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Abstract: CP violation in baryonic decays has not been significantly observed. With large data events accumu-

lated at e*e~ colliders or the Large Hadron Collider, charmed baryon decays would provide a promising laboratory

to test CP symmetry. In this study, we formulate A} — ¢p and A} — wp decays for the measurement of their asym-

metry parameters in weak decays at the BESIII or LHCb experiments. The polarization transfer is analyzed in the
two processes of ete™ — AFA; and Ag — AJn~, and the formulas for the joint angular distribution of these pro-

cesses are provided. The sensitivity of the measurement of the asymmetry parameters of the above two decay pro-

cesses is estimated for future experiments.
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I. INTRODUCTION

CP violation plays an important role in the study of
weak interactions in elementary particle physics and in
attempts to explain the dominance of matter over antimat-
ter in the present universe. The first evidence of CP viola-
tion was observed in neutral kaon decays [1], then in the
B meson decays [2, 3], and recently in D meson decays
[4]. However, no significant observation has yet been re-
ported in baryonic decays, except in beauty baryonic de-
cays [5—8]. Charmed baryonic decays have been used to
study weak interactions and provide a unique laboratory
to test CP symmetry. To probe the charmed baryonic de-
cay mechanism, parity violation was predicted by calcu-
lating decay asymmetry parameters. This has been invest-
igated using a large variety of models, such as the pole
model, current algebra, SU(3) flavor symmetry, and per-
turbative QCD [9-17]. The decays of charmed baryons,
for example, A., receive contributions from both W emis-
sion and ¥ exchange diagrams. Owing to the fact that W
emission can be factored out from the short range pro-
cess, its contribution can be determined from experi-
ments. However, the W exchange contribution, for ex-
ample, in the Cabibbo-favored decay process Al — ¢p
via the quark transition ¢ — ssu, and the singly Cabibbo-

suppressed decay process Al — wp via the transition
¢ — udd or scattering cd — ud, is uncertain in the model
predictions. Precise measurement of the asymmetry para-
meters will shed light on the charmed baryon decay
mechanism.

Recently, the branching fraction of A} — wp was
measured using pp collision data collected at the LHCb
experiment [18] and e*e™ collision data collected at the
Belle detector [19]. Using 567 pb~! data events taken at
Vs =4.599 GeV, the branching fraction of A} — ¢p was
measured by the BESIII Collaboration [20]. However,
these statistics were limited to measuring decay asym-
metry parameters. The decay rate has been intensively in-
vestigated by many groups, such as dynamics calcula-
tions [16, 21-23] and SU(3) flavor symmetry [17, 24—
28]. The branching fraction of A} — wp was predicted as
(0.63+£0.34)x 107> by Geng [27], (11.4+5.4)x1073 by
Hsiao [28] based on SU(3) symmetry, and 107~
1072 by Singer [23] based on dynamics calculations. A
large theoretical uncertainty still exists in the calculation
of W exchange diagrams.

Itis well known that parity violation has been ob-
served in the hyperon of hadronic decays, for example,
A — pn~, in which weak interactions do not conserve the
parity. Hence, the decay takes place via both the parity al-
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lowed P wave and the parity violated S wave for the two-
body final states. The interference between the two waves
gives rise to the asymmetry angular distribution, which is
characterized by an intrinsic asymmetry parameter, for
example, ap = 0.750 £0.009 £0.004 [29] for A — pn~.
Similarly, the asymmetry parameters of A, —» Vp (V =
¢,w) decays partly encode the weak interactions in A, de-
cays. We define the parameters with helicity amplitudes
B)..a,, where A3 and A4 are the helicity values of vector
mesons and protons, respectively. The nonzero value of
the helicity amplitude assumes four configurations,
namely, Bj: 1, By 1, By, and By_1. If parity is con-
served in the decay, the amphtudes of the four compon-
ents are reduced to two independent amplitudes with the
relations B, . = B_ 1-1> Bor=By_:. In other words, if
B #B_|_: “and/or BO #BO_,,parlty violation is as-
sumed to take place in the decay. We introduce three
parameters to identify the possible effects due to parity
violation in A. — Vp decays,

1B, >~ |B_; 1
a, :‘—’
1B P +IB P
’2 > 2
|Bo,g|2 —|Bo,—;|2
" 1By 1P +1By_ 2’
|Bl,;|2+|B_1,—;|2

St Mt 1 1
Y =By P By i P W

Obviously, the nonzero values of @y, and B,, imply
P parity violation in this decay, which is more straightfor-
ward than the definition of asymmerty parameters with
two partial wave amplitudes introduced by Lee-Yang
[30]. y4p represents the relative magnitude of these two
types of amplitudes. The two sets of parameter defini-
tions can be converted into each other via the relation-
ship between the helicity decay amplitude and the partial-
wave amplitude with the Clebsch-Gordan coefficient.

Experimentally, there is another definition for the
parameterization of parity asymmetry analogous to the
case of A, — ¢p [31],

|Bl,;|2 —|B_y-: I+ 1Bo, 1 > - |Bo,—;|2
¢p = .
|Bl,g|2 +|B_y -1 >+ 1Bo,: >+ |Bo,—%|2

2

If we choose the amplitude normalization as |Bl,%|2 =1, it
relates to the previous parameterization via

Bop + @ppYep

Ay =
o L+ygp

3)

where the asymmetry parameter A4, does not provide de-
tailed asymmetric information because it depends on the

three independent parameters ayp,B4p, and y,,. We para-
meterize the amplitude in terms of magnitude and phase
angle, for example, By, 4, = by, 2,6, which leads to

bi, =1,
b, lzl_%p’
11 T T+ ay,
b(le _ l+ﬂ¢p ’
2 (Lkagp)ygp
by, - Pw &)

(I +agp)yep

In this paper, we use Eq. (1) to identify parity viola-
tion effects in the decay A, — pV(V = w, ).

Assuming that CP symmetry is a good approxima-
tion in the A} and A; decays, we have the asymmetry
parameters for the conjugate A_ decay as

@op = ~Cgp, Bop = ~Pops Yop =Vop: )

Thus, we only formulate the A} decays as follows.
Experimentally, extraction of these parameters can be
performed by fitting the data events with the joint angu-
lar distributions, as in Refs. [32, 33]. Once more data is
available, the two conjugate decays can be studied separ-
ately for further testing of CP symmetry in charmed ba-
ryonic decays. For example, if the experimental results
show that any of the equations in Eq. (5) are not valid, we
can conclude that CP is violated in this decay. Compared
with the traditional method of measuring CP violation, as
used in [34], our parameters provide more detailed in-
formation on CP violation.

IL AY > Vp

A. Kinematic variable and helicity amplitude

Let us first consider the decay process A — Vp,
where V7 denotes ¢ or w, and the subsequent decays
¢ — K*K~ and w — n*n~7°. We formulate the decays us-
ing the helicity formalism, from which the asymmetry de-
cay parameters are introduced and can be extracted by fit-
ting the data events with the functions of angular distribu-
tions.

Helicity angles for A7 — ¢p,¢ — K*K~ are defined as
shown in Fig. 1, and the corresponding helicity amp-
litudes are tabulated in Table 1. For the strong decay,
which meets the parity conservation, we have

Fi”/ln = 7]771772(— 1 )J_SI_SZ Fiﬂ,,,,—/l,( s (6)

where J is the spin of the mother particle, s; is the spin of
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- CM frame A} rest frame

e
¢
/6,
p
$o=0
Fig. 1.  (color online) Definition of the helicity frame at the

BESIII experiment.

Table 1. Definition of ¢ —» K*K~ decays, helicity angles,
and amplitudes, where 4; indicates the helicity values for the
corresponding hadron.

decay helicity angle helicity amplitude
AZ () = ¢(43)p(A4) (61,¢1) Big
¢(13) > K*K~ (62,¢2) c
Table 2. Definition of w — 7*7~ 7% decays, helicity angles,

and amplitudes.

decay helicity angle helicity amplitude
A:(/ll) — w(A3)p(A4) (61,01) Bﬂs,h
w(l3) >t (@.8,7) C

daughter particles, 7; is the intrinsic parity of each
particle, and A; indicates the helicity values [35]. For this
decay, we have J=1, s;=5,=0, n==1,p1=m=-1,
and the helicity of the kaon is zero, with only one inde-
pendent amplitude, which is labeled as C.

For the w— n*n 7" decay, the helicity angles and
amplitudes are defined in the same way as shown in
Table 2. If the P parity is conserved in three-body sys-
tems, we have the following symmetry relation for heli-
city amplitudes:

Ci(Eidd) = a3 (=) M = ), (T)

where J is the spin of the mother particle, sy, s;,s3 are for
the final particles, ¢ is the eigenvalue of J in the body-
fixed z-axis, and E; and A; are the energy and helicity of
the three particles [35]. For the pion, the helicity is zero;
therefore, we can have

Ci(E)=~C|(E)=0, CL(E)=-C! (E)=0, (8)

with only one helicity amplitude C}(E;), and we also de-
note it as C, whose form is no different from ¢ in joint
helicity decay amplitudes.

B. Spin density matrix

The spin density matrix (SDM) encodes all polariza-
tion information of a particle in a decay and can be used
to clearly demonstrate the spin and polarization transfer
in sequential decays [36]. The SDM of spin-% particles,
such as A, can be expressed as

p:%(1+?’-0'), 9

where Py is the unpolarized cross section, # is the polar-

ized vector, I is a 2x2 unit matrix, and o is the Pauli
matrix. Specifically, we can write the SDM of A} as

L Py 147,

A= —"( ) (10)

Py —iP, ]
2\ Po+iP, '

1-P,

where P, and P, are the transverse polarization, and P,
is the longitudinal polarization in the coordinate system,
as defined in Fig. 1.

Using the SDM of A}, the elements of the ¢ or w
SDM can be calculated as

(4 § A %*
p/l;,/L p,ll,/]/l /l|,/13—/l4(¢1’01’0)
4,40,

D;“A;_ﬁq(fﬁl,91,0)313,1433;,44' (b

Here, Dy , is the Wigner-D function. The results of this
calculation are listed in Appendix A.

However, the SDM can be rewritten in terms of the
real multipole parameter r%,, which is defined as

rh = Trlp? - 041, (12)

where Qk[ is a series of Hermitian basis matrices and can
be calculated using the method in Ref. [37]. Tr denotes
taking a trace of the matrix. The L-rank index runs from 1
to 2J, and M is regarded as an integer number that runs
from —L to L. For a spin-J particle, the SDM can be ex-
pressed as

0
=5
2J+1

2J L
(1+2]Z Z r@Q@], (13)

L=1M=-L

where I denotes a unit matrix with a dimension of 2J +1,

and r) corresponds to the unpolarized decay rate with

r) =Trp. We then get the SDM of ¢ as
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1+ \/§r$+rg

\/7(1r ]+rl +1r +r])

\/_(1r 2+r2

L'-’|<:c>

The multipole parameters can be related to the polar-
ization expressions in Appendix B.

In the equations in these appendices, we reformulate
the helicity amplitude for A} — p¢ interms of mag-
nitude and phase angles, namely,

By, =ba a0,
Aor =&o,1 —&1,1,
Ao =611 —&o-Ls (15)

and the modulus b, ,, relates to the asymmetry paramet-
ers according to Eq. (4).

C. Joint angular distribution

By making use of the individual helicity amplitude of
the decay in a chain, namely, A} — ¢p and ¢ - K*K~,
the joint angular distribution of this process is expanded
in terms of the multipole parameters r%,. The square of
the amplitude |C|?> can be normalized to one, which reads
as

W, 01,02 41.¢2) < " p Dy oDy |CF

1.0,
1,
=— gro {2 V3 3sin26,[r 1s1n¢>2
+77cosgy] +3r3c0s26, + 12 —2 ).
(16)

The helicity amplitude prescription of the w —
n*n~n° process is different from that of the ¢ — K*K~
process. In the w— n*n 7’ decay, the Euler angles
(a,B,y) are used, which describe the rotation necessary
for the w rest frame to overlap the helicity frame formed
by the three pion momenta. The deduction of angular dis-
tribution is similar to that of the ¢ decay. The result is

1
W(bo,01,¢1,,8,y) «<— grg {2 \/§sin2ﬁ[r31 sina

+ricosa] +3ricos2B+r2 -2 ). (17)

D. Polarization observable

The helicity angles in the ¢ —» K*K~ process can be

3 . .
\/;(—11{1 +r} —1}%1 + r%)

2
1—2r0

3
\/;(ir 1+rl—1r 1_r1)

V3(=ir?, +12)

\/g(—irl_] +r]1 +ir31 —rlz) . (14)

1- \/§r(l)+r(2)

[
used to form a polarization observable to describe the rel-
evant multipole parameters [32]. We give the first mo-
ments of the Wigner D-function below to present the ¢
polarization effects (the @ decay is nearly the same).

(c0s26,) = —%(5+8r3), (18)
. 4 5

(sin26,cos¢p,) = —5 \/§rl’ (19)
. . 4 ,

(sin26,sin¢y) = ——5 \/§r’1' (20)

III. A} PRODUCTION

Let us consider the cascade decay, that is, ete”™ —
Y (M) = AF (A1) A (), AL = ¢(A3)p(Aa),  ¢(A3) —
K*K~, which can be studied at the BESIII experiment,
pp = A)X, A)Mo) — A, AX(A}) = ¢(43)p(Aa),
¢(2;) — K*K~, which can be studied at the LHCb experi-
ment, where the helicity values, that is, Mj, A; and /l;., are
indicated in the parentheses for the corresponding
particles. Table 3 contains the definitions of helicity
angles and amplitudes in producing A/ at the BESIII and
LHCb experiments.

A. e*e"annihilation
At the BESIII experiment, baryon pairs are produced
from unpolarized beam e*e™ collisions [38], and the de-
cay chain is ete™ - AYAZ, A} > ¢p, ¢ > KTK~, and as
shown in Fig. 1. In this decay, the polar and azimuthal
angles are defined as follows:

ﬁe* 'P—)Aj
costy = —————,
|Pe 1PA:|
2. —)A‘r
COSQ] = %’
1Pyl |Pa-]
—)K+ -4
cost, = M
|Pk-1"| Pyl

¢o =0,
cosgy =) - ita],
(21)

cosgy =lit, - it3],

where p denotes the momentum of each particle in the
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Table 3. Definition of helicity angles and amplitudes in ex-
periments.
decay helicity angle helicity amplitude
Y (Mo) = AL (ADA; (A2) (60,¢0) Al
AN(Mo) = A} (A)n~ (60.90) A

rest frame of their respective parent particles, and 7#; is
the normal vector defined as

P Per XﬁA; p ﬁA: Xﬁqb
=5, h=—F—"5——1,
|Be|"| Pa+1 - sinfg |PA: 1| Pl - sinfy
. - x _'K*
3 __ PexpPr (22)

|Bol|Pi+| - siny

For example, 6, is the polar angle between the mo-
mentum of ¢ and A} in the A} rest frame, and ¢, is the
azimuthal angle between the A} — ¢p decay plane and
the ¢ » K*K~ decay plane, as shown in Fig. 1.

The SDM of A} for the BESIII experiment can be
formulated as

Al a Lx
Paa ™ > P, ;P11 (0:60.0)
Mo,

X Dllw(;’/l; -4 (¢0’ 60’ O)A/lls/leZ; A (23)

where p}yw w 18 a diagonal matrix written as
0,4V

1 .
zdiag{ 1,0,1}. For the parity conserved decay, the sym-
metry relation is

AL _1=A

LA (24)

1 _1 11 L1
2° 2 2°2 2°2

The unpolarized cross section is determined as
Py =1+a.c0s’0y, where a. is the angular distribution

parameter for ete™ — AJ A7 and is defined as

AL 1P -2y P

=2 23 25
AP OALP =
The polarization of A is calculated to be
V1 = aZsin(26y)sinA
P, = azsin(26p)sin =P, =0, (26)

2(1 + a.co0s26p)

where A is a parameter describing the phase angle differ-
ence between the two independent amplitudes of this pro-
cess, and we leave out the constant |A_%,%|2+2|A%’%|2 in
the Py expression. Consequently, A* may spontaneously
have transverse polarization from unpolarized e*e™ if A is
nonzero.

B. A)—>Aln
At the LHCb experiment, assuming A; is produced
by the polarized Ag [39, 40], we write the decay chain as
A) > At~ A} - ¢p, ¢ > K*K~. In this decay chain, we
must define two extra angles and a normal vector as

= =
coS¢ 7 P Pn;
0=> 35 M= 5 -,

|Ppl - |Paslsing’

27

where the angles are shown in Fig. 2, compared to A
produced in the e*e™ collision. The definitions of other
angles are the same as those at the BESIII experiment.
Consequently, these quantities can be constructed with
the momentum registered in detectors.

According to Eq. (10), the SDM of A) can be written
as

b
r &( (28)

1+P° Pﬁ—i@f.)
pr= :

PhL+iPh  1-P

The SDM of the decayed particle A} can be formulated
as

Al A pi
p/l,‘,/l; & Z ng,MéDMO,AI*Az(qu’ 90a O)
M1,
XDIEVI(',,/I;—/IZ(qu’GO’ O)AA,A;’I (29)

We define an asymmetry parameter to express the degree
of P violation in this weak decay as

AP - 14 P

=— 30
AL +]A_L P (30)

ap

and the unpolarized cross section and the polarization of
A} can be expressed as

CM frame A rest frame

Fig. 2. (color online) Definition of the helicity frame at the
LHCb experiment.
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Ppb
Py = To(l + ahSDZbCOSHO + ahbecosd)OSin@o

+ abebsineosinqbo),
AJ1- a,%

PoP =T7)()h(—73yhcos¢osinAb
+ becos%cosqﬁgcosAb - szsinf)ocosAb
+ Px” singosinAp + Pyb cosBysingocosAp),
A1= ai

PoPy =—Pob(Pybcos¢ocosAb

2
+P.bcoshycosposinAy, — szsiné’osinAb

- besimpocosAb + Pyb cosfpsinggsinAy),
pob b b .
PoP: ZT(% + P, cosby + P’ cosposinéy

+ P, sinfysingy). (31)

In these equations, A, is a parameter describing the
phase angle difference between the two independent amp-
litudes of this process, and we ignore the constant
AL 1>+ A | on the right side of the four equations above.
These formulas show the transfer process of polarization
in the decay chain. To obtain the polarization effects, we
just need to replace the elements of the multipole para-
meters in Appendix B.

IV. SENSITIVITY OF ASYMMETRY PARAMET-
ER MEASUREMENTS

Sensitivity estimation is indispensable when a data
taken proposal is suggested or a physics program is de-
signed before the experiment is carried out. We estimate
the statistical sensitivity in terms of the number of ob-
served events for measurement of the A. decay asym-
metry parameter. To increase the sensitivity, information
on the full spin transfer through the complete decay chain
is used rather than only information from the A, decay.
Comparing the joint angular distribution of the two de-
cays of A, — ¢p and A, — wp, we can see that they take
the same form by making the replacement (6,,$,) — (B,@)
in the ¢p channel. Therefore, we only consider the wp
channel in our estimation, with an assumption of differ-
ent asymmetry parameters, which can be extracted by fit-
ting the normalized angular distribution with adequate
data samples. The angular distribution ‘W (8,0, $1,@,5,y)
is defined as

W = W(bo,01,61,a.6,7) e
f--of’W(--~)dcos€0d00591dcosﬁd¢1dady

Here, the denominator plays the role of normalization.

For a set of data samples, a likelihood function is defined
as

N
L=] | W@o.61.41.0.8.), (33)
i=1

where N is the number of observed events [41]. Based on
the maximum likelihood method, the estimated statistical
sensitivity corresponding to each decay parameter is de-
termined by the relative uncertainty

VV(awp)

Oawp) = o]
wp

, (34

where V(a,,) is the variance of the decay parameter «,,,,
which can be calculated by

oW
Oayp

2
] dcosfydcosdcosfs

V() =Nfé
w

X d¢dady. (35)

The other two parameters, dg, and §,, , are defined
analogously to Egs. (34) and (35).

To explore the dependence of sensitivity on the sig-
nal yields N produced at the e*e™ collider experiment, we
compute the value of §(a.,,) by taking the parameters as

a:. =02, Bup=0.1, y,,=0.5,

T T
A==, AN=~—, Ap=—. (36)

g
4’ 6
We plot the sensitivities of a set of different a,, values
versus the statistics, as shown in Fig. 3. For example, if
@,p = —0.5, we need nearly 300000 signal events to reach
a 5% sensitivity. Considering the influence of the back-
ground level, detection efficiencies, and a variety of sys-
tematic uncertainties, the actual amount of the data
sample required in experiments should be larger than

O
1c

0.50 |

0.10 Q,p=-0.9

0.05

Num

200000 400000 600000 800000 1x10%

Fig. 3. (color online) «,, sensitivities relative to signal
yields N in terms of different values of a.,p.
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what we predict, but the numerical estimation depends on
the experimental situation.
By taking the parameters as

a. =02, a,,=-0.5, v,,=0.5,

n
A==, Ay = A =—, (37

m
4’ 6

and

(38)

as well as considering different g, ,and y,, values, the
sensitivities versus statistics are shown in Fig. 4 and
Fig. 5.

9
1

0.50 F

0.10 )
ﬁwpzo-g
0.05F
0.01¢
‘ ‘ . : © Num
200000 400000 600000 800000 1108
Fig. 4.  (color online) B,, sensitivities relative to signal

yields &V in terms of different values of ..

0.100

0.050 |t

0.010F
0.005
. . ‘ . — Num
0 200000 400000 600000 800000 4,406
Fig. 5. (color online) y,, sensitivities relative to signal

yields NV in terms of different values of y.,,.

V. SUMMARY AND OUTLOOK

To study the weak interactions in A} — ¢p and
Al — wp decays, we formulate asymmetry parameters in
these two decays using the helicity amplitudes, and the
joint angular distributions are provided. In particular, to
investigate the asymmetry parameters at the BESIII and
LHCb experiments, we show how the polarization is

transferred from the mother particles to the daughter
particles. By making use of the full decay chain, the sens-
itivity of asymmetry parameter measurement is estimated
for the channels A} — wp, w — 2°72*7~ and A} — ¢p,
¢ — K*K~. The estimation will be helpful to the design

of physics programs in near future facilities, such as the
CEPC and STCF.

APPENDIX A: ELEMENTS OF ¢ SDM

1 . .
PT,l :EPO(I +P,sind smd)l)bi%,

1 ; . .
p(f,o = —POP},e*‘A‘“ (costsing —icosdi)bg 1 by 1,

2
o _
Py-1 =0,
1 ; . .
Pﬁ,l = zPOPye‘A‘“ (costsing; +icosdi)bg 1 by 1,
0 =Lp1(1 4P singsing) b2
Poo =3 ol(1 +Pysind;sing) 0.!

+(1 = Pysindysing; )by .1,

1 4 . .
pg’_l =§¢’0Pye An(cosh; sing; —icosp1)b_y _1bg_1,

¢ _
P11 =0,
1 . . .
pal”l = zPoPye‘Am (cosbising; +icosgi)b_y _1by_1,

1 . .
pals,l =§P0(1 - Pyslnel Sln¢] )bgl,*% .

APPENDIX B: REAL MULTIPOLE PARAMET-
ERS OF A! IN AY — ¢p DECAY

2r8 =Py { b%ly_% (1 —P.cost —Prcosp;sinb;
- Pysinel-simpl) +by s+ b+ DL
+ [P.cos0; + sinb (Pycosp| + Pysir-m)l)]
X (by_. -bg’% +b7 )}

1 /3
rgrl1 =§ \/;Po{ [cosA1o(Pycosp) —Pysing)

+ (=P;sinf| +cosf; (Prcosg; + Pysing))

X sinAlo]b_L_%bO,_% +[cosAg1 (Pycosepy

—P,sing;) + (—P,sinb; + cosd (P,cosg;

+Pysing;))sinAg; 1bg 1 by 1 },

V3
4

+ Py sinb; sin¢1)b%1’_l + (1 +P.cos6;

191y =——Pol(=1 +P,cosb; + P cosp;sind,

+Pcosgsind + Py sinb;sing; )bi% 1,

053101-7
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1

3
rgr} ) \/;7)0{ [cosAjo(—P;sinby

+cost (Prcospy +Pysingy))

— (Pycospy — Pising)sinAjglb_, 1 bog_%
+ [cosAg1 (—P,sinb; + cosb; (Prcosd;
+Pysing;)) — (Pycospi — Pysing;)sinAgi |
Xbo1by1},

rgrzl =% \/gﬁ%{ —[cosA1o(Pycosp —Pysing)
+ (=Psinf; +cosf; (Prcosgy +Pysing))
X sinAlo]b_L_%bo’_% + [cosAg1 (Pycose,
—P.singy) + (—P,sinf; + cosf; (Prcosp
+Pysingy)) X sinAm]bo,% bl,% },

1

rgr(z) = ZPO[—(—l + P,cos6; + Prcospisind;
+Pysindysing)b? |, —2(b; _, +b7 )
+ b% 1 — (P,cos0; + sind (P, cosp;

+Pysing1)) x (2b; _, ~ Zb&% ~b7 )l

rgr% =% \/gpo{ —[cosAjo(—P;sinb;
+c0sf (Prcospy +Pysing)) — (Pycosd;
- szinqﬁl)sinAlo]b_L_%bO,_%
+ [cosAg1 (—P,sinb; + cosb; (P,cosd;
+Pysing1)) — (Pycosp| — Pysingy)sinAg; |
Xbo by 1},
02_02

rory =rgrZ, =0.
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