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Within the standard model, and if one assumes that soft rescattering effects are negligitl®, dsgm-
metry A%(B*— 7*K) is predicted to be very small and the rafe=B(By— =~ K*)/B(B*— 7*K) pro-
vides a bound on the angle of the unitarity triangle, sihy<R. We estimate the corrections from soft
rescattering effects using an approach based on Regge phenomenology, and find effects of order 10% with
large uncertainties. In particular, we conclude thdt,~0.2 and sif y~1.2R could not be taken unambigu-
ously to signal new physics. Using &) relations, we suggest experimental tests that could constrain the size
of the soft rescattering effects thus reducing the related uncertainty. Finally, we study the effect of various

models of new physics oAd%, and onR. [S0556-282(98)01509-4

PACS numbd(s): 13.25.Hw

I INTRODUCTION C1,=0(1), C3 ... 6= O(107?), and C7g15=0O(1073).
In many extensions of the standard model, the effect of new
Heavy quark decays serve as a powerful tool for testinghysics at low energies is simply to modify the values of the
the standard model and provide invaluable possibilities tonilson coefficients.
study CP violation. However, the interpretation of experi- A scale-independernway of decomposing the decay am-
mental observables in terms of fundamental parameters islitudes of interest is to do so not naively according to con-
often less than clear. Rare hadronic decayB @fiesons, for  tributions of the operator®?°, but rather according to their

example, proceed through both tree level Cabibbodependence on the elements of the CKM matrix,
suppressed amplitudes and through one loop penguin ampli-

tudes. On the one hand, this situation allows di@&t vio- . 0 At iy
lating effects that may give the first evidence faP AB" =7 KT =Acs—A,L7e%r,
violation outside the neutral kaon system. On the other, these
competing contributions complicate the extraction of _ LTy At At —iviis
Cabibbo-Kobayashi-Maskaw&KM) angles and, in particu- AB™—m KD =Ac— Ay 7e", 1.3
lar, the angley,
Vo A(B*— 7 K*)=A)—Ale'7e%,
udVub

VeaVen

The CLEO Collaboration has presented combined branching

ratios for Bi__m-riK _and By— 7 K™ [1] making these where 5, and §, are CP-conserving phases induced by the
modes of particular interest. In the Standard Model, thesgrong interaction, and the dependence on the CKM phases is
decays are mediated by thd3=1 Hamiltonian, which takes = shown explicitly. The first and second terms in each ampli-
the form tude correspond to matrix elements of the first and second
terms inHqi (or their Hermitian conjugatgsrespectively.
Note that each term is by itself scheme and renormalization
scale independent.

We will avoid, as much as possible, the common termi-
nology of “tree” versus “penguin” contributions, which
+H.c. can lead to much unnecessary confusion. The standard con-

vention is to take “tree” contributions to a given decay to be

(1.2 those which are mediated by the current-current operators

Q7%5, and “QCD penguin” contributions to be those medi-
The flavor structures of the current-current, QCD pen-_..

. 4 elect K . ¢ gted byQ3® . s However, this is not a scale-invariant de-
guin, anhd electroweak penguin _operalors are, respect,,,qsition. If the computation of physical matrix elements

ively, Qf%~sqab, Q3 .. ¢~sbZd’q’, and Q7 . 10 could be accomplished perturbatively, this would not be such
~sbXe,q'q’, where the sum is over light quark flavors a serious failing, as the scale dependence of the matrix ele-
[2]. The Wilson coefficient€; are renormalization scale de- ments would cancel explicitly against that of the Wilson co-

pendent; at a low scalg~1 GeV, they roughly satisfy efficients. But this is not the case; rather, the matrix elements

. (1.9

AB— 7 KT)=A%— A e 17el%,

G 6 10
Heﬁw—g{vcbv:s(i QP+ X, CiQr+ 2, ciQ?)

i =7

=

2 6 10
2, CQ+ X cQi+ X Gt

+ Vu bV:s
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must _be modeled phenomenologically, and the manift_e;t B(B°—>7T‘K+)+B(@—>7T+K‘)

scale independence of the result is lost. The greatest diffi- = " TS - —=

culty is found when one is interested, as we will be, in a B(B"—m K")+B(B" — 7 K")
significant contribution to some process which arises essen- 0\2 2

. . S Ags\ 1—2rgp cosy cosdp+ry

tially at long distances, where the the physics is intrinsically . >, (1.6)
nonperturbative. There one can dispute endlessly, and point- Al) 1—-2r, cosycosé,+rs

lessly, about whether what one is computing is “really” tree 010 ) .
or penguin in nature. The question obviously has no uniqudhere ro=A,JAs. Assuming thatA,, and electroweak
answer, but its resolution is, fortunately, of no practical con-Penguin operator contributions are negligible, the réti®)
sequence. takes the simple form

That having been said, one can still make some general
statements about the expected relative contributions of the

operators irf{; to a given exclusive decay mode. The elec-The observableR may be minimized with respect to the
troweak penguin operators are commonly neglected, sincgnknown hadronic paramete, yielding the inequality

the contributions with a sizable Wilson coefficiefyQ3,

are color suppressed or require rescattering from intermedi- R=1-cos y co &. (1.8
ate states. In this case isospin symmetry of the strong inter-, 2 )
actions leads to the simplificatioh.=A/;. It is now be- Since cos %=1, this leads to the bound

lieved that the current-current operator contribution&fg si? y<R. (1.9

are roughly of same order as the QCD penguin operator con-

tributions[3,4]. To be specific, this observation is based onThe bound including electroweak penguin operators is ob-
the fact that at next-to-leading order in QCD perturbationtained by substituting

theory, it holds for the corresponding parton model decays

b— uus andb—dds. The contribution of the current-current

operators toAl, is also expected to be of the same order,; a5 recently been observed that the modified bound could
despite the CKM suppression, because of the large value Qfifter by as much as- 10% [11]. I true, a stringent bound
Cz, namely, VypVisCo~VepVeCs, .. 6 However, since o, o would be obtained if the experimental errors in the
for B*—7“K the relevant quark transition Is—dds, one  presently reporte®,,=0.65+=0.40[1] were to be reduced,
might expect the size oA relative to A to be highly  with the central value unchanged.
suppressed by the small ratiy/,,V;J/V Vi ~0.02. This The B— 7K transitions are suppressed in the standard
would hold equally for the current-current and penguin op-model by either CKM matrix elements or small Wilson co-
erators. If, indeedhZAJS/AQSN|VubV35/VcbV§s| is a good efficients. As a consequence, these decays are potentially
approximation, then there are two important consequencessensitive to new physics. In particular, in the presence of new
(i) Direct CP violation could be observed, in principle, Physics, a larg&€P asymmetry can be induced, thus violat-
through theCP asymmetryAYL= A%L(B* — 77KO): ing the bound(1.5), andR can be modified in a way that
violates the boundl.9). The analyses leading td.5) and to
(1.9, however, explicitly assume that the CKM angleloes
+ 10 _ -0 not enter the theoretical expression for the charged deca
BB"—7"K)~-BB —7 K_) amplitudes(1.3). As it is usuaﬁy expressed, one rquuires they
B(B*—7"K%+B(B™— = KO absence of significant contributions from the current-current
operatorsQ?5 to this decay channel. As noted above, this
(1.4) ~ assumption is based on the observation that the quark level

decayb—dds is not mediated direcly by7%. However,
this naive treatment of the dynamics ignores the effects of
) soft rescattering effects at long distances, which can include
However, it would be small: the exchange of global quantum numbers such as charge and
strangeness. It is the purpose of the next section to discuss an
dir o o ) explicit model for such a rescattering, and to consider its
Acp(BT— 7K <O(\?), (1.9  effect on the bound$l.5 and (1.9). Before presenting the
model, however, we must make some general comments
about what we do, and what we dot, expect to accomplish
whereA=0.22 is the Wolfenstein parameter. For example,with this exercise.

R=1—2r, COSy COS 8y+I3. 1.7

R—R(A{JAL)?. (1.10

dir _
Acp=

2r .sin y sin 6,
~ 1-2r, cosycosd, +ri’

“hard” final-state interaction estimatg$—8|, where theu We will consider the contributions t8"— 7" K° from
quarks inQ‘f2 are treated as a perturbative loop, giMgr  rescattering through coupled channels such BS
~1%. —a%(»)K™ or corresponding multi-body decays. In fact,

(i) Model-independent bounds could be obtained forwe will treat only the two body intermediate states explicitly.
the angle y using only the combined branching ratios The model we will employ will be based on Regge phenom-
B(B*—m*K) and B(By— 7*K™) [9,10]. One can con- enology, including the exchange of thetrajectory and oth-
struct the ratio ers related by S(B8) flavor symmetry. The coupling of the
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trajectory to the final state will be extracted from datazgm ~ Finally, we note that the rescattering in questiomislastic,

and pp scattering cross sections. A few points are in orderdespite its quasi-elastic kinematics, and cannot be studied
First, we have little confidence in the quantitative predictionsadequately in any model of pureglasticfinal state phases.

of the modelper se.In fact, we believe that it would be The calculation of the standard model predictions is given
irresponsible to claim an accuracy of better than a factor ofn Sec. Il. First, we describe how the final state interactions
two for the size of soft rescattering effects, usamy model ~ (FS) affect theCP asymmetry and the bound op Then
currently available. Neither our nor any other model shouldVe calculate, using the phenomenological Regge model, FSI
be taken as a canonical framework for the estimate of finaforrections for specific two body states. In Sec. Il we sug-
state interactions iB decays. Rather, the purpose of our 9€st experimental tests t_hat C(.)UId potentially give an upper
calculation is to be illustrative: our model will predict at bound on th(_ase contributions, m_dependent of hadronic mod-
the level of ten percent, with no fine tuning or unnaturalels for the final state rescattering. In Sec. IV we analyze

enhancements. We will use this result to argue that such #hwh types of new physics models can significantly affect
: : R e relevanB— 7K decays, and whether there are relations
value ofr , is entirely generic within the standard model. At

. . ) etween such new contributions to the charged and neutral
such a level, the effect of final state interactions on tota

. . : . “modes. We summarize our results in Sec. V.
branching fractions is small, but the effect on quantities
which are most interesting for , =0, such asAYL(B*
—*K) andR, can be more dramatic.
Second, the rescattering effects which we will consider A. The effects of FSI corrections

arenotalready included in an analysis of the strong Bander-  \ye would like to investigate the impact of final state res-
Silverman-SoniBSS phases induced when the virtual par- cattering on theCP asymmetryAdclll‘D(Bt%Wt K) and the

ticles in a penguin Iqop go onto the mass spif]. Th? fact ratio of branching fraction®. The rescattering process in-
that such an analysis typically yields small corrections can:

. L volves an intermediate on-shell sta¥e such thatB— X
not be used to argue that rescattering cont_rlbut_lonsgo . —Kar. In particular, we assume that there exists a generic
must be smqll. On the contrary, we will consider intermedi- multibody) stateKnsr. In a straightforward generalization
ate states with on-shell pseudoscalar mesons, rather than o "Eq. (1.3), the charged and neutral channel amplitudes can
shell quarks. In the absence of an argument that partorBe wr.itte'n :as
hadron duality should hold in exclusive processes involving
pions and kaongfor which there is scant evidengeone A(B+_)an):An+_An+eiyeia1
must conclude that the long distance physics of meson res- cs us ' (2.
cattering is not probed by the BSS analy$khe recent pro-
posal that rescattering effects must be sifEd] doesnot go
outside the BSS framework in obtaining quantitative esti-

Il. FINAL STATE INTERACTIONS

A(B°—Kna)=AM— AT 7%,

Rescattering contributions, again decomposed according to

mates). X .
Third, the issue of whether the processes we consider arttra]elr dependence on CKM factors, are given by
of the “tree” or “penguin” type is a dangerous red herring. A(B*—Knm— m"K%)=SIAY — S)AT* iy
As discussed above, the question has no scale-invariant 1es T (2.2
meaning, and also no important implications. Our model ad- AB—Knm—m K*)=SIAY - 5iAMe7,

dresses contributions to the well-defined amplitualg,.

Within the model, we will first use the current-current opera-where S is the complex amplitude for rescattering from a

tors Q7% to generate the transitid®— 7%(5)K~, which will  given multibody final state to the channel of interest. Analo-

then rescatter tar~K°. However, we will deliberately re- gous contributions arise in the conjugated channels. In the

frain from referring to this as a “tree” contribution, in order limit where one neglects electroweak penguin operator con-

to avoid unnecessary confusion. tributions, isospin symmetry requiresgszAgs, and this
Fourth, if one decomposes the matrix element Bor  equality is not spoiled by rescattering effects. Tikel,3,4

— o~ K% into amplitudes of definite isospin, the rescatteringrescattering amplitudes can, for our purposes, be absorbed

process which we will consider is non-trivially embedded ininto the unknown amplitudes in E¢L.3).

their sum. Recent isospin analysis of this def;,14] have We are interested in the possibility that the rescattering of

stressed the importance of the strong phases associated witansitions mediated b}* are significant enough to domi-

the isospin amplitudegFor previous isospin analyses Bf  nateA[;, so we make the approximation

— K decays, seEl5,16].) In the isospin language the mag-

nitude of A dgpend; on the.differences bgtween these Al =3 SIANE 2.3

phases and vanishes in the limit that they vanish. However, n

the isospin decomposition sheds no light on the sizes of these _ . .

phase differences, hence on the magnitudd\&f, leaving and definee=A;JA.,. Let us assume that rescattering ef-

the former as free parameters. The literature presently corfects do not dominate the overall decay, so we may retain

tains a variety of quite divergent opinions concerning theust terms linear ire. In that case AZ}, of Eq. (1.4) andR of

“natural” size of rescattering effects in this dec§9,11— EQ.(1.6) take the form
14]. The purpose of our calculation, however crude, is to 2¢ si ins
address the issue more quantitatively by providing the first 'Adci:D_ € siny sin 6, (2.4

analysis to model theagnitudeof rescattering in this decay. ~ 1-2ecosycosd,’
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1—2r, cOSy COS 8y+ 13
~ 1-2ecosycosd,

(2.9

Once again, we may extremiZ® with respect to the un-
knownr g,

1—cog y cog &
= .
1-2ecosycosd,

(2.6

Following the same line of reasoning as before with respectgy the QCD peng

to the unknown strong phaség and 6, , we find the new
bound

siP y<R(1+2eJ1—R), (2.7
or solving for cosy,
|cosy|=V1—-R—e€R. (2.9

It is clear that even a small rescattering amplituele
~0.1 could induce a significant shift in the bound prde-
duced from R, effectively diminishing the model-
independent bound of R€9] asR— 1. It is also clear from
(2.4) that a small rescattering effect, agairn-0.1, could in
principle generate ad(10%) CP asymmetry which is sig-
nificantly larger than the bound.5) on AYL(B* — 7*K).
Therefore, in order to understand whether a latde asym-

4293

will estimate using the leading order Wilson coefficients,
there are also “hard” FSI phases which can be generated via
guark rescatterinj12] and are estimated at next-to-leading
order [6]. As discussed earlier, the final state interactions
which we consider are distinct from these “BSS” phases.
We will impose SU3) symmetry on all aspects of our
estimate ofe. Corrections to the S(3) limit are typically at
the level of 30%, small compared with other uncertainties in
the calculation. Hence we must consider both the intermedi-
ate statesr°K* and »K*. For normalization, we will also
need to computé\ ', which in the BSW model is induced
uin operators. The computation is straight-
forward, and we find

AZL(BT—PY%K™)
= — Gem3|VypVid{(Cy+ Cof3)F ot (o) Lic( epo)

+(Cot CLAF R (ML 1 po)}, 29

AL (BT —mTKO)

= — Gem3|VpVid| (Ca+ Cal3)FRof T(mE) L)

2

2m
X (Cg+ Cs/3)F 35 T(m2)

K
MMW(MK) ,

metry signals new physics, and whether it is possible to obfor P°= 70, 7. The form factors", (g?), the decay constants

tain a bound ony, it is useful to employ a particular model Fgl‘h, and the kinematic functionisp(u;) andMp(u;) are
of soft FSI to obtain an order of magnitude estimate of thejeafined as follows:

effect. In the next section we will estimate the amplitude

using a phenomenological approach based on the exchange (p|qy~b|B)=f%(q?)(pg+pp)“+ ¥ (4D (pPs—pp)*

of Regge trajectoriegl7-19.

B. The two body rescattering contribution

We will estimate the contribution te from the rescatter-

ing of certain two body intermediate states. While these
channels alone are not expected to dominate rescattering

(Play " v502|0) = —i V2F 1%k,

7 (g?)

Lp(u)=1—pp+ M

[17], we might expect them to provide a conservative lower fﬁ(qz)
bound on the size of the effect. At any rate, it would be
peculiar for the total effect of rescatttering to be significantly
smallerthan the two body contribution. The most important
channels in chargell decays that might rescatter to the final
states of interest arB~— 7°K~ and B~ — 7K ~. [To be
conservative, we will neglect the' K channel, which is un-
related to the others by §8) symmetry. Its inclusion would
likely enhance the effect which we will finHTo estimate the
contribution toe of these channels, it is necessary to estimate
both the relative amplituda2’ /A, for producing the inter-
mediate state, and the amplitudg=|S,| for it to rescatter to
the final state of interest. In our model, therg
=e,(AZLIAL), and we will extract only the magnitude

B-y+(1-3y)up—(1-y)u)

1
MP(#):E

(g%
f7(0?)

L-y+(1-y)up

H(1+y)w) |, (2.10

whereu;= mf/mé, q? is the momentum carried away by the
We will not attempt to predict the strong phade, which is  current, and/~1/2—1 is related to the distribution of quark
even more model-dependent. momenta in the pseudoscalar mesons. Note that in the Bauer-
The amplitude ratidd2! /A7, may be estimated using fac- Stech-Wirbel (BSW) model, the dominant contribution to
torization[20—23 and the Bauer-Stech-Wirbg24] model, Ais (BT —PPK*) is from the current-current operators
starting fromH.;. We will ignore the electroweak penguin Q3% while the dominant contribution 827 (B* — 7*K°)

operators. In addition to the soft FSI contributions which weis from the QCD penguin®3° .
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The ratios A{¢/AL) 0, simplify significantly if SU3) FU=F39\6, £7(0)=FX(0)/\6.
symmetry is imposed on the quantities which appear in Eq.
(2.9). In particular, we make use of the &) relations We have checked that the inclusion®f 7’ mixing, which
W —sd 0 K violates SU3), would change our final answer by no more
Fro=FlV2, 7(0)=f5(0)/\2, (2.11 than 20%. The ratios of interest then may be written
|

Als | IVuVid (1+1/3)(C,+Cp)/2

Adsl o IVenVid (CatCal3)+(Cot Co/3)(2M/ Mamp) (M (1)L (1)) 012

AL) 1 [AL

ALl BUALS o
|

where — 7’ mixing is neglected. With values for the coef- o 1 1 e imag2
ficients C; taken from Ref[25], at leading order and with €x(S)= 167 cod magi2) - , .
AEL=225 MevV, we find|(AZ¢ /A -o|=0.35. 0/<) soa’ (In(s/'so) i m/2) 216

We now turn to an estimate of the rescattering amplitude
€,. Our technique is described in detail in Rgif7], and here
we only outline the procedure. We begin by writing an ex-
pression for the discontinuity of the amplitude for the
chargedB decay,

We restore the FSI contribution MB*HWTF) by use of

a dispersion relation. The dispersion integral may be evalu-

ated in closed form with the approximationg,=3 and

In(s/sp) =In(mé/so):

Disc A(B~—KO%7r~ — —
(B =K Jrs AB™ K% )re= yea(MR)AB ™ — 70K )

3

d>p,

"2 (27T)3251 (2)32E,

(2m)*6'Y(pg—p1—p2) ><1 = ds (S)ao—l

(m +mK) S— mB SO

XAB™—7(p1)K™(p2))
X M (7%(py)K ™ (pp) —KO7"). (2.13 —|y62(mB)\/_A(B — %K),
The rescattering matrix elementM(7%(p,)K ™ (py) (217

—KO% ™) has a well known parametrization inspired by

L 2
Regge phenomenologit7]. For the exchange of the leading Where we have taken the limi,\/mg— 0. For rescatter-
p trajectory, it may be written as ing through theyK™ channel, the only difference is an

SU(3) group theory factor in the residue function The
e ima)2 | g\ at) magnitude of the contribution of a given channel to the soft
y(t)m( ) , rescattering amplitudes defined in the previous section is

2.14 then

M (7K =K% )= =
So

wherevy(t) is a residue functiors andt are the Mandelstam
variables, and,=1 Ge\? is an arbitrary hadronic scale. We
take a linear Regge trajectoryy(t)=ag+a't, with aq
=0.44 anda’ =0.94 GeV 2. Sinceay is approximately the where the residuer depends on the channel.
same for thep, K* and w trajectories, it is convenient to Finally, we must make a numerical estimatejygfwhich
consider a single “octet” trajectory which carries a repre- parametrizes the coupling of thetrajectory to the pseudo-
sentation of S(B) and contains all the vector mesons. Tak- scalar mesons. These couplings may be estimated by consid-
ing y(t)=y(0)= for simplicity, the discontinuity can be eringpp and =" p scattering data and using &) relations.
calculated, The exchange of thp trajectory requires a coupling at each
vertex, so

Ja
62=vm—§|ez<mé>|, (2.18

J— _ S ag—1
Disc A(B—>K077)F5,=yez(s)(s—> A(B™—7K"™),
0
(2.15

where The optical theorem gives

Yo (PP—=PP) = Yopp:  Vp(TP—TP) = %mpyppp(-
2
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1 about their relative phasédzor the purpose of this estimate
Tiot=gMi (220 we might imagine adding them incoherently, 6= €2, ,

+ ef]KK* + G%Kp' Our estimates for the various channels are
for both pp and 7wp scattering. The forward scattering am- €,k,=0.044, €,x+=0.022, ande,xx«=0.022, which by
plitude is obtained from E¢(2.14), written for pp andwp  this prescription would givee~0.06. Alternatively, adding
scattering, by setting=0 (that is, cos#=1). The residue them coherently would yielé~0.09. These unknown rela-
functions(2.19 entering the expression for the forward scat-tive strong phases are one important source of uncertainty in
tering amplitudes are fixed from the Particle Data Group pathis estimate of.
rametrizations opp and 7p scattering dat§26], Of course, there are many other sources of uncertainty as

056 well. Perhaps the most severe of these is the neglect of multi-
S ) (2.21) body intermediate states, which we have omitted because we
So have no good model for them. For this reason, we are likely
. o to have, if anything, underestimated the effect of FSI. More
The first term represents the Pomeron contribution. The segpggel dependence arises from the use of factorization to
ond comes from the trajectory forz" p scattering, and is @ gstimate the ratios2:/A’., given that this ansatz is known
combined contribution from thp anda trajectories forpp S ey

X ; » e - at times to fail inB decays to light pseudoscalar mesons.
scattering. The Particle Data Group fit givég,=56.08 mb  gmgajier uncertainties arise from the phenomenological ex-

andY ,+,=27.56 mb. Assuming that theanda trajectories  yaction of the residues and from the use of(Ssymmetry.
contribute equally in thggpp channel, and using again the Finally, we note that in soméut not al) models of Regge

0.08

. S
ik _
Utot_xik(s_o

approximationa,=; , we find exchange, there may be cancellations which further suppress
26 Y2 the small contri_bution frpm thé&K* exchange to both_the
Ye= > 20 g0 (2.22 7K and 7°K~ intermediate stategFor recent discussions
T Ypp of these questions, see Ref27-29.) Similar effects may

) . + -0 . . enhance the contribution frdmy’K ~. Our neglect of they’

As defined,y, is the " p~ coupling, since of the vector 55 een conservative, in the sense that it has likely caused
meson octet, only thg, contributes in them"p channel. ;5 15 ynderestimate the total effect of rescattering. We have
The residue functions which we will require may be found j,4e 5o because, in the presence of the anomalyypthie

by applying SU3) symmetry. Forp exchange in therK ot rejated by unitary symmetry to any other meson. Hence

channel, we findy,.,=vo, Ykk,==¥0o/V2, and v,  we have little guidance, other than from the quark model, for

=0. As a consequence, we have for jhérajectory, how to include it. In the end, it certainly would be unwise to
trust our estimate of to better than a factor of two, and even
y (wOK‘Hw‘FF _ iyz that much confi_dence would be optimist_ic. The same caveat
P J2 o should be applied t@any phenomenological model of soft
(223 final state interactions. What is important here is that we
yp(nK*—wr*K_):O, have found neither a dominant effect of order one or larger,

nor an insignificant effect of order one percent.

and similarly forK* exchange, _
C. The effect of FSI on A%, and R

7(2), We close by returning to the effect of FSI on the observ-
(2.24 ablesAJY, andR. We have seen from our model that rescat-

tering effects as large as-0.1-0.2 easily could be consis-

yix (K™= 77 KO = —

N|
I\H%Y

s ( K_HW_F):E\ﬁyz tent with the standard model. Therefore, unlegswere
K*L77 2 V20 known independently to be very small, an observation of
dir

) : _ Acp~0.2 couldnot be taken unambiguously to be a signal
With these residues, we complete the computation of thgyr new physics. Note that we do not claim to predict such a
rescattering amplitude; . _ o large asymmetry; we simply observe that it would be neither

We are now in a position to estimate the contributio®to nnatural nor surprising for it to be generated by final state
from a given two body rescattering channel, by combininginteractions. On the other hand, we would maintain that a
the rescattering amplitud¢2.18), the production amplitude dir

: , larger asymmetry, such ad-p~O(1), would still be an
ratios (2.12, an_d the re_5|du0e$g.23 and (2.24). For ex- exciting sign of a source o P violation beyond the CKM
ample, for the intermediate”K ™ state, rescattering vig

. matrix.
exchange, we find a term
Aﬂ+ \/S—O o o
€nkp= Lj m—| ex(m3)] y,(mK™ =7 KO). Iwe prefer not to impose constraints from @WUsymmetry on the
Acs 20 B phases because of the substantial model-dependence already present

(2.2 in our calculation. Doing so would not change substantially the
magnitude of the rescattering effects, but it would imply a smaller
We do not know the Strong phase which mUltlpl%p .In uncertainty than we would advocate.
adding the three contributions,y,, €,xkx, ande g (re- AWe are grateful to H. Lipkin for discussions of this point, and for
call that €,x, vanisheg we must make some assumption stressing to us the important role played by tensor meson exchange.
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Similarly, we can consider the effect @~0.1 on the to derive these relations. Since tBe carriesU=0 and the

bound§(2.5) and (27) on vy. For .eXample, the fractional transition operator@iqd and Qld CarryU: %’ it is 0n|y the
correction to the bound ofcosy is A=eR/y1-R. The  y=1 component of th&k “K° final state which couples to

value of A is a strong function of the experimentally ob- the decay channel. As a result, we have the freedom to add

servedReyp, any pureU= 2 combination to the final state, involving ad-
A~e¢ for Ro.=0.65 ditional T m%andm™ n_pgirs, With_out affecting the_ relations

exp e (2.26 (3.2. As it turns out, it is the simple combinatio~K°

A=2¢ for Rex—0.80. which vyields the most phenomenologically interesting

bound.
The bound deteriorates quickly Rs,,— 1. In terms of sify, An upper bound ore follows from the ratio
we certainly would conclude that the observatiorf i 1.2 N +=5 B 0
Rexp Would not constitute an unambiguous signal of new _B(B"—~K'K")+B(B HK_K )_ (3.4
physics. BBt —Kmt)+B(B~—K%r )
Ill. MODEL INDEPENDENT BOUNDS After some algebra, we obtain

ON THE FSI CORRECTIONS
e<M/Re(1+RgRyq]) +M3(R¢+1)cos y cos 8.,

Our phenomenological model suggests that soft FSI con- 3.2
tributions of the current-current operatdpg* could account +ON M Rugca), (3.9
for O(10%) of theB* —K°z* amplitude. This has a dra-

H H II’ —~ —_ 0 H - R ) .
matlt_: consequence, namely mak! p~10-20 % realls_ this relation, we assume that the full matrix elementBor
tic within the standard model. In view of the large theoreﬂcal_}KfKo is not smaller, in magnitude, than the partial con-

uncertainties involved, it woulq be extremely useful to find ribution from rescattering. It is possible, if there is some fine
an experlmental T“ethf’d by which to bound the magnitude 0}uned cancellation, for rescattering actually to lower the
the FSI contribution. The observation of a larger asymmet%ranching ratio: in this case, the relati@5) would not be
\(/jvould_bthen bﬁ a sigt?al f(?[r nlew pft}z/siclz_s. In this sec(;io_n\lf?v alid] This bound becomes more reliable if we set
escribe such an attempt, along the lines proposed in Ref, _ - ;

[30] for the decayB— ¢K. The idea is to find decay modes 0sycosd, =1. With Eq.(2.7), we find a bound ory,
mediated by the quark level transitidn—ssd, for which sit y<R+2ARVR(1—R)+ O(N? ARyqcq), (3.6
branching ratio measurements or upper bounds would, by '
application of flavor S(B) flavor symmetry, imply a direct ignoring electroweak penguin operators. One could include
upper bound ore. them, as before, with the substitution (b.10.

The most interesting modes in our case turn out to be We are also interested in obtaining an upper bound on
B* —K=*K. The effective Hamiltonian fob—d transitions Adc"p. Keeping cos’ free gives
may be obtained frorfiL.2) by the substitution o§—d in the

where A=0.22 is the Wolfenstein parametdin deriving

operators and in the indices of the CKM matrix elements. In | AZH| <2e sin y+O(€). 3.7
analogy with Eq.(1.3) the amplitudes may be decomposed o
according to their dependence on CKM factors, giving In the absence of a nontrivial bound gnfrom Eg. (3.6),

_ - A% is maximized at siry=1, leading to
A(BT KK =A 4~ Ayq€' 7€, _
3. | AZE <2\ VR(1+ R Rygl) + O3 N ?Ryq cq).-
A(B™"—=K KO =A_4—A e e (3.9

Invariance under the SB) rotation exii (m/2)\;), i.e., in-  However, an independent bound gnwould place a tighter
terchange of andd quark fields, implies equalities among limit on the asymmetry,

operator matrix elements, :
P | A <2\ VReR(1+Re Ryq]) + 22 2VR(R¢V1-R

- wolAIdp—\—_ /K0 _—|AASIp— A~ i —
(KTKOQ¥BT)=(K°#~|QB™), g=uc,; i=12, +Re+ 1)+ O3 A%Ryg cq)- (3.9

3.2
(KK QfIB7)=(K°#7|QfIB™), =3, ... ,10. 82 Again, electroweak penguin operators may be included with
the substitution(1.10. Following Ref. [30], analogous
bounds onA%%L(B* — $K *)*) can be obtained by substitut-
ing for Ry the ratio [{B(BT—K%®IKF)

. Vg Ved +VB(B"— ¢m(p~))]/VB(B*— ¢K).
Aye'd=A] € 5+V—(1+ Rua) AchA;rsV—(lJr Red), The CLEO Collaboration has recently obtained the upper
us ¢s (33 boundR¢<0.95 at 90% C.L., including only statistical er-
rors, and approximateliRc<1.9 once systematic errors are
where R,q and R.4 parametrize S(B) violation, which is  included as wel[31]. Unfortunately, this is not very restric-
typically of the order of 20—30 %. Note that it is only an tive, implying e<0.4 andA35,<0.6. It is possible that more

SU(2) subgroup of SI&B), namelyU spin, which is required interesting constraints anandAdC"P could be obtained in the

These lead to the relations
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future, given thaRc~O(\?) in the limit of vanishing FSI. A. Supersymmetry without R parity

U|t|mate|y, the Ut|||ty of such a bound is limited by the fact In Supersymmetric models W|thOR§3 there are new, S|ep_

that, for e small enough,R¢ becomes independent @  ton mediated tree diagrams, contributing at tree level to the
since rescattering channels are then negligible compare&_}uiS andb— dds transitions

with other contributions. Conversely, a large observed value _ . , —- . —
for Rx would not necessarily mean that FSI contributions are F|r.s.t, consider th.e}‘ii.kl‘iQJdk couplings. Forb—uus
large, since this could also result from new physics whicHransitions, the contributions come from charged slepton me-
enhances thé—d transitions. Resolving the question of diated diagrams, while fao—dds transitions, the contribu-
how to distinguish these two possibilities is left for the fu- tions come from sneutrino mediated diagrams:

ture. 3

i )\',13)\i,f2
Au e”ﬁuocz I —~ )
o Em(T

4.2
IV. NEW PHYSICS

Assuming that a larg€P asymmetry is observed iB* NN NN RN TR
—m*K decays or that sipis measured independently and ~ Ale' 4o > )\'13)\'12+)\'23)\'“4—}'21)\'314—)\'11)\'32_
found to violate the bound1.9), this could be explained =1 m2(v;)
either by large soft rescattering effects or by new physics. (4.3
From our calculations above, it is clear that theory cannot at
present exclude the possibility of large FSI effects. Yet, it isWWe learn that indeed the new physics introduces six new
also possible that these effects are not large and that, in tHedependent parameters. In the special case whgre
future, the experimental tests proposed in the previous seen?(T; )=m?(v;) and (i) A{;5\{7, is much larger than the
tion will imply that new physics indeed is required. It is other three combinations that appear(#h2), isospin is a
important, then, to understand which extensions of the stargood symmetnysimilar to the SM QCD penguin diagrams
dard model could contribute significantlgnd with newCP  The first condition is fulfilled in many models, but the sec-
violating phasesto the relevantB— wK modes. Further- ond is not. Generically, we ha\&aﬂ,#A”, $g#F ¢, and 4,
more, we would like to understand whether new physics con= g,
tributions to the charged and neutral modes should be ex- Second, consider thkfﬁkrdjd—k couplings and note that

ected to have any special featurésuch as isospin . . L —
P y SP és P these couplings are antisymmetric if,K). For b—uus

symmetry relationswhich will allow further tests. - o
yThe r;yost general new physics effects on the amp“tudegansmons, the contributions come from the down squark

contributions come from up, charm and top squark mediated
S diagrams:
A(B’— 7 KT)=A2,,— Ajel Pueidy, J
i M1
— - Alle Puoc ——= == 4.4
A(BO_),nHrK*):,K(S)M_Atl\llefl(ﬁuelé‘u’ N mZ(dl) ( )
4.1

+ Fe0y— At d A yai 8 3\ mE
A(B* — 7 K% =Agy—ARe' de'%, Ade!Pdoc > _)‘123@_12. (4.5

=1 m°(uj)

- -0y A~ d \—idgaid,
AB™ =7 K% =Agy—Aye ' %de'’s. Again, there are six new independent parameters urtigss
_ the i=1 contribution dominatesAﬁ and (i) m?(d,)
HereAgy are the standard model amplitudes, whafeand —m2(3,), in which case isospin is a good symmetry. The
A® carry the same strong phases and opposite weak phasggst condition is unlikely to be fulfilled. We expeoh’
as doA*. We introduce the new physics amplitud/aﬁd, £AY by# b, and S, % Sy
with CP violating phasesp, 4 and strong phases, 4.

A first class of models are those which give potentially
large tree-level contributions thB=1 four quark operators.
These include supersymmetry withdRtparity and models Models with additional SU(2)singlet down quarks
with extraquarks in vector-like representations of the SMcould lead to dramatic effects i@ P violation in the inter-
gauge group. A second class of models gives new contribuference between decays with and without mixj3g]. This
tions to four quark operators through loop diagrams only;s g result ofZ-mediated tree level contributions ®—B
with new particles running in the loop. This includes various miving. Could there also be large effects.itfil?

supersymmetric flavor models and a sequential fourth gen-- 5 iously, there are new contributions to the decay am-
eration. A third class of models gives new contributions toplitudes fromz-mediated tree level diagrams,

the AB=1 chromomagnetic dipole operators. Finally, there
are models where no significant effect is expected. These . Uendy
include models of extra scalars and left-right symmetric AN Puoc =22 (4.6)
models. m3

B. Singlet down quarks
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therefore, suppresselizKss is of orderVVy, and the su-
, 4.7 persymmetric contribution to the— s transition is typically
mz small[33,46.

Finally, if CP is an approximate symmetry of the new
wheregy (T — Qysir?éy), andUs, is the mixing angle in  physics(which is a viable possibility in the supersymmetric
the Z couplings. The present experimental boundB(B  framework, so that allCP violating phases are small, say
—Xu"n") gives|Ugp/(VepVed|<0.04. This suppression ¢, ,=(103), then we expect new physics to contribute to
roughly compensates for the loop suppression of the standarﬂdcirP at the level<10~2 regardless of the size of the super-
model QCD penguin. Thus, we learn that symmetric contributions to the vario®— 7K decays.

Adeidoo Ush9zdd

(i) Ay could be of the same order asy;
(i) AN#Af because of thgz4q factor; D. Fourth quark generation

(iii) ¢y=pg=argUsp).

Models of four quark generation require, of course, that
the fourth generation neutrino is rather heawyn,/2). If
this possibility is realized in nature, then we expect large

Supersymmetric modelsvith R, conservegicontribute to  new contributions from QCD penguin diagrams witt’
b—s transitions through penguin diagrams with squark-loops. Them;, dependence of this contribution may compen-
gluino loops. The ratio between this contribution and thesate for a possibly small CKM factoy,,.,V},, and become
standard model penguin amplitude may be estimated to bg significant, if not dominant, contribution. Furthermore, as
[33] the 4x4 quark mixing matrix has three independedP

) . violating phases, this contribution is likely to carry a new
as My K3K33 7 phase. Isospin should be a good symmetry ape &, is

o , (4.8 -
ASM a2 max(mz,M3) ViV In(mZ/m2) likely.

C. Supersymmetric flavor models

ASUSY

. . . . . E. Models with enhancedb—s
whereK is the mixing matrix for the gluino couplings and S0

7)~(m%—m~2§)/(m%+m~2§) is a measure of the non- _Models yvith enhancedb—sg dipole operator coeffi-
pgents, leading td(b—sg) ~10%, have been suggested as a

possible resolution of several potential puzzles in incluBive
decays[47,48. Examples have been discussed which em-
loy squark-gluino loops, vectorlike quark-neutral scalar

universality in the squark masses. We see that even in t
absence of a super-Glashow-Iliopoulos-MaiaGIM)
mechanism, namely witlpy~1, the supersymmetric contri-

bution is comparable to the standard model one only if th oops, or techniscalar exchan(8,49. Despite the large
relevant mixing angle, namek(3,K 33, is large. Such a situ- PS, ISC ex e P! 9

R ; overall rate, the dipole induced amplitudes for rBreecays
ation is phenomenologically allowed. FuLthermore, the faCtare of same order as the standard model amplitudes and so
that ms/m,~|Vep| implies that a largebg—sg MiXiNg  the two can interfere substantially. Arbitrary new weak
[K3x~O(1)] is not unlikely [34]. Below we examine ppases in the dipole operator coefficients can therefore lead
whether _thls possibility is indeed realized in various supery, sizabIeAdC"PB 10% [50]. More modest enhancement lof
symmetric flavor models.

: —Sg can also lead to sizablgP asymmetries. Such an ex-

MO.St. flavor problems of.supersymmetry are SOIMh' ample has been discussed in the context of top color models
out giving up naturalnegsin models where the first two [51]. Again isospin is a good symmetry.
squark generations are heal35—39. Mixing angles with
the third generation can be large. In these modelsEf_oand
gluino masses in the range of 100-300 GeV, it was found _ )
[40] that the supersymmetric QCD penguinsmely, squark There exist, of course, extensions of the standard model
-gluino loops can be twice as large as the standard modeyvhere large new contributions to the relevBat- mK decays
ones forb— s transitions, and can carry a new phase. Similar@re unlikely. Below we give a few examples.

metry here, namelpd =AY, ¢4= ¢, and 54= 4. AY, sSOA%=0. The CKM combinations are similar to those

The situation is different in models of Abelian horizontal In the standard modaV mediated tree diagrams, namely we
symmetries, where alignment of quark and squark mass matill have ¢,=y. The contribution is, however, small com-
trices is the mechanism which suppresses supersymmetr@red to the standard moda(j; because, while the CKM
contributions to flavor-changing neutral currefl&CNC9  suppression persists, we now have in addition a strong sup-
[41,47. The constraints fronK—Emixing require that the pression from sr(‘jr?rall Yukawa couplings. Consequently, there
(32) entries in the mass matrices are also small, leading to'§ N© effect onAcp or onR. _
suppression oKs,. A similar situation occurs in models of ~ Neutral Higgs exchange in models without natural flavor
non-Abelian horizontal symmetries, where degeneracy of theonservationNFC) could contribute to boti—uus andb
first two squark generations suppresses FQRE,43-43. . dds. But if the smallness of scalar mediated FCNC is
Typically, the first two generations are in a doublet and theexplained by a horizontal symmetry, then we expect a sup-
third in a singlet of the horizontal symmetry. TheE,L,R pression of ordersO(mbmu,d/m§)~1O‘5, which means
—s_r Mixing does break the horizontal symmetry and is,that the effects are negligible.

F. Discussion
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In left-right symmetric models there is a new contribution sion of weak phases in the matrix elements Bor— 7K.
from Wg-mediated decays, but it is suppressed byAs aresult, and in contrast to previous expectations, we con-
O(m\z,\,L/m\z,\,R)slo‘z. The CKM ratio is expected to be clude that the observation Qﬂ‘é”p~0.2 or sirf y~1.2R

O(1). So,again, we expect no observable effects on eithetvould notbe an unambiguous sign of a sourceGi? viola-

A?:i:: orR. tion beyond the CKM matrix. While we do not claim to
To summarize the situation regarding new physics effectsCOmpute the ma}glmtude of final state interactions re_Ilab_Iy,
we note the following points: our model is sufficient to demonstrate that effects of this size

(i) There are several well-motivated extensions of the2'® entire_ly gener_ic and cannot be ruled out Withoutindepen-
standard model which can significantly affe@& dent empirical evidence. We propose a simple test which
— 7K decays. could probe this question experimentally. Finally, in antici-

(i) In models where there are new tree diagram contribyPation of the_observation aP viplation in these channels
tions, there are no relations, in general, between th&t @ level which cannot be explained by the standard model,
contr,ibutions toB* — 7+ KO a,nd the contr’ibutions to We discuss the features of various models of new physics as
B— 7~ K*. The new physics effects in the ampli- they would be manifested in these decays.

tudes(1.3) introduce six new parameters.
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