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Recent measurements of the time-depen@hasymmetry of th8— K decay give results whose central
values differ from standard model expectations. It is shown how such data can be used to identify new physics
contributions in a model-independent manner. In general, a sizable new amplitude with nontrivial weak and
strong phases would be required to explain current data. An improvement in the quality of data will allow one
to form a more definite conclusion.
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[. INTRODUCTION Instead of separating the new physics contributions into
Al=0 andAl =1 parts as done in Rei4], we will simplify
It has been suggested to look for discrepancies among thee discussion by considering the combined amplitude from
time-dependen€P asymmetries of differer decay modes such effects along with the smaller SM pollution amplitude.
as a means to detect new physics-6]. Since theB This enables us to obtain useful information from the three
—J/yKg decay is a tree-dominated process in the standar@Pservabless ., Ak, and the ratiR between the sum of
model (SM), its CP asymmetrySy,«., is believed to be less squared amplitudes extracted from the measuB8(B°)

affected by new physics and to give information on g2 — #K°(K®) branching ratios and a “standard” squared am-

Although theCP asymmetry of theB— ¢Ks mode is also Plitude, such as the SM predicted value or experimentally

expected to give the same sif ithin the SM, this process Measuredd™ —K* 7~ branching ratio. The algebraic struc-

iS, however, particu|ar|y sensitive to new physics Contribu_ture of the problem then becomes very similar to that studied

tions because it is a purely penguin loop-mediated process #y several author$10] for B— ma. We try to find in a

the SM. The SM pollution from a small-penguin contribu- model-independent way the allowed magnitude and phases

tion with the weak phase has been studied in Rdf7] and  ©of the new amplitude and some generic properties associated

it is found that the deviation ofS,«_ from sin23 is of with it. Suph an analysis is u;eful in helping us narrow down

O(\?)~5%, wherex=0(0.2) is a parameter close in mag- "€W physics modelBllJ consistent with ob;ervec_i data.

nitude to the Wolfenstein parameter=0.22[8]. Therefore a The paperis organized as f.OHOWS'. Section Il 'erdUC?S a

large deviation ofS,k . from its SM prediction would signal decompo_smon of decay ?mp"t“d_es in terms of topological
- S contributions. The formalism for time-dependé® asym-

contributions from physms beyond the SM. . . metries is discussed in Sec. Ill. We present numerical analy-

As argued by Fleischer and Manridl], even if one ig-

. Lo "~ ses for two separate cases of new physics in Secs. IV and V.
nores rescattering effects, contributions from new physics

4h Sec. VI, we summarize our results.
a TeV scale ta\| =0 operators could be of the same order as '

the SM ones, while newd| =1 operators are suppressed by

\. With rescattering effects taken into account, both the new 1. TOPOLOGICAL AMPLITUDE ANALYSIS
Al =1 operators and the SM pollution will be enhanced by

0 +
abouth. In any case, both of thal =0,1 operators from the N the framework of the SM, both thgK™ and ¢K

new TeV-scale physics can be more significant in comparisof'0d€s receive important contributions from QCD and elec-
with the above-mentioned SM pollution. troweak (EW) penguin graphs, with the former having a

The world average of sinas measured from the golden dominant effect. Useful information about the QCD penguin
mode B—J/yKs, sin28=0.734+0.054 [9], agrees well contribution can be obtained from the °7= decay mode

with constraints obtained from other experiments. Recently'SiNg flavor-SW3) symmetry[12]. It should be noted that a

both the BaBar and Belle groups have also reported measurbly, annihilation diagram also exists in both tfek™ and
ments of time-depender@P asymmetries in thd— #Ks K*“7= decay modes. From the arguments of both dynami-

decay.S,y_ (the coefficient of simmt in flavor-tagged de- cal suppression and the fact that no asymmetry is observed
S

is found to be about 27 ¢ S hil between thé&* 7= modes, we shall ignore the annihilation
cays is found to be abou away fromoyykg W€ amplitude in these charged decays. In this case, both the

Ay (the coefficient of coAm) is 1o away from 0. If this  neutral and chargedK modes have the same decay ampli-
situation continues as the data precision improves, it wouldudes. We will then average over the branching ratios of
be of interest to know the magnitude and phase of possiblthese two sets of modes using their associated errors as the
new physics contributions to thgK g mode. weights for our analysis.
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Let us write down the amplitudes of the relevant modes in q\ (p Z( (bgo)

terms of independent topological components$ 1314 Nk = (—) (—) , 4

dKs™ MoKy p/,\a KA(¢K0) (4)
A(pKO) = pe(#sm™ o) 4 se(Fsut 39, (1)

where Nok=—1 is theCP eigenvalue of thepK g state,

A(K*O7T)=pe/(Psut ), )

q _Vfthd p _VcsV:d 5)

in the SM. In the above two equations, th@art denotes the Pla VpVE a/ ViV

QCD penguin contribution which also contains a negligible

color-suppressed EW penguin amplitude, anddipart de- are factors that account for the mixing effects in neuBal
notes the EW penguin contribution along with a small flavor-and K meson systems, respectively, and

SU(3)-singlet amplitude, as expected from the Okubo-

Zweig-lizuka (OZl) rule. The variablep ands are absolute A(PK®)=(K|H|B%) =ae/(?a* %)+ e (%t %), (6)
values of the respective amplitudes and therefore are non- _ _ _ _

negative by definition. The weak phasgsy satisfying A(PKO)=(K°|H|B%) =ad("%a" %)+ bel (" u* %),

e 29sm=V V¥/(V§ Ve is the same for both thp ands 7

parts. Finally,5, and &5 are the associated strong phases

Note that to simplify the notation given in R¢fL2], we omit .

. e dap€10,2m} are the associated weak and strong phases, re-
gog::t;Tgfe uilrpkplgﬁggsuth?n iﬂgscggh'gg;ﬁ'gg r;r(]aasto;h?n thS ectively. The above amplitudes are invariant under the
P q > up P . transformations ¢, p— ¢4 =M%, 84 p— Sqp+ M7 and
final state and the prime that denotkS=1 transitions. bap— bapt M, S darrma for meZ. Here the

i~ a,b a,b— »Ya,b a,b— .
s r::]gct)ru“ijnbg r;,c()i()a(:\;g?tz;\:ﬁ g;(ggﬂtcl)yr:f;gqﬁeffr\f:ﬁlée separation of the total amplitude into two parts is done in
fgr the K¥°w+ ?node to the penguin part in thek pr(?cess accord with the nature of the problem. The ratio of the am-

in later analysis. The SU(3)breaking effect will be charac- plitudes in Eqs(6) and (7) is then

where a,b are chosen to be positive), ,e{— 7} and

terized by the factor[f¢FB—’K(mfb)]/[fK*FB—’"(mi*)] A(HKO)  14rei(¢-9
~1.2. We will simply treat this extra factor as 1 in our analy- o e M, ®
iy A(K) L+re

New physics can give rise to new operators that contrib-
ute to the decays of the above processes. We will distinguisw
two cases in later discussiorns: only the $K modes receive r=b/a=0, ¢=¢s—¢,, and 6=5,—3,. (9
the new contributions while th&*°7* modes are purely
SM processes; an ) both types of decay modes receive the The CP asymmetry can then be written as
same contributions from new physics. Céigecould happen,
for example, when new physics enters the s EW penguin Ak (1) = Ay COLAMY) + Sy SINAML), (10
contribution only. In this case, we add an extra amplitude
ne(¢n*n) to Eq.(1). Case(ii) could happen when new phys- whereAM is the mass difference between the two physial
ics modifies theb—s QCD penguin contribution. In that meson states, and
case we add the new amplitude to both Eds$.and (2). In

here

general, the new amplitudeée (?n* %) is a combination of Ngkd®—1

Al=0 and Al=1 ones that may contribute at different A= 5 (11)
strengthg4]. A more careful job can in principle be done by |)\¢Ks| +1

separating the new amplitude into those with different isos-

pins and studying new physics contributions in each piece. 21Im\ 4k

However, one would find that there are not enough observ- Sgkg= T3 . (12)
ables among the decay modes to solve for all the parameters |)\¢Ks| +1

in the amplitudes. . .
I Pitu New physics will affect theCP asymmetry observables

through the parametery . Therefore it may come in at two

places: the mixing matrix and/or the decay amplitudes. As
In this section, we review the general analysis of time-emphasized in Ref.1], new physics effects on the mixing
dependenCP asymmetry of pureB® and B decays into a part will be universal and QO n.ot change the SM _predicted
CP eigenstaté ¢p. Let us define the asymmetry as pattern ofCP asymmetries in different modes; _thelr effects
on the decay amplitudes, however, are nonuniversal so that
the CP asymmetries can vary from channel to channel. Since

Ill. TIME-DEPENDENT CPASYMMETRIES

_ T(Bond )= fcp) ~T (B ) —fcp)

a;_ ()= phy . (3)  current sin B measurements from other decay modes, such
cp F(gghys(t)afcp)JrF(thys(t)—dcp) asJ/yKg, n'Kg, etc., seem to agree with one another and
with the unitarity triangle constraints obtained from other
In our casefcp= ¢$Kg. Denote processes pretty well, it is plausible to assume that any
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strange behavior in theéKg mode is mostly due to new tonian analysis. The additional 7 in the above strong phase
physics contributions in the amplitudes. In this case, we willrelation does not really have a strong interaction origin but

use the SM mixing factors in Eq4) and obtain simply comes from the charge coupling of the final-state
quark with theZ boson in the EW penguin contribution.

aig. 1 rel(¢=9) Therefore thes part has a 180° phase from tpepart within
Ngks= —€ Eﬁmv (13 the SM. Under this assumption,=p—s can be computed

once we know the prediction of the ratsop in the SM. We
will also mention consequences of imperfect destructive in-
terference between these two types of amplitudes.

where

e 2i Beff—

q p o
E) (a) e st (14 A. Observables
B K

We define for thepK system the ratio
Within the SM, ¢,= 7 and one obtains the effective weak

phaseB.; coinciding with 8 in the unitarity triangle. How- | ASP(BO— pKO)|2+ | ASABO— pKO) |2

ever, if new physics modifies the phageg, then B4 will in R= 2|ASM(B° KO |2

general differ from what the SM expects. If one writég —¢KD)

=¢dsut ¢ with ¢gy being the phase expected in the SM =1+ 2r cos¢ cosé+r2, (17

and ¢ being the deviation, theB.z= dsy+ ¢ (Mmod 7).

We will be exclusively dealing with the decays ofBa  which is a combination of experimental observables and the-
meson into a final state with one pesudoscalar mé8pand  oretical input from the SM. The numerator in the above defi-
one vector meson\{). The invariant amplituded of such a  nition is the sum of measured branching ratios Bt

process is conventionally related to its partial width in the_, ,k0 andB%— $K°. As described before, we will actually

following way: take the weighted average of the neutral and charged modes.
%13 The denominator is the theoretical prediction for the same
[(B—PV)= (P )2 |A(B—PV)|2, (15  branching ratio sum within the SM. In terms Bfand Eq.
TMg (13), we obtain

wherep* is the three-momentum of each final particle in the RSy =Sin28+2r cosssin(28—¢)+rsin2(B— ¢),

rest frame of thé8 meson, anang is the mass of the decay- (18

ing B meson. Note thap* is raised to its third power to

appropriately account for the-wave kinematic factor. RA¢KS=2r sing siné. (29
IV. NEW PHYSICS ONLY IN THE ¢K SYSTEM Now we have three quantitid® S¢st anquﬁKS that allow

ysto solve for the three parametersp, andé. As the value

of R may vary owing to the interference betwegands, we

will estimate the SM contribution and also search the al-

lowed parameter space by varyiRgver a reasonable range.
The self-tagging mode®8*— ¢K* can provide addi-

tional statistical power to the determination ﬂfaﬁKs if we

A(PKO)=pei(dsut ) 4 ngl(éntdn) assume thatl(B* — K )= A(B°— ¢K°) as we have done

above. In that case one finds just

In this section, we will discuss the case when new physic
only enters thepK system but not th&* 7 system. Since
the p ands parts of thepK decay amplitudes have the same
weak phasebs),, we can combine them into a singlepart
and write, including the new physics part,

=pe(®smt a1+ re (477, (16)

A(PK ) |2=|A(HK™)|? 2r sing siné
wherer=n/v, ¢=dsy— ¢,, and 6=45,—5,. Since here ACPE| (¢ _)|2 A +)|2= ‘/’KS:T¢
we assume that th&*°7* modes are not affected by the |A(GKT)[“+[A(KT)|
new physics, we can use them to obtain reliable information (20

on p, the magnitude of the QCD penguin contribution. The L
effective Hamiltonian approach indicates that there is a sma[lOr the _t|me—|ntegrated2P rate asymmetry. The BaBar Col-
v ron! Pb ne I aboration [18] has recently reported\cp=0.039+0.086

relative strong phase between thends amplitudes in the . . .
gp b b +0.011. We shall not use this value in our averages but in

SM [15,16. The relative strong phase obtained in this ap-—."" o i : h
proach comes purely from short-distance phygitg. In  Principle it can greatly reduce the error ol

general, there are nonperturbative strong phases from soft

gluon exchanges in the final-state particles that may be dif- B. Numerical studies
ferent between the two types of penguin diagrams. For sim- . . .
plicity and definiteness, we will take, = 6,~ 8,— =0 In this sect.|on, we will use _the measured values4<;,1f<s,.
since the overall strong phase will not matter, and considefskg andRwith some theoretical input from the SM to find
maximal destructive interference between the QCD and EWhe allowed ranges af, ¢, andé. Solving forr in Eq. (17)
penguin contributions, in accord with the effective Hamil- in terms ofR, ¢, and 8, one obtains two solutions:

014007-3



C.-W. CHIANG AND J. L. ROSNER

PHYSICAL REVIEW 38, 014007 (2003

TABLE |. Experimental input of measured branching fractions.

(X107°) B(¢K®) B($K™) B(K*%7")
CLEO 5.4"37+0.7 (<12.3)[19] 5.5 %2+0.6[19] 7.6°35+1.6[20]
BaBar 7.6 13+0.5[18] 10.0°53+0.5[18] 15.5+3.4+1.8[21]
Belle 10.0°19793[22] 10.7+1.0'92[22] 19.4" 35121133 [23]
Average 7.981.07 9.51-0.78 12.3-25

r,=—C0S¢ c0sd— \/cos ¢ cosd+R—1 (solution |),

(21
(solution II).

r,=—C0S¢ C0SS+ /coS ¢ cos 5+R—1

First, it is seen that solution | is not allowed f&>1 be-
causer; has to be positive. Therefore we see that 1.

is noticed that solution | does not exist whea=0.8. There-
fore we only show those for solution Il. As shown in Sec. I,
solutions in other regions on thg-6 plane can be obtained
by the translationgg— ¢+ 7 and §— 6= 7. As Rincreases,
the allowed regions of solution Il become larger.

In Fig. 2 we plot the allowed ranges offor 0<R=<1.4.

contribution is found to be of considerable importance, within Plot (b) to solution . It is seen from the plots that to
the ratio|s/p| predicted to be between 10% and 11% usingsatlsfy the constraints of measured dataas to be at least

the results given in Refl16]. On the other hand, thB™
—K*9%7* decay mode involves onlp, ignoring a small
annihilation diagram that also contributes to #k ™ mode.
Using its branching ratio, we obtaifp|=(1.42+0.14)

X 10~8. Combining the above results and assuming maxim

destructive interference betwegnand s, the SM predicts

| ASM(pK)|=(1.27+0.13)x 10" 8. To improve the statistics,

about 0.4 for either solution. This corresponds to a new phys-
ics amplitude with a magnitude of at least about 0.45
X 10 8. It is also found that for solution R has to be less
than about 0.8. Therefore the current valueRdavors solu-
ion II. If we take the valueR=1, solution Il has a wide
ange forr: 0.40<r=<0.90 and 1.05r=<1.96.

The fact thatr has to be greater than a minimum can be
readily understood. Shouldbe too small, then new physics

we take the weighted average for the branching ratios of thithe n part in Eq. (16)] does not have enough weight to
neutral and chargedK modes as given in Table | and obtain changeRS¢KS from that extracted from thé/ K g mode to

| A®R(pK)|=(1.27+0.04)x 10 8 after removing the kine-
matic factors. Therefore we obtain an estimate of

Z‘AE%K)
ASM($K)

2

~0.99+0.21. (22)

If a nontrivial relative strong phase exists betwgeands,

the central value of the resultirig will become smaller. In
the case of maximal constructive interference betwgand
s, R could be as low as 0.5.

We will use theCP asymmetry observables measured by

the BaBar and Belle groudg®4,25 as given in Table Il for
our analysis. Replacingin Eqgs.(18) and(19) by one of the
above solutions, it is then possible to find on #he5 plane
regions that are consistent with the measured va.khg,ss

=0.19£0.30, Sy = —0.38+0.41 [24,25, and the addi-

tional requirement that=0 by definition. The fact that
A¢Ks is negative at the & level gives the following possi-
bilities: (i) —7<¢<0 and 0< 6<; and(ii) 0<¢<m and
T=0<27r.

the measured one as the modification i€xf) according to
Eqg. (18). As mentioned in the beginning,~O(1) means
that the new amplitude has the same order of size as the SM
contribution. This would point to the possibility of new phys-
ics at the TeV scale or below.

The sensitivity 0f$¢|<s and Ad’Ks to the weak and strong

phasesp and § for a value ofR close to the central one is
illustrated in Fig. 3. Here each curve for a givérintersects
the axisA(,,KS:O at either5§=0 or 6= 7, while curves with
A¢KS<0 are related to those Witm¢KS>0 and the same
value ofS¢KS by the transformatiorp— 7w+ ¢, 56— 7— 4.
The plotted cross shows the present status of the data sum-
marized in Table Il. The ranges @fand ¢ are restricted in
general by the requirement that the argument¢oess
+R—1 of the square roots in Eq&1) be non-negative. Be-
cause of the special value B we are able to draw curves
for essentially any value of by varying 6. Therefore the
constraints come merely frodi,, and Ay .

Assuming the central values cﬂ‘¢KS and A¢Ks stay the
same in future experiments but the errors are improved by a

In Fig. 1, we only show a set of representative solutions infactor of 3, we find that the allowed regions become smaller.

the range— < ¢<0, O< <= for R=0.8,1.0, and 1.2. It

TABLE II. Experimental input of measuredP asymmetries for
the B— ¢Kg mode.

Quantity BaBar 24] Belle [25] Average
S —0.18£0.51+-0.07 —0.73+-0.64+-0.22 —0.38-0.41
A 0.80+0.38+0.12 —0.56+-0.41+0.16 0.19-0.30

This is demonstrated in Fig. 4.

We find that the variation of sinwithin its experimental
range makes little difference in the allowed solutions. The
general behavior and regions presented in Figs. 1 and 2 re-
main the same.

V. NEW PHYSICS IN ¢K AND K* 7 SYSTEMS

In this section, we consider the situation of new physics
entering both thetK andK* 7 systems. Since the new phys-
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T - section, ¢sy=m and és=m, one thus should use(, ;)

' =(¢+ m, 6+ ) to obtain the weak and strong phases asso-
ciated with theq part when interpreting our following plots
drawn on theg-§ plane.

w /2
A. Observables
In this case, we use the observable
OLom om L._ R |.AeXp(BO—>¢KO)|2+|AeXp(§O—>¢EO)|2
- -/2 0 /2 '= =
T ¢ |AeXp(B+*>K*O7T+)|2+|AeXp(B_—>K*O7T_)|2
(a)
=1+2r'cos¢ cosé+r'?. (25)

T
' Note that in spite of the similarity in the forms betweRh

andR defined in the previous section, they are actually very
different. Using Eq(25), we have

o W2
R’ Sy = SiN 2B+ 21 COSS SIN(2Bes— )
+1'2siN 2( Bes— b)
0 L e o L- e ' H ! 2
-1 2 0 w2 =sin2(B+ ¢)+2r'cosdsin(2B+ ¢)+r' “sin 28,
) ¢ (26)

R’A¢KS=2r’sin¢sin5, (27)

b
' whereB.4= B+ ¢ is used. Here one quickly realizes that we

also have only three parameters, ¢, and é for which to
solve.

w W2 As in the previous case, the self-tagging rate asymmetry
for B*— ¢K™ provides additional statistical power for the
measurement afl ¢, since

(Y - ._-; Acp=2r'sin¢ sinsIR’. (28

- -n/2 0 w2
(c) ¢ B. Numerical studies
FIG. 1. The allowed regions in the-& plane for solution Il Solving r’ in Eq. (25 in terms ofR’, ¢, and 6, one

with (a) R=0.8, (b) R=1.0, and(c) R=1.2. Here we only show ©Ptains two solutions:
the allowed regions in the rangew< ¢<m, 0< <. Other re- , ; .
gions can be obtained b— ¢+  and§— 5+ #. Solution | is not ri=—C0s¢ coss—/cos ¢ cos's+ R~ 1 (solution ),
allowed for R=0.8 and, therefore, no corresponding plots are (29
shown here. FoR=1 Sy and A, are unchanged undé— r,=—CO0S¢ COSS+ Jeoggp cogs+R' —1  (solution II).
— & and ¢p— ¢+ /2 [Fig. Ub)].

First, as in the previous case, solution | is not allowed for
R’>1 because; has to be positive. Therefore we see that
ri<1l.
We extract the amplitude for th€* = mode from Table |
A($KO) =qel(#a™ %) + s (dsurt 9 to be |_Aex"(K* m)|=(1.42+0.14)x 10" 8. Combined with
the weighted average of theK mode amplitude size given
=qe(®at%[1+r"e (¢, (23)  in the previous section, A ¢K)|=(1.25+0.05)x 10 &,
we find R"=0.79+0.17. In Fig. 5 we show a set of repre-
AK* Oty =qe($at %), (24)  sentative solutions in the rangew< ¢<0, 0<d<m. We
takeR’=0.6,0.8, and 1.0. It is seen that both solutions have
where qée'(?a*%)=pe(¢sut )+ ne(@nton)  r'=g/q, ¢  two allowed regions except for solution | Bt =1.0. AsR’
=¢q— ¢dsm, and 6= 5,— 5. As mentioned in the previous increases, the allowed regions become larger for solution II.

ics contributionné (4n™%) is to be added to both Eqsl)
and(2), we combine the andn parts into a single part as
follows:
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1.5 1.5
= =
1 1
0.5 0.5
L
0 0
0 0.2 0.4 0.6 0.8 1 1.2 1.4 0 0.2 0.4 0.6 0.8 1 1.2 1.4
R R

(a) (b)

FIG. 2. The allowed range af for specific values oR, using(a) solution | and(b) solution II.

In Fig. 6, we also draw the allowed ranges rdf for 0 electroweak penguin amplitude.
<R’=<1.2. The dark region in plota) corresponds to solu- If it turns out thatr’ <1, that means tha part and thep
tion 1, and that in plot(b) to solution II. It is seen from the part interfere to give an amplitude larger in size, agreeing
plots that to satisfy the constraints of measured ddt@an  with the fact thatR’ will be about 1. However, ifr’
go down to almost 0 foR'=1. If we take the valueR’ ~O(1), then there is a cancellation betwerrand p such
=0.8, solution | has 0.18r’=<0.44 while solution Il has a that the combined amplitude of the two becomes comparable
wider range 0.4%r’'<0.97 and 1.2&r’<1.76. In the stan- to the SU(3)g-singlet amplitude. Either situation would tell
dard model, one expeat$=0.1, =+ 7, S==*winaccord us the new physics contribution is important.

with the expected contributiofimentioned previousyof the The sensitivity ofSyi  and Ay to the weak and strong
phasesp and § in solutions | and Il for the case in which

g = 23.6° R = 1.0, large r new physics enters through the penguin amplitude into both
1.0 . : . B— ¢K andB™—K*%7* is illustrated in Fig. 7. As in Fig.

3, each curve for a giveg intersects the axisdl(bKS:O at
either =0 or 6= 7, while curves witM¢KS<O are related
to those WithA¢KS>0 and the same value Gﬂ'quS by ¢

—a+ ¢, —m— 5. Contrary to Fig. 3, not all values ap
and é are allowed for making a curve with a given value of
R'<1.

It is interesting to notice that for the largé- solution

0.5

< 00 1y N A (solgtion 1), the curves for values oj> a}ndt = ¢ overlap,
M\ \ . —-80 ”Iﬂl\\' /] leading to the appearance of continuity. Thls_ is because l_)oth
[\ \ V- //4/’|Lf0(; curves are part of a common ellipse, obtained by solving
—-05— \\ ? N v ///// P Egs.(25), (26), and(27):
AN NSl AT -
| \\\\ 40 —160 /\//;// -20 | s o
[ -0~y T80 - N0 ]
_1.0 1 1 1 1 | 1 \I = -+ **{ ke I/ 1 | 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0
g w 2

FIG. 3. The curves traced in ”&bKS-AquS plane by varying the
relative strong phasé between 0 andr for fixed values of. The

plot is for 8=23.6° andR=1 with r chosen according to solution 0 5
II; no solution | exists folR=1. Curves are labeled by values of -n -2 0 w2
(dashed:¢p<0; solid: ¢>0) in degrees. Squares and diamonds ¢

correspond to values of=0 or #. The point atS,,,KS=O.734,

A¢KS:0 corresponds tg=0, = 7 for all 5. The plotted data point FIG. 4. The allowed regions on thg-6 plane forR=1.0 using
is the average quoted in Table II. solution Il and with a factor of 3 improvement iA(,)KS andS¢KS.
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®) ¢ (d) ¢

w2

0 12 — -
1
0 A
n -2 0
¢

(e)

FIG. 5. The allowed regions on thg- & plane forR’ =0.6,0.8, and 1.0, using solutionfglots (a) and(b) in the left column and Il [plots
(c), (d), and(e) in the right column. Here we only show the allowed regions in the ranrge< ¢<0, 0< <. The other regions can be
obtained by shiftingip— ¢+ 7 and §— &+ #. Solution | is not allowed foR'=1. In this casde) displays an additional symmetry of the
solution unders— 6+ w/2, p— = 7— .

2

R'Syk ,—(cos2p+R'—1)sin 28
J’_

I'x

R’A¢Ks 2 Again, we find that if the experimental precision@()iKS

andA(,)KS can be improved by a factor of 3 with their current
central values, then the allowed regions are considerably re-
=cos¢p+R'—1, (30)  stricted. The variation of sin2within its experimental range
also does not affect the general behavior and regions pre-
sented in this section.

y

where r,=2 singcos 28, and r,=2sin¢. These ellipses
have their centers at coordinates [cds 2p+R’
—1]sin 28/R’,0). One immediately sees that the above ellip-
tic equation is invariant under the transformatign— =

— ¢. Since no explicit choice of solutions ofin Eq. (29) is
made for deriving Eq(30), it is valid for either solution. This We have shown how to estimate the magnitude and weak
is why each curve associated within Fig. 7(a) is actually a and strong phases of any new physics contribution which
portion of the corresponding curve associated with ¢» in ~ might account for the deviation of theP asymmetry param-
Fig. 7(b). The curves for both solutions are truncat@d-  eters inB— ¢K° from their standard-model values. We find
though not seen in the plot for solution Il because of thethat it is useful to compare the overall rate for this process
overlap because of the conditions ¢gscos6+R —1=0, either with that predicted in the standard mo@getatioR) or
r;=0. with that forB™ —K*%z* (a ratioR’), which is expected to

VI. SUMMARY
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2
1.5 1
~ e “ e

(a) (b)

FIG. 6. The allowed range aof for specific values oR’, using(a) solution | and(b) solution 1.

be dominated by the penguin amplitude in the standardhe TeV scale. Of course, these extra contributions would
model. need the right strong and weak phases in order to explain the
It is observed from our analysis that an amplitude associeurrent data. Considerable refinement of the rate and asym-
ated with new physics, with considerable size and with nonmetry measurements B— ¢K° is necessary before the am-
trivial weak and/or strong phases, is required to fit the curplitude can be pinpointed satisfactorily, however.
rent experimental results. For example, in the case that new
physics contributes to thé K modes but not th&* 7= mode,
the ratio of the new amplitude to the SM contribution has to
be =0.4, independent of the value Bf C.-W. C. would like to thank R. Briere and H. C. Huang
Current experimental data indicate that the sizer’ of  for experimental information. This work was supported in
a new physics amplitude relative to that of the standarcpart by the United States Department of Energy, High En-
model could well be of0(1) for a wide range oR or R’. ergy Physics Division, under Contract Nos. DE-FG02-90ER-
SuchO(1) parameters could indicate new physics at abou#0560 and W-31-109-ENG-38.
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g = 23.6°, R' = 0.8, small r' g = 23.6°, R' = 0.8, large r'
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FIG. 7. Same as Fig. 3 but for new physics entering through the penguin amplitude intB-baik andB*—K*%z". The left plot
(a) is for solution | and the right ploth) for solution II. In both plots@=23.6° andR’=0.8.
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