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Abstract

Two aspects of b-quark decays are investigated. First, according to the structure of penguin decays and second, ac-
cording to the Effective Hamiltonian theory. In this work, the gluonic penguin term is calculated according to the
structure of penguin for various b and b quark decays. The total gluonic penguin amplitude to lowest order in a; is
used for the decay process, b — qxg — 4xq'q (9x9:3:):=;- The magnetic dipole gluonic penguin term for various b
quark decays is calculated. The tree-level and gluonic penguin terms of b-quark are also added to calculated the de-
cay rates of b and b quark. It is shown that the gluonic penguin term is small for.some decay. The decay rates of
processes like b — cde(b - ¢dc),b - csé(b - ¢5c), b - udii(b - udu) and b —> usii(b — #5u) is obtained.

PACs: 25.75.Nq; 12.38.Mh; 14.65.Fy; 14.65.Bt
Keyword: Gluonic Penguin; Effective Hamiltonian; b Quark; b Quark; Magnetic Dipole; Tree Level; Decay Rate.

1. Introduction

In the Standard Model (SM) [1], flavor-changing neu-
tral currents are forbidden, for example, there is no
direct coupling between the b quark and the s or d
quarks. Effective flavor-changing neutral currents are
induced by one-loop, or penguin diagrams, where a
quark emits and reabsorbs a W thus changing flavors
twice, as in the b - t — s transition depicted in Fig.1.
Penguin decays have become increasingly appreciated
in recent years [2-3]. These loop diagrams with their
interesting combination of CKM matrix‘elements give
insight into the Standard Models [1].<In addition, they
are quite sensitive to new physics.-The weak coupling
of quarks are given by the CKM matrix. For the Stan-
dard Model with three generations, the CKM matrix
can be described completely by three Euler-type an-
gles, and a complex phase.

Various types of the penguin processes are [5]:
electromagnetic, electroweak, and gluonic.

In electromagnetic penguin decays such as b — sy,
a charged particle emits an external real photon. The
hard photon emitted in these decays is an excellent
experimental signature. The inclusive rate is dominat-
ed by short distance (perturbative) interactions and can
be reliably predicted. The QCD corrections enhance
the rate and have been calculated precisely. The elec-
tromagnetic penguin decay b — dy is further sup-
pressed by |V.4|?/|Vis|? and gives an alternative to
B° — B° mixing for extraction |V,4| [6,7]. Experimen-
tally, inclusive b — dy has large backgrounds from
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the dominate. b — sy decays which must be rejected
using good particle identification or kinematic separa-
tion. The decay b — s€*#~ can proceed via an elec-
troweak penguin diagram where an emitted virtual
photon or Z° produces a pair of leptons. This decay
can also proceed via a box diagram [8]. The Standard
Model prediction for the b — s£*£~ decay rate is two
orders of magnitude smaller than the b — sy rate
[9,10]. The rate for b — sv¥ is enhanced relative to
b — s¢*¢~ primarily due to summing the three neu-
trino flavors. These decays are expected to be domi-
nated by the weak penguin, since neutrinos do not
couple to photons. The predicted rate is only a factor
of 10 lower than for b — sy [11]. Unfortunately, the
neutrinos escape detection, making this mode difficult
to observe.

Another category of penguin is so-called vertical
or annihilation penguin where the penguin loop con-
nects the two quarks in the B meson. These rates are
expected to be highly suppressed in the Standard
Model since they involve a b — d transition and are
suppressed by (fB/mB)2 ~2x 1073 [12], where f3
is the B-meson decay constant which parameterizes
the probability that the two quarks in the B meson
will "find each other", and mj is the B meson mass.
The B — yy decay is suppressed [13] relative to
b — sy by an additional aycp. The B —» £*£~ decays
are helicity-suppressed [7,14]. Because these decays
are so suppressed in the Standard Model, they provide
a good opportunity to look for non SM effects.

An on- or off-shell gluon can also be emitted from
the penguin loop. While the on-shell b — sg rate had
been calculated to be 0(0.1%) [15], the inclusive on-
plus off-shell b — sg* rate includes contribution from
b - sqq and b— sgg which increase the inclusive
rate to 0.5-1% [16,17]. The b — dg* penguin rate is
smaller by |V,4/Vis|?.



B quark gluonic ...

Unfortunately, there are several difficulties asso-
ciated with gluonic penguins. There is no good signa-
ture for the inclusive b — sg* decay, unlike the
b — sy case. The branching fraction of individual
exclusive gluonic penguin channels is typically quite
small and hadronization effects are difficult to calcu-
late [18,19]. In addition, many gluonic penguin final
states are accessible via other diagrams, so the gluonic
penguin is difficult to assess. Thus the penguin
processes such as B® — ¢K° that have contributions
only from gluonic penguins are eagerly sought.
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Fig. 1: b - s loop or penguin diagram.

While the gluonic penguin gives rise only to ha-
dronic final states, several other processes can contri-
bute to the same final states. One important contribu-
tion is from the tree-level b —» u decay. For example
the b — usu transition and the b — sg* penguin tran-
sition both contribute to B® — K*m~. However, the
b - usu transition is Cabibbo-Suppressed, so the
penguin process is expected to dominate [20-23]. On
the other hand, in B - n*~ for example, the small
b — dg* contribution is expected to be dominant. by
the non-cabibbo-suppressed tree-level b — udu tran-
sition. In general, most decays to hadronic final state
with ¢ mesons or non-zero net strangeness are ex-
pected to be dominate by gluonic penguin-and hadron-
ic final states with zero net strangeness are expected to
be dominated by tree-level b.— w:

Electroweak penguin also contributes to hadronic
final states. Every gluonic penguin can be converted to
an electroweak penguin by replacing the gluon with a
Z° or y. Electroweak penguin with internal Z° or vy
emission are suppressed relative to the corresponding
strong gluonic._penguin. In the hairpin process the
gluon, Z°, or ¥y is emitted externally and subsequently
forms a meson. The'vertical electroweak penguin dia-
gram, with the lepton pair replaced by a de-quark pair,
is highly suppressed and is important only for decays
such as B® - ¢¢, where there is no other diagrams
contribution [24,25].

In the annihilation diagram the b and # quarks in a
B~ meson annihilate form a virtual W~. The annihila-
tion diagram is suppressed by |V,,;| and fz/mg and is
expected to be mostly negligible. In the exchange dia-
gram, a b — u transition and ad — % transition occur
simultaneously via the exchange of a W between the b
and d quarks in a B® meson. The exchange process is
also suppressed by |V,,;,| and fz/mg, and is also ex-
pected to be negligible, except in decays such as
B° —» K*K~ where there is no favored diagrams con-
tribution [26-28].
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Although S — U loop diagrams are important in
K decays, those decays are typically dominated by
large non-perturbative effects. A notable exception is
K* - nTvD. This decay is expected to be dominated
by electroweak penguins and could eventually provide
a measurement of |V,4|. Penguin processes are also
possible in ¢ and t decays, but these particles have the
CKM-favoured decays ¢ — s and t — b accessible to
them. Since the b quark has no kinematically-allowed
CKM-favoured decay, the relative importance of the
penguin decay is greater. The mass of the top quark
the main contributor to the loop, is large, and the
coupling of the b quark, the t quark, |V, is very
close to unity, both strengthening the effect of the
penguin. The b - s(b — d) penguin transition is sen-
sitive to |Vis|/|Vegl-Which will be extraordinarily dif-
ficult to measure in top decay. Information from the
penguin decay. will complement information on |V|
and |V,4| from B¢ — B,/ and B® — B° mixing [29].

Since the Standard Model loops involves the hea-
viest” known  particles (t, W ,Z), rates for these
processes are very sensitive to non-SM extension with
heavy charged Higge or supersymmetric particle.
Therefore,-measurement of loop processes constitutes
the most sensitive low energy probes for such exten-
sions to the Standard Model.

2. Gluonic Penguin

Conservation of the gluonic current requires the
b — q, g vertex to have the structure [30,31]:

[1(q?) = (igs/4m®) Ty () TV, (q%) up(pp),

(1)
where
V.(@® = (a*9uw — 4,95V [FE(@DP, +
FR(q*)Pr] + i0,,q" [F5 (q®)P, + FF (q*)Pg].

2

Here F, and F, are the electric (monopole) and
magnetic (dipole) form factors, g = q; = p, — pi is
the gluon four momentum, P,y = (1 +y5)/2 are the
chirality projection operators and T%(a = 1,---,8) are
the SU(3). generators normalized to Tr(T%T?) =
5% /2. The b - g, g vertex is:

¢ (q®) = —(igs/4m*) 7, (pp) TV, (q) v (i),
®)

here ¥, has the form (2) with the form factors
F;¥(q?) replaced by F/;*(q?). To lowest order in a;
the penguin amplitude for the decay process b —
a9 ~ aq'q (akq:d;),_; is:

MPeI —
—i(as/m) [ﬂk (Pk) TaAuub (pb)] [ﬁq' (pq') y“TaUq: (pt‘z,>]'
4
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where ag = g2/4m and:

=
V,|F1(@®)PL+Fi () P|+ (i0,0q”/?)|F3 (%) PL +
F3 (q?) Pgl.

_ ()
Similarly, for b - g, q'g’, the amplitude is:

MPeI —

—i(as/m) W POT Ay ) [y (P YT v, (pg7)]

(6)
where 7\# is obtained from Eq. 5 by the replacement of
all the F(q?) form factors by F(q?) form factors. The
top quark dominates in the sum for F,, hence at value
of g? (a good approximation), we have Fi(g?) =~
F£(0) and FF(q?) ~ FR(0) [32], therefore:

F@) = (6:/N2) D VicVaofiGo @), FRO)

i=u,ct
= 0’
)
F3(0)/mg = F30)/my, = (Gr/V2) Y VigVinf, 0,
i=u,c,t
®)

where x; = m?/MZ, (i = u,c, t) and:

fr00=—(x/41 —0)*)[2 + 3x — 6x% + x3 + 6xInx],
9
f100=(1/12(1 —0*)[18x — 29x2 + 10x3 +x* —( )
(8 —31x+ 18x?)Inx],
(10)
f1(xq*)=(10/9)— (2/3)Inx; + (2/32)
—(2(2z;+1)/32)9(2:),
(11)
here z; = q?/4m? and [33,34]:

’1—2 ( Z )
arctan . z<1
z 1-—

1 1—zl Vzt+iz -1\ |

> P [n(\/g_m)—m]. z>1

(12)

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

g9(2)

f1(xwq?) = (10/9) = (2/3)|In(q?/ My ) — ir]
(13)
To obtain FE>» FF and FE > FE. For the
b - dq'g’ amplitude we find that Ff is dominant.
Processes like b — dss and b — ds5 are expected to
be penguin dominated [35] and Ff dominates all the
other form factors. In the b — dq'g’ transition, we
again find that F£ > FE, FR > F} and the FL ampli-
tude to be dominant.
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3. Penguin Amplitude Decays of b - q,.q;q;
3.1. First Step (Penguin term):

According to Eq. 4, to lowest order the penguin ampli-
tude for the decay process b — qxq;q; is:

Mpeng —
—(@s/m [Ty (py) T Mty (13| [ () YT V5 ()],
(14)
where
Ay =y, FL(@)P, (15)

because Ff dominates for all of the form factors,
P, = (1 —ys)/2 and here we neglect the magnetic
dipole terms.(see (5)). We will calculate the magnetic
dipole terms later. The second term with y# can be
written as:

yi=EvEA—ys)/2+yH (1 —vys)/2.
(16)
Hence, the lowest order penguin amplitude becomes:

MPen = —i(ay/m)[Tgr (Pae) T Atty (py)]
x [, (p)E*T *v,;(p;)

+ ﬁRi(pi)U”Taij(Pj)]
17
Using Eqg. 15, we have:
M"Y = —itay/mF (q?)
{2 (i) T Byt (py)| [t (p,) 0T v, ()]
+ [t (Pi) TGy ()] [ttri () 3T vy (1))}
(18)

Now we can obtain the penguin amplitude for b
quark spin projections +1/2 and -1/2:

MPe™ = (= 2i/V)(as/mF: (7*){A1(@u) (%)

+ A,(3,)(0M),
(19)
here
A= [A+v2 A+ v)/2 [(1+v))2,
A= [1—vpr2 [A+v)2 [(1-v)2.
(20)

Terms (6,)(6*),, and (6,)(c*).x for spin +1/2
and —1/2 obtain by the matrix elements of L-L handed
and L-R handed for the b quark

(_i|L5-#| b(1/2)>L(_k|L5'u|_j>L
+sin((6 +6;—6,)/2).
(=il 0% b—1/2)1 ¢kl Ol =) =
cos((0, —8;—6;)/2) —cos((0, +6;—6,)/2).
(21)

17
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When dealing with penguin amplitudes we will
also need the matrix elements:

(=il 0| b2)L —klgOul—jr
—Sin((ei + Hk — 0})/2),

(_i|La'H|b(—1/2))L (—klrOu|—jr
= cos((6; =0, —0,)/2)
—COS((QL' + 9k - 9])/2)
(22)
Thus the amplitudes for spin projection +1/2 and —
1/2 are given by:

+A2 [Sin ((Qk - 91' - 9])/2)
—sin ((Hk +6,— Gj)/Z)] ,

(23)
METS = (—i2 ﬁ/V) §0{Aq[cos((0;—6;—6))/2)
—cos ((Gi +0,— Hk)/Z)]
+ Az[cos((6,—6;—6)/2)
+ Ccos ((Qk + Ql- - 91)/2)]}
(24)
where:
§(x) = (as/V2m)(4/3)F (g%). (25)
Since the colour factor is given by:
8
Z TaTe = [(1/3) — (1/6) + (1/2)]2.= 4/9.
! (26)
Also, according to Eq. 7 the«Ff (g?) is:
FE@) = (G:V2) ). Vi i,
= (Gr /N2 VigViunFuCe) + ViV fy (e0) +
Vt*thbfl(xt)}' (27)

here q refers to'd and S quarks. We used Egs.10, 11
and 13, to obtain f;(x,), fi(x.) and f;(x.), respec-
tively.

3.2. Second step (magnetic dipole term)

A charge particle in orbital motion generates a mag-
netic dipole moment of a magnitude proportional to its
orbital angular momentum. Furthermore, a particle
with intrinsic angular momentum or spin has an intrin-
sic magnetic moment. The magnetic dipole term in the
penguin amplitude, according to Eq. 5, is:

A, = (o4, q°/9?)[FE ()P, + FR(q?)Pgl.
(28)
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Also, according to Eq. 8 magnetic (dipole) form
factor at g2 = 0(q%/MZ, < 1) is:

FHO) _FRO) _ g
my my 8M5V

Z ik Vin f2 (x1).

(29)
The top quark is dominant for F(0), so we can
write:

FF(0) = my(Gr/N2Z) (Vi ) o (x0)-

(30)
Here f,(x,) defined by Eqg. 9 and x, = m2/MZ2,, also
we saw that F#(0) < FR(0), because m; < m,, SO
the magnetic dipole term becomes:

A, = (i0,,9%)FF (0)Py. (31)

Substituting in the penguin amplitude, according to
Eq. 4

Mdip
2
= o k(P )T 19,0047/ 4% FS OPruy(p,) [P )Y Tv) ()]
(32)
where
o= (i/2)y"v"] = W/DOH*y” —v"rh).
(33)
and
(0 o™/ O0 o™\ _ (oH6" 0
ryr= (5~ 0 ) (&" 0 )= ( 0 &#a")'
(34)
Therefore:
_ifo*G" — oV 0
o =5( 0 Fhov — 5”0#)'
(35)
The wave function of b and g, is given by:
ako-;w[(l + Vs)/z]ub =
) (707 ) ()
2 ka 0 O-u&v - 0-175;1 lpr
(i/z)lpkL(a'uo-v - 5-1;0-#)1pr-
(36)
Substituting in the penguin amplitude:
. 2 v
M = — éqnsz F3(0)(T°T%) [akL%(aﬂau
- 5vcf#)ubR] [w (& + a)v;].
37)

Substituting ¥ = (p, — p,)” in the above equation, we
have:
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. 2 1 o
MéP — _ égnsz F5(0) (T“T“)?[(u,daﬂ (ovp},

— OvP})Upr)
= (e (Fvpy = Tup) Tty )]
X [ﬁia'#vi + ﬁio“vj],

(38)
or
Mdip =
g2
T 8r 52 Fz (0)[(TaTa)— [(kL|Uu(vab vaZ)|bR)
(kLl(vab - vak)0u|bR>]
X [(iy[6#1j,) + (irla*|jr))].
(39)
We known that:
Oy Pg|bL> = my|bg), Oy p£|kl,> = my|kg),
o, pplbr) = my|by), o, Prlkr) = my k),
5# (vag) = Pk » (5u pg)o-v = Pbu-
(40)
and
@y +Pdu = (200 =11 = 1)),
(41)
Also according to conservation of current
(p;+ pj)ﬂ [(iL|5MUL> + <iR|GM|jR>]
=m [(iRIjL> + <iLIjR>]
-m [(iLUR> + (ileLH ]|
(42)

Since in the penguin decays m; =.m; and |}) is the
antiparticle:

GuPjulin) = —myljg). (43)

Consequently, the magnetic dipole term of penguin
amplitude becomes:

; 9é
MaP = ~ & —FR (O)(T“T“)—[mb(kL|oﬂ|bL)

- mk(kR|‘Tu|bR>

—(pp + pk)u<kL|bR)]

X [(iL16#1jL) + (irlo®ljr)]-

(44)

We neglected the term m (kg|o,|bp), because
my K mbi

MP = (4/3)dg(1/q*)[my{k; |G, |bL )i 16#1j,) +
mb<kL|5u|bL>(iR|0”|jR> -
(pp + Pk)u(kL|bR)<iL|5”|jL) -
(pp + pk)[,l,(kleR)<iR|O-'u|jR)]'
(45)
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Using Eqg. 42 for the second part of Eq.45, results in:

MY = (4/3)dg(1/q*)[my(ky |8, |bL )i 16% 1)) +
mb(kL|5u|bL)<iR|0#|fR) - ZPbu(kL|bR><iL|5#|jL) -
ZPbu(kL|bR)(iR|0'”|jR)],

(46)
here b meson is at the rest (pb# (my, 0)) and

(TeT4) = 4/3,

gé
dg = — 55 F{(0)

'H
=- 87:;2 8M2 Z ]/I.k‘/lbfz (xl)

= —(2V26¢) (mf2)(@s/4) ) ViV fo (0.

(47)
Hence, the magnetic dipole of penguin amplitude
is given hy:
MP = (4/3)dg(my/q*) (k. |5, |bL)iL15#1,)
+ (kL|5u|bL>(iR|<T”|jR)
— 2(kp|bp)i 6% ]jL)
- Z(kL|bR)<iR|0'#|jR)]-
(48)
Now we must calculate each term of Eq. 48 for b
spins project -1/2 and +1/2, then squaring these terms
and adding all of them and at least averaging.
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, — (6, — 6, — m):

b spin(—1/2) and angle 6;, «

-sin(0,/2)
(rv2) (cos (6,/2) >

b spin(+1/2) and angle 6, «
cos(6,/2)
(1/+2) (sin (eb/z))'
(49)
Substituting the factor of (1/v/2) in the M®P and
negligible terms (k| bg), thus the amplitude of mag-
netic dipole becomes:

M — 4 gdg [(kL|GbL) (1L|a”|]L> (ky|GulbyL) <1R|0”|j )]
(50)
here

Ag = (1/‘/5)(4/3)(1)1;/‘12)-
(51)
The first term of Eq. 50 for b spin project —1/2, ac-
cording to Fierz transformation:

(kes|a"|bu) (isloulis) = ~tkloulbi) {iL]a"]j,)
(52)
is given by:

19
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M1d(lp1/2) = (kLla'#lbL) (iL|5u|jL>'
= —cos((68, — 6; — 6, + 6;)/2)
—cos((6, — 6; + 6, — 6;)/2).
(53)

and the first term for b spin project +1/2 is given by:

M, = (kL|0'”|bL> (LA
= —sin((6, + 6; — 6, — 6,)/2)
+ sin((eb —6;+ 6, —6,)/2).
(54)
Also the second term of Eq. 50 for b spin project —
1/2 is given by:

My, 1 = —(ku16#1b,) (ir|0yjr).
= —cos((6, + 6; — 6, — 6;)/2)
—cos((6p — 6; + 6, — 6,)/2).
(55)
In addition the second term for b spin project +1/2
is given by:

Mi(r /2y = ~(ku|5*|bL)iRloulig)
= —sin((6p, — 6; — O + 6,)/2)
+sin((6, — 0, + 6, — 6,)/2).
(56)
Thus the amplitudes for spin projection +1/2-and —
1/2 are given by:

M2, 5 = —Agdgf{[—sin((6), + 6; — 6, — 6;)/2)
+sin((6, — 6; + 6 — 6,)/2)]
+ [~ sin((6p — 8;— O+ 6,)/2)
+sin((6, = 0; + 0= 6,)/2)]},
(57)
M;(P, 5 = Agda{[— cos((8p— 0; — 0, + 6;)/2) —
cos((6, — 6; + 6, — 6;)/2)] +
[— cos((6), + 8p=0, — 0;)/2) —
cos((6, — 6; + 6, —6;)/2)]}.
(58)

3.3. Final step (Penguin + Magnetic Dipole)

We want to consider all terms in Eq. 5, by adding the
two amplitudes of penguin (see Egs. 23 and 24) and
magnetic dipole (see Egs. 57 and 58) terms. In this
case, the amplitudes for spin projection +1/2 and -1/2
are given by:

20

Journal of Theoretical and Applied Physics, 4-3 (2010)

M = (—i/M{[E()(A, — A)
- ASdB(Al
— Ay)]sin((6, — 6, — 6;)/2)
+ [-4:8(x)
+ AyAgdg] sin((6, — 6; + 6,)/2)
+ [42§ (%)
+ A, Agdg] sin((6) + 6, — 6;)/2)},
(59)
MP ) = (—i/V{[E() (A, - Ay)
- ABdB(Al
+ A cos((6x — 6: — 6)/2)
+ [4:€(x)
— AyAgdg] cos ((6, — 6, + 6,)/2)
+ [4;¢(x)
— AyAgdg] cos((6y + 6; — 6,)/2)}.
(60)
The amplitude of tree‘level decay rate is:
M4y = (=1/V) A [sin (6, — 6, — 6;)/2) +
sin (6, — 6, + 6,)/2)],
M{_y /5y = (=i/V)Ain [cos ((6x — 6; — 6;)/2) —
cos (6, — 0, +6;)/2)],
(61)
Here:
1 = 2Gp|VipVjie|- (62)

We added the amplitude of (tree + penguin + mag-
netic dipole) terms for b spin projection +1/2 and —-1/2,
S0:

(t:f;'z‘)i = (—i/V){A;sin ((6, — 6, — 6,)/2)
+ 2, sin ((6, — el +6,)/2)
— A3sin ((6, + 6, — 6;)/2)},
(63)
(Hf;';)l = (—i/V){A; cos (6, — 6, — 6,)/2)
— 25 cos ((6, — 91 +6,)/2)
+ 25 cos ((6, + 6, — 6,)/2)},
(64)
where:
A = A (n — &(x) — Agdg) + Ay ((x) — Agdy),
Ay = A1(77 - f(x)) + A, Agdsg,
A3 = Az8(x) — A1 Agds.
(65)

Squaring spine average, the amplitude is given by

1
MR =5 T+ T
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= (=i/V)*(1/9)(1/8) {5 + 25 + 13
— 2144, cos(6y, — 6;)
+ 24443 cos(BJ- - Hk)
— 22,25 cos(6; — 6;)}.
(66)
Now, we need to obtain all of the helicity states
and then add them together:

MO, e = (/YD (A/D {0 +

+as(1-vP)?(1- vjz)l/z
—2v;v(a, + ag) cos(6), — 6,)
+ 2vjvi(as + az) cos(Hj —6)
= 2v;vj(ag + ag) cos(9j — Bi)},
(67)
here

@y = () — E(0) — Agdg)? + (1 + E(0))” — (Agd)?,
a, = (f(x) - Agds)z + Sz(x)z + (Agdg)z,

az = 2[(7) —&(x) — Agdg)(§(x) — Agdyg) +
(n = £(x))(Agdg) — £(x) — Agds),

ay = (= §(0) = Agdg)(n + £(x)),
as = (§(x) — Agds)(Agds),

ag = —(n — §(x) — Agdg)(Agds),
a; = (§(x) — Agdg)§ (x),

ag =—(n—§(0) — Agds

ag = &(x) — Agds.
(68)
After integration in the phase space and change
variable x and y, the total decay rate gives:

d? TP+ Jdxdy = (3/8)(M2/194n3) [I; + I, + I5].

(69)
We assume the momentum of quarks, according to x
and vy, to be:

pi =xMy/2, Pk =y My/2,

p; =xM,/2.
(70)

The phase spaces are

L = 6xy - fap + [a10 — 2(aq + as)hapcl,
I = 6xy - fap - [2(ag + a7)hpcal,

Iy = 6xy - for - [-2(ag + ag)haes],

(71)
where
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0,’10 = al + 0(2 + 0(3(1 - Uiz)l/z (1 - v]'z)l/zy
(1—vP)? =1 - (x2/(x? +a?)),
(1- vjz)l/z =c/[2-VxZT+aZ—/y?+b?].

I (72)
Also:
far =2 —/x2 +a% —[y? + b2,
_ (fap)? = (?+x* +y?)
ave 2VxZ ¥ a?Jy? + b2
foe=2—/x2+ b2~ [y? +c2,
W - (foc)2— (@ +x* +y?)
bea 2Vx2+ b2 [y? + c2
fac =2 =2 +a? —\[y? +c2,
= a2 — (% +x* +y%)
Tt afy t 2
(73)

here the constants a, b and ¢ are:
a=2mi/M,, b=2m/M,, c=2m;/M,.
(74)

4. Numerical Results

As an example of the use of the above formalism, we
use the standard particle data group parameterization
of the CKM matrix with the central values 6,, =
0.221,60,5 = 0.0035, 6,5 = 0.041, and choose the
CKM phase 6,5 to be /2. Following Ali and Greub,
we treat internal quark masses in tree-level loops with
the values (GeV) m, = 4.88, my = 0.2, m; = 0.01,
m,, = 0.005, m, = 1.5.

The decay rates and branching ratios of tree plus
penguin plus magnetic dipole (Eq. 73), for both par-
ticles and antiparticles b —» udi, usii, cdc, csc and
b — cdu are shown in Table 1. It can be seen that the
decay rate for the antiparticle b — iidu is greater than
the decay rate particle b - udu, and the decay rate
antiparticle b — ¢dc is less than decay rate particle
b — cdc, and so one. We consider that, modes
b — cud, and b — ccs are dominant. The total decay
rates of (tree + penguin + magnetic dipole) is given
by:

ITHPEMD — 3107 x 10712 GeV,

Toteiat? = 3.104 x 10713 GeV.
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Table 1. Decay rates (DR) and branching ratios (BR) of (tree + penguin + magnetic dipole) of b-quark and b-
antiquark (DR x 10715 GeV)(BR x 1072).
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Process DR BR Process DR BR
b - cdc 2.291 0.737 b — ¢dc 2.224 0.716
b - csc 41.570 13.370 b - ¢sc 41.630 13.410
b - cdii 184.600 59.410 b - Zdu 184.600 59.470
b - csit 9.280 2.986 b — &su 9.280 2.989
b - udu 2.252 0.724 b - tdu 2.684 0.864
b - usiu 2.236 0.719 b - 1isu 2.203 0.709
b - udé 2.368 0.762 b - fdc 2.368 0.762
b > us¢ 1.235 0.397 b — fsc 1.235 0.394
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