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Model-independent electroweak penguin amplitudes irB decays to two pseudoscalars
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We study the effects of electroweak pengyEWP) amplitudes inB meson decays into two charmless
pseudoscalars in the approximation of retaining only the dominant EWP ope@j@sd Q4. Using flavor
SU(3) symmetry, we derive a set of model-independent relations between EWP contributions and tree-level
decay amplitudes one of which was noted recently by Neubert and Rosner. Two new applications of these
relations are demonstrated in which uncertainties due to EWP corrections are eliminated in order to determine
a weak phase. Whereas the weak anglean be obtained fronB— 77 free of hadronic uncertainties, a
determination ofy from B®*—Kx* requires the knowledge of a ratio of certain tree-level hadronic matrix
elements. The smallness of this ratio implies a useful constraint ibmescattering can be neglected.
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PACS numbgs): 13.25.Hw, 11.30.Er, 12.15.Hh, 12.15.Lk

[. INTRODUCTION trix elements on the one hand and quark diagrams on the
other hand. These descriptions are used in Sec. lll to derive a

seudoscalars provide an important brobe of the oriai@Rf complete set of model-independent SUrelations between
P P P P 9 EWP and tree amplitudes f&— K#,B— 77,B— KK and

violation in the single complex phase of the Cabibbo- . : . .
Kobayashi-Maskaw&CKM) matrix [1]. Approximate flavor corresponding3, decays. Using an approximate numerical
symmetries of the strong interactions play a useful role i relation between two ratios .Of W|Ison coefncu?nts, we show
R . "n Sec. IV thatall EWP contributions can be written in terms
such analysef2—4. In_ one simplified version of such meth- of tree amplitudes. In Sec. V we demonstrate a few applica-
ods the weak phase is extracted fromB— z7rm decays Us- jons of these relations used to eliminate uncertainties due to
ing isospin symmetryS], and in another case the phagés  Eyp contributions when determining the weak phasesid
obtained from combinin®— K and B—mm amplitudes ., from B— 7 and B—K = decays, respectively. Finally,
using flavor SW3) [6]. Electroweak penguikEWP) contri- oy results are summarized in Sec. VI. The Appendix lists
butions[7], enhanced by the heavy top quark, can spoil suchihe four-quark operators appearing in the weak Hamiltonian
methods. Whereas these contributions are expected to havea b decays corresponding to specific @Urepresentations.
small effect onw, they were estimated in a model-dependent
manner to have a large effect on the extractiorydB8—10].
Recently Neubert and Rosner have used Fierz transforma-
tions and SWB) symmetry to include in the latter case the  The weak Hamiltonian governing meson decays is
effect of EWP amplitudes in a model-independent waygiven by (see, e.g.[14])
[11,12). Their method of constraining is based on assum-
ing the dominance of two EWP operato@4 andQ;g) and G
r_elatmg their matrix elements for thie= 3/2_ Kz B deca_y H=—% > > kgﬁ)[cl(bq,)v—A(q,Q)v—A
final state to corresponding tree-level amplitud@&se appli- V2 q5ds q'=u,c
cation of Fierz transformations to the domin&y and Qg
EWP operators has been previously suggestddGfy how-
ever the subsequent evaluation of their matrix elements was
performed in the factorization approximatipriChis argu-
ment is entirely model independent, up to (SUbreaking (@ ) o
corrections, in contrast with previous studies of EWP contri-Vhere Aq;/=Vg,,\Vq/¢,q=d,s,q"=u,c,t. Unitarity of the
butions[8,13] which assume certain models for the matrix CKM matrix implies\{?+\{@+\{?=0. The first term, in-
elements of EWP operators involving factorization and spevolving the coefficients; andc,, will be referred to as the
cific form factors. “tree” part, while the second term, involving; ,i=3-10, is
The purpose of this paper is to generalize the relatiorthe penguin part. The correspondi@g consist of four QCD
proposed by Neubert and Rosner to all matrix elements gpenguin operatorsi € 3—-6) and four electroweak penguin
EWP operators for nonstrange and straBgmesons and for operators (= 7-10). Their precise form is not important for
any two pseudoscalar final state, and to study the conseur purpose and can be found for example[14]. In the
guences of such relations. Section Il reviews the two alterfollowing we will be only interested in their S@) transfor-
native descriptions of flavor S8), in terms of operator ma- mation properties, noting thalQs and Q,, have a

Nonleptonic weak decays & mesons into two charmless

Il. FLAVOR SU (3) IN B DECAYS

10
+c2<Hq>va<E'q'>va]—x§q>i=23 cQ@|, (@
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(V—=A)(V—A) structure similar to the “tree” part. There The tree part of the Hamiltoniafl) can be expressed in
are two distinct types of QCD penguin operators, with theterms of operators with definite $8) transformation prop-
flavor structure ¢=d,s) erties:

Q= (bg)(uu+dd+ss),

o Gl ol t 3@ !
Q{h= (bu)(ug) + (bd)(dg) + (bs)(sa), M= | M |26 @ a5t (ater)
)
and two types of EWP operators x( _1_5=1_%1_51=0+ %gfi)o)]
3 2— — 1
Q%= [(bq)(—uu —dd——ss) 1 1
+A E(Cl_(32)(6|=1/2_§|(i)1/2)+ 5(C1+Cy)
312 — — 1 _— 1_
Qfho= 2[ (bu)(ug) — 5 (bd)(dq) — 5 (bs) X( R T v ) "
. R \/551:3/2 \/65:1/2 e |
sq) |

All four quark operators appearing in Eq4)—(3) are of ~ The operators3® and 3® appear in the two lines in the
the form (bq;)(qg,0s) and can be written as a sum o5, 6 Same combination. This fact is essential for relatjids|

and 3, into which the producf3®3®3 can be decomposed =110AS=0 am_plitudes Wi.th the help of 58) symmetry.
34l N hat th i ice in thi The operators with well-defined $8) transformation prop-
[3.4] Ot? _t at the representgﬂ_ appears tVY'Ce n t _'S erties appearing in E@4) are given in the Appendix in terms
decomposition, both symmetric3®) and antisymmetric  of four-quark operators.

(ga)) under the interchange af;, andqs. The contribution of the EWP operatof3) is given by

SSRGS CNENCIG) (@ _ CF M| o Clo
HEWPZE{_)\’[ (C9Qg” +C19Q70) — At '(C9Qg +C10Q10)}:E T —5—(3-6- 1+3| o)
Co+Cig — 3 __ 1 AP c— clo
== -3.15_,— —=15_4— —=3, | |- — 3.6+ 3
> S9-1 \/550 \/EIO > ————(—3-6-12+3%1))
Cg+Cqg 3 — — 1
5|~ \[5 1812~ 23 150z~ 3% | (. ®)

where we made the approximation of keeping only contribu-do not include the CKM factors. For example, a typical
tions fromQg andQ,,[7,10,11. This is justified by the tiny |AS|=1 transition amplitude is
Wilson coefficients of the remaining two operatd@s and

Qg [14]. In this approximation the operators appearing in Eq. ABT—KOmH=AO(P,+A) + AP+

(5) are of the ¥ —A)(V—A) type and can be related to those EW o+ 0

appearing in the tree Hamiltonia@). It is this fact which X[P+PrH(BT =K )], ()
will allow us to express EWP contributions in terms of tree-

level decay amplitudes. where P, A and P, are contributions from the four-quark

Before proceeding to obtain these relations, let us recafpperators in the first term of Eq1), while P, and P¢"
the equivalent description of §8) amplitudes in terms of originate from the second term. In a similar way, a typical
quark diagramg3]. There are six topologies, representingAS=0 transition amplitude has the form
tree (T), color-suppressed Q), annihilation @),

W-exchange E), penguin (P) and penguin-annihilation A(B®— 7t 7 )=AP(—P,—T—E—PA)+A(—P)

(PA) amplitudes. The six amplitudes appear in five distinct d EW -
combinations, separately faxS=0 andAS=1 transitions. FNOL- P PAEPE (B -7 )],
For convenience, we define these amplitudes such that they )
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Despite their nameR, and P, originate purely from “tree- As explained in the next section, they will be useful in relat-
level” four-quark operators. Note that in the 8) symmet-  ing EWP contributions to tree amplitudes:
ric limit, the same hadronic parameters

P,,T.C,A,PA,,P.,P; appear iNAS|=1 andAS=0 tran- _ _\ﬁ \ﬁ _\ﬁ
sitions. T-A=1\/gast \ g2~ \ 58
It is straightforward to relate the “graphical” hadronic
parameterd,,PA,,T,C,A,E to SU?3) reduced matrix ele- J10
ments of the operators appearing in 4. This was done in T+C=- Tas,
the Appendix of[3], and can also be done by computing
representative decay amplitudes and expressing them with 3 3 2
the help of the relations in the Appendix [¢f]. We find the C-E=- \ﬁa3+ \ﬁa4— \/:aS. (10
following set of linearly independent relations: > 5 5
These relations can be solved f,a, andas:
P,+T 3 + 1\F +l\ﬁ Z\F
vt ==&t 5\ gt 17\ 24— 37\ g8
2 V5 4 N5 3V5 1 /5
210 a3=——\ﬁ(A+C—T—E),
2 V3
P,+A \[ S\F + 2 1 /5 1 1
u 3=, Vg™ 5 —=3as, \[
4 N5 Y el (Y o S,
310 =5 3< A-gC-cT E),
4 a2 a3 5"’14 535 a5=—\/—1_O(T+C). (11)
= +PAU=—la " 1 a 1\Fa L2 \/éa In Sec. IV we will need also the results for the reduced
u 291 2@ 22 \N5™8 574 matrix elementsa; anda, expressed in terms of graphical
contributions
1
+——a., 1 1 4 4
610 ° aj=— =T+ =C—-E— =P,—2PA,,

2 6 3 3

3 3 2
- \ﬁag‘l‘ \ﬁa4_ \/:35. (8) — E\E — E — } §
5 5 5 a,=5\5| T-3C+A-3E+ =P,

a; denote the following combinations of reduced matrix ele- (12

ments(a factorGg /2 is omitted for simplicity:
IIl. RELATIONS BETWEEN EWP AND TREE

AMPLITUDES

1 1 1 —
= _ + R (s) —— — (a) . . L. .
a 2 (€1 C2)\/§<1”3 13 2(Cl c2)(133), Our purpose is to relate in the &) limit EWP contribu-

tions to tree amplitudes. We note that the operaBs?sand
i — 1 — 3@ occur in Eq.(5) in different combinations than in Eq.

St Cz)ﬁ<8||3(s)||3>—§(01—Cz)<8||3(a)||3>’ (4). Therefore, for arbitrary values @f;, c,, co andcy,
symmetry relations for EWP contributions can only be ob-

1 tained which are independent of the matrix element8(®f
as=— 5 (c1—¢2)(8/6]3), and3®. The respective EWP contributions can then be ex-

pressed only in terms of tree-level amplitude€, A, E with

1 o the help of relationgl11).
3425(014'02)(8”15”3% _
A. |AS|=1 amplitudes

1 _ EWP contributions t@— K decays can be easily com-
ag= E(Cl+ C»)(27]15|3). (99  puted using the Hamiltonia(s). One obtains

The normalization of the reduced matrix elements is chosen  pEWRO_, K+ 7~)= ib +E\ﬁb3+ §\ﬁb4
as in[4]. Relative normalization with respect to the one used 4
in [3] is given in the Appendix.
One can find three combinations of graphical amplitudes -~ \Eb
which are independent of the reduced matrix elemapia,. 55
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EW, +_ 0 +)— _ _ _ — —
PEW(B* —KO7") 2 Viebs+ g \ebs
! b
V10

3 1 /3 3 /3
EW, O_) 0,0\ _ _ "~ R _— — h.— — —
3 ——=b
25
PEW(B+—>K+ O)_ 1[ b3 1[ b4
2 b (13
B

The parameterb;, analogous t@,, are defined as

1 1 3(5) 1 2(a)
b;=-3 C9+010)E<1||3 13)+ E(CQ_C10)<1”3 13),

2(
1 1 3(5) 1 2(2)
by=— 5(09"‘ ClO)E<8”3 13)+ 5(09—C10)<8||3 13),

b3:_ C

2( 9—C10)(8/6]3),

1 _
b,= 5(09+ c10)(815/3),

1 _
b5:§((39+ C10)(27]15(3). (14

The EWP contributions satisfy the isospin relatias do the
full amplitudes[15])

PEW(B+_)KOW+)+\/EPEW(B+_)K+7TO)
= 2PEW(BO— KO7%) + PEW(BO— K ¥ 77).
(15

It is clear now that any combination &5 amplitudes
which is independent db,,b, can be expressed directly in
terms of the tree-level amplitudés C,A,E using relations
(11):

—Cio \/_

5 (A+C=T-E),
c1—C,

CgtCqg 1\/§cg+clo
a;==\/=
citc, 4 2 V3citce,

Cog—Cyo
b3=_3 a3_
C1—Cy

b4:

PHYSICAL REVIEW D60 034021

CgtCqp 3 Ccgt ClO(
5~ 5=~ ——
Cl+C2 V10 C1+CZ

+C). (16)

One can form two combinations of electroweak penguin
contributions inB— K decays which do not depend on
by,b,:

PEW(B+—>KO7T+)+\/EPEW(B+—>K+7TO)

= \Fb 3%t Cw 1, ¢ 1
- 2 5_2 c +CZ( ) ( 7)
PEWBO—-K* 7 )+ PEW BT K7 ™)
1@ NSNS
2V53" 2N54 2N5®
3 Ccg— 3C9+clo
+
401 (A C-T-B)- 4cl+cz
X(A—C—T+E). (18)
A third combinationPEWY(B°— K70 + PEW(B* - K™* #°)

is not independent of these two in view of the isospin iden-
tity (15). The first relation(17) was obtained if11]. The
second ongl7) is new.

In a similar way one can compute EWP contributions to
B decay amplitudes. We find

PEW( B—wrm)

1
:——bl

1b3\Fb+1
471 2102 4V5* 410

bs,
PEW( B— 7070)

—1b+1b+3\/§b L b
4\/514\/524 104 8\/55'

PEW(Bs—K K™)

+1b+1\Fb 3\Fb
2102 a Vs> g Vs>

,
__b ,
410 °
PEW(By—KK?)
S l\Fb Q\Fb
Ta% 4 02 4 V5 gV
1
—4—\/1_0b5. (19)

Eliminating b, ,b, gives two relations
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PEW(B— 7" )+ 2PEW(B—#%7% =0, (20
PEW(B,—K*K ™)+ PEWB,—~KK?)
3 Ccg—Cqp 3 cgtCqg
=— +C-T-E)+- +C+T+E).
4c1—c2(A C-T-E) 4C+C2(A C+T+E)
(21)

The first relation is simply a consequence of the absence of

Al=2 terms in the EWP Hamiltonia(b).

For completeness we give also the EWP contributions to

B decays into an octef

PEY(B™ — 7gK™) l\Fb+ L bt b
- = ooyt ——byt ——
7 8V57° 410 ° 810 *
3
— §b5!
1 3 1 3
PEW BO_> KO ___\/:b ————bsa— ——b
(B k=8N 1™ 810

1\Fb
"2 \Vgs

1
PEV(B.— #° =— ——Db \/\b
( S 77-778) 2\/5 \/— 5-

(22

B. AS=0 amplitudes

For this case the Hamiltonia®) gives the following re-
sults forB and B4 decays

5

PEWB* =7 7% =— 7b5,

1 1 1\F
EW, 0 oy I

S\Fb [
8544\/?)5’

1 1 1 /3
PEW BO—>7TO7TOZ_b ——b,—— —b
( ) 4\/5 1 8\/52 4 103
3 /3b 13b
+§ EA 8\/5 5
_ 3 1\F 9\F
EW/ Rp+ Oy_— _ _ — _ — _ —
PEW(B KO) 4\/F)b2+4 £bst 5 \/5ba
! b
V10~

PEW(B+—>7T+ 778):

PHYSICAL REVIEW [B0 034021

1\ﬁb 1b 9b
4N572 5710 ° 4y10 °
1\Fb
"2 NVgs

1b3\Fb
2J10 2 4V5"

bs,

1
EW(BO—>K K~ ):_Zbl_

1
+_
4./10

Lot 1\Fb 9\ﬁb
4% 402 a5 g \Vs™
1

__b’
410 °
3 b+1\Fb+3\/§b
410 2 4NV5° g N5 "
2
_ §b51
3b 1\Fb 3\Fb
g5 2 4V10° 8 V10*

3y
25 >

Eliminatingb, _, gives the following relations for EWP con-
tributions toB— w7r decays:

PEW(BO—KK?) =

PEWM(B—K 7=

PEV(B—K 70) =

(23

\/EPEW(B+_)7T+7TO)=PEW(BO_),’TJr,n_*)
+2PEW(BO— 7070)

3 Co+Cyg

2 citCy Titc, O

(24)

This relation, describing decay amplitudes into two pions in
al=2 state, follows from isospin alone. Only tid =3/2
part of the Hamiltonian contributes to these amplitudes.
Comparing the tree-levé#f) and EWP(5) Hamiltonians, one
observes that theik| = 3/2 parts are simply related by

3D cotcyg

HXFE?»/Z' (25)

Hm 3275 () ~
2 )\l(J) Cl+C2

Therefore isospin symmetry alone suffices to relate their ma-
trix elements. A similar relation holds for EWP contribution

in Bsﬁ(iﬂ') 1=3/2:
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TABLE |. EW penguin contributions t&AS=0 transitions in

EW, -+ EW, 0,0
PEY(Bs—K ")+ 2P (B K 7) terms of the graphical amplitudéf".

3 Co+Cqg
=5 E(TJr C). (26)  Decay mode PF" PEY  PEY  PEY  PEW  PEY
Bt—mta® 312y2 3/2/2 0 0 0 0
IV. GRAPHICAL REPRESENTATION FOR EWP K*TKO 0 12 0 -1 12 0
B~ 7wt~ 0 1 1/2 —-1/2 -1/2 -1/2

The numerical values of the two ratios of Wilson coeffi-
0.0
cients appearing in the previous section are very close to mmt 322 122 -122 1/2(‘)/5 1/2(‘)/5 122

each other: K'K™ 0 0 172 —-12
KOKO 0 1/2 1 12 12 12

CotCio Co—Cyo B— K 7" 0 1 0 -12 -12 0

ci+Cp 1.13%, C,—Cp 1107 (27) Kom® 3/2y2 122 0O 122 122 0

We used here the leading logarithmic values of the Wilson
coefficients am,, [14]: The results in Tables | and Il agree with a previous analy-
sis of the EWP contributions in quark diagram languf@je
c,=1.144, c,=-0.308, cg=-—1.28Qr, C10=0.328, The relation between the EWP amplitudes[6f and our
(28)  parameter$" is given by

with a=1/129. The two values in Eq27) differ by less that 3 () BEW c (@) EW
3%. Therefore, they can be taken as having a common value Pew=—35M"Pr",  Pew=—35A"Pc,
to a very good approximatioh:

3 3
, (29 Pew=—5MIPFY,  PLG=—5A\{IPE".

Ci1+Cy Ci—Cy (32)

CgtCip C9—Cip

wherexk=—1.123. As a consequence of this approximate
equality, all EWP reduced matrix elemeriiis}) are propor-
tional to the corresponding tree amplitud® with a com-
mon proportionality constant

The improvement ovd9] is that these parameters can be
simply expressed through E@31) in terms of tree-level
graphical amplitudes. Also, we include here all possible
quark diagram topologies for the EWP contributions in ad-
dition to PF" and PEW which were kept in[9]. Thus, the
effects of EWP contributions can be included to a good ap-
proximation in a model-independent way without encounter-

by=xa,, bs=«as. (30 ing any new hadronic amplitudes. One of the consequences
of this simplification is that color suppression of certain

These equalities suggest introducing the following sixewp amplitudes is identical to the corresponding suppres-
EWP amplitudes, analogous to the ones used to parametrizgon of tree amplitudes, and does not require further assump-
tree-level decay amplitudes: tions about hadronic matrix elements of EWP operators.

b1=—Ka1, b2:—Ka2, b3:_3Kag,

PEW=ki, i=T,C,AE,P,,PA,. (31 TABLE Il. EW penguin contributions t)AS|=1 transitions in

terms of the graphical amplitudé".
These amplitudes have a direct graphic interpretation im
terms of quark diagrams with one insertion of an electrowealecay mode PF"  PE"  PRY  PEY PRV PEY
penguin operator. Furthermore, the simple proportionality re-

0_+
lation (31) guarantees that theF" amplitudes will satisfy B HKK:T 0 0 L2 0 1 1/ 0
the same hierarchy of sizes as the tree-level amplit[@6% 71 32y2_ 1N2 0 Nz -U22 0
Inserting relationg30) into Eg. (8) one may express the K" 322 273 0 —1V6 12/ 0
parameters, in terms of PEV. Using Egs.(13), (19) and B°—K'm~ 0 1 o -v2 -12 0
(23), EWP contributions to any given decay can be written as ~ K°#° 322 1/2)2 0 U2y2 122 0
a linear combination of th@=" amplitudes. The results are neK®  V32y2 12/6 0  12/6 12/6 0
given in Table | forAS=0 transitions and in Table Il for B %7~ 0 0 1/2 0 0 —1/2
|AS[=1 decays. °7° 0 0 -122 0 0 122
KK~ 0 1 12 -12 -12 -12
KOK© 0 1/2 1 1/2 1/2 1/2
1This approximate equality has been used previously in a different 709 V312 0 —\312 0 0 0

context in[20].
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ent: (a) the equality between the decay rates B

2AB">77) — 7" and itsCP conjugate holds also in the presence of
P the EWP amplitudesib) the value of the angle £between
g vy AB*—w7") andA(B~— #%7 ") is a calculable function
- X100 of @ alone. A simple calculation gives
V2 A@ > 5 xsina 3o+ Cyp| M A
tane= 1txcosa’ 2 C1+Cy @ =-ool @ '
FIG. 1. EW penguin effects in the decay amplitud¢B™*
—a%7%) and its charge conjugatd(B™— 7%7 )=e?7A(B" (36)
—al7).

where NYIND|= |V, Vig /VpVud =|Vig/ Vbl . Note that
the angle¢ depends only o and on the parametgrwhich

A. Determination of @ from B— a4 decays involves some uncertainty in its CKM factor, but is free of
any hadronic uncertainty.

V. APPLICATIONS

It has been proposed [B] to determine the weak angte

from a combined measurement of the time-dependent deca Therefore, the method proposed[i] can be adapted to
0 - L P : Mclude the effects of the EWP by defining the modified am-
rate B*(t)— =" 7~ and time-integrated branching ratios for —

B* omtm®  BOomtm . BosaO70  and  their Plitudes A’'(B—f)=e*¢A(B—f) in terms of which the
CP-conjugated modes. As noted jB—10], this method is equality(34). is restored. The geometr.ical constructior Bf
affected by uncertainties arising from the presence of EwfSan be carried through as before afhs extracted as

contributions. We will show in the following how their effect

can be taken into account in a model-independent (&Y. "A’(§°—> ataT)
The anglewx is measured through the time-dependent de- 9:Ar9W12§(Q)- 37
cay rateB%(t)— 7" 7~ which contains a term of the form (Bl
(7t 7~ |BO(t))|2=--- +|AB’ =o' 7 7)]| The upper(lower) sign in this formula corresponds to the
_ case when the two triangles are drawn on the séwneop-
X|ABY— 7t 7)|e sin(2a+ 6) posita side of the common amplitud&4). As in the original

version of this method, there is a fourfold ambiguity in the
value of «, arising from the above-mentioned freedom in the

Am being the mass difference between the two neudral geometric construction and from having to extractrom

mass eigenstates. The anglé due to the presence of QCD sin(2a+ ‘9)_- o )
penguins in theB’— 7" 7~ amplitude and is defined a& Numerlgally_ the .shn‘t in the anglé #=2¢ induced by
=Arg[ﬂ(§°—> VA= )] [with 'A(§—>f_) EWP contributions is seen to be rather small, of the order of

_ diyam T 1.5°. Therefore, in practice these contributions can be ne-
=€ A(_B—>f)]- ) i glected and the results of this analysis are not likely to be of
The idea of[5] is to measuref through a geometrical jmmediate relevance for an extractionafHowever, we use
construction. An essential ingredient of the method is thepis example to demonstrate that, in principle, the effects of
equality of the following two decay amplitudes: EWP terms can be eliminated in a model-independent man-

ner to allow a determination of the weak phase.

X sin(Amt), (33

AB* = 77" )=A(B™— 7% 7), (39
which can be therefore taken as the common base of two B. Constraints on y from B—Ka decays
; ; ; + +,0 RO +,. -
ISospIn tr(l)angles for the decay” — 7" 7", B'—m 7", Recently the S(B) relation (17) between EWP contribu-

B%— #%#° and their CP-conjugate modes. The aggﬁs tions inB* —K%* andB* —K*#° was obtained by Neu-
obtained from this construction as6=Arg[A(B®  bert and Rosnefl1], and was used to derive information on
—ata ) IAB -7t 7). v from the CP-averaged ratio

The equality(34) is spoiled in the presence of the EWP
terms, in which case one has 2[B(B"—=K" 7% +B(B"—K 7%]

B(B* =K% *)+B(B~ =K% ")

-1
*

(38)
3 cgtcC

V2AB =m0 = A(T+C)+MI 5 2 2(T+C).

v (35) Further constraints on the weak phase were shown to be
provided by separatB* and B~ branching ratio measure-
We made use of the isospin relati®4) for the EWP con- ments if rescattering effects can be negledi&d]. In the
tribution to this decay. present section we will review the arguments[af], and
The amplitude(35) and its CP conjugate are shown in then apply Eq(17), the second relation between EWP am-
Fig. 1, from which two conclusions are immediately appar-plitudes inB— K, to the ratio[17]
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B(B—K "7 )+ B(§°—>K‘7r+) The contribution of the QCD penguin amplitude with an in-
= " T = (390  ternal charm quark was included P,.=P,— P, and P,
B(B"—K"7m")+B(B"—K"7") =P,— P by making use of the unitarity of the CKM matrix.

Our purpose here is to possibly eliminate uncertaintieR in Using Eq.(17), the first amplitude can be written as

due to EWP contributions in a model-independent manner.
These contributions were argued [i®,18] to be color sup-
pressed and were calculated in specific model calculationsy2A(B™ —K* 7% =—\{|(T+C)
[17,19 to be very small. Assuming that they can be ne-
glected, and that the same applies to certain rescattering ef-
fects, one obtains the bourid7] R=sir*y which can be FAI[(Pet PEY) — (Pyc+A)]
useful provided thaR<1. Furthermore, measuring ti@&P
asymmetry inB—K™*7* would constrainy even if R=1 5
[18]. Here we will attempt to obtain a model-independent 1— )\—)(P +PEW)
generalization of the boun@= sir?y including EWP effects 2 ct '
[20]. The role of rescattering effecf®1] and the possible (41)
limits on such effect$18,22 were discussed elsewhere.

The amplitudes of the two decay processes appearing in

(€'7— Sew)

1+3
EK

+Vep

R, ! are given by[3,9] wherePEWV=pPEW(B* K%7 ") and
+ +,0
\/EA(B HK 7T) 5 3 K 1_)\2/2 C9+C10 (42)
. =55 55—, K= .
= AO(T+CH+PyTA) "2 3 R, Gt C2
_)\§S)[Pct_ \/EPEW(B+_)K+7TO)], 2
A(BT—K%r™) The parameterR,=0.41+0.07 [24] is defined by R,

=IN|Vyp/Veol;  we  used A¥=-V{(1-\?/2)
+\2R,e'?} as required by the unitarity of the CKM matrix.
(400  Therefore,

=N (Puet A+ NI Pt PEYBT —K 7).

— |ee'?1(€!7— Sgyp) — ea€' P2 T— €' PP|2 1 | e€' PT(e7 1Y — Sy — €a€' Pre Y — ! P|2

" |ea€' #aeY + €' #P|2+ | epe Pae T + €' P2 ) (43
where we denote
A 3 | AR THC i ARy [ A+P
€e|¢T= 1+ =k , € eI¢A: e|¢P_ T ue ' (44)
27 NPt PET 1 |Peit+ PEW]
2

and ¢p=Arg(P.+ PEW). To first order in the rescattering parameégrand in the small parameter=0.24[11], obtained
through([6]

Vs fx |ABT— 707"
e 7 Yus fx [AGBT )| 45)
Vud fr |A(BT =K ™)

the ratioR;l is independent ok, and is given by

R, '=1-2ecosA ¢(cosy— Sew) + O(e?)+ O(eep) + O(€a), Adp=dr— bp. (46)
This then implies the boundL1]
s 1R
—_ =
|cosy— Sewl 5e (47)

which can set new constraints gnif R, # 1. The central value of a recent measuren{@3], R, =0.47+0.24, lies two
standard deviations away from 1.

We now proceed to study the ratid Applying relation(18) to the corresponding EWP contributions, we find
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AB’ =K 7)== AO(T+P,)—-\&(P, PS4+ 7 x‘5> ( T+C+A- E)— X(—T-C+A+E)
uc t c.+cC
C1— C1TCy
(©) | (©) Ew,_ 3 S Ew
—INI(T+Py) (7= 8gw) + A7 | (Pt +P )—EK(C E)|[+Vcpl 1 (P o+ PEY), (48)
wherePEW is defined as in Eq41), and 8¢,y (containing the EWP contributioris defined by
)\2
31-\%2[cg—Cio —T+C+A—E cg+Cio—T—C+A+E 3172 coE
Sew=—— - =—_———x (49
EWT 4 \2r, |ci—C;  TH+Py ci+c,  T+Pye 2 \?R, T+Py
We made use here of the approximate equdRS).
The ratioR Eg. (39), can then be written as
€' € 4T(e1Y— 5Ly) — ecee' PcEelY — e #P|2 4+ | €' €1 ¢T(e 1Y — 5L,,) — ecge PcEe 1Y — gl #P|2
= — . — . , (50
|EAel¢Ae'7_eI'/>P|2+|6Ae'¢’Ae 'Y_eI'/’P|2
|
where Namely, EWP effects irR are smaller than irR;1 by a
factor of about 5, in accordance wiff,18]. A much smaller
. A%R T+P value than Eq(53) was obtained in a model-dependent cal-
e'edr= 2b ”ECW , culation[17].
1-N%2 [P+ PEY A certain insight into the size of the ratio of hadronic
amplitudes in Eq(49) parametrizing EWP effects iR can
\?R 3 C_E be obtained from the related ratjoC—E)/(T+C)|, from
€cge PcE= b |gidp_ 2~ — (51  which it differs by corrections of ordefC/T|,|P,/T|. A
1-\%2 2 [P+ PEW model-independent bound on this ratio is given in terms of

charge-averaged branching ratios

Expanding again in powers ef and keeping only the linear —
terms, we obtain ‘C E| B(B’—x’#% 1 [B(B°-K°KY)
- - T 7=Va3ar = oo
T+C‘ BB == 7% 2 VBB =7 70

R=1—-2€'cogA ¢’ + ¢)|cosy— gyl +O(€ep) +O(€ece)
+0(€'?), (52

(54)

where the triangle inequalityC—E|<|—-C+P+E+PA|
+|P+PA| is used.

whereA¢' = ¢r—dp, S¢=Arg(cosy—dew).- Neglecting rescattering effects iB*—K%z* [21,22,
Let us compare the structure of the two ratiQ<€Eq. (52), Eq. (52 implies the bound

and R;l, Eq. (46), to first order in the small parametef

~e. (These two parameters are equal up to corrections of |1-R|

order |C/T|=0.2 and|P,./T|.) First, we note thaR de- |cosy— Sgwl=———, (55)
pends on final state rescattering,) to lowest order whereas 2¢

R is unaffected by such effects to this order. This feature
was already noted ifil1]. The corrections ofO(ecg) are :
very small cg=0.02) and can be neglected. Tche depen n.magnitude, | 92wl =0.20ew=0.13, where we usedsey

dence of these ratios on EWP contributions is encoded in theh(;s: E%;] TTﬁlrsefc?c:?lstlrglr?tpge o;at:e Otigg,ﬁ;tl?mggégr;:e
parametersSg,, and dgy. Whereassey, Eq. (42), is real P Ew y P y

and is given in terms of known Wilson coefficients and useful provided that a valug fdR is measured which iqif'

CKM factors, 8Ly Eq. (49) is i | | d _ ferentfrom 1 (not necessarily smaller than 1 as required by
v Tactors, ogw =9 'S In general complex and con- 1z £or 4 given value of 5gyl, the allowed region for

tains also the ratio @—E)/(T+P,.) depending on tree- 0 is diven by the constraint

level hadronic matrix elements. One usually assumes that>>7 1S 9 y

this ratio is smaller than 1, given roughly by the color- |1-R]
suppression factor measuredBa-D 7 [25]. Thus |cosy|> e — | Sgwl, (56)
€

qune similar to Eq(47) (see als¢16]). 5¢,, has a very small

| 6wl Sewl =|C/T|=0.2. (53)  provided that
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I1-R| [23], largely overlaps with this region. We note that fixing
=|Sgwl- (57)  the strong phase afg,, by theoretical arguments can further
sharpen these bounds.
The bound56) on y from R assumes that the rescattering
Equations(56) and (57) exclude a region around c9s-0.  corrections[of order O(e,)] can be neglected. The size of
For €'=0.24, |6¢y|=0.13, this requires 0.86|1—R| these corrections can be estimated in theéWmit from a
<0.54. The presently measured value Rf R=1.0-0.4 measurement of the ratiRx of charge-averaged rates

1+|8gwl=

!

4 2
2

ext —
_B(Bi—>KiK°)_(l—)\2/2)2 AT (1-a%2)% 1—72%/2)2
B(B*—K%7") A 1+ €a+2€AC0q pp— pp)COSY

2EA( COY pp— ¢pp)COSY

K (59)

Present global analyses of the unitarity triangle suggest th&U(3) and dominance o4 and Q;; EWP operators, we

the value of the weak anglg is around 90°. Therefore, the presented a general method for relating the EWP contribu-
ratio Ry is expected to be insensitive to a good approximations to current-current amplitudes Bidecays to a pair of

tion to the strong phase differencé,— ¢p. Taking vy  charmless mesons. This reduces in a model-independent way
=90° one obtains the following estimate for the rescatteringhe number of hadronic amplitudes parametrizihgecays.

parametelep : SU(3) breaking effects on these relations were studied in
some cases in a model-dependent way and were found to be
) A2 small[11].
A RK_(]-_)\—zlz)z We applied these relations to three cases, a determination
2

€= _ (590 of @ from B— 7 and two ways of constraining from B
(1—N?12)2—\?R¢ — K decays. In the first cagahere only isospin was usgd

. . and when studying the ratig * in B* decays[11] [where

The_ resulting value o€, is smaller than 0.18 throughout the SU@3) flavor was employell constraints were obtained

regionRy=<0.7 allowed by present CLEO d423]. We note \yhich were free of hadronic uncertainties. On the other hand,

that the estimat€9) is more restrictive than existing bounds 4 study ofy through the raticR in B®* — K== depends on

on this parametef22,20}, which treaty as completely arbi- e knowledge of the ratio of certain current-current ampli-

trary. . _ . _ . tudes. Neglecting rescattering effects, we used the smallness
It is possible to improve this constraint gnby combin- ot this ratio to argue that useful constraints gncan be

ing the data onR with a measurement of the pseudo- gptained fromR provided thaR is different from 1.
asymmetryA, [18,20;:

0 -\_R(RO -
_B(B°-K'w)-B(B HK_H)_ 60 ACKNOWLEDGMENTS
B(B*"—=K%r")+B(B™—K%7 ")
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tional Science Foundation and by the U.S.-Israel Binational
Ap=2€'siny sinAg’+O(e'?)+ O(ep). (61) Scienc/e Foundation under Research Grant Agreement 94-
00253/3.

One finds, to first order ir’,

For 6¢,,=0 and for givene’, R, Eq.(52), andA,, Eq. (61),
determiney up to a fourfold ambiguity18]. In reality, since

| 6£wl=0.13 is very small, the solutions for are given by APPENDIX: FOUR-QUARK OPERATORS
narrow bands corresponding to the uncertainty in the strong WITH WELL-DEFINED SU (3) TRANSFORMATION
phase 0f5I,EW PROPERTIES

We give in this appendix the four-quark operators appear-
VI. CONCLUSIONS ing in the weak Hamiltonian fob decays. They are defined

Electroweak penguin amplitudes play an important role in@s[in notationq;qsd,= (bd1)(d203))
various attempts to determine CKM phases from rate mea- AS=+1 operators
surements. IMS=1B decays their contribution is compa-
rable to that arising from the current-current terms in the 1 1
weak Hamiltonian. It is therefore important to have an accu- P N ot iy
rate theoretical control over their effect. Based on flavor 191 2(usu+suu)+2(dsd+sdd) (AD)
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1 1 —
——(usu+suu) ———=(dsd+sdd)

15_o=—
5 0 2\/5 2\/5

it (A2)

—=SSS

V2

1 - — 1
6,:1=—E(usu—suu)+§(dsd—sdd) (A3)
a(a) 1— — 1— — Ad
3,:0——E(usu—suu)—z(dsd—sdd) (A4)
3(s) Lo = el ety
3,:0=m(usu+suu)+ﬁ(dsd+sdd)

+ e (A5)

——=Sss.

2
AS=0 operators

— 1 11—
15:3,2=—ﬁ(udu+duu)+ﬁddd (AB)
_ T —— — 1 /3—
15:1,2=—m(udu+duu)+§ E(sds

+T59) - ~—ddd (A7)

Ss) — —
V6

PHYSICAL REVIEW [B0 034021

1 — 1 —
6_12= 5 (dss—sds)+ 5 (udu—duu) ~ (A8)

3@ ————1(udu—duu)+—1(dss—sds)
=12 2 2
(A9)

1 — 1 —
——(udu+duu)+——=(dss+sds)

22 22

3|(S:)1/2:
1
+ Eddd. (A10)

We also list the relative normalization between(S\re-
duced matrix elements used in this paper anfin

a,=— %{1} ay=—2 \E{sl},

2 4
az=— ﬁ{sz}, 342E{83}:

a5=3\/§{27}.

(A11)
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