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Abstract

We consider nonleptonic B — PP decays in the frame work of
low-energy effective Hamiltonian. It turned out that the numerical
values of branching rations strongly depend on the parameters of
the effective Hamiltonian. It turned out that the decays, which are
dominated by Penguin diagrams are unsatisfactorily described in
the case of N, = 3.

1 Introduction

Weak B decays play a very valuable role as they provide insights into
the standard model (SM) world of CP violation, testing the Kobayashi-
Maskawa (KM) mechanism, which allows CP violation in the SM of elec-
troweak interactions, determining the CKM unitarity angles and exploring
models beyond the SM. The two B-factories BaBar at SLAC and Belle
at KEK have started a new era in the exploration of CP violation. The
main objective of these factories is to test the SM and also to look for pos-
sible signals of new physics (NP). They are providing us with huge data
and we expect many exciting years in B physics and CP violation. With
this in mind, we see that B physics has many important contributions to
particle physics. These topics are of great interest in particle physics and
the knowledge of them will be improved with forthcoming experiments at
Large Hadron Collider (LHC) [2].Two-body B decays have been consid-
ered one of the premier places to understand the interplay of QCD and
electroweak interactions, to look for CP violation and over constrain the
CKM parameters in the Standard Model. And indeed, exclusive modes
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B — PP, PV and VV | which have been extensively discussed in the lit-
erature have committed such expectations.Some of these channels provide
methods for determining the angles of the unitarity triangle, allow to study
the role of QCD and test some QCD- motivated models (see for example
some recent reviews in [1]).The theoretical analysis of nonleptonic B decays
requires the use of a low-energy effective Hamiltonian which is the starting
point for the phenomenology of weak charmless two-body nonleptonic B
decays can be described by a tree-level spectator diagram or a one-loop
penguin diagram. Therefore, such decays are usually divided into three
classes: (a) decays having both tree and penguin (QCD and EW) contri-
butions, (b) decays having only tree contributions, and (c) decays having
only penguin contributions. These decays can also have contributions from
W-exchange, annihilation and vertical loop processes but their contribu-
tions are expected to be small. Present QCD technology, however, does
not allow to undertake a complete calculation of the exclusive non-leptonic
decay rates from first principles, such as provided by the lattice-QCD ap-
proach, as this requires the knowledge of the hadronic matrix elements
< M;M,|Heff|B >.This matrix elements are usually approximated by
product of two matrix elements of single currents.The corresponding form
factors were treated in different approaches, for example The ISGW model
[3],the WSB model [4],the CLFA model (6] and other. In this work we use
relativistic quark model [5].

2 Effective Hamiltonian

The effective Hamiltonian describing the nonleptonic decays of B- mesons
is given by [7]

G
Heys(AB = 1) = —5(VuVi(CiiO3 (k) + Cal) O3 (1) =
ZC(M i) + hec, (1)
=3
g=d,s
where O;(p) (2 = 1,. .., 10)- are local four-quark operators, arising from

different graphs :
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o Current- current (tree) operators
Of = (ub)v-a(qu)v-a
03 = (Tabp)v-a(Gpta)v-a

o QCD- penguin operators
O3 = (gb)v-a Z(EQI)V—A
ql

Os = @abp)v-a ) (@ada)v-1

q

Os = (gb)v-a Z(?q’)vm

q

O6 = (Tabs)v-a Y _(Gdh)vsa

q

e Electro- weak penguin operators

: -
@)v-4a)_eq (@7 )vsa
ql

0725

3 _
- Og= §(Qabﬂ)V—A Z’Cq'(q;aq;)VM
q

3 -
Oy = E(Eb)V—A Z eg(d'q)v-a
q

3,_ o
Oy = §(chbﬂ)V—A Z:eq’(Q//sqa)V~A

q

where a, 8 -color indices, ¢’- active quark in the loop at the scale m,.
Left- handed and right- handed currents are denoted as:

(@adp)v-a = Caru(l —75)d5
(€atp)via=d ol +75)d5
3 Factorization of matrix elements

The hadronic matrix elements (O(u)) are conventionally evaluated under
the factorization hypothesis [8] so that (O(u)) is factorized into the prod-
uct of two matrix elements of single currents, governed by decay constants
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and form factors.But this approach immediately leads to the following
problem. Hadronic matrix element under factorization is renormalization
scale p independent as the vector or axial vector current is partially con-
served.Consequently, the amplitude C;(){O) .t is not truly physical as
the scale dependence of Wilson coefficients C;(u) does not get compensa-
tion from the matrix elements. The solution of this scale problem is to ex-
tract this 4 dependence from the matrix element {(O(u)) and and combine
it with p - dependent Wilson coefficient function to form g - independent
effective coefficient [9]

C({O(w) = C(m)g(1){O)tree = C¥/(O)tree (2)

So, finally one arrives at the form

(M M2|Hejs|B) = Z(Ma)3#(0) (M ]5,.|B) +
+Z2{M1|3"%10)(M|3,,| B) (3)

where j,, and j, are the corresponding ( neutral or charged) V — A4

currents. Z,, Z, involve the Cff f , CKM factors Vo and Gp.The Cff 7 coef-
ficients enter in combination

1
a =G 4+ - Cf], (i = odd)
1
a; =G+ G|, (i = even) (4)

All dynamical details are coded in this quantities (4).

4 Classification of factorized amplitudes

The generic decay amplitude can be written as

T+ P+ Pgw (3)

where T, P and Pgw denote contribution from tree (Oy, Oz), QCD penguin
(O3~ 0s) and electro-weak penguin(QO;—01p) operators. So the amplitudes
can be classified by domination of corresponding parts of (5).

Classes I-1II- tree (T") dominated amplitudes.
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e Class I. Only a charged meson can be generated directly from a
singlet current. The relevant coefficient is a;.

e Class II. Only a neutral meson can be generated directly from a
singlet current.The relevant coefficient is a,.

e Class II1. Both charged and neutral mesons can be generated through
the currents, involved in Hegs. The relevant coefficient is a; + ra;,
where r is decay dependent.

Classes IV, V- penguin dominated(T + P + Pew = P+ Pgw) amplitudes.

e Class IV. Decays whose amplitudes involve one or more of dominant
penguin coefficients a4, ag, a9 and have the generic form:

l M(BO - hzlthg:) = ooy + Z o;a;
i=4,6,9
M(B® — hSh9) = aza, + Z 0ya;
v i=4,6,9

M(Bi - hzlthg) 2o ((11 + Tag) + Z ;04

e Class V . Decays whose amplitudes involve penguin coeflicients
as, as, a7, a1 interfering significantly with one of dominant penguin
coeflicients a4, ag, ag.

Decay modes classified according above scheme, are listed in table 1.
Table 1

class Decay Mode
1 B 571 at,BY > p~nt B 5 7w pt,B® = p p* ,B® = p~ K™
N ¥t B? — 7970 and other from set of 7%, n, 7', 0%, w
11 BY > (n*, p" )", 7, %\ w)
1\ B 5 K08+ 5 Kn(),BY = Ko70
IV
pure penguin’ " B* — K'n* Bt — K*K9 B® - K9KO
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5 Amplitudes of B — PP decays.

The factorized amplitudes are defined by (3), so one has to calculate matrix
elements (M;|j#|0) and (Ms|j,|B). In the case of B — PP decays the first
one is defined by pseudoscalar decay constant:

(P(p)lgv*(1 — 75)ql0) = ifpp* (6)
The second one can be written in the standard form [5]:
(P(p2)[@v"a|B(p1)) = Fi(¢")(p1 + p2)* + F- ()" (7)

where ¢# = p/' — p}.
So, matrix element can be written as:

G
i~ £ C (s, Vaw, mg) fr, (M — m2) Fy (m2) +

(Py(p1) Pa(p2)|Hes | B(pB)) = '\/5

+miF_(m3)) + (1 & 2) (8)

where C(ai, Vi, Ve )- is certain combination of effective coefficients a;, de-
fined by (4), CMK-matrix elements V¢ and quark masses mgy, ¢ = u, d, s, b.
Matrix elements for different channels of B — PP decay have the following
expressions

— _ _G
M(B® = n n?) = —zT;fn ((mp —mZ)Fl(mZ) + miF™(m?)) x
ViaViay — ViV lag + 2my
ubVud@1 — ViVeq (G4 am+(aﬁ+a8)(mb~m Ymu + md) 9)

M(B™ = %) = ~iCLfy (mdy = m2)Fi(m?) + m2 2 m2) x

.3 2m?
{VubV d(al -+ (12) Wb‘/tdi [ag + Qg — a7 + as (mb - md;?;ld 7 md)] }(10)

MBS  #8%) = =i L f, (my = m2)FE(md) + m P m3)

1 3 3 (aﬁ — .lag) 2m?
5010 + 587 — 5 : u 11
g@0 T % Tyt * (my — mq)(md + md) (1)

X {VubVJda'z — VaVy [04 -
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Cr

M(B~ - 17 K°) =i—fk ((m} — m2)F} (m}) + mgFT(m})) x

V2
. 1 3 3 1 2m?
Vol o = o + G = G = o | 12

M(B~ = K"K = ,9\/_‘;_‘ fic ((m — m2) FX (k) + m% FX (m%)) x
o1 3 3 1 om?
xVaVia [‘14 — %0t 07— a0t (ag — =as)

2 2 2 7 (my — mg)(md + ms)] (13)

6 Numerical results for branching rates of
B — PP decays.

The form factors F1'* entering (9)-(13) were calculated in the quark model
[5].This form factors were interpolated by the function

F(0) '
2 = ————— = —
The values of F(0) and parameters a, b for FI’K form factors are listed in
table 2.
Table 2

Fr [ Fr [ FF] F¥
F(0)]0.24]-024]0.29]-0.28
a |1.87| 1.97 [ 1.85] 1.95
b 093] 104096 1.09

For quark masses we use following numerical values [11]:

my(GeV) | mg(GeV) | mg(GeV) | mp(GeV)
0.0025 0.054 0.1 4.19

The CKM matrix is parameterized in standard form ({12]

— g’ A AXp—in)
CKM = —A 1-1a2 Ax
AN —-p—in) —AN 1
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with p = p(1 — 3A%), 7 = n(1 — 3%).
We take for the Wolfenstein parameters the central values from the
global fit [11]:

A=0.2259, A=0.82, p=0.158, 7n=0.343 (15)

The decay rate for B — PP is defined in standard way:

2

[(B — PPy = == |M(B > PR,)[’ (16)
B

where p. - is the c.m. momentum of the decay particles.

L Vfmh oy o) "

We use the numerical values of a; calculated with different sets of Cff 4
from [7], [9]and [10]. Our results for branching ratios of B — PP are
listed in tables 3-5.

Table 3. Branching ratios for B — PP(in units 10~8) with a; calculated
with set of C&// from [7] with N, = 2,3, cc:

Channel Class | Exp. [11} | No.=2| N, =3 | N, =0
B & gtg- I [5134+031] 7.12 7.04 9.36
BY — 7070 I [1.62+031] 1.13 | 0.064 1.71
Bt o5qatad [ III | 5.7+0.5 4.9 3.88 2.20
Bt K20 | IV [ 120+06 | 9.46 0.97 12.3
B 5> Kta~ | IV [ 194+06 | 3.75 1.06 4.96
B 5 K% | 1V 9.5+0.8 4.65 | 0.0621 7.34
Bt >atKO | IV [ 231+10 ] 132 | 00615 2.00

=0

Bt - K*K IV 1 1.36 £0.27 15 1.01 22.6

=0

B 5 K°K | IV | 0.9670% 142 9.29 234

Table 4. Branching ratios for B — PP(in units 10~°) with a; calculated
with set of C// from [9] with N, = 2,3, c0:
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Channel Class | Exp. {11] | No=2| N, =3 | N, =00
BY > ntn~ I [513+£031] 5.9 6.64 8.19
BY & 7070 I [1.62+031( 1.05 | 0.341 1.49
BY » #ta0 | 1II 5.7+0.5 4.62 3.65 2.10
BT 5> Kta0 | IV | 129+06 | 7.31 8.13 9.83
B S Kvn— | IV | 194406 | 275 30.5 36.8
BY 5 K00 | IV 95+0.8 3.49 4.17 5.66
Bt 5atKO [ IV [ 231+1.0 | 10.2 12.0 16.1

Bt > KK | IV |1.364+027| 101 | 0976 | 1.36
B K'K | IV | 096132 | 1.06 | 0.969 | 149

Table 5. Branching ratios for B — PP(in units 10~%) with a; calculated
with set of C¢// from [10] with N, = 2,3, 00

Channel Class | Exp. [11] | N;=2| N, =3 | N, =0
BY S ata~ I |[513+0.31] 6.11 6.93 8.66
BY — 7970 II |162+031| 1.44 | 0.081 2.11
BY S5 ata® | III | 57405 4.59 3.63 2.08
BT S Kta® | IV | 129406 | 2.75 3.63 5.69
B Kin= | IV | 194406 | 245 28.9 38.5
BY 5 K00 | IV 9.54+0.8 8.34 9.11 10.7
Bt > atK° | IV | 231+£1.0 | 122 13.8 17.2

Bt 5 KK | IV |1.36+0.27] 0.803 | 0.861 1.45
B~ KK | IV | 0967%% | 0.831 | 0.855 | 164

The results displayed in tables 3-5 demonstrate the strong dependence on
the number of colors.This applies in particular to the B® — 7% decay.

It is interesting to compare the results obtained for different sets of
C1 at the same N,

Table 6. Branching ratios for B — P P(in units 10~¢) with a; calculated
with sets of C¢// from [7], [9)and [10] with N, = 3:
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Channel Class | Exp. [11] (7] [9] [10]
B —» ntq~ I 513+031] 7.04 | 6.64 | 6.93
BY — 7970 II |1.62+0.31]0.0649 | 0.341 | 0.808
Bt 5 ata® | 1II 57+05 | 3.88 | 3.65 | 3.63
Bt > Kt¥a% | IV | 129+06 | 097 | 813 | 3.63
B S K'nw— | IV [ 1944+06 | 106 | 30.5 | 28.9
B 5 K00 | 1V 95+0.8 [0.0621 ] 4.17 | 9.11
BY 5#xTK9 | IV | 231+1.0 | 0615 | 12 | 13.8

B+ 5 K+K| v [1.36+027| 1.01 |0.976 | 0.861
B> KK | Iv | 09692 | 0.929 | 0.969 | 0.855

Table 7. Branching ratios for B — PP(in units 107%) with a; calculated
with sets of C#/ from [7], [9]and [10] with N, = oco:

Channel Class | Exp. [11] | [7] | [9] | [10]
B > 7r+7r— I |[513+031[9.36]|8.19]8.66
BY — 7070 I |162+031]1.71]149]2.11
Bt 5 nta0 | 1II 57+05 [3.88] 2.1 |2.08
BT 5Kt | IV | 129+06 [12.3]9.83]5.69
B S Ktn~ | IV | 19.4+0.6 |49.6|36.8 385
B 5 K%0 | IV 9.5+0.8 |[7.34]|566]|10.7
Bt S5atKO | IV [ 231410 | 20 |[16.1]17.2

Bt 5 K*K | IV |1.36+0.27 226 1.36 | 1.45

—0

B 5 KK | IV | 09610% |23.4]1.49]164

It should be noted that the numerical values for the decays of type IV differ
greatly from the experimental data.Perhaps it is a signal the presence of
some additional interactions.
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