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1 Calculation of (\¢| T, [\ \,)

Our task is to achieve a full description of the (As| T} |Ay\,) resonant amplitude of a single hybrid resonance,

since this is the term that we want to add to the M;\\:AY of Eq. 15 of article [1] to simulate the presence of an
hybrid resonance in an electroproduction process.
In Sec. 1.1 the kinematics of ep — KT Ae’ electroproduction process is described and then in Sec.1.2 the
1t 3+t
(A f| T |AyAp) is calculated for JF = B and for J¥ = 7

1.1 Kinematics of electroproduction

We are considering the electroproduction process

e e
K+
P
A

It can be divided into two parts, a leptonic one, with the original electron that scatters producing a photon,

e e
ﬁ

and in an hadronic one, with the same photon being absorbed by a proton in the target, and with this composite

state decaying into a KT A final state,
Y
K+
p
A

The common way to describe this double system is to represent the leptonic part in the laboratory frame and the
hadronic one in the center of mass (CMS) frame (where the proton-photon composite state is at rest), as it is
possible to see in Fig. 1.1.

In CMS frame we have:
w* Ex B3 3 E%
<k ) PN <PP> Px <PK A Pa —Pgk (1)

And in laboratory frame we have:
pLAB — (EeLjB> pLAB — <E£:B> LLAB _ (WLAB) pkAB — (mp) pLAB — (EIL{:B) pkAB — (E/%::B)
e pg B | »VFe pfl B | kLAB s PN 0 TP K p%( B | s FA p/l( B

Several considerations are necessary. First of all the number of degrees of freedom of the system. The initial state
is completely determined, with the virtual photon going in the z-axis direction. The final state has all masses
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fixed so we have 3x3=9 (electron, lambda and kaon tri-momenta) free degrees of freedom. But we have four
constraints, from the conservation of four-momenta, so 9-4=5 d.o.f to describe the system. In order to have the
z-axis coincident with the photon direction, we have to rotate our system of an angle ® that fixes the orientation
of the leptonic plane. With this condition the two frames are connected with a Lorentz transformation (a
translation) along z-axis. The other 4 d.o.f. can be: Q*, W, 0} and ¢%. In the following we will demonstrate this
statement.

1.1.1 Lorentz transformation

A Lorentz transformation is a coordinate transformation between two coordinate frames that move at constant
velocity relative to each other.
For a transformation in a generic direction between two systems with parallel axis, without rotations, we have

[Cﬂ - H@ I+ (y :ﬁ;ﬁ%? Hﬂ (3)

v
with I the identity matrix, § = — is
¢

Bz Vg
1
B=—=|By| == |v (4)
c
B Uz
T
and 87 = — is its traspost, a row vector:
c
T
v 1
ﬂT = o = [/Bx By Bz] = - [Ux Vy 'Uz] (5)
In our case the translation is for construction along z-axis, so the Lorentz transformations reduces to:
ct v 0 0 —py ct
x’ 0 1 0 0 x
vy | 0 01 0 Yy (6)
k4 —fBy 0 0 v z
ie.
th=y(t - 52)
r_
¥ =y
2 =v(z —vt)



The first component of the four-momentum is the energy, and the other three components are the
three-momentum, so the Lorentz transformation from the laboratory ( Pyt = [Y_; Ek, Y, Pk]) to the CMS (
Pi, =[>, B, 0] = [W, 0], with W the invariant mass of the KA system) frame is:

w Yoms 0 0 —Bomsycums > B

ol 0 10 0 0 )
0] 0 0 1 0 0

0 —Bemsyems 0 0 YoMms | >k Pkl

i.e.

W =ycms Y, B — Bomsyoms| Y bl
k k

0=—Becmsycms Z Ey +vcms| Zpﬂ

k k
From the second equation we obtain
BCMS — ‘Zk p_’:?‘ — |13i$5((l:v$57 — |kLAB| (10)
>on Bk El2t  wpap+mp
from which we also obtain voarg
1 1 wrAB +mp ELAE
s = g = e ™ —-HE w
cMS 1_ kA \/(WLAB+mP)2 —kiap
(wpap +mp)?
And we finally achieve the relationship between the laboratory and CMS photon three-vector:
k" =vems(kpap — Bomswrag) =
k
_ WLAB +mp 2 (kpap — ﬁw“‘j},) _ kLAB(%) (12)
\/(WLAB+mP)2*kLAB LAB P
and energy
L W2 —mZ—Q?
w=t e (13)

where Q% = —(k148)2 = —¢2.

1.1.2 Leptonic plane

As already said the leptonic plane, that contains the electron scattering in ~e’, is described in the laboratory
frame. We use the approximation
Me << |pe| = ES = Ipe‘ (14)

The relationship between the quadri-momenta of e, e’ and ~ is:

P~y = Pe — Pe’ (15)

From this equation we can obtain the formula that links the @2, to the energies of the electron before and after
the scattering, and to the scattering angle:

=25 -kig=(E.—E.)*—(p,—p.)? = —2E.Ee +2E.E.cosf, =
0, 0, (16)
= —2E.Fu(1 — cosb,) = —4E€Ee,sm25 =Q?=—¢*= 4EeEe,sm25



But Q? can also be expressed as
Q*=—¢"=—(wiap — kQLAB) = [kpanl? —wiap (17)
In the laboratory frame the relationship holds:

W? = (mp +wrap)? — (kpap)? = mb +wisp +2mpwrap — |kpas|?

(18)
= |kLAB|2 = m2p + w%AB + 2mpwraB — VV2
So, substituting 18 in 17, we have:
Q? = |kpap|? —wiap =mp +wiap +2mpwrap — W2 —wiap (19)
= m?; +2mpwraB — w2
and we can use this result to obtain the energy of the photon:
W2+ Q% —m%
_ 20
WLAB Bp (20)
In this way we also fixed the value of E.: since
Py = Pe — Per = WLAB = E.— Eo (21)

So, knowing W and Q?, we also know E,s and the scattering angle .. At this point we know all in the leptonic
plane, as the components of the final electron are

Eo

|per|sind.cos®

|per|sinbesin®
|Per|cosbe

Der =

and from the quadri-momentum conservation we also know k4B,

1.1.3 Hadronic plane

In the hadronic plane, which contains the photon, the proton, K+ and A, we use the CMS frame, which presents
a particular geometry with

0y =m — 0%
Pp =T + P

Both 0} and ¢7 are independent variables of the system. It is important to note that ¢7 is, for construction, the
angle between the leptonic and the hadronic plane.

We obtain the modulus of the three-momentum for K+ and A using the formula for the two-body decay in the
CMS frame:

(23)

VWA + (m2 —m32)2 — 2W2(m2 +m3)
2W

IPk| = [PAl = (24)

where my is 0.4937 GeV/c? and my is 1.116 GeV/c?.
At this point we have completely defined the kinematics of all the system and we can go on with the
determination of (Ag| Ty [AyAp).

1.2 Results: (\f| T, |\N,)

From the Letter of Intent [2], we know that a relativistic Breit-Wigner (BW) ansatz gives the following expression
for the (Af| T, |A\yAp) resonant amplitude of a single hybrid resonance in the helicity representation:

Al Tace INR) (AR| Tem A Ap)
MZ W2 [, M,

ApA
M 01T A = (25)



where M, and T, are the resonance mass and total width respectively.
The matrix elements (A f| Tyec |Ar) and (Ar|Tem |AyAp) are the electromagnetic production and hadronic decay
amplitudes of the N* with helicity Ar = A, — Ap, in which A, and A, stand for the helicities of the photon and
proton in the initial state, and A; represents the helicity of final-state hadron in the N* decays. The hadronic
decay amplitudes (Af| Tgec [Ar) are related to the I'y, partial hadronic decay widths of the N* to KY final states
f of helicity Ay = Ay by:

(Afl Taee |AR) = | Ty,

dec

[AR) di,ﬁ(cos@})eiw;ﬁ (26)
with 4 = Agp and v = —)\y, and

2\/27T\/2JT+1MT\/F)\J, p;."

\e| T )
(Al o .

dec

AR) =

(27)

pl and p; are the magnitudes of the three-momenta of the final state K for the N* — KA decay (i=1) or for the
N* — K¥ decay (i=2), evaluated at W = M, and at the running W , respectively. The variables 0k, ¢% are the
CMS polar and azimuthal angles for the final kaon (already defined in Eq. 23), and J,. stands for the N* spin.

1
The final state A or ¥ baryons can only be in the helicity states Ay = :|:§. The hadronic decay amplitudes

1
o.|Ar) with Ay = +— are related by P-invariance, which imposes the absolute values for both amplitudes

to be the same. Therefore, the hybrid state partial decay widths to the KA and K'Y final states I'y, can be
estimated as:

(Al T

1
Ty, = 5177005, (28)

where the factor 0.05 reflects the adopted 5% BF for hybrid baryon decays to the K'Y final state. The following
relationships between the transition amplitudes (Ag| Tem |AyAp) and the v, NN* electrocouplings were obtained
in the paper [3]:

w 8MNM 4~ d~,
(AR| Tem | A Ap) = A Wrwﬂjfh/mﬂ(@%,

with |A, — Ap| = =, = for transverse photons, and

W [16MNM,q, [q,
<)‘R|Tem |)\7Ap> = E TM jslm(QQ)’

for longitudinal photons,

DO =
| o

where g, is the absolute value of the initial photon three-momentum of virtuality Q? > 0 with ¢, = \/Q? + w*?
and w* the photon energy in the CMS frame at the running W

W2 - MR

w' = Y (30)

as already saw in Eq. 13.

The g, value is then computed from Eq. 30 with W=M,. We will investigate hybrid baryon states with
+ +

spin-parities J* = % and 3 Electroexcitation of the former state can be described by two electrocouplings
Aj /3 and Sy /o, while the latter should be described by three electrocouplings, A; /2, Si/2 and As/o. Information
on the expected Q2-evolution of the aforementioned electrocouplings for hybrid states is, to the best of our
knowledge, currently not available. We will vary the hybrid baryon electrocouplings to determine their minimal
absolute values above which the signal from the hybrid baryon can be observed in the difference between the
angular distributions with and without hybrid baryon contributions. These studies will be independently done in
each @2 bin of the proposed experiment.

The following restrictions will be imposed in the variation of the hybrid baryon electrocouplings, assuming
positive values of all electrocouplings.
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e the hybrid baryon of ; spin-parity: Three electrocouplings A; /3, S1/2 and Az, will be computed

varying the positive parameter A as:
A1/2 = Aa
Sl/2 = AQa
Agjp = A/Q?,
Q=&
1 +
e Hybrid baryon of 3 spin-parity: Electrocouplings will be varied under two assumptions: a) /o =0
GeV~1/2 as predicted by model for the hybrid N(1440)1/2% resonance, and b) the relations 31 with
Azjp =0 GeV~1/2 will be employed.
If we substitute Eq. 26 and Eq. 29 in Eq. 25, we have

</\f|Td€P‘)‘ )‘R></\R|Tem‘/\ A >
— W2 —I'. M,

: <)‘f|Td |AR) d’r (cost%) W;s W CMNqufy A1/2 3/2 ) c=38
,,, VV2 — ZFTM w 51/2 , C= 16

and if we also substitute Eq. 27,

As T A Ap) =
(32)

2v/2my/20, + 1M, /T,

_ ﬁ : (costreintic W [Nt [T [ Avppap(@),e=8  (33)
K M, 4o Qv

— W2 —il'. M, S1/2(Q%), c =16

and Eq. 28,

1
2V2my/2J, + 1M, §FT0.05

34
- v i (costiyensic W [N, [T [ Avsa(@®), e=s Y
M2 — W2 — il M, (o K M, dma 0y S1/2(Q%), c =16
. . | » 3 1 3
As already said, we are interested at the cases with J*© = 3 and J' = 3 so J, can be 3 or 5
1+
1.21 JP =<
In this case we have
AT Ay Ap) =
2v/27\/2M,./T,0.025 (35)
= Vpi . d%?(cosé’})e”“ZSRK CMNqu% A1p(@) = A, =8
M2 —-W?2 —il''M, * M, S1/2(Q%) = AQ, c =16
Now we need to calculate Ag = A\, — A, = ¢t and v = — Ay for all the possible values of Ap, Ay and \,. The
results are reported in 1.
At this point we can express the Mi‘:AY in terms of a factor that doesn’t change with Ap, Ay and A,,
2v/2m/2M, \/1“ 0.025
cM qu A =A c=38
Fjo12 = 2 —rhw /2@ (36)
M2 -W fzI‘M M S1/2(Q%) = AQ, ¢ =16



N A =1/2 AN=1/2 N=-1/2 \=-1/2
Ay =1/2 Ay =-1/2 Ay =1/2 Ay =-1/2

1 p=1/2 pw=1/2 w=3/2 w=3/2
v=-1/2 v=1/2 v=-1/2 wv=1/2

0 wpu=-1/2 pu=-1/2 p=1/2 w=1/2
v=-1/2 v=1/2 v=-1/2 wv=1/2

-1 wu=-3/2 u=-3/2 w=-1/2 p=-1/2
v=-1/2 v=1/2 v=-1/2 v=1/2

Table 1: Values of A\g = A, — A\, = 1 and v = — Ay for all the possible values of Ap, A\y and A,.

Ay Ap=1/2 Ap=1/2 Ay =—1/2 Ay = —1/2
Ay =1/2 Ay =—1/2 Ay =1/2 Ay = —1/2

1/2 1/2
1 F1/2A1/2d1/2 1/2 F1/2A1/2d1/2 1/2

0 1'71/251/2dl_/2

1/2 1/2
1/2 —1/2 F1/251/2d” 1/21/2 F1/251/2d

1/2
1/2 —1/2 F1/251/2d

1/21/2

10 0 Py Ay jod"?

/2 —1/2 F1/2A1/2d

1/2 1/2

1+
Table 2: Values of M ::’\Y for JP = 3 for all the possible values of Ap, Ay and A,. A, = £1 for transverse

photons and A, = 0 for longitudinal photons. Note that the terms with p = 3/2 are not present.

multiplied for terms that present a dependence.
Using ¢7 = 0, we obtain the results presented in Tab. 2.
The d;lu/f (costy,) coefficients are Wigner rotation matrix elements, for whom the relationship

d#,}m = (—1)m_mld7{hm, = d{mﬁm, is valid and that are:

1/2 *
d1;2 1/2 (cosbi) = cosOy /2
1/2 * .k
dl;Z 71/2(0059K) = —sinfy /2 .
d'/? (costy) = a2 (cosby) = cosOy /2 7
—-1/2 —1/2 K 1/21/2 K K
1/2 1/2 % -
d_/1/2 1/2(costrc) = d1§2 _12(costyc) = —sinb /2
We can substitute these values in Table 2, obtaining the results in Tab. 3.
It is convenient to express our M;\‘:Ay as M)‘ AY —Re (M MY )‘Y) +i Im(M/\ AY) So, first of all, we isolate the
complex part in the MA PAY
1 (M2 —W?)+i(T,M,) (38)
-~ W2 il M,  (M2-W?2)2+ ([.M,)?
Now we call:
o _ VAra2v2ry2M,T,0.025 W cMNMTq% A1p(Q*)=A,c=38 (39)
J=1/2 — \/E((MT27W2)2+(F M. 51/2 AQ, c=16



N, Ay =1/2 Xy = 1/2 Ny = —1/2 Ny = —1/2
/\y:1/2 )\y:fl/Q )\y—l/2 /\y:fl/Q
1 Fyy9Ay o(—sin0% /2)  Fy 2A; 2(cos0% /2) 0 0
0 F1/2SI/2(C089;(/2) Fl/QSl/Q(S’LTLo;(/2) F1/2sl/2(78’tn0;(/2) FI/QSI/Q(COSQ%/Q)
-1 0 0 Fy/9A1 /2(cost /2) Fy /941 /2(sin0% /2)
ApA *
Table 3: Values of M;? Y for JP =

rotation matrix elements have been inserted.

for all the possible values of Ap, Ay and A,. The exact values of Wigner

where v4ma is the transformation factor for the amplitude from Ghent to JM convention, and we obtain values
for Re(M;\‘:)‘Y) reported in table 4 and for Im(Mi‘:AY) in table 5 for J¥ = =

1t
Ay Ap=1/2 Ap =1/2 Ap=—1/2 Ap=—1/2
Ay =1/2 Ay = —1/2 Ay =1/2 Ay =—1/2
1 FpA=sinbi /2)(MF = W) F{ ,Alcosti /2)(MP —W?) 0 0
0 F,AQ(costy /2)(M? —W?)  F|,AQ(sinb/2) (M} — W?)  F],,AQ(—sinf./2)(M} — W?)
-1 0

FI/QAQ(COSQ}}/Q)(Mf - W?2)

F1/2A(cosej(/2)(M,? —W?)

F{/QA

(sin03 /2)(M? — W?)
Table 4: Values of Re(Mi‘:AY) for J¥

Wigner rotation matrix elements have been inserted.

for all the possible values of Ap, Ay and A,. The exact values of

10



Ay Ap=1/2 Ap=1/2 A= —1/2 N, = —1/2
)\y:1/2 )\y:—l/Q )\Y:I/Q Ayz—l/Q

1 F{/QA(fsinH}‘(/Z)FTMT FI’/QA(COSQ’}‘(/Q)I‘TMT 0 0

0 F{,,AQ(cosbi /2T My F} ,AQ(sinfy /2T My FY ,, AQ(=sinb /2)Tw My F ,, AQ(costc /2)T'r M

-1 0 0 F{/2A(0036;{/2)FTMT F{/ZA(sinG%/Q)FTMT

1+
Table 5: Values of Im(M;\\j)‘Y) for J¥ = 3 for all the possible values of Ap, Ay and \,. The exact values of

Wigner rotation matrix elements have been inserted.

11



1.2.2 JPF==Z

In this case we have
AT (A Ap) =

24272 M,+/1',.0.025 A, 2(Q?)
172(Q

=A c=38 40)
VDi 3/2 " W cMNJmW (
— d 0* 'L/,J, i 1‘ 2 2 —

Mz i, e (0sfic)e qv ;13/2 ; =A/Q X 8
1/2(Q%) = AQ, c = 16

Exploiting the results in Table 1 for Ap = Ay — A, = p and v = —Ay with respect to all the possible values of Ap,

Ay and A, we obtain the different values of the di{? (costl,) Wigner rotation matrix elements with respect to all
the possible values of Ap, Ay and A, (Table 6).

Ay Ap=1/2 Ap=1/2 Ay = —1/2 Ap = —1/2

Ay =1/2 Ay = —1/2 Ay = 1/2 Ay = —1/2

d? ;—1 2(0089;(> d? ;1 2(0039%) d; 3_1 2(0089K) dg 31 2(0039%)
0 d2, | (cost) dl,  (cost)  dija | (cost)  dy /3 1 jo(cosic)
1 Y 4 /o(costi) d?i322 1/5(cosb%) difQ 1/5(cosb%) d_1 5 1/9(cos0%)

—-3/2

Table 6: Values of dz,/,g(cosﬁ}) for all the possible values of Ap, A\y and A,.

The di{? (costl,) Wigner rotation matrix elements, for whom the relationship
Al = (—1)m_m/di17m/ =d’,, . is valid, are:

1 + cosb, . 3/2 .
%COSGK/Q = d_/3/2 _3/2(6089K)

3/2 . 1+cosOy . ., 3/2 N
ds?z 1/2(003‘91() = —\/g%smek/z = _d—/3/2 —1/2(005‘91()

dgg 3/2 (cosbi;) =

1 — cosb, . . .
dy)a (cosfi) = \/?;#KCOSQK/2 =(-1)" 82 1/2d3/32/2 1/2(0039;() = di/gz/z 1/2(00391()

3/2 —1/2 "
3/2 . 1—cosly . .
dg) _3/2(003‘91() = —#smﬁK/Q
3/2 N 3cosl;, —
dl;Z 1/2(cosOk) = ff( cosly /2 = /1/2 _1/2(cosOk)
3/2 * 30059* —|— 1 . % 3/2 *
d1§2 —1/2(60391() = —%SW@K/Q = _d—/1/2 1/2(00591()

Also in this case we can express the M;\\f’\y in terms of a factor that doesn’t change with Ap, Ay and A,,

2¢/2m2M,+/1',.0.025

- _ /Di W JeMNMrgy,  [gy,
J=3/2 M2 - W2 —il. M, M, e G~

Al/Q(QQ) , C= 8
Az/5(Q%) = A/Q2 c=38 (42)
S1/2(Q%) = AQ, ¢ =16

multiplied for terms that present a dependence. Using ¢} = 0, we obtain the results presented in Table 7.

Again it is convenient to express our M;‘j)‘y as M’\ PAY —Re(M;? /\Y) +1i Im(M’\ YY) So, first of all, we isolate

the complex part in the M{” Moy,

1 _(MZ - W?) +4(T, M)
M2 — W2 —il. M,  (M2—W2)2+ (T, M,)?

(43)

12



X, A =12 X, = 1/2 Xy = —1/2 Ay = —1/2
3/2 3/2 3/2 3/2
1 F3/2Ad1/2 —1/2 F3/2Ad1/2 1/2 F3/2A/Q2d3§2 —1/2 F3/2A/Q2d3§2 1/2
0 FS/ZAQd 1/2 /2 FS/ZAQd 1/2 1/2 FS/QAle/Q /2 FS/QAle/Q 1/2
3/2 3/2 3/2
-1 F3/2A/Q2d—/3/2 —1/2 FS/QA/Q2d—/3/2 1/2 F3/2Ad—/1/2 -1/2 F3/2Ad /1/2 1/2

+

3
Table 7: Values of M;‘j’)‘y for JP = 3 for all the possible values of Ap, Ay and A,. Note that now the terms with
p = 3/2 are present, and that the A; /o (Q?), A3/2(Q2) and S /5 (Q?) terms have been replaced with A, A/Q? and

AQ respectively.

Now we call:

A =A c=8
, _ VAma2y2m2M, F,.0.025 W CMNMTQW 1/2(Q 02 .
J=3/2 = B ((MZ — W22 + (I, M, A32(Q%) = A/Q%, c=8 (44)
S1/2(Q%) = AQ, ¢ =16

where v4ma is the transformation factor for the amplitude from Ghent to JM convention, and we finally obtain

values for Re(M;\\:/\Y) reported in table 8 and for Im(Mj:)‘Y) in table 9.

13
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2 Calculation of H) v

+
21 JP ==

2.1.1 Hyg

We want to calculate the term Hyg.
Considering the definition

Hay = 3 MM ()T (45)
AN Ay
and using
M;\)\NAY :Mi\NAY +%A>\NAY (46)
1t

where the .Z )\A NAY are the values from the grids, and the M )\)‘ NAY are the values reported in Table 3 for J¥ = =

Specifically, the real parts are reported in Table 4, and the imaginary parts are reported in Table 5. We have for
H070:

Hoo = (MG + A Y + )+ (Mg ol ™) (Mg~ )+
M 4 Y™+ )+ (MG g )M+ ) =
= (ReMi™ +ilmM;t + Reat; ™ + ilm.at T)(ReM™ — ilmMJ ™ + Restyt™ — ilm.atyh )+
+ (ReMy~ +iImMy ~ + Redly ~ +ilmly ~)(ReMy ~ —iImMy ~ + Redy ~ —ilmsty ~ )+
+ (ReM~ +iIlmM~ + Resty ~ +ilmsty ) (ReMy ™ —ilmMy~ + Redl"~ — ilm.aty ~ )+

)

+ (ReMy T +iImMy T + Redty + +ilmty V) (ReMy * —ilmMy " + Retty T —ilmty T) =
= ReMy ™+ ReMi ™ —iReMg=Fmlly © + ReMy ™+ Redly* —iReNy=mdlf * +
FImMEERENG + + ImMy ™ ImMg ™ + iImMs=ReZy T + ImMg™ Im.aty™ +

+Re. My ReMy™+ —iReat=Fmal] " + Redly ™ Re.dty ™ W
M + Imtty T ImMG + 2 // Re AT + Im. M Imdl +

+ ReMy ~ReMy ~ —iReMg=tml, ~ + ReMO__Re///O__ —iReMg~fmdly ~+
ilmMg=Rel,  + ImMy ~ImMy ~ + ilmMy=Redy ~ + ImMy ~Im.#y ~+

+Re///0 ReMO M + Re///o Re///o W

T+ Imly T Imly T+

W+1nu\1+ ImM~ + ilmMF=ReZ,
+Re M~ ReMj M+m,//‘ R(a,//“‘

+ ReMj *ReM;* W + ReMj +Re///0 +W
HilmMgEREN  + ImMg T ImMy ™ + ilmMaERedly + + ImMy * Im.dly "+
+Rely + ReMy + —iRete4mily * + Re///o +Re///0 M

il R My + Imodly T ImMg ™ + ilm = Re Ay + Imty  Imdly ™ =
= (ReMy+)* + 2ReMRedly ~ + (ImMJ*) +W+ (Imdty™)? + (Retty+)*+
ReMg ~)? + 2ReMg=Redly ~ + (ImMy ~)* + 2ImMg=tmly ~ + (Imsty ~)* + (Redly ~)*+
) 2
)2

+(
+ (ReM )2 4+ 2ReM ™ Re sty ™ + (ImMg ~)? + 2ImM ™ Im.#;~ + (Im.aty —)* + (Retty ~)*+
+ (ReMy ™)? + 2ReMy T Retty * + (ImMy ™) + 2ImMy T Imatty * + (Imtty ¥)* + (Redly )2
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1+
Considering that for JZ = 3¢

///1++ = ///jfr ///()H_ =y ///1_+ = *///:fr ///1+_ = *///jl_ My =M
MY = =MZy My = MZP My = =My My =My~ (48)
MYy =M t=MT=M"=0
and substituting values from Tabs. 4 and 5, we can write:
Hoo = 2(F] ;5 AQ)*((M? — W?)? + (T M,)?) + 2(ReMy 2 + ImM *?) + 2(ReM ~2 + ImM{ ~?) + 2ReM; "+
9*
+2ImMy 2 + 2F] /QAQ(SiHTK)[Re.//J—_ (M? —W?) 4 Im.s#ty T M, — Redly " (M? — W?) — Im.s#ty T, M,]
(49)
Or

Hoo = 2(F ;5 AQ)* (M7 = W22+ (U, M,)?) + 2 | ™ PP+ | tty™ P+ |ty * P +
(50)

0*
+2F] 1, AQ(sin é()[Re///(T_(Mf —W?) + Imaty T M, — Retty " (M2 —W?) — Im.aty T, M,]

17



2.1.2 Hy,
Hyp = (M oYM+ a0+ (My ™+ oty ) (M + o)+
(M ) (M ) (M ) (M ) =
= (ReM;™" +iIlmM;{* + Rest]™ + ilm.at;" ") (ReM{ ™ —ilmM;™ + RestT — ilm.at; )+
+ (ReMy ~ +iImM; ~ + Redty ~ +ilmy ) (ReM; ~ —iImM; ~ + Redy — — ilmdy ~ )+
+ (ReM™ +iImM; ™ + Redt;™™ +ilmdty™ ™ )(ReM; ™ —iImM™ + Redl;™™ —ilmal; )+
+ (ReM; " +iImM; ™+ + Redt] " +ilmdty T)(ReMy T —iImM[ " + Rett7+ —ilmatt] ) =
= ReM1++ReM1++ —iRe MGG + ReM; ™ Re.dt+ —iReM=m.d; ™ +
FilmME T ImM Im M+ IR+ ImM Imaat
+Re. //ﬁ&MHW + Re M Redt;+ M
W + Im AT ImM + il P Re o+ Imodt Imudt +
+ ReM{ ™ ReM; ~ —iReMy=Fmll; ~ + ReM;—Re///;— —iReN ;== .
FilmME=ReM,  + ImM; ~ImM; ~ + ilmMs=ReZy + ImM; ~Im.#; ~ +
+Re 7 ReM; M + Re///l Re///r W
Filmte—Re M~ + Im. ™ MR T, (51

+ ReM;'~ ReM;t~ —iRel

Tt i=Rel M IMM + il RET M T,
+ ReM’f+ReAIf+W+ ReMy Y Re#t] " —iReM; /T +
I MEEREM, + + ImM{* ImM{ + iImMEERel* + ImM;{ ™+ Im.at +
+Re.dt; ¥ ReMy * —iRe#=HmIL " + Rey * Retly * —iRe e Fmdl;, * +

/ + Imdt T Imtl]t =

AR M 4 Ity ImM il

= (ReM; ") + 2ReM; " Re.at[™t + (ImM++) +2ImM; T Ima T+ (Imott ) + (Rett]4)*+
+ (ReM; 7)? 4+ 2ReM| ~Re#ty~ + (ImM; ~)? + 2ImM; ~Imaty ~ + (Imaty ~)* + (Redtly ™ )*+
+ (ReM; )2 + 2ReM; ™ Rest;"™ + (ImM; ™) + 2ImM; ~ Im.#;~ + (ImatF7)* + (Redtl; ™)+
+ (ReM; )2 + 2ReM; T Rett;+ 4+ (ImM; ™) + 2ImM; Im.at7 " + (Imat] ") + (Rest])?

+
Considering that for J¥ = =
Y= M = -ty T M =l M =T M = AT
M = =MZy M = MZ My = =My Mg = My~ (52)

M =Mt =M T=M7" =0
And substituting values from Tabs. 4 and 5 we can write:
Hyy = (F{ ), A(sint /2))* (M2 = W?)? + (T, M;)?) + (Im.at," ) + (Re.dt, ™)+
+ (Im.at] ™) + (Retty ~)*+
+ (F{ ;3 A(costic [2) (M — W?))? + (F{ )y A(costlic /2) (T M;))? + (Im.aty™ ™) + (Retty )+
+ (Imotty ) + (Rett 1)+
+ 2F] )y A(=sinf /2) (M} — W?)Re " + 2F] o A(—sinb /2) (T, M) Im. 4, +
+ 2F] ;y A(costc /2) (M} — W?)Re ;'™ + 2F] jy A(costie /2) (T My ) Im. 4~

(53)
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In conclusion:
Hiy = (F A2 (M2 = W22 4 (T M) )+ | a7 P |ty P | P+t P+
+ 2F] )y A(=sinbi /2) (M} — W?)Re ™ + 2F] o A(—sinb /2) (T My ) Im. 4+
+ 2F] ;5 A(costc [2)(M? — W?)Re ;™™ + 2F] jy A(coste /2) (T My ) Im. 4~

2.1.3 H_;_,
Hy =M+ MY+ + (M7 + 7)Y (M + 7))+
+ (MIT + )M+ )+ (M (M T =

= (ReM™)? +2RP]U++RP///++ + (ImM )2 + 2ImM ™ Imoat 5 + (It *1)?

( +( )T+
+ (ReM =)+ 2ReM | Re.#t~; + (ImM )2 + 2ImM [ Im. = + (Im.# ) + (Redl —|
+ (ReM™[)? 4+ 2ReM ™[ Rett [ + (ImM*[)? + 2ImM T Im.at ™t + (Imatt7)? + (Rett
+ (ReM~{")? 4+ 2ReM ~{* Re.tt =t + (ImM~—{")? + 2ImM ' Im.at ~[" + (Im.a#t ;") + (Retl~
+
Considering that for J¥ = =
M= M =ty T = - M = -t T =
M++f7M—— M+—_M +M+— 7M +M++fM——

Mty =Mt =Mt =M =0
And substituting values from Tabs. 4 and 5 we can write:

H_y 1= (Im#*)? + (Rett ")+
( ! 12 (smaK/2))2(( M? - W2)2+(FTMT)2) + (Imdl =7 )* + (Retd = )*+
(Imtt ™) + (Redl])*
+ ( 1/214(00591«'/2)(1\13 - WQ)) + (] 5 A(costc [2) (D M) + (ImaZF)? + (Re )+
+ 2F] )y A(costi /2) (M} — W?)Re =" + 2F] ;, A(costlie /2) (T My ) It~ +
+ 2F] )y A(sinde /2)(M? — W) Re M~ + 2F] 5 A(sinb /2)(Cr M) Im.al =
In conclusion
Hoy o= (F AP (MP = W22+ (U M)+ | a5 P | a2 P | a2 P+ | P+
+ 2F] 5y A(costc [2)(M? — W?)Rel " + 2F] ), A(coste /2) (T M) Im. A~ +
+ 2F] jy A(sinte /2) (M} — W*)Re~ + 2F] 5 A(sinf /2) (T M, ) Im.al =

2.1.4 H,_,

We want to calculate the term H; ;.
Considering the definition
Hyy = Z M)‘N’\Y )‘N)“’)T
ANAy
and using
M;\)\NAY — M;\NAY + %;\N)\Y

where the ///i‘N A are the values from the grids, and the M ;\‘N AY are the values reported in Table 3, for
+

(54)

(56)

(60)

1
J¥ = = . Specifically, the real parts are reported in Table 4, and the imaginary parts are reported in Table 5.

2
We have for H; _; for J =
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Hy_y = (M + ) (M + 50+ (M7~ + a7 ) (M7 + 47T+
+ (M Y MET ) (M (M ) =

= (ReM" +iImM;" + Re st + ilm.at;" ") (ReM T} —iImM™*\F + Ret ™5 — ilmoat ™"
+ (ReM; ™~ +iImM; ~ + Rety ~ +ilmay " )(ReM_{ —iImM-] + Re#/—| — ilm#_
(

+ R(:ﬂ[l’ +7'Imﬂ[l‘ +R(—n///l‘ +il7’r1,///’/l‘ )(R(%J[?’l fiImﬂ[ll + Re " —iImA”

+ (ReMyt +iImM; " + Redty " +ilmtty T)(ReM—{t —iImM_" + Redd ~;" — ilm.#/—

= ReM""ReM ™" — iReM{ " ImM*]" + ReM*" Re.t/ {7 — iReM; ™ Im./* +
+ilmM{ T ReM ™ + ImM T ImM™ + ilmM Reatt;" + ImM;T Imoa *+
+Re ;T ReM ™ —iRestF T ImM ™ + Ret ™ Rettt " — iRe T Imoat t +
+ilm T ReM ¥ + Imoatit T ImM ™ + ilmalF Red 1 + It Imott * +
+ ReM; “ReM~| —iReM; ImM~| + ReM; ~Re.#/"y —iReM; Im.#"| +
+iImM; " ReM—; +ImM; " ImMZ-; +ilmM;  Red_| +ImM; " Im.#_ +
+Rest;  ReM”| —iRe; ImM_; + Redly  Re#—| —iRedly ImA_] +
+ilmoy " ReM—[ + Im.#, ~ImM_[ +ilmd| ~ Red " +ImA;  Ima— +
+ ReM{ " ReM*[ —iReM; " ImM*] + ReM;"  Re.#/*] — iReM| " Im.#/*| +
+iImM; " ReM ™[ + ImM; " ImM*[ +ilmM; " Re.#*] + ImM;" Im.#/* +
+Re ;" ReM*[ —iRe ;" " ImM™] + Retl;” " Re™] — iRedt;" Im.a | +
+ilm. A ReM ™ + Imoat;T ImM ™7 +ilm. ™ Re ™t + Imodt;™ Imat ] +
+ ReM[ TReM~{" —iReM; Y ImM~{" + ReM; * Re.dt =" — iReMy " Im.#~[ +
+ilmM; T ReM =" + ImM; T ImM = +iImM; " Re.dt ~" + ImM; " Im.#/~; +
+Re T ReM ;" — iRetly TImM—" + Re ] " Redd "\t — iRe T " Iml —; +
+ilmty T ReM— 1 + Imotty T ImM— + ilmdt] T Rett ~ ;" + Imoat T " Imoatt

1 +
Considering that for J¥ = 3 ¢

Mt =Mt =M"T=M"=0
we can simplify:

Hy 1 = ReM"" Re./ |7 — iReM; Im.at/*; +
+ilmM T Reat ™" + Im M Imoat [+
+Re ;T ReM " — iRe st Imal 1+
+ilm T Redd T + It It =+
+Redl{ ReM—| —iRedl{ " ImM~_| + Re#l|  Red— — iRed| Im.# | +
+iImA| " ReM”—; + Imu#ty " ImM—| +ilmAy ~ Red " + Imdy  Ima—] +
+Hezj\lﬁfﬁe,/%/jf — '[Hej\[ﬁflm./?//ijr
+ilmM; " Red ™t + ImM;"~ Im.#* +
+Re Mt Re ™ — iRe ;! Imal ] +
+ilm.y " Re ™[ + Imodty " Im.al = +
+Rel] T ReM ;" — iRetly T ImM~{" + Re ] " Redd —\F — iRety " Imtl —; +
+ilm. T ReM ™~ + Imo a7 Y ImM ™~ + ilm.at T Rett ;" + Ity T Im.al—F

2.1.5 H_,,

We want to calculate the term H_q ;.

20

)
L)+
)

)

(62)

(63)



Considering the definition

Hyyv = Z M;/\NAY (M;)\NAY)T (64
ANAy
and using
M;\AN)\Y _ Mi\N)\y + -%?NAY (65)
e ////{\N/\Y are the values from the grids, and the MX\ NAY are the values reported in Tables 3 and 7, for
1 3+ o
JP = 3 and J¥ = 3 respectively, we have for H_q for JF' = 5

H_yy= MY+ a3 (MY + )+ (M7 + 7)) (M7~ + oty 7))+
+ (MIT + )M+ )+ (M + (M ) =
= (ReM* +iImM™*} + Ret " +ilm.at*") (ReM™ —iImM* + Redt;" — ilm.at;+)+
+ (ReM—y +iImM~ + Re#/—| +ilma#—] )(ReM; ~ —iImM; ~ + Re#t;y ~ — ilmAy ~ )+
+ (ReM ™[ +iImM™ + Red ™t +ilm# ™ )(ReM;"™ —iImM; ™ + Redt;”™ —ilm.#; ")+
+ (ReM~;" +iImM~{" + Re.tt ;" + ilm.s ;") (ReM; v —iImM{ " + Redt] " —ilmst] ) =
= ReM* ReM;™ —iReM ™" ImM;"" + ReM ™" Re.st[™ — iReM " Im. 2"+
+iImM*t T ReM + ImM Y ImM;™ +iIlmM™* Reatt™ + ImM ™t ImoatF+
+Re T ReM{™ — iRe st " ImM;™ + Red "\ Re ottt — iRetd - It +
+ilm# T ReM + Imoat [T ImM + ilmt " Rett [+ + Imott - It +
+ ReM—{ ReM| ~ —iReM_y ImM; ~ + ReM_{ Re#{ ~ —iReM_[ Im.#] ~+

+ilmM~ ReM| ~ +ImM~- ImM; =~ +ilmM~| Re.#i ~ +ImM~| Im.#, ~+ (66)
+Re M~ ReM{ ™ —iRe# " ImM{ ~ + Re#"| Re#]~ —iRe | ImA] ~+
+ilm# = ReMy ~ + Im.#l "y ImM; ~ + iIlm#_] Redy  + Imad_] Im.A#]  +
+ R(ﬂ[jf Re‘ﬂ[ﬁf - ih’,eﬂ[jf ImM{™ + [{(x\[jf R(,:,//ﬁf — i[\’,(;\[ff ]'rlz.///frfjL
+iImM*] ReM;™ + ImM™*[ ImM; ™ +iIlmM™*[ Re#; ™ + ImM*] Im.#;~+
+Re ] ReM'™ — iRe /| ImM, ™ + Rel™| Retl] ™ — iRedl | Im.My~+
—&—ifm,,%/ff]?(%ﬂ[ﬁ* + Im.//ff[mﬂ[ﬁf - i[/n,x//ff]?(‘,///ﬁf + I77/,.///f17]r7/,.///1+7+
+ ReM—{FReM; ™+ —iReM ;" ImM; * + ReM ;" Re.#t; " — iReM " Im.#t "+
+ilmM " ReM; ™ + ImM~ " ImM| " +iImM—{ Re.dt;7 " + ImM—{" Im.a#| "+
+Re ;" ReM| T —iRe ;" ImM| " + Rett " Rett| v —iRett " Im.at| "+
+ilm#l P ReMy ™t + Imott —; ImMy ™+ + iImodl —F Re T + Imodt —;" Imoaty "
1+
Considering that for J = 3 ¢
MIT =M =M T =M =0 (67)
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we can simplify:
H_y 1 =+RedF ReM{t — iRett " ImM;™ + Rett "t Reatt ™ — iRe st ImatF +
+ilmA T ReMT + Imoat X" Im M + ilmt ¥ Ret ™ + Imott - It +
+ ReM~[ Re#l]7 ~ —iReM_[ Im.#| ™+
+iImMZ_ Redy ~ +ImM_[ Im.#; +
+Re—| Redl| ~ —iRe M| Im.#|  +
+ilm#— Redy ~ +Imtl" ImA] ~ +

68
+Relt ReM"™ —iRe /T ImM'~ + Reddt| Retl;"™ — iRe | Im.aly + (68)
—5—/’]1/L//jfj?(;\[ﬁ7 + Im.//jf[mﬂ[fr* - /']n/.//ff[{(: //fi + ImA" ImA] ™+
+ ReM ' Retty ™ — iReM ;" Im.# "+
+ilmM " Rett[ + ImM— [  Im.at]t+
+Re [t Retl; v —iRedl — " Imat ++
+ilm.#~" Re " + Imstl— " Im.at]
2.1.6 Hy,
We want to calculate the term Hy ;.
Considering the definition
Hyy = Z MY (MM (69)
ANAy
and using
MPSAY Z AP g (70)
where the .Z i‘ ~AY are the values from the grids, and the M ))\‘ NAY are the values reported in Tables 3 and 7, for
1t 3t 1t
JP = 3 and J¥ = 3 respectively, we have for Hg; for J = 5
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Hoy = M+ + ) (M + ) + (Mg~ + oty ) (M7~ + 7 7) T+
MG 4 Y ) (Ml )M ) =

= (ReM™ +iIlmMJ ™+ + Rest;™ +ilmat ) (ReM™ —ilmM* + Reat ™ — ilm.at;™)
+ (ReMy ~ +iImMy~ + Redty ~ +ilmody ~)(ReM; ~ —ilmM; ~ + Redly — — ilmdly )
+ (ReMy ™~ +iImM~ + Resty ~ + ilmdtyt ) (ReM; ™ —ilmM,~ + Retl;" —ilm.# ™)
+ (ReMy ™ +iImMy ™+ + Redly © +ilmdty V) (ReM;+ —ilmM; ™ + Rett7 " —ilmat ™)

= ReM " ReM — iReM T ImM;"+ + ReM ™t Re.tt;™ — iRe M Im.at;"t +
+HiImM T ReM{t + ImM§ T ImM; + iImM{™ Rest [t + Im MG Imoat ]+
+Re My T ReM{™t — iRetty T ImMT + Re )™ Rest;T™ — iRe st Imat]F* +
+ilmdtt ReMT + Imoattt T Im M + ilmat ) Reodt ™ + Imodty ™ It +
+ ReMy ~ReM;~ —iReMy ImM; ™~ + ReMy  Res#| ™ —iReMy Im.#|  +
+ilmMy ~ReM{ ~ +ImMy ~ImM; ~ +ilmMy~ Redy ~ +ImMy ~ ImA, ~+
+Rely  ReM;  —iRedy ImM;~ + Redly Red| —iRedy Im.d{ +

+ilmy ~ReM; ~ + Imly —ImM; ~ +ilmdy ~ Redl, ~ + Imdy —Imd|  +

+ ReMy~ReM| ™ —iReM ImM;"~ + ReMy ~ Re#;”~ — iReMy  Im.#," "+
+iImﬂ[Jr7R(%ﬂ[l+7 + ImMy~ ImM;~ + iImﬂ[Jr*R(i,///fr* + Irnﬂ[(jr*hn,///frfwt
+Rely " ReM['™ — iRe sty " ImM; ™ + Rely ™ Retl] — iRe s Im.;~+
+ilm. ;™ ReMy ™ + Imoaty ™ ImM; ™ + ilm.ayt ™ Re st~ + Imodl Imat T~ +
+ ReMy " ReM; " —iReMy Y ImM; " + ReMy " Rettt — iReMy " Im.aty T+
+ilmMy T ReM; T + ImMy T ImM] T +iImM; T Redt7 " + ImMy T Im.at] "+
+Retly " ReM; t — iRetty T ImM; " + Redly t Rett] v — iRetty " Im.dty++
+ilmty Y ReM;t + Imotty T ImM| ™t + ilmodly T Re T + Imodty T Imodt T

1
Considering that for J¥ = 5 ¢

we can simplify:

Ho1 = ReMy+ ReM{™ — iReMt ImM™ + ReM ™ Rett;™ — iReM ™+ Im.at™ +

2.1.7 Hp,

+

Mt =Mt =M"T=M"=0

+iImM ReMt + ImM T ImM; + ilmM{™ Rest;F + ImMG Imoat ]+
+Re s ReM{™ — iRe sty " ImM;™ + Ret ™t Re syt — iRetty " Im it +
+ilmdt T ReM + Imottt T Im M + ilmodt ) Reodt ™ + Imodty ™ It +
+ReMy ~ Redly ~ —iReMy  Im.d| ~+ilmMy ~ Red;, ~ +ImMy  Im.A| ~ +
+Rey ~Redy ~ —iRedy ImAy ~+ilmsy ~ Redy ~ +Imdy  Im.A; +
+ Refﬂ[ﬁfﬁ’,cx\[ﬁf — iReJ[JL*]’mﬂ[ﬁrf + Rciﬂ[&rfRe,///ﬁf — [Reﬂ[&ffm,u//ﬁij
+iImMy ™ ReM;™™ 4+ ImMF~ ImM; ~ +iIlmMy ™~ Re.dt;"~ + ImMy ~ Im.#;"+
+Rely " ReM}'™ — iRe sty " ImM; ~ + Re.dly ™ Redty” ™ — iRedly~ Im.ly +
+ilm.yt ™ ReMy™~ + Imtty ~ ImM,"~ + ilm.#tyt~ Re st~ + Imodly™ Imoat;F~+
+ ReMy " Rett|t — iReMy T Im.tty " +ilmMy " Retty t + ImMy T Im.dty ++
+Rety T Ret T —iRedy TIm AT T +ilmdly T Re T + Imotty T Imodl]

We want to calculate the term H g.
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Considering the definition

Hyy = 3 MY QL) (74)
ANAy
and using
M}’\AN)\Y _ Mi\N)\y n ////{\N/\y (75)
where the .# /{\N A are the values from the grids, and the M i‘N A are the values reported in Tables 3 and 7, for
JP = % and JP = ;+ respectively, we have for Hj o for JE = %+:

Hio= (M + ) (Mg 4+ ot )+ (M oty ™) (Mg~ + oty )+
(M 4+ )M+l )+ (M (M oty ) =
= (ReM* +iImM;" + Rett;" + ilmat;" ) (ReMy ™+ — ilmM™ + Rest; ™ — ilmaty™ )+
+ (ReM; ™ +iImM; ™~ + Redy ~ +ilmy ") (ReMy ~ —iImM; ~ + Redly ~ — ilmty )+
+ (ReM[ ™ +iImM; ™ + Ret;"™ +ilm.at ) (ReMi ™ —ilmMj~ + Redty" ™ — ilm.aty ~ )+
+ (ReMy ™ +iImM; ™+ + Redty " + ilmotty V) (ReMy ™+ —ilmMy ™ + Redty ™ —ilmty ™) =
= ReM; T ReM{t — iReM{ T ImM™ + ReM{"t Re.tty ™ — iRe M Im .t +
+iImM; T ReMt + ImM;T ImM{ ™ + ilmM;™ Reatf ™ + ImM Im.aty  +
+Re T ReM™t — iRettF T ImMy ™ + Redt;™ Retty ™ — i Redt;™ Imaty* +
+ilml T ReM + ImoatF T ImMF™ + ilm st T Redt™ + Imat T Imoat;+
+ ReM{ ~ReMy~ —iReM; " ImMgy~ + ReM; ~Re#, ~ —iReM; " Im.#, +

+ilmM; ~ReMy ~ +ImM; ImM;~ +ilmM; ~ Redly ~ +ImM; Im#,  + (6)
+Rel; “ReMy ~ —iRe#y "ImMy ~ + Re.#l; Retly ~ — iRedty Im.dly ~+
+iIm.# " ReMy ~ + Imoy ~ImMy~ +ilmdy ~ Redy ~ + Imdy ~ Imsy ~ +
+ ReM"~ ReMy ™~ — iReM; ~ImM~ + ReM; ™ Re#ty ™ —iReM| ™ Im.#;~+
+iImM; ™ ReM ™ + ImM; " ImM; ™ +iImM; ™~ Re.; ™ + ImM; ~ Im.#;~+
+Rel; " ReMy ~ — iRe ;" ImM ™ + Redl] Redly ™ — iRedt," Im.y ~+
—&—i[nl,.///ﬁ*]?(%ﬂ[(jr* + In/,.///ﬁ*ImJ[Jr* - i[/n,x//ﬁf]?,(x///(jr* + 177/,.///ﬁ7]77/,.///tf7+
+ ReM; tReMy+ —iReM; T ImMy ™ + ReMy T Resty ™ — iReM| T Im.tty ™+
+iIlmM; T ReMy 4+ ImM; T ImMy ™ +iImM, T Redly * + ImM;  Im.dty ++
+Retl; TReMy t — iRett; TImMy " + Redty T Redly ¥ — iRett] T Imoty T+
+ilm.ty T ReMy ™t + Imotty T ImMy ™+ + ilm.dty T Retty ™ + Imodty " Imodly ™
1+
Considering that for J = 3 ¢
MIT =M =M T =M =0 (77)
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we can simplify:

Hi o= ReM{ " ReMy ™ —iReM;" " ImMy ™+ + ReM;' " Rest "+ — iReM," Im.aty ™+
+iImM; T ReMt + ImM;T T ImMy ™ + ilmM;™ Re.aty ™ + ImM+ Imoat )+
+Re T ReMyt — iRett T ImMy ™ + Redt™ Retty ™™ — iRe st Ity +
+ilm. ;T ReMy ™ + Im.alt T ImM™ + ilmodt T Re ™ + Imotty™ Imodt ™ +
+Redl| ~ReMy ~ —iRedl; " ImMy~ + Redl| ~ Redy  —iRedl; ImsMy  +
+ilmo| " ReMy ~ + Im.Ay " ImMy~ +ilmod] ~ Redly ~ + Imdy ~ Imy  +

+ ReM{ " ReMy~ —iReM; " ImM~ + ReM; ~ Re sy~ — iReM; " Im.#y ~+ (78)
—Q—iI?ri,A\[lJr*R(;\[J* + [nn\[ﬁffnu\[(jr* -+ iImJ[lJr*R(%,///Jf + Imﬂ[f*]m,///(ff—s—
+Rel;" ReMy ™ —iRe ;" " ImM) ™ + Redl;" ™ Redy™ — iRe ™ Im.y+
+ilmt, " ReMy ~ + Im#l; " ImMy~ + ilmdy ™ Redly ™ + Imatyt~ Imaty ~+
+Retly TReMy T — iRest;y TImMy T + Redty T Redly ¥ — iRetl] T Imodly t+
+ilm.ty Y ReMy ™t + Imotty T ImMy " + ilmody T Rety © + Imoty " Imodly ™
2.1.8 Hy_,
We want to calculate the term Hy _q.
Considering the definition
Hu= > MY (MM )T (79)
ANAy
and using
MM = MANAY v Ay (80)
where the .Z i‘ ~AY are the values from the grids, and the M ))\‘ NAY are the values reported in Tables 3 and 7, for
JP = % and J¥ = g+ respectively, we have for Hy _q for J¥ = 3
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Ho1= (M + .7 (MY + a0+ (Mg~ + oty ) (M7 +.477) T+
+ (Mg~ + )M+ )+ (Mt + oty )M+ ) =
= (ReM™ +iImMJ* + Retyt ™ + iImst™*)(ReM T —ilmM ™" + Ret ™t — ilm.at ™)
+ (ReMy ™ +iImMy~ + Redty ~ +ilmdy " )(ReM_{ —iImM-] + Re#/—] —ilmA_] )+
+ (ReMy~ +iImM~ + Resty ~ +ilmty ) (ReM ™| —ilmM™*, + Red™ —ilm.#/ ™ )+
+ (ReMy ™t +iImMy ™ + Redty ™ + ilmtly T)(ReM—{t —iImM—;" + Redd—;" — ilm.# ")
= ReMy " ReM*{" —iReM{ T ImM*" + ReMy ™ Re.t/\" — iReM{ ™ Im.#/*; +
+ilmMy T ReM ™ + ImMy T ImM™ +ilmM+ Reatt;™ + ImMF Imoa *+
+Rey T ReM ™t — iRe sty T ImM* + Re )™ Red ™" — iRe ™ Imoat *F +
+ilmly T ReM ¥ + Imoatyt " ImM ™ + ilmosty ™™ Red T + Imotty " Imoat * +
+ ReMy ~“ReM~| —iReMy  ImM~| + ReMy ™ Re.# "y —iReMy  Im.#~| +

+iImMy ~ ReMZ—; +ImMy  ImMZ-; +ilmMy ~ Red—| +ImMy Im.#_ + 81)
+Resly ReM_| —iRedy ImM_; + Redly Red_| —iRedly ImA_] +
+ilmoy ~ReM—[ + Im#ly ~ImM_[ +ilmdy ~ Redl " +Imy Ims— +
+ ReMy = ReM ™[ —iReM)  ImM*] + ReMy Re#/*] —iReMy  Im.#/*| +
+iImMy = ReM*[ + ImM{~ImM™*[ +iImMy~ Re# | + ImMy Im.#* +
+Rey  ReM™; —iRe sty " ImM™*| + Rely ™ Re ™| — iRe ™ Im. ™ +
+ilm. ™ ReM ™ + Imatty " ImM ™7 +ilm.atyt ™ Re ™t + It Imoat ] +
+ ReMytReM~}F —iReMy Y ImM ™" + ReMy T Re.tt ~;" — iReMy " Im.#/ ~["+
+iImMy T ReM—" + ImMy Y ImM— " +iImMy T Re.dt —;" + ImMy " Im.#l— +
+Rey TReM~—{" —iRetly TImM_;" + Retty " Redd " — iRedly "Im.l—; +
+ilmdly TReM—{" + Im.tty " ImM—{" + ilm.sty " Re st~ + Im.ty " Im.(—;"
1+
Considering that for JZ = 3 ¢
MYy =Mt =M T =M =0 (82)
we can simplify:
Hy _1 = ReMy " Ret/ " — iReM{ ™ Imat*[ ++ilmM ™ Re.t *F + ImMy T Im.at * +
+Retyt Re Mt — iRe S Imotl 5 ++ilmsly " Redt 55 + Imodtf+ Imoatt * +
+ ReMy ~ReM~; —iReMy ~ImM~| + ReMy ~ Re.#/”| —iReMy ~Im./#~| +
+ilmMy ~ ReM—| + ImMy ~ImM-; +ilmMy ~ Re#/”| +ImMy ~ Im.# | +
+Redly  ReM—| —iRedty ImM—; + Re#ly  Redl—, —iRedly Im# | +
+iImAy " ReM—; + Imutty ~ImM—| +ilm#y ~ Red—| + Imdy ImA#—] + (83)

+ ReMy ™ Re#t | —iReMy  Im.#(™ ++ilmMy ~ Redt| + ImMy~ Im.#*] +
+Re My Re ™[ —iRe S Im M| ++ilmsty ™ Re st + Ima Imat 7 +
+ ReMy TReM~}" — iReMy tImM )" + ReMy * Re.dt ;" — iReMy ™ Im.al ~ " +
+iImMy T ReM—{" + ImMy Y ImM—{" +iImMy " Re.dt =" + ImMy " Im.a#—;" +
+Redy TReM ;" — iRetty TImM~" + Retty " Redd —\F — iRetly " Imtl—; +
+ilmy TReM_{" + Im.tty T ImM " + iIm.sty " Rest—[" + Imsty " Im.atl—"

2.1.9 H

We want to calculate the term H_ .
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Considering the definition
Hao = 3 MPww (i
AN Ay

and using
’
)\N)\y _ )\N)\Y )\N>\Y
M, = Mj + A

(84)

(85)

where the .# /{\N A are the values from the grids, and the M i‘N A are the values reported in Tables 3 and 7, for

1 3+ 1t
JP =2 and JF = 5 respectively, we have for H_q o for J¥' = 5

2
H_yo= MY+ a3 MG+ + g ™) + (M7 + 077 )My~ + oty ™)'+
+ (MIT + )My~ + g )+ (M + (Mgt + oty ) =
= (ReM™} +iIlmM™ + Reatt [ + ilmost ) (ReMi™ — ilmMJ ™ + Restyt™ — ilm.at™ )+
+ (ReMZ{ +iImM-{ + Re = +ilm#—] )(ReMy ~ —ilmMy ~ + Redy ~ —ilmdly ~ )+
+ (ReM ™[ +iImM™[ + Re.d ™| +ilm# ™ )(ReMi™ —iImMi ™ + Redly” — ilmaty )+
+ (ReM~—{" +iImM—{" + Ret —" + ilmt/ ") (ReMy ™+ —ilmMy ™ + Rety ™ —ilmty ©) =
= ReM ™" ReMt — iReM ™" ImM;™+ + ReM ™} Re.dty — iRe M} Im.at )+ +
+iImM*t T ReMyt + ImM Y ImM +iIlmM™* Reatst™ + ImM ™t Imoat+
+Re T ReMy™ — iRe " ImM™ + Red "\ Rett ™ — iRetd - It +
+ilm# T ReMT + Imoat [T ImMF™ + ilmat " Re ™ + Imott - It +
+ ReM~{ ReMy ™~ —iReM_y ImM;~ + ReM_{ Re#y ~ —iReM_| Im.#,; ~+
+ilmM~ ReMy ~ + ImM~— ImMy ~ +ilmM~| Re#ty ~ +ImM~| Im.#; ~+
+Re " ReMy~ —iRe#— ImMi~ + Re#d " Redly ~ — iRe— Im.AMy ~+
+iIm#~ ReMy ™ + Imo#= ImM;~ +ilmA ] Redy ~ + Imdl "] Imay ~+
+ R(ﬂ[jf R(iﬂ[ﬁf - ih’,eﬂ[jf ImMy— + R(’,J[jf R(,:u//&rf — iR(‘J[jf ]rm.///(frfjL
+iImM™T T ReM{™ 4+ ImM ™7 ImM{™™ +iImM ™ Redy ™ + ImM™tT Im.ay+
+Re ] ReMy~ — iRe | ImMS ™ + Red ™| Redly ™ — iRedd | Im.y ~+
—&—i[rn,,%/ff]?(%ﬂ[(jr* + In/,.///fffrm\[(jr* + i[/n,x//ff]?(“,///(jr* + I77/,.///ff]n/,.//u+7+
+ ReM~{FReMy+ —iReM_{" ImMy " + ReM ;" Re#ty ™ — iReM " Im.#ty ~+
+ilmM~" ReMy ™ + ImM— " ImMy ™ +iImM~{" Re.dty © + ImM ;" Im.#t; "+
+Re ;" ReMy ™ —iRe ;" ImMy ™ + Rett " Rey t — iRett " Im.aly "+
+ilm#l P ReMy ™t + Imotl —; ImMy ™+ + iImosl —F Retty ™ + Imodt —;" Im.sly ™+
1+
Considering that for J = 3 ¢
MYy =Mt =M T =M =0
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we can simplify:

H_10=+Re#lT" ReM{" —iRe /T ImMI™ + Retd " F Retlf ™ — iRett T Imoat++
+ilm A ReM{™ + Imoat X" ImMF™ + ilma#t ¥ Rety™ + Imoat - It +
+ ReM_| ReMy ~ —iReM_; ImMy ~ + ReM_| Re.#y ~ —iReM_| Im.#, +
HiImM=y ReMy ™~ + ImM=y ImM; ~ +iImM={ Re.#ty ~ + ImM=] Im.#; ~+
+Re s~ ReMy ~ —iRes— ImMy~ + Re#d~| Redy, ~ —iRe | Imsy —+
+ilm# ] ReMy ~ + Im.# " ImMy ~ +ilm#— Redly ~ + ImA— ImMy ~ +

+Redlt ReMy ™ —iRe T ImMy~ + Reddt| Rely™ — iRe | Im.ly~+ (88)
—&—/f[rn,///:f[{m\[(ff + In/.///:f[m‘\[ﬁ)r* + '/']71/,.///:7[1’(: //(ff + In/,.///ff[m,///[rf—i—
+ ReM~{"ReMy+ —iReM—{" ImMy " + ReM ;" Re#ty ™ — iReM " Im.#ty "+
+ilmM " ReMy ™ + ImM~ " ImMy ™+ +iImM—{" Re.dty © + ImM | Im.a#t; "+
+Res—F ReMy ™ — iResd —\F ImMy ™+ + Red —\F Retly © — iRedl —; Iy T+
+ilm.# —" ReMy ™ + Imst —" ImMy ™+ + ilm.#l ~," Retty ™ + Imsl— " Imty +
3+
22 JP= 3
2.2.1 Hy,
We want to calculate the term Hy .
Considering the definition
Ha= > MO (M (89)
ANAY
and using
MM = MY g ivdy (90)
where the .4 i‘” A are the values from the grids, and the M ))\‘N MY are the values reported in Tables 3 and 7, for
JP = % and JP = g+ respectively, we have for Hy o:
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Hoo—(M+++///++)(M5r++//f++) + (Mo ™+ g ) (Mg ™+ M)
+ (Mo~ + ) (M + )+ (M g )M+ g ) =
(ReM'H' JrZImM'H' + Re )+ +ZIm///++)(ReM++ —iImMJt + Redt;™ —ilm.dt+)+

)
+ (ReMy ~ +iImMy~ + Retty ~ + ilmy ~)(ReMy ~ —ilmMy ~ + Redty ~ — ilmdly ~ )+
+ (ReMy ™ +iImM ™ + Redly" ™ +ilm.ly ™ )(ReMy ™ —ilmMy~ + Resty ™ — ilm.aty )+

+ (ReMy ™ +zImMO + Retly * +ilmaly V) (ReMy ™t —ilmMy " + Redly ¥ —ilmidly *) =

= ReM0++ReMO++ —iReMAHmNG T + ReM ™ Re.dtyf  —iReM=Fm.dly ™ +

FiImME o+ ImM{ ImMG T+ iImERe T + ImM T Tty +
+Re%++ReM++M + Re//l++Re///++M

A RME T + Il ImMG™ + ilm b= Rely + + Il ™ Ity +

+ ReMy ~ReMy ~ —iReMg=tmdl, ~ + ReMO__Re//IO__ —iReM;= Lt

+ilmMg=ReM, ~ + ImMy ~ImMy ~ + ilmMs=Redl, _ + ImMy ~Im.dty; ~+

+Re///0 ReMO M + Re///o et~ W o

Tt tRe A M Il
+ ReMO +Re]V[O W—i— R6M6+R64//07+ —iReM; T+
+ilmMgEReM, + + ImMy ImMy ™+ + idmMs2Rely © + ImMy ™ Im.aty *+
+ReMly * ReMy ™+ —iRetle4mll, * + Re.dly * Relly * —iBedbeTidly © +

Ty + Imdty T Imdly =

Ti€.

W + Imoly T ImMy " + ilmdbr>

= (ReMy )2 + 2ReM ™ Re.dty = + (ImM++) + 2ImMy T Imat + (Imsty ™) + (Redly )+
+ (ReMy ~)? +2ReMy ~ Re#ty ~ + (ImMy ~)* + 2ImMy ~Im.dy ~ + (Imaty ~)* + (Retty ~)*+
+ (ReMy ™)? + 2ReM ™ Retty ™ + (ImMy ~)? + 2ImM~ Im.#tyt~ + (Imaty ™)? + (Retty ~)*+
+ (ReMy 1)? 4+ 2ReMy T Retty ™ + (ImMy ™) + 2ImMy T Imdty * + (Imaty ©)? + (Retty T)?
The terms in the grid satisfy the relationships
M = M M = g M = M M = T M = M (92)
3+
And from Tabs 8 and 9 we have that for J© = =
Mt =-M—7] M~ =M} My~ =-M;*t My" =M~ MY =-M " Mty =M" (93)

29



And we have:

3coshi —1 0% 5

Hoo = ( 5/2AQ70097) (M2 —W?2)? + (T, M,)?) + (Imaty ™) + (Restty )+
(5 AQ 0 ] o 2 (ag2 W) 1 (DML (Imad)? + (Reatl )
3cos0i +1 . 0% 0 0 oo o PR o
+ (F} 1, AQ( %ﬁm K0)2((MZ = W?)? + (0,M,)?) + (Imdly ™) + (Redly ™)+
3(‘099_* +1 0_* (94)
+ (F3,AQ(— ff‘bm ;)) (M2 —W?)? + (T, M,)?) + (Imsty *)? + (Retty T)*+
— 2F} Mx@%( 9; Y(Re (M2 — W?) + Im.aty T, M,)+
— 2F4 5 AQ 360895{ — (sin 02 Y(Rety T (M2 — W?) + Im.sy TT,.M,)
So, in conclusion we have:
3cost 03 3costi +1 0%
Hoo = 2(F3 5 AQ K = Laos " R(M? — W2)? 4 (0, M, ?) + 2(F3 , AQC KT L i T ) 2((02 — W2)7 4 (DM, )?)
+ (ImAty+)? (Re///++)2 (ImAly ™) + (Re///o——)Q (Imdly ™) + (Retty ™) + (Imly +)* + (Retty T)*+
3costi —
—2F! /2AQCOS+( K\ (Re. i~ (M2 — W2) + Im. T M)+
3cosli —
—2F3’)/2AQCOS+( SV (Redly (M7 = W?) + Imtty T, M,)
(95)
Or
1 o 3costi +1 0%
Hoo = 2, AQ 2 = oo TR ((0a2 — w2)2 4 (M, ) + 2, AQC T L sinTi 2 (a2 — w2 (0, )2)
S R S /S B/ e R/
0 —1, 03
—2F} /QAQ?’C"S%(smg)(Re//z;—(ME — W?2) + Im.dty T, M, — Redly (M2 — W?2) — Im.dly T, M,)
(96)
2.2.2 Hp,
Hyy o= (M 4+ i) (M + a5+ (M7 oty ) (M + oty )
+ (M~ 4+ ) (M + //ﬁ‘)f (M4 + a7 Y (M a7 ) =
= (ReM; ™) + 2ReM; * Re.dt;™ + (ImM; )2 + 2ImM; ™ Im.a + (Im.at(7)* + (RestFH)*+ (o)
+ (ReM; ~)? 4+ 2ReM; Re/// + (ImM; )2 + 2ImMy ~ Im.aty ~ + (Imaty ) + (Redtty ~)*+
+ (ReMi )2 + 2ReM; ™ Restt~ + (ImM; ) + 2ImM~ Imat~ + (Imatl7 ™) + (Rett] ™ )*+
+ (ReM; )2 + 2ReM[ T Re sttt 4+ (ImM] ™) + 2ImM;  Im.at7 " + (Imatt ") + (Rest])?
The terms in the grid satisfy the relationships
I =M M ==ty M =l M = - M =l (98)
JF
And from Tabs 8 and 9 we have that for J© = =
M = MM = M MET = My MG = My T M = M7 M =M (99)
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In conclusion we have:

3costi +1
Hyp = ( é/zA(_+
;A 1+ cosby . Ok M2 22 2 ——\2 ——\2
+( 3/2@(—\@#5@ 7)) (M7 =W?=)" + (I My)%) + (Imedt— )" + (Redty ™)™+
’ 3cosb —1 O 1o 2 22 2 +—32 +—32
+ (F3/2A(fcos7)) (M7 =W?=)+ (T, M,)*) + (Imty)* + (Redl] )+
+(F§/2%(\/§%0080K))2((M3 = W22+ (Do M)?) + (It ) + (Redly ")+

)) (M? = W?)2 4 (0. M,)?) + (Im.At;7)? + (Rest]F )+

2 2
3cosbi + 1 sin 0% 3cosbly + 15' 0%
2 2 2
3 0% — 3 0% — 9*
+ 2F§/2A(COS+ )( M2 — W?)Redi~ + 2F§/2A(COS+

A, ~1—cosl 0 A, 1
+2Fg/2@(\/§%c SV ME = W) Reo M + 2y 05 (VB

A 1 0% . 0%
/2@(—\/§4_C%sin7)(Mf —~ W) Redl[~ +2F}

+2F3 ;, A(— K) (M7 = W?)Re ™ + 2F3 5 A(— )(r M) Im.t++

)(r M) Im.dt;™

9 03
%COST)FTMTITR.//17++

A 1+ cosO; 03
/2@(—x/§ﬂsm§)rrmlm///;*

+2F, :
(100)

Or

3cosby +1 . 0% 1 1+costi . 0% .o ,3cosfi —1 0%,
—y —sin ) +@(\/§#sm7) +(fcos 5 )+

1 — cosb, 0% _ _
*(\/gfc 7K)]+|//1++|2+|/// P+ P P+

Hy 1 = (Fyp A) (M = W?)? + (D, M,)*)[(

+ 2F§/2A(73008027K—Hsm%()(Mf — W) Re it + 2F; ;) A(—

3costi —1 0% _ 3costi, — 9* _
+ 2F§/2A(+COS?K)(MT2 —~ W Re ;" + 2F§/2A(7K 5 BN, M, ) Im. 4"+

A 1 — cos07, 03 A 1 — cos07, 03
/2@(\/§%cos§)(ME —~WHRed] " + 2Fé/2@(ﬁ%COS%)FrMTIm%17++

A 1 0% 0% A 1 0* o*
/2@(*\/§¥5m7}{)(]\42 @(fﬁwsmg)nmmﬂf—

30039K+1 . 92 V(O M) Il

+2F)

+ 2F) — W?)Redly ~ +2F3 ),

2
(101)

2.23 H_,
Hoyoy= (M3 + 20 (M + 55T+ (MI7 + D) (M7 + 20T
(M + AN MIT )+ (M M ) =
= (ReM )% + 2ReM ¥ Re.at 7" + (ImM ) + 2ImM ™ Im.at 7 + (Imost 77)* + (Re.tt ) *+
+ (ReM = )?> 4+ 2ReM | Re | + (ImM 7 )* + 2ImM [ Im.# | + (Imal ~;)* + (Retd | )*+
+ +
+ (ReM—{")? 4+ 2ReM —{F Re.tt =" + (ImM )2 + 2ImM " Im.#t~[" + (Im.#t=;")* + (Re.tt —;")?
(102)
The terms in the grid satisfy the relationships
MIT = A = -ty M =t M = - M = (103)
+

And from Tabs 8 and 9 we have that for JZ =

M{ftT=-M—] M/~ =M} My~ =-M;*t MyT=M;" M =-M;" M7 =M " (104)
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In conclusion we have:

A, =14 cost 0
( g/zﬁ(ﬁ%smg))?((w — W22 4 (T, M,)?) + (Imat 472 + (Redt )+

+(F§/2A(300592¢ j ;k()) (M? —W?2)? 4+ (0. M,)?) + (Imatt =) + (Retd | )*+

, A 1 — cosb, 7 _ _
+ (Fg/z@(\/@%cosf)f((ﬂﬁ = W) + (T, M)%) + (ImAl57)? + (Re 27 )*+
3cost — 242 2 —+\2 —+)2
f ) (M? = W22 + (T, M,)?) + (Imdl =)? + (Rett —H)*+

)?
A, 1+ costly 6 A, 1+ costl . 0
+2F§/2@(\/§is' 71()(1\42 WQ)Re//+++2F3/2Q2(\/§”%s n-k
K

H_ 1=

+ (F3 0 A(

5 YO M, ) Im.# "

A 1 —costy 03
1202 (VB—F—Fcos
420, AC T L0 U (02— W) Rett 5 + 2, Al
300 L %8 (02 — W) Ry + 285 A

A ~1—costi 03
(M2 — WQ)Re///ff—f—?Fé/Q@(\@% 05— (I, M) Im. a2 +
3cosy — 1
cos X s g VO, M) It =+

3costi +1 . 03
%sin ;)(FTMT)Im//{:f

+2F

+2F3 5 A(
(105)
Or
1 1+cosOy . 0% .o ,3cosOi +1 . 0%
Q4(\/§ 5 5@712) + ( 3 sm2)+

*

Hoy 1= (F30 A (M7 = W?)? + (T, M,)?)|

0% .o  3costy —1
o) T e
A \fl—i—cosHKsmHiK)(

1 1— 0%
L el

Q* 2

—+ |2
+ | +2F§/Q@( 3 5
9*

A 1 — cosb;

/Qﬁ(ﬁ%cosg)(ME ~W?)Rett ] + 2F}
05, —1 05

+ 2Fé/2A(3008+005?K

3cosbi; + 152-71971(

2 2

O R R Aru i o ¥ el i N VA

A 1+ costi . 03
M2 — W2)Re. ;" + 2F), /2@(\/§wsin7l()(Fer)Im///fl++

2
A 1—coslj, 0%
(V3 sy

i —1 6%
3Cosff(COS?K)(FTMT)]'m//Z:l"'Jr
300592}( + 1sin%)(

+ 2F} LN, M) Ima ™t +

)(M? — W?)Re.d it + 2F5 ;, A(

+ 2F} p A( )M} = W) Red~ + 2Fy )5 A( M) Imt—]

(106)

2.24 H,_,

We want to calculate the term Hy ;.
Considering the definition
Hyy = Y MM (MM (107)
AN Ay

and using
M)\)\NAY — Mi\NAY + %/\)\N/\Y (108)
where the .. ;‘N A are the values from the grids, and the M ?” AY are the values reported in Table 7, for

3+
JP = = . Specifically, the real parts are reported in Table 8, and the imaginary parts are reported in Table 9.

2 3+
We have for H; _; for JP = :

32



Hy = (M + //**)(M_ﬂ* AN (M7 )M )
+ (M~ 4+ Y M + ) (M7 oYM ) =
= (ReM;™ + zImM++ + Re ;™ +ilmatFH)(ReM ™ —iIlmM™ + Re.t V" — ilm.at™F)+
+ (ReM| ™ +iImM; ™ + Retty ~ +iImay " )(ReM—| —iImM~—[ + Re#~] —iIm#—] )+
+ (ReM™ +iImM; ™ + Ret;"™ +ilmt; ) (ReM ™' — ilmA\lJT + Redd | —ilma(T] )+
+ (ReM; ™ +iImM; ™+ + Redty " +ilmdty T)(ReM—;" —ilmM~{" + Re/—|" — ilmal—) =
= ReM;*ReM*{ —iReM; " ImM™;" + ReM; " Re.st *;" — zReM1++1m///_+1++
+iImM{T ReMX + ImM T ImME +ilmM Re.at ™ + ImM; Im.at 21+
+Re ;T ReM ™" — iRe T ImM ™ + Re ;™ Rest ™t — iRett ™ It *5F +
+ilmtT ReM T + ImoatF T ImM T + ilmat T Ret T + Imott T Imott + 7+

+ ReM{ " ReM—_{ —iReM|; " ImM_{ + ReM; ~Re.#/"| —iReM; " Im.#_| + (109)
+ilmM; ~ ReM~; +ImM; ~ImM~; +ilmM; ~ Re s~ +ImM; ~Im.# " +
+Red[ " ReM~| —iRe#y " ImM_] + Red{  Re#"] —iRed] ImA_| +
+ilm.#] " ReM_{ + Im.#y  ImM_{ +ilma#t]y  Red "] + Imdy Im.a#— +
+ ReM;"~ ReM™[ —iReM; " ImM™*[ + ReM;"” Re.#/*| —iReM} Im.#* +
+iImM; " ReM*[ + ImM;" " ImM™] +iImM;{ ™ Re.# ™ + ImM; Im.#*] +
+Re ;' ReM ™t —iRe ;" " ImM*[ + Redl' Red™ — iRe ;" Imal ] +
+ilm ;" ReM ™ + Im. ;" ImM*T +ilms#t; " Re#™] + Imay Im.al ™t +
+ ReM[ " ReM ;" —iReM; TImM~;" + ReM; " Re.#/ | —iReM| " Im.# "+
+ilmM; T ReM~; - + ImM; T ImM—{" +iImM{ T Re.d —JF + ImM; " Im.al—F +
+Re | +ReM_f — iRe M, +ImM_1 + Retl| +Re,//z_1+ —iRe ] Y Im.al ~F+
+ilm.ty Y ReM_{ + Imotty T ImM " + ilm.dty T Re 5" + Imotty " Imott —;
2.2.5 H i,
We want to calculate the term H_q ;.
Considering the definition
Hu= > MY (M) (110)
ANAy
and using
MM = MY g vy (111)
where the .# i‘ ~AY are the values from the grids, and the M ))\‘ NAY are the values reported in Table 7, for
JP = ;+. Specifically, the real parts are reported in Table 8, and the imaginary parts are reported in Table 9.

+
We have for H_;; for JP ==
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Hoyy= (M + A5 (M + )+ (MIT + 20 (M + o)

+ (M + )M+ )+ (M (M T+ =

= (ReM™} +ilmM™ + Reatt [ +ilm.st T V) (ReM{™t —ilmM™ + ReatF — ilmoat] )+
+ (ReM—y +iImM~y + Re#d—| + iIma#— )(ReM; ~ —ilmM; ~ + Red;y ~ —ilmy ~ )+
+ (ReM ™[ +iImM*] + Ret/ [ +ilmast ™t )(ReM; ™ —ilmM; ™ + Re#t; — ilm.#; )+
+ (ReM~{" +ilmM~{" + Re.st ;" + ilm.sl—;")(ReM; v —iImM{ " + Redt] " —ilmat] ") =
= ReM ™' ReM;'™ —iReM ™" ImM;™* + ReM ™} Re.st;T" — iReM ™" Im. ([T +
+iImM T ReM{™ + ImM Y ImM; 4+ ilmM ™ Re ;™™ + ImM ™ Imo st +
+Res " ReM{™ — iRe " ImM{™ + Redd TF Re st — iRettd 1 It +
+ilmd T ReM + Imoat T Im M + ilmat " Rett T + Imtt - It +

+ ReM—[ ReM; ™~ —iReM_{ ImM; ~ + ReM_[ Re.#| ~ —iReM_{ Im.#{ ~+ (112)
+ilmM~ ReM; ~ +ImM~- ImM; ~ +ilmM~| Re| ~ +ImM_ Im.#; ~+
+Re s~ ReM|{ ™ —iRe " ImM{ ~ + Re_| Re#l| ™ —iRe M| Im.A] ~+

+ilm.#—] ReMy ~ + Im.# "] ImMy ~ +ilma#—] Redy ~ + Imtl—] Im.a#y ~+

+ ReM™[ ReM; ™ —iReM™*[ ImM;~ + ReM | Re.#t;t~ — iReM ™ Im.#;"~ +

+iImM™T ReMt™ + ImM T ImM;"~ +iImM™ Re.dt;" + ImM™*| Im.a#;" +

+Re Mt ReM"™ —iRe /T ImM;'™ + Reddt| Retl;” — iRe | Im.atyt~ +
+7’]m,///ff]?(;\[1+7 + [m,///fflmﬂlﬁf +iIm.# "] Re. ///ﬁf + ]m,//:f]m,//ﬁf—i—

+ ReM—}FReMyt —iReM_{FImM; " + ReM ;" Re.st; — iReM | Im.#t; T+

+iImM~F ReM[ " + ImM~FImM; " +iIlmM_{ Re.dt| " + ImM— | Im.a# "+
+Res [t ReM; T — iRest —;" ImM; + + Re " \F Retl| v — iRedd — ;" Im.al] ++
+ilm P ReMyt + Imott —F ImMy ™ + ilmodl —F Re T + Imott —[ Ity

2.2.6 Hy,

We want to calculate the term Hp ;.
Considering the definition

Hy = Y MpY (At (13)
AN Ay
and using
M;\)\N)\Y :M))\\NAY _}_%)?\N)\Y (114)
Jr

where the .Z )\A NAY are the values from the grids, and the M )\)‘ NAY are the values reported in Table 7, for J¥ = 3

. Specifically, the real parts are reported in Table 8, and the imaginary parts are reported in Table 9. We have for
+

Hy, for J¥ = ;
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Ho1 = (Mf++ ///++)(M++ + M (M 4ty )My )

(M ot )M+t ) (M oty ) (M ) =

= (ReM™ + ZImM'H' + Re ™ +ilmdly ) (ReM;™ — ilmM+ + Redt; —ilm.at]™+)+
+ (ReMy ™ +iImMy~ + Redty ~ +iImdy ~)(ReM| ~ —iImM|] ~ + Re |~ —iImt] )+
+ (ReM ™ +iImMy ™ + Redty ™ + ilmly ) (ReM; ™ —iImM; ~ + Redt;" — ilm.at; ™)+
+ (ReMy ™ +iImMy ™+ + Redly ™ +ilmdly T)(ReMy T —iImM[ " + Rett;+ —ilmatty ") =
= ReM{ " ReM™t — iReMt ImM;™ + ReMy™ Re.dt;" — iRe M Im.at;"+ +
+iImMg ™ ReM;™ + ImM{ T ImM;™ + ilmMy " Re.at;™™ + ImMy ™ Im.at;™ +
+Rey T ReM™t — iRettf " ImM}T + Redty ™ Rett ;™™ — i Redt ™ Imoat]F+ +
+ilmly T ReM™ + Imotty " ImM™ + ilmodtf* Re st + Imott Imedt ™ +
+ ReMy ~ReM; ~ —iReM; ImM; ~ + ReMy  Re| —iReMy Im.#; + (115)
+ilmMy~ ReM{ ™~ +ImMy  ImM; ~ +iImMy~ Red|  +ImM; ~ ImA| ~ +
+Rely " ReM; ~ —iRely " ImM| ~ + Re#ly ~Rely ~ — iRety Im.dy ~+
+iImMy ~ ReM; ™~ + Imotty ~ImM; ~ +ilm#y ~ Redy ~ + Imdy ~Imay ™+
+ Re;\fjffﬁex\fff — [[{cu\[drflyn,lfﬁf + R('J[(Tfl?ei,//_rf — [T]?(’iﬂ[drillll,/c//ﬁi%»
+iImMy ™ ReM;t™ + ImMF ™ ImM;"~ +iImMj ™~ Re.dt;" + ImMg~ Im. 4"+
+Re ;" ReM"™ —iRe sty " ImM;~ + Redlyt ™ Redl;” — iRe s Im.aly~ +
+7’]m,///(fr7]?(u\[ﬁ7 + [m,///(fflnu\[ﬁf + i[rzz,,///[ffl?(%. ///ﬁf + ]m,%/(fflm,///ﬁf—i—
+ ReMy tReMyt —iReMy Y ImM; ™ + ReMy " Retty+ — iReMy T Im.aty T+
+ilmMy T ReM[ " + ImMy Y ImM; ™ +iImM; ™+ Redt " + ImMy T Imat 7"+
+Redly T ReM| T —iRetty TImM;t + Redly T Rett; — iRedly T Imty T+
+ilmdly Y ReMyt + Imotty Y ImMy ™ +ilmdly T Re sty + Imtty " Imaty ™

2.2.7 H,

We want to calculate the term H; g.
Considering the definition

Hy = Y MPY (At (116)
AN Ay
and using
M;\)\N)\Y :M))\\NAY _}_%)?\N)\Y (117)
+

where the .Z )\A NAY are the values from the grids, and the M )\)‘ NAY are the values reported in Table 7 for J¥ = =

+
We have for Hy ¢ for J© = 3
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Hio= (M + ) (MG + ottt )+ (M oty ") (Mg~ + oty )+
+ (M )M+t (M ) (M Tty ) =
= (ReM; " +ilmM{* + Reat + ilm.dt;" ) (ReM™t —ilmMy ™ + Reaty ™ — ilmoaty )+
+ (ReM| ™ +iImM; ™ + Redty ~ +iImay " )(ReMy ~ —iImM; ~ + Redly ~ —iImty ~ )+
+ (ReM; ™ +iImM; ™ + Redt; ™ + ilmst; ") (ReMy ™ —iImMy ™ + Redly™ ™ — ilm.say )+
+ (ReM; " +iImM; ™+ + Redty ™ +ilmdty T)(ReMy ™t —iImMy " + Retty v —ilmatty ¥) =
= ReM;" " ReMj ™t — iReM ImM;™ + ReM{™+ Re.dty ™ — iRe M Im.at++
+iImM ReMy™ + ImM; T ImM{™ + ilmM}* Redtf ™ + ImM Imdt +
+Re ;T ReM ™t — iRett ;T ImMy ™ + Redt]™ Retty ™ — iRedt;™ Imoat )+ +
+ilmal;TT ReM ™ + Imoat;T T ImME™ + ilmodt ™ Re st + Imoaty™ Imodty ™+
+ ReM; ~ReMy ~ —iReM; ImMy~ + ReM; ~Re.#;,  —iReM{ Im.#, + (118)
+ilmM; " ReMy ~ +ImM; " ImMy~ +iImM; ~ Redy — +ImM; " Imdy  +
+Re s~ ReMy ~ — iRe sty " ImMy ~ + Re ]~ Redly ~ —iRedly " Im.y ~+
+iImAy " ReMy ™ + Imotty " ImMy ~ +ilmod| ~ Redly ~ + ImAdy ~ Imay ~+

+

+ Re;\[ﬁfRe’J[“’f — [Rcu\[ﬁflnu\fjf + R(‘J[ﬁfl?ei,//(,’f — [Rciﬂfﬁflm,/g//(jr*Jr
+iImM; ™ ReMy ™ + ImM;"~ ImM~ + iImM; ~ Re. ™ + ImM; ™~ Im.#;~ +
+Re. ///l’ R(iﬂ[“‘ — [R(t,%/l‘ ImJ[(,’ + R(%,//l‘ R(é,///(,’ — lf]?(w//l’ ]m«//()’ +

+7’]m,///1+7]?(u\[ﬁ)r7 + [m,///ﬁflmﬂfjf +ilm.#; " Re. ///UJr* - ]m,%/rflm,///(ff—i—
+ ReMy Y ReMy ™t —iReMy Y ImMy ™ + ReM| " Retty * — iReM; T Im.tty T+
+iImM|; T ReMy ™ + ImM; Y ImMy ™ +ilmM; + Redty ™ + ImM; T Imaty *+
+Retl] T ReMy ™t — iRett7 T ImMy " + Redty t Redly + — iRe sty T Imatly T+
+ilmt; Y ReMy ™t + Imotty T ImMy ™ + ilmdly T Retty * + Imtty " Imdty ™

2.2.8 Hy_;

We want to calculate the term Hy _q.
Considering the definition

Hy = Y MY (At (19)
AN Ay
and using
M;\)\N)\Y :M))\\NAY _}_%)?\N)\Y (120)

where the .# A)‘ ~AY are the values from the grids, and the M ))\‘ NAY are the values reported in Table 7, for

p_ 37 p_ 37
J =3 . We have for Hy _; for J =5
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(M++ + ///++)(Mf1+ + M (My ™+ Ay Y M T + )+
+ (M~ + oYM + )+ (Mt A+t M+ =

(ReM++ + zImM++ + Re ™ +ilmty ) (ReM ™t —ilmM™ + Re.at ™t — ilm.atF)+
+ (ReMy ™ +iImMy~ + Redty ~ +ilmdy ~)(ReM—| —iImM~—[ + Re#~] —ilm#~] )+
+( )
) =

Hy, 1=

ReM ™ +iImMy~ + Re ™ +ilmaly ) (ReM*] —ilmM™] + Re (™| —ilmat/*] )+
+ (ReMy ™ +iImMy ™+ + Redly ™ +ilmly T)(ReM—;F —ilmM " + Re.t/ —|" — ilm.al—;"
= ReMy T ReM ™" —iReMt ImM™* + ReM{ ™ Re.at t]" — zReM;ﬂm///err
+iImM T ReM ™ + ImMg™ ImM*" + iImM ™ Re.at*]t + ImM+ Im.at i+
+Retly T ReM ™" — iRetty " ImM ™ + Re ™™ Rest ™t — iRetly™ Imoat *1F +
+ilmty T ReM A + Imosty " ImM T + ilmdtf * Ret *F + Imoatt ) Imeott 1+
+ ReMy ~“ReM~; —iReMy  ImM~| + ReMy ™ Re.#/ " —iReMy  Im.#_| +

+ilmMy~ ReM~; + ImMy ~ImM~; +ilmMy~ Re~| +ImMy~ Im.# " + (121)
+Rey " ReM—[ —iRe#ly " ImM—_| + Redly  Redl—| —iRedly ImA# | +
+iImMy ~ReM—; + Imotty ~ImM—; +ilm#y ~ Red ", + Imdy ~ImA—] +
+ Rc;\[drffffq\[fr - [[{cg\[drflnu\[jf + R(ﬂ[(irfl?fi, N — [Rex\[(jr*]m,/c//ijr
+iImMy ™ ReM™*[ + ImM{ ™ ImM™; +iImMy ™ Red ™ + ImMg~ Im.# "] +
+Redly " ReM ™t —iRety " ImM*[ + Redlyt ™ Red™] — iRe S Imasl ™t +
+ilm. s~ ReM ™[ + Imtty ~ ImM™[ +ilm.ty ™ Re | + Imodty™ Imal T +
+ ReMytReM—{F —iReMy Y ImM~{" + ReMy " Re.#/ ;" — iReMy T Im.#l—"+
+iImM; " ReM_] - + ImMy " ImM~F +iImMy " Red—" + ImMy  Im.al~[ +
+Re. +Re]bf_1+ —iRely +Im]V[_l + Retty +Re=//l_1+ —iRe My Y Im.l — [+
+ilmly Y ReM_{ + Imtty Y ImM " + ilm.dly T Re 5" + Imtty " Imotl —;
229 H_j,
We want to calculate the term H_; .
Considering the definition
Hae = 30 MM () (122)
AN Ay
and using
MM = MANAY v Ay (123)
+

where the .Z )\A NAY are the values from the grids, and the M )\)‘ NAY are the values reported in Table 7 for J¥ = =

+
We have for H_; o for JP = 3 :
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Hovo = (MI] + A5 (M 4 A) '+ (ME] + A Z0) (Mg~ + oy )+
(M + 20 (M A+ ot )+ (M + ) (M + oty )T =
= (ReM™}" +ilmM™ + Re.att [ +ilm.st T (ReM™t — ilmMy ™ + Reaty ™™ — ilmoat )+
+ (ReM—y +iImM~y + Re#d—| + iIma#— )(ReMy ~ —ilmMy ~ + Redty ~ — ilmy )+
+ (ReM ™[ +iImM™*] + Red ™t +ilm#l ™ )(ReMi™ —iImMy ™ + Redly™ ™ — ilm.ay )+
+ (ReM~{" +ilmM~{" + Re.tt ;" + ilm.sl—;")(ReMy ™t —ilmMy ™ + Redly ™ — ilmsty ) =
= ReM ™" ReMt — iReM ™ F ImM{™ + ReM ™} Re.dty ™ — iRe M} Im.at++
+iImM*F ReMt + ImM ™t ImMF +ilmM™* Reatt ™ + ImM ) Imoat +
+Re st ReMy ™ — iRe - ImM{™ + Redd T[T Retty ™™ — iRett 1 It +
+ilmd P ReMIT + Imoat T ImMF™ + ilmat " Retf ™ + Imott - It +
+ ReM~; ReM, ~ —iReM_{ ImM;~ + ReM_{ Re#ly ~ —iReM_{ Im.#; ~+ (124)
+ilmM~ ReMy ~ +ImM~- ImMy ~ +ilmM~| Re#y ~ +ImM—| Im.#; ~+
+Rel" ReMy ~ —iRe#l— ImMy~ + Re " Redty, ~ — iRe—| ImAMy ~+
+iIm# = ReMy ™ + Imo#td— ImMy ~ +ilm# =] ReMly ~ + ImA—] ImsAy ~+

+ Re;\[fr ReMj — /'[‘x)f’_\[j»r[lll‘\[(fi + R(:\/fr Re sy — [L’r,A\[fflm,//Jer
+iImM* ReM ™ + ImM™* ImMy ™~ +ilmM*[ Redly~ + ImM* Im.dty ~+
+Re st ReMy ~ — iRe T ImMS ™ + Re ™| Redly ™ — iRedd | Imty ~+

Jr/‘]/n,//jfﬂ’,(;\fﬁf + ImAT ImMy~ + ilm#"] Re. //Jf - ]m,///:f[m,%/(ff—i—
+ ReM—}FReMy ™t —iReM_{FImMy " + ReM ;" Re.tty * — iReM | Im.tty T+
+iImM~F ReMy ™™ + ImM~F ImMy ™ +iIlmM—{ Re.dty ™ + ImM~ | Im.aty *+
+Rel ;" ReMy * —iRett ;" ImMy ™+ + Redt ;" Retty ¥ — iRedt " Im.ly T+
+ilm. P ReMy ™t + Imottl —;F ImMy ™ + ilmodd —F Re sty * + Imott —; Imaty ™

3 Calculation of differential cross sections

3.1 x factor

To calculate y, defined as:
= 2t P
16me KH

where W is the invariant mass of KA system and mp is 0.938 GeV/c?, we need |p}| and K.
As already obtained in Eq. 24, we obtain the first one using the formula for the two-body decay in the center of

(125)

mass frame:

. . W4+ (m2 —m3%)2 — 2W2(m?% +m32)
Pk = IpAl = v i KA (126)

where my is 0.4937 GeV/c? and my is 1.116 GeV/c?.
Ky is defined as

2

Ky = — 127
H = WLAB omp (127)

where Q2 has been already defined in Eq. 17 as
Q*=—¢" = —(wiap — k%AB) = [kpagl? —wiap (128)
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In the laboratory frame holds the relationship 18:

W2 = (mp+wrap)® — (kpap)? =mb +wi g + 2mpwrap — |krap|?

129
= |kpapl|? =mb +wiap + 2mpwrap — W? (129)
So, substituting 129 in 128, we have:
Q° = [kpapl® —wiap =mp +wiap +2mpwran — W —wi,p (130)
=m% + 2mpwrap — W?
and we can use this result in 127 obtaining
2 2 2 _ W2 W2 _ 2
Ky =wrap — — wpap — 22 T MPYLAD = F (131)
Qmp Qmp 2mp
In conclusion y factor can be calculated as
VWA (mf —m3)? — 2W2(mj +m3)
1 il 1 o7
16Wmp Ky 16Wmp W2 —m2
T 132
_ 1 VWA + (m2 —m3)2 —2W2(m2% +m3) 2mp
16Wmp 2W W2 —m?
1 +
32 JP==-
2
dUL
3.21 ——
dQ)
We use the definition J )
oL
—— =2 H 1
dQ}{{ X (47T>2 ( 0,0) ( 33)
employing x factor from Eq. 132 and Hy o from Eq. 49 we have:
dop _, 1 (Hoo) = 2 1 VWi (m% —m3)2 —2W2(m2% + m3) 2mp
a0y, MmUY T Un2 16Wmp 2W W2 —m3
[2(F1 5 AQ)* (M7 = W?)? + (T M,)?) + 2(Imst™)? + 2(Retty™)? + (Imodly™™)*+
0*
+ (Retty =) + (Imutty *)* + (Retty ™) + 2Rety ™ F| /QAQ(smg)(Mz - W+
0% 03 03
+ 2Im.A; T F) /QAQ(sz'n?K)(I‘TMT) +2Retty TF| ), AQ(fsing)(Mf — W?) + 2Im.ty T F} /QAQ(fsin?K)(FTMT)]
(134)
Or using x factor from Eq. 132 and Hy from Eq. 50:
dor, 1
a0y X(47T)2( 0,0)
_ 2 1 Wi (m2% —m3)2 —2W2(m2 +m3%) 2mp .
(47)2 16Wmp 2w W2 —m?% (135)

[2(F] ), AQ)P* (M7 = W)? + (Do Mp)*) + 2 | g™ P+ |ty [P+ | g™ | +

+2F] /2AQ(sm9§ )(M? — W?)Retty™ ™ + Imtty™ (D, M,) — Retty H (M7 — W?) — Imtty T (T, M,))]
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dO’T
2.2 ——
3 ds)

The terms in the grid satisfy the relationships
MIT =M M =ty M = -l M = -l AT =M
Using x factor from Eq. 132, H;; from Eq. 54 and H_; _; Eq. 58:
dG’T 1
=X 2
dsys, (4m)

X - - —
= (g (B AP (2 = W20 (D M)+ | A P | P | P Al

+ 2F] )y A(=sinf [2)(M? = W?)Re M + 2F] o A(—sinb /2) (T M) I 4ty +
+2F] ), (coseK/z)(W W?2)Re ;'™ + 2F] ;, A(costic /2) (T M,) Im. A}~ +

+ (g AP (M = W22 4 (O My )* )+ | A2 P [t P |2 P [ P+
+ 2F1/2 cosOy /2)(M? — W?)Re.dd —" + ZF{/QA(COSHK/Q)(FTMT)Im//Z__f'—i—
+ 2F] jy A(sinb; [2) (M} = W) Re M~ + 2F] 5 A(sinb /2) (T M) Il 7| =

X - - —
:W- [2( 11/2A)2((M7?_W2)2+(FTMT)2>+|e//f1++ |2+|%1 |2+|'///1+ |2+|%1 N |2+

+ 2F] )y A(=sinf /2) (M} — W?)Re " + 2F] 5 A(=sinb /2) (T, M) I, +

+ 2F] ;y A(costc [2)(M? — W?)Re "~ + 2F] ;, A(coste /2) (T My ) Im. A~ +

S R AN R Y R P R P A

+ 2F] ;5 A(cosb [2)(M? — W?)Re " + 2F] ;5 A(cosbi /2) (T My ) I~ +

+2F] )y A(sinb /2)(M? — W?)Reld~ + 2F) ), A(sinbc /2) (T M, ) Im M~ ] =
1 1 W4 (m2% —m3)2 —2W2(m2 +m3%) 2mp .

~ (4m)2 16Wmp 2W W2 —m?

2[(F jp A2 (M7 = W22 4 (Do M )* )+ |t P |t P | P ot P+

(Hia+H_ )=

(
(

— F| o A(sinb [2)(M? — W?)Re ;™ — F{ )y A(sinbe /2)(Tr M) Im M + F 5 A(cosO /2) (M7 — W?)Re ;™
+ F{ )y A(costie [2) (T My ) Iy~ + Fy 1y A(costie [2) (M — W) Re M~ + Fi 5 A(cost /2) (T T)Im///_fr—i—
(

+ Fi )y A(sinbi /2) (M} = W*)Re M~ + FY 5 A(sinb /2)(Cr M) I~ |

In conclusion

dO’T 1

= H H_,_41)=

. X(47r)2( it Hon)
1 1 Wi (m2% —m2)2 —2W2(m2% +m%) 2mp
© (4m)2 16Wmp 2W W2 —m3

2[(F o AP (ME = W22 + (Do M) | Ay P |ty P+ |t Pt P+

(136)

(137)

+ F{ )y A(sinte /2) (M} = W) Red— + (Do M) Imodl = — (M} = W) Re i+ — (Do M,) Im.at,"™)

+ F{ jyA(costic [2) (M} — W?)Redlyt ™ + (T M) Ity + (M? — W?)Redd " + (T M, ) Im. st~

+)]
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dULT

3.2.3
dQ
dJLT 1
—— =X H,1+H_11) =
Sy X(47r)2( 1,-1+ 1,1)
o1 1 Wit (m% —m3)?2 —2W2(m% +mi) 2mp
(4m)2 16Wmp 2W W2 —m2

[(ReM{t Ret ™" — iRe Mt Imoatt*F + iImM T Reat *F + ImM T+ Im.at*F+
+Re ;Y Re ™ — iRe " T Imat " + ilmodl " Redt T + It It 7+
+Redl{  ReM—{ —iRel{ " ImM—; + Re#l| " Red—| — iRe ]  Im.# " +
+ilmy " ReM—{ + Im.#ty  ImM—{ +ilm#y ~ Red "] + Imdy  Im#—] +
+ReM ™ Re#tt] —iReM Im.#™] +ilmM{ Re.t ™ + ImM; Im.a#™[ +
+Re ' Re ™ — iRedl; Imat ™t +ilmtt; " Red ™[ + Imdty Imal "+
+Re T TReM~ " —iRe st T ImM—" + Rel] " Red " — iRe ] T Im.atl [+ (139)
+ilm.ly T ReM_{F + Imotty T ImM—;" + iImodty * Retd —;" + Imodty " Imodl — )+
+ (+Ret T ReM[™ — iRed TF ImM ™ + Retd " Rett T — iRett W Imot ;™ +
+ilm AT ReM + Im.at - Im M + ilm st Redt " + Imott T Imott 7+
+ ReM”—| Rett; ~ —iReM_ Im.#| — +iImM_| Red|; ~ +ImM_ Im.#; +
+Re " Redly ~ —iRe " Imt| ~ +ilms_] Red, ™ +ImA_ Ima]  +
+Re st ReM;"™ —iRe T ImM"~ + Red | Rett;"™ — iRe ™t Im.l~+
! /1)1/.//+f RnJ[ﬁf + Im. //Jrf[m‘\[ﬁf +iIm. //Jrffl’(: //ﬁf + I'm. //Jrflm. //IJ’7+
+ ReM_{t Retty ™ —iReM " Im.aty " +iImM—{" Re.dty " + ImM ;" Im.aty "+
+Re M~ F Rett; v —iRedd " Im ;™ +ilm.atl ~;" Ret] + Imatt " Im.at|

)]

The terms in the grid satisfy the relationships
MIT =M MG =ty M =T M = - T =] (140)
And from Table 3 we have that
M =—-M—| M~ =M_}) My~ =My M =M, (141)

And we can simplify considering that there are opposite terms:

dULT 1
= — }{ _ f[, —

a0 X(47r)2( 1,-1+ 1,1)

_ 1 1 Wi+ (m% —m3)? —2W2(m% +m3) 2mp
(47)2 16Wmp 2W w2 — m%

2(ReM* Re. (™t + ImM* Imst ™" + Redt " Redt ™ + Imoat;™ Im.at*" +
+ Re; " ReM—_| + Retl;y " Redt"| +Imy ImM_; +Imd;  Im#_ +
+ ReM; ™ Re.™ + ImM; ~Im.#* + Resty" Red* + Imdt;~ Im.at| + (142)
+ Re 7 *ReM—{" + Redl; " Re =" + Imotty " ImM—{" + Imdty " Ima( =) =
1 1 Wi (mf —my)? - 2W2(mg +mj)  2mp
(4m)2 16Wmp 2W W2 —m?
2(ReM;{ ™ Ret* [ + ImMF T Imat ¥ + | T2 + | 427 )P + Redty " ReM~y + Imodty ~ImM—] +
+ ReMi" ™ Re ™ + ImM; " Im#*y — |4, | — |+ > + RedtT " ReM_{" + Im.aty” t ImM ")

41



Finally we substitute values from Tabs 4 and 5:

dopr
= — f{ _ ff, =
dQ*K X(4ﬂ_)2( 1,—1 + 1,1)

- 1 L Wi+ (m2 —m32)2 —2W2(m% + m%) 2mp
~ (4m)2 16Wmp 2W w2 2

- mp

2(F )y A(=sinbie /2) (M} — W*)Re M *]" — Fy )y A(sin0y /2)T Mo Im A5 + | AP+ |7 P+ (143)
+ Re | " F| ;5 A(sinb [2)(M? — W?) + Im.aly” ™ Fy 5 A(sinf /2)T M+

+ F{/QA(COSQ%/%(ME ~WHRed | + F{/QA(COSG}Q)FTMTIm///f{ — | - ot P

+ Re ;T FY )y A(costic [2) (M7 — W?) + Im.at; " Fy )y A(coste /2)T, M, )

In conclusion:

dULT 1
= - Hy _ H_ =
dSY;, X(47T)2( 1,-1+ 1,1)
1 1L Wi+ (m% —m2)2 —2W2(m% + m3) 2mp __ _ _
- YW Asatinl 2| -2 )
@) 16Wmp 21 Wz 2T LA P

+ F{ )y A(sinbe /2)(Rety ~ (M} = W?) + Im.Aly " Tp My — (M2 = W?)Re A FF — T My Im. A1)
+ F{ ;5 A(costic [2)(M? — W) Re X + T Mo Im M + RedtT (M7 — W?) + Im.sty T, M,))
(144)
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3.2.4

do TT
ds)

dorr 1

Ay, N(am)2

(Hoq +Hi0o—H-1,0— Ho,—1) =

1 L Wk —m3)? =22k +mR) g
(47)2 16Wmp 2w W2 —m2
[ReM{ ™ ReM{™ —iReM{ T ImMT + ReM{™t Re.t;™ — iReM{ T Im.at7 + ilmM T ReM T+
HImMy T ImM{T + iImMt Reatt ™ + ImMy T ImttF + Reati T ReM+ — iReat ) Im++
+Retty T Rett;™ — iRety T ImtF T + ilmoat T ReMTY + Imeatt  ImM;PT + ilmeat Y Reat T+
+Imdty T Imat;™ + ReMy ™ Re#tT ™ — iReMy ~ Im.#ly ~+ilmMy ~ Redly ~ + ImMy ~ Im.ay ™+
+Rey ~ Redly ~ —iRedly —Im| ~+ilmady ~ Resy ~ + Imdy —Ima| ~ + R&\/Jr* Rsﬂ/fr7+
—iReMJ ~ImM; ™ + ReMy ~ Re.d;t~ — iReM ™ Im.4;t~ +iImMg ™~ ReM'™ + ImMy ~ ImM; ~ +
+iImM ™ Ret;” + ImMy ~ Im.dlit~ + Redly” ~ ReMi™ ™ — iRettyt ~ImM{"~ + Re.tty ~ Re.tt;F~ +
—iRe. //Jf Im.l/fﬁ +iIm. ///U+7 R(’ﬂ[f7 + Im. //Jr7 [mﬂ[fr T+ 7'1771,,///0+ " Re. ///f7 + Im. //U+7 1’”“//1+ T+
+ ReMy T Rett7 v — iReMy T Im.sty T +ilmMy T RedtT T + ImMy T Imst;+ + Retly T Retty T+
—iRety T Imoat T T vilmotty T RettT + Imotty Y Imot T + ReMPT ReMT — iRe M Imt +
+ReM{Vt Reatyt ™ — iReM; ™ Imoath ™ + iImM T ReMF™ + ImM; T ImM§T + iImMt Reath T+
HImM Y Imoat T + Redt;TT ReM™ —iRett TV ImMy ™ + Redt T Reatt + — iRedt ;T ImoattFF +
+ilmaiTt ReMF™ + Imoat T ImM§+ +ilmodt T Rett i + Imott T Imottf T+ RettT ~ ReMy ~+
—iRel; " ImMy ~ + Redl{ ~ Rely ~ —iRedl; " Im.My ~ +ilms| ~ ReMy ~ + Im.Ay — ImMj~ +
+ilm. ]~ Reds ™ + ImdyT " Imy ~+ReM;" ™ ReM~ —iReM " ImM~ + ReM ™ Re.#t;} ~+
—iReM;" ™ Im.dl ™ +iImM;" ™ ReMy ™~ + ImM;"~ ImMJ ™~ + iIlmM;"~ Re ™ + ImM; ~ Im.#~+
+Redf " ReMy ™ — iRel;” ImM{ ™~ + Ret;” ™ Retl ™ — iRedtit ™ Imsly ™ + ilm.at;F~ ReMy ™+
+I7n(//1+7 Tmﬂflgrf +idm.a] Reu//;rf + Tme,//;rffm.///(ff + Re//[erReMO*jL - iRe/{f+ImM(;++
+Retl; Y Retty ™ — iRett] VImotly + + ilmodtT T ReMy ™ + ImottT T ImMy ™+ + ilmotty t Retty ™+
+Imodty T Imotty T — (Res P ReM™t — iRe.tt [T ImMGt + Ret ¥ Rettf ™ — iRett T It ++
+ilma# T ReMF + Imoat > T ImM§T + ilmot T Rett T + Imett T Imodtf T + ReM~ ReMy
—iReM~] ImM; ™ + ReM "] Re.#l; ~ — iReM ™~ Im.ly ~ +iImM~; ReMy ~ + ImM~; ImMy ~+
+iImMZ | Redly — +ImMZ_[ Ima#y ~ + Re#/" ReMy ~ —iRe#_ ImMy~ + Re/"| Retly ~+
—iRe " ImMy ~ +ilms#— ReMy~ + Im.A— ImMy ™~ +ilm#— Redy ~ + Im.a— Im.s#; ~ +
+Ret ¥ ReMi ™ —iRed T ImMJ ™ + Red ™| Rett — — iRett | Imatf ~ + ilm.at T ReM~ +
+Ima T ImMS T + iImo#t T Restyt — + Imeat T Imedtt~ +ReM = ReMy ™t — iReM ~{F ImMy T+
+ ReM~ " Retty ¥ —iReM_F Imaty * +ilmM [ ReMy ™ + ImM~F ImMy ™ +iIlmM~ " Re.ty T+
+ImM = Imtty ™ + Retd"F ReMy ™ — iRett "V ImMy ™t + Rett ;M Retty+ — iRectt =  Imoaty ™+
+ilm#—F ReMy ™+ + Imo —; ImMy T + ilm —" Rety  + Imtt —F Imotty ) — (ReMit ReM T+
—iReM T ImMy ™ + ReM{t Rett ™ — iReM ™ Imoatt ™ + iImMt ReMF™ + Im M ImM T+
+iImM T Reatt * + ImM; T Imoat )t + Rett T ReM™ — iReat™ T ImMG™t + Rettt T Rettf ++
—iRe T Imatf +iImatt;TF ReMy ™ + Imoaty™  ImMG™ + iIlmtt;T Rett T+ + Imott T Imatt  +
+Resl; " ReMy ~ —iRedli " ImMy ~ + Red; ~ Redly ~ —iRedly ~Im.ty ~ +ilma#| ~ ReMy  +
HImodT T ImMy T+ idmod] T Retly ~ + Imodt] " Imodly ~ + ReM | ReM~ —iReM | ImM; ~ +
+ ReMi ™ Red ™ — iReM; ™ Im.a#t; ™ +iImM;" = ReMy ™ + ImM; = ImMJ~ +iImM; ~ Re.at] ~+
+ImM, " Im.aty" ™ + Ret;t” ReMy ™ — iRett," " ImM~ + Rett," ™ Re.ttt~ — iRetF ™ Im.attf ~ +
+1',Tm.////1+7 R&\/Jrf + 1771.//Kfr7[772,Aﬂf(]’7 + i[m.///;rfReﬁ//(frf + Tm.///fr7 lm.///[fr7 + Re///erReMng—i-
—iRe T T ImM; ™ + RettT T Rety * — iRett T VImotty+ + ilmott T T ReMy ™ + ImoatT T ImMy T+
+iIm,///1_+Re.///0_+ + Im,/fl_+lm.///0_+)]

The terms in the grid satisfy the relationships

M =M MG =ty M = M M = T M =]
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And from Table 3 we have that
M = =MZy M = MZF My = =My My = Mg~ (147)

And we can simplify considering that there are opposite terms, obtaining:

dUTT o 1

a;, — Nane
1 1L Wi (mf —m3)? - 2W2(mg +m3)  2mp

(47)2 16Wmp 2W W2 —m?

[4(ReMg+ ReMi™ + ImMg ™+ ImM;t + ReMg™ ReMy~ + ImMg ~ImM;+ (148)

+ Im Aty TIms# =" + Redy t Redt+ + Imly ™ Imsly™~ + Redly ™ RedF~+

ReMy T Re 7 + Imtty T ImMy ™+ + ReMi™ Ret~ + ImMF ™ Im.# )+

+ 2(Redly ™ ReMy ™ + Imdty” " ImM;~ — Retly Y ReM—F — Imutty " ImM—{"))]

We can substitute values from Tabs 4 and 5:

(Hopn +Hio—H_1090—Hop—1) =

dUTT 1
=— H Hig—H_ 19— Hy_1)=
a2, X(47T)2( 0,1 + 1110 1,0 0,-1)
11 W (mg - mR)? - 2WR(m +m})  2mp
(4m)2 16Wmp 2W W2 —m%

[4(F1 ;5 AQ(cosic 2)F] jy A(—sinbic /2) (M7 — W?)? + F{ ;, AQ(costc /2) FY jp A(—sinbj /2)T7 M7+
+ F p AQ(sinbj [2)F] 5 A(costic /2) (M7 — W) + F{ ;, AQ(sinbyc /2)F 5 A(cosbic /2) (T M, ) >+
+ Imdly TIms =" + Redly t Redty v + Imaly ™ Imsly™~ + Redly ™ RedF~+

— FY )y AQ(sinb} /2)(M? = W?)Re [+ + ImA " F| 15 AQ(—sinb; /2)T M+

+ F{ ;5 AQ(sin0 /2) (M} — W?)Re ™ + FY ;5 AQ(sinde /)T, My Im. A~ )+

+ 2(Re My ™ FY )y A(costic 2) (M7 — W?) + Im.aty ™ Fy 5 A(cosO /2)T M+

— Rely T F| ;5 A(cosO [2) (M7 — W?) — Im.dly T F| ;5 Acoste /2)T, M,.)]

(149)

Simplifying opposite terms we obtain:

dUTT 1
= —v——=(H, Hio—H_19—Hy_1) =
a2, X(4W)2( 0,1 T 1110 1,0 0,-1)

1 1 VWA 4 (m2 —m32)2 —2W2(m2% + m2) 2mp .
(47)2 16Wmp 2W W2 —m3
[A(Im.tty T ImaM =" + Redly " Redty * + Imdly ™ Imsty™ + Re ™ Redl; ™+
— FY 5 AQ(sinb; /2) (M} — W) Ret;+ + Im.Aly F ), AQ(—sinbi /2)T, M+
+ F{ ;5 AQ(sin0 /2) (M} — W?)Re ™ + FY ;, AQ(sinte /2)T My Im. 4~ )+
+ 2(Rely ™ FY 1 A(costic [2) (M7 — W?) + Im.aty ™ Fy )5 A(cost /2)T M+
— Rely " F 1 A(cosO /2) (M7 — W?) — Im.dty T F| ), A(coste /2)T, M,.)]

(150)

In conclusion:

dUTT 1
=— H Hio—H_ 19— Hy_1) =
d<r;. X(47r)2( 0,1+ 10 1,0 0,-1)

1 1L WAt (mf —m3)? = 2W2(mg +m3)  2mp
(47)2 16Wmp 2W W2 —m?2
[A(Imdty  Ima =" + Retty " Redl; ™ + Imdly” ™ Im.al;"™ + Redty ~ Redl; ™+
+ F 5 AQ(sinb /2)(—(M? — W?)Re ;™ — Imaly " T M, + (M? — W?)Re ;"™ + T My I AliF ™))+
+ 2F] ;g A(costy 2)(Redty™ ™ (M7 = W?) + Im.aty T M, — Redly (M7 = W?) — Im.My T, M, )]

(151)
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3.3 JP=-
dO’L
3.3.1 ——
ds)
We use the definition J )
oL
=2x—— (H, 152
o~ Xamp Hoo) (152)
employing x factor from Eq. 132 and Hyp o from Eq. 95 we have:
dO‘L 1
oy~ Xy Hoo)
_ 2 1 WA (mE —m})? WP (m +mi)  2mp
~ (4m)2 16Wmp 2W W2 —m?

(207, AQ 2 = Loos B2 (a2 = W2 1 (0,04,)2) + 2(7, AQC T i By 2 (g2 w22 4 (0,004
+ (Imotty ™) + (Rety ™) + (Imtty ~)? + (Rety ~)* + (Imty ™) + (Rety ~)* + (Imty )2 + (Retty T)*+
?’a)sgiK*l(smg—K)(Re///r(Mf ~W?) + Imaty T M,)+

03 —1 0%
BCOSfK(szn—)(Re/// FOMZ — W) + Iy T, M,)]

—2F,,AQ

—2Fy,,AQ
(153)
employing x factor from Eq. 132 and Hy o from Eq. 96 we have:

dO’L 1
—_— = _— H =
aoy X (47r)2< 0.0)
2 1 Wi+ (m% —m2)2 —2W2(m% +m%) 2mp
~ (4m)2 16Wmp 2W W2 —m?
1 * * 1 *
(207, AQ i = Loos P2 (a2 = W22 1 (0,04,)2) + 2(7, AQC T i By 2 (g2 w22 4 (0,0,
S R e Y/ o B/ R P /e S
— 2F} /QAQ?)COSgiK_l(sm%{)(Re///J_(Mf — W?) + Imtty T, M, — Retty * (M} — W?) — Imsty "T, M,)]
(154)
dO‘T
3.2 —
3.3 ol
The terms in the grid satisfy the relationships
M = M MG = — My M = =l M =~ M = A (155)
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Using x factor from Eq. 132, H;; from Eq. 101 and H_; _; Eq. 106:

dO’T 1
= H H_ — =
s, X 2( 11+ 1,-1)

(4m)
1 IEVATIC

2, —m3)? = AW (3, & m3)

2mp

T (4m)2 16Wmp

[(F3/04)%((
1 1 — cosf; 0%
+ @ngc ;
y  Bcosti +1 9*
3cosli —
v zF;/2A<+ i) o
A 1 — cosOy 0%
/ — ity —_
+ 2Fy ), QQ(\/E 5 K cos 5
/2%(—\/571 i 02059K sme—
+ (Fy A2 (M} = W?)?
1 1 — cosO3 0%
@(\/5%00571()2 (
+ | AP +2F; A
—1 3/2 Q2 2
A
Q? 2
3costy — 1 0%

M2 _ W2)2

+2F}
_|_

+ 2Fé/2

+2F3 ;5 A( 5 cos—

3cosb3 1
costly, + si

0*
+ 2F3 ) A( 5 n?K)(

2w

3cosby, +1 . 0% 1
+ (T M) [(——E——sin

KV |ty P+ |ty P+ |

(M —

K\(M? — W) Rett] + 2F§/Q%(\/§
é()(ME —~W?)Redl[~ +2F}
+ (0 M,)%)|
3cosbi, —
(\/gwsm 5
(ﬁﬂcos%)u\ﬁ _
7K)(M2 _

M} = W) Redl~ + 2F ), A(

2 _ 2
w mp

1 *
) +7(\/§M :

0% 3cosli — 1 0%
Q4 K)Z T ( K

5 cos ;)2—&—

2 Stn 2
2+ | P+

3cosbi +1 . 0%

W2)Re i + 2Fg/2A(—%s'

3cosbi, — 1 9*
2

2

BN, M) I+

— W) Re "™ + 2Fy )5 A( )(F M) Im.a~

1 9 0%
%COST)F,«MJm%fJ“—F

A 1+ cosOl; 0}
/Q@(—\/ﬁwsmg)nmm/gw

1 1+costy . 0% .o ,3cosfi +1 . 0%
@(\/gfsm7) +(fsm 5

)+
0% _
TK)HI///**I?H/// P+ P+

A 1+ cosBj;
(V3 sin

1 costi 03
(ﬁ%cosg)(rrm)zm//ﬁﬁ

2

Q—K)(Mf — W) Red*}F + 2F3 ), %K)(r M, Imd ™+

A
/202
LSGQK* Leo lL)K)(r M) Im.t = +

0% +1 0*
m%sin7)(Fer)Im///:f} =

W Re ] + 2F

W) Re ;" + 2Fy )5 A(

1 1

VWA (m?

—m3)2 — 2W2(m% +m3)

2mp

T (4m)2 16Wmp

[2(F5 ), A)* (M — W)

2w
+ (0 M) [(

2 _ 2
w mp

0 +1 . 03 1 1 03
Seostic +1 in—5%)% 4 @(\/37—'_ 0208 K sin 5

07 3cosl% — 1 0%
5 7K)2 + ( K

Yk 2
5 0032)+

11— costi 0
+ @(ﬁ%cosg)ﬂ 2| P2 T P2 T P2+
; a3costi +1 . O 2 2 - —— 2 2 ++ ++
+ 2F3/2A(#szn?)[(M — W Ret—; + (Ur M) Ims—] — (M7 —W?)Re ] — (T M) Im. A" |+
0. —1 o
+2F), /QA(?’COS% 055 (M7 = W) Re.tti = + (L, M) It~ + (M = W) Re. =" + (L, M) Im.a |+
A 1—costl 03
+2F, /Q@(\/ﬁ%mg)[(w — W2)Re ™ + T My Imtly+ + (M2 — W3 Retd [ + (T, M) Imott 7]+
+ 2F4 /Q%(ﬁ%sm%)[(w — W) Red*[ + (Dp My ) Imtt 3F — (M? — W?)Redt] ~ — Tp Mo Imotty ||
(156)
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3.3.3

dULT

dQ)
dULT 1
a0 X(47T)2( 1,-1+ 1,1)
_ 1 1 Wi+ (m% —m3)? —2W2(m% +m3) 2mp
(47)2 16Wmp 2W W2 —m2

[(ReM T ReM*f —iReM; " ImM™{" + ReM"* Re.#t*" — iReM; " Im.#t M+
+iImMT ReM ™t + ImM; ImM™F + ilmM; T Reat 5 + Im M Imoat 7+
+Re T ReM ™t —iRe T ImM ™ + Redt;" " Rett ;" — iRett ;™ It *F +
+ilm. T ReM T + ImoatF T ImM Y + ilmodt ™ Rett ™7 + Imoatt T Imott 7+
+ ReM; ~"ReM—| —iReM; " ImMZ; + ReM; ~Re.Z/_| —iReM; Im.#~| +
+iImM; " ReM— +ImM; " ImMZ- +ilmM;  Re#_[ +ImM; " Im.#Z_ +
+Redly  ReM—_| —iRe#; ImM_; + Redl;  Res#—| —iRedl, Im.A#_] +
+idmo] " ReM_[ +Im.A,  ImM_[ +ilm#|  Red—| +Im| ImA#_ +
+ ReM;"" ReM ™ — iReM;{ " ImM™ + ReM;"” Re.#/*] —iReM;" " Im.#* +
+iImM;T ReM ™[ + ImM;" " ImM*[ +ilmM;"” Re./t| + ImM; Im.#* +
+Re,///ﬁ7[{eﬂ[jr — i]?f,t,///ﬁflmﬂfff + Rf,z,///ﬁff{(.’,//jf - I'Re%,/%/ﬁflm,///jf+
+ilm " ReM™T + Im. "~ ImM*T +ilmd; ™ Red [ + Imat] Imat 7+
+ ReM[ TReM~{" —iReMy Y ImM—{" + ReM{ *Re.dt =" — iReM{ * Im.# ] +
+iImM; Y ReM~" + ImM; Y ImM~F +iImM; T Re.dt ~;" + ImM; " Im.#~ +
+Rely " ReM~{" — iRetly VImM ;" + Rett] " Redd ~" — iRe Mty " Imtl —[ + (157)
+ilm.dly " ReMZ{" + Imodty T ImM_t + iImsty * Redd—[" + Imodty T Im.al =)
+ (ReM*{"ReM" — iReM ¥ ImM;™" + ReM ™ Re.t;t " — iRe M Im.at; +
+iImM* T ReM{™ + ImM ™ ImMt + ilmM* Re ;T + ImM = Imoat T+
+Res " ReM{™ — iRe T ImM™ + Redd TF Rett " — iRett T It +
+ilm T ReM{ + Imoat - ImMTT + ilmodt ™ Re ™ + It It +
+ ReM~ ReM; ~ —iReM_—{ ImM; ~ + ReM”| Re.#; ~ —iReM_| Im.Z| ~+
+ilmM— ReM; ~ +ImM- ImM; ~ +ilmM_| Re/| ~ +ImM_ Im.#; ~+
+Rel"] ReM; ~ —iRe#l— ImM; ~ + Re " Redl] ~ — iRe " ImA, ~ +
+iIm# = ReM| ™ + Imo#/— ImM; ~ +ilmA#~] Redy  + ImA—] ImA| ™+
+ ReM ™t ReM{~ —iReM ™[ ImM;~ + ReM ™[ Re#t;" —iReM ™| Im.#;"+
+iImM T ReMt™ + ImM ™7 ImM;™~ +iImM™ Redt;™ + ImM*T Im.at;™ ™+
+Re st ReM{~ — iRe s ImM;"~ + Rel™| Redl] ™ —iRe | Im.y~+
+ilm. At ReM ™ + Ima#/ Y ImM[™ +ilm.# ™| Redtt~ + Imdl ™ Im.at;F~+
+ ReM—}FReMyt —iReM_F ImM; " + ReM ;" Re.tt;+ — iReM | Im.#t; "+
+iImM~F ReM [ + ImM_FImM; " +iIlmM_}* Re.dt| ™ + ImM— | Im.a#[ "+
+Res [t ReM; T — iRest ;" ImM; + + Red " \F Retl| + — iRedl — ;" Im.al] ++
+ilmdl =P ReMyt + Imott =P ImMy ™ + ilmodd —F Re T + Imott —; Ity ™

)]

The terms in the grid satisfy the relationships

M = MG =ty T M = AT = - M = (158)
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And from Tabs 8 and 9 we have that

Mt =—-M—"] M~ =M} M~ =-M;" Mt =M;~ M| =M~ Mt =M, (159)

And we can simplify considering that there are opposite terms:

dO’LT 1
= — Hy _ H_ ==
a2, X(47r)2< 1,-1+ 1,1)
B 1 1 W4 (m2% —m3)2 —2W2(m2 +m3%) 2mp
(4m)2 16Wmp 2W W2 —m%

(ReM; " ReM™" + ReM; " Re.attiF + ImM T ImM™ + ImM Im.at i+
+ Re ;7Y ReM ™| + Re sttt Ret *[ + Imott TV ImM T} + Imoat P It +
+ ReM; ~ReM~—; + ReM| ~Re.#/”; +ImM; ~ImM_ +ImM; ~Im.#_| +
+ Ret] " ReM_| + Red;{  Redl "] +Imutty ImM_; +Imty Im#_ +
+ ReM"~ ReM™[ + ReM; ™ Re.#(™] + ImM; ~ImM~*; + ImM;"~ Im.#* +
+ Re#t," " ReM™*[ + Redl;" ™ Re ™ + Imatyt " ImM*y + Imodly " Ima(* +
+ ReM;tReM~ + ReM; T Redt —F + ImM[ T ImM— + ImM| " Im.# [+
+ Redly TReM_{" + Re#t " Redd ;" + Imott Y ImM—{" + Im.atT " Ima(~") =
1 1 Wi (mfe —m3)? —2W2(mg +m3)  2mp
(47)2 16Wmp 2W W2 —m?
(2ReM;" ReM*}" + ReM; ™ Re.at ™ + 2ImM; " ImM*F + ImM{™ Im.at i +
+ Re T ReM ™t + |t 12 + Imodt ;" Y ImM ™ + ReMy ™ Re.ttd [ + ImMy ~Im.# ] +
+ Re#ly " ReM~y + |7 > + Imdty " ImM_| +
+2ReM{ " ReM™[ + ReM; ™ Re./*; + 2ImM; ~ ImM™*[ + ImM;"~ Im.#* +
+ Re///f'_Rerl_ + |///1+_|2 + Im///l"'_lm]\/[fl_ + ReMl_+Re///:f' + Ili_+Im///:f'+
+ Redl TReM_{" + |7 + Imat 7 T ImM_})

(160)
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Finally we substitute values from Tabs 8 and 9 and we obtain:

dO‘LT - 1 N
a0y~ Ny o ) =
1 1 Wi+ (m2 —m3)2 —2W2(m2% +m3%) 2mp
(4m)2 16Wmp 2W W2 —m2
3cos03 + 1 03, A2 1 05 3costi, +1 . 603
(20 2)* (- =2 i 5)@(\/5%)@43 —WRP? o By A=K i T (02— W2 Re s+
3costi +1 . 0% A2 1+ cost;, 3costy, +1 . 03
+2( g/2)2(—+5m27f()@(ﬁ%)(m\m? t+ By A(— = ——sin= )0, My Im. 4 +
A 1 0% . 03 A 1 05 05
+ Re//z#Fg/Q@(ﬁ%smg)(Mf W) L Im///f*Fé/Q@(\/g%sm?K)ﬂMr—k
A 1+ costi, . 05 __ A 1+ cost}, . 05 __
+ Fé/Q@(_\/g#KS’LTL?K)(ME — W2)R€%71 + Fé/Q@(—\/g#Ksm%)FrMTIm//l,l +

0 +1 0
+ Redly~ é/QA(Msin )M = W) 4 |ty ™ + Ity Fy p A(

3cosly —1 0% A® 1 — cosb, 2 22 p
SO 05?0 2 (VB ) (M2 — WP + Al

3coslt — 1 0% A2 1 — cosb*,
SO 05 2 (VB ) (1, M)? + i, Al

A 1 costi 0
+ Redt " F! (x@ﬂcosg)(z\ﬁ ~ W) 4 P+ It F

3/2@ 92
A 1— costt: O A 1—costy, 0
(\/gﬂcos%()(Mf ~W?)Rett ~;" + Fém@(\/g%cos%)rerIm///:er

é/2@ 2
3cosly — 1

0% +1 . 0%
Msmg)FTMML

3 * *
cosfy, — 1 cos 0%

2 2
3cosly — 1

+ 2P ( )(M2 — W?)Re*; +

’ 9*
+ 2F332( cos%)I‘TMTIm///jf—l—

1-— 0% 0%
(ﬁﬂcos%)ﬂMr+

A
@ 2

0t —1 6 0%
+ Re///f*'l*—’g')/QA(36057}(cos?K)(Mr2 —W?) + [ty T+ Im///l_"'Fé/zA( COS7K)FTMT) =

1 1 Wi (m2% —m2)2 —2W2(m2 +mZ%) 2mp
(4m)2 16Wmp 2W W2 —m%
3costi +1 . 0% A2

e

1 0%
(VBEOR (M2 — W2)? 4 (T, M,)?) + |ty |2 + |t 2+

Q2 2

/ 3cosb +1 . Ok —— (g2 2 —— 2 2 ++ ++

Py A in "I (Rest = (M2 = W) + Tty DM, — (M2 = W) Rel 5 = T, M, I+
A 1 03 03

/Q@(ﬁysmgme/f#mf — W)+ Imodl T, M, — (M? — W Red~y — Ty My Imodl |+
3cosly — 1 005207}(

2 2
3cosly — 1

+ Fy

A2 1 — cost* _
5 (VBT (ME = W2+ (T, M)P] o+ L+ | P+

9*
057K)[(Mr2 ~WHRes ] + T M, Im.A*] + Redt] (M2 — W?) + Im.at; T, M,]+

+ 2F37( )
+ Fy A

A ~1—cosbl 0
(ﬁﬂwsg)me/ﬁ—(w — W)+ Imdly Ty M, + (M2 — W Redd 5 + T, M, Im. )

+ Fy 0=
3/2 Q?Q 2
(161)
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do TT

3.3.4
ds)
dU‘TT 1
= —x——=(H Hyo— H_ — Hy, 1) =
o X(4ﬂ_)2( 0,1+ Hio 1,0 0,-1)
B 1 1 \/W4+(m%( —m3)? —2W2(m% +m3)  omp
T (4m)2 16Wmp 2W W2 —m?

[(ReM T ReM T — iReM M ImMT + ReMI T Rett ™ — iReMy T Imoatt + iImMFT ReM P 4 ImMt Imd 4
+ilmMS T Reat T + ImMS T Im ottt + Rettf T ReMT — iRettf T ImMTT + Rettd T Rett Y — iRett T Imoat T+
+ilmtyd T ReMT + Imoatd T ImMTY +ilmoa T Rett T 4 Imott T Imott T + ReM; T ReM; T — iReMy T ImM; "
+ReMy ~Redly ™ —iReMy ~Im. Ay~ +ilmMy ~ ReM; = + ImMy ~ImM] ~ +ilmMy ~ Re;~ + ImMy ~Im.#7 ™ +
+Re#ly " ReM; ~ —iRe#ly ~ImM; ~ + Redy " Red;y  —iRedy Imodty ~ +ilmy  ReMy ~ + Im.#y  ImM;  +

+ilmdy " Redy ™ + Imutly ~Imoty ™ + ReM  ReM| ™ —iReM)  ImM," " + ReMy  Re\" ™ —iReM) ™ Im.at, +
+’i,]7n,i\1(jr7 H(;As\,jr’ +ImMgy I mi\!ﬁri + f,]m:\[;ri Re " + 1771,1\1(T7 1”]”//#7 + H(:,%/(Ti ReM{~ —iRey I m,i\[iri +

+Re " Redly ™ —iRedly  Imtty  +ilm sy~ ReM; ™ + Im. sy~ ImM; ™ + ilm#y ™ Redty ™ + Imty ™ Im.at; ™+
+ ReMy T ReM; " —iReM; " ImM; ¥ + ReMy T Rett; v —iReMy " Im.tty " + ilmMy " ReM; t + ImMy T ImM; T+
+ilmMy T Rety T + ImM; T Imot; T+ Retty T ReM; T — iRetty T ImM, T + Redy T Rett] t — iRetty T Imott] T+
tilmoly T ReM [T 4 Imotty T ImM; Y 4 ilmodly Y Reett ] 4 Imedty VImotty )+

(ReMt ReMi™ — iReMt ImMFT + ReM[ T Reatf ™+ — iRe M T Im.atF ™ + iImM T ReMt + Im Mt T+
+ilmM; T Rett T + Im M Imodl T 4 Rett T ReMif T — iRettT T ImMI + Rett ™ Reettf * — iRett ™ Imeat )+ +
+ilm.ty ™t ReM{™ + Imoatt T Im M + ilm.at] T Rett§ ™ + Imott™ Imoattf ™ + ReM[ ™ ReMy ~ — iReM; ~ImM;, ~+
+ReM; ~Re#y ~ —iReM; ~Im.ty ~ +ilmM; ~ReMy ~ + ImM; ~ImMy ~ +ilmM; ~Re.y ~ + ImM; ~Im.y +
+Re#] " ReMy ~ —iRe#ly " ImM; ~ + Red[ " Re#ly ~ — iRedy  Imy ~ +ilm.d] ~ ReMy ~ + Im.#y ~ ImM; ~+

+ilm] " Redy ™ + Imotd] " Imy ™ + ReM," ReMy ~ — iReM,  ImM) = + ReM,  Re#~ — iReM,  Im.#)~ +

+iImM T ReM{ ™ + ImM}T~ ImMg ™ +ilmM" ™ Re.dy™ + ImM ™ Im.#ty ™ + Rett; ™ ReM ™ — iRett;t ™ ImMJ ~ +

+thul{l‘ Rcl//{“‘ — il?ci///l} Iml//{“‘ JrL‘IYTh//{ﬂ RE:\[U‘ + Iml//{l‘ Im AM(,} + i[nh%/l} Rek/{“‘ + Iml//{l‘ Im L/l{(,‘ +

+ ReM; "ReMy " —iReMy TImMy " + ReM; Y Retty ™ — iReM; Y Im.sty ™ + iIlmMy T ReMy ™ + ImMy T ImMy T+
+iImM; Y Retty ™ + ImMy Y Imodly T+ RettT T ReMy * — iRettT TImM; T + Rett] T Retty ™ — iRettT T Imtly + (162)

+ilm.y T ReMy T 4 ImottT T ImMy T+ ilmodt T T Re s + Imott T Imoaty ™)

— (ReM T ReM™ —iReM T ImMI™ + ReM ¥ Reatt ™ —iReM ™ Imoatf ™+ iImM ™ ReMd ™ + ImM T Ima 4
+ilmM Y Ret T + ImM Y Imodt T+ Rett T ReMif T — iRectt T ImMIT + Rett T Rett T — iRett T Iment T +
tilmtt T ReM{ T + Imoat T ImMY + itmeat T Rett Y + Imeat T Imott T + ReMZT ReMy T — iReM [ ImMy ~ +
+ReM”| Re.#y ~ —iReM_y Imy ~ +ilmM_; ReMy ~ + ImM_; ImMy ~ +ilmM_y Redy ~ + ImM_; Im.y ~+
+Res_{ ReMj ~ —iRed_{ ImMy ~ + Red_| Redy — iRed_| Im.;  +ilm#_; ReMy  + Im.#_; ImMj  +

+ilm.# =] Rey ™ + Imd ™ Im#y ™ + ReM | ReMy ~ —iReM ' ImM) ~ + ReM | Re.#) —iReM ' Im.#] +
+il mﬂ]fr R(%ﬂ[ﬁri +ImMT I m,f\f'[ﬁi +iIm ;\[jr Rey ~ + Im ;\[jr 1 m,.///;ri + Rt%.///jr ReMy ~ —iRe#(™| I m,f\[ﬁri +

+Re T Retty ™ — iRett T Imotty ~ +ilmott Y| ReMy ™ + Imott ™ ImM) ™ + ilmat ™ Retty ™ + Imoat [ Imoatf ~ +
+ ReM_{ ReMy " — iReM~{" ImM; " + ReM_{ Re.tty T — iReM ' Im.aty ™ +iImM_{ ReMy ™ + ImM_{ ImMy "+
+ilmM ' Retty ¥ + ImM_ Imdly V4 Rett " ReMy ™ — iRectt " F ImMy ™+ + Rett " Retty ™ — iRett ~; Ity *+
+ilmtt~;F ReMy ™ + Imtt =  ImMy " + ilmott )" Retls ™ + ImottZF Imoaty ™)

— (ReM{ T ReM Y —iReM T ImM*Y + ReMI T Ret ™ — iReMy T Imoat | + ilmM T ReMm ™t I I T+
+ilmMy T Ret ™ + ImMIT Imoat T 4 RettF T ReM | — iRett T ImM T + Rett T Rectt T — iRett T It T+
tilmod T ReM ™ + Imoat T ImM T +itmoat T Ret T 4 It T Imoat T 4+ ReMy T ReM”; — iReMy T ImMZ{ +
+ReMy Res#_, —iReMy Im#_; +ilmMy ReM_; +ImMy ImM_; +ilmM, Red_; +ImMy Im#_, +
+Rely " ReM”; —iRely " ImM_; + Redly Red~; —iRety Iml=] +ilmaly ReM_y + Imu#y  ImM_; +
+ilmly " Red 7 + Imotly “Im =y + ReM ReM | —iReM,  ImM~' + ReMy Re#/" —iReM) Ima#t +
+’i,17n,;\1(4)r7 Rezj\]j; + Irrr,J\[(Tilmj\]jr + /',Im,:\](T7 Re#("| + 1771,1\1(T7 Im,//jr + H(:,,//Jri ReM™| — ’/',He;,///oiilmj\[jr+
+er.///;r7 Re. /{jr - 7',11’,(1,{{&7 Im,,,/{jr +ilm. /{Jr7 1{(«,1\1jr + Im. /{Jr7 1 m,j\ljr + 4l m,,//{(jri R(%,/{jf + Im. /{Jr7 1 m,.,///fr +
+ ReMy TReM~" —iReMy T ImM~}" + ReMy T Rectt ~F — iReMy T Imoat " 4+ ilmMy T ReM " + ImMy T ImM~ "+
+ilmMy Y Rett =" + ImMy T Imott "+ Retty TReM " — iRedly Y ImM " + Retty T Rett " — iRetty TImoat ~ ]+
+ilm.#y T ReMZ{ + Im.tty T ImM_ " + iIm.dy " Ret =t + Imatty F Imoat =)]
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The terms in the grid satisfy the relationships
MIT =M M =ty M =l M = -l M =M (163)
And from Tabs 8 and 9 we have that

Mt =M M~ =M}t My~ =-M;" My =My~ M* =M~ MYT =M " (164)

And we can simplify considering that there are opposite terms:

Cfl;T; = _X(477)2 (Hoq+Hio—H_10— Ho—1) =
1 1 VWA (mf —m3)? = 2W2(mg +m3)  2mp
(4m)2 16Wmp 2W W2 —m2
[4(ReM " ReM™ + ImMyt ImM" + ReMy ~ReM; ~ + ImMy ~ImM; ~+
+ ReMy ™ ReM;t™ + ImMg~ImM;~ + ReMg™ Re ;™ + ImMg ~ Im. =+ (165)

+ Re My~ Re Mt~ + Imty ~ Im.st;™™ + ReMy t ReM ™ + ImMy t ImM; ++
+ ReMy T Retty " + ImMy Y Imst7 ™ + Retty * Redt ] + Imoty * Imott )+
+ 2(Retty ~ ReMi ™ + Im.tty " ImM; ~ + Redly " ReM; ™ + Im.aly " ImM; t+
+ ReM*[ Rety ™ + ImMX[ Im.ty"~ + ReM_{" Re.dty ™ + ImM_{" Im.ay )]

We can substitute values from Tabs 8 and 9 obtaining:

dUTT 1
= H Hio—H_ 10— Hyp_1)=
a2, X(47r)2( 0,1+ 10 1,0 0,-1)
_ 1 1 Wi (m2% —m2%)2 —2W2(m2% +m%) 2mp
(4m)2 16Wmp 2W W2 —m
/ 0. —1 63 0 +1 63
[4(FB?QAQQ(MCOS?K)(f?ms%smé{)((Mf _ W2)2 + (FTMT)Q)JF
/ 0% —1 0% A? 1 0% 0%
Py (P o) T (VBT sin (M - W) (0, M)+
/ 05 +1 . 05 0. —1 63
+ F332A2Q(3COS#K+SZ‘”?K)(?’CostCOS?K)((Mf _ W2)2 + (FT]MT)Q)Jr
3cosbi, +1 . 07, 3costi, +1 . 07
L\ F /QAQ(%Smg)(M,? ~ W2)Rel}~ + F) /QAQ(%smg)nMrfm/zﬁ— b Il Imtl +

* * 2 _ * *
+ Re ™ Re i + Imodly = Im = + @%pm s i(ﬁﬂcos%)((Mf ~ W22 4 (0, M,)2)+

> sin > ) 0 5
0r. +1 6%
+ F3’/2AQ(7 )(Mf _ W2)Re///1_+ + Fé/QAQ(fg’COSfKJrsm?K
A ~1—costi 0
+2( é/z@(ﬁ%cosgxwf — W2)Re ™ + Imy T, M, + Redly+ (M2 — W?) + Im.dly T, M,)+
3cosfy — 1
2

3cosly +1 . @

5 sin 5 )FTMTIm///1_+ + Re///0_+Re///1_+)+

0*
+ F3 5 A( 057K)((Mf — W) Redty ™ + o My Imoty™™ + (M7 — W?)Redly © + T, M Imty T))]
(166)

And the final result
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do TT

1
=—X (Hop+Hio—H-1p—Ho—1) =

sy, (4m)2
1 1 Wi+ (mZ% —m3)2 —2W2(m% +m%) 2mp
(4m)2 16Wmp 20 W2 —m2
, * 1 * A2 1 * *
(P2 05 ) 2 (/A i ) (022 - WP + (0,0, ))+
/ 3cost +1 . O 2 2 +— 4 2 2 —+ —+
—&—FB/QAQ(fsm 5 (M7 — W Re ;™ + T MpImt]™ — (M7 — W) Redty ™ — T, M, Im.A ™|+
, * 1 * AQ 1 _ * *
4 (- 2 i ) T (VB 05 ) (MF — W) (5, M, )
+ Re ™ Re st~ + Imodty ~ Imty' ™ + Imotty " Imtty* + Redly * Retty ™)+
A 1—cost, O
+2(F /Q@(ﬁ%cosg)((w — W) Redly™ + Imy T, M, + Redly H (M2 — W2) + Im.sy T, M,)+

3costi —1 0%
+F /QA(mecosg)((Mf — W2)Re g™ + T My Imodty™ + (M2 — W?)Redly ™+ + Ty My Im.tly +))]

(167)
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