti-neutrino spinors

. o PRy
ul’(:‘:i,Pl’): \/E1+m1( i o Xi),

E;+my

1
0(3) = JE—(X)

X+

where y; = (é) and y_ = ((1)) are Pauli two-spinors

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

hlm—=¥1/2,xg:1/2 = ﬁl—(¢1) (1 +75)Uu( { ME )( 12 )}
where e*(t) = (1;0,0,0),¢#(0) = (0;0,0,1) and e*(F1) = (0; F1, —i,0)/v2

Moduli squared of the helicity amplitudes [EPJ C59 (2009) 27]

nonflip(Ay = F1) : ‘hAz —Fla— i%|2 =8(¢* —mj),

2
) m,
flip(Aw = 0,1) : \hﬁ,zi%,,\uzi% = 827112(!12 —-mi)

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

2
. oy . . m
@ In case of the e-mode only nonflip transition remains under assumption ﬁ —0
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https://arxiv.org/abs/hep-ph/0511019

Semileptonic A decay!fP!

2 .
@ For A — pe™ v, at O(%)N4'1076:>F?}/7A%0

2
® For A — pu~ oy at O(55) ~ 0.18 = F* 20

@ Helicity amplitude is Hx,x,, = (H>\2>\W

M, + M. M, — M-
= V/20_ (—FIV ” 2F2> | Hi = V20, (F(‘— 1M1 ZFZA)’
£ 2
g v o_ V- Vo ¢ g A _ VQ+ _ A, 1 A
3 H%O = Vi ((M1+M2)Fl 7 Fg) g H%n \/F (My — Ma)F{* + M1F2 .
<
v _ VO _ v L v A _ V@ (_ A ‘I_ A
H%t = JE ((M1 My)F) + M1F3 ), H%t = Vi ( (M, + M) F{* + M1F3 ),
where Q4 = (M £+ M3)? — ¢%; HYAA2 oy = :EHX;;W

@ SU(3) symmetry limit = F} =0

6 April 2021

+HL ) with (A2 = £33 Aw = ¢,0, £1):
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Decay chain: % — % +{t,0,£1} [flip]
@ Six helicity amplitudes: 1, H_1, H1i,H_1_,H1,, H
2 2 2 2 2

@ Relation between helicity amplitudes and decay parameters

1
5t

. 1 * *
o= 5 50% O Ho [P [H_y 1) + cos® (IH_yo* + [Hyol) + [H_y [ + [ Hyy[* = 2cos OR(H_y HY 1 + HiH),

! 1 2 * *
aft = 3 sin 0| Hyy[* = [H_yy *) + cos® Ou(| H_yo* — [Hyol*) + [H 1" = |Hy,[* = 2c0s GR(H_y H” 3 — Hy Hi),

Bsa=23(H"y,H 1, + Hi H,)
2 2 2 2
V34 = QW(Hi%tH :

V£ H H).

@ Non-zero elements of the decay matrix b:“,:

boo =1, by = B’ cos ¢, + A’ sin ¢, cos b,

by = a7, by = A cos ¢, — B’ sin ¢, cos b,

bio = a7 cos dpsin by, bys = sin b, sin ¢y,

by = A cosb,cosd, — B'sing,, by = apl cos by,

by = — B cosfl, cos ¢, — A'sing,, by =—A'sinb,,

by = sin 6, cos ¢y, by, = B'siné,,

by = alsin 0, sin ¢, by = cos by,

where (1,’57 = %_ A= %%[cos x(cos Oyys — ya) + sin x(cos 6,35 — Bs)].
B = (o2 — ) — cosx(eos 818 — B)

V2030, 4°)
2
@ Each element of b),,, is multiplied by p = /Q+Q—/(2M1) and ;%2
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Intermediate stepl®! (1)

!’ !
oyt and afl = {n,a,d/, 0, B12,71,21a?) + {e, ¢, B3,4,73.41(0%): 98 (a), 90,5(a°)
@ Additional intermediate parameters:

€= 4(|H7%t|2 + |H%t|2)7
¢ = A([H_y P — [Hy,P)

(n+a)n—a +e—(at+a”)a—a"+e) =230 (¥ +p7) =0
If no flip transition = relation on slide 6

@ Introduce additional main parameter of semileptonic hyperon decay:

* F§(0)

or

Varvara Batozskaya 6 April 2021 15 /18



Intermediate steporfip+ip] ()

@ Relations between intermediate and decay parameterS'
= (M = )0+ R+ (M)~ 1+ () O +) + (1))
@ =2/ 4B — ML) + 248
o = Q[0+ ) + <,q/,’<q2)>2%}
o =2v/Q-Q1 [g(¢*)(¢* + M-My) +2g7(¢°) . (¢")4"]
e=(M_M.)(1+ (9:0(¢")%) = ¢ (Mf + Mi(gff,(tf))2 +

¢ =2M/QQ: (gm (@M = oo’ >)

where M_ = My — M, and My = M, + M and Q+ = I\ﬁ -

%(203-(42)9ﬂ:;(02)1‘4+ - (gff,:s(qz))2f12)>

° {avalra/177l,2}(q2) + {e,e’,'yg‘4}(q2)/n(q2) S [7174’1]

T T T T
g

Preliminary

A->pev, g
H

Intermediate parameters / n (¢7)

c\
&
olnlon el

f

/

Fl
E)

6 April 2021
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Joint angular distribution

@ Full decay matrix of semileptonic hyperon decay:

3
fo_ KCWY
b;w - Z (bﬂ’/ + 2 2bw/)
H,v=0

where by, and b, are nonflip (slide 8) and flip (slide 14) transitions

nv

@ Process ete™ — (A — pe~ v )(A — prt)

Teppwp o W(E; w) = Z Cusbloaly
1. v=0

o Cup(Oh; ay, AD)

. bﬁo matrices for 1/2 — 1/2 + {t,0, =1} decays bﬁo = ﬁo(ep,%, O x» 4% )

e ayo matrices for 1/2 — 1/2+0 decays & af.}o = am(Hp,Apﬁ;
o £ =(6a0, 'ps Pps e;X9q 0p ’(Pp)

= . A0 i g i)

@ If flip transition is taking into account, gfw #0
@ Range of ¢% € (m?, (M1 — M3)?) is specific for each decay

Varvara B 6 April 2021 17 /18



ToDo list and next steps

@ Test formalism using

Production of mDIY and MC PhSp for ete™ — (A — pr~)(A — prT)

o true and reco mDIY and MC PhSp

o allow to extract true and reco values of ap and aj decay parameters
& o and of"¢ are extracted and verified

Modification of mDIY to include the semileptonic decay formalism

& Done

Production of true and reco mDIY and MC PhSp for A — pe™ e

o extraction of the gé\v and g{l\, decay parameters

& In progress

If all steps work, consider more difficult scenario, mixed MC samples

If previous step works, move to the real data

@ Additional steps:

Sensitivity for ng and Ag\ (1 = av,w):

# Preliminary result for three cases:
ogh=q¢*=0

o gA =0 and full ¢2 range

° g{(\) ¢.O . . oy 2 2
Formalism with flip transition (mj/(2¢*) # 0):
& In progress

6 April 2021
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Backups
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Size estimations of helicity amplitudes

L e A e [ s B e By By s

T

1114

T(A) Dashed lines:
Py (a*) and Fi(a?)

are switched off

;

V,A

T(V.A):=/q?H
2

p V,A
L(V.A):=Vq?HY
2

V,A
)i=va*Hy
L¢

L(A)

\ x helicity amplitudes [GeV]

£ e S S Y N Mool o
e - S, my?
¢ [GeV]
@ Ifg? =m2= H‘l/o ~ HV and H10 ~ H , are dominated
2
Q@ If g2 = (My — Mp) = H‘l/t and H‘f = \[H are dominated
2 31
@ Using data of the E-555 experiment (Fermilab) [PR])’H (1990) 780]
A
il"iz; (A = pe~ D) = 0.731 + 0.016 and V( )(A — pe” ) = 0.15 + 0.30
1
FlA(O) (A — pe” De) = 0.719 £ 0.016 with constraint FZV(O) (A — pe” pe) — 0.97 (CVC)
FY(0) pe Ve) =0 LW FY(0) pe Ve :
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http://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020

CP violation in non-leptonic decays [Andrzef's slides]

ap + ap
Ay = ATTA
ap — g
@ BESIII result: Ay = —0.006 4= 0.012 &= 0.007 [NaturePhys.15(2019)631]
o CKM: —3-107°% < Ay <4-107° [PrRD67(2003)056001]
Extensions of SM: Ay~ ~ (0.05 — 1.2) - 107 [Chin.Phys.C42(2018)013101]

Experiment Nevt o(Ayp)
BESIII (2018) 4.2-10° 1.2-1072 Ny =1.31- 109
Some estimations
N/, = 1010
.10 103 I/
BESII 310 5-10 £ =0.47-10%3 /em? /s, AE=0.9 MeV
N =2-1012
. 108 .10~ 4 J/P
SuperTauCharm 6-10 3-10 £ =10% /cm? /s, AE=0.9 MeV
SuperTauCharm 9 4 Ny = 1013
+ reduced AE 3-10 1.4-10

£ =10%%/cm? /s, AE<0.9 MeV (?)

Varvara Batozs
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https://indico.ihep.ac.cn/event/9834/session/9/contribution/16/material/slides/0.pdf
https://arxiv.org/abs/1808.08917
https://arxiv.org/pdf/hep-ph/0211165.pdf
https://iopscience.iop.org/article/10.1088/1674-1137/42/1/013101/pdf

C'P symmetry test A}’

g2, (0) + g2,(0)

A(w — v
A gh(0) — g2 (0)

FA 0
° 6ul0) = )

e Determination of ) (0) value by CVC hypothesis: F} (0) < 0
e No determination of FlA(O) value by any general theoretical arguments
@ Some assumptions:
e F{4(0) <0 then gou(0) 20
e ? Naive assumption g2, = —g2,
—> Need to be care with sign of gqv

Experiment Nevt Result Reference
. av(0) = 0.719 £ 0.016 £ 0.012
E555 (Fermilab) | 37286 | ¢ C(()n)strain on gw(0) = 0.97
Jgav(0) = 0.70 £ 0.03
measured Fy (0) = 1.32 4+ 0.81
[9aw(0)] = 0.734 £ 0.031
used g, (0) = 0.97

[PRD41(1990)780]

SPS (CERN) 7111 [ZPC21(1983)1]

AGS (BNL) 104 [PLB98(1981)123]
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https://pdglive.lbl.gov/DataBlock.action?node=S018AV&home=BXXX020
https://lib-extopc.kek.jp/preprints/PDF/1983/8308/8308007.pdf
https://lib-extopc.kek.jp/preprints/PDF/1980/8011/8011271.pdf

MC generator (step 1)

@ Using YYbar_example package by Patrik, the presented process can be generated
e MC samples: N8 _105 and NepjfpleS

evt

o Generate g2 € (m2,(My — Mp)?)
e Set of input values:

e No negative weights are observed

e Maximal weight ~0.36

a Batozskaya 6 April 2021 23 /18



Random samples (Ngg

weights
Y
e
s wen 01003
SDes i
s
r
a0
04
2 -0
oai]
100
o4
I D T DT
[T S H T R R

cos(®)p

Snoxsingp

cos(e) I

1200 1000}
1000
soof-
aoof-
s00)
soof-
aoof-
aoof- aoof
200f
200f 20 100f-
L T
B O B A A BT B T Eo L A F A T N
X! T cos(®) f 97
2500f-
1000
2000f-
aoof
oo aoof-
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a0
1000 aoof
200f-
100f soof 200f 100
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Random samples (Nppsp = 108

weights
[
s 200000
ol Mean 7
) 6D oo
oof-
soof+
e
a0
200
100
I T
- R R

1000)

cos(®)p

step 1

04 Do 08
noxsing |

"
i 02 0

cos(e) I

»
02 0405 0

T
5

£
n6 x sing|

aoof-
oo
sl
soof
anf ol
aoof
o} o o
AT "
T T T T R N s E R T R P
X! ¢ cos(®) f 97
2s00f-
1000
2000f- o
1soof- aonf-
1000} aoof-
s
b soof- anf
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Run through fit method (step 2)

@ Set input values in the fit

mainMLL(){

Double_t pp[ 1;
for( 1= ;1< ; t++ ) pp[il=;

Double_t alpha_jpsi =
Double_t dphi_jpsi =
Double_t gav_lam_plnu =
Double_t gw_lam_plnu =
Double_t alpha_lam_pbarpip

alpha_jpsi = gRandom->Rndm();
dphi_jpsi = gRandom->Rndm();
gav_lam_plnu = H

gw_lam_plnu = H
alpha_lam_pbarpip = -

LEELDEYEION
ReadMC();

@ Output value of fit method

Parameter | N, %C =109, Né‘;{; =10° ay AP Gav Guw R
g 0.4570+0.0110 ag | 1 0281 -0.026 0.032 0.151
AD 0.7927+0.0252 Ad 1 0.016 -0.013 0.269
Yav 0.6601-£0.0506 Jav 1 -0.766  0.323
Juw 1.12514+0.2727 Jw 1 -0.411
ax -0.7527+0.0121 g 1
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Boundary case: ¢,

2 _ 2 .
® g i, =mg —0:

boo = (1 + (9, (0))*) sin” 6,
boz = —2951,(0) sin? 6;,

b1o = bos sin B, cos ¢y,

b13 = bgg sin b, cos ¢y,

b20 = b03 sin 0p sin ¢p,

b23 = bOO sin 0p sin ¢p,

b30 = b03 COS 9;,,

b33 = boo COS 0p
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