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Abstract

We make a systematic analysis of the effects of new physics in the B decay
amplitudes on the CP asymmetries in neutral B decays. Although these are

expected to be smaller than new physics effects on the mixing amplitude,
they are easier to probe in some cases. The effects of new contributions to

the mixing amplitude are felt universally across all decay modes, whereas the
effects of new decay amplitudes could vary from mode to mode. In particular
the prediction that the CP asymmetries in the Bd decay modes with b + CCS,

b -+ c~d, b + cud and b + S3S should all measure the same quantity (sin 2P

in the Standard Model) could be violated. Since the above Standard Model
prediction is very precise, new decay amplitudes which are a few percent of the

Standard Model amplitudes can be probed. Three examples of models where
measurable effects are allowed are given: effective supersymmetry, models

with enhanced chromomagnetic dipole operators, and supersymmetry without

R parity.
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I. INTRODUCTION

CP violation has so far only been observed in the decays of neutral 1{ mesons. It is one

of the goals of the proposed 1? factories to find and study CP violation in the decays of 1?

mesons, and thus elucidate the mechanisms by which CP violation manifests itself in the

low energy world. There is a commonly accepted Standard Model of CP violation, namely

that it is a result of the one physical phase in the 3 x 3 Cabbibo Kobayashi Maskawa (CKM)

matrix [1]. This scenario has specific predictions for the magnitude as well as patterns of CP

violation that will be observed in the II meson decays [2]. However, since there currently

exists only one experimental measurement of CP violation, it is possible that the Standard

Model explanation for it is incorrect, or more likely that in addition to the one CKM phase,

there are additional CP violating phases introduced by whatever new physics lies beyond

the Standard Model.

In the limit of one dominant decay amplitude, the CP violating asymmetries measured in

the time dependent decays of neutral 1? mesons to CP eigenstates depend only on the sum of

the phase of the El” – 13° mixing amplitude and the phase of the decay amplitude. Although

the CKM matrix could have up to five large phases (only one of which is independent), we

know experimentally that only two of these are large. This is manifest in the Wolfenstein [3]

parameterization where to leading order these phases are in the two CKM matrix elements

V.b (~) and Vt~ (~). In principle, one can determine ~ and -y from the available data on Ii

and 1? decays. However, given the large theoretical uncertainties in the input parameters

(e.g. BK, ~B) the size of these phases remains uncertain [4,5]. Thus, the currently allowed

range for the CP asymmetries measurements in Bd decays is very large. Based on these

facts the only precise predictions concerning the CP asymmetries made by the Standard

Model are the following:

(i) The CP asymmetries in all B, decays that do not involve direct b + u (or b + d)

This

transitions have to be the same.

prediction holds for the B, system in an even stronger form
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(ii) The CP asymmetries in all l?, decays that do not involve direct b + u (or b + d)

transition not only have to be the same, but also approximately vanish.

Thus, the best place to look for evidence of new CP violating physics is obviously the l?.

system [6,7]. The II factories, however, will initially take data at the ‘Y’(4s) where only the

l?~ can be studied.

New physics could in principle contribute to both the mixing matrix and to the decay

amplitudes. It is plausible that the new contributions to the mixing could be of the same

size as the Standard Model contribution since it is already a one-loop effect. This is why

most of the existing studies on the effects of new physics on C7P violating B meson decays

have concentrated on effects in the mixing matrix, and assume the decay amplitudes are

those in the Standard Model [2,8,9] (in [9] a more general analysis was done where they

allow for new contributions to the penguin dominated Standard Model decay amplitudes).

The distinguishing feature of new physics in mixing matrices is that its effect is universal,

i.e. altbough it changes the magnitude of the asymmetries it does not change the patterns

predicted by the Standard Model. Thus, the best way to search for these effects would be

to compare the observed C“P asymmetry in a particular decay mode with the asymmetry

predicted in the Standard Model. This is straightforward for the leading l?, decay modes

where the Standard Model predicts vanishing CP asymmetries. However, due to the large

uncertainties in the Standard Model predictions for the Ild decays, these new effects would

have to be large in order for us to distinguish them from the Standard Model. A slightly

more sensitive analysis involves looking for inconsistencies between the measured angles

and sides of the unitarity triangle [10,11]. In any case, the Standard Model prediction (i)

concerning Bd decays still holds.

In contrast, the effects of new physics in decay amplitudes are manifestly non-universal,

i.e. they depend on the specific process and decay channel under consideration. Experiments

on different decay modes that would measure the same CP violating quantity in the absence

of new contributions to decay amplitudes, now actually measure different CP violating

..
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quantities. Thus, the Standard Model prediction (i), concerning Bd decays, can be violated.

Even though the possibility of new physics in decay amplitudes is more constrained than that

in mixing amplitudes, one could detect these smaller effects by exploiting the fact that now

one does not care about the predicted value for some quantity, only that two experiments

that should measure the same quantity, in fact, do not. It is this possibility that we wish to

study in this paper.

The outline of the paper is as follows: in Sec. II we first discuss the general effects

that new physics in decay amplitudes can have. We then undertake a detailed discussion of

each possible decay channel, and the uncertainties in the universality predictions introduced

within the Standard Model itself by sub leading effects. Sec. III contains a brief study of

models of new physics that could contain new CP violating decay amplitudes, and their

expected size. We present our conclusions in Sec. IV.

II. THE EFFECTS OF NEW DECAY AMPLITUDES --

A. General Effects

In this sub-section we display the well known formulae for the decays of neutral B mesons

into (7P eigenstates [2], and highlight the relevant features that are important when more

than one decay amplitude contribute to a particular process.

The time dependent (2’P asymmetry for the decays of states that were tagged as pure

BO or go at production into C“P eigenstates is defined as

r[Bo(i) + fcp] – r[~”(t) ~ fcp]
afcP(~) = r[fp(~) + j~p] + r[BO(t) + .fC1’l‘

and given by

~fc,(t) = (1 - IA12)cos(zlikft) - 21rnAsin(AA4t)

1 + [Ajz
>

where AM is the mass difference between the two physical states, and

(2.1)

(2.2)



(2.3)

where we have used the fact that L112 >> 1712,to replace the first fraction in Eq. (2.3) by

e‘2i4M, the phase of B — ~ mixing.

We now consider the case where the decay amplitude A contains contributions from two

terms with magnitudes AZ, CP violating phases di and CP conserving phases ~i (in what

follows it will be convenient to think of Al giving the dominant Standard Model contribution,

and A2 giving the sub leading Standard Model contribution or the new physics contribution).

A = Al eid’ ezh’ + A2ezb2ei62, A = Ale-id’ eih’ + A2e-i42ei62. (2.4)

To first order in r a A2/Al Eq. (2.2) reduces to [12]

-.

and we have defined 412 = 41 — 42 and 612 = 61 — 62.

In the case r = O or ~lz = O one recovers the frequently studied case where a~cp cleanly

measures the CP violating quantity sin 2(9$M + ~1). In addition, if there is no new physics

contribution to the mixing matrix (or if it is in phase with the Standard Model contribution),

afcP cleanly measures C“P violating phases in the CKM matrix.

If r # O and @12 # O we can consider 3 distinct scenarios:

(a) Direct (7P violation. This occurs when 612 # O and can be measured by a careful

study of the time dependence since it gives rise to a cos AMt term in addition to the sin AiWt

term. Such a scenario would also give rise to CP asymmetries in charged B decays.

(b) Different hadronic final states even with the same quark content could get different

relative corrections, i.e., two different processes with the same @l and @2, but different r.

For example the decays B~ + D+ D- and Bd ~ @p both go through the same quark level

process b ~ cccl and at leading order the CP asymmetries both measure the same angle /3

(we have assumed that a transversality analysis allows us to treat @p as a CP eigenstate
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[13]). However the relative correction due to the Standard Model penguins themselves is

expected to be different for the two cases since the matrix elements are different. Effects of

this kind are hard to estimate, and we will not study them further.

(.) Different quark level decay channels that measure the same phase when only one

amplitude contributes, can measure different phases if more than one amplitude contributes,

z’.e. two different processes with the same @l, but with different r or 42.

Case (a) demands a non-vanishing strong phase difference which is hard to estimate. In

order to get a valuable information from Case (6) we need better theretical understanding

of hadronic matrix elements. Thus, we feel that case (c) is the most promising way to search

for new physics effects in decay amplitudes, and we concentrate on it for the rest of the

paper. To this end we concentrate on the sin AMt term in Eq. (2.5) rewriting it as

acp(t) = –sin2(@0 + 6~)sin AMt, (2.6)

where @o is the phase predicted at leading order in the Standard Model, and tiq$is the

correction to it. For small r, tiq$s r. However for r > 1, 64 can take any value. Thus, when

we have 64 z 1 it should be understood that its value is arbitrary.

There are 12 different

current mediated

(cl) 13+ Ccs,

(c5) b ~ ucd,

and 4 are neutral current

(nl) b+ S3S,

B. The Different Decay Channels

hadronic decay channels for the b quark: 8 of them are charged

(c2) b e cccl, (c3) b ~ ctid, (c4) b + C’iiS ,

(c6) b + ttii+ , (c7) b --+ utid, (c8) b + UtiS , (2.7)

(n2) b + ssd, (n3) b + sold, (n4) b + did. (2.8)

If only one Standard Model decay amplitude dominates all of these decay channels,

r = O in Eq. (2.5), then up to CJ(A2) (where A x 0.22 is the expansion parameter in

6
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Wolfenstein approximation), the CP asymmetries in 1? meson decays all measure one of the

4 phases,

This situation is nicely summarized, along with relevant decay modes in Table 1 of [14].

Note that /?’ <2.5 x 10-2 is very small in the SM [5], but in principle measurable. For our

purpose, however, this small value is a sub-leading correction to the clean SM prediction

(ii). We will study corrections to this idealized limit, as well as to the r = O limit, in the

next sub-section. We now discuss the effects that new physics in b quark decay amplitudes

could have on the predictions of Eq. (2.9).

In the Standard Model the CP asymmetries in the decay modes (cl) b + czs (e.g.

Bd + @ii’s, ~, + D$D;), (cZ) b + CIZ~ (e.g. Bd + D+ D-, B, + q5Ks), and (c3) b + cd

(e.g. Bd -+ D~Pp, B. + D&pKs) all measure the angle ~ in l?d decay and /?’ in ~. decays.

[(c5) b --+ ud acts as a correction to (c3) and will be addressed later]. In the presence of

new contributions to the B – ~ mixing matrix, the GP asymmetries in these modes would

no longer be measuring the CKM angles ~ and ~’. However, they would all still measure

the same angles (/3 + d~~, ~’ + 6~,), where (d~., &~) are the new contributions to the

B(d,,] – ~(d,.)mixing phase. In contrast, new contributions to the b quark decay amplitudes

could affect each of these modes differently, and thus they would each be measuring different

CP violating quantities.

Several methods [15] have been proposed based on the fact that the two amplitudes

(c4) b + ciis and (c6) b + UZS (e.g. Bd + DCpI{s, Bs + DCp~) are comparable in size,

and contribute dominantly to the Do or Do parts of DCP respectively to extract the quantity

-.

arg(b + ciis) + arg(c + cZdu) – arg(b + WZS)– arg(~ -+ &iti) = y (2.10)



This measurement of ~ is manifestly independent of the 13 – ~ mixing phase*.

The mode (c7) b + uiid (e.g. l?~ + mm, Bs + pK,) measures the angles (~+ y, ~’ + y)

in the Standard Model. We can combine this measurement, with the phase (~, ~’) measured

in the (cl) b ~ czs mode to get another determination of ~ that is independent of the phase

in the B — 1? mixing matrix e.g. comparing acp(t)[B~ + @KS] to acp(t)[B~ + TX] allows

us to extract

arg(b -+ cccl) — arg(b + utid) s ~. (2.11)

--

Since both of the above evaluations of y, Eqs. (2.10) and (2.11) are manifestly independent

of any phases in the neutral meson mixing matrices, the only way they can differ is if there

are new contributions to the B or D meson decay amplitudes.

The remaining charged current decay mode (c8) b + utis suffers from large theoretical

uncertainty since the tree and penguin contributions are similar in magnitude and we will

not study it here.

For the neutral current modes we will first assume that the dominant Standard Model

contribution is from a penguin diagram with a top quark in the loop, and discuss corrections

to this later. Since these are loop mediated processes even in the Standard Model, CP

asymmetries into final states that can only be produced by flavor changing neutral current

vertices are likely to be fairly sensitive to the possibility of new physics in the B meson

decay amplitudes. The modes (n3) b + sdd and (n4) b + ddd however, result in CP

eigenstate final states that are the same as for the charged current modes (c8) b + uus and

*We emphasize that CP asymmetries into final states that contain DCP cannot be affected by

possible new contributions to D – ~ mixing. One identifies DCP by looking for CP eigenstate decay

products like K+ K-, mmor mKs. As (AI’/I’)~ is known to be tiny, the mass eigenstates cannot

be identified. The relevant quantity that enters in the calculation of the CP asymmetry is the D

meson decay amplitude and not the D – ~ mixing amplitude. Thus, the only new physics in the

D sector that could affect the standard analysis are new contributions to the D decay amplitudes.
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(c7) b -+ utid respectively. Hence they cannot be used to study CP violation, but rather

act as corrections to the charged current modes.

In the Standard Model the mode (nl) b + SSS, (e.g. Bd + #K.s, B, + @q’) measures

the angle P or O in Bd and Bs decays. We can once again try and isolate new physics in the

decay amplitudes by comparing these measurements with the charged current measurements

of ~. Finally, (n2) b ~ d3s, e.g. (~d ~ 1{.s1{.s, l?. ~ ~Ks) measures the angle O and /? for

Standard Model Bd and B, decays.

C. Standard Model Pollution

In all of the preceding discussion, we have considered the idealized case where only one

Standard Model amplitude contributes to a particular decay process and we worked to first

order in the Wolfenstein approximation. We would now like to estimate the size of the sub-

leading Standard Model corrections to the above processes, which then allows us to quantify

how large the new physics effects have to be in order for them to be probed, and what are

the most promising modes to study.

There is a Standard Model penguin contribution to (cl) b ~ CCS. However, as is well

known, this contribution has the same phase as the tree level contribution (up to corrections

of order /3’) and hence 64 = O in Eq. (2.6). Thus in the absence of new contributions to decay

amplitudes, the decay Bd -+ @l{s cleanly measures the phase /3 + 6n~ (where ti~~ denotes

any new contribution to the mixing phase). The mode (c2) b + ced also has a penguin

correction in the Standard Model. However, in this case 412 = 0(1) and we estimate the

correction as [16,11]

(2.12)

-.

where the upper bound is obtained for lv~dl < 0.02, mt = 180 GeV and ~s(~b) = 0.2. The

mode (c3) b + ciid does not get penguin corrections, however there is a doubly Cabbibo

suppressed tree level correct ion coming from (c5) b + u~d. Thus Bd + DcPp gets a second
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contribution with different CKM elements. While in general 64 can be a function of hadronic

mat rix elements, here we expect this dependence to be very weak [17]. In the fact orizat ion

approximation, the matrix elements of the leading and sub-leading amplitude are identical,

as are the final state rescattering effects. Moreover, both these cases get contributions

from only one electroweak diagram, thus reducing the possibility of complicated interference

patterns. We then estimate

6#~M(tJ + Cid) ==
VubVC;
‘rFA ~ ().()5.
VCbVJ

(2.13)

where rFA is the ratio of matrix elements with rFA = 1 in the factorization approximation.

We have used IVUb/VCbI <0.11, and used what we believe is a reasonable limit for the matrix

elements ratio, rFA < 2, to obtain the upper bound.

The technique proposed to extract -y using the modes (c4) b ~ ctis and (c6) b + Z&

is manifestly independent of any “Standard Model pollution”. Finally (c7) b + uud suffers

from significant Standard Model penguin pollution, which we estimate as [16,11] --

(2.14)

where the upper bound is for lVt~[ <0.02, lv.bl >0.002, mt = 180 GeV and ~s(~b) = 0.2.

The effects of the Standard Model

However, this technique would then

glounic penguin operator.

penguin can be removed by an isospin analysis [18].

also rotate away any new physics contributions to the

For the neutral current modes (nl) b + SSS the sub-leading Standard Model contribu-

tion is in phase with the dominant contribution. However, in the absence of new decay

amplitudes, the CP asymmetry in Bd ~ #Ks will measure the angle /3 – /3’ + tin~ and,

6~SM = ~’ s 0.025. Another source of uncertainty comes from 5’U(3)~~~~0~mixing. The d

also contains a small part of UU, and thus Bd ~ g$K,s can also be mediated via the tree level

b + utis decay that has a different weak phase than the leading penguin diagram. From the

data [19] we can conservatively estimate that this extra uncertainty is about 1%. Combining

these two sources of uncertainty we conclude
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ti@~M(b -+ Sss) <0.04. (2.15)

This uncertainty can be reduced once /3’ is measured, using e.g. B, -+ D$ D:.

Finally, (n2) b + dss suffers from an 0(30%) correction due to Standard Model penguins

with up and charm quarks [20].

In summary, the cleanest modes are b -+ czs and b + ctis since they are essentially free

of any sub-leading effects. The modes b + cud and b + siis suffer only small theoretical

uncertainty, less than 0.05. For b + c~d the uncertainty is larger, 0(0.1), and moreover can-

not be estimated reliably since it depends on the ratio of tree and penguin matrix elements.

Finally, the b + uiid and b + d~s modes suffer from large uncertainties.

III. MODELS

In this section we discuss three models that could have experimentally detectable effects

on B meson decay amplitudes, and violate the Standard Model predictions (i) and (ii). We

also discuss ways to distinguish these models from each other.

(a) Effective Supersymmetry: This is a supersymmetric extension of the Standard

Model that seeks to retain the naturalness properties of supersymmetric theories, while

avoiding the use of family symmetries or ad-hoc supersymmetry breaking boundary con-

ditions that are required to solve the flavor problems generic to these models [21,22]. In

this model, the :L, ~L, ~R and the gauginos are light (below 1 TeV), while the rest of the

super-partners are heavy (w 20 TeV). The bounds on the squark mixing angles in this model

can be found in [23]. Using the formulae in [24] we find that for LL and gluino masses in the

100 – 300 GeV range, this model generates b + sq~ and b + dq~ transition amplitudes via

gluonic penguins that

and with an unknown

predicted patterns of

to be

ti~~(b + CCS)

could be up to twice as large as the Standard Model gluonic penguins,

phase. Thus this model could result in

CP violation in the Standard Model.

significant deviations from the

We estimate these corrections

,(b + uiid) S 0.8,
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(3.1)

(6) Models with Enhanced Chromomagnetic Dipole Operators: These models

have been proposed to explain the discrepancies between the B semi-leptonic branching

ratio, the charm multiplicity in B decays and the Standard Model prediction for these

quantities. These enhanced chromomagnetic dipole operators come from gluonic penguins

that arise naturally in TeV scale models of flavor physics [25]. In order to explain the above

discrepancies with the Standard Model, these models have amplitudes for b + sg that are

about 7 times larger than the Standard Model amplitude. The b + sqij transition in this

model is dominated by the dipole operator for b + sg through the chain b + sg’ + sqq.

This interferes with the Standard Model b + sqq amplitude. For the B + X,4 the net result

is that the new amplitudes can be up to a factor of two larger than the Standard Model

penguins and with arbitrary phase [26]. It is thus plausible that similar enhancements can

be present in the exclusive b + czs transitions as well. In addition, b + dg can be as large

as b + sg. However in the Standard Model the b + d penguins are Cabbibo suppressed

compared to the b + s penguins. Thus in this model the corrections to the b + dqq modes

could be much larger than the corrections to the b + sijq modes. In the explicit models that

have been studied, the relative corrections to the b + dg Standard Model amplitude are up

to 3 times larger than those to the Standard Model b + sg amplitude

following corrections to the dominant Standard Model amplitudes

[26]. We estimate the

d~~(b + C&) <0.1, ti~~(b + cccl) S 0.6, 6@~(b + utid) :1,

li~~(b + SSS) <1, ti~~(b + d~s) s 1. (3.2)

(c) Supersymmetry without R-parity: Supersymmetric extensions of the Standard

Model usually assume the existence of a new symmetry called R-parity. However, phe-

nomenologically viable models have been constructed where R-parity is not conserved [27].

In the absence of R-parity, baryon and lepton number violating

superpotential. Here we assume that lepton number is conserved

terms are allowed in the

in order to avoid bounds

-.
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from proton decay and study the effects of possible baryon number violating terms. The

relevant terms in the superpotential are of the form ~“ijk ~idj dk, where antis ymmetry under

SU(2) demands j # k. The tree-level decay amplitudes induced by these couplings are then

(3.3)

Note that due to the requirement i # k in the neutral current mode, the decay b ~ .ss.swill

not be corrected. If we use, md & &!w for the squark masses, and assume that there are

no significant cancellations

decay, then the bounds for

jllib,~tlid, ~ 5 ~ 10-3,

(We have imposed the last

between the (possibly several) terms that contribute to a single

the relevant coupling constants are [28]

~“~bd~’’i~d~ 4.1 X 10-3, ,il’tib,~llCd~~ 2 X 10–2. (3.4)

bound in Eq. (3.4) by demanding that the new contribution to

the B hadronic width be less than the contribution from the Standard Model b + cud decay

mode). These lead to the following corrections to the dominant Standard Model amplitudes

f5&(b + Ccs) s 0.1, iiq$c(b ~ ted) s 0.6,

&&(b ~ cad) S 0.5, 6&(b + dss) <1. (3.5)

The observed pattern of CP asymmetries can also distinguish between different classes

of new contributions to the B decay amplitudes. Here we list a few examples:

(1) In model (a) the maximum allowable relative corrections to the b + s and the b + d

Standard Model amplitudes are similar in size. While in model (b) the relative corrections

to the b + d amplitude can be much larger.

(2) In both models (a) and (6), the neutral current decay b + S3S can get significant [0(1)]

corrections. In model (c) however, this mode is essentially unmodified.

(3) The fact that the b --+ ctid channel can be significantly affected in model (c)is in contrast

with the other two models. In those models the new decay amplitudes were penguin induced,

and required the up-type quarks in the final state to be a flavor singlet (cc or uti), thus giving

no correction to the b + ctid decay.

-.
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IV. DISCUSSION AND CONCLUSIONS

Table 1 summarizes the relevant decay modes with their Standard Model uncertainty,

and the expected deviation from the Standard Model prediction in the three models we gave

as examples. New physics can be probed by comparing two experiments that measure the

same phase do in the Standard Model [see Eq. (2.6)]. A signal of new physics will be if

these two measurements differ by an amount greater than the Standard Model uncertainty

(and the experimental sensitivity) i.e.

Where g$(13 + ~) is the angle obtained from the asymmetry measurement in the B + f

decay.

The most promising way to look for new physics effects in decay amplitudes is to compare

all the B~ decay modes that measure /3 in the Standard Model (and the B, decay modes

that measure ~’ in the Standard Model). The theoretical uncertainties among all the decays

considered are at most CJ(1OYO),and they have relatively large rates. The best mode is

B~ + w1{S which has a sizeable rate and negligible theoretical uncertain y. This mode

should be the reference mode to which all other measurements are compared. The b +

cud and b + S3S modes are also theoretically very clean. In both cases the conservative

upper bound on the theoretical uncertainty is less than 0.05, and can be reduced with more

experiment al data. Moreover, the rates for the relevant hadronic states are 0( 10–5 ) which

is not extremely small. Thus, the two “gold plated” relations are

ld(B~ + @~~S) - @(B~ + ~CP~)l <0.05, (4.2)

and

-.

Any deviation from these two relations will be a clear indication for new physics in decay

amplitudes.
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Although not as precise as the previous predictions, looking for violations of the relation

14(a--+o~f-s) - f#(& -+ D+D-)[<0.1, (4.4)

is another important way to search for new physics in the 1? decay amplitudes. The advan-

tage is that the relevant rates are rather large, l?l?(~~ + D+ D-) N 4 x 10-4. However, the

theoretical uncertainty is large too, and our estimate of 107o should stand as a central value

of it. As long as we do not know how to

to place a conservative upper bound.

New physics can also be discovered

calculate hadronic matrix elements it will be hard

by comparing the two ways to measure ~ in the

Standard Model,

b + UZS. This is

uncertainties are

z’.e. from b + czci combined with b + uiid, and b + cus combined with

not so promising since the rates are relatively small, and the theoretical

larger. Thus one would require larger effects in order for them to be

observable. Moreover, isospin analysis that would substantially reduce the Standard Model

uncertainty in the b + uud would simultaneously remove the isospin invariant new physics

effects from this mode, thus requiring effects in the b + ciis mode (which were not found in

the three models studied here).

To conclude, we have argued in this paper that new physics in the decay amplitudes of B

mesons could lead to observable deviations from the patterns of CP violation in l?~ decays

predicted by the Standard Model. This is because the small Standard Model uncertainties in

these predictions make even 0(5’%0) effects potentially observable. This is in contrast to the

more commonly studied case of new physics contributions to the Bd —Ed mixing amplitudes,

where the uncertainty in the Standard Model predictions requires effects of 0(1) in order

to be observable. We gave as examples three models where measurable effects are allowed.
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TABLES

Mode SM angle (q50) ‘~SM 66A &jB &#& BR

b + Cii5 P o 0.1 0.1 0.1 7 x 10-4

b + c~d P 0.1 0.2 0.6 0.6 4 x 10-4

b + cud 9 0.05 0 0 0.5 IO-5

b + S~S P 0.04 1 1 0 IO-5

b + uiid 0+7 0.4 0.4 1 0 ~()-5

b --i ‘l& 7 0 0 0 0
1(3-6

b + diis o 0.3 1 1 1 ~()-6

TABLE I. Summary of the useful modes. The “SM angle” entry corresponds to the angle

obtained from Bd decays assuming one decay amplitude and to first order in the Wolfenstein
approximation. The angle y in the mode b + ucs is measured after combining with the mode
b + CUS. New contributions to the mixing amplitude would shift all the entries by ti~.. 64

(defined in Eq. (2.6)) corresponds to the (absolute value of the) correction to the universality
prediction within each model: 6~SM - Standard Model, 6@~ – Effective Supersymmetry, 6@B -
Models with Enhanced Chromomagnetic Dipole Operators and 6q5C– Supersymmetry without

R-parity. 1 means that the phase can get any value. The BR is taken from [29] and is an order of
magnitude estimate for one of the exclusive channels that can be used in each inclusive mode. For
the b + ctid mode the BR stands for the product BR(B~ + ~p) x BR(D --+ fcP) where ~cP is a

CP eigenstate.
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