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CP violating phase y from a global fit of rare charmless hadronic B decays
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We study the constraints on tl@P violating phasey in the Kobayashi-Maskawa model using available
experimental data. We first follow the conventional method to update the constrainbpmperforming ay?
analysis using data froffeg|, Amg, , and|Vy,/Vcp|. We also include the recent information on sjiid the
analysis. We obtain the best fit féyr to be 66° and the 95% C.L. allowed range to be 42°-87°. We then
develop a method to carry out @ analysis based o8U(3) symmetry using data frorB— 77 and B
— K. We also discus§U(3) breaking effects from a model estimate. We find that the present daBa on
— i, K can also give some constraint gralthough weaker than the earlier method limited by the present
experimental errors. Future improved data will provide a more stringent constraint. Finally we perform a
combined fit using data fromey|, Amg_ , [Vyp/Veol, sin28, and rare charmless hadroricdecays. The
combined analysis giveg=67° for the best-fit value and 43°-87° as the 95% C.L. allowed range. Several
comments on other methods to determinbased orSU(3) symmetry are also provided.
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[. INTRODUCTION violating phase in the SM using available experimental data.
The CKM matrixVcgy is @ 3X 3 unitary matrix and is

The origin of CP violation is still a mystery although it gsually written as

has been observed in neutral kaon mixing for more than 3
years. One of the most promising models @i violation is

the model proposed by Kobayashi and Maskawa in 1973 Vyg Vs Vo

This is now referred as the standard mo¢®M) for CP

violation. In this model CP violation results from a nonre- Vekm=| Ved Ves Vb |- (1)
movable phasey in the charged current mixing matrix, the Via Vis Vi

Cabibbo-Kobayashi-Maskaw@KM) matrix [1,2], Vegwm -

There are also other mechanisms®&i? violation. To under-

stand the origin ofCP violation, it is important to study In the literature there are several ways to parametrize the
every detail of a particular mechanism against experimentaCKM matrix. The standard particle data group parametriza-
data. In this paper we carry out a study to constrainGiie  tion is given by[3]

C1:C13 S12C13 S 13
is is
Vekm=| 512237 C125:3515€' 13 C1Co3— S15873514€' 13 S23C13 (2
is is
S12573— 120235158 ™18 —C15823— S12C23515€'*  CoaCy3

wheres;; =siné; and c;;=cos#; are the rotation angles. A The parameters Ap, and » are of order unity. When dis-
nonzero value for sié;; violates CP. Another commonly cussing theCP violation in a kaon system, it is necessary to
used parametrization is the Wolfenstein parametrizafidn keep higher-order terms i, namely, adding—A2\>(p
which expands the CKM matrix in terms af=|V,J andis  +i») and —A\N*(p+i7) to V.4 andV,s, respectively. The
given by CP violation in this parametrization is characterized by a
nonzero value fom.
Because of the unitarity condition, one has

1
1—§>\2 A AN3(p—in)
VioVuat VepVeat VipVia=0. 4
Vekm= -\ 1_5)\2 AN2 . . .
2 In the complex plane the above equation defines a triangle
, ith angles a=—Arg(VigVi/VudVi)., B=
A)\S(l_p_l 77) _A}\Z 1 wi td Vitb! VudVub.
—Arg(VegVep/ ViaVin) and y=—Arg(VygViy/VedVen) as
+O\Y). (3  shown in Fig. 1.
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be carried out for rare charmless hadroBidecays in an
electroweak model independent way in the fut[t8]. Be-
fore this can be done, howeve&3U(3) symmetry can only
be taken as a working hypothesis. In the rest of the paper we
will study constraints that can be obtained from rare charm-
less hadroni®— P P decays based ddU(3) symmetry. We
will also studySU(3) breaking effects using model calcula-
tions.

The paper is arranged as follow. In Sec. II, we will review
and update the constraint gnusing information fromey ,

T~ *
Vchcb Amg, , and |Vuo/Vepl, and also information from sin@
o measurement. In Sec. Ill we will carry out@ analysis ofy
FIG. 1. The KM unitarity triangle. using rare charmless hadrorBe— PP decay data based on

SU(3) symmetry. We will also discusSU(3) breaking ef-
To a very good approximation the phadgis equal toy.  fects. In Sec. IV, we will make a combined study using re-
In terms ofp and 7, the anglesy, 8, andy are given by sults from Secs. Il and Ill. And in Sec. V, we will discuss
some of the implications of the results obtained and draw our
279(p%—p+ 7?) conclusions.

sin 2a= '
((1=p)*+n?)(p*+ 7%
Il. CONSTRAINT ON y FROM |exl, AMg__, [Vyp/Vei,
) 279(1—p) AND sin2B
sin2B= %, 7=tan*12. (5)
(1-p)°t+7y P

In this section we first review and update the constraint on

In this paper we will concentrate on obtaining constrain'[yn?sIng r?c)j(R/e”T\? nt|a|sang t::ecr):elt 'C?I rllnfoLma::on r?i@,d t
on the phase. Great efforts have been made to constrain or 8. 2N Vub! Vepl- SUCH an analysis has been carmed ou
to determine theCP violating phasey. Previous studies Pefore. The analysis in this section is an update of the pre-
mainly used experimental data ¢ the CP violating pa-  VIOUS analyses, which also serves to set up our notations for

rametere, in the mixing of neutral kaong(i) the mixing later use. We t_hen include ex_perimentgl data from_ the 8in 2
arameterdmy andAmg in By .— By . systems, andiii) measurement into the analysis to obtain the best-fit value and

P B Bs 7 Pds Pds y ' allowed range fory.

|Vub/Vepl, which characterizes the strength of the charmless  There exist quite a lot of information about the CKM

flavor changing and charmed flavor changing semileptBnic matrix [3]. The value ofV, is known fromK,; decay and
decays. The best fit value for from these considerations is pyneron decays with good precision:

around 65°5,6].

During the last few years, several rare charmless hadronic
B decays have been measuf@ll Some of these decays are
sensitive toy and therefore can be used to constrair8je)].
Analysis based on a naive factorization approximation sug- The parameteA depends o\ and on the CKM matrix
gests thaty tends to be larger than 90°, in conflict with the element|V,,|. Using experimental data frolB—D*|* v

ignglzfmneerwogr?;siizrli)ée%g]r.\ dlf tﬁznférl\w e%f'tcfu?: elrgﬁ:é toandB—>DI *v and inclusiveb—clv, analysis from LEP data
S ; : : btainsV.,=0.0402+-0.0019, and data from CLEO obtains
taint th tal dat d th tical calcy= cb ’
ricer:aintiss in the expenmerna tats and meoretical calc <b=0.0404£0.0034. The central values of these two mea-

lations, it is not possible to draw a firm conclusion as tos rements are close to each other. In our analvsis we will use
whether this conflict is real at present. To improve the situ- u . u ysis we will

ation, in this paper we will carry out an analysis replacingthe averaged value that leadsAe- 0'835t.0'034'

the naive factorization assumption by more gen&el3) The value forV,,,| has also been studied using data from

flavor symmetry for the rare charmless hadronic decayd of B— mlv;, B—plv;, and inclusiveb—ulv with

to two SU(3) octet pseudoscalai®; and P, that is, B

— PP decays. Vip/Vep =N Vp?+ 7°=0.090+ 0.025 6
The SU(3) analysis forB decays has been studied by [Vuo/ Vel P )

many groups and several interesting results, such as relations )

between different decay branching ratios, and ways to con- T0 separately determing and » (or ), one has to use

strain and/or to determine the phagehave been obtained information from other data. In the rest of this section we

[10—14. SU(3) symmetry is expected to be a good approxi-Wi” carry out a y? analysis using constraints fror_n the mea-

mation for B decays. At present, experimental data frém surements ofex|, Amg _and|Vy,/Vcy| along with other

—DK(m) support such an expectatiph0]. However, more known experimental and theoretical information.

tests are needed, especially in rare charmless hadBodé The parameteey indicatesCP violation in neutral kaon

cays. Recently it has been shown that such tests can indeeuixing. The short- and long-lived mass eigenstdesand

A=0.2196=0.0023.
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K, of the neutral kaons can be expressed as the linear com- 2

A . . . — < 2 2 2y 6
bination of weak interaction eigenstaté§ andK® as|Ks) Adezmede(de\/BBd) 78Ytf2(Y) AN
=p|K®+q|K% and|K )=p|K® —q|K®). p andq are re- 77
lated to theC P violating parameteg, in K, decays by X[(1-p)2+ 5?], (12
p 1+ €k
41— (7)) where fg_\/Bg =0.215+0.040 GeV[19], 75=0.55+0.01
[15], and the functiorf, is given by Eq.(9).
The precise measurements of e— w7 andK, — 77 de- Bg andgg mesons are believed to undergo a mixing
cay rates imply 3] analogous to the§ and BY. Their larger mass difference
Amg_is responsible for oscillations that are faster than the
|ex|=(2.271=0.0179x 10 3. B and B] oscillation, and have thus still eluded direct ob-
servation. A lower limit has been set by the CERNe™
Evaluating the so-called “box” diagram, one obtains collider LEP, SLAC Large Detector and Collider Detector at
Fermilab(CDF) Collaborations, a§18]
_ GEfrmym W A2)\6 f _ <1 (950
el = ovzaiam, SKAN DYl Tafs(Ve v = 7ec] Amg >14.9 ps* (95% C.L). (13)
+uyifa(y) ANH(1—p)}. tS)

The expression foAmg_in the SM is similar to that for
where 7,=0.574£0.004, 7.,=0.47+0.04 and7,.=1.38 Amg,. Amg_can be written as
+0.53 [15] are the QCD correct|on factors\my = My,
—my = (0.5300- 0.0012)x 10 %ps !, and By =0.94+0.15

[16] is the bag factor. The functlorfsz and f5 of the vari- _ i Ma, 2;
2,2 2, 2 - Amg =Amg, — L (14
ablesy,=m¢/my, andy.=mg/my, are given by[17] AN Mg, (1-p)°+7n

9 3 B 3x2Inx where all the theoretical uncertainties are included in a quan-
4 4(1—x) 2(1-x)2 2(1-x)3 tity &, which is given by[19]

fo(x)=

fa(x,y)=In

y 3y (Hylny) fg_\/Bs

a1yt © §= ———=1.14+0.06. (15)

de\/B_Bd

Neutral mesonsB) andgg show a behavior similar to
neutral kaons. The heavy- and light-mass eigenstBieand The p and » parameters can be determined from a fit to
By, are different fromgg andﬁg, and are given by the experimental values of the observables described in the
above. In the analysis we will adopt the strategies used in
previous analysis in the literature fixing the known param-

— n|RO

BL)=PIBg)+0[Bg), eters, theoretical or experimental, to their central values if
their errors were reasonably small as reported in the left-half

|By)=p|BY)—q|BY). (100  of Table I. The quantities affected by large errors will be

used as additional parameters of the fit, but including a con-
The mass differencAmg =mg —mg can be measured straint on their value as shown in the right-half of Table I. All
H errors will be assumed to be Gaussian. This assumption may
result in stringent constraints, more than ours actually can be
achieved, because some of the errors may obey different dis-
[18] tributions, for example, those errors that come from theoret-
ical estimates may obey a flat distribution. Nevertheless, the
Amg =0.487+0.014 ps .. (11) resultg provide a good indication for the values of the param-
eters involved.
To obtain the best-fit values and certain confidence level
The contribution toAmg  is from analogous “box” dia-  allowed ranges for the relevant parameters, we perfoyh a
grams as foky , but with the dominant contribution from the analysis using the above information. The procedureyfor
top quark in the loop. One obtains analysis here is to minimize the following expression:

by means of the study of the oscillations of oG&® eigen-
state into the other. The world average value AScde is
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TABLE I. Input parameters fox? analysis using data froray , Ades and|Vyp/Vep -

Fixed values Ref. Varied parameters Ref.
A=0.2196+0.0023 [3] A=0.835-0.034 [3]
Ge=(1.16633-0.00001)x 10~° GeV 2 [3] Net=0.47+0.04 [15]
f=0.15980.0015 GeV [3] 7ee=1.38£0.53 [15]
Amy=(0.5300+0.0012)< 10" ps™* (3] m(mg) = 1.25+0.10 GeV (3]
my =0.497 672- 0.000 031 GeV [3] ﬁ(mt)=165.0t 5.0 GeV [3]
my=80.419+0.056 GeV [3] fg,\/Bg,=0.215+0.040 GeV [16]
mg,=5.2794+0.0005 GeV [3] Bx=0.94+0.15 [16]
mg_=5.3696+0.0024 GeV [3] £=1.14+0.06 [16]
74w=0.574:0.004 [15] |ex|=(2.271+0.017)x 1073 [3]
7p=0.55+0.01 [15] Amg, =0.487+0.014 ps* [18]
[Vup/Vep| =0.090+ 0.025 [3]

2

_(A-A? (memm)® (momy)® (B By)?

X
TA Tone Ton T8,
(7720_ 77cc)2 n (;/\ct_ 77ct)2
2 2
Tec U”ct
(fe,\Bs,~ fa,V BBd)Z (E-¢)?
+ > +—
O'de\/B—Bd 0'5
(IVuol/[Veol = Vuel Vo) (Tex| ] ex])?
+ +
2 2
U‘Vub‘/‘vcd U|€K|
(Ade_Ade)Z ’
4 X(A(AMg), 0A(AM ).

LN de

The symbols with a hat represent the reference values .
measured or calculated for given physical quantities, as listec< 2 BT

(16)

in Table I, while the corresponding are their errors. The
parameters of the fit arg, 7, A, mg, m;, Bk, 7ct, 7ces

de,/BBd andé.

The inclusion of theAmg_ data needs some explanation.
The experimental data consists of measured values o

A(AmBS) ando A(AmBS) for various values oﬁmBs, plot-

ted in Fig. 2. To include this data in the fit, for each set of

free parametersA,p,7,£) we calculate the value oimBS
and find the corresponding experimental valuesiaindo 4

in Fig. 2. A nonzero value ozl&mBs implies thath—

gs) .

IS

mixing, and, if observed, one should have=1, otherwise
A=0 [20]. We follow Ref.[6] to add to the tota? in Eq.

(16) a A2 for the corresponding set of\(p, 7,£)
A—1)\2

04

Ax*=x’LA(AMg), 0 4(Amg)]=

17

Expl — Ax?/2] is an indication of how likely a mixing with a
given AmBS was measured by experiment. The sign of the
deviation.A—1 should also be carefully treated. Naively the
expression ofA y? implies that a lower probability is attrib-
uted to theAmg_values withA>1 with respect to th&mg_

values having4d=1. To avoid this undesired behavior, we
follow Ref. [6] to set.A to unity for the range with4 larger
than one in Fig. 2.

We have carried out the analysis using data directly from
Fig. 2. In this way, the points with4 larger than 1 has a
largerA y?, but the final results on the best fit and 95% C.L.
allowed values of the parameters are very similar to the ones
obtained by lettingd=1 for the region withA>1 in Fig. 2.
However, for the reasons discussed above, we will use the
results by settingd=1 for region with A>1.

After p and » are determined, it is easy to obtain the
values of the angles in the unitarity triangle using the rela-
tions in Eq.(5). The best-fit values and the allowed regions

3 T T T T T T T T
- World average (prel.) 1

25

litude

datatlo
16450

A 95% CLlimit 149 ps®
- sensitivity  17.9ps?

mp

[ 0 data+1.6450

15 |

1p

0.5 |

\
\

\

15 v il agee sl ey Lo e e e lieinl gl sy S
0 25 5 75 10 125 15 175 20 225 2

Am, (ps™)

FIG. 2. Experimental data oAmg_ [17].
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FIG. 3. Constraints op and 7 using data fronje|, Amg, and|V v/Vepl, and sing. In the figure on the left, onlyex|, Amg oand
|[Vup/Vepl are used. The best-fit value is indicated by the symbol The region in the dotted curve corresponds toxﬁexmm—l
allowed region, which is at the 39% C.L. The 68% C.L. allowed region is within the dashed curve and the 95% C.L. allowed region is within
the solid curve. The straight ray lines are the results for the direct measurement@f Bi@thick solid lines are for the central value of
sin2B. There are two allowed regions. The region outside the two thin solid straight lines for each allowed region are excluded kg the sin2
measurement at 95% C.L. The 68% C.L. allowed regions are between the dashed lines. The figure on the right is a fiBwi#ttasaio
included in they?.

in the p— » plane are shown in Fig. 3. The best-fit valuesfunction of y for the fit using|ex/|, AmB and|Vub/Vcb| It

and their 68% C.L. errors are is clear thaty? changes Wlth'y dramatlcally When going
away from the minimaly? raises rapidly indicating a good
determination ofy.
There are also direct measurements of @rb¥ several
; _ +0.37 i _ +0.14 _p@aot
Sin2a=—-0.19_¢%,, sin28=0.70_05y, ¥=62_13 groups from the time-dependerEP asymmetry in B
(18) —J/YKg. In the SM this asymmetry is given by

p=0.18"0%5, 7=0.3435],

The 95% C.L. allowed regions for the above quantities are

expressed as a(t)= T'(B(t)— I/ yKg) — T (BO(t)— I/ YK s)

['(BO(t)—J/yKg) +T(BO(t)— I/ YK)

0.03<p<0.38, 0.2 7<0.50,

=—sin 2,Bsin(Adet). (20
—0.85<sin2a<<0.42, 0.49<sin2B3<0.94, 39< y<84°.
(19 The values measured by different groups are
These results agree with previous analyl$gs 0.34+0.20+0.05; BaBaf21]
The solid line in Fig. 4 is a plot of the minimg}l“ as a 0-58J—r8§421t81(1)8? Belle [21]
sin2B= 21
3, 251 A= 0, 79394 CDF[22] @y
: 0.84°98+0.16  ALEPH[23].
20—
C The averaged value is siBZ0.46=0.16.
C For a given sin B there are, in general, four solutions for
15 v with two of them having negative and another two hav-
C ing positive . To determine which one of them is the right
10 o solution, one has to use other information. Using the infor-
N o mation from our previous fit, we can rule out some of the
B ! solutions. The allowed ranges fprand » from the averaged
5 value for sin B is shown in the figure on the left in Fig. 3 by
- the straight ray lines. Since the fit frohay|, Amg, and
ol t a1y A I T [Vup/Vep| determinesy>0, only solutions with>0 are
0 20 40 60 8 100 120 140 160 1$0 allowed. It is clear that one of the values forand 7, deter-

mined from the sin 2 measurement, can be consistent with
FIG. 4. The solid line is the¢® as a function ofy using data  the fitting results in Eqs(18) and (19).
from |ex|, Amg, _and|V,p/Vcp|. The dashed line is thg? as a It is intersting to note that sin@ data can eliminate a
function of y wnth sin28 data included in the fit. large allowed range in the vs n plane at the 95% C.L.
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level. One can also include the measured @rirto the y? 3 - —
analysis. The results are shown in the figure on the right of 08,10:§(Qibj)vaE, € (Aj i Jv=a, (29
Fig. 3. They? as a function ofy is shown by the dashed line d
in Fig. 4. The best-fit values and their 68% C.L. errors are gs —
given by Ollzﬁqo#,,G’”(lJr vs)b,
— 0.10 _ 0.05 — —
p=0.13"g06 7=0.30"q0s, where @102)v-a=017,.(1—¥s)d,, G** are the field
) Loss 0,09 100 strengths of the gluon, respectively. We have neglected the
sin2a=—0.19 33, sin28=0.61¢q;, y=66_14. photonic dipole penguin term whose contribution to hadronic
(22)  charmless B decays is small. The usual tree-level
_ . W-exchange contribution in the effective Hamiltonian corre-
The 95% C.L. allowed regions for the above quantltlesspondS td0,. O, emerges due to the QCD corrections. The
are operatorsO3 4 5 g are from the QCD-penguin diagrams. The
operatorsOy, ..., O arise from the electroweak-penguin
diagrams.O is the gluonic dipole penguin operator.
The WC’s atu=5 GeV with ag(m;) =0.118, in the regu-

—0.88<sin 22¢<<0.45, 0.46<sin2$5<0.80, 42%< 7<%;) larization independent scheme in REZ5] are

0.01<p<0.30, 0.2k <0.41,

¢,=—0.313, ¢,=1.150,

Ill. DETERMINATION OF y FROM CHARMLESS

t__ t__
HADRONIC B DECAYS €3=0.017, ¢;=—0.037,

In this section we study how the phasecan be con- c£t=0.010, c{=—0.046, (26)
strained from experimental data 8+~ PP decays, based on
the flavorSU(3) symmetry consideration. cb=—0.00rey,, C5=0.04Qvey,
A. The quark level effective Hamiltonian Co=—1.32laem, Cip=0.26Taen
The quark level effective Hamiltonian, up to one loop ct,=—0.143,

level in electroweak interaction for charmless hadrdide-
cays, including QCD corrections to the matrix elements, cayherew. = 1/128.cS" are given in Ref[25]
be written as em '

G B. SU(3) Structure of the effective Hamiltonian
q _"F * . .
Heff_ﬁ VubVug(€1011¢20,) To obtainB decay amplitudes, one has to calculate the
hadronic matrix elements from quark operators. At present
11 there are no reliable methods to calculate these matrix ele-
—23 (vubvjqc;‘°+vtbquc}°)oi . (24  ments, although simple factorization calculations provide

some reasonable results for some decays, but not all of them

- U [26]. It motivates us to carry out model independent analysis
The coefficientsc, , and c“=c{—c{’, with j indicating the  py studying properties of the effective Hamiltonian under
internal quark, are the Wilson coefficient®¢C). These sy(3) flavor symmetry and use them to obtain information
WC'’s have been evaluated by several grofipé], with  apout related decays.
lcy 4> |cl|. In the above the factol,V¢, has been elimi- In general the decay amplitudes Bk PP can be writ-
nated using the unitarity property of the CKM matrix. The ten as
operatorsD; are defined af24]

Olz(auj)V—A(Ujbi)v—A: Ozz(aU)V—A(Ub)v—A' Ge
= —=[VuViT(@ +VpVigP(@)],  (27)

V2

whereT(q) contains contributions from theee operators
0, ,, as well apenguinoperators€D;_,,, due to charm and
0. = (ab. z A up quark loop corrections to the matrix elements, whi(g)
4,6~ (Qibj)v—a - (970 )v=a. contains contributions purely from theenguindue to top
K and charm quarks in loops. The amplituien Eq. (27) is
3 _ o usually called the “tree” amplitude, which will also be re-
07,9:_(qb)V—AZ eq'(a'a" y=a, ferred to later on in this paper. One should, however, keep in
2 q’ mind that it contains the usual tree current-current contribu-

Os35= (Eb)vaE (a’q’)v:A,
q!
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tions proportional ta, ,, and also thei andc penguin con-  The nonzero entries afé&0]
tributions proportional ta{'®, with i =3—11. Also, in gen-

eral, it contains long-distance contributions corresponding to H(3)*=H(3')%=1, H(6)1’=H(6)3%=1,
internalu andc generated intermediate hadron states. In our
later analysis, we do not distinguish between the tree and the H(G)ilz H(6)§3= -1,

penguin contributions in the amplitude

The relative strength of the amplituddsand P is pre-
dominantly determined by their corresponding WC'’s in the
effective Hamiltonian. ForAS=0 charmless decays, the o o
dominant contributions are due to the tree opera®ys, H(15)3*=H(15)5°= —1. (31)
and the penguin operators are suppressed by smaller WC’s.

Whereas fod S= —1 decays, because the penguin contribu- For AS=0, the operator®; ,, O3_g, andO;_;, can be
tions are enhanced by a factor ¥§,Vi/V,,Vi~50 [3]  decomposed as

compared with the tree contributions, penguin effects domi-

nate the decay amplitudes. In this case the electroweak pen- 0,= 205— 105+ 204+ : Oxz,
guins can also play a very important r¢&7].

The operator®, ,, O3_g11, andO;_ 4 transform under
SU(3) symmetry as 33'+6+15, 3 and 3+3'+6+15,
respectively. We now give details for the decomposition un-
derSU(3) for some operators. F&rS=0 decaysQ, can be 03=03, 04=03,
written, omitting the Lorentz-Dirac structure, pk3]

H(151*=H(15'=3, H(153=-2,

0,=— §{(uu)(db) +(dd)(db)+(ss)(db)}5+ § {(du) ’ (32
X(ub)+ (dd)(db)+ (ds)(sb)}z — #{(uu)(db) where

—(du)(ub)+(ds)(sb) — (ss)(db)}+ 7 {3(uu)(db) O (T a(T@D)y_nt (@) a(dD)y_»

+3(du)(ub) — (ds)(sb) - (ss)(db) — 2(dd)(db)}5 T (59)y_A(@D)y .

3 __ _
=~ LH(3)+ = H(3')— LH(6)+  H(15). 28 - = - =
s H(3) 8 (39— 2HO)+HIY @8 Oz =(du)y_a(ub)y_a+(dd)y_a(db)y_a
The 3 6, and15 indicate theSU(3) irreducible representa- +(ds)y-a(sb)y-a,
tions. The nonzero entries of the matricegi) in flavor - - - -
space ar¢10] Og= (uu)y-a(db)y_a—(du)y_a(ub)y_a
H(3)2=H(3")2=1, H(6)1?=H(6)5*=1, +(ds)y_a(sb)y_a—(sS)y_a(db)y_a,
H(6)1'=H(6)3"=—1, O15=3(uU)y_a(db)y_a+3(du)y_a(ub)y_a
H(15)=H(15)=3, H(15)3=-2, ~(dS)v—a(sb)y—p—(58)y-a(db)y-4

The operator®©s; and Og have the sam&U(3) structure
asO3 andO, but different Lorentz-Dirac structure®, and
Og have the sam&8U(3) structure a®q andO,,, but again
have different Lorentz-Dirac structures. Similarly one can
obtain the decomposition of the operators AB=1 case.
Since we are only concerned with flavor structure in
St SR R N A SU(3), operators with different Lorentz-Dirac structures and
*(sd)(db) +(ss)(sb) }r = 3 {(uu)(sb) = (su)(ub) different color structures can be grouped together according
N A T o — N to their flavor SU(3) representations without affecting the
+ — + 3 + :
(sd)(db)—(dd)(sb)}e+ 5 {3(uu)(sb) +3(su)(ub) results. As long as the flavor structure is concerned, the ef-

Here 1=u, 2=d, and 3=s with the upper indices indicating
antiquarks and the lower ones indicating quarks.
For AS=1 decays, one has

O,=— £ {(uu)(sh)+(dd)(sb)+ (ss)(sh)}z+ & {(su)(ub)

_(gs)(gb)_(gj)(ab)_z(ad)@b)}l—s fective Hamiltonian contains only_,$, and15. These prop-
. - _ erties enable us to write the decay amplitudesEes PP in
=—fH(3)+ 2H(3')— 1 H(6)+ s H(15). (300  only a fewSU(3) invariant amplitudes.
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TABLE Il. SU(3) decay amplitudes fd8— P P decays.

AS=0

B, 8
T ()= T s
By _ T T
“ ns(d) = %(cr Ci+3AE+3C),
BU
T, o(d)=C3—Cl+3Af—Crg,
T4 (d)=2AT+Ci+Cl+AL+3Cr,
Lo(d)= A
TS K+(d) 2(A +Ars),

o(d)=2A7+Ci— Cl—3A—Clg

1
—(2A3+C+Cl+AE—5CT),

AS=-1

(s)=C4—Ci+3As—Cre,

‘n' KO
By — 1 T T T T
T4 ()= E(cg—c6+3Aﬁ+ 7Ch),

By — 1 T T
TﬂK,(S)—T(—Cf-i-Cﬁ 3A5s+9CL

5 (s)=Cj+Cl—Alz+3Cl,

15)

T o(9)= ——(c§+c£—AI—5—5CI—5).

J2
B 1 T T T T
T,,Zzo(s) - (C3+Ce—As—5Cra),
Bg _ T
TS (9)=2(A;+AR),

KUK 15
Bg _ T T
2, (D)= ﬁ( ~CI+Cl+5AL+CLy), T 5,0(8)=V2(A+Am),
8 _ T, 1T T AT §)=2A;+Ci+C{+ ATz +3C1y,
T ()= \/E(ZAﬁ" 3C3—Ci—Ap+Cry), K*K ()= 1579015

To% . (d)=Ci+Cl—Als+3Cly,

Bg 1 T
Tioold) =~ 75 (Co+ Ci~ Afg—5CTy),

Bg 1 T T T
Tb, ()=~ 7=(C5+ Ci—As—5Cry),

KOKO(s) 2AL+Ci—Cl—3AL—Cry,

T T
(cg+ 2A15—2Co),

Bg _
71.0,,]8(3) \/§
Bs — T, 2T AT T
T (9=\2(A3+ § Ci—Afs—2Cry).

C. SU(3) decay amplitudes forB—PP decays

We will use B;=(B,,B4,By)=(B",B%BY) to indicate
the SU(3) triplet for the threeB mesons, andil to indicate
the pseudoscalar octbt, which contains one of the in the

final state with

shown in Table II. Similarly one can write down the expres-
sions for the penguin induced decay amplituées

Since there are both tree and penguin amplit@es A’
andCP, AP, there is, in general, 10 complex hadronic pa-
rameterq20 real parametersHowever simplications can be
made by noticing that, g are very small compared with
other Wilson coefficients, their contributions can be ne-

—+ 78 mt K* glected to a very good precision. In that case, from [B8),
V2 6 we obtain
0
_ ™ 78 0
M= ™ -—=+—= K (34) 3 cy—Cio
2 6 CEAD=~3 Ci(AY)
c1—Cr—3(cg—cip)/2
_ — 78
K KO —2—= 3 cl—ct
9 10
v T 2¢-c eHENE
One can write thd amplitude forB— PP as[10]
T ikl T nai ma ki (20 P P 3 Cg+Cip
T=A3BH(3)'(MM}) +C3;BMMH(3) Cre(A)=—5 1=(Agz)
2 ci+cy—3(cyt+cyH)/2
+AIBH(6)M{M |+ C{B;M{H(6)[“M, L
i i jipg! ~—§M’CT( . (36)
+ABiH(15)] MIM{+ C1zBM{H (15){“M],, 2 ¢ tc, C8AT
(35

We have checked that the approximation signs in the above
due to the anti-symmetric nature in exchanging the uppeare good to 10%.
two indices ofH}(6), and thesymmetric structure of the At the leading order QCD correction, the above relations
two mesons in the final state€g—Ag always appear to- are renormalization scale independent, and therefore to this
gether{10]. We will just useCg to indicate this combination. order, the coefficient€; and A; are also. This can be seen
There are five complex independedit(3) invariant ampli-  from the fact that when keeping terms that mix only between
tudes. The results for each individuBl decay mode are 0;(Og) and O,(0O,g), the dominant QCD correction gives:
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01(9)(M) + 02(10)(,U~) = 712;7[01(9)(mw) + 02(10)( M) | and TABLE I!I. Rarg hadronic charmleslsa 7 andB— K data.
01(9)(,“) —Co(10)(u) = 7 B[Cl(Q)(mW)_CZ(IO)(mW)]' Here The branching ratios are in units of 19
C12014My) are the initial values for the WC'’s at tt¢ mass

scale with ¢y 19(Mw) =0, 7=as(my)/ag(u) and =11 Value _used from
—2f/3 (f is the number of quark flavors with mass smallerBr andAcp Data combined data
than u). These relations lead tpcg(w)*cqg() 1/[C1(m) . 16

+Cy(u)]=* co(my)/cy(my) independent ofu. Mixings Br(B—a"a") 4'3—1~24f0'5[7'28] 4.4+0.9
with other operators and higher-order corrections introduce 5.9/57+0.5[29]

dependence on renormalization schemes. We have checked 4.1+1.0+-0.7[30]

with different renormalization schemes and find that numerig,g_, ;-0 5.6"28+1.7[7,28 6.2+2.4

cally the changes are less than 15% for different schemes.

. h 7 14:3.61’0.9 [29]
Although the changes are not sizable, there is scheme depen- 8012

dence. The total decay amplitudes are not renormalizatioR"(B—K"7") 17.2°53+1.2[7,2§ 17.3x16
scheme dependent, therefore the hadronic matrix elements 18.7°33+1.6[29]
determined depend on the renormalization scheme used to 16.7+1.6"12[30]

determine the ratioscg =+ c4q)/(c,*=C5). One should consis-
tently use the same scheme.
Using relations in Eq(36), one finds that there are less

Br(B—K~7°) 11.6'39° 147,29 13.742.6
17.0°36°35 [29]

independent parameters which we choose t€5€(A;"),  Br(B—K’m") 18.2756+1.67,28] 16.2£3.8
C{., andCis(Afg). Using the fact that an overall phase can 13.1°58+2.6[29]
be removed without loss of generality, we will e@g to be  Br(B—K°#°) 14.6°23"33(7,28] 14.6-4.6
real. There are in fact only 13 real independent parameters 14.6"81+2.7[29]
for B—PP in the SM. Br(B—K KO <5.1(90% C.L.)[7,28] 0.6+1.9

One can further reduce the parameters with some dynamic

. . . . <5.0(90% C.L.)[29
considerations. To this end we note that the amplitulles (90% )129]

0,0 +1.7+0.7
correspond to annihilation contributions, as can be seen frot (B~ 7 7) 217735 6[28] 2.1+1.8
Eq. (35), whereB; mesons are contracted with one of the Acp(B—K™ 7°) —0.29+0.23[31] —0.13+0.16
indices inH(j), and are small compared with the amplitudes 0.019" 3457129
Ci from model calculations and are often neglected in facp_ (g .k *7") —0.04+0.16[31] —0.003-0.12

torization calculations[8,26]. Neglecting all annihilation

contributions, we then have just seven independent hadronic 0.043-0.175-0.021[29]

parameters in the amplitudes Acp(B—KO7") 0.18+0.24[31] 0.18+0.24
Cg, C%ei %, Cge'%, C%ei o1, (37)  the data which only presented as upper bounds, we assume
them to obey Gaussian distribution and take the esr@rc-

Prdingly.

The phases in the above are defined in such a way that al The x2 analysis in this case is to minimize th given as

C['? are real positive numbers.

We W|_II _make the assumption that ar_mlhllatlon amplltudes , < [Br(i)- Br(i)]? [Acp(i)—Acp(i)]?
are negligibly small in our later analysis and leave the veri- 2 > +E >
fication of this assumption for future experimental data. We ‘ og (i) i ocp(i)
point out that this assumption can be tested usBg 2
—K K*, Bq—»7wtaw~, and 7°7° in B—PP decays, be- XA N Ve, (38)
cause these decays have only annihilation contributions 8gnhere the summation onis for the available decay branch-
can be seen from Table [1.2,13. ing ratios and theCP asymmetries are listed in Table III.
og.cp are the corresponding errors. Hey&(A, |V p/Vpl)
is the x? due to uncertainties i and|V,,/V.p| in Sec. 1.
i ) The branching ratios Brf and theCP asymmetrieAcp(i),
We are now ready to carry out @ analysis using data expressed in terms of the decay amplitudéi)=(Gg/

from B— 77 andB— K. The experimental data to be used V2)[ ViV T (i) + Vi VEP(i)] for a particularB—P;P,,
are shown in Table IIl. are given by a

In general the errors for the experimental data in Table IlI
are correlated. Due to the lack of knowledge of the error 1 _
correlation from experiments, in our analysis, for simplicity, Br(i)= WUA(MZ+ |A(D)?)\p p,,
we take them to be uncorrelated and assume the errors obey B°B
Gaussian distribution taking the larger one betweegnand AG)[2— A2
o_ to be on the conservative side. When combining from Acp(i)= ————— |
different measurements, we take the weighted average. For |AG) |2+ |AG)|?

D. Constraint on y from B—PP decays

(39
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FIG. 5. The constraints fgs and 7 using data fromV,/Vy|
and rareB— w7 and B—Kar. For the fit with exactSU(3), the
best-fit value is indicated by the+" symbol and the)(z—)(zmin
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p=0.02, »=0.40, y=87°. (47

The constraint is weak. We have not given the 68% al-
lowed ranges because to that level, the constraints are basi-
cally given by|V,,/V¢p|. We have to wait for more accurate
data to obtain a more restrictive constraints.

At present the errors on the asymmetries are too large and
do not really provide stringent constraints. However, we in-
clude them here hoping that they will be measured soon. By
then one can easily include them in the fit to obtain more
stringent constraint ory.

In Fig. 5, we show the regions allowed W—Xﬁm: 1in
the p— 7 plane by the solid curve. As mentioned, at present
the constraint is weak, which can also be seen from Fig. 6
where the minimaly? as a function ofy is shown by the
curve (a) for the case with exacdU(3) symmetry, although
the x2,., per degree of freedom is smaller than 1. The 68%
allowed region is actually the same as that froviy,/V.y|

=1 (39% C.L) allowed regions are inside the region in the solid alone. However, when more precision data for rare charmless
curve. For the case witBU(3) breaking effects, the best-fit value B— PP become available, the restriction will become more
is indicated by a diamond shaped symbol and the 39% C.L. allowedtringent. For example, if the error bars for all the quantities

region is inside the dashed curve.

where

be read off from Table I

We use V ,=0.0402-0.0019 and |V ,/Vp|=0.090
+0.025 in the fitting. The results with exa8tJ(3) symme-

Nij ={[1—(m;+ mj)z/mé][l_ (m— mj)2/m28]}1/2.
The amplituded (i) andP(i) for each individual decay can

are reduced by a factor of 2.45, then the regions in Fig. 5
correspond to 95% C.L. allowed regions.

SU(3) may not be an exact symmetry f8— PP. We
now estimateSU(3) breaking effects. The amplitud€s for
B— 77 andB— K= will be different if SU(3) is broken. At
present it is not possible to calculate the breaking effects. To
have some idea about the size of 8€(3) breaking effects,

try are shown in Figs. 5 and 6 by the solid curves. The bestve work with the factorization estimate. To leading order,

fit values for the hadronic parameters are
P_ T T_ T _
C3=0.13, C;=0.34, C4=0.13, C5=0.16,

83=—27°, 6¢=—20°, 515=35°.
And the best-fit values fop, » andy are

(40)

“, 58
5.6

5.4 Bl

T

5.2

5
4.8
46
44

4.2
4

38'""'"""""'""""""""""/'

(=)

20 40 60 80 100 120 140 160

FIG. 6. x2 as a function ofy using data fromV,,/V.,| and rare
B— w7 and B—K. The curve(a) is for the case with exact
SU(3), and thecurve (b) is for the one withSU(3) breaking ef-
fects. The curvegal) and(bl) are for the cases with the additional
conditionCie' % — Cfe'%— Clze' 5= 0 with exactSU(3) and with

SU(3) breaking effects, respectively.

180
Y

the relation between the amplitudes f8— 77 decays
C;(mm) and the amplitudes f@— K7 decaysC;(K ), can
be parametrized a€;(K=x)=rC;(7m), andr is approxi-
mately given by

f
r~ f—K:1.22.

m

(42

Here we have assumed that tB&J(3) breaking effects irf;

and FS‘" are similar in magnitudes, that isfx/f,
~F5~K/F§~ ™ [32]. Using the above to represent B&)(3)
breaking effect, we can obtain another set of fitting results.
They are shown in Figs. &lashed curveand 6[curve (b)].
The best-fit values for the amplitudes are

P_ T_ T_ T _
C5=0.11, C;=0.33, Cg=0.22, Cz=0.18,

83=57°, 5,=200°, &=85°. (43
The best-fit values fop, » andy are given by
p=-0.39, »=0.07, y=170°. (44)

In both exact and brokeBU(3) cases, there are two local
minimum in they? vs y diagrams. The corresponding values
of v are very different with one of them around 87° and
another 170°. These best-fit values are dramatically different
than those obtained in Sec. Il. However, the best-fit values
here can not be taken too seriously because, as can be seen
from Fig. 5, at the 39% C.L. level, almost all allowed ranges
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FIG. 7. Constraints op and 7 using combined data frofex|, Amg_ , [Vyp/Vepl, SiN28, andB— wm andB— K. The three regions,
from smaller to larger, corresponds to the— szin: 1 allowed region, which is at the 39% C.L., the 68% C.L. allowed region, and the 95%
C.L. allowed region, respectively. The figure on the left is for the case with &4d3) and the one on the right is for the case witbl(3)
breaking effects. The dotted curves are for fit in Sec. Il and the solid curves are for the combined fit.

by |Vyu/Vep| are allowed byB— PP data. At the 68% C.L. IV. COMBINED FIT

level, all allowed regions bVu,/V.| are allowed by data In this section we carry out a combined fit of Secs. Il and

from theB— PP decays. Inconsistence betwegrobtained lll. The total y2(total) is the sum of they®(Il) with the

in Sec. Il and this section cannot be established. We have tQ . 2
wait for more precise data dB— PP to decide. Sin2B data included from Sec. Il plus thg“(lll). Here

2 . 2 . .
: ; x“(I) is the x° in Eqg. (36) of Sec. Il with
n _the Ilteratlire Eg‘af often been quoted tliﬂa’gz_doo rlOt X2(A,|Vup/Vep|) subtracted. This is becaugé(ll) already
contribute toB™—K"7~, and therefore BB —K 7 )

e e, _includes information fromA and|V,/V¢y|. The results are
=Br(B"—K }"_)- In th_eSU(?;) language used here, this ghown in Figs. 7 and 8. Sincg?(ll) has a sharper depen-
implies C=Cge'%—Cge'%—Cze'°15=0. This result has dence ony compared withy?(lll), the best-fit values and
been used to derive several methods to determine the phasgors are dominantly determined by constraints in Sec. Il.
v. We stress that this is not a result from B&(3) consid- The best combined fit values with ex&t(3) symmetry
eration and needs to be checked. For this reason, we al$or the hadronic parameters are
carried out analyses with the conditi@~ 0. For this case,
the minimal y? as a function ofy, are also shown in Fig. 6 P T T -

[curves(al) and (b1)] with exactSU(3) and with SU(3) C3=0.13, C53=0.29, C=0.16, C15=0.20,
breaking effects, respectively. The best-fit values with exact
SU(3) symmetry are Sy=—42°, Sg=—20°, Srz—35°. a7

p=0.05, p=0.41, y=83°,

~?< 25_

P_ T_ T_ T _ C

C5;=0.13, C3=0.26, C4=0.17, C;5=0.16, a0l

03=—13°, 8g=—49°, 615=27°. (45 153

And the best-fit values witls U(3) breaking effects are E

10—

p=0.12, »=0.39, y=73°, C

st

P_ T T_ T _ C
C3=0.11, C3=0.24, C4=0.15, C5=0.16, C

T N I I I N PR B
%

20 40 60 80 100 120 140 160 180
85=—15°, 8g=—56°, Sz=23°. (46) v

FIG. 8. x? as a function ofy using combined data frorfe|,
The imposition ofC=0 does not force these coefficients Amg, , [Vup/Veol, sin2B, and rareB— PP data. The dotted and

to be real. In order to gel to be zero, the real and imaginary solid curves are for the fit with exaBtU(3) and withSU(3) break-
parts both have to cancel to satisfy the condition. The impliing effects, respectively. The dashed curve is the same as that from
cations of this analysis will be discussed later. Sec. Il with sin 2 included.
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In the above, we have not given errors for the hadronic pathe decay constants for all octet pseudoscafaese equal,

rameters because the constraints on them are weak. and the form factors foB— P are also equal, one obtains
The best-fit values fop, 7, andy and their 68% C.L. [26]

errors are given by

3a,—a,

8

T

p=0.1270gs, 7=02950;, y=67"15,  (49) Ca™

3
(a*+ay"R) + (s —al?)

and the 95% C.L. allowed ranges fpr », andy are X

1
+ 1—6(a§§+ agcR)}
0.01<p<0.29, 0.2k 7<0.40,

. . a,—a; 3
—0.86<sin 2a<0.45, 0.45<sin2B3<0.79, Ci= 24 1—§(agg—ag°+a30+ag°R))x,
43°< y<87°. 49
Y 49 a;+a, 3
. . . . =l =2~ (al°+a¥S—al®+al’r) X
The best combined fit values withU(3) breaking effects 15 8 16°7° T10 T T8 ’
for the hadronic parameters are (53
P_ T_ T_ T _
C:=0.11, C3=0.29, C{=0.16, C1z=0.20, where
_ B—m( m2 (12 _ 2
6§:_33°, 56:_4001 51_5:310, (50) X fﬂ'FO (mﬂ')(mB mﬂ')
. and
p=0.130%, 7=0297008 »=66"33, ,
(51 R=mg/(mM,—mg)(Ms+my).
and the 95% C.L. allowed ranges for », andy are These amplitudes are related to the “tree” contributions,
UC_ gUu_ a¢ i =CptCpi i_1=Cpi_
0.01<p<0.30, 0.2k 5<0.41, O WIth 8 =Cai+ Ci-1/N and 8z-1=Czi-1
2i IN.

—0.87<sin 22<0.44, 0.46<sin 28<0.80, The penguin amplitudes are given 6]

R sy Ciml@S+alRI+ 5 (af—al)+ & (al+alRIX,
P_ 3 tc tc tc tc
V. DISCUSSIONS AND CONCLUSIONS Co=— s (@3 +ar+agR)X,

At present, the rare charmless hadroBidecay data have C
large error bars. The main contribution to tiyé for the -
analysis in Secs. Ill and IV, come from the branching ratiowhere a®=af—a’. When small contributions fromay/ g
for B~ K°#°. In the cases discussed, this mode alone conterms are neglected, one recovers the relations in(Eg).
tributes about 2.5 to thg2. The best-fit value of the branch- Numerically, we have
ing ratio is only about half of the experimental central value. p T T T
We suspect that there may be some systematic errors in the C3=0.09, C3=0.42, C5=0.26, Cz=0.15,
measurement of this branching ratio. If the present central
value persists, it may be an indication of badly broken 63=—15.7°, J6=—14.5°, 6= —14.5°.
SU(3) symmetry or new physics beyond the SM. It is im-

ortant to improve the precision of experimental data to de- .
gide whetherpnew physFi)cs is needed P In the above we have used the convention \mﬁﬁto be real.

Because of the large error bars associated with Bhe The amplitudes are in the same order of magnitude as the

PP data, the ranges determined for the related parameteRESt-fit values in Secs. lll and 1V, but the phase can be very

have large error bars. Thephase has a large range allowed different. In the factorization approximation calculation here,
by using theB— PP data alone. However, the fit shows no phases are only due to short-distance interaction, rescattering

conflict between the fit from the consideration usirg|, of quarks. Long-distance contributions can change these

Ade . IVyn/Vey| and sin 2B data. Future experimental data phases. The results of the best-fit values for the phases indi-

. . . cate that there may be large long-distance rescattering ef-
will be able to provide a more accurate determination of th%cts y 9 g g

v phase. . . Our second comments concern the combination of the
Before closing we would like to make a few comments

. . ) T T

about our analysis and some other related calculations. OLﬁU(Tg) _lnvarlant decay amphtudeC:_CEe' bg__ Coel "

first comment concerns the genegill(3) analysis and fac- — C1se”™. It has been usually assumed in the literature that

torization calculations. C=0. This leads to BB*—K%7r*)=Br(B~—K°7").
Assuming factorization and theU(3) symmetry, that is This result played a crucial role in several methods to con-

P=— X (a¥+ali-alf+alR)X, (54)

(59
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strain and to determine the phagefor example, using9]  However, from Table Il one can see tha} does not show

B~ —K 7 Kom ™, 7™, BB )—K*'w~, upintheB—K decays, but only in th®&— 7= decays,
7T+7T—(E077—), and B_HK_WO,KOW_,K_ﬂ. which is suppressed by small Wilson coefficients. One can
We point out thatC=0 is based on the factorization cal- also carry out an analysis includir;l‘ggi in the fit when more
culation neglecting annihilation contributions and also penexperimental data become available. Future experimental

guin contributiong26]. In fact, using factorization calcula- data with better accuracy will provide more information.
tions when penguin contributions are includ€zidoes not In the estimate oSU(3) breaking effects, we have pa-
equal zero, buCzC%(penguir). Cg(penguir) can be ob- rametrized thesU(3) breaking effects in a simple form with
tained from Eq(53) (the terms proportional to?®in C3). In ~ Ci(Km) =(fx/f;)Ci(m). In general, theSU(3) breaking

the factorization framework, we can easily check whetheleffeCtS may k_)e more complicated. M_ore systematic ;tudy of
C=0 is a good approximation. Using the result in E8@), SU(3) breaking effects are needed in order to obtain more

. T N 0 : _accurate determination of theg phase. But, at any rate, we
we find that tthg(pengum)Cgi Is of order 5%. Itis there hope that the method developed here will help to provide

fore reasonable to assume the penguin contribution 0 bfsefy| information about the hadronic matrix elements and
small andC~0. _ also theCP violating y phase.

One should also be aware that when going beyond factor- |, ¢oncjusion, in this paper we have developed a method
ization approximation and include rescattering effeds, 1, getermine theC P violating y phase based on the flavor
may deviate from zero, however, it should be tested. Th%U(S) symmetry. We find that the present data can already

f'tt'r?.g pr(iﬁ_ram prlopFosed ;2 thtle ptafpter clan b_e etz;sny use_d tgive some constraint o and it is consistent with the con-

sections, we clearly see th@tcan easily deviate from zero. , ) o
data. We also carried out an analysis combining data from

For example, in the case with ex&UY(3), thebest-fit value .
using rareB decay dataC is C=0.05-i0.20, and with K- Ade,s' [Vuo/Veol, sin 28, and data from rare charmless

SU(3) breaking effect< is C=0.37+i0.18, which are the hadronicB decays. The combined analysis gives 67° for
same order of magnitude as individu@J . One needs more the best-fit value and 43°87° as the 95% C.L. allowed
data to achieve a better test. Until then, the use of the metfange. Although there are uncertainties in the fit program, the
ods based on the above equation have to be treated Wifﬁethod _developed in the present paper can provide useful
caution. information about the hadronic matrix elements for rare
Our final comments concern the uncertainties in thecharmless hadroniB decays and th€P violating phasey.
present analysis. In this paper we have developed a method
based orSU(3) flavor symmetry to determine th@P vio-
lating v phase. We find that when annihilation contributions

are neglected, there are only seven hadronic parameters in X.G.H. thanks P. Chang and D. London for useful discus-
the SM related t@— PP decays. The annihilation contribu- sjons. X.G.H., Y.K.H. and J.Q.S. were supported by the Na-
tions are small based on the factorization approximation. If itional Science Council of ROC under Grant No. NSC89-
turns out that they are not small, as some model calculation112-M-002-058 and NCTS of ROC, and, Y.L.W. and Y.F.Z.

indicated that the penguin related annihilation contributionyere supported by the NSF of China under the Grant No.
ASE may be sizeable, one needs to include it in the analysisl9625514.
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