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Abstract
This research, works with the effective Hamiltonian and the quark model. Using, the decay rates of matter-antimatter of b quark was
investigated. We described the effective Hamiltonian theory which was applied to the calculation of current-current (Q, ,), QCD

decays b— g, g — axqiq; Was studied through the Wilson coefficients of the effective Hamiltonian. The branching ratios of the

Tree-Level, effective Hamiltonian, effective Hamiltonian including electroweak penguin, effective Hamiltonian including magnetic
dipole and the effective Hamiltonian including electroweak penguin and magnetic dipole b quark decays p — 99597 > i € {u,c},

i €4d.s}, q7 elu,c} have been calculated. It was shown that, the electroweak penguin and magnetic dipole contributions in b

quark decays are small and current-current operators are dominated.

Keywords: b quark, QCD penguin, electroweak penguin, magnetic dipole

1. Introduction o, the penguin amplitude for the decay process
Conservation of the gluonic current requires the
b — g, g vertex to have the structure [1,2]:

FZ(CIZ)=(l'gs /47[2)7’Tk(pk)TaVy(q2)”b(pb)’ (1) mPene — _i(a ! m)g (P )T A g (pp)] @

b—qrg > 9k9'q (9,49;9,)i=; s

where , [ty (pg )7 T vg (pz)),
V(@) = (08 —0,0,)7 TR (@)P, + B (4*) P where o, = g2 /47 and
. L, 2 R, 2
+io g [F3 (42)PL + F5 (47 PR @ A=y AN @R+ RGP+ (04" 147

5
Here F{ and F, are respectively the electric (monopole) x[ FZL (q2 )Py + FzR (q2 )Py ] )
and magnetic (dipole) form factors, ¢ =¢, = p, — is —

£ P 1795 =P~ Pk Similarly, for b — ;4’7 , the amplitude is

o M8 =i, | T (POTA vy (Py)]

chirality projection operators and 7% (a =1,...,8) are the _ 4 (6)
X[uq'(pq')yluT V?’(}’(T)]»

where A, is obtained from eq. (5) by the replacement

the gluon four momentum, Py gy =(1Fys5)/2 are the

SU(3), generators normalized to Tr(TT =5 /2.

The b — qrg vertex is ) — 5
of all the F(q”°) form factors by F(q”) form factors.

T5(q) =gy | 47° W (po) TV, (@i (pr) — (3)
Here I7ﬂ has the form eq. (2) with the form factors

F1L2’R (¢) replaced by 1?1L2’R (¢%). To lowest order in

The top quark dominates in the sum for F, , hence at
value of q2 (a good approximation), we have
Fy(¢°) = Fy (0) and Ff(¢*) ~ 5 (0) [3], 50
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Ra*)=Gp /N2

ViV fi(xis4%) , FR(0)=0,

i=u,c,t
(7)
FY(0)/my = F () my = (G IN2) Y ViVip (%)
i=u,c,t
(8)

where x; =m? /M3, (i=u,c,t) and
£ (x)=—(x/401-x)H2+3x-6x% + x> +6xInx], (9)
fity=(1/12(0-x)*)

(10)
x[18x = 29x% +10x° +x* — (8- 32x+18x%) In x],
f1(Gxg?)=(10/9)—(2/3)Inx; +(2/32)) an
—(2(2z;+1)/32,)g(z;).
Here z; = 7 /4m,-2 and
\/Earctan( ), z<1
g(z) = B (12)

F[l(://—fj; 7], z>1

For the u quark, z; is large and we use the asymptotic
form of eq. (11),

fix4%) = (1019 -2/ 3)[In(g> / Mjp)—ix].  (13)
We find FIL >> FIR

and Ff >> EF  For the b — dg'q’

amplitude we find that FIL is dominant. Processes like
b—>dss and b —>dss are expected to be penguin
dominated [4] and FlL

factors. In the b — sq'q’ transition, we again find that

dominates all the other form

FIL >> FIR, F2R >> F2L and the FIL
dominant.

Now, a very important issue is the generation of
QCD corrections to penguin operators. Consider, for

amplitude to be

example, the local operator (it,b,)y_4(d, BUBIYV -4 >

which is directly induced by W-boson exchange. In this
case, additional QCD correction diagrams, with a gluon
contribute and as a consequence four operators, instead

of two, are involved in the mixing under
renormalization. These are [5, 6]:
O3 = (dabe)y—a ) (a5
q
Oy = (gﬂba)V—AZ(aaq,B)V—A ,
q
Os =(dybyy-u Y (@pap)va»
q
O = (dﬁba)VfAZ(‘YaQﬁ)VJrA , (14)

q
a and f are colour indices. The sum over ¢ runs over

all quark flavours that exist in the effective theory in

question. Since the gluon coupling is of course flavor
conserving, it is clear that penguins cannot be generated
from the operator current due to the gluon coupling in
the lower part. For convenience, this vector structure is
decomposed into a (V-A) and a (V+A) part according to
chiral representation,

(Giaba 4 kpdjplvsa = as)
(Gia 7" (0F 75) ! Db @i pr 1w (1F 75)/2)q )

and in the terms of two component spinors are given by,

Gia 7" (1=75)/ Dby = 4} by

Gip?u((1=75)12)a;5 = a} 5,644 ipL »

i7" (1+75)/ 2)b,

Tip7u((+75)/ 20455 =4} sp0 4R (16)

For each of these, two different colour forms arise due
to the colour structure of the exchanged gluon. The
amplitude (4) can be written [7],

MP" = —i(Gp IN2){(ay (Myy /87)
XU VipVia fi (g™ + VgV /iG] Op - (17)

zuc

+(1/2)

i=u,c,t

7—
=4iaR O-ybO!R >

ViVigfr(x:) G5}

(g is the chromomagnetic dipole operator:

Os = 4a7my[G;, 0™ (1+75)T5bp1] 18
x(¢y 1 4 NG77uT 4k )

Here

Op =04+ 0 —(1/3) (05 +0s) . (19)
As a weak decay under the presence of the strong
interaction B meson decays require special techniques
[8]. The main tool to calculate such B meson decays is
the effective Hamiltonian theory [9,10]. It is a two - step
program, starting with an operator product expansion
(OPE) and performing a renormalization group equation
(RGE) analysis afterwards [10,11,12]. The necessary
machinery has been developed over the last years.

The derivation starts as follows: If the kinematics of
the decay are of the kind that the masses of the internal
particle M; are much larger than the external momenta
P, M, 1-2 >> p2
out. This concept takes concrete form with the functional
integral formalism. It means that the heavy particles are
removed as dynamical degrees of freedom from the
theory hence their fields do not appear in the (effective)
Lagrangian anymore. Their residual effect lies in the
generated effective vertices [13]. In this way, an
effective low energy theory can be constructed from a
full theory like the Standard Model [14]. A well known
example is the four-Fermi interaction, where the W-

, then the heavy particle can be integrated

boson propagator is made local for M,}V >> q2 (q
denotes the momentum transfer through the W):
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~i(u) 1 (@” = Miy) = g, [/ M) +(q” | M) +..],

(20)

where the ellipses denote terms of higher order in
1/ My .

Apart from the t quark, the basic framework for weak

decays quarks is the effective field theory relevant for

scales My ,M,,M, >> u [9,15]. This framework, as

stated before, brings in local operators, which govern
"effectively” the transition in question. From decaying
quark point of view, it represents the generalization of
the Fermi theory as formulated by Sudershan and
Marshak and Feynman and Gell-Mann forty years ago.

It is well known that the decay amplitude is the
product of two different parts, whose phases are made of
a weak (Cabbibo-Kobayashi-Maskawa) and a strong
(final state interaction) contribution. The weak
contributions to the phases change sign when going to
the CP-conjugate process, while the strong ones do not.
Indeed the simplest effective Hamiltonian without QCD
effects (b —> udu ) is

Hgy = 22G Vg O 1)
where G is the Fermi constant, V;; are the relevant
CKM factors and

O = (b y—a(dgig)y_ 4 (22)
isa (V—-4), (V—-A4) is current-current local operator.

This simple tree amplitude introduces a new operator O,
and is modified by the QCD effect to

Hyy = 2N2Gp ViVt (GO +C05) | (23)
Here
O, =(ugby)y-aldgtip)y 4 (24)

where C; and C, are the Wilson coefficients. The
situation in the Standard Model is, however, more
complicated because of the presence of additional
interactions in particular penguins which effectively
generate new operators. These are in particular the
gluon, photon and Z % boson exchanges and penguin b
quark contributions.

Consequently, the relevant effective Hamiltonian for
B-meson decays generally involves several operators Q;
with various colour and Dirac structures which are
different from Q,. The operators can be grouped into
three categories [16]: i =1,2— current-current operators,
i=3,.,68— penguin
i=7,.,10'— penguin  operators.
Moreover, each operator is multiplied by a calculable
Wilson coefficient C;(u):

gluonic operators  and

Electroweak

6,8 10
Hyy =22Gp ) di()0,(1)+ Y di(1)Q/ ()], (25)
i=1 i=7
where the scale u s

discussed  below,

d; (1) =Vexa Ci (1) and Vg, denotes the relevant

CKM factors that are:

dyy =ViV i Cia s

ds,.6=ViVuCs,.6-

dy =—(a, | 4y Vi Cy,

dy_10=—G/ey ViV Cy_10- (26)
For tree-level the d; , coefficients are:

dy =VpVii, dy =0. (27)
and for the effective penguin model the ds g3
coefficients are:

dy=ds =(1/6)(a, /4r) z Vl-ZVl-bji(xi),

i=u,c,t

dy =dg =-3ds,
dg =—(my | 2)(a, 147) D ViV o(%). (28)

i=u,c,t

At this stage it should be mentioned that the usual

Feynman diagram containing full W propagators, 70
propagators and top quark propagators really represent
the happening at scales O(M},) whereas the true picture
of a decaying hadron is more correctly described by the
local operators in question. Thus, whereas at scale
O(Mpy ), we have to deal with the full six-quark theory
containing the photon, weak gauge bosons and gluon, at
scale O(1GeV) the relevant effective theory contains

only three light quarks u,d, and s, gluons and the
photon. At intermediate energy scales u=O(my,) and
H#=0(m,) relevant for beauty and charm decays,

effective five-quark and effective four-quark theories
have to be considered, respectively [17].

The usual procedure then is to start at a high energy
scale O(My ) and consecutively integrate out the heavy
degrees of freedom (heavy with respect to the relevant
scale 1 ) from explicitly appearing in the theory. The word
explicitly is very essential here. The heavy fields did not
disappear. Their effects are merely hidden in the effective
gauge coupling constants, running masses and most
importantly the coefficients describing the effective
strength of the operators at a scale x, the Wilson

C(n) [5910,18]. It is
straightforward to apply H,; to B- and D-meson decays

coefficient  functions
as well by changing the quark flavours appropriately. u
is some low-energy scale of O(1GeV), O(m,) and
O(my,) for K, D, and B meson decays, respectively. The
argument g of the operators Q;(x) means that their
matrix elements are to be normalized at scale s .

2. Magnetic dipole amplitude of b — qiqk‘ij

A charge particle in orbital motion generates a magnetic
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dipole moment of a magnitude proportional to its orbital
angular momentum. Further more, a particle with
intrinsic angular momentum or spin has an intrinsic
magnetic moment. The magnetic dipole term in the
penguin amplitude, according to eq. (5), is
. 2 L, 2 R, 2
A, =(i0,,q" 1gF (q)P, +F (g7 )PR]. (29)
Also, according to eq. (8) magnetic (dipole) form factor
at q2 =0 (qz/MI%V <<1) is
L R
FH0) _FR o) _

my my,

2
& *
VitV o). (30)
8MV2V IZ 1 1 1

The top quark is dominant for F2R (0), so we can write
FS(0) = my (Gr INDWiVip) o () - 31
Here f,(x,) defined by (9) and x, = mt2 / Mpzy, also we
saw that F2L (0) << F2R (0), because my <<my so the
magnetic dipole term becomes:

Ay =(0,,q" | 4 )FS (0)P. (32)
Putting in the penguin am really plitude, according to eq.

),
2
M P _ 8
47z2
<[ (P )T (10" | 4 VFS (0)Prup(py)] (33)
x[it; ()T “v; (p7)]-

The magnetic dipole of penguin amplitude is given by
(see App.A),

Mdip = A8d8[<kL |O~'y|bL><lL |O-lu |]L>

(34)
+{kp |G, b0 ) (ir | | R )1,

here

dg = ~(2N2Gp)(my 1 2)(a; /4m) Y ViV fo(%)

Ag = (1/N2)(413)(my 1 ¢°) . (35)

Now we must calculate each terms of the above equation
for b spins project -1/2 and 1/2, then squaring these
terms and summing up all of them and finally,
averaging. The penguin amplitudes of magnetic dipole
for b spins project -1/2 and 1/2 are given by (see App.A),

M{® ) = Agdg {[=sin(6, + 6, 6 0,)/2)
+sin((8y — 6, +6; —6;)/2)]

(36)
+[-sin((8, — 6, — 6 +6;)/2)
+sin((8 — 6, +6; —0;)/ )]},

M("jﬁ’,z) = Agdg {[~cos((6, — 0, — 0, +0,)/2)
—cos((6y — 6, +6; —6;)/2)] a7

+[~cos((G, +6;~6; ~6;)/2)
—~cos((6 — 6 + 6, —6,)/ D]}

3. Effective Hamiltonian decay rates of » — q,-qkqj

The effective AB =1 Hamiltonian at scale u=O(my,)

for tree plus penguin and including the electroweak
penguin and the magnetic dipole term is [5,6,9],

HYE™ = 202G A[dy (1) 0f (1) + da (105 (10)]
Hdy, (O (1) +dy, (11)05 ()]

6,8 10
1D di(Q (1) + Y dH O} (38)
i=3 i=7
Here  dj,...q,d7,...19p are defined by (26),
dypey =d12(i=j=c,u) and index k refer to d or s.

The decay rate is given by (see App.B)

d’Tq o, /dvdy=TouIp", (39)
here

EH 1 2 3
[]79 = allps + a2[ps + 0.’31ps . (40)
where

1

[ps =06xy.fup-(1=hgpe) s
Do =63y fye (14 hyey)
Doy =639 fehg e (41)
and

2 2 2
o :|d1 +d2 +d3 +d4| +2|d1 +d4| +2|d2 +d3| 5

2 2 2
ay =|ds +dg|” +2|ds|” +2|d|")
a3 =Re{(3d, +d, +d; +3dy) d
+(dy +3dy +3dy +dy) ds}.

Here oy, fups Joes
defined in Appendix B.

(42)

f ac> habc’ hbcav hxa and hyc

3. 1. Tree-Level
first of all, we obtain the decay rates of tree-level,
without QCD corrections, from eq. (39) by choosing

dy =V Vi and dy=dy=..=dg =0, S0

o = 3d12,a2 =0 and a3 =0. O is the conventional

four-Fermi interaction operator thus eq. (39) reduces to
EH , EH 1

o0, =Toplps (Lps =gl ), s0

.2
r :3F0b‘Viijk‘ I (43)

tree

3. 2. Pure Penguin
one can obtain the decay rates of pure penguin, by
selecting d| = d, =0, so that ¢ and a3 reduce to,

o = |d3 +d4|2 +2|d3|2 +2|d4 2 .
ay =Re{(d; +3dy,)dg +(3dy +dy)ds} . (44)
o, and the decay rate keep the form eq. (42).
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4. Effective Hamiltonian of electroweak penguin
decay rates

The generalization of the AB =1 Hamiltonian in pure
QCD to incorporate electroweak penguin operators is
the sum of the Q,,..., 04, 05..... O]y €q. (38). The AB =1
Wilson coefficients for 0/"“, 05, 0s,..., O, 07...., Ol

in the mixed case of QCD and QED. Therefore the
discussion of Ci,...,Cq is also valid for the present

case. It was observed that, all of the terms
0,0,,05,0, had a form Left-Left handed. Terms

0,0, have a form <i|L 5'”|b>L <k|L 6-/1|j>L’ and
terms (s, 0, have a form (k|L &”|b>L(i|L 6-/1|j>L'
Also terms Qs, (0 have a form Left-Right handed,
<k|L ot |b>L <i|R Ou |j>R’
07,0 have a form Left-Right handed and terms
09, O have a form Left-Left handed. Therefore terms
07,0% have a form <k|L 6”|b>L <i|L 5ﬂ|j>L’ and

terms 05, Oy have a form <k|L 6'”|b>L <i|R O'y|j>R.
Thus the partial decay rate including electroweak
penguin is the same as eq. (39) with different constants
1,0y and as,

We consider that terms

a1=|d1+d2+d3 +d4+dé+d{0|2
;12 112
+2|d) +dy +dio|” +2|dy +ds +dg|”,
! ! 2 ' 2 ' 2
ay =|ds +dg +dj +dg|” +2|ds +dg|” +2|dg +dj|),
oy =Re{(3d, +dy +d; +3dy +di +3d]y)(dg +d7")

+(dy +3dy +3dy +dy +3ds +d])(ds +dg )}, (45)
where d,...,dg,d7,...,d|y defined by eq. (26) and ¢, is

the quark electric charge which is given by
eucr =213, e45p=—(1/3). (406)

5. Effective Hamiltonian of magnetic dipole
decay rates

Now the aim is to calculate the decay rates of

b— q;qrq; according to the effective Hamiltonian

(Q,---,0¢ ), including magnetic dipole ( Qg ) terms. We
obtained the amplitude of operators (,...,0s, and the
amplitude of magnetic dipole ((Og) terms. Adding the

amplitudes, we calculated the decay rates of operators of
the effective Hamiltonian including magnetic dipole
terms (Q,...,0¢,0s ). The amplitude of the effective

Hamiltonian including magnetic dipole is given by (see
App.C)

‘Mtot 2

1
= Z[gl —2vvi(g4 —gs)cos(b — ;)

spin—ave

) +2.Vij(g6 +g7)COS(6j _Hk)

217 1=V g3 (47)

—2.v;v;(gg — 8gy)cos(d; —6;)],
In order to check the above equation, one can obtain the
amplitude  of  tree-level and the  effective
Hamiltonian (Q),...,0g) . The amplitude of tree-level
(dz :d3 :d4 :ds :d6 :d8 :O)is givenby

‘Mtot 2

= L2 —2.12v.0, cos(@, —6)+0+0]
spin—ave,TL 4

—342 (- cos0-0)),  (48)
and the amplitude of the effective Hamiltonian (dg =0)
is given by

tot 2 72
M =(h /2)[1=viv; cos(6, —6;)]

spin—ave,EH

+(h5 1 21+, cos(8; —6,)]
—(W1=v (J1=v5 J9Qhyhs) . (49)

The differential of decay rate of the -effective
Hamiltonian plus magnetic dipole eq. (47) is given by
2 232

GrM

dxdy 19273 2

where

Iy =6xyf4p (81 —2(84 = 85)hape 15

Iy = 6xyfpe [82 +2(86 +87)peal

I3 = 6xyf e [_2g3hxahyc —2(g8 — 89)ycp ] (51)

and fab > fbc > fac > habc > hbca > hacb > hxa > hyc defined by

(B-16). Now the decay rates of eq. (50) is checked for

Tree-Level and effective Hamiltonian (Q,..., Og) .

Putting dy =d3 =d, =ds=dg =dg =0 in eq. (50) the

decay rate of Tree-Level is obtained which is the same as

eq. (43) and putting dg =0 in eq. (33) the decay rate of

the effective Hamiltonian is found to be the same as eq.
(39).

6. Effective Hamiltonian of electroweak penguin
and magnetic dipole decay rates

The partial decay rate of the effective Hamiltonian plus

Magnetic Dipole was given by eq. (50). Now the partial

decay rate including electroweak penguin is obtained. In

this case, the electroweak penguin operators

(d7,dg,dg,d]g) should be included in the as did before

for obtaining the partial decay rate is given by
2 222
GyM,

a1 _ GiMj Ysn e, (52)

dxdy  1927° 2

where [;,1,,1; defined by eq. (51) and 7y, h,,/; defined by,
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Table 1. Effective Wilson coefficients Cfff " at the renormalization scale w1 =2.5 for the various » — ¢ (b — g) transitions.

b—>d

b—>d

b—s

b—s

c
s
s
C:ff
Cseff
c

1.1679+0.0000i

-0.3525+0.0000i

0.0217+0.0018i

-0.0498-0.0054i

0.0156+0.0018i

-0.0625-0.00541

1.1679+0.0000i

-0.3525+0.0000i

0.0234+0.0047i

-0.0543-0.0142i

0.0173+0.00471

-0.0678-0.0142i

1.1679+0.0000i

-0.3525+0.0000i

0.0232+0.0030i

-0.0535-0.00911

0.0171+0.0030i

-0.0670-0.00911

1.1679+0.0000i

-0.3525+0.0000i

0.0231+0.0029i

-0.0531-0.00861

0.0170+0.00291

-0.0667-0.00861

Table 2. Branching ratios (BR) of tree-level p — 4954 (43) (T,,; =3.0457 x 1073Gev).

Process BR x 10_2 Process BR x 10—2
b—>cev, 14.62 b—uev, 0.231
b—ocuv, 14.62 bouuv, 0.231
b—>cr v, 0.714 b—ur v, 0.084
b — cdu 49.02 b — udu 0.725
b — csc 16.13 b — udc 0.019
b— cdc 0.857 b — usu 0.531
b— csu 2.352 b — usc 0.355

. |dy +dy +ds +dy +d§ +all’0|2
1 +2|d1+d4+d1’0|2+2|d2 +d; +dé|2

h2 = Agdg N

hy =\/|d5+d6+d§+dé|2+2|d5+d§|2+2|d6+d§|2 ,
(53)

7. Numerical results

As an example of the use of the above formalism, we use
the standard Particle Data Group [19] parameterization
of the CKM matrix with the central values

6, =0.221, 65 =0.0035, 8,5 =0.041,

and choose the CKM phase d;3 to be 7 /2. Following
Ali and Greub [16], we treat internal quark masses in tree-
level loops with the values (GeV) my, =4.88, m; =0.2,

my =0.01, m, =0.005, m, =0.0005 ,

m, =0.1, m; =1.777 and mve :mv,u =mVT =0. The

effective Wilson coefficients Cfﬁ at the renormalization

m. =15,

scale 4 =2.5GeV for the various b—gq (1; —q)

transitions, shown in the Table 1 [7]. Also, following
H.Y.Cheng [20], [21,5,10] and [22, 23, 5, 10], we choose

the effective Wilson coefficients of C7ef] - Cfg{ ‘ s
¥ = ~(0.0276 +i0.0369)ct, , C' =0.054a, ,
Cl' = ~(1.138+i0.0369)a, , CL =0.263q,,

here a, =1/137, that is the electromagnetic coupling
constant. In order to obtain the total rates at the tree-level
a sum is made over the b-quark decay rates. The total
decay rate and branching ratios of several of
semileptonic and hadronic modes are given in Table 2.
We see that the modes b — clv,b — cdu and b — csc
are dominant. The total b-quark decay rate at the tree-
level is given by
UL at = T homiteptonic + T Hadronic = 3-0457x1073GeV .
total Semileptonic Hadronic

It is observed that the decay rate for the antiparticle
b —>udu is greater than the particle decay rate
b —>udi , and the antiparticle decay rate b — cdc is
less than the particle decay rate b — cdc , and so on. We
consider that the modes b —cud, and b— ccs are
dominant.

The branching ratios of the effective Hamiltonian

(Oy>-..,0g) for particles and antiparticles are collected in

Table (3). In this case modes b — c¢du and b — csc are
dominant. Also, the branching ratios including the
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Table 3. Branching ratios (BRx1072) of tree-level (T) eq. (43), Effective Hamiltonian (EH) eq. (39), Effective Hamiltonian

including Electroweak Penguin (EH + EP) eq. (45), Effective Hamiltonian including Magnetic Dipole (EH +MD) eq. (50) and
Effective Hamiltonian including Electroweak Penguin and Magnetic Dipole (EH + EP+MD) eq. (52) of the particles and

antiparticles for the various » — ¢ (b — g) transitions. The total decay rates are in unit of 1073 GeV .

T, — 3.0457 3.404 3.497 3.529 3.637
Process (T) (E-H) (EH + EP) (EH +MD) | (EH + EP+ MD)
b — udu 0.725 0.899 0.872 0.903 0.914
b— cdc 0.857 0.995 0.956 0.992 1.102
b—cdu 49.02 49.83 48.51 50.35 52.26
b — udc 0.019 0.024 0.024 0.019 0.038
b — usu 0.531 0.603 0.544 0.680 0.714
b—csc 16.13 17.09 18.19 17.780 18.69
b — usc 0.355 0.658 0.578 0.697 0.746
b—csu 2.352 2.623 3.716 0.521 3.962
b — udu 0.725 0.943 0.915 0.951 0.988
b — cde 0.857 0.987 0.958 1.124 1.658
b —> cdu 49.02 49.80 48.49 50.31 50.87
b — ude 0.019 0.023 0.022 0.032 0.045
b > usu 0.531 0.595 0.539 0.675 0.721
b —> Csc 16.13 17.10 18.18 17.791 18.38
b — usc 0.355 0.655 0.577 0.694 0.762
b —> csu 2.352 2.623 3.707 2512 4.130
electroweak penguin (Q,...,04,07,...,0]g) are shown rEd+MD —3.526x10"13GeV
total(Q,.,....0g) ’

as well and those of the pure Penguin are given in Table
3 and 4 respectively. It is seen that, in the pure Penguin
decays, modes b — sss and b—> sdd are dominant.
Also, it is observed that, terms of Current-Current plus
Penguin operators dominate as compared with the
electroweak Penguin operators.

The branching ratios of the effective Hamiltonian
plus magnetic dipole, and the effective Hamiltonian plus
electroweak Penguin plus magnetic dipole are shown in
Table 3 as well. It shows that the electroweak Penguin
plus magnetic dipole term is small and can be neglected
in the total decay rate. The total decay rate of the
effective Hamiltonian  (Q,....,0g) of particle and

antiparticle are given by

EH _ —-13
Ftotal(Ql,...,Q(,) =3.404x10"""GeV .

In addition, the total decay rate of particles and
antiparticles including electroweak penguin

(Q15---,06,07,...,0] ) for b-quark decays are given by

EH+EP 3 13
Ty = 3:497x1073GeV .

Also the total decay rate of particles and antiparticles
including effective Hamiltonian and magnetic dipole
(O5-.,0¢,0g) and the effective Hamiltonian,
electroweak  penguin  and  Magnetic  Dipole
Q15 O O, 07,..., Q) for b-quark decays are given
by

EH+EP+MD
total(Qy ;05 5--010)

The total decay rates of pure penguin mode particles and
antiparticles is

P _ -15
l"wml(waQG) =2479x10 “GeV .

It is seen that for pure penguin modes, the decay rates of
particles are less than those of antiparticles (see Table 4).
It is interesting if a comparison is made among the decay
rate of the Tree-Level(T)(see eq. (43)), effective
Hamiltonian (Q,,...,0g) (EH) (see eq. (39)), effective
Hamiltonian plus electroweak Penguin
(015-,06,07,...0{0) (EH+EP) (see (45)), effective

Hamiltonian plus magnetic dipole (EH +MD) (see eq.

=3.637x1073GeV .

(50)) and the effective Hamiltonian plus electroweak
penguin plus magnetic dipole
(015, 06, O, 07,..., Olg) (EH+EP+MD) (see eq.
(52)) that show at Table 3.

8. Conclusions

We obtained the decay rates of the b-quark at the tree-
level, penguin, effective Hamiltonian, effective
Hamiltonian including electroweak penguin, and for the
first time, the effective Hamiltonian including magnetic
dipole and the effective Hamiltonian including
electroweak penguin and magnetic dipole terms of the
particles and  antiparticles for the  various
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Table 4. Branching ratios of pure penguin of effective Hamiltonian of the particles and antiparticles for the various b — ¢ (b — 7)

transitions (44). (T, =3.404x10"3GeV).

Process BR x 1()‘4 Process BR % 10—4
b— ddd 2.408 b — ddd 2.615
b —dss 2.687 b — dss 2.763
b—> sdd 53.872 b — sdd 54.053
b —> sss 54.517 b —> 555 53.782

b—>gq b > q) transitions. According to Table 2, the
dominant mode in b-quark in the semileptonic and

hadronic decays are, b—>cl v, ({—e,u) and
b — cdu respectively because the decay rates of b — ¢
channel are very much bigger than those of b — u, since

V. >>V,; . In addition, the dominant mode in the pure

penguin decays is, b — s . According to Table 4, the
branching ratios of pure penguin of the effective
Hamiltonian of the particles and antiparticles are close.
The electroweak penguin and magnetic dipole terms are
small for b-quark decay rates (electroweak corrections and
the magnetic dipole contributions are small) and the decay
rate of the tree, effective Hamiltonian, -effective
Hamiltonian including electroweak penguin, effective
Hamiltonian including magnetic dipole and the effective
Hamiltonian including electroweak penguin and magnetic
dipole of the particles and antiparticles are also not very
different (see Table 3). The decay rates of b— and

b — quark, at the tree-level are exactly the same, but in the
pure penguin, effective Hamiltonian, effective Hamiltonian
including electroweak penguin, effective Hamiltonian
including magnetic dipole and the effective Hamiltonian
including electroweak penguin and magnetic dipole,
are  different. For example, I, - <Iy 7,

Uy sudie <Tp i » Upsedr > U Sciu and
pesc ® U 5qe » Decause the total decay rates of b—

and b — quark must be equal, T/ = Fg’ml .

Also the decay rates and branching ratios are very
similar in all the models but the effective Hamiltonian
including electroweak penguin and magnetic dipole total
decay rate is about 10% larger than the simple tree or
effective Hamiltonian. On the other hand, including the
penguin term induced matter antimatter asymmetries. These
are largest in the rare decays b — udu , the decay rate of

which, is about 7% smaller than that of b — udu . Also the
rate b —> sui is larger than the rate b —> Suu .

Appendix A
Penguin amplitude of magnetic dipole
According to eq. (4) the penguin amplitude is given by

2
4gsz [ (P2 )T 104,6" 1 4%V FR (0) Praay ()]
T

x[u; (p)y T v (p7)],
(A-1)
where
ot =@My =G 2Oy =y,
and

iy 0 o* 0 o Vo latoad 0
)/ 7/ = . N = . .
G4 0 " 0 0 GHo”

(A-3)

(A-2)

i cH6Y —aV6H 0
oM =L . (A9)
0 GH4c" -6V

2
The wave functions of b and g, are given by
ﬁkaﬂ‘, [A+y5)/ 2]y,

:i['//kL T y 6,0, = 0,0, 0 (0 J
2\vir 0 Gy&v _Gv5,u VbR

=/ 2y (5-yo-v - &Valu WiR-

(A-6)
Putting in the penguin amplitude
2
Mdlp __ gs2 FZR (0)(TaTa)
8
qV
<[, L5 (6,0, 6,0, up] (A-7)
><[l7l(5’u +O"u)Vj].
Putting ¢” = (pp, — p;)" in the above equation,
g R 1
3 By (ONTT)— (.6, (0, Py = 0, P UpR)
77 q

_(EkL (6-va - &vpl‘; )O-yubR )] ><[L7i6"u\)7 + Eio-luvf] :
(A-8)
or
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M = (TT")=4/3,
g R 1 g & g g% *
S ampa ~ 14 14 S S
——=F (OT°T)—[(kr |6, (0, Py =0y i )| R dy ==—5F (0) =——=m, VitVie J2 (%) 5
872 6]2 ( | sy Y | > 872 872 SMI%V Zl: e '

~(k |6, py =6, PE)o | bR)]

(i |64 | i)+ (ir| o™ | Jr)]- (A-9)
We known that,
Guph [bL)=my|br) Gupf k) =my |kg),

o, Py |br)=my|b). o, 0 |kg)=my|ky) .

640, PR = Pru>  (CuPy)OL =Py - (A-10)
and
(P +P)u=Cpy—pi—Pj)y- (A-11)
Also according to conservation of current
(pi + 2 ullip |64 ) +(ir || jr )]

= mz’[<iR |jL>+<iL |jR>]

—m ;i | jr)+ iz | 7)1 =0, (A-12)

since in the penguin decays is m; =m i and | j) is the
antiparticle, so

Gl juliL)=-m;|jr)- (A-13)
Consequently, the magnetic dipole term of penguin
amplitude becomes to

Mdip _
g2
—&r—stzR O)T“T*)
1 N
Xq_z[mb (k|G [br)+my (kr |0y |br)

—(pp + Py <kL|bR>] X[<iL|5-u|jL>+<iR|O-u|jR>]~
(A-14)
Term  my (kR|0'ﬂ|bR> was  neglected because
my <<my , SO
M = (413)dg (1] q*)imy (k|G| by )i |64 | L)
+my (ki |6 b ) (ir |0 | )
—(pp + i) (ke R ) (i | 64 i)

—(pp + i)y (kp bR ) (ir |6 | iR ))-
Using (A-12) for the second part of the equation, we can
write

MW = (4/3)dg(1/ ¢*)my (kp |6, |b )i |64 ] 1)
+my (ki |64, |br ) (ir [0 )
2Py (ke [ )i |64 [ L)
2y, (ki | bR )ik [0 [ 7))

Here b meson is at the rest ( Poyu = (mb,ﬁ)) and

(A-15)

(A-16)

= —(2N2Gp )(my, [ 2)(ay 1 4m)Y VitV fr(%7) -(A-17)

So, the magnetic dipole of penguin amplitude is given by
dip _ 2 ~ . ~u| -
M = (413)dg(my | 4*)(kp |64 |b0) (i |67 ] i)

+(kp |6, ]b1 )(ir| o] Jr)

~2(kr | )i |6% | 1) =2 (ke [ ){ir |0 [ )1 -
(A-18)

The b quark is at the rest and to have spin projection —
1/2 along angle 6, , thus the spin projection of b quark

of +1/2isalong 6, -7 (6, > 6, —7),

—sin(g, /2)
cos(Gy /2) ]’
cos(6), /2)
sin(6), /2) J '

(A-19)
Putting the factor of (1/ V2 )in the M 9P and neglecting
the terms (kL |bR>, thus the amplitude of magnetic

b spin(-1/2) and angle 8, < (1/&){

b spin(+1/2) and angle G, < (1/\/5)[

dipole becomes
M = dgdg[(ky 6, by ) (i |6 | i)

(A-20)
+<kL |O-,u |bL><iR |0# |jR>],

here
Ag = (1/2)(413)(my 1 ¢°) .

Terms (6,)(6*) and (6,)(c*) g for spin +1/2 and —

(A-21)

1/2 are obtained by the matrix elements of L — L handed
and L - R handed for the b quark

(il 6" eary), (k1 8ul-1), =

Sin((6 0, —6;)/2) +sin((6 +6, - 6,)12),
(=il 6" b)), (el 6ul-1), =

cos((6 —0; —6;)/2)—cos((6; +6;-6,)/2),

when dealing with penguin amplitudes, the following
matrix elements are needed

(=], 0" ‘b(1/2)>L (klg ou ‘_j>R -

sin((6; =6, —6;)/2)—sin((6; + 6, —0,)/2),

(A-22)

(il 6" b)), (kg oul=4) , =
cos((6; =0 —6;)/ 2)+cos(6; + 6 —0,)/2) . (A-23)

The first term of (A-20) for b spin project —1/2,
according to Fierz transformation,

(kp |64 by )ip| 6| e )= (k|6 |br )i |6 L) -
(A-24)



94 H Mehrban

1JPR Vol. 9, No. 4

is given by
M%) 0y = Ay (ky |6 [br) (i |6, ] n)
= Agdg[—cos((6, —6; =6 +6,)/2)
—cos((6, -0, + 6, —6;)/2)].
And the first term for b spin project +1/2 is given by
M0y =~ Ay (ky |6 b1) (i |6, ]n)
= Agdg[—sin((6), + 6, -6 —0;)/2)
+sin((6, —6; + 6, —0,)/2)].

Also the second term of (A-20) for b spin project —1/2 is
given by

Mgéﬂ/z) =— Agdg (k. |67 |b.) (ir|o|ir)
= Agdg[—COS((eb +9,- _gk —91)/2)
—cos((0 —6; + 6, —0,)/2)].

In addition, the second term for b spin project +1/2 is
given by

Mgzl/z) =— dydg (ky |6* |by) (ir|o,| i)
= Agdg[—sin((6, — 6, — 6, +t9j)/2)
+sin((8 — 0, + 0, —0;)/ 2)].

So the penguin amplitudes of magnetic dipole for b spins
project -1/2 and 1/2 are given by

M) = Agdg{[-sin(6, + 6, ~ 6, = 0;)/2)
+sin((Gy —6; +6; —6;)/2)]
+H[-sin((G, — 6, 6, +6,)/2)

(A-25)

(A-26)

(A-27)

(A-28)

) (A-29)
+sin((G, — 6 + 6, —6,)/ 21},
M, = Agdg{[-cos(0y — 6, 0 +0,)/2)
—cos((Gy — 0, +6; ~6;)/2)]
H=cos((8, + 6 -0, —0,)/2)
b i k j (A-30)

—cos((G, —6; +6; —6,)/ 2]}

Appendix B
Decay rate of the effective Hamiltonian
The effective AB =1 Hamiltonian at scale u=0(m,)

for tree plus penguin and including the electroweak
penguin and the magnetic dipole term is

HYE = 226 A[dy (1) O (1) + da (105 (10)]
+dy, (O (1) +dy,, (1)O5 ()]

6,8 10
1D di(Q (1) + Y di w0}, (B-1)

i=3 i=7
here dj,...q,d7,...;g are defined by eq. (26),
d1peu =d12(i=j=c,u) and index k refer to d or s.
Using (A-22) and (A-23) one can obtain the matrix
elements of the effective Hamiltonian operators. In the

first step, the tree plus penguin operators (Q,...,0¢) are
chosen. All of the terms Oy, 0,, O3, O4 have a form L-L

handed but terms Q;,Q, have a form

<i|L 5'”|b>L<k|L 6'#|j>L and terms Qy, Q4 have a form
<k|L 6'“|b>L<i|L 6'y|j>L. Consider i,k and

momenta in XZ plane, so according to (A-22), for the
0,0, and, we can write for b spin projection 1/2 and —

1/2. Also terms Q;, 0, and (s, O, differ only by a

minus, because
sin((6; + 9]- —-06,)/2)=—sin((6; — 6’j -6,)/2),

sin((6; —0; —6;)/2)=—sin((6 +0;-6;)/2). (B-2)
05,0 are of the form L-R handed,

<i|L 6'”|b>L <k|R O'ﬂ|j>R. The main forms of the terms

Terms

Os, O are<k|L5'”|b>L<i|R O'ﬂ|j>R. These terms can

be written according to (A-23). So, the matrix element
for b quark spin project 1/2 is given by
My = Z\EGF {(4) + 4p)[sin((6; -6, -6,)/2)
+sin((6 +6; -6, /2)]
—A3[sin((8, -6, —0;)/2)
e (B-3)
—sin((6 +6; -6;)/2)]}.

here A4;,4, and A4; are combination of Wilson

coefficients and colour factors. The forms of
(6")6 ) and (6%)(o,) g are according to (A-22)
and (A-23) respectively. So the square of spin average
term Q),...,0g 1s given by

(66 )1 + (6 )0 ) 1R T5p-av

= (1/16)(1+vl»)(1+vk)(1+vj)[1—cos(€k -6,)]

+ay (1/16)(1=v,)(1+ v )1 = )1+ cos(d; —6,)]

+a3(1/16)N(l+vk)m[l+cos(9j -6)

—cos( —6;)—cos(6; —6,)]. (B-4)
Now, one must obtain all of the helicity states for
0,...,0¢ and then sum them all. Adding eight terms of
helicity states, on finds
(GO CARTCI CAT A

(o 1 2)[1=v;vy cos(6 —6;)]
+ay / 2)[1+ vy cos(8; -6, )]

+(ag | D1=v] (1= (B-5)

After adding all colour combinations ¢, and o3

gives

[o4] =|d1 +d2 +d3 +d4|2
+2|d; +d4|2 +2|d, +al3|2

>
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oy =|d5 +d6|2 +2|d5|2 +2|d6|2) ,
a3 = Re{(3d1 +d2 +d3 +3d4)d;

+(dy +3dy +3ds +dy)ds },
here dj,...,ds are defined by eq. (26). The energy

(B-6)

conservation gives
cos(6, —0,)=[(M; —E; - Ek)2
2 2 2

—(m5 + pi + Pl 2p;py.,

cos(0; —0;) =[(M; —E —E;)?
' 2, 2 ; (B-7)

—(mi +pi + P/ 2pip;
The angle between the particle velocities must be
physical, —1<cos(f, -6:)<1 and
—1<cos(f; —6;)<1. So we should take the variable
p;and p;,or xand y as,
pi=xM;/2, p,=yM;/2 (B-8)
given by conservation

Then p; is energy

E;=My—E —~E; =\m’ +p? . Also

cos(6’l-—Hk)z(p?—piz—p,%)/Zpl-pk, and so on
Momentum conservation gives

Pk cos(d; =6 )+ pjcos(0; -6;) =—p;, (B-9)
and so on. Also

pi sin(g; =) =£p;sin(0; - ). (B-10)

and so on. The partial decay rate, b spin averaged and
summed over final spin states, has overall spherical
symmetry. Apart from its overall orientation, a final state

is specified by only two parameters, say p; :| p,-| and

D = | Px | . The partial decay rate in the b rest frame is

derl,...,Q(, I dp;dpy = (G / 7T3)pipkEj- {on(pi-pi | EiEy)

+ay (p;-p7 | EE7)+a3(mymy | EyE)} (B-11)
here
Di-Drk =(M§ +m§ —miz —m;% —2MbE7)/2,
pi-py = (Mj +mi —m} —m§ —2MyE))/2.  (B-12)

After the change of variable to x and y, the decay rate
is given by

2 EH
d FQ] ,~~-,Q(, /dxdy = F()b[

L (B-13)

EH 1 2 3
IpS = allps +0!21ps +C(31

2 (B-14)

where
1
Ips = 6xy.fab.(l—habc) 5

2
[pS = 6xy'fb6'(1+ hbca) N

Dy =63y fehog e (B-15)

Here
fab=2—\/x2+a2 —\/y2+b2 ,
PO/ i Gl S i
aoc >
2\/x2+a2\/y2+b2
be=2—\/x2+b2 —\/y2+02 ,
2 2 2 2
:(fbc) _(a +X +y)
ca b
2\/x2+b2«/y2+c2
fac:Z—\/x2+a2 —\/yz+c2 ,

_u) =022 +y%)
2\/x2 +a? \/y2 +c?

ey =[1-(x% /(x> +a®)]"2,

hy,

h

ach

hye =[1-(% 1 (7% +*)]2, (B-16)
where a,b and c are:
a=2m; /My, b=2m /My, c=2m;/ M. (B-17)

Appendix C
Effective Hamiltonian of magnetic dipole decay rate
We calculate the decay rates of b — ¢;¢;q; according to

effective Hamiltonian (Q,...,0¢ ), including magnetic
dipole (Qg) terms. The amplitude of Effective
Hamiltonian for operators Q;,0,,05,0, is given by
M1{73 = Ady +dy +dy +dy)[sin(6; 0, - 6,)/ 2)
+sin((0 +0;-0) /)],
M2y = A(dy +dy +ds +dy)[cos((0; -0, —6,)/2)
—cos((6; +0; - 6;)/2)],

(C-1)
and for operators Os, Q¢ is as well
M3{35 = A'(ds +dg)[sin((6, —6,-0,)/2)
—sin((6) +06,-0,)/2)],
M) = (s +de)leos(( =6,-6)12) (.

+cos((G; +6,-0;)/2)],
where d|,...,dg,dg and A4g are defined by eq. (26) and
(A-21) respectively and
A= \/(l+vl»)\/(l+vk)\/(l+vj-) ,

A':\/(l—vi)\/(1+vk)\/(l—v_7) , (C-3)

Also the amplitude of magnetic dipole according to
(A-20) is given by

Mdip = A8d8[<kL |O~'ﬂ|bL><lL|5-ﬂ|]L>

+(kp |6, [b ) ir |0 | R )],

(C-4)
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For various b spin project 1/2 and —1/2 the first term of
(C-4) is given by

Msgfl"fi)L‘L = Adgdg[sin((6, — 6, +0,)/2)
+sin((6; +6; —6,)/2)],

dip,L—L
M6IH 5T = Adgdg[~cos((6; - 0 +0,)/2)

(C-5)
—cos((6; + 6 -6;)/2)],
and the second term of (C-4) is given by
M7g’1’72’)L‘R = A'Agdg[sin(6; — 6, +6;)/2)
—sin((6, — 6, ~0;)/2)),
dip,L-R '
M8(i}{/2) = A'Agdg[—cos((6; -0, +0,)/2) (C-6)

~cos((6; =6, ~6,)/2)].
Now the amplitude of Q),...,0s and (g (magnetic

dipole term) should be added for b spine project 1/2 and

-1/2, so
L-L L-R dip,L—-L dip,L—R
M(tf/tz) = Ml(l/Z) + M3(1/2) +M5(1172) +M7(115)2) ,

L-L L-R dip,L-L dip,L-R
M(titl/z) = M2(_1/2) + M4(_1/2) + M6(iﬁ/2) + M8 P ,

(~1/2)
(C-7)
or
M{% 5y = e cos((6 —6;—6,)/2)
—eycos((6 —6; +60,)/2)
+e3cos((0 +0, - 0,)/2),
Ml = e sin((6; =6, -6)/2)
+eysin((0 —0; +6,)/2) (C-8)

—ez sin((G, +06; —Gj)/Z),
here
e = A[(d] + d2 + d3 + d4)+ Agdg] + A,[(dS + d6)+ Agdg],
e = A(dl +d2 +d3 +d4)—A’ Agdg ,
63 = AAgdS + A,(ds + d6) . (C-g)
The spin average of b spin project of 1/2 and —1/2 is
given by

2

2 2
‘M ! =%[‘M(tlo/lz)‘ +‘M([3[1/2)‘ ]

spin—ave

1
25[612 +e% +e32 —2eje; cos(G, —6;)

(C-10)
+2e1e3 cos(0; — 6 ) —2eye3 cos(6; - 6;)].
After adding all color factors, it gives
eq=Al+h]+A [hh+m], eg=Ah—-A" hy,
ey =Ahy+ 4" Iy, (C-11)
where

E

Iy :\/|d1 tdy +dy+dyl” +2)dy +dy[ +2]dy +dsff

hy = Agdg, hy = \/|d5 +dg|* +2|ds* +2|dg* . (C-12)
The first term of (C-10) is given by

1)

o+ +e3 = AXQhP + 215 + 2y hy)
+ A'(2h3 +2h3 +2hyhy) (C-13)
+24A4'(h3 + hyhy + 2y k),

Adding eight terms of helicity states, so

el +ei +e =8(g) +gy + 21—V \[1-v] g3), (C-14)
The second term of (C-10) is given by
2)
i 422 )
Zelez COS(ek _91-) = Z{A (hl + hlhz) -4 (h2 + h2h3)

+ AA'(hhy = 13)} cos(0) - 6)),

(C-15)

Adding eight terms of helicity states, so

2ejey cos(G, —6:) =2.8.v,v;(g4 — g5)cos(6;, —6;),
(C-16)

The third term of (C-10) is given by

3)

2eje3008(0; —0;) = 2{A” (h + hhy) + A” (b +Iyhy)

+ A4 (lyhy + 2hyhy + B3} cos(9; - ;).

(C-17)
Adding eight terms of helicity states, so
2eje3 008(0; —0;) =2.8.v,v (g6 +g7)c0s(6; —b;),

(C-18)
the fourth term of (C-10) is given by
4)
2eye; cos(6; —0,) = 2{A (hhy)— A (hyhs)
I (C-19)

+ A4 (Ul =13}y cos(6; = 6)),

adding eight terms of helicity states, so
2eye3 c08(0; —6;) = 2.8.v;v;(gg — g9 ) cos(6; — ), (C-20)
here

—n}2 2 _n2 2
81 —Zhl +2h2 +2h1h2 5 k) —2]’!2 +2h3 +2h2h3,
83 = hzz _h1h2 + h1h3 +3h2h3 s 4= h12 +h1h2 ,
gs=h +hhy, ge=h3+hhy, g =h +hhs,
83 :hlhz, 89 :h2h3, (C-ZI)
The total amplitude of (C-10) is given by

2
‘Mmr , =l[g1+gz—2\/1—vi2 1-v7 g3
spin—ave 4
—2.v;v;(g4 — g5)cos(0;, —6,)
+2.vjvk (g6 + 87 ) cos(l9j — 49k )
~2.0;v;(g5 — go)cos(0; ~6)], (C-22)
or
2 1
e = e = 2pi(gs —gs)cos(; ~6)
spin—ave 4

+82 +2.v;vi (g6 +g7)c0s(0; — )

_2*”_"1'2 1—v?g3

—2.v;v;(8g — g9)cos(0; - ;)]

(C-23)
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Also one can obtain the amplitude of tree-level and
Effective Hamiltonian (Q),...,0¢). The amplitude of

tree-level (dy =d3 =dy =ds =dg =dg =0) is given by

‘Mtot 2

1
= —[2h% —2.htvv; cos(6), —6;,)+0+0]
spin—ave,TL 4

= 3d12.%(1 — v cos(6y —6))) , (C-24)

and the amplitude of effective Hamiltonian (dg =0) is

given by
2
‘M”t = (2 1 2)[1- v, cos(6, —6))]
spin—ave,EH
+(15 1 2)[1+v;v; cos(8; — ;)]
—(J1=v2 \f1- vZ | 4)(2hy) .(C-25)
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