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ABSTRACT

A general analysis of the amplitudes for y“-~ymr is presented,
Angular distributions are calculated for the case U’ —yam - |.|.+]..L-'n"rr in
terms of partial wave amplitudes. In principle, this decay provides a
laboratory for studying wr scattering. The analysis applies, mutatis
mutandis, for Y—->wnr and similar decays of the form ¢—- VPP, The
determination of the partial wave amplitudes for ¢ “—+{mr will determine
the phase shift difference 63 - 62 if there is sufficient w-w d-wave to

produce measurable interference.
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I, INTRODUCTION

1
The dorninant decay of the ¥ =¢(3.7} is ¢ “=Llmwr ., The apparent

guanturn numbers of the ¢ and ¢° are JP =1 s IG(' =0 ., The =wn

r+ 2 . . )
systemn has IGC =0 , which requires that its angular momentum, in

its rest frame, be even, The decay spectrum as a functicn of the wr

. . , . : 2
invariant mass, m_ does not conform to naive expectations” (phase

space for the eifective Lagrangian ngp &“E-;‘r‘) even when final state

interactions are included. A reasonably satisfactory description is given

by chiral symmetrj,'3_i_f_the amplitudes which lead to anisotropic distributions
are eliminated. Preliminary data indicate the anisotropies are small and
are thus consistent with the chiral symmetry picture, However, chiral
symmetry offers no a priori reason for the absence of anisotropies: in
general they are expected to be present,

Independent of chiral symmetry, the decay " -yww is a remarkable
source of information both for the interactions of the new particles and of
"old" particles-pionsg., Since the hadronic interactions of the +” and the
s are feeble, we expect the decay amplitudes to be real sxcept for rescatiering
corrections - a situation similar to that of Ke4 . if the =-n d-wave

i _ o , . . I=0 =0
contribution 1s strong eénough, it will be possible to determine § s éld\

for m m scattering in the region m_= 500 MeV.
+ -

From the decays in which the 4§ decays leptonically {~T%u w ,

+ -
~7%e e } a good deal of polarization information is available. In addition,
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the ¢“ produced by e+e- annihilation is transversely polarized with
respect to the beam. It is essential to exploit this polarization information
to obtain the fullest understanding of the decay.

There are five invariant amplitudes for the decay V“*- yww . To
see this we set q = %(qi-qz), Q= qi+q2 where the 1T+ momentum is q1
and the m momentum is q, . Then dencting the ¢ “ and ¢ polarizations

k%
by € and € respectively we can form five invariants bilinear in €“€ :e-¢*,

e*- qe’ q, e*-Q € Q, e*-q €°:Q, E*'Q €“*q. Each of these can
be multiplied by a function of the Lorentz invariants formed from the
momenta - say Qz and P“-q where P“ isthe ¢ momentum.

An equally valid approach is to consider the crossed reaction
w§” =7y, The independent helicity amplitudes are <1|1>, <0|1>,
<-1 ] 1>, <1 | 0>, <9 | 0>; the others are related by parity. Again the
helicity amplitudes are functions of two Lorentz invariants.

A more useful decomposition is in terms of partial waves. For
fixed m_w2 we consider the wn system as a superposition of eigenstates
of angular momentum (in the ww rest frame) £ =0,2,4,., . The decay
angle of the mnm system - the angle between one pion and some specified
axis in the wr rest frame plays the role of the second variable., The
partial wave expansion can be truncated after a few terms substantially
reducing the difficulty of the analysis. There are a variety of coupling

schemes available for connecting the =ww system of "spin" £ to the
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¢ of spin 1 to produce a total angular momentum 1(=spin of ¥”). We may
choose to diagonalize the helicities of the ¢ and the = -7 system in
addition to Jz and J3 . On the other hand, we may diagonalize L?’ R
the orbital angular momentum squared of the { - (w7) system a.ncl&‘ﬂ2 .

the spin squared of the i and (wnm) systems in addition to JZ and J3 .

1f we diagonalize the helicities, A, and )\ﬂ_ﬂ_ , there are generally

Uy

five amplitudes for each value of the =-w "spin', £ . These correspond

to (A ) = (4,2), {1,1), (1,0}, (0,1), and {(0,0). All others are related

A
¢’ T

by parity or disallowed by the requirement [?x - hm-r, = 1 = gpin of 7 .,

Wy

A = i
¢ )xmr) (1,0) and (0, 0) are permitted.

if on the other hand, we diagonalize ]’..:2 and\gZ where .?f=

For £ = O(w-v s-wave) only (

§¢+ ;!; , for fixed £ we of course have five amplitudes as well. Parity
conservation requires I. +{ = even , while charge conjugation invariance
requires I = even, Thus we have the allowed values (L,&) = (£, £ -1},
(£,2), (£,4+4), (£+2,2+1), and (£ -2,£ -1)., There are only two

mw s-wave amplitudes L = 0{"relative s-wave'), #=1 and L = 2
("'relative d-wave'"), % 1.,

The purposes of this paper is to relate these varicus amplitudes
to the experimental observables, Although it is possible to deal directly
with the three-body c:lecajy',‘{l it is more useful here to consider sequential
two-body decays {7 - Y(rw); i~ |.|.+p.~ , {(77) -~ mr . Thus we shall always

+ -
describe the p w  in the ¢ rest frame, the w's in the - rest frame

and the ¢ and the (w7v} in the ¢* rest frame.
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The plan of the paper is as follows. In Section II, decay amplitudes
are calculated in terms of partial wave amplitudes, In the following
section, some of the angular distributions are presented. Implications
for m-m phase shifts are discussed in Sec. IV. Section V is a summary.
In Appendix A the decomposition of two-body states into partial waves is
reviewed. The full angular distribution including the three lowest partial

waves is presented in Appendix B.
II. DECAY AMPLITUDES

For the purposes at hand, it is simpler to deal with decay amplitudes
rather than their squares. Our analysis is in terms of partial waves. We
denote the m-w angular momentum in its rest frame by {, the spin of the
U by s, that of the J~“ by g' . The orbital angular momentum of the

y - (wm) system is denoted by I-:‘. . Then if we define the channel spin,
2 by
Sl AR (1)

we have
st =S +L . (2)
e N ¥l
As explained in the introduction, both £ and L are even.
An eigenstate of J‘2 = S’z, Lz, yz, and JZ consisting of
+ -
¢m 7 maybe constructed by the techniques reviewed in Appendix A.

We find
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S,zi,sz,L,%b E fL,LZ;E,EZ;s,sZ>

<ts |LL LS ><LSL (1,8 30,0 >, (3)

L,orb
|L,L 52,2 ss,s > =| l |pZ,s i -p2.L > (4)
0,L_

in the notation of Appendix A. Here p is the momentum of the ¢ in the
$ ¢ rest frame for some fixed value of mez , the -7 invariant mass

squared. We shall suppress indicating rnmrz as an independent variable

for notational simplicity, The wr state entering Eq. (4) is given by

INK { ,orb
[-pZ,4 > =e ZH laZ, -qZ> {5}
A
0,4
Z
/mﬂﬂz 5 £ ,orb
where p = mmr sinh A and q = ) - mTr . The operator

0,4
z

projects out an eigensiate state of £ 2 and £ , 28 explained in Appendix

A. The operator KZ generates velocity transformations in the z-direction.

+ -
The invariart amplitude for y* to decay into ym 7 with

”

SZ(LL’) =5, and SZ(LQ = Sz is found from Eq. (A30).

L

+ - ’
<Lp,sz,rr1T(Q QTF)HJ ,sz>

4}!

i 5L+ L
- E My L,V "= DLZO(“¢)

Z {cont.)



-7 FERMILAB-Pub-75/45~THY

2L+ 1 * ‘
g .
f 2 b, zom“) <ts | L,LZ,&?ZX%E’;{ Ls,st, 4 > 6)

Here an describes the ( direction in the ¢“ rest frame, and Qw
describes the wi direction in the =w rest frame.
The subsequent decay of ¢ —~1£ +ﬂ. " is most easily described by
fixing the lepton helicities since the QED coupling requires (7\+, K-) =
1

(£1, ;). Using Eq. (A27) and absorbing certain constants we have
s/{ ’ =< + - . t - ’ ’
{x Sz) B RaNwT (QLL'J QwJQ}L)J Y asz>
i L L

M 2= D @ )
“T 2,L, N 4n L 0™y

EZ,LZ,y,s

z' e
[20+1 e {37 1"
4w D£ ZO(Q Tl') 4T Dsz,l (2 p.)

< 1 i ; > < 3 1- ] ;’E ] ’E > .
s I LL S S><L S 1,8 50,0 (7)
+ - . + - L
Throughout, A=X - X is the difference of the p and p helicities.
+ - 1
In e e annihilation, the §* s are produced with transverse

polarization with respect to the beam and the outgoing lepton polarizations

are not observed. Thus the angular distribution is

drm[[%’(i,i)l 2y VT (1, -1)] 4 | (-1, 1)) .
+ r/?&—i,-i)lz] : (8)
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since (1,1)| = [/C(-1,-1)| and [Ar1)| = L (-1,1)] , we can
write simply the first two terms on the right-hand side of Eq. (8).

Including phase space we have

o I AU IR AR 9)
™ Y T M
where q is the Tri momentum in the w-w rest frame and p is the ¢
momentum in the ¢ rest frame,
In practice, the partial wave series, Eq. (7), must be terminated

after a few terms, We shall, for the purpose of demonstration, and with

simplicity as a criterion consider only M = M
phietty © Yy u, 001 01

and M021 . Dropping an inessential constant we have
y 1
(1,1) = My, Dy, @)

#* * £ e # ¥*
2 1 _ 32 1 el 1 ]
¥ MZOi[@DZO‘Q‘TF)D—i,i (91.1.) Jz—‘Dio €@ D,, 1“2““ V2D @Dy, 4 (gp)

b3
* 1

* % * *

2 3 .2 1 2 1

+ [ - j= ‘oA L b
Mooy LVFDo @D, @ ) \/;Dio @)Dy 4 @ I+ ¥EDy, @)D

]

(10)
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sle

M 1
1. =~ =
(1,+4) = Mo, D7 (@ )

ke % = £

* % *
2 1 ﬁ 2 ot g +'\/I'D2 a ! @ )]
+M201[ ,J?D-ZO(QTT,D'I,i(Qp.)_ 2 D-:I.O(‘Qﬂ‘) 0,1( p.] 2 oo( 17) 1,1

* * * *

.2 1 T 2

+ n/ - sl
Mou[ 3D 50 0Dy 4@ )= 3 Dy e )0

13
#

]
bt

Ly
Y

1 . 2 1 ]
1
L NT Dy, @D, @) .

(11)
Here DJm,m(Q) = D‘lm,m(qb, 6,0) are the usual representation functions for
the rotation group. Angular distributions, including only these three partial

waves, are obtained from Eqs, (9)-(11).

IIl. ANGULAR DISTRIBUTIONS

The distribution as a function of 2, , QTr , or Qp. is obtained

W
simply by integrating over the two other solid angles using the orthogonality

5
relation, Eq. {A3). From Egs. {9)-(11) we find

dr 2 2
@ m[l Mogql ™+ [ Mpgqi ™ +
3IMy,, | 2(5-30052941)] , (12)
dr 2 2 2
= m[l Moo, | “+ 3 M, 0, [ %(5-3c08%0 )
™

2 |
Y ] ’ (43)
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dr 2 2
H‘— ‘M()Oi] {1 + cos GH)
1 2 2 2
E(IMZMI +]M021[ ){13 + cos ep) . (14)

It is understood here that Mﬂ ) L,y is a function of mm_r

If the p's are not observed, the distribution is

dI’
d@ da
w

2 2(5 3 2
. [ Mogq | =+ 10,0, | (Z'Zcos 811')

2({5 3 2
+ — o —
| My, (4 7 cos 94:)
+2Re M M *[i—(;’-c 529 1)]
© M201™o01 [Nz \ZCOS O -z
+ 2Re M M * [‘_‘1 (2 cosze - 1)]
0217001 WV \32 T
* 2 2
. 9 . . _
2Re 1\./12'011‘\/1021 [8 sin Bﬁsm l9¢c:osz(qbi_L ¢ )

+ I% sinZGw sinZ'Bchoshf)_rr -¢)

W
3 2 3 2 )]
+1(2 -11{2 Y
2(2 cos 97, a) (2 cos 6qJ 5 . (15)
The full dec distribution dr’ i resented in
ay ibution, “-.Tdﬂq,dgp’lsp ente

Appendix B.

The single particle distributions, Egs. (12)-(14) depend only on

the magnitudes of MOOi’ Mz01 and MOZi . Joint distributions such as

Eq. (15) depend on the relative phases of the amplitudes.
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1V. PI-PI1 PHASE SHIFTS

The angular distributions in principle determine the phases of the
partial wave amplitudes - up to one overall phase. If the y* and ¢ are

regarded as inert, then the usual final state interaction argument requires

iélo(m*rm) 0
Mﬂ,L&’”’ }ME,L,E/I where 6, is the I=0, £ -wave wuw

phase shift. Thus 68 - 62 may be obtainable from ¢ “—+ ¢wr . This is
in some ways similar to the Pais-Tre i_man6 method for obtaining wrw phase
shifts from Ke4 decays, The viability of this technique in |’y wr depends
on a number of factors:

1. Adequate data, especially for ¢'»p+p_1r+v- .

2. That some £>0 contributions be significant.

3. That a few terms in the partial wave series suffice.

4. That the assumption of noninteracting ¢ and y* be appropriate,

In principle similar techniques can be used for ¢—wwr . The analysis
is slightly different reflecting the replacement of {— p.+p_ by m->1r+'n'—'no .

However, item 4 above seems more dubious in this instance., The same is

true for the SU(3) variants, e.g., QJ*IGT*TT , ¥>wKK, etc.
V. SUMMARY

The results presented above and in Appendix B constitute a general
+ - —— P p—
ireatment of the process e ¢ =V’ - VPP -1 £ PP, although we have

been primarily concerned with ¢ * - {wr . In advance of data analysis
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we cannot determine how many partial waves will be needed for an accurate
description, but it is expected that ¢ - ymr will require fewer than
would - wmrw.

The determination of the partial wave amplitudes for “*->yur is
essential for evaluating the treatment3 by Brown and the present author
of the spectrum dl"/dm“" » which speculated that only MOOi is si‘c:{nificant7
and that its dependence on mTr1r is x (rn_w2 - mez) . The isclation of the
partial wave amplitudes would constitute some of the most refined
information on the puzzling new particles.

The obverse of the investigation of new particle properties is the
opportunity to measure one o.f the "simplest"” of hadronic quantities, the
elastic w-% s-wave phase shift {for I = 0) for mm_ ~ 500 MeV. Ifthere
is adequate w-m d-wave to interfere with, this will be a valuable techrique,

perhaps supplanting Ke4 decays as the best clean measurement of w-n

phase shifts at low values of the = -m energy.
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APPENDIX A

We review here material which is well-known8 for the purpose of
completeness and to establish our conventions., The significance of the
orbital angular momentum, I‘-d’ and spin angular momentum § , 18
stressed. Of course, the heart of the matter is the rotation group (and
its covering group, SU(2) ).

An element of SU(2) may be specified by three Euler angles,
O=sa=<2r, 0B=<w, 0=vys=4n ., We adopt the symbolic notation
iusJ

u to indicate a set of such parameters, and e AR to indicate the

*ian -iBJ -iyd
associated rotation, e e Ve Z ., The group integration element

1 L]

is dg =dadcosp dy/(ifmz) 50 J.d_lil‘

The standard representation functions have the properties

J s cime| o 0T >
Dm,m{g) jm<| e m'\ohm
-iem”* j -iym
dm,m(ﬁ)e , (A1)
D TR (@ ,u,) (82)
o mm’ "#i m"m” ,\‘2 mm'a _1,"2 »
m
6J]J6m m' 6m mv‘
aD bl wh- Lz 2,
271 12 (2+1)
suu tu ) = Z Cerop L @l ) (A4)
A a0 . ” m ‘m "~ mm“~0 ?
J‘mlm
ji JZ J ’ e ’
D - (r%) F Il(u) = D » ,,(u)<j,m' J » I ;j s 1 >
mflrn1 rnzm2 ~ j,m®,m* m*m* '~ 1 1727 2

<lm®lj,me iy, me> (A5)
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-1 . -1
In Eq. (A4) &uly _\1}0) has the meaning Jdgéig(g Eo)f(‘%) = f(;\z‘O).

In Eq. (A5), <j,m|j1,m m_> 1is the usual ""Clebsch-Gordan'

R
coefficient.

We suppose we have an irreducible unitary representation of the
Poincare’ group associated with a particle of mass m and Spin s . The
homogeneous transformations are generated by J and K ("pure boosts").

Translations are generated by p* .

We denote rest states by fpo,m'> where Py = (m,0,0,0) and

Jz po.m"> =m" ] po,m’> . it follows that for u, a rotation,

’ = 5 oo
u | py, m*> ;Dm”m,(g)[po,m > . (A6)

We next define two bases for our space, using improper vectors as this
is most convenient. The first is the celebrated helicity representation,
If ¢ and ¢ are the polar angles of p » we set

-igJ  -i8J  -iNK
z y

RC © e (A7)
-iAK
where m cosh A = p0 = '\)m2+22 . For p = | RI z , hR =g %, for
. -itJ  -ind -iNK
R~ ‘I.E’ E hR =™ ¢ ‘e Ye % We define the basis states
R N (48)

These have the well-known property

J-Elg,h>=h[£] ]E,D . (A9)
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The second basis’is defined with the z-component of spin in mind,

rather than helicity, We set

- TIAK (A10)

8
R
l,p,sz » = SP. [Py, > (A11)

where ’?}' is parallel to R and m coshf_)‘\'[ = po . With the conventions

12 01

= = Hv = - VlJ. = o
J ({)3 . J (5)1, ete,, J J . 60123 1 we set
W =1e _ P'JO . (A12)
B 2 pVio
From Eq. (A12) it follows that
WO =pPJ , (A13)
w= P’ - PxK , (A14)
73 ~ k7] 4"

The vector Wp‘ gives rise to the Casimir operator WMWH = -mzs(s+1)

It is well-known that the spin operator

WO
S = }H-l- W - E (A15)
~ ~ F4m

satisfies SU(2) commutation relations: [Si’ Sj] = ieijksk . From (A15)

we see S 1is a vector, so l:J_,S_]= ie,_ S . This implies that L = J-8
~ iy 13]_{ k E

commutes with 5 . It is easy to see that

1
§‘R,Sz>_> = erTl\ElpO,sZ>
= s Jf po, sZ > . {A16)

2"\;
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In particular,

szj p.s_ > = sz[ RS> (A17)
and
-ig$ Z : s
e I:P'SZ > = _ Ds“s (g)lg,sz =, (A18)
3 Z Z
Cn the other hand,
e NN | p,8 > = o Wd el“"I“{‘: ] Py. 8, ~
= e-lk’:\g e-lg.-{ ]p s >
- 0’z

) p7.ss > (A19)

]

]
m wn
N &
[1)]
e

where A7 and R’ are A and p rotated by u . Thus we infer that

~iur L

+igeS -iu-Jd
e v A JE’ S'z e e “

e An lp,sz -

P8 -1...8 ’ -
E D, Au D, w]|p, e >

Zz Z Z Z

n

=lps, > . (A20)
The transformations e %'~ and e '2'% are not Lorentz
transformations. However their actions are well-defined through Eq. (A15).
On an eigenstate of pt s e_hﬂi'i acts in the same way as a Lorentz
transformation, but which particular transformation depends on both u

and p . The operators L and § do generate independent SU(2)!'s which

are realized on the single particle states.
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The discussion of two particle states is facilitated by the

introduction of projeciion operators:

j 4 - _-111
[1 . -veEroe j'du o, wly <Y, (A22)
,m ~ m’,m~

n :

It follows that

3 -iaJ Np—
13 Z = -iam
H e e I I m*. m ° (A24)

m<*,m
i
This means l Im‘ m produces states which transform as jm> and

]

annihilates |jm* > unless m*~ =m* , We define

i
,jm,?\i N (W) > ZHx oY m[ pZ , N -pZ, N> (A25)
1 »

where W = (R2+m12)% + (R2+m22)% . The subscript P\i-)\z is required
by J,PZ,\:-p2, 0> = (4 =M ) P2, NP2, N> .

Our single particle states have the covariant normalization,

<p7. N lpa> = emen’s pps,. -

The matrix element between a plane wave rotated by 4 from the z-orientation

and a spherical wave is

<p*E NPT E N | e | jmn A (W) >

: J
P - R Y -1 I I
T <Pz NPTz, 2.f Em” Din”,m(g ) N A, m

l pE: A i'pEs >
1 E (cont. )



-18- FERMILAB-Pub-75/45-THY

) 241+1 . -1

0 3
. {u ")s 5 Zp_(27)"6 (p-p)
Nhem MMy )\25[ pp” ] ’

(A27)

Eigenstates of I_;2 and L  are constructed with the projection

operator formed from E = q‘ - §4 - §2
£, orb -1 -iueL
11, -ver +1)'4'-w"'Idu D, wlh L (A28)
m’,m m'~
We define
H! ,orb
£ = z ;=DE >>
l 4 zsizSZZ(W)> 0,4 . , PZ,8,,3i"PZ, S, ' (A29)
The matrix element between e-lg.lo"u | p-z, S*Iz’ -pZ, séz > and a spherical

wave is easily calculated:

<< -
pzsizp 2z

= <p’Zsf i-p’i.s] | Z

(2f +1)an Jdu"D -1 -y I

L4 ) e
lm ~

h
1
[

£+1 £ -
2411- DO £ ('l\'l- 1}65 s'és s’
T 1z71z "2z 2z

[zpo(zﬂ)f’ 5(p” -g)]

- L] .A30
oD (A30)



-19- FERMILAB-Pub-75/45-THY

Since S=858, +8 and J =L +38 , we can use the usual rules for
~ i ~2 ~n " ~

addition of angular momenium to define

ljml s{W)>» = Z l!! s S

s >
L ,s z' Az SZz(W)
z Z
5127525
<j.,mjt,t 38,8 ><s, 58, 38,8 >
J,m[ oA 38,8 5,8 18,.8, 38, S, {A31)

This is an eigenstate of Jz, LZ,S2 and JZ . The transformation between

[ jmi s(W)> and f jm?x1 ?\Z(W)> is given by
<JmNNGW) | jm £ s(W)>

f24+1'
= < -y I. - f>
8 mm %55 W 2571 AR AN

<A NG 2,058, - N> [Zp (2m )3—11335——)] . (A32)

On the other hand, the orthogonality relation for <jmh1 )\Z(W) ] reads
<jm~* )\'R’(W )hm ?&Z(W)>= 6jj'6 )\xi Xz)é[Zpo(ZTr)fji%m] .
{A53)
As a final note on our conventions, the definitions of hE [Eq. (A 7)]
and SP, [Eq. (AiO)] define the coordinate systems with respect to which
directions are measured. For example in Eq. (A27) the coordinate System
with respect to which particle 1's helicity (and possible subsequent decay)

is to be measured is obtained from the initial frame by the Lorentz

iransformation hP. so the associated x-axis lies in the plane containing
1
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initial quantization axis and the direction of motion., For states ‘R’ sz>> s
the reference frame is obtained from the initial frame by s_ , the pure

boost, Eg. (A10).
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APPENDIX B

We display here the full spectrum obtained from Egs. (9)-{11)

which use only the first three partial waves Mi ‘ L,y .

_______dI‘ 2r 41 2+c11 8 2]
as dnudsqu m IMOOiI l:dii(ep.) -1,1( p.)

2 2( A 2, 1 2 2
+ [ Myl [ B0t ) (dii(ep.) td @) )+3d @) d 1@

2 2( 1 2 1 z)
1
+Ed00(6“) (d“(ep) +d_“(6H)

+z«/"d NG )d NC h

1
Jdy_4(@ )a (6 )oos 2(6 -9 )

+(-~/?d§0(eﬂ)+3«/?d§0(eﬂ)) NURLURICH (eH)-dfu(ep))coswﬂw“)]

2(9)( (e>+d (9))+3d (e)d )2

2
* |M021{ [3d20 i

01(

2 2{ 1 2
+%d00{e_¢) (du(e ) d-u(e ))

1 1
+ ZWdZO(GqJ)dOO 94)d1_1(8 H)d“(e HL)cos 2(%-(;5“)

2 1
+(--~/§‘d0 )+3~/—'d20(6q)) iO(E)qJ)dOi( )( (Bp)—d_“(eu))cos(%é“)l

1
*2Re M, M [N"d C )d 104 0 W cos 2(8 -9 )

i(9,-9,) (69 )
22 (6 )a (ep)( TRy e *q (e))

o 2 1 2 A 2
+'\/;d00(ew)(d (ep) +d_“(e“) )]
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(cont, )
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* 2 1 1
t 2Re M, M, [z«/? d; o (8)d4(0 FL)d_“(e p)cos 2(%-%)

£} Hoyd) 4 o106, -6 ) 4t )
10(9¢)d01(ep>(e o) - e G o )

2 1 2 1 2]
+«/%"d00(94)(d“(9 ) +d_“(9'u))

5 ( 2i(¢ ¢=) { ,  2ile_ -¢>)

2 2
*2Re M, M, [ 345018 Pdaptd Je dyy18 ) e 11(9 ) )

+3d120(8ﬁ)d (e )cosw %)dm( )2

2 2 1 2 1 2
+1 dOO(Bﬂ)dOO(G )(dii(e p.) +d_11(9 ) )

32 1 U2¢ -¢,-8, ) 4 264y
" 7 920009 (eq)dm(ap)( 1410)-e 1,0 ))
1(¢r+¢ -2¢,) ~i(¢ +é 2¢4} 1
32 4‘ 6 - 9 )
-5 dw(e_n)d (B\Bd C) )( 14! ) e . )
2 A )d (BLp)dM(BH)( (9 ) e .40 ))

Y&l ilg -9,) 4
- == ® )-e Y (e))

1
+ N6 dzo(e )dOO(Bq}d“_(ﬁ p)d-11(9 FL}(‘:os 2(¢“"¢H)

(¢ ~¢ )
2 kb
d;o (6 Tr)d ©)dt (o u)(

10"y 01 u

i 1
+ o -
VB aZ 6 a2 0)dy, @ )at (0 )eos 206,76 )] .
(B1)
The frames with respect to which angles are to be measured are

discussed at the end of Appendix A.
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