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New physics effects on th&€€P asymmetries inB— ¢pKg and B— 5’ Kg decays
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Within the standard modeglSM), the time-dependen€ P asymmetries iBB— ¢/Kg, B— 7'Kg, and B
— ¢pKg are expected to give the same result, i.e., ginkfowever, recent measurements of the mixing-induced
CP asymmetries iBB— ¢Kg and B— 7'Kg modes give results whose central values differ from the SM
expectations. We explore the effect of new physics in the two Higgs doublet rfiddBIM), which allows tree
level flavor changing neutral currer(to-called model 1), and the model with an extra vectorlike down quark
(VLDQ). We find that the observed mixing-induc€® asymmetry folB— ¢Kg cannot be accommodated by
the THDM but can be explained in the VLDQ model, and both models can explain the observed asymmetry for
B— 7'Kg mode.
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[. INTRODUCTION Unlike B— K g, the proces8— ¢Kg has no tree level
amplitude, which makes inroads for NP to play an important
A new era inB physics has just started with the advent of rgle in this mode. In the SM the decwﬁsgs’ which con-
B factories. With the accumulation of huge data in Be tributes toB— ¢Kg, is induced at the one-loop level. Thus,
system, the standard mod@&M) will be subjected to a very it is natural to expect that new physics contribution to this
stringent test. At the same time, the experimentB &écto-  decay mode may be quite significant. According to the KM
ries are also potential sources for probing new physics. Thghechanism ofCP violation, both CP asymmetries inB
BABAR [1] and Belle [2] measurements of the time- _>¢KS and B_”sz processes should measure the same
dependent asymmetries in the gold plated méde yKs  quantity, namely sing, with negligible hadronic uncertain-
have pI’OVided the first evidence &fP violation in theB ties [up to O()\z)’ )\%02] [5’12] However, contrary to the

system. The observed world average of 3], SM expectations, the recent measurement€ Bfasymme-
tries in B— ¢Kg by BABAR [15] and Belle[2] Collabora-
sin 23, = 0.734+0.054, (1)  tions have registered significant deviation from the predic-
tions, as
agrees well with the SM prediction. This indicates t=R . __ +0.52.,
symmetry is significantly violated in nature and the SIN(2B) 4=~ 0.19.055-0.09  BABAR,

Kobayashi-Maskawd&KM) mechanisn{4] seems to be the
dominant source of P violation, in which the phaséy, is
the only source ofCP violation. However, this speculation
does not exclude interestir@P violating new physic§NP)
effects in otherB decays. Since the decay— yKs (b SIN(28) g Jave= — 0.39 0.41. 3)
—ccs) is a tree level process in the SM, the NP contribu-

tions to its amplitude are naturally suppressed. Moreover, @he corresponding branching ratio is givém units of 10 ©)

the loop level NP may give large contributions to ®2B°  as

mixing as well as to the loop-induced decay amplitudes. The

former effects are universal to @° decay modes and are

constrained to be less than 20% compared to that of the SM

contribution[3]. On the other hand, the effects of new phys-

ics in the decay amplitudes are nonuniversal, may vary from 0 va7

process to process, and can show up in the comparison of the BR(B— ¢K")=5.4"57+0.7 CLEO [16]

CP asymmetries in different decay modés. 4)
One of the most promising processes for NP search

widely considered in literaturd6-14] is the decayB

— ¢Kg. Various NP scenarios have been presented to ex- BR(B— ¢K?),,0=8.67+1.28. (5)

plain the data. Unfortunately, we do not know at present

which is the correct one. Hopefully, careful study in future One can see that there are large statistical errors associated

will rule out some of the scenarios, at least as far as thavith these measurements. Nevertheless, the data establish a

understanding oB physics andCP violation is concerned. 2.70 deviation from the SM prediction sin@(l,KS

SiN(2) k= —0.73£0.64+0.18 Belle 2

with an average

BR(B— ¢K%=8.7"1{+0.9 BABAR,

BR(B— ¢K%)=10.019"93  Belle,

&ith an average
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=sin(28) . Therefore, if the measurement of sj i B The paper is organized. as follows. In Sec. I_I, we present
— JK is considered as the first evidence of la@® vio- the basic formulas_foCP violating parameters, m_the_pres—
lation in B system, then the difference between SB)_ ence of new physics. In Sec. lll, we discuS$ violation

. - o effects in B— ¢Kg mode arising from the THDM and
and S'”(?B)./,KS is likely to be regarded as a potential hint for VLDQ model. TheB%— 5’ K process is discussed in Sec,

the presence of new physics. There are several attempts j{y Section V contains our conclusion.
the literature[6—14] with detail discussion on the possible
implications of this result.

The second channel we are interested iB¥s- 7' Ks.
This is another two-body decay mode which is similar to the Here, we will present the basic formulas©P asymme-
two mentioned above. Since many alternative schemes hatey parameters, in the presence of new physics. Due to the
been presented in the literature recently to explain theontributions from new physics, these parameters deviate
sin(2B) 4 deviation, it is therefore very important to verify substantially from their standard model values. Let us con-

that each of the NP scenarios should successfully explaisider theB® and B® decay into aCP eigenstatefp (we
them all. At present it is difficult to say which is the correct considerf-p= ¢Kg or 'Kg). Here, we are presenting the
description. In order to narrow down the same it is highlyformulas forB°— ¢Kg mode, but the same results will also
desirable that one should carefully study them. This will nothold for B°— 7’K g5 mode. The time-depende@tP asymme-
only help us to narrow down the sources of NP but alsary for B— ¢Kg can be described by20]
provide important clues for hadroni® physics in general.
B%— 5K also receives dominant contribution from the Ak (1) =Cyr COIAMp t) + Sy SIN(AMg 1), (8)
b— sss gluonic penguin, and therefore it is expected that the . )
time-dependent mixing-induce€ P asymmetry for this Where we identify
mode will also give the value sin3{3]. However, this decay )
mode also has a tiny CKM as well as color suppressed _ 1-[A| _ 2Im(n) 9)
e T ; (e — K™ 2’ K 2
—uus tree contributions along with—sqg(g=u,d) pen- 1+ |\ 14|\
guins, which induce deviation from the leading result. It has
been shown in Ref.17] that this deviation will be below a as the direct and the mixing-induc&P asymmetries. The
2% level. Belle[18] and BABAR [19] Collaborations have parametei corresponds to
recently measured theéP asymmetry for this mode which is

II. CP VIOLATION PARAMETERS

given as _q A(B— ¢Kg) 10
_ o0 p A(B—¢Ksg)’
sin(2B) ,k,=0.71+0.37"5c  Belle,
whereq andp are the mixing parameters and represented by
SiN(23) ,y,=0.02+0.34-0.03 BABAR the CKM elements in the standard model as
6
© q_ VibVia (11)
with an average P VeViy
SiN((2) /k Jave=0.33+0.25, (7)  Using CKM unitarity, the amplitude foB— ¢K is given as
(12,27
whose central value also deviates significantly from SM ex- _
pectations. A(B— ¢pKg) =N A+ A", (12

In this paper we would like to investigate the new physics
effects on theCP asymmetry parameters of the decBf where)\qzvqbvgs. The first term which is the dominant one
— ¢Kg and B— 'K modes, arising from some simple is real. Thus if one neglects the subdominant amplitude, i.e.,
extensions of the SM. The model considered here is the twihe doubly Cabibbo supressed second term which in general
Higgs doublet modelTHDM) which allows tree level flavor is expected to be very small, the mixing-inducg® asym-
changing neutral currents, the so called model Il and thenetry is given asS¢KS= sin2B8, same as the one foB
model with an extra vectorlike down quatvLDQ). We  — 4K in the SM. It has beeen shown in R€L2] that the
show that the observed data BP— ¢Ks can be easily ac- correction due to the second term is upQo\?), i.e.,
commodated in the VLDQ model whereas it cannot be ex-
plained in the THDM, and both the models can explain the |S¢Ks—sin 2B8|<0(\?). (13
data forB°— 7'Kg mode. It has already been discussed in
Ref.[6] that THDM cannot explain the observ€P asym-  Adding a mild dynamical assumption to the @Janalysis,
metry in B— ¢Kg mode whereas VLDQ model can explain recently it has been shown in R¢21] that the upper bound
it. However, in this paper we have explicitly done the calcu-of standard model pollution to the dominant amplitude of
lation for both the decay modes and confirm the result oB— ¢Kg mode is of the order of 0.25 and f&— »'Kg is
Ref. [6] for the decay mod®8— ¢Ks. 0.35.
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New physics could in principle contribute to both mixing and ¢yp=arg(Anp/Asy), Which contains both strong and
and decay amplitudes. The new physics contribution to mixweak phase components.
ing is universal while it is nonuniversal and process depen- The branching ratio foB— ¢K decay process can be
dent in the decay amplitudes. As the NP contributions tagiven as
mixing phenomena are universal, it will still S§¢KS

=S,k Therefore, to explain the observed 2.@eviation in BR(B— ¢K)=BRSM(1+1{p+2rypcosdyp), (15

Syks~ Sy here we explore the NP effects only in the de- here BRSM h i dard model
cay amplitudes. Thus including the NP contributions, we canfcre represents the corresponding standard mode

; . value.
write the decay amplitude fd— K process as NOW if We Write dhyp=Syp-+ fyp, Where Syp and fyp

A(B%— ¢K)=Agy+Anp=Aspu[1+ryp €NP], (14)  are the relative strong and weak phases between the new
physics contributions to the decay amplitude and the SM
where ryp=|Anp/Asyl (Asm and Ayp correspond to the part, one can then obtain the expressions forGteasym-
SM and NP contributions to thB— ¢Kg decay amplitude  metries as

_Sin 2B+ 2r \pCOSOypSIn(2 3+ Onp) + T 3pSIN(2B8+ 205p)

S, = (16)
oK 1+ 12 p+ 25 ypCOSSNpCOSHyp
and
— 2r ypSin Sy pSin 6
Cox= _ NP NP NP . 17)
1+rNpt 25 ypCOSONPCOSHNp
|
In Egs.(16) and(17) there are three unknowns, namelyp, M, the Wilson coefficient€;(Myy), . . . ,C1o(My) at next

Onp, @anddyp. So if somehow we could constrain the value to leading logarithmic ordefNLO) andC4(M,y) at leading
of ryp considering different new physics models, we couldlogarithmic order(LO) have been given in Ref23]. The
vary thefyp and éyp parameters to obtain the required value corresponding QCD corrected values at the energy secale
of Syk - =m, can be obtained using the renormalization group equa-
tion, as described in Ref24.
lll. CP VIOLATION IN B— ¢Ks PROCESS To calculate theB meson decay rate, we use the factor-
o o ization approximation to evaluate the hadronic matrix ele-
To study theCP violation effects inB"— ¢Kg process, ment(Oi)E(f°¢|Oi|§°). Since the hadronic matrix ele-

first we present the SM amplitude and then we consider thﬁwents do not appear in the expressions@d® asymmetry
THDM and thereafter the model with an extra vectorlike parameters, they will not introduce any uncertainties in the

down quark, in the following sections. results. In this approximation the matrix elements are given
o as (O3)=(04)=4XI/3, (Og)=X, (Og)=XI3,
A. SM contributions (O7)=—XI2, (Og)=—XI/6, and (Og)=(010)=—2X/3,
In the SM, the decay process— ¢K s proceeds through where the factorizable hadronic matrix elemehis given

the quark level transitiob— sss, which is induced by the as  X=(K%(px)[sy,.(1—¥5)b[B%(pg))(p(d.€4)[s7*(1
QCD, electroweak, and magnetic penguins. QCD penguins ¥s)s|0)=2FF (M3)f ;M e, pi . For evaluating the ma-
with the top quark in the loop contribute predominantly totrix element of the most relevant operator, i®y, we use
such process. However, since we are looking for NP here wthe procedure of25], where it has been shown that the op-
would like to retain all the contributions. The effective eratorOy is related to the matrix element of the QCD and

Hamiltonian describing the decdy—sss [22] is given as  electroweak penguin operators as

10
Heff=—&thV§;(E CJOJ+C909)’ (18 0= =25 M|+ (0g)— —((O)+(0s))
J2 = (Og)= ar B (O4) +(O¢) Nc(< 3)+(0s)) |,
whereOs, ...,0 and 05, ... ,04 are the standard QCD (19

and electrowork penguin operators, respectively, @gydis
the gluonic magnetic operator. Within the SM and at scalevhereg” is the momentum transferred by the gluon to the

014020-3



A. K. GIRI AND R. MOHANTA PHYSICAL REVIEW D 68, 014020 (2003

(s,s) pair. The paramete(g?) introduces certain uncertainty up- (down) type quarks.’;° correspond to the diagonal

into the calculation. In the literature its value is taken in themass matrices of the up and down quarks, while the neutral
range 1/4(g?)/mZ=<1/2 [26], and we will use(q?)/mZ  and charged flavor changing couplings are
=1/2[24], in our numerical calculations.

Thus, in the factorization approach the amplitude U’D_\/mimj)\_ 2UD U
=(pKOH¢B°) of the decayB’— $K° takes a form Ty Miv Sneutralm S o
— — G 3 _ 2 _
A(B— K%)= — Tthbva as+a,+ag Eharged EVorm,  Eoharged™ Verkmé®,  (29)
2
where Vciy is the Cabibbo-Kobayashi-Maskawa mixing
_ E(a +agtayg |X (20) matrix [4]. The coupling constants;; are the free param-
2 77 E9 T ST eters of the model to be determined from experimental data.

Recently Chaeet al. [32] studied theb— sy process and
whereX stands for the factorizable hadronic matrix elementxjao et al.[27] studied the charmless nonleptonic decays of
of which the exact form is irrelevant for us since it cancelsg mesons using model Il of the THDM where they have
out in theCP asymmetries. The coefficiends are given by  kept only the couplingd.=|\y|e'% and\,,=|\p,|e'% as

nonzero. From the studies 27,32, the following param-

1 1 : .

_ ~eff eff _ eff eff eter space for model Il is known:
azi—1—02i71+N_C2i , o a=Cy +N_C2i—1a P
C C

(21) Nj=0 for ij#tt or bb,
whereN¢ is the number of colors. The values of the QCD INg|=0.3, |\py|=35, 6=(0°—30°)
improved effective coefficient€?'" can be found if24,27. " ’ ’ '
Now substituting the values @, for Nc=3, from[27], the M.+ = (200+100) GeV (25)

value of the form facto$*(M%)=0.39 and using the

meson decay constant,=0.233 GeV and 750=1.542  \\here 9= g, — 4, is allowed by the available data. The ad-
X 10" sec[28], we obtain the branching ratio in the SM as \antage of keeping only these two couplings nonzero is that
_ the neutral Higgs boson does not contribute at the tree level
BRY(B— ¢K?)=10.5¢10"° (22 or one-loop level. The new contributions therefore come
only from the charged Higgs penguin loop with heavy inter-
nal top quark.

The new physics will manifest itself by modifying the
corresponding Inami-Lim[33] functions Cy(x), Dg(x),

We now proceed to calculate the new physics effect in theEg(x), and E{(x) which determine the Wilson coefficients
THDM, which is one of the simplest extensions of the SMC5(My), ... ,Cio(My) and C4(My) in SM. The new
[29]. In such models, the tree level flavor changing neutraktrong and electroweak penguin diagrams in the THDM can
currents(FCNC's) are prevented by imposing orsd hoc  be obtained from the corresponding penguin diagrams in the
discrete symmetry to constrain the THDM scalar potentialSM by replacing the internav= lines by the charged Higgs
and Yukawa Lagrangian and thus one obtains the so called = lines. Following the same procedure as in the SM, it is
model | and model 11[30]. In model | both the up- and straightforward to calculate the new Z°, and gluonic pen-
down-type quarks get mass from the Yukawa couplings tqyuin diagrams induced by the exchange of charged Higgs
the same Higgs doublep, and in model Il the up- and bosons in model Ill. These new Wilson coefficients
down-type quarks get their masses from Yukawa coupling@iHi(MW), i=3,....10, at NLOlevel andC, at the LO
to two different scalar doublei; and¢,. Here we consider |aye| can now be written as ¢
model Il [31] of the THDM where no discrete symmetry is
imposed and both up- and down-type quarks may have diag-

which lies within the present experimental limi§).

B. Two Higgs doublet model contributions

onal and/or off-diagonal flavor changing couplings with the Cgi(MW)= - as(Mw) gP @;CB‘P,
two Higgs doubletsp, and ¢,. 24 67 sirto,,

The Yukawa Lagrangian of the quarks in model Il is

iven in the form[27] + ag(M

g B B B CZ‘ (MW): S(SWW) ES‘P,

LY =7Qi $1U; rt 7Qi 1 81D r+ & Qi L b2V

Lo . + as(My)
+&;QiL¢2DjrTH.C., (23 CH (My)=— e ENP,
where ¢;(i =1,2) are the two Higgs doublets of the THDM,
$i=iTp¥, QL with i=1,2,3 are the left handed isodou- e _as(Mw) _\p
, Ce (Mw)= Eo .

blet quarks, andJ; r(D; r) are the right handed isosinglet 87
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o
“racP+Dy",

7 (Mw)= &

Cgi(MW):CToi(MW):O,

+ o 1
Co (My)= 57| 4C37+ D"+ mmyp ,
w
Cy (Mw)=—3Eo"", (26

; NP NP NP NP
Dhysics contrbutions 1 the Wicon coeficients arising from_FIS: 1+ 30 Pt ofSax versus the vieak phaseys and srong
pny 9 hasedyp (in degreesfor ryp=0.28.

the charged Higgs exchange penguin diagrams. These afe

given by (16), we find that the value oS, cannot be negative as
X shown in Fig. 1. Thus the observed valueSy cannot be
chP=— 2 Ye Yi Al accommodated in the THDM.

16| 1-yr  (1-yy?

C. Contributions from the model with an extra vectorlike

D’(\)IP:_%H(yt)|)\tt|2! down quark

ENP=— 11 (y)hy/? Now we consider the model with an additional vectorlike
0 2 ’ down quark[34]. It is a simple model beyond the SM with
INP_ 1 2 io an enlarged matter sector with an additional vectorlike down
Eo™ = 53(y0) Ml K(yo) heehpole'”, @7) quarkD,. The most interesting effects in this model concern
with CP asymmetries in neutraB decays into finalCP eigen-
states. At a more phenomenological level, models with isos-

38y — 792+ 47y N 4y —6y2+3y* inglet quarks provide the simplest self-consistent framework

H(y)= Iny, to study deviations of 3 unitarity of the CKM matrix as
721-y)* 12(1-y)* well as allow flavor changing neutral currents at the tree
level. The presence of an additional down quark implies a
16y —29y%+7y®  2y—3y? 4X4 matrix V;, (i=u,c,t,4a=d,s,b,b"), diagonalizing
(y)= 361 3 6(1 2ny, the down quark mass matrix. For our purpose, the relevant
61-y) (1=y) information for the low energy physics is encoded in the
, s 5 extended mixing matrix. The charged currents are unchanged
2y+5y°—y 3y except that th&/cx is now the 3x4 upper submatix of/.
J(y)= + Iny, CKM ; i
4(1-y)® 2(1—y)* However, the distinctive feature of this model is that the
FCNC enters neutral current Lagrangian of the left handed
C3yty? y down quarks:
K(y)= 5~ ;Iny. (28)
Al=y)® 2(1-y) Ly= [ty vy — 0 oU gy dy g — 2 Si 6yt 17
Z ZCOSQW Li Li La™~ apB LB WVe N
In the above use has been madexgEm?/MZ, and y, (30)
—m2 2
=mg/M,+ .

Since the charged Higgs bosons that appeared in model IWwith
have been integrated out at the sdsllg,, the QCD running

of Wilson coefficients C!*f(MW) down to the scaleu U — E
=0(m,) using the renormalization group equation can be ap T L
done in the same way as in the SM. Including the new phys-

ics contributions the values of the effective Wilson coeffi-
cients at the scal®(m,) are explicitly given in Ref[27].
Using the values for the Wilson coefficients frdi@7], we
obtain theB— ¢K° amplitude in the THDM as

. V:ryiviﬁ: 5aﬁ_ VZaV4B ) (3

whereU is the neutral current mixing matrix for the down
sector which is given above. Ag is not unitary,U+1. In
particular its nondiagonal elements do not vanish:

ATHOM(B_, $KO) = ASM(1+0.28!("ne* x9)) . (29) Uap=~ViaVag#0 for a#p. (32)

Now taking ryp=0.28 and varying the weak phaskp  Since the varioud),,; are nonvanishing, they would signal
={—m,m} and strong phaséyp={0,27} according to Eq. new physics and the presence of the FCNC at the tree level,
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and this can substantially modify the predictions foP

asymmetries. The new elemdut, which is relevant to our

study is given as

Usp=ViVubt VesVent VisVin - (33

The decay modB°— ¢K g receives the new contributions

both from color allowed and color suppressédnediated

FCNC transitions. The new additional operators are given as

OFFeNC=[s,y#(1— ¥5)b,[Ss7,(C5— Cays)Sal,

05 TNC=[557"(1= y5) b, 7, (CY— in-,)sﬁ],( )
34

whereC$ and CS, are the vector and axial vectdrss cou-
plings. Using the Fierz transformation and the identiGg
—Ciys) =[(C{+C3) (1— 75) +(C5—CR) (1+ 75) 12, the
matrix elements of the operators are given as

4 (Cy+C  (Cy—CR

0| AZ-FCNC/ R0\ |

4 (Cy+C) 1(Cy—-Ch)
37 2 37 2

<¢E°|o§““0|§°>=[
(35

The values forCy, andC} are taken as

Cy=—3+3sirfby, Cir=-3. (36)
Thus the amplitude foB— ¢K arising from theZ-mediated
FCNC tree diagram is given as

AVEPQ(BO, K o) = G—; f( —1+sirfOw)UgpX. (37)

23

Using the experimental upper limiBr(B— Xg ™l7)
<4.2x10 °[36], in Ref.[35] the bound onU, is found to
be |U,d=<2x10 3. Recently Belle Collaboratiofi37] has
measured the branching ratio for the procBss Xgl 71~ as

Br(B—Xg "17)=(6.1+1.4"13x 1076, (38)
Using the above result one can obtain the vdl& 3§
[Yo(X) APS+Cypz U,d=0.06+0.03, (39

where all the parameters in E@9) are given in[35]. Thus
one obtains the value &, as

|Upd =1x10"3. (40)
Now using siké,=0.23, we find
rnp=0.58. (41)

The variation ofSy, with respect to the strong phasgp
and weak phasé@yp according to Eq(16) in the VLDQ

PHYSICAL REVIEW D 68, 014020 (2003

FIG. 2. 3D plot of Sy« versus the weak phasi;r and strong
phasedyp (in degreesfor ryp=0.58.

the observed asymmet§,« and the branching ratio can be
easily accommodated in this model.

IV. CP VIOLATION IN B—#'Kg PROCESS

At this stage we are in a position to test, as mentioned
earlier, whether the above two modedisodel 1l of the
THDM and VLDQ) can accommodate the result for another
similar mode, which seems to be in agreement with the SM.
In doing so, now we consider tH&°— 5'K° process.

A. Contributions from the SM and THDM

In the SM, in addition td—sqq [q= (u,d,s)] penguins,
the B%— 7»'Kg process also receives a small contribution
from color suppresseti—uus tree diagram. We first find
out the standard model contribution. The matrix element in
the SM is given as

2
VeoV5e3, CF'(0'K9/0)[BY)

10
~VuVis2, CF'(7'K°(0)[BY) |, (42

where O, , are the tree an®;_¢(7.1) are the QCD(elec-
troweak penguin operators. The matrix elements of these
operators are given in the factorization approximatiofilds$

0 50

100 150 200 250 300 350
dxp

FIG. 3. Branching ratio oB— ¢K° process(in units of 10°°)
versus the phaseéyp (in degrees The horizontal solid line is the

model is shown in Fig. 2 and the variation of branching ratiocentral experimental value whereas the dashed horizontal lines de-
(15) is shown in Fig. 3. It can be seen from the figures thatote the error limits.

014020-6



NEW PHYSICS EFFECTS ON THEP ASYMMETRIES IN . ..
(7'K%|04BY=%X,, (7'K°|O,/B%=X,,

(17'K®|O3|B®) = §X;+2X,+ 5 X3,

(n'K®|04[B%) =X+ §Xp+ §Xs,

P A Ra
(n'K%05|B%) = ?xl—zxz—(l— ?) X3,

_ _ 2 1
(7'K°0g|BY) =Ry X; — §X2_ (g_Rz)Xa,

o 1] RyXy R,

(n KO|O7|BO>:§__ 3 _Xz"‘(l—?)Xs},
10 RO 1 2

(n'K®|Og|B >:§__R1X1_ 3 + 3 Ry | X3|,
P 4

(n KO|09|BO>:§__?+X2_ §X3}
10 R0 1 Xy 4

(7'K°|019B >:§ —Xit 5 3%, (43

where

H 2 2 B—a 2 X’]’
x1:|(mB_m,,/)Fo (mKo)EfK,

.2 2 B—K a2 Xn’
Xy=i(mg—myo)Fg (mn’)ﬁf”’
Xa=i(ma—mgo)F§K(m?)Y 215 — 2,

Zmio
R: H
L (my—mg) (Mg +myg)
2(2mio—m?)
R, (44)

~ (mp—mg)(Mg+mg)

X,»=0.57 andY,,=0.82 are the mixing parameters of the

uu+dd and ss components in the;’ meson[39], which
correspond tdp= —20°. Thus the amplitude is given as

aio
84

0 'k 0 -GF * *
ABO— 'K =i —=| ViVl X~ ViV

ag

* 2

ag Ry|X1+| 2(az—as)

1

- E(a7—ag) X,+|aztas—as

o)

(49)

ag
2

1
+5(@7-ag-a) | as
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FIG. 4. 3D plot ofS,, ¢ versus the weak phask e and strong
phasedyp (in degreesfor ryp=0.27.

The decay width can be given by
0 I 0y — |5| 0 1 0y]2
I'(B —>77K)——2|A(B —-7n'K )| . (46)
87TmB

Using F$~™(mZ0)=0.335, fy(,=0.16(0.13) GeV, the
quark masses asnyy,mg,my)=(0.0076,0.122,4.88) GeV,
and the values of the coefficienss's for No=3 from Ref.
[27] we obtain the branching ratio in the standard model as

BR(B°— 5'K%)|gy=3.24x10"5, (47)
which is slightly less than the current experimental d2e,
BR(B%— 7'K%=(5.8"13 x 10 °. (48)

Now we consider the contributions arising from the
THDM. As discussed earlier in this case due to the presence
of new charged Higgs penguin diagrams, the values of the
effective Wilson coefficients;’s get modified. Again substi-
tuting their values fromi27] in Eq. (45), we obtain the tran-
sition amplitude as

ATHDM(BO—> ﬂ,KO):ASM(1+O.27 ei(GNp+5Np)).
(49)

Now takingryp=0.27 and varying the weak pha#gp
={—, 7} and strong phaséyp={0,27} we can see from
Fig. 4 that the observed value 8f, x can be accommodated
in the THDM. Furthermore, the observed branching ratio can
also be explained in this model as seen from Fig. 5. If we
take a crude assumption that the THDM and SM amplitudes
interfere constructively, the maximum value of branching ra-
tio is found to be

BRTPM(BO— 'K?)=5.22x 105, (50)

which lies within the present experimental limf8].

B. Contributions from the VLDQ model

Now we consider the contributions arising from the extra
vectorlike down quark model. In this case tB8— 5'K°
process proceeds through both color allowed and color sup-
pressed tree level-mediated FCNC diagrams. The corre-
sponding operators are given as

014020-7
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0 50 100 150 200 250 300 350
Pxe

FIG. 5. Branching ratio oB°— z'K? (in units of 10°%) process
in the THDM versus the phaséyp (in degrees The horizontal
solid line is the central experimental value whereas the dashed ho
zontal lines denote the error limits.

FIG. 6. 3D plot ofS,, o versus the weak phasir and strong
rehasezSNp (in degreesfor ryp=0.72.

Substituting the values dty, as

OFFNC=[5,y*(1~ y5)b,1[d57,(CY— Clys)qp] CY=1—4siRg,, Ci=1,
_ _[(egcy .
=[s,7"(1~ ¥5)b,] qm[Tu— ¥s) CiP¥=—3+5sifoy, CPY=-1, (55
(c4-c9) we find
T(1+ ¥s) (g
er:0.72. (56)
OZFONC=[5,9*(1— ¥5)b,1[Aa¥,.(CI— Clys)q,s] The variation ofS, ko and the branching ratio according to
C94 Egs.(16) and (15) in the vectorlike down quark model are
=[s7"(1— y5)b ][a y {( v A)(l—y5) shown in Figs. 6 and 7. It can be seen that the observed
s i 2 asymmetry and branching ratio f&°— 7'K° mode can be
q_ ~q easily accommodated in this model.
(CV_CA)
o (1 y9) g (5

V. CONCLUSIONS

Using the Fierz transformation and equation of motion, the To summarize, the time-depende®P asymmetry mea-

matrix elements of these operators are given as surements irB— ¢Kg give sin 28, which is 2.% deviation
o _ from the corresponding value B— ¢/Kg. According to the
(7'KO|OFFENCBY) = (CY+CI)X,+ CSXs SM expectation they should measure the same. Unlike the

1o ~d d B— /Kg, which is a tree level procesB,— ¢Kg occurs at
+5{[CU(1+Ry) + CA(1-RyIXy the one-loop level, which allows room for new physics to
F[C3(1+Ry)+C3(1—Ry) X, p_Iay an important role. In this paper, we have e_:xplored two

[Cu 2)* Cal 2) Xs} simple scenarios beyond the SM, the two Higgs doublet
(52  model (model 1ll), and a model with an extra vectorlike
o - down quark. We found that model 11l of the THDM is unable
('KO|0F NB®) = 3(CR+ CRXo+ 5CaX,

+HICYL1+Ry) +CA(1—Ry1X;
+[CY(1+Ry) +Ca(1—Ry) X3}
(53) o

So the amplitude foB®— 'K in the VLDQ model is given
as

_ _ G 0 50 100 150 200 250 300 350
AVLPQ(BY— 'KO) = ﬁusb(;—‘ﬂcw CR)Xp+ CiXa} O
FIG. 7. Branching ratio oB°— 7'K° procesgin units of 10°°)
+ %{[Cf’,(l—i— R+ Ci( 1-Ry) Xy in the VLDQ model versus the phaggp (in degreé¢. The horizon-
s s tal solid line is the central experimental value whereas the dashed
+[CU(1+Ry) + CA(1-R2)]Xa}). (54 horizontal lines denote the error limits.

014020-8
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to explain, whereas the vectorlike down quark model carof $Kg and »'Kg. On the other hand, our findings indicate

easily explain the result. that the simple nonsupersymmetric extension of the SM in
It is important to note here that any new physics scenarigerms of the matter content should not be ignored for pos-

that explains thepK s discrepancy must also explain another sible NP candidature. Regardless of the sources of NP, if in

similar two-body deca3— »'Ks, which is also expected to future the$K g result continues to be different from the SM

give the same value as ¢isor ¢Ks, i.e., sinB. Indoing  expectation, then it will certainly establish the presence of
so it will be easy to rule out or narrow down the various NPnp.

scenarios. We found that both the modétsodel Il of the
THDM and VLDQ) can explain they'Kg result. This in turn

gives us the clue that the VLDQ model may possibly be a

strong contender for the NP effects responsible Bn

— ¢Kg. It is worthwhile to emphasize that various super-

symmetric modelgas can be found in the literatyrean
explain the¢K g discrepancy. But apart frofii3,14] none of
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