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ABSTRACT 

"Ve gi\'e the detailed analyses for the gluonic-penguin effect on the Ktr and trtr de­

cays of the B meson. In the standard model, it is shown tbat, the ratio BR(B --+ 

J(1f ) / B R( B --+ 1ftr) takes the value 0.5 "" 3.0 with the strongly depending on the 

CP violating phase ¢ and the KM matrix element We obtain the constraint on 

the form factor by using the experimental branching ratio. It is also found that, in 

the two-Higgs-doublet model, the charged Higgs contribution which could enhance the 

B --+ X 3 "'! decay does not a sizable effect on our processes. The effect of the final state 

interaction on these processes is also discussed. 
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Until now, the rare B decays have been intensively studied in the standpoint of 

the standard model(SM) and also beyond the standard model. Especially, b -+ S",! 

and b --+ S9 sub-processes have attracted one's attention in the circumstance that 

the experimental evidence has been found in CLEO [1]. These decays, induced by 

the flavour changing neutral current, are controlled by the one-loop penguin opera­

tors which involve the important SM parameters such as the top-quark mass and the 

Kobayashi-Maskawa matrix elements \1';., and \I';/)[2J. In our previous papers [3], we 

analyzed the inclusive decay B -+ X.,,,,! and the exclusive decays B -+ Kx "'!, where 

____1<)( denotes the meson states in the sq(q if or a) system, as well as the exclusive 

/ S decays B - Kx4> by including the nonstandard physical effects due to the charged 

Higgs contributions in the two-Higgs-doublet model(THDivI) [4J[5]. 

In this paper, we study the B --+ Ktr and B --+ 1ftr decays, which are induced 

<' 	 by both tree processes and gluonic penguin ones, in the SM model. Now we rake 

into account QCD corrections, which were not included in the previous calculations[6j, 

since the QCD corrections have been found to give the important contributions to the 

rare decays of the B meson. Recently, CLEO Collaboration reported the following 

experimental result 

BR(B~ --+ 1f+tr- + K+tr-) = (2.4!g:~ ±O.2) x 10-5 , (1) 

where the discrimination between the K+ meson and the 1f+ meson has not been 

suceeded. \Ve will predict the ratio of the B -+ K 1f decay width to the B --+ 1fT. one, 

the ratio being almost independent of the form factor. The magnitude of the releyallt 

form factor can be restricted by the experimental branching ratio of eq.(l) as shown 

later. Furtheremore, we will examine the nonstandard effects due to the charged Higgs 

contribution in the THD~L Finally, the effect of the phase shifts due to the final state 

interactions will be discussed as to our numerical results. 
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In the previous paper[5], we give the formulation including the QCD corrections for 

the rare decays of the B meson. The four-quark operators and the magnetic-transit ion­

type ones are given for the processes under consideration in the the Hamiltonian [8][9}. 

4G [ 2 s ] (2)Hell A Vu t;Ci(Il)Oi(ll) +Vt t; Ci(Il)Oi(~) • 

where the factor vq(q=u.t) is defined by 

v :: { Vqb Vq~ for b -4 S (3) 
q Vqb ~d for b - d 

For the b - s transition, each operator OJ is defined as follows: 

0 1 (lho lJ-lbL/3)(!L/3IJ-lqLa) , 

O2 (rho lJ-lb Lo Kh/3lJ-l qL/3) , 

03 (!LolJ-lbLo)( :E 7/ L/3IJ-lq~/3) , 
5 quarks 

0 4 CSta~bL/3)( :E 7/ L/3I,..r/La) , 
5 quarks 

Os (holJ-lbLo )( :E 7/ R/3IJ-lr/R{3) , 
5 qua.rks 

0 6 (halJ-lbL/3)( :E 7/ R{31J-lciJuJ , 
5 qua.rks 

. e ­0 7 -Z8"2mbSLoO'J-lllb &;,q,..clI'
71" 

. gc - ,..IITo b 0Os -l-2m"SLaO' oiJ RJq",clI . 
871" 

For the b - d transition. the s-quark is replaced by the d-quark in each of eq.( 4). 

In addition to these operators. we need a new operator Os. which is derived from Os 

through the coupling of the virtual gluon to ?c/: 

OJ TO'0, . 1 J-lIITOb -;I (Q:;::: s or d) , (5)8 = Imb- -:{fiLoO' oj R3QJ-l1J. JIll ;Jaqo27I"q 

where q,.. denotes the four-momentum of the virtual gluons. The coefficients relevant 

to the processes B - l\7I" and 7I"ii are defined at the energy scale of mil' as[8][9] 

Cl(ml\') O. CAmw) 1. 

3 

C3(mw) 
a 

Cs(mw)+6 . ()21I"sm w 
X 

[1( Xt Xtlnxt) Xt(Xt- 6 3Xt+ 2 I )]- --+ +- --+ nXt
2 1 - Xt {I - Xt)2 8 Xt - 1 (1 - Xt)2 , 

C5(mw) :;::: -
a.t(mw)G ( )

28811" 1 X t , (6) 

C4(mw) 
a.t(mn;)

C6(mw) = 96jfG1(Xt) I 

C7(mw) F(x,) , Cs(mw) 
1-sG2(Xt) .. 

The functions Gi(xe) and F(xt) are given by 

Xt(l- xt)(18 - UXt - xn - 2(4 16xt + gxn lnxt 
Gl(Xt) 

(1 - Xt)4 

(1 Xt)(2+5xt xn+6xtlnxt
G2(Xt) Xt (1 _ Xt)4 • 

Xt 5 7 6xt(3xt - 2) I ] (7)F(xd + Xt- + (l- t) nXt.x

with Xt = m~/m?v' 

In the following analysis, we take the value of the coefficient GS(Il) being equal to 

Cs(Il). Although CS(Il) does not include the full QCD correction of GS(Il) in the leading 

log approximation, this replacement does not seriously affect the results numerically 

since the Os term is the next leading one compared to the operators 0 3 ,04 , Os and 0 6 . 

The similar operator O~. which is induced from 0 7 by the coupling of the virtual photon 

with 7/c/. is negligible due to a «: a,. We evolve the coefficients Cj(Il). by starting 

from the scale mw as given in eq.(6) to the scale Il = mb :;::: 4.58GeV. according to the 

renormalization group equation Then, ,ve obtain 

Cl(mb) -0.240 , C2(mb) 1.103, 

C3(mb) 0.011 + 1.125C3(mw) O,121C4(mw), 

C4(mb) -0.025 - 0.291C3(mw) +O.824C4(mw) , 

C5(mb) 0.007 + 0.944C3(mw) + O.083C4(mw) . (8) 
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C6(mb) -0.030 +0.229C3(mw) + 1.465C4(mw) , 

C7(mb) -0.199 + 0.629C3(mw) + 0.931C4 (mlV) + 0.675C7(mlV) 

+ 0.091C8(mw) , 

C8(mb) -0.096 - 0.59gCa(mw) + 1.029C4(mw) + 0.709C8(mw) . 

However, the coefficients Ca(mb), C4(mb), CS(mb) and C6(mb) do not completely involve 

the charm-quark loop effect. The charm-quark loop contributions are included by 

replacing these coefficients as follows[llJ: 

O.,(!l)C3(,u) -+ Ca(,u) + 2411" G(mc,q, Jl)C2(,u) , 

oJ(,u)C4 (,u) -+ C4(,u) - s;rG(mc,q,,u)C2(,u) , 

OJ(JL)Cs(,u) -+ Cs(,u) + 247r G(mc, q, tt)C2(,u) , 


O.,(,u)
C6(,u) -+ C6(,u) - s;-G(mc,q,,u)C2(,u) , 

G(mc,q,,u) -4 fol x(l - x) In [m; - q:~(1- X)] dx , (9) 

where the parameter q2 denotes the square of the four-momentum of the virtual gluons. 

These values of the coefficients are numerically given as follows: 

CI(mb) = -0.240, C2(mb) = 1.103 , 

Ca(mb) 0.0152 0.0058i , C4(mb) -0.0380 + 0.0174i , 

CS(mb) 0.0118 - 0.0058i , C6(mb} = -0.0427 + 0.0174i , 

Ci(mb) -0.320, C8 (mb} -0.157 , 

where q2 is taken as m1l2 [SH11]. The imaginary part of these coefficients follows from 

the loop integral G(mc,q,,u}. These values are ill agreement with the ones given 

Fleischer[ll]. 

Let us begin with showing the decay amplitude of the B -+ 1\-7r process. By the 

use of the above operators, the decay amplitude is written as 

(J(7r I He!! IB) 4~VUbV1;.!ILCi(,u)(K7r IOi(,u) IB)
v2 1,2 

+ 4~vtb~: L Ci(,u){K7r! Oi(,u) IB) . (11) 
2 3,4,S.6.8' 

We use the factorization approximation in order to estimate the hadronic matrix ele­

ment. This factorization assumption successfully works in the D meson and B meson 

decays [12] within the factor two as to the branching ratios. Under this assumption, 

the hadronic matrix elements of the aboye operators are given as 

(K+7r- I 0 1 IB~) -11
2

(K+ I s"Yp"Ysu I0)(7r- I fi"YPb I B~) , 
1

(K+7r- I O2 I B~) -4'(K+ I s"Yp"Ysu I0)(7r- I fi"YPb 

(K+7r- I 0 3 I B~) -12 
1 

(K+ I s"Yp"Ysu I0)(7r- I fI"Y Pb I B~) , 
1 ' 

(K+7r- I 0 4 IB~) -4'(K+ Is"Yp"Ysu I0)(7r- I fi"YPb IB~) . 

(K+7r- I Os IB~) -~(K+ !''hUR I0)(7r-1 fiRbL I B~) , 

(K+7r- I 0 6 I B~) -2(K+ ISLUR I0)(7r- IuRbL I B~) , 
o 1 ((K+7r- I O~ I B~) -12~mb(j2rf (J(+! s"Yp"Ysu !O)(7r- Ilib I B~) 

+ (/{+ ISTSU I0}(7r- Iu"Ypb IB~}) . (12) 

By the use of these equations, the decay amplitude of B -+ K7r is given as follows: 

(/{+7r- IHefJ IB~) = ~ [-VUbVC:: (lCI +C2) aKlI'(Q2) vtb~~: (lcaaKr(Q2) 

+C4aKr (Q2) + -32CsbKlI'(Q2)+2C6bKlI'(Q2)+30.!lC8;CKr(Q2))J, (13) 
iI' q 

where 

aKlI'(Q2) ([{+ I s"Y///su I 0)(7r- Iullib I B~) . 


bK 'If(Q2) == (1{+ I S~f5U IO}(iI'- I fIb IB~) , (14) 


CKr (Q2) qll ((K+ I S'II"YSU IO)(iI'- I rIb I B~) + (1{+ I S~I,5U I0)(71- I u"Yli b I B~}) 
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The hadronic matri.x elements aK 1<, bK " and eil:1< are given in terms of the decay constant 

fK = 16H/leV and the longitudinal form factor FOB1«Q2) as 

aK1«Q2) fK(m1- m;)Ff"(Q2) , 

bK1«Q2) m
2
K aKI"(Q2) , 

(m5 +mu)(mb - mu) 
2 2 2 2]

CK1«Q2) mB - mK mK mB KI"(Q2) (15)[2(mb - mu) + m5 + mu m1- m; a I 

where f K and the relevant form factors are defined 

(K+ I '!"YJ/1sU \ 0) = fKQp., (16) 

2 2 22)
(1r-\ lI"Yp.b, B~) PB + PI" _ mB;P m1<Q p. F1

B1«Q2) + mB~m1<Qp. FoB"(Q2 ) ,( 

with Q = PB - PI" and then with Q2 = mk. In the estimation of bK" and cK", the 

equations of motion are used for quarks and anti-quarks. Then, the decay branching 

ratio is obtained by calculating 

BR(B~ -+ f{+1r-) = TB8 P" 2 I (I(+1r- I He!! IB~) 12 (17)
1rmB 

The decay amplitude of B -+ 1r1r is given in the same way, 

(1r+1r-1 He!! I B~) = ~ [-VUbY~d (~Cl +C2) a 1rlt {Q2) - VlbV;d (~C3a""(Q2) 
+C4a....{Q2) + ~CSb....(Q2)+2C6b....(Q2)+ Ct5Cambcn(Q2»)J (IS)I 

3 31r q2 

where 

aU (Q2) f,Am1 m;)FoBIr(Q2) , 


2
mb""(Q2) " an (Q2) 

C

(md + mu)(mb - mu) , 

U (Q2} [ m1 - m; m; m1] ":I"(Q2)-2(-=--- + .) 2 a , (19)
mb - mu) md + nlu ma m1< 

with Q2 = m; and f" == 132)'IeV. 
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In the calculation of eqs.(15)and (19), we used the following approximations: 

FOBI"(m~) ~ FoBI"(m;) ~ FOB1«O} FIBI"(O) , (20) 

which are satisfied within the errors of a few percent in the pole dominance model of 

the form factor[13]. In our numerical calculations, we use the quark mass parameters 

as 1141 mb 4.58GeV or 5.12GeV, me = 1.45GeV, m" = 160MeV, mu = 5.7MeV and 

md =8.7MeV. 

Now we have left with only one unknown parameter F!1«O) in the B -+ f{1r 

and B -+ 1r1r decay amplitudes except for the top-quark mass and the CP violating 

phase in the KM matrix. Then, we can predict the ratio of these decay branching 

ratios being independent of the form factor for the fixed phase </I, which is defined as 

Vub =1 Vub \ exp( -i</l). This ratio is almost free from the factorization assumption, 

because the ambiguity of this approximation cancels each other in the numerator pnd 

the denominator. "Ve show the predicted ratio versus </I in the case of mb = 4.58GeV 

and 5.12GeV with mt 140GeV in fig.l. Our result changes only 4% in the region 

mt == 120", IS0GeV. However, our result drastically depends on the value of 1 Vub/Vcb I 

as shown in fig.l, where we use the experimental value 1Vub/Vcb 1= 0.08 ± 0.02[7J with 

I Vcb 1= 0.045. 

fig.1 

In order to know the contribution of the penguin process, we give the ratios of the 

penguin amplitudes to the tree amplitudes in the case of ¢ = 90°, mb == 4.58GeV aud 

ml = 140GeV for both B -+ f{1r and B -+ 1r1l" processes as follows: 

A.(pengUin)I = {4.22 x (j\'.~·JL,) for B -+ f{1I" 

1 A( tree) 0.22 x (j\".o;J~~.I) for B -+ 11"11 
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The penguin process dominates the B -+ K7r decay, but the tree process is not neg­

ligible. On the other hand, the tree process gives main contributions to the B -+ 7r7r 

decay, although the penguin process is still sizable. 

Since the experimentally observed branching ratio of B -+ 7r7r + K 7r was given as 

shown in eq.(1), we can get the information of the form factor Ftlr(O) for the fixed 

!Vub/Vcb I and 4>. We show the branching ratio versus FoBlf(O) for 4> = 90° and 30° in 

fig.2. The experimental allowed region of the branching ratio is the one between the 

two horizontal dashed-lines in fig.2. Then, we obtain Fflf(O) =0.26 '" 0.55, which is 

consistent with the one in the BSW model, FoBlf(O) = 0.33[13J. 

fig.2 
-­

We comment on the contribution of the charged Higgs boson in the THDM as a 

typical new physics candidate. In contrast with the case of the B -+ X.tl decay, the 

charged Higgs contribution cannot provide so sizable enhancement on the B -+ K7r 

decays. This conclusion is in agreement with the one in the case of B -+ Kx4> in 

our previous paper [5J. Our predicted branching ratio increases only in the magnitude 

of around 10% for the case of mH = 300GeVand cot t3 = 1, which follow from the 

experimental upper bound of the B -+ X"I decay 

In the above analyses, we have neglected the final state interaction, which possibly 

affects the decay widths. The phase shifts due to the strong final state interactions 

ha\'e an effect on the magnitudes of the B -+ K 7r and B -+ 7r1r decay amplitudes. 

First decomposing their purely weak (this means" without t he final state interaction") 

amplitudes according to the the final state iso-spins and introducing the corresponding 

strong phase factor for each iso-spin amplitude, we obtain the physical decay amplitudes 

9 

including the final state interaction. Then, we can readily rewrite, the physical decay 

amplitudes of B -+ K+7r- in terms of the purely weak amplitudes of B3 -+ K+7r- and 

B~ -+ J(07r0 as 

(K+7r-1 He!! I B~)ph!l.t e-iS1 /2 {~(2 + eiSK")(K+7r-1 HefJ I B~)tueak 

+ V;(e iSK" - 1)(K°7r° I Hell I B~)'lJeak} , (22) 

where OK'/( == 01/2 03/2 and 

(7r+7r- I He!! I B~)phll.t e- iSo {(7r+7r- IHell I B~)weak 

+ V;(e i5"" 1)(7r+7r0 I Hell IB~)weak} , (23) 

where flu == 00 - 02' However, the narrow resonances coupled to the K7r and 7r7r states 

are not expected at the energy scale of mb. So, the large phase shifts are unlikely. 

Thus, our numerical results are not expected to be largely changed by the final state 

interaction. 

The summary is given as follows. We have studied the penguin effect of the B -+ 

K 7r and B -+ 7r7r decays considering the recent observed decay branching ratio by 

CLEO. We have predicted the ratio of these decay widths, which crucially depends on 

the CP violating phase ¢ and the still ambiguous KM matrix element I Vuh I· The 

experimental information of the K 7r /7r7r ratio will serve us these important parameters 

in the 5:"1 model. Furthermore, the determination of the form factor will test many 

models of B meson decays. \Ve expect that the K-" separation of the B meson decays 

will be done in the near future. 
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Figure Captions 
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figure 1: The predicted ratios of BR(BS - J(+7r-)/BR(BS - 7r+7r-) versus I ,I \I,the phase ¢ for I Vub/Vcb 1= 0.06,0.08 and 0.10. The solid- and the dashed-lines 
N 
U'I \ 

correspond to the predictions in the case of mb == 4.58 and 5.12Ge V with mt = 140GeV, 
\ 
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figure 2: The summed branching ratios of BR(BS - J(+7r-) and BR(B~ - U'I 
 I\ \ 

\ 
"'" 

\7r+7r-) versus the form factor Ff'K(O) for 1Vub/Vcb 1= 0.06,0.08 and 0.10, being fixed 
~ \ ~1-4­ ,// I": 

mb = 4.58GeV and mt = 140GeV. The solid- and the dashed-lines correspond to the (Jq - \ 
\e ;r- e , I 

I 

predictions in the case of ¢ = 90° and 30°, respectively. The upper bound and the lower ........ 

~II 

Ione of the observed branching ratio are denoted by the two horizontal dashed-lines. II 
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