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Chargino contributions to the CP asymmetry in B— ¢Kg decay
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We perform a model independent analysis of the chargino contributions t€Rhasymmetry in theB
— ¢Kg process. We use the mass insertion approximation method generalized by including the possibility of a
light right stop. We find that the dominant effect is given by the contributions of the mass insemd{gns,(
and (53,) 32 to the Wilson coefficient of the chromomagnetic operator. By considering both these contributions
simultaneously, th€P asymmetry in th&— ¢K g process is significantly reduced, and negative values, which
are within the Ir experimental range and satisfy the»sy constraints, can be obtained.
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The measurement oEP asymmetries in nonleptoniB  orderO(\?), where\ is the Cabibbo mixing. Thus, a com-
dgcays plays a crucial role in testing.tﬁlé’ violation mecha-  parison of the experimental results fszS and S¢Ks re-
nism of the standard modéeSM) and it is a powerful probe  \eq15 5 2.3 deviation from the SM prediction. If this dis-

of new physics(NP) beyond the SM. Th€€P asymmetries . ohancy is confirmed with a better accuracy, it will be a
are usually described by the time dependent ra’q%sp(t), clean signal of NP

for B® andB® to a CP eigenstatef cp: Due to the additional sources of flavor aGé violation
— beyond those of the Cabibbo-Kobayashi-Maska\@&M)
0 _ 0
F(E (0 —fep)—T(B (1)~ fcp) mixing matrix, supersymmetri€SUSY) models are natural
I'(Bt)—fcp)+ T'(BO(t)—fep) candidates for explaining the difference between @R
asymmetrie§¢,<S andSWKs. Recently, the gluino contribu-

tions toS(,,KS have been analyzed in Ref§,6]. It was shown

that gluino exchange can explain the experimental results for
S</>Ks without conflicting with the experimental constraints

from S and the branching ratio BB—sy).

The main purpose of this article is to show that the

chargino contributions t&,k . can also be significant and
meson decaB— J/¢Kg has been recently measured by the S
can account for these recent measurements. We perform a

Bal?;ar and Belle Collaborations, Y\"th an gverageS%Ks model independent analysis by using the well known method
=sin 23=0.734+0.034[1,2], showing the first evidence of of the mass insertion approximatiéi], generalized by in-

CP violation in the B meson system in perfect agreement ), qing the possibility of a light right top squatkight stop

with the stan_darc_] mc_)del predictions. This is expected, SiNC§, the otherwise almost degenerate squark spectrum. In our
the SM contribution is at the tree level. _ analysis, we take into account all the operators that contrib-

For the decayB— ¢Ks, where the same weak phase is ;1o to the effective Hamiltonian fonB=1 transitions,
measured, the situation is qualitatively different. The SM aB=1

e off » and provide analytical results for the corresponding
contribution is at the one-loop level, and one can expeciy;q4ing wi -

. o . . g Wilson coefficients.
crucial contributions from NP. The branching ratio fBr

Now we start our analysis of the SUSY contributions to
— ¢Kg has recently been measured by both BaBar and Bellrﬁqe time depender@P asymmetry inB— ¢K s decay. In the
[3] with an average for the branching ratio of HR(

B s 6 = et ¢ following we will adopt the parametrization of the SM and
—><DKS)—(8.4,2_§)><10 , which is slightly different from  gygy amplitudes as in Reff5], namely,
the SM prediction. However, the SM evaluation of HR(
—®Ky) is greatly affected by theoretical uncertainties in the
evaluation of hadronic matrix elements, while they almost
cancel out in the ratio of rates in the time dependémt
asymmetry.

Recently, the BaBar and Belle Collaboratidds?2] have
also measured the time depend@R asymmetry in theB

—@Ks process, reporting an .average value .S&Ks where 6, is the SUSYCP violating phase, and,, is the
=—-0.39£0.41. In the SM,Sy_ is expected to give the strong(CP conserving phase. In this case, the mixir@QP
same value of sin2as extracted frong;;,«, up to terms of asymmetryS,  takes the following form:

ar ()=

=CfcpcosAMBdHSfcpsinAMBdt (1)

whereCfCP and St represent the coefficients of direct and
indirect CP violations respectively, an(zi&MBd is the B?

eigenstate mass difference.
The time dependentP asymmetryaJ,(,,KS(t) in the B

ASUSY

=R, €'’ €', 2

SM
A oKs
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S Sin 28+ 2R 4C0S81,8IN( 0+ 28) + R3siN(260 4+ 28)
BKs— :

1+2R4€088;,c080,+ R},

The most general amplitude for tie— ¢Kg process can be Cio(uw)=M?9. Here,Y, is the Yukawa coupling of the top
written as quark andF refers to the photon penguin®§, Z penguins
(C), gluon penguinsk), boxes with external down quarks
. - — — (B9) and up quarksB), magnetic penguinsM?), and
A(¢K):——2_Zl [Ci(u) +Ci() K #KQi()|B?), chromomagnetic M19) penguin diagrams. There are also
o 3) contributions from box diagrams mediated by both gluino
and chargino exchanges, which affect ofly_; 5(uy), but

where Q; are the operators that contribute to the effectivetheir effect is negligibl¢12] and we will not include them in
Hamiltonian forAB=1 transitions anc;(x) are the corre- OUr analysis.

sponding Wilson coefficients at the energy sgaleThe ma- The detailed expressions &, including contributions
from chargino-gluino box diagrams, are given in the Appen-

trix eIgments(¢K.°|Qi|'B°> are calculated in the naive fac- iy Here we will just concentrate on the dominant contribu-
torization approximatior{8], and their expressions can be {jons which turn out to be due to the chromomagnehitd)
found in Ref.[5]. In this notation,Q;—; 1o represent the penguin and penguin(C) diagrams. In fact, for light SUSY
four-fermion operators, an@,; and Q,, the magnetic and particles 1 TeV), the contribution from the chromomag-
chromomagnetic dipole operators, respectively. The Wilsometic penguin is one order and two orders of magnitudes
coefficientsC,; are associated with the operatd@s, which  larger than the corresponding ones from #th@enguin and
are obtained fron®; by exchangingys— — ys in their chiral ~ other diagrams, respectively. However, in our numerical
structure; see Ref5] for their definition. In the SMC; are ~ @nalysis we take into account all the contributions.
chirally suppressed with respect @ by terms proportional From Eq.(4), it is clear that the.R andRR contributions

to the light quark masses. However, in nonminimal SUSYare suppressed by ordar or \°. Since we will work in
extensions of the SM they can receive sizable contributions?(\) order, we can neglect them and simplRy, as

for instance, from the gluino mediated penguin and ng dia- FX:§LLRIIEL+Yt§RLREL (5)
grams. On the other hand, the chargino contribution€;to

are always suppressed by Yukawa couplings of the first twavith & | = (8| ) 3o+ N(8) a1 and &g = () 30+ MN(SR) 31-
generationg§9]. Thus, we can safely negle€ contributions ~ The functionsRE" andRi" depend on the SUSY parameters
in our analysis. through the chargino massemAg), squark massesr(), and

The Wilson coefficientsCi(x) at a lower scaleu  the entries of the chargino mass matrix. For instance, for
=0(m,) can be extrapolated frgm the corresponding ones %agnetic(chromomagnetbodipoIe penguianALy’g)L, respec-
t‘igh scaleCi(uw) asCi(u)=ZU;j (s, uw)Cj(my), where tively, we have
Uij(s,uw) is the QCD evolution matrix angy=my.

Since the operatof,, is of order g, we include in our LL _ 12y pLL o

analysis the leading ordétO) corrections only for the ef- Rug Z Vial XwiPpyy.a(Xi)

fective Wilson coefficientC,,(u«), while for the remaining m
Ci—1-1d #) we use the matrixJ;; (u, ) at next-to-leading _ 0y _NBLR
order(NLO) in QCD and QED[]10]. YbEi VisUiXwi M P, oX0):

The chargino contributions t€;(u«y), corresponding to
the effective Hamiltonian foAB=1 transitions, have been
calculated exactlyat one-loop in Refs.[11] and[12]. Here
we provide the results for these contributions, evaluated at ) )
the first order in the mass insertion approximation. By usingvhereY, is the Yukawa coupling of the bottom quanky;
the notation of Ref[12] we obtain =m\2,\,/m)2(i L Xi= mf(i/mz, and xi:mzlmf(i. The loop func-
tions PkALy(:R) are given by

12

Risa=— 2 VitVixwiPii: (%), ®)

F= ELLRET+ Y((Er REY+ & rREF) + Y2ERpRER,  (4)

whe*re éap are given by §LLf 22 6Ka2Kb3(8 )bas €rR PkALy(LR)(x)= _Xdix XF1(3(X) + gXFzm)(X) ,
=K3Kzs(0rr)zz:  Eri=2aK3Kas(Or)za, and &g

=3 K3 Ka3(8'Rr)as- For the definition of the mass inser- d

tions (84g);; , see Ref[7]. The same notation as in R§L2] Pkﬂ"g("R)= —x g [XFaa(0)], 7

has been used to relate the quantifieto the Wilson coef-

ficients Ci—; _1d nw), while for the magnetic and chromo- where the function&;(x) can be found in Ref.11]. Finally,
magnetic contributions we haveCy;(uw)=M” and U andV are the matrices that diagonalize the chargino mass
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FIG. 1. Syx as a function of afg 8}, )s,] for tang=5,40 and
51,=0 with the contribution of one mass insertidgsy| )3
Darker points satisfy the constraints from BR¢sy), while
lighter points do not.

matrix, defined a®)* M;(+V*1:diag(m~+,m;(+), where we
1 2

adopted the notation of Ref12] for the chargino mass ma-
trix M7+

PHYSICAL REVIEW D 68, 095004 (2003

CP asymmetrySq,KS is plotted versus the SUSEP violating
phase. In this analysis we work at fixed values of faand

scan over all the relevant SUSY parameters: the weak
gaugino mas# ,, the u term, andTrR, and require that they

satisfy the present experimental lower mass bounds, namely,

the lightest charginom,>90 GeV, heavy squarksm
>300 GeV, and light right stopt; > 150 GeV. In addition,

we scan over the real and imaginary parts of the correspond-
ing mass insertions, by requiring that the-»sy and B-B
mixing constraints are satisfied. In our calculation we use the
formula for the branching ratilBR) b— sy at the NLO in
QCD, as provided in Ref13]. Indeed, the BR ob— sy can
easily be parametrized in terms of the SUSY contributions to
the Wilson coefficient<1(uy) and Cqx( ) given in Eq.

(4) (see Ref[13)).

In Figs. 1 and 2 we show the effects of one mass insertion
per time, @ )3, and (Ok)s2, evaluated at tag=5 and
tang=40. 6, in Eq. (2) can be identified with the corre-
sponding argﬁ}iB)ij]. In these plots, the darker points are
allowed by all experimental constraints, while the lighter
points correspond to the points disallowed by BR{sy)
constraints at 95% C.L. In order to get the maximum effect
for the negative values @&P asymmetry, we fixed the strong
phases;, to be zero. We have not shown the contributions of
the other mass insertions since they are subleading, being
suppressed by terms of order

As we can see from the results in Figs. 1 and 2, there is no
chance with only one mass insertion to achieve large nega-
tive values for theCP asymmetry, especially in the case of
(8/')32 (see Fig. L The main reason ford|)s, is due to
the b—sy constraints which are particularly sensitive to
tang, while this is not the case ford§,)s,. Moreover, as
can be seen by comparing the scatter plots withBtard and
tanB=40 in Figs. 1 and 2, the allowed regions are not very
sensitive to tars.

In Fig. 3 we show another example, where we take simul-
taneously both the mass insertion§' ()3, and (Sg, )32 per
time, but assuming that the@P violating phase is the same.
As can be seen from Fig. 3 there are points, allowedby

Notice that the dependence on the Yukawa coupling of the- sy constraints, which can fit well inside theslexperi-

bottom quarkY,, in Eg. (6) leads to enhancin@, at large

mental region. In this case also the allowed regions are not

tanpB. Here, we also considered the case in which the masgery sensitive to tag.

of the right stop (rrtR) is less than other squarks. In this case

In order to understand the behavior of these results, we

the functional form of Eq(4) remains unchanged, while only ook at the numerical parametrization of the ratios of ampli-
the expressions fdRR" should be modified by replacing the tudes in terms of the relevant mass insertions. The main con-

functions insidePk,,Ly’,F;L as

d 1
=X d—XiXiFa(Xi)—> m[xitFa(xit)_xiFa(xi)]y (8)

with index a=1-4, wherexit:mii/nfR=1M_it and X,

2 ~
=m: /m?.
R

tribution to the SUSY amplitude is provided by the chromo-
magnetic dipole operator. For example, witiM,
=200 GeV, u=300 GeV, m;=400 GeV, rrrtR:15O GeV,

ln Ref. [14] chargino contributions to theCP asymmetry
in B—®Kg decay were analyzed in the limit of large t@nand
in the exact case. We disagree with the results of that work regard-
ing the effects ofb— sy constraints, which in our case strongly
reduce the allowed chargino contributions in the region of large

We present our numerical results in Figs. 1-3, where theang.
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FIG. 2. As in Fig. 1, but for the mass insertioAy() s,

and tan3=30, we findRE"=—0.033, R}, = —0.068, while
for all the othersR2®=0(10"%), and the amplitude ratio
Ra=ASYSYYASM is given by

Ra=0.376}' )31+ 1.64 8 )3~ 0.05 6 )31~ 0.21( 5| ) 35.
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0.5 —
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FIG. 3. As in Fig. 1, but for afg d}|)s2]1=ard (63.)s2] and
with the contribution of two mass insertiof(sSx ) 35/ and| (4} ).

tions toF,, since RR" tends to a constant value of order
—0.05. This effect clearly shows the phenomenon of nonde-
coupling of the chargino contribution to ttepenguin[15].

We stress that the contribution o} )3, to the chromo-

magnetic dipole operator, which leads to the dominant con-

If we switch off the chromomagnetic dipole operator, thetribution toS¢KS, is strongly constrained By— sy [which is

coefficients of the mass insertiod, are significantly re-
duced, while the coefficients @, are slightly changed, and
R, takes the form

Ra=—0.003 6], )3~ 0.014 5, )3,
—0.045 63 )31~ 0.2 6r ) 32-

The chromomagnetic contributions froR},; are enhanced
by tanB, due to the term proportional t6,. For instance,
for tanB~10, the value of Rk,l"g is reduced to R',;,l';,
=-0.023, while RE" is slightly increased toRX"
=—0.033, and the amplitude ratio becomes

Ra=0.126)' )31+ 0.54 8| )3p— 0.05 6g )31~ 0.21 65 )32

Furthermore, with heavy SUSY particles{~1 TeV), the

particularly sensitive t&€,(w)]. This is due to the fact that
(8') 32 gives almost the same contribution to b&@h(uw)

and C,x(uw), as can be seen from EB). This is not the
case for gluino exchanges, since there the contributions to
the chromomagnetic dipole operator are enhanced by color
factors with respect to the magnetic dipole ones, allowing
large contributions taC,, while respecting thdd—svy con-
straints[16]. Regarding the effects ofdk, )31 and (5} ) a1,

their contributions tOS¢KS are quite small since they are
mostly constrained bAMg and sin B [9].

For the above set of input parameters, the sy limits
impose| (5} )32 <0.58. Thus, the maximum individual mass
insertion contributions are given BAF’S,7ASM <0.31 and
|ARV5y/ASM <0.21. This shows that after imposing the
— Sy constraints the contribution frond{, ) 5, is of the same
order as the contribution fromsk,)s,. However, each of

Z penguin diagram would provide the dominant contribu-them leads tR,~0.4 at most, so even if siflj,~—1, one
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can reduc§¢KS from the SM prediction sin@2to 0.2 and it

is not possible with one mass insertion contribution to reach
negative CP asymmetry. Nevertheless, by considering the
contributions from both ', )3, and (53,) 3» Simultaneously,
R, can become larger and values of the orderS‘Q,f<S

=—0.2 can be achieved.

It is worth mentioning that we have also considered the
BR of B’— ¢K° decay and ensured that the SUSY effects do
not violate the experimental limits observed by BaBar and
Belle [3].

Let us emphasize that generally in supersymmetric mod-
els the lighter chargino is expected to be one of the lightest
sparticles. Thus, it can be expected to contribute significantly
in the one-loop processes. Although the gluino contribution
to the studied asymmetry can be very large, on the other
hand the gluino in many models is one of the heaviest SUSY
partners and thus its contribution may be considerably re-
duced.

Finally, we would like to stress that our results are con-
sistent with the QCD factorizatiofQCDF method [17]
within a theoretical error. However, the computation in
QCDEF is not complete since at present the calculation of
annihilation diagrams is missing, since these are higher order
in as. We have found that the chromomagnetic contribu-
tions, from annihilation diagrams, play a crucial role in
SUSY analysis, while they are small in the SM. Thus, there
is no consistent way at the moment to implement a QCDF
calculation for SUSY analysis. However, after this work was
completed, new significant theoretical results in QCDF ap-
peared in 18], where attempts at completing the calculation
of the relevant hard scattering in QCDF are provided. The
implication of this new calculation for our process will be
considered in a forthcoming paper.

To conclude, we have studied the chargino contributions
to the CP asymmetrySy and showed that, although the

experimental limits orb—sy impose stringent constraints
on the parameter space, it is still possible to renggS

significantly, and negative values within the- Experimental
range can be obtained.

D.C., E.G., and K.H. thank the Academy of Finland
(project number 48787for financial support. S.K. would
like to thank the Helsinki Institute of Physics for its kind
hospitality.

APPENDIX

Here we provide the analytical results for the expressions
Rr andRg appearing in Eq(4), which are given by

REL:igl:z Vi 2XwiPp (X)),
RE"=— i;lz V5VixXwiPo (X)),

RSR:igz |Via 2XwiPp (X)),

095004-5
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Rp*=(R5")",

REL:i:ELZ Vs >xwiPe(xi),
RE"=— 2 ViVivwiPe(x),
RER:;;yz Vi >XwiPe(Xi),
Re"=(RED",

Re"= 27 IVial*PE(x)

+i 121 , [ Ui1VitU5 Vi PE(x; x)

1
VAVl 5 - PR |

1 _
R(Fél': ) 2;42 ViZVilP(CO)(Xi)
- > VioVia[ Ui U PE(xi . x))
=12
+ViVi P (X x))1,

R&*=(REH",
R§R=i’j21’2 szviz[Uiluj*lP(cz)(Xi Xj)
+V1 Vi PO (% %)),
Rgo= 2 ,121,2 Vi1Vi1UiaU  xw;
X i PBX; 1),
REv=— 2i ’;1’2 Vi1VioUi U X
X \xi PR(X Xij)s
RLE=(RR)*
RER= 2”21’2 Vi2VioUia U X
X i PBOX; 1),

LL .
RBd:i ;12 Vi1 2V 2xwiPR(X) i),
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RBd__ E V|2V|1|V]1| XWJ B(XJ 1XIJ)!
Rgo= (Rgd)*
Bd_ E V|2V|1V11V12XWJ HEEE
LL
Mvg Z |V|1|2XW| mr.a(Xi)
My LR
_YbZ Vi1Ui2XWinPM%g(Xi)1
Ruve= =2 ViViXwiPir, (%)
My LR
+Yb2 ViZUiZXWim_bPM%g(Xi)a

RMYQ 2 V|1V|2XW|PM (X)

9 [ Ea: KazK1a( 5&)14 ngL(U) +

+ 2 KzzKlawEL)%}[R (d)]*+

Be= [ Ea: K 22K o 5LLJL)2a} ngL(U) +

+ 2 K;2K2a<6EL>3a}[R (d)]*+

and the function®; are given by

Ry (W =4xwg > |V.1| PE(zi.y)+2U;1Viy

ngL(d) :4XW§i:212 |Ui12P3(z,y) +2U 1V

RL *
Ra :_4XW~gi:212 Vilvizp (z ,y)+2V|zU|1

2 KzzKagwﬁL)al}[RgL(u)]w

2 KiKas S)an|Y

2 KzzKagwﬁL)az}[RgL(u)]w

2 K3 K aa( Six) 32| Y
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LL
Riyyo= 2 [Vizl >xwiPi- (%), (A1)

where xy;=mg/m2 , x;=m? /m?, ;i=ﬁ12/m§i, and x;;

—m /m The expressions for the functionBgp ¢,

SIS d PLL . and PLR ., + &re given in the next subsection.
There are other contrlbutlons coming from box dlagrams,

where both charginos and gluinos are exchanng e

which cannot be expressed in the same form as(&qWe
provide below the results for these contributions, which af-
fect only the Wilson coefficient€{s (uy) as

s( vv)

L (uw) = (14-8Y9),

CY 9 () =1+ —ai:; W) o) (A2)
where
za: KIaKls(éﬂL)az}ngL(d)
RL
REY, (A3)
Ea: KEaKzs(éﬁL)az}RgL(d)
Re", (Ad)
m
X) B(z.,y>] (5)
My
mXi
— | Pg(z,y) |, (AB)
my
m
X) B<z.,y>] (A7)
My

With Xyg= m\z,\,/mg, zi=mf(i/m§, andy=Fn2/m§. In obtaining the above results in EqA3), (A4) we neglect terms of the

order of theO(Yy).
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Loop functions

Here we provide the expressions for the loop functions of penBgig ¢, box Pg”'d) , and magnetic and chromomagnetic
penguin diagram®}; ,» and P ,» respectively, which enter in EqgA1), and (A5)~(A7):
Vs Vs

2x[ — 224 60x — 45x2+ 4x3+ 3x* — 3(3— 9x%+ 4x3)log x]

Pp(x)=
o(x) 27(1—x)°
X(—1+6x— 18+ 10x3+ 3x*— 12x°log x)
Pe(x)= 5 ,
9(1—x)
X(3—4x+x2+ 2logx
PO (=" il
8(1—x)°
20y 1_ 20y 1—
PO (x.y) = 1 x“(x—1 Iogx)_y(y 1-logy)
C 1y 8 _ 2 2
(x=y) (x—1) (y—1)
) Vxy [x(x—1-logx) y(y—1—logy)
P@(x,y)= -
C Y _ 2 2
4(x=y) (x—1) (y—1)
—y—x(1-3x+y) x(x3+y—3xy+y?)logx xylogy
PB(X,y)= - + :
4(x—1)%(x—y)? 2(x—1)3%(x—y)? 2(x=y)*(y—1)
g _ X[By—x(1+x+y)] x[X*+(x=3)x’y+y?llogx  xy’logy
PB(ny)_

4(x—1)%(x—y)? 2x-1)3(x-y)®  2(x-y)3(y-1)’

dx 3

PLE(x)= —xi(xF (X)+ ExF (X)
M 1 2

PiR(X) = —xi(xF (X)+ ExF (X)
M, dx 3 374

PLL(X)=—xi[xF (x)]
Mg dX 2 ’

Py (X)= —xi[xF (x)] (A8)

Mg dxt" 4 '
|

where the function§;(x) are provided in Ref[11]. Phr , and P ,» respectively, should be changed as fol-

Vs Y
lows:
Light right stop
Here we generalize the above formulas for the case in Po(Xi ,Xit) = L[XitDX(Xit)_XiDX(Xi)]v
which the right stop is lighter than other squarks. Notice that (Xe—1)

this will modify only the expressions f@&:- andRER, since
the light right stop does not affe&:" . In the case oRER,
the functional forms ofRER remain unchanged, while the Pe(X; ,Xjt) = m[xitEX(Xit)_xiEx(Xi)]u
arguments of the functions involved are changed;asx;; !

and x;—x;;. In the case ofRER and RE", the analytical
expressions for the loop functions of pengiig g ¢, box PAA(X. X0 X Xig)=
P9 " and magnetic and chromomagnetic penguin diagrams ¢ "1t 7t

(x—1) [Cﬁ(l'z’(xjt Xit) —C(Xl'z’(xj Xl

095004-7
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PO i) =

=1y LC (i) = C0 )],

1 - —
—_D[Bﬁ(“)(xjt X Xij)

/v v _
Pg’ (X Xt Xij) = 2(x;

— B (%% %),

PE (X} X i) = — (B (X0, %)

2(x¢—1)

§— —
_BE()(XJ' XiXi 1,

P (Xi ,Xi) = Xit| F1(X; )+EF (Xit)
M7 it it 1WAl 3 2 At

o
(x¢—1)

2
Fa(x)+ §F2(Xi))

PHYSICAL REVIEW D 68, 095004 (2003

1
LR/ v V—
PMy(xl ixlt) (Xt_l)

2
Xit( Fa(Xip)+ §F4(Xit))

_Xi(FS(Xi)+EF4(Xi)
3
PEC (XX ):;[x- Fo(Xit) — XiF2(x)]
Mg [IREAIY (Xt_l) ith 2 At it 2\AN)

PER (X, Xi )=;[x- Fa(Xit) = XiF4(xi)]
Mg [IEEAIY (Xt—l) ith 4 LAt im4\Ai) 1

(A9)

X;=m?/m?

where X mXi/m, i

2 2 =~ .
=m: /m’, x;=m:/m2, and x,=m: /m?. The functions
R A Xii o Xj tr

D,.C,.E,.C»? B{*Y andF; are provided in Ref[12]
and Ref[11].

—m2 /m2 .
Xit_mxi/thg Xit
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