T p—

0 11L0 00192yp

RARE DECAYS AS A PROBE FOR NEW PHYSICS
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ABSTRACT

The standard model predictions for rare K and B decays are reviewed.
Possible new physics effects in either C'P couserving or CP violating processes
are summarized.

1. Introduction

Precise low-energy experiments have always been an alternative to ligh-energy
colliders in looking for new physics. In the former one seeks for loop effects of heavy
particles while in the latter these can be produced directly, provided sufficient energy
is available. Here I will discuss how rare K and B decays have and/or could be used
to probe new physics. Before doing this, the predictions of the standard model (SM)
with which they should be compared must be studied very carefully. In the SM. the
uncertainties in the predictions of rare decay rates can be fairly large due to our poor
knowledge of the Cabibbo-IKobayashi-Maskawa (CIKM) matrix, in particular of the ele-
ment V4. Furthermore there are many uncertainties due to QC'D effects. long distaice
contributions and other hadronic effects that have to be controlled. Thus it is not a
simple task to unequivocally establish non-standard signals. The easiest way to do so is
to concentrate on decays where these uncertainties are not so important. typically but
not exclusively those involving neutrinos in the final state. Among the CP conserving
processes the interesting ones are A+ — ntup, At — rtuty~ K — pji, b = 9y,dr
and b — svir,dviv . The CP violating ones include Ay — 7% and the two-spin corre-
lation in At — x*tp*u~. The standard model predictions for these processes will be
reviewed and new plysics effects on these rare decays wil be summarized.

Ouly a few of the numerous possible scenarios for new physics will be analysed.
These will be divided in two categories according to whether or not a new source of ('P
violation is present. The two-Higgs doublet model will serve as an example of a inodel
where C'P violation is standard. This model is particularly interesting since it occurs
naturally in supersymmetric theories. In the second category, which includes nmodels
where additional phases leading to CP violation can be introduced, [ will mainly discuss
a leptoquark model.

In the first part of this talk I will discuss various rare decays while trying to
estinate Lhe precision needed to improve on our present knowledge of the C'KN ma-
trix parameters in the standard model. Since rare decays of K and B iesons ocenr
al the one-loop level, they are seusitive to the heaviest quark. the top. and to the
corresponding elements of the quark mixing matrix. Although it could eveutually he



possible to extract some iuformation on my from rare decays,' 1 will rather assume
that m, is known. This assumption is reasonable since we already know from LEP that
my = 150 £ 25 + 16Gel”.? and such a top quark would certaiuly be measured before
rare decays are precise enough to really test the standard model. In the numerical
estimates, ny = 140Gel” will be assumed.

2. CKM matrix

I the Maiani-Wolfenstein parametrization, the CIXM matrix which describes the
mixing in the quark sector is given approximately by®

B 1 - %A' A AN(p = i)
V> =X l_%'\z AI\‘I ' (1)
AN(1—-p—in) =AW 1

where 1 characterizes the CP violation. The standard model cannot predict the value
of auy element in this matrix, thus they must be extracted from experiments. Although
direct and indirect measurements of several elements of this matrix have been made,
the uncertainties on certain parameters (p and y) are still very large. The best known
parameter is A which is determined in IKaon and Hyperon decays,*

A = [Vaa| = 0.2196 £ 0.0023 (2)

For our purpose it will be sufficient to fix A = 0.22 since the error bars on this parameter
are much smaller than on all other parameters. )
The matrix element Vz is obtained from B meson decay to charm final states.?

[Viol = AX? = 044 £ .007 (3)

This result, coupled with the measurement (2), will give the main constraint on A.
The direct measurement of V.3 can be obtained from B meson decay to non-charm
final state, we have

L = e 492 = 0.11 £ 0.04 )
Vel
where the error hars are mainly theoretical and dependent on the quark model. The
ones quoted here include the predictions from most models.®
To get [urther information on the CKM matrix, one has to rely on indirect mea-
surementy, specifically, ¢, the CP violation parameter in Kaons and x4 the B — BY
nixing parameter. Additional information could be obtained from the value of ¢ but
clue to inconclusive experimental results and sonie theoretical ambiguities. this will not
he used liere.® We have
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with the measured value
le| = (2.272 £ .022) x 1073 (6)

The mixing parameter which depend only on [Vig|? is written as

(") ]
ry= 6—;—1\[5331’5751\[,‘,-.45\‘[(l —p)? 4+ 9% B(x) ()

and the measured value is
g =071 £0.11. (8)

B(.x¢) is a top quark mass dependent function.” The values of the other parameters are
taken as_iw Ref. 7 with the exception of /Bp fg. -

An important source of uncertainties in the B} — BY mixing is fg. The theoretical
predictions on this parameter vary wildly and this has some important consequences for
the rare decays.® I will use two common values when making numerical estimates, the
so-called low value /Bp fp = 130 £ 400/ ¢V® or a higher value as obtained in lattice
QD calculations'® or as indicated by some quark model calculations.!' /Bgfg =
220 4 300 [e}. Most models predict a value within one or the other of these ranges.
Of course fg could be kept as a [ree parameter in the analysis but in the hope that
the theoretical estimates will eventually get sorted out, I will rather present results for
these two values separately. Note that even if the theorists fail to agree on the value of
[a. this pm‘?meter will eventually be extracted from leptonic B decays, e.g B — v or
B, = I*[-."

The easiest way to find the allowed region for the three parameters of the CIXM
matrix and to represent the effect of each individual measurement is to draw the
constraints separately and look at the intersection region, this is done in numerous
publications.! " The correct statisticaltreatment however requires a \? fit to the four
pieces of data given in Eqs. 2-4 and Eq. 6. The results are plotted in the p — j plane
(see Fig. 1) for a given top quark mass.'® In this plot A remains a [ree parameter.
Clearly at 90% C.L. (corresponding to A\? = 4.61) a very large region of the plane
is allowed. From this curve one can see that the high value for f prefers the solution
with p positive while for the low value both negative and positive values are allowed.
On the other hand the upper and lower limit on 7 do not change very much whichever
value of fp is chosen. The allowed ranges are respectively

05<n<.T4 for fg=130%40MeV
A1 < <. for fp=220+30MeV (9)

We also obtain that the allowed range for A at lo is given by
A=091£0.1 ‘ (10)
In summary, with the current level of precision the cousistency of the standard
model description of the quark mixing cannot really be checked. To do this. it is ex-

sential to improve the direct measurements of 1, and 1, and to refine the theoretical
calculations for By and [g as well as the models used to extract the value for 1.
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Fig. 1. Contour curves in the p — 5 plane from a x? fit to the data, for fp = 130 £ 40MeV
at lo (dash) and 90% C.L. (full) and fp = 220 + 30MeV at 1o (dash-dot) and 90% C.L.
(dotted). in all cases, m = 140GeV . ’
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Fig. 2. One-loop diagrams for the short-distance contribution to rare K decays in the standard
model; a) the W-box and b) the Z-penguin.

Although | will not discuss the effect of varving m, it is clear [rom Eq. 5 and Eq. 7
that the predictions depend very much on the top quark mass. A measurement of 1,
would therefore much reduced the uncertainties on the CIXM parameters.

Besides these obvious improvements of direct measurements. a whole set of pos-
sibilities for testing the CKM matrix is available with rare I\ and B decays. This will
be the topic of the remainder of this talk. I will show that indeed this can be done and
that furthermore precise measurements of rare decays could give signs of new physics.

3. Rare decays in the standard model

The decays of Kk and B mesons can provide indirect measurements of Rel;, ~
(L = p) aud Imlyy = 5 since they occur at the one-loop level and are dominated by
the lieaviest fermion, the top quark. The top dominauce is unquestionable for B decays
but remains true even for IKaons since the high top mass overcomes the C'I\M suppres-
sion factor proportional to V,Vi¢ which appears in all Kaon processes. Nevertheless in
these decays, the contribution from the ¢ quark cannot be neglected. B decays offer
many advaitages over IKaons since the long distance effects are less important. and the
relative heaviness of the b guarantees the accuracy of the spectator model. However, B
decays also have some drawbacks the most important being that QCD eflects can he
very large. e.g. in b — 39, and can be a serious hindrance to the study of electroweak
physics. One way to circumvent this problein is to make use of the two possible trau-
sitions b = s and b = d. The former being iusensitive to the CIXM parameters (since
Vis/Vs = 1) could be used to check the QCD parameters while the latter could test the
CIKM matrix. However this is possible only with a very large number of B mesons since
in b — d decays one has to face the problemn of small branching ratios because of the
Via/ Vis suppression factor. On the practical side INaons have a definite advantage since
there are plans for extremely precise measurements of all rare kaon decays'®'® and
despite the small branching ratios precision measurements of 174 will become possible.
Oun the other hand, predictions for b decays are still orders of magnitude below the
present accuracy with the exception of the radiative decay b — 9 which is inevitably
approaching the standard model level.!”

The dependence on the CIKM parameters for various decays are listed in Table
L. The b decays are normalised to the dominant charged current semileptonic mode.

TABLE 1. Dependence on CKM parameters for rare decays

Process CKM dependence
K* = ntop At + (1= p)
Ky = 7%, K — nl%te™, P(KY = atptu) (A%)?
Ky = pji, PL(KY = wtptps) A%l —p)
b — sy, 907, sete” independent
b — dvy.dvi, dete (1—pP+9y?

Jl. Kt o5 atep

The penguin and box diagrams shown in Fig. 2 for this process are typical of
the ones contributing to rare decays. With a final state involving neutrinos. there are
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no photon exchange which makes A+ — rm¥v& a rather clean decay exempt of bong-
istance effects. As for all Kaon decays. there is some weak dependence on the ¢ quark
mass. The short-distance contribution to this decay is given for example in Rel.7.

The present experimental limit? is Br(K* — wtvi) < 5 x 107 and there are
plans for current experiments to increase their precision to 107" within a few years."!
When comparing the contour plots of Fig. 3 with the allowed region in the p —7 planc
shown in Fig. L, it can be seen that this level of precision will not be sufficient Lo
put further constraints on the CIXM matrix unless a signal higher than the standard
model expectations is measured. This conclusion is reached even with the oplimisii.
assumption of a known top quark mass and with A fixed at its central value. From thi.
figure it is also obvious that the higher value of fp favors smaller branching ratios. A
measuremént of Br(h+ — xtvp) > 2x 107'° for example would be almost inconsister:!
with this fg for any value of the paranieter 4. On the other hand it is also clear fror.
Fig.3 that a measurement at the level 107! would reduce the allowed region in tl.
p — 1y plane even though the predictions get significantly spead out when the lo rang.
of A (V%) is allowed. A precision of 107! or better. as can be achieved by KAON
would give a very good measure of p and j especially if a much improved value of 1’
is available. Alternatively this decay could provide an indirect measurement of 14 au’
[5. However one must remember that the ability to do this will be eventually limitc-
by the uncertainty on the ¢ quark mass.'®

22 KNy = n i

This decay which also involves neutral particles in the final state has no loiy
distance effects from photons. Furthermore it was shown that the indirect CP violatic .
is small so this decay could give a new signal of direct CP violation.'® At the momeu,
only poor limits on this mode exist (< 2.2 x 10~%) but the possibilities to reach 10!
have heen studied.?® The direct CP violating contribution is given for example in Rel. .
For m, = 140Gel’, we have

Br(ky = 7%0) = 1.81 x 1071°(4%,)% . ) (1)

The values of A%) and y (for A fixed at its central value given in Eq. 9) correspoading
to hypothetical measurements of this branching ratio are listed in Table 2.

TABLE 2. Limits on the CP violating parameter 1 from ky — x%i

10" x Br(ky = 7)) | A% |5 (A=10391)
1 2 28
2 .33 40
3 Al .49
5. 53 63
T .62 5
9 | 85
11 8 94

Lor a fixed value of i, and A a level of precision of 10~ will improve the current
limit on # although this improvement becomes marginal when the error bars on A are
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Fig. 3. Contour curves in the p — n plane for 10'°Br(K+ — x*vp) with m, = 140GeV and
a) A=081b) A=091andc) 4=101.
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included. Nevertheless wheu coupled with othier rare decays . in particular A+ = x¥wi
which give almost orthogonal information on p and 1. the neutral mode will provide a
useful indirect measurement of the CKM matrix element 5 and more importantly will
finally give another signal of C'P violation.

2.3 K =5 atutps

The two spin correlation in 't = atpu* ™ which is directly proportionnal to y
would also signal C'P violation.?* As discussed in the parallel session,* this correlation
involves the measurement of the spins of both leptons and is given by

- PyLY - ntutu”) = Ry ®(E,E,) (12)

where ®(E,.E,) is a phase space factor and
Ry =33 x10734%, (13)

for m, = 140GeV". A potential 102 precision on this correlation could be achieved
at KAON.® For typical values of the plase space factor this translates into a 1077
precision on R,. This level of accuracy will be barely sufficient to reduce the presently
allowed parameter space which in fact would be covered entirely when error bars on I
are included. Nevertheless this measurement is very important. First it will give a con-
sistency check of the standard prediction since independently of the CIXM paraieters
oue should get

Lip!

=25x10"2. (4
;;Br(l\'L — 1)

This value is however dependent on the top quark mass. Second it could give sign of
uew physics especially if a value higher than expected is ineasured.

TABLE 3. Limits on the C'P violating parameter n from Ry(AY — ntutyu~)

107 x Ry(K¥ = n¥utpy) [ A% [y (4 =091)
1 .30 .36
2 .60 72
3 .90 1.09

3. Kp = pji. PL(KNY = n¥utu™)

Orthogonal information on the CIXM matrix can be obtained from CP conserving
processes, which all depend on 1 —p (or @« —p when QUD corrections are inucluded). The
first one is Ay — pji which receives an important two photon contribution. For this
decay it is not so clear how to extract the short distauce contribution.”*! The present
limit? is Br(A'p = pji)=7.9 £ 0.6 £ 0.3 x 107°. One needs to know the short-distance
contribution {SD) at a 107 level or better to put new constraints on C'KA parameters
as can be seen from Table 4. The numerical values quoted here include both the charm
and top quark contributions.”

TABLE 4. Limits on p from Br(Rhy = uji)sp

10° x Br(Ky = pji) [p (A=081) [ p (A =091 p (4 = L.0O1)
0] .62 .68 75
] 32 45 55
.6 .06 27 40
1.0 =27 -.02 13
L5 -.64 -2 -.05
2.0 -.95 -.53 -.25
2.5 - -.75 - 42
.. 3 - -.95 -.58

) From the point of view of probing the CIXM matrix an equivalent measurement
with much less uncertainties would be the longitudinal polarization in A+ — atutye.
The polarization which can he written as

Pu(K* = ntu*u™) = Ry W(E,.E,) (15)

\\'Ile_re. Y(E, E,)is a phase space factor. The standard model contribution te R, %
6-x|||!)lts the same CIKM and top quark dependence as the short-distance contribution
to h'y — pji. One predicts

R

—=60%0 (16)
VBr(hL = pji)sp

If one succeeds in obtaining a 102 measurement of R, comparable accuracy would
be achieved with much less uncertainties. The dependence on p is given in Table 5.

TABLE 5. Limits on p from P (Kt — atutu-)

10°R, AT =p)[p(A=0.01)
1 23 .66
2 .56 32
3 .85 -.03
4 1.12 -.36

3.5 b sy,dy

The main contribution to this radiative decay comes from the niagnetic photon
penguin diagrams. It was shown that the QCD corrections are very important here.?5%
The decay b — sy being practically independent of the CINM elements could be used
to test these QCD corrections. Indeed we have that to a good approximation

(b — sq) I-‘i"*l _
Tooam <1 ™ (17)

Tl-w vatio Br(b — dy)/Br(b — s7) could then give some information on the CIKM nia-
trix since the QC'D corrections should be more reliable than on each mode judividually.
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The ratio of radiative decays. including QC'D correctious from Rel.28. is plotted in Fig.
4 in the p-y plane.

Note that the dependence on the 14 element (or on A) drops out when taking
the ratio of the radiative decays since at leading order

Brib—dvy) _ |Vil* _ 24 .2 ;

Br(b — sv) - Vsl — (~pF 40 5
A few percent accuracy on this measurement is needed to put further constraints
on the CIKM parameters and for this precision a B factory is needed. The present
imeasurement for b —+ a7 is not far above the standard predictions and new results from
('LEOQ I are expected soon.!” Although nothing will be learned about the standard
electroweak model with this new result. these measurements will make it possible to
further constrain new physics since many models predict significant enhiancements of
this branching ratio as will be discussed in the next section.

3.6. b= swo.dvi

At the loop level these decays are similar to the s — dvir process discussed
before. Compare to radiative decays they have the advautage of receiving negligible
QUD corrections. Again the properly normalised b —+ s mode is independent of the
CIKM matrix elements and the branching ratio is given in the spectator model by

(B =¥ X,vp)

_— -5 d 2
TS oy = 219X 107 [X(eo)] (19)

where X(.ry) a the top quark mass dependent function. For m, = 140Gel”, the branch-

ing ratio is 3.5 x 107%. The corresponding b — d transition is again suppressed by
[Vial*/1Vis]? = .05 and although just as good a measurementof p and i as the radiative
decay might be hopelessly small to be measured.

To summarize this section. the standard model prediction for rare decays are at
this point not very accurate. The decay A't — #*vi remains the best hope to measure
the CIKM element 1;4. As usual when dealing with indirect measurements combining
results from several rare decays is essential to really put a model to the test. The
interesting level of precision from each decay taken individually is stated in Table 6.
By combining different measurements and checking relations like (14) and (16) useful
information can be gathered even before these levels are reached. Furthermore, as will
be discussed in the next section. there is hope of seeing indication of new physics since
the SM rates are often enhanced.
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Fig.c-l. Contour curves in the p — 1 plane for Br(b —+ dq)/Br(b— #y) in the SM for m, =
1H0Gel,
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Fig. 5. Contour curves in the p — y plane from a \* fit 10 the data in the THDM for £ = 1.
my = 150G)" and my, = 140G\ same labels as Fig. 1.
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TABLE 8. Precision required for various processes

Process Precision
KNt = rtvi few 10~
Ky = i 10-4
Ky = pji few 107'°
PRt = atputu~) 10-3
B XN,3/B— X,y | few107?
B - Xwv/B = Xov | few 102

4. Beyc;)iid the standard model

There has been a considerable amount of work done on the effect of new physics
on rare decays.®~* This new physics could enter either at tree level, e.g. leptoquark
exchanges, extra scalars and exotic fermions or at loop level, e.g. charged Higgs. ™™
susy particles, new gauge bosons etc.. The main feature that stands out from publica-
tions on this topic is the possible enhancement in rare decays coming from new physics
and the fact that these enhancements are model and process dependent. Fortunately
Lhe models affect various decays in a different way so distinguishing between the models
is feasible provided some non-standard signals are observed.

The rare processes which are unmeasurably small in the standard model give the
most undisputable signal of new physics (a typical example is iz — pe which can
put severe coustraints on leptoquark models),* nevertheless I will concentrate on the
decays discussed above which all receive a standard model contribution. The size of
the possible enhancement from new physics will depend strongly on the masses of the
new particles-introduced so that ruling out models will not be possible. The goal is
rather to show that rare decays could potentially give the first hints of physics beyvond
the standard model. For this the present constraints on masses and couplings of new
particles will be used to estimate decay rates in various niodels.

Although a complete analysis of all possible source of new physics is a never-
ending task, some general feature can be extracted when concentrating on a few popular
models. The models considered will be divided in two categories according to whether
or not they have a new source of CP violation. The two Higgs doublet model will be
used as an example of those without and a leptoguark model will examplify the effect of
introducing new phases while always keeping the CKM phase. Predictions from various
models are summarized in Tables 7 and 8.

{.1.  Two Higgs doublet model (THDM)

This model is interesting since it is the simplest extension to the standard model
and it exists in most unified theories, niore specifically in supersymmetric inodels. As in
the supersymmetric models we will assume that one doublet couples to up type quarks

while the other couples ouly to down type quarks. The new feature of this model is the.

appearance of many scalar fields. Only the eflects arising from the charged iggs will
be considered. To completely describe the charged scalar two parameters need to be
introduced, my. the mass of the charged Higgs. aud € = v4/v,, the ratio of the vev's,

The effect in loops will be to add new diagrams where all internal lines with I+ are
replaced by H*. Since the charged Higgs contributes significantly to .y via the hox
diagram. the constraints on p and i are modified for moderate values of m 5. Typically
the lower bound ou p iucreases while the one on j remains the same (see Fig.5)."? The
consequence 13 Lhat (P couserving processes in [Naons which depend on L - pare not
enhanced despite the new contributions from the Higgs while the C'P violatieg ones
which depend on i are.3%3 This occurs even if there are no new source of C'P violation.
For B decays the situation is different. Since the b —+ s transitions are imlepen-
dent of the CKM parameters even the ('P conserving processes are enlianced.™ Tle
formulas for the radiative b transition in the THDM are given by Hou and Willey.?
The charged Higgs contribution heing proportioual to £, the enhancement factor shown
in Fig. 8 depends strongly on the maximum value of ¢ allowed for a given my. This
maximum value can be obtained from the contour plot in the £ —my plane which gives
the allowed region for these two parameters for fixed values of n:,.!3 Note that these
contours were obtained using only the four measurements in Eqs. 2-4 and Eq. 6. For
example when m, = 120Gel’, myg = 150Gel” and £ = 4, we have an enhancement
factor of 10. Even for larger Higgs mass. e.g. my = 300Gel’, large enhancements are
possible (factor of 6 for £ = 5.5) since the constraints on ¢ are weaker in that case.
The present measurement of this branching ratio already constrains somewhat the al-
lowed parameter space. The present value? Br(B = h™y) < 2.4 x 107* implies that
Br{b = 37) < 2.4 x 1072 for {:‘B"—":'“l = 10%. The whole region where the enhance-
(B=X.H)
ment factor is greater than 7 will then be ruled out. These constraints will become
even inore severe when the new data will be available.®% Similar enhancements are
expected for the process b — svi, we have®®

_ Br(b—o s¥)ey 2 Dy M (20)
N Brib = svl)sar = D(y)5M -
where D(y,) are top quark mass dependent functions. For b — d transitions. the C KM
parameters come into play and like CP conserving Kaon proceses there is little sensi-
tivity to the charged Higgs as can be seen from Table 7a.

4.2, Other models

A thorough discussion of b decays in supersymmetric models was done by Bertolini
and co-authors, ¥ they showed that there are possible enhancements in b — s4. Fur-
thermore they showed that the SUSY parameter space could be constrained with this
decay in a complementary way to what could be done in high-energy colliders. In such
models, the neutralino and gluino contributions are small but the charged 1liggs anl
chargino contributions could be almost comparable to the standard model. A con-
structive interference between those two contributions would then lead to a moderate
enhancement over the standard model (see Fig. 14 of Ref.39). This is to be contrasted
with b = 7 where 1o such enhancement is expected. The exact value of tie eubance-
ment factor depends on the masses and other parameters of the supersvimetric model
but even the present limit on this decay can constrain some niasses of supersymmetric
particles.™
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Fig. 6. Br(b = #7)rnpar/Br(b =+ s7)sa as a function of my for different values of §, m; =
140Ge) .

For the decay At — ntwi, no important contribution from the minimal super-
symunetric model can be expected.® Note that in non-minimal supersymmetric nodels
these conclusions do not hold as there is a lot more freedom in the choice of the pa-
rameters of the model aud there are many other particles that can contribute to rare
decays. For example in Es models, there are possible tree level contributions from lep-
toquarks. These models are very poorly constrained such that present experimental
hounds can be saturated.*® An example of a leptoquark model (although not Ey susy)
will be discussed in the next section in the context of CP violating models. For that
patticular leptoquark a large enhancement in P (A+ = w¥utpu~) is possible.

Another popular model is the Left-Right symmetric model. New contributions
to rare decays arise from introducing the 1V in the box or [rom Wy — I1'g mixing.
Also sineéfhese models necessarily feature a more complicated Higgs structure both
charged Higgs and neutral Higgs could play a role in rare decays. In general we can
conclude that with the present bounds on the Left-Right model parameters there are
no significant enhancements to rave decays.!!

A summary of the predictions for various processes in and beyond the standard
model are given in Table 7. In this table a value st(standard) indicates that con-
tributions from new physics can be neglected while large refers to a possible strong
enhancement which is basically unconstrained by the present data. For the standard
and charged Higgs models. the predictions for two different values of fg are presented.
The models considered iuclude the THDM with my = 150Gel’. € = | (note that
for a different choice of parameters larger enhancements are possible), the Left-Right
model with Mg = 1.6Tel" and £ = .004. the minimal supersymmetric model and the
leptoquark model describe in the following section.

TABLE 7a. Predictions for various rare decays. \/Bg fg = 130 £ 400/}’

Standard | Charged | Left-Right | MSSM | Leptoquark
Higgs
0CBr(h¥ o ntup) | 3-22 | A-2. st st st
10°Br(Ky — pji) 2-1. | 18-9 st st st
10PRL (A = ntptpu) |- 6-3. | 8-27 st st large

10'Br(b = 89) 35 10. 6. 10. st
b= dy/b— sy .015-.1 | .016-.07 - - -

10° Br(b — svi) 35 4.6 4.5 st st

TABLE 7b. Predictions for various rare decays /Bg fp = 130 + 40M/¢l".

Standard | Charged Higgs
109Br(h* = n¥uvi) | 3-35 4-338
10°Br( Ky = pji) J4— 1.8 2-25
1R (Kt = atptp—) | 6-4.3 Y -52
W' Br(b— s9) 3.5 10.
b= dy/b— .015-.2 015-18
105 Br(b = swiz) 15 4.6




§.3. Modds with new source of CP Violation

This class of models include all niodels where an additional phase can be in-
troduced in the Lagrangian. In multiple [liggs models there can be spontaneous (‘P
violation e to a phase in the relative vev of the neutral scalars or there can be a phase
in the charged Higgs mixing matrix. In Left-Right models a phase can be introduced
in the gauge hosons mixing matrix as well as in the Higgs sector. Finally, just as in the
standard model phases can come from Yukawa couplings, these can be nou-standard
in the seuse that they arise in the couplings of new particles (such as leptoquarks)
and the standard fermions. It is this last source of CP violation that | will emphasize
Lere. The possible C'P violating observables are, besides the rate of 'y — 7%, the
polarizations in A+ — m¥u*u~(transverse or two-spin correlation),?! the transverse
polarization in A% and the longitudinal polarization in Az — pi.*® The predictions
from various models are presented in Table 8. Those prediction depend very much on
the details of the models which are given in the appropriate references.

TABLE 8. Predictious for various CP violating processes.

Ky — v A a9 | K s a¥tutp~ 1 AL - pi
Pr P, P
Standard 02— .8 x 10° 1079 1.=35x107T [ <5 x 1077
(‘harged Higgs | .02 — 1.6 x 10~'° - 1-7x10" small
Multi-Higgs - 3x 1073 - 1 x107?
Left-Right - small 8 x 104 2 x 1072
SUSY Ey - small 1073 7x 1072
Leptoquark st large large small
Reference 13 42 21 43

As an example. consider a model with a leptoquark that transforms as ¢, =
(3.2.7/3) under the standard SU(3)XSU(2).XU(1) symmetry. The Lagrangian con-
taining the Yukawa couplings has the form

C=(MQrer+MuLLlL)d) +hc. (21)

where the coefficients A are in general complex and the CP violation arises from this
phase in addition to the CICM phase. Note that even with real coefficicnts such a
leptoquark could show up in PL(A+ — ntutu~).3® Taking into account the present
constraints on CP conserving flavour-changing or flavour-conserving processes we can
conclude that for this particular model, the present bounds can be evaded and very
large polarizations could occur. This is not a general feature of leptoquark mnodels and
the predictions have to be studied case by case. Nevertheless some general statements
can be made. One can show that in A+ — x*utu=, the two-spin correlation which
comes from the interference between the one-photon diagram with charm and the 7-
penguin and W-hox diagrams with top*! can be large ouly in niodels with effective
scalar interactions. This is true also for the transverse polarization in Ky where one
can easily show that it has to be extremely small in models with effective V" or A
interactions such as the SM or Left-Right models.*

5. Conclusion

To perform precise tests of the standard model and to pf‘obP new physics more
precise measurenients of rave IC and B decays are essential. .~\§ in any loop process the
source of new physics will not be easily determined especially if no measurement above
the standard model level is observed. Ilowever combining results of many decays would
be very useful since various models of new physics have different effects on rare decays.
('erlai]lly there is the possibility of large enhancements fl:Olll Beyond t..he Standard
Model especially in rare B decays. New sources of C'P violation could poss\hl){ show up
in polarization measurements so efforts to make these should be p}u-sue(.l seriously.

I thauk .Q. Geng, D. London and P. Turcotte for useful discussions. I further
thauk P.Turcotte for his help in producing most of the figures. This work was supported
in part by the Natural Science and Engineering Research Council of Canada.
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