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Possibility of a large electroweak penguin contribution inB— K modes
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We discuss the possibility of a large electroweak penguin contributi@+-i 7= from recent experimental
data. The several relations among the branching ratios which realize when the contributions from tree type and
electroweak penguin contributions are small compared with the gluon penguin can be treated as the expansion
parameters do not satisfy the data. The difference comes front tieem which is the square of the ratio with
the gluon penguin diagram and the main contribution comes from the electroweak penguin diagram. We find
that the electroweak penguin contribution may be too large to explain the experimental data. If the magnitude
estimated from experiment is quite large compared with the theoretical estimation, then it may be including
some new physics effects.
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One of the main goals of tHgfactories is to determine all branching ratio are slightly larger than half Bf —K* 7,
CP angles in the unitarity triangles of the Cabibbo- where the 1/2 comes from the differencerdfand=* in the
Kobayashi-MaskawéCKM) matrix[1]. ¢, [2], as one of the final state. So we need to know the information about the
angles, has already been measured and establishedPthe electroweak penguin contributions Br— K= decay modes
violation in theB meson system by Bellg8] and BaBai4] to understand the effect from the weak phases. The role was
Collaborations. The next step is to measure the remainingointed out and the magnitude was estimated in several

angles. The canonical decay modes for measupingnd$, ~ Works[14]. They said that the ratio between gluon and elec-
areBg—> =7~ andB*—DK?, respectively, but the meth- troweak penguins is about 0.14 as the central value but the

ods have some difficulty extracting the angles clearly. Toexperimental data may suggest that the magnitude seems to

avoid this difficulty, the isospin relatiof6] and SU(3) rela- be s'l|ghtly' Iarﬁer than.the.estlfmanorr]]. I tlhere IS quklte a Iarge
tion including B— K 7 modes[7—10] are being considered deV|a_t|on_ in the contribution from the electroweak penguin

contribution, it may suggest a possibility of new physics in
as a method to extract the weak phases.

h I h il these modes.
B— K modes have also been measuigpand they wi In B~ KsmP, we can consider using the time-dependent

be useful information to understa@P violation through the  ~p asymmetry to extract the weak phase. However, the
KM phases. If we can directly solve these modes, it will be ayode has the electroweak penguin diagram so that one must
very elegant way to determine the parameters and the wegkmove the contribution to extracts. We have to check
phase. However we cannot do so because there are t00 majyether extractingp, is possible or not. To do so, it is im-
parameters in thB— K= modes to extract the weak phases. portant to reconsider the electroweak penguin contribution.
So we need to understand these modes step by step. To un-in this work, we consider a large contribution from the
derstand the weak phase through this mode, there are sevegictroweak penguin contribution from only experimental
approaches by diagram decomposit[@r-13], QCD factor-  data.

ization [14] and perturbative QCOHPQCD) [15], and so on. The decay amplitudes &— K are

The contributions including the weak phagg come from
tree types of diagrams which have a CKM suppression factor A% =A(B" KO ")
and they usually deal with a small parameter compared with o

the gluon penguin contribution. If we can deal the contribu- [

1
AVipVyst > |Pi+EP-— §PEWi

tions except for the gluon penguin contribution with the t
i=u,c,

small parameters, then, there are several relations among the

averaged branching ratios &— K« modes. For example, 2

Br(K*77)/2Br(K°#%)~2Br(K* #%/Br(K%=™) [14, +§EPEWi>V?LVis}, (1)
et al.]. However, the recent experiment does not seem to

satisfy them so well. When we reconsider these modes to

compare with the data, we find that the role of a color fa- A%=A(BO—, KO70)

vored electroweak penguin contribution may be important to

explain the difference between the relations and the experi-
mental data. The color favored electroweak penguin diagram =- T CVipVus— 72 Pi+EP;—Pew;i
is included inB°—K°7#% andB®— K * 7% and the data of the 2 et
1 1
- §P(E:Wi_ §EP(E:Wi)Vi*i)ViS}’ 2
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At =AB' K 7)

2 C
Pi+EP+ = PSy,

== [TV:qus"'_ E
i=u,c,t

3
1 C *
_§EPEWi VibVis|, ©)
A+OEA(B+_)K+7TO)
=——=|(T+C+A)V} Vst P, +EP;
\/E ( ) ubVus i=§,c,t i i
2 C 2 C *
+PEWi+§PEWi+§EPEWi VipVis|s (4)

whereT is a color favored tree amplitud€, is a color sup-
pressed treeA is an annihilationP;(i=u,c,t) is a gluonic
penguin,EP; is a penguin exchang®;y; is a color favored

electroweak penguin diagran®g,y; is a color suppressed

electroweak penguin diagram, arﬁPEWi is a color sup-

pressed electroweak penguin exchange diagram. After this, ra=

for simplicity, we neglect the- andc- electroweak penguin

diagram because of the smallness, and we redefine each term

as the following:

T+Py +EP,—P,—EP.—T, (5
C—P,—EP,+P.+EP.—C, (6)
A+P,+EP,—P.—EP,—A, (7
Pt+EPt—Pc—EPC—%PEW+§EPEW—>P, (8)
Pew+EPEw— Pew, )

PEw—EPEw—PEw. (10

One can reduce the number of parameter up t@r612).

Then, the amplitudes are, by using the unitarity relation o

the KM matrix,

AO+ :[PV?thS+AV:qus]- (11)
00 1 *
A= —[(P—Pew)V{,Vis— CVpVusl, (12
J2

A" =—[(P+PEWViVist TVpVusl, (13
AtO=— i[(F>+ Pewt PEW Vi V:
\/E EW/ VtbVts

+(T+C+A)ijbvus]. (14

By this diagram decompositiof8], one can easily find the
isospin relation among the amplitudes,

V2ATO4 A0 = \2A00 L AF (15)

f
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They are rewritten as follows:

A%* = — P|VEV,|[1—1 e e 3], (16)

1 . L
A%= — _2 PV, Vi [1—Teye’ =y rce' e %], (17)

N

AT =PVl 1+rEe T e Ve %), (18

1 . . .
ATO= ZPIVEV [+ rene ™ +rEge T~ (rrel?

V2

+ree e el 4], (19
where ¢ is the weak phase oV}, V,s, 8* is the strong
phase difference between each diagram and gluon penguin,
and

_ |AV:qus| re= |TV:qus| [z |CV:qus|
T T .. C— . .
|PVipVil [PVipVisl |PVipVidl
(20)
|Pew |PEW
rew= Bl rEw= P (21)

We assume as the hierarchy of the ratios thatrg, rew
>rc, rew>ra [8]. |P/T| was estimated to be about 0.1 in
[19]* by considering th&B— 77 and it was also shown by
the ratio of branchings @ " — #%#* andB* —K°#* [16-

18]. In B— K mode, the tree type diagram is suppressed by
the KM factor V¥,V and rr~|T/P|X\?R,~0.2, where
Cabibbo angle. =0.22 and we useRy,= p?+ 7°~0.4.r¢
andrg,, are suppressed by color factor fram and rgy.
Comparing the Wilson coefficients which correspond to the
diagrams under the factorization method, we assume that
re~0.1r; andrg,~0.1rg\, [16,14. Here we do not have
any assumption about the magnituderefy. r, could be
negligible because it should haveBameson decay constant
and it works as a suppression facfgy/Mg. According to
this assumption, we will neglect thé terms includingr ¢,

ra andrg,,. Then, the averaged branching ratios are

— 1
BO+O(§[|AO+|2+|A0*|2]

=|P|3|V}Vis|[1—2r scos8”coss], (22
2B [|A%2+|A%9?]
=|P?| V& Ve T 1+ 2y~ 2rgncoss="
+2r cc0s6°cos¢s], (23)

INote that this ratigP/T| does not include CKM factors.
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TABLE |. The experimental data and the average.

CLEO[21] Belle [5,22] BaBar[23,24 Average
Br(B"—K%)x10° 18.8*3 1 22 22.0-1.9+1.1 17.5'18+1.3 19.6+1.4
Br(B°—K°#0%) x 10° 12.8°3% 14 12.6+2.4+1.4 10.4-1.5-0.8 11.2-1.4
Br(B°—K*77)x10° 18.0t33 33 18.5-1.0+0.7 17.9-0.9+0.7 18.2-0.8
Br(B"—K*#%)x10° 12,955 12 12.8+1.4713 12.8'1%+1.0 12.8+1.1

R+ 1 +-12 +12 o
BT o S[IAT [+ [ATT]] ﬁ):{lﬂt2rEV\,cos§EW+2r‘E:V\/0055EWC

2 EWC
- +r2+
=[P ViVislT1+r3+2rg coss —2(r1c0s8" +rccos6%)cosgs+ 12} —r2,,

—2r1cos8'coses], (24

+4r EWCOS2 5=V, (32)
2B O [ |ATO2+ |02 2B+0
EW EWC
=PV} Vi L 1+ rEy+ 15+ 2rgycoss=W 5o+ ={1+2rgycoss=V+ 2r g, cosd
EWC__ T
+2rEV\p055 (ZrTC056 +2r00035c _z(rTC055T+r00055c)005¢3+r%}+réw
+ 2r ,C0S8™) COShs— 21 pyf rcOg SEW
A ) ¢3 EW'T 3 _ZrEWrTCOS 5EW_ 5T)COS¢3, (33)
— &T)coses]. (25)
7t B*-

One can take several ratios between the branching ratios: 5 o+ =1+ 2rg,c0s8="C-2(r7coss"
If all modes are gluon penguin dominant, the ratios should be 7

close to 1. The shift from 1 will depend on the magnitude of 1 ACOSS™) COShA+ 12 34
r's. From the averaged values of the recent experimental data A JCoSpat I, 349
in Table I, 0 540
B
— ——=1+2rg,c0s65" - 2(r1coss" + 2r ccoss©
Bt -+ B T c
== 0.81=0.11, (26)
2B +1 AC0S8™)COSh3+ 2+ 4r gy c0s85
2B +0 Lalois , — 2rgprrcog 65W— 6T)cosp,+ 4r2, cos 65V,
— = 1. + . y
50" @0 39
= T+ 2 00_ W c 5A
T = —=1.01=0.09, 28) ?ﬁ—l—ZrEWcosé —2(rcC0oSS8~+r,c088™)
,
o 5o X COS3+TEy. (36)
B
7-_* W_ 1.05+0.16, (29 S 2B+0
- 1+ 2r gycosEW—2(r ccossC+r ,cos6™)
-
7_+ 2_00
T 1.24+0.18, (30) X COShg+2y— 2r pwf rcog 65— 67)
X COS¢h3+ 4r2cog 8"cod ¢ . (37)
° 2B*0
— = =1.30+0.13, (31 If all modes are dominated by only the gluonic penguin con-
7 B tribution, namely, alf is much smaller than 1, then all ratios

of branching ratios should be 1. But the data are not so.
where"/7° is a lifetime ratio between the charged and theEquations(32), (33), (36), and(37) seem to differ from 1 so
neutral B mesons andr(B*)/7(B%=1.083+0.017 [20]. that there must be some sizable contributions except for the
While, from Eqs.(22)—(25) under the assumption that alis  gluon penguin contribution.
smaller than 1 and the? terms includingrc, ra, and r‘E:W If we can neglect alt? terms, then there are a few rela-
are neglected, tions among Eqs32)—(37) as follows:
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i Y s FIG. 1. The allowed region on the

(rew,cos6®Y and [rew,rtcos@EW
0.4 1 0.4 W —6T)cose¢ ] plane at the & level.
0.2 E 0.2 L
0-1 OIS ; 0'.5 1 O—l - I.5 I0 I. 1
cos §5W rr cos(6FW — 8T cos 3
Bt~ 2B we can solve them about},, and if we can respect the
2§oo: = (38) central values, the solutions are

[rew, cos6™W, rcog 65W— 6")cose;]
—1=0. (39 =(0.26,-0.38~0.75 and (0.69,0.21,0.41L
(43

2§+0 - §+— - 2§OO

§0+ 7_0 §0+ + 7_0 §0+

However, the experimental data listed in E¢g6)—(31) do

not satisfy these relations so well. According to the experi—ryis solution shows the large electroweak penguin contribu-
mental data,B" /2B seems to be smaller than 1 but tjon [but rrcos@®"— 8T cose;, is too large becauser was

2B*%/B°* seems to be larger than 1. So it shows that therestimated around 0.2 by the other methodghe allowed
is a discrepancy between them. The equation8 of/2B%  region ofr gy, coss=", andrrcos@="— 5")cos¢s at the I

and B*/B%* are the same up to the term and the dif- level for Eqs.(40)-(42) is shown in Fig. 1.

. . 2 From this result, we find that the smallas,, will favor a
ference comes from the® term includingrg,. Ther$ term larger|rrcosEEY— 5T)cose| term with negative sign. How-
does not seem to contribute to the ratios so strongly. Th gerify 3 9 an.

second relation corresponds to the isospin relation of Eq%ver, such a larger is disfavored by the rough estimation
(15 at the first order of. The discrepancy of relatio(89) hat rr should be around 0.2 which will safisfy the@/T|

from O also comes from the? term includinar The ~0.1 to explain the larg€P violation inB°— 7" 7~ . Even
differences are 9lew: if [rrcos@EW—5T)coses| is within 0.2, therr gy, will also be

larger than 0.2 andg,y will be larger tharr ;. This is show-

SB*0 Bt ing that there is a possibility of a large electroweak penguin

—— — ——=2r2,,~ 2rgwf 1cog 55V—5") contribution. Note that in the casg,y is quite large, the
Bt 2B expansion byrgy, may not be good but Eq41) will be
5 Ew satisfied. Roughly speaking, the shift of E¢@6)—(31) from
X c0Sh3—4r oS 6 1 seem to depend on thé,, term and the sign. To fix the
solution or confirm the large electroweak penguin contribu-
=0.50+0.19, (40 tion, we need higher accurate data.

_ _ — The contributions from the tree diagram are not so large
2B*0 7t BY N r+ 2B% except for the cross term with the electroweak penguin con-
BO+ ;0 BO+ ;0 gO+ tribution because«"/7°)(B* ~/B%") is quite near 1. When

we consider the direc€P asymmetry, the experimental data
=2r2,,— 2rewrrcog 65V— 67)cos¢s in Table Il do not also show so large a value. TR asym-
metries under the same assumption are
=0.54+0.25, (47
so that one can find the electroweak penguin contributions A%EE |A%7|2—|A%F? = 21 sindPsin s~ 0.0, (44)

may be large. All terms are including:, and the deviation |AO~ |24 |A0F|2 B
of the relation from O is finite. Here the errors are determined

by adding quadratically all errors. Using the other relation as

N00[2_ [ 5002
follows: 0o |1AM2—|AY . .
=—_————— =2rcsinéCsings, 45
- o - CP |A00|2+ |A00|2 C ¢3 ( )
B*" B 7"2B%

2B ,+ g0 0 o+ A=+ [2—|A* |2

+-_r v -

= — 4rg€0S8°V+ 2r pyr rcog 85— 6T)cose, P AT 24+ |AT |2
—0.00+0.26, (42) = —2r1siné"sin 3 —r3sin 257sin 2¢5, (46)
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TABLE Il. The experimental data of the dire€P asymmetry and the average.

Belle [5,25] BaBar[23,24 Average
Acp(BF —KO7") 0.07" 538 5.93 —0.17+0.10+0.02 -0.03+0.07
Acp(BO—K27%) 0.03+0.036+0.09 0.03:0.37
Acp(B°—K™77) —0.07+0.06+0.01 —0.10+0.05+0.02 —0.09+0.04
Acp(BT—K* 70 0.23+0.11°3% —0.09+0.09+0.01 0.04-0.07
|A=0|2—|AT0|2 A%J; and others. After dividing the overall factor b§™*
ggzﬁ — 7Kg, the measurements under the same assumption
[ATP[2+ AT with previous discussions are
=—2(r1sin8"+rcsin € +r psin ")
><sin¢3—2rEWrTsin( 5T_ 5EW) i F(BOH’ITOKS)'FF(BO—MTOKS)
0 r B+ +K
X sin ¢hg—r2sin 257sin 2¢5 T (B7—m7Ks)
+ 2r gt 1Sin 8'cossEVsin ¢ . (47) =X

=1—2rgycos65W+r2,,+ 2r .cos¢;cossC,

AZL should be almost 0 because of the smallness,aind
the data is also showing it. Up to the first orderrpthere is
a relation among th€P asymmetries as follows:

" I'[BO(t)— 7%Kg] — T'[BO(t)— m°K ]

ALP=Alp —AZH+ALE. (48) 7° [(B"—7"Kg)

. . L =Y cosAmt—ZsinAmt
The discrepancy of this relation is also caused by the cross

term ofrt andrgy. If we can have more accurate data, this =(—2rcSin ¢3sin 6¢)cosAmt
may also show useful information abauyt,,. BecauseAly _ )
is not so large, we can confirm the will not become so —{sin 2¢p1(1—2rgycoss=V+rgy)
large a value. ] )
In B— 7Kg, we can also use some information about +2r csin( 3+ 2 1) cossCsinAmt.

time dependen€P asymmetry{26]. The measurements for
B— m’Kg are
We define them as follows:
['(B%— 7%Kg) +'(B%— 7K g)c(|A[2+|A]?), (49
X=1-2rgycos6W+rZ,,+2r cos¢;cossC,
I'[B%(t)— m°Kg] - T[BY(t)— 7°K]
«(|A|2—|A]?)cosAmt+2 Im(e~ 2 41A* A)sinAmt. Y=—2rcsinssind®=—Agp,
(50)

Z=sin2¢,(1—2rgycosstW+r2,,)
We want to consider extracting a weak phasg but one )
cannot do so because the number of unknown parameters is +2rcsin( ¢z +2¢1)cossC.
more than the measurements. Hence we consider using the
information fromB* — 7Kg to reduce the number of pa-

(51)

(52

(53

(59

(59

rameters. Here we assume that we can neglect the effelft rgy was negligible, then one can extragi by inputting
from the color suppressed annihilation diagram because ib; because there are just three parametgrs5©, and ¢

should have & meson decay constant which works as afor the three measurements Y, and Z. However, as we
suppression factdiz /M g~0.03[8]. So in this discussion, as discussed beforecy, is not negligible and should be kept.
an ansatz, we assume that<0.1r and we can neglect it. Eliminating r .coss® in X and Z, we find tang; as a func-
However, we will have to confirm the magnitude by usingtion of rgyy,
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(Z—Xsin 264} APPENDIX: SOME CORRECTION TERMS FROM THE

ang;= . (56) K—K MIXING AND THE WIDTH DIFFERENCE
%3 c0S 21 {X— (1—2rgycoss=V+rZ, )}

In the discussion about the time dependeéRtasymmetry

of B>~ Kg7®, we neglected the effects @P violation in

If one can estimatey at good accuracy, one can have in- (e K meson system and tiny width difference & mesons
formation about¢ by inputting the value ofp, which is because it is very small. The magnitudéés=2x10"° and

. 73 . . .
measured byB—J/y/Kg at higher accurate experiment. It ﬁ}rd/fl;d Its ?bouih:% 1?] WB'Ch was ?nga:?d ip28]. AIS K
will be extracted from the quantity dd(0.01) becausec € eliects from them have been pointed out In Several Works

~0.02 under the assumption in this work. Indeed, for thegi?n’szﬁhIIhreC;ggntges?::frvag%gﬂset t(;eaalmv;n'[(h tr?fe‘scc?nnsfr;bsu-
solution EQ. (43), 2rccos6°cosgy~X—1+2rg,coss=" ) Y ’ S L

—réw~—0.03. So to use this measurement one may neeIP”OWS'

some corrections fronk —K mixing and the width differ- 1—e

ence[27,28. See the Appendix. We have to note that this K% =—=T[|Kg)+|KD)], (A1)
method still includes a few theoretical uncertairtiésr the V2

estimations ofrgyy, andr,. To extract¢s cleanly by this

method may be slightly difficult. After extractings by the |E°>= E[|KS>_|KL>] (A2)
other modes, we can use it to estimate or confirm how large J2 '

the electroweak penguin contribution is.
In this paper, we discussed the possibility of a large elecwheree is the parameter which shows ta@ violation of K.

troweak penguin contribution iB— K7 from recent experi-  Then one needs several correction terms includingnd

mental data. The several relations among the branching rar"; as the expansion paramet¢®8] in X, Y, andZ (note

tios which realize when the contributions from tree type andhat the definition of the sign of is different from that in

electroweak penguin contributions are small compared with28]) as follows:

the gluon penguin do not satisfy the data. The difference

comes from the'? terms and the main contribution comes _ EW, 2

from the electroweak penguin contribution. We find that the X(8) =1 2rewcosd™ "+ rgy+ 2rccosscosd”

contribution from the electroweak penguin contribution may ATt

be larger than from tree diagrams to explain the experimental +c0s 2p;sinh 2 e (A3)

data. If the magnitude estimated from experiment is quite

large compared with the theoretical estimation which is usu-

ally smaller than tree contributiorid2—14, then it may be Y=2rcSin3sin6€—2 R €) + O(erc), (A4)

including some new physics effects. In this analysis, we find

that what can have some contribution from new physics is

the color favored electroweak penguin type diagram which is

Z=sin2¢;(1—2rgycoss=V+r2,,)

the process® goes out fromB—K current. +2r cSin( 3+ 2¢h;)c0SE°— 2 Im(€)cos 2,
We would like to thank Sechul Oh for many useful com-
ments and discussions. AT 4t

+sin 2¢,cos 24, sinh

5~ +O(erc). (A5)

2Indeed before the use of this method we have to note that it ha,g|

several theoretical uncertainties. We have to extract some small ¢ © Wﬁ negletl:ted the terms ef. Indaddltlon t_o thlese
quantities by removing several unknown parameters, whichgzye terms, there Is also a constant term and a proportional term to

andr,, but we do not know the magnitudes so wellr)f is not sirf(Amj. X has also a correction term feybut it is of order
negligible, this will not work so well and we need get the informa- €F SO that one can neglect it. However, indeed, the correction
tion from the others. If ¢, will become so large by new physics as term has already been included in sipyZletermined byB

we discussed, thegp; may also include some effects from the new —J/#Kg[28] and the value which subtracts frafis effec-
physics[29] so that the input parameter also has theoretical uncertively [ sin 2¢,—2 Im(e)cos 2p;+ - - -] so that one can neglect
tainties. the effect inZ
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