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We study the possible effects of new physic€iR asymmetries in two-bodB decays in left-right models
with spontaneou€ P violation. Considering the contributions of neé®P phases to th&g mixing as well as
to the penguin-dominated decay amplitudes we show that, with the present constraints, large deviations from
the standard model predictions@P asymmetries are allowed in both cases. The detection of new physics can
be achieved by measuring nonzero asymmetries which are predicted to vanish in the standard model or by
comparing two measurements which are predicted to be equal in the standard model. In particular, we show
that the measurement of the CKM angle in the electroweak penguin-dominated proces%
—p°71"), p°¢ can largely be affected by the new physit80556-282(99)03513-4

PACS numbd(s): 11.30.Er, 13.25.Hw

[. INTRODUCTION [12]. There are also a number of studies of new physics
effects inBy decays[13,14. However, theB, system has
Although the establishment dZ P violation goes back received somewhat less attention from the new physics point
more than 30 years agq,P violation stills remains a mys- of view [15,16. Very fast oscillations of thd&g system re-
tery [1]. It has been observed so far only in the kaon systenguire outstanding experimental sensitivityot yet achieved
and our entire knowledge can be summarized by the singlto measure time-dependent asymmetries. However, because
CP-violating quantitye, . In the standard modéBM) CP  of the large width differencAT'(® the B, system offers new
violation can be accommodated due to the single phase gfossibilities for testing new physics which do not exist in the
the Cabibbo-Kobayashi-MaskawaCKM) matrix [2], By system. Moreover, since mar@P asymmetries inBg
whereas extended models, in general, contain extra sourcéécays are predicted to be vanishingly small in the SM, new
of CP violation. Some of them explain the origin &P  physics effects may easily show up.
violation due to spontaneous symmetry breaKifiy These In this paper we study possible new physics effectS i
models include the two-Higgs-doublet modd#], aspon —asymmetries in two-bodi, decays in the LRSM with spon-
models[5], models with “realCP violation” [6], and left- taneousCP V|oI_at|on [17,19. In this model there are new
right symmetric model€_RSMSs) [7]. This possibility is par- CP phases which are unsuppressed for the third family and
ticularly natural in the LRSM since parity is a spontaneouslytnus may affect thd, system. Although the new phases of
broken quantity in these theories. Because the SM has sp gwe right-handed sector can appear at the tree level, these
cific predictions of the size as well as of the patternCd? contrlbutlons are strongly suppressed by current phenom-
violation in By s meson decays, these predictions can ben0l0gy. So we look for new physics effects only in loops.
tested in the futureB factories and dedicated experiments & Shall consider both the new physics contribution to the
DESY HERA-b and CERN LHC-b. Bg-§2 mixing and to the penguin-dominated decay modes
On the experimental side there might already exist som@&nd show that new physics in both cases may be observable.
evidence for nonstandard flavor physics in the quark sectoMVhile the former effect is suppressed by large right-handed
The large rate oB— 7' X, measured by CLEO seems to gauge boson and flavor-changing Higgs bosons masses the
require enormously enhancdd-sg [8] if compared with latter is suppressed by the left-right mixing angle. This is
the SM prediction. If newCP phases are incorporated in because in the decay amplitudes the dominant new contribu-
order to explain the enhancementtf-sg, the CP asym-  tion arises due to new dipole operators induced by penguin
metries inBgy s decays would turn out to be largely affected. diagrams withW, in the loop which interacts via\(+A)
Such a situation may occur in models of supersymmjgjy ~currents in one vertex. Thus the dipole operator contributions
and models with enhanced chromomagnetic operftéisas  to theCP asymmetries in the LRSM are enhanced(bythe
well as in the LRSM11], motivating also the present work. large ratiom(Mz)/my(My), (ii) the larger values of the
In the SM theBy ¢ systems have been extensively studiedinami-Lim-type loop function if compared with the SM, and
(iii) by two independenhew phasesr; , which values are
unconstrained.
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been proposefil9] to use these decay modes to measure the Il. CP ASYMMETRY IN THE Bg SYSTEM

CKM angle y. We shall show that in some of the decays The general expression of the time-depend@Rt asym-

these measurements can be dominated by new phases occur- —
fing in dipole operators. metry for the decays that were tagged as pl&r Bg (With

The paper is organized as follows. In the next section W@:d’s) into CP eigenstates,

discuss theBg system in the presence of new physics and F(Bg(t)_)f)_l“(gg(t)_)f)
study LRSM contributions to th8-B mixing. In Sec. Il ald(t)= FE0—D TE()=1) 1)
we study new physics contributions to the decay amplitudes. 4 d
We conclude in Sec. IV. is given explicitly by
|
(IAN@]2—1)cog AM@Dt) — 2 Im A (@ sin(AM (Pt)
alfl(t)=- , 2

1 1
(1+|)\(Q)|2)cos>‘(§AF(Q)t) —2Re\@ siW(EAr(q)t)

where AT@=T{@—T(® and AM@ =M@ - M@ are the wherex,=AM@/T@ andy,=AT@/T'@. Notice that the
differences in decay rates and masses between the physigakvious expression reduces to the well-known integrated
eigenstates, respectively, whered® is given by asymmetry of theBy systemAg’g, in the limit y;—0. More-
over, if A (@ reduces itself to a pure phase, the contribution of
the width difference factors out, i.e.,
£ (@) — Ra_ g2 Ra (g ASL(Rex®=0)=AE)(ys—0)(1—y2/4).

A first measurement of comes out from Fermilaf23],
ys=0.34'03 and they conclude that with current statistics

— ) B =0 they are not sensitive 8 lifetime differences, but they give
HereA, andA, are the amplitudes @, andB, decay to a g, ypper bound at a 95% confidence leveygf 0.83.

common CP eigenstate, respectively, and we have used |t s clear that theCP asymmetry in theBg system is

IT{®|<IM{Z] to introduce theBS-By mixing phaseg) . sensitive also taAT'®. Then, if some new physics affects it,
When this asymmetry concerns tBg system the terms it will also affect the asymmetry. Now, if this contribution is

AT in the denominator are neglected and the asymmetrg P violating, it leads, as shown by Grossmarn[ 5], to an

takes a simple fornfsee, for instancg20] for a review unavoidable reduction of the width difference with respect to
the SM prediction. In general, the width difference is given
alfh(v) by
4RgMIT YY)
C(NYP-1)cog AM©@t) — 2 ImA @ sin(AM @) AF<S>=# (6)
(1[N} ’

(4)  The experimental lower bountiM (®>9.5 ps ' [24] implies
that AM®>AT'® and consequentyM{J|>|T'{)|. There-
whereas in th@, system this is not possible sinad®)/T'(®  fore, to a very good approximation,
is expected to b&(20%) at leading ordérin the SM[21].

This will affect the time-depender@P asymmetry already AMO=2|M )| (7
att=2/AT®. 4
The integrated asymmetry is now, including th@(@ @0
terms, ATO=2T|[cos |, 2é=arg—MITF*). (8
@ (—1F IND[2—2 ImA D) (—4+y7) In the SM cos(2)~1 whereas any type of new physics, re-
Acp= ©) gardless of its origin, will imply cos@<1, reducing the

2 (@)]2_ (a)
A(1+x) (1+ M P[*—RerPy,) value of AT'®® according to Eq(8). Although AT'® is not

by itself an indication ofCP violation, such a reduction can
come from newCP phases. As the large SM prediction for

lRecent next-to-leading order resul@2], however, tend to re- AT is based on the fact that the decay width iGtB even
duce the central value &fT" /T, final states is larger than inf©P odd final states, the appear-
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ance of new phases in the mixing amplitude allows the mass
eigenstates to differ significantly from ti@P eigenstates. In
this way both mass eigenstates are allowed to decay into the—~ °:
CP even final state andT'® reduces accordingly. wp
At this point it is important to recall that fdﬂ“(lsz)| to be S‘,
significatively enhanced, one needs a hew decay mechanisn 8
which dominates over the/;-mediated tree decay. This is <
most unlikely; there seems to be no viable model that sug- 0
gests such a situation. Within the LRSM, the tree-level ex-
change does not contribute I and all the contributions
coming from the left-right boxes have eithepa M2/M3 or
a 32 suppression factor when compared to the SM result. FIG. 1. Absolute value of cosg? (for the B system as a func-
HereM is the mass of the normal left-handed gauge bosofion of the spontaneous symmetry-breaking phaséor a fixed
and M,=1.6 TeV [25] the mass of the new right-handed Value of the flavor-changing Higgs boson maég=12 TeV and
gauge boson. So the left-right contribution is completelyfor the right-handed gauge boson masi#ies=1.6 TeV (solid line),
negligible. We have explicitly checked that it amounts, at® 7€V (dashed ling and 9 TeV(dotted line.

most — being dreadfully optimistic— a 1% increase and we i
can therefore safely taH€5?| _ |1“(152) SM|. m,/m, in Eq. (12) ensures thatrs can take any value from 0

The smoking gun in the left-right symmetric models to 2. Therefore the angle 2given in terms of the above

. e ) defined parameters by
comes from the additional terms B-B mixing [18]. While
the SM contribution to the off-diagonal mixing matrix ele-
ment,M{J, is dominated byt exchange, the left-right con- 2§:arctar<
tribution gets its weight mainly from thé/; — W,(S,) boxes
(S, being the Goldstone boson which becomes the longituzan depart significantly from its SM value.
dinal component of;) and the tree-level flavor-changing  This can be observed in Figs. 1 and 2 where we plot
Higgs exchangéwe denote its mass byl,,). The total off-  ¢og(2) (for the B, system as a function of the spontaneous
diagonal mixing matrix elemertl{3) can therefore be writ-  Cp.violating phasex for a fixed Higgs boson mass of 12
ten as TeV and for various choices of the right-handed gauge boson
mass(Fig. 1) and for a fixed value of the right-handed boson

1 2 4 5 6 o

Kk Sinog

1+ k cosog (13

MEP=MP MM R=MPM1+ke'™), (9 nass equal to 1.6 TeV and different Higgs boson masses
(Fig. 2). According to the plots, new physics can substan-
where tially affect the width difference for a wide range of right-
M9 LR handed particle masses. It is worth pointing out that the
12

0.21+0.13 |0< M ”(1'6 Te\/) ? Higgs and box contributions add up constructively. The
1.6 TeV M, maxima observed in Figs. 1 and 2 correspond to the values
of a=0,7 where siro vanishes, returning for cdsto the
N ( 12 Te\/) 2 (10) same value as in the SM. On the contrary, the minima in Fig.
My ' 1 correspond to the values af Mw,, andM such that the

function 1+ « coso, vanishes. Comparing Figs. 1 and 2 one
The new phase can be expressed as can see that the left-right contribution of the tree-level Higgs
exchange dominates over the left-right box diagrams. The

SM
M

M(S) LR
12
MlZ
with .
sinog=*r sina(uc/ wst il my). (12

Here u;=xm;, r is the ratio of vacuum expectation values
(VEVs) occurring in the bidoublet ana is the spontaneous
CP-violating phase. The approach we follow in performing
our calculations has been already discussedl8} and we
refer the interested reader to these papers for calculationa: ' z 3 ¢ > = O
details as well as for an explanation of the sign factors inthe G, 2. Absolute value of cos€ (for the B, system as a func-
masses. It is worth pointing out that the most relevant effect§on of the spontaneous symmetry-breaking phaséor a fixed
we would find are related to the fact that despit®eing  value of the right-handed gauge boson miiss=1.6 TeV and for
bounded to be smaller tham,/m; in order to give to the the flavor-changing Higgs boson mas#ég=12 TeV (solid line),
quarks their masses appropriately, the enhancement factes TeV (dashed ling and 25 TeV(dotted ling.

|cos (28 )|
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largest possible departure from the SM valees(2)~1]is  example, for futureB-physics experiments to be performed
governed by the values of the new Higgs boson mass close & hadron machines, Bs— ¢ where new physics in the
its present lower bound, where~1. mixing can be explored.

The above result implies that within the left-right sym- ~ On the other hand, new physics, in general independent
metric model, we still expect a large mixing parameteas  from that influencingB®-B° mixing, can enter also into the
within the SM. This fact implies very rapid oscillations be- decay amplitudes db quarks and cause deviations from the
tween B and Eg and therefore for keeping track of the SM prediction even in the case of a vanishing new physics
(AM®1t) terms an outstanding experimental sensitiitpt  contribution to theB®-B° mixing. The decay$15) are domi-
yet reachejlis essential. Nevertheless, as was pointed out ifated by tree-levelV exchange and the new physics contri-
[12], this is not the end of th® saga. The untaggeB,  bution to them is negligible. However, pure QCD penguin
rates, which are defined by decays such as

0 — AT O
I'(f)=T(Bg—f)+I'(Bg—f)xexqd —I'®t]cos >

(14

b—sss (e.g., Bs—¢d), (16

b—sdd (e.g., Bc—KKy),
can be a method to obtain an insight into the mechanism of
CP violation. This possibility, which does not exist in tBg _
case, is given precisely by the sizable width difference b—dss (e.g., Bs—¢Ky),
AT,
or the electroweak penguin-dominated decays
Ill. NEW PHYSICS IN DECAY AMPLITUDES

Up to this point we have seen that nonstandard-model Bs—nm, n'm, np, n'p, ¢7, ¢p a7
CP-violating effects could be revealed by testing whether
measurements agree with the SM-allowed range. Howevemay receive considerable contribution from new physics.
processes for which the SM contribution vanisk@sis neg- 1o smcp asymmetries ith— sss andb—sdd decays are

ligibly small) offer an important complement for these stud- . . )
ies. In this case, any observation or nonobservatio Bf vanishing whileb— dss decays should measure 'the CKM
violation can be interpreted directly as a constraint on physf’mgle'g' The decays17) receive a Sma.” contribution from
ics beyond the SM. From this point of view a measuremenfree'levelw processes which are sensitive to the CKM angle
of the CP asymmetries in the decay modes Y- It has therefore been propqseq by Fleisdi&j to d(_ater-
mine vy from the CP asymmetries in these decays. Since the
CP asymmetries depend on the parameten Eq. (3), it is
clear that new contributions to thequark decay amplitudes
would affect differently each of the modes in E¢%6),(17)

b—ccs (e.g., B o),

b—ccd (e.g., Bs—yKy), and therefore each of them would measure a different
_ CP-violating quantity. Therefore, the new physics contribu-
b—cud (e.g., Bs—D2pKy) (15  tion to the decay amplitudes can be traced off not only for

vanishing SMCP asymmetries but also by comparing the

is of great interest(lt is important to notice thaCP asym-  measurements of differe®4 and B decay modes which
metries into final states that contep are not going to be  should be equal within the SM. Complementary information
affected by the new contribution iD-D mixing.) on this new physics in the decay amplitudes can be extracted

TheseCP asymmetries measure the same angle of thérom comparison of any of the penguin-dominated diagrams
unitarity triangle,3’, which is approximately equal to zero (where new physics in the decay amplitude can play an im-
in the standard model. In the presence of new contributiongortant rol¢ with the ones only affected by new physics in
to the B%-B® mixing matrix, theCP asymmetries in these the mixing, e.g., withBs— ¢4. Such a comparison would
modes would no longer be measuring the CKM angle  allow a clear separation between new physics coming from
However, they would all still measure the same angle the decay and new physics in the mixing.
+ 8,,, whereé,, is the new contribution to thB°-B° mixing The flavor-changing decays—qq'q’ whereq,q’=s,d
phase. In the LRSM with spontaneoG# violation, as we ~ are induced by the QCD, electrowedkW), and magnetic
have already seens,=2¢ and therefore large departures Penguin diagraméthe latter are induced by dipole operators
from the expected zero are possible. Specially interesting i@S Will be discussed belgwin general both QCD and EW
this respect are the decays where the SM contribution is aPenguin diagrams are important. In some cases, e.g., for the
ready tree level and therefore are very unlikely to be signifi-decays(17) for which QCD penguin diagrams are absent, the
cantly affected by new physics in the decay. On the contraryEW penguin diagrams dominate. To demonstrate the source
as we have seen, the mixing amplitude can be easily modRf the dominant new physics contribution in the LRSM we
fied by new physics, providing this way an excellent testingPresent as an example the Hamiltonian due to gluon ex-
ground for a measurement of sié 2\ particularly promising  change describing the decy-qq’'q’ at the scaleéM;:

016003-4



CP ASYMMETRIES IN B DECAYS AND SPONTANEOUS ...

Gk «a _ .
= S8 o T T
(18)

where the color indices are understood and

LL My, ;
FM =E0(x)7MP,_+2|¥EO(x)an Pr.,

My, . v
IR=2i EEO(X)[Atban Prt+A% o, ,q"P]. (19

PHYSICAL REVIEW D 60 016003

Note that(i) together with(ii) completely overcomes the
left-right suppression due to the smallnesséofTherefore
large effects are anticipated @P asymmetries due t6ii).

To calculateBg meson decay rates at the energy sqgale
=m, in the leading logarithniLL ) approximation we adopt
the procedure and results from RE29]. Using the operator
product expansion to integrate out the heavy fields and to
calculate the LL Wilson coefficients;(«) we run them with
the renormalization group equations from the scaleuof
=W, down to the scaleu=m, (since the contributions of
W, are negligible we start immediately from thg&; scale.
Because new physics appears only in the magnetic dipole
operators, we can safely take over some well-known results
from SM studies. Therefore the the LRSM effective Hamil-

LR . . .
Here thel’ " term describes the new dominant left-right con- tonjan should include only those new terms which mix with
tribution which is induced byV, exchange which interacts the gluon and photon dipole operators under QCD renormal-

with right-handed currents via the mixing angiein one
vertex of the penguin diagram and

tq
m
_t'R (20)

Note that the phases, , are independent and can take any

value in the range (072). The functionsEy(x), E4(x), and
E{(x) are Inami-Lim-type function§26] of x=m#/M? and
are given by

E ) 2I +x(18—11x—x2)
oX)=~ glnx 12(1-x)3

x2(15— 16x+ 4x?)

Inx,
6(1—x)*
X(2+5x—x?) 3x2
Eo(x)= — Inx,
8(x—1)°  4(x—1)*
-, (44 x+x2) 3x
Eo(X)=—

4(x—1)2 +2(x—1)3|nx'
(21)

It follows from Eq.(20) that the new physics contribution to

the CP asymmetries inB; meson decays via Eq18) is

ization. We work with the effective Hamiltonian

Ge

V2

+VE“*VEbi:E12 Ci()O%(w)

Hefr= VE“*VEt’i:Elzciw)oi“w

12
_V}_q* V}_b( Izza Ci(n)Oi(u)+ C;([LL)O%(M)

+CS(w)0% (1) | |+(Ci0;—C{O)), (22)

where O,, are the standard current-current operators,
0O3—0g andO;—0,, are the standard QCD and EW penguin
operators, respectively, aaP andog‘ are the standard pho-
tonic and gluonic magnetic operators, respectively. They can
be found in the literaturée.g., Refs[32—34)) and we do not
present them here. The new operators to be adOed;,,

are analogous to the current-current opera@®(s but with
different chiral structur¢29]:

my — —
O11= =[5 ¥ (1~ ¥5)C41[Cp7, (14 ¥5)b,],
C

my — _
Oqp= H::[Sa?’“(l_ ¥5)CollCpy,(1+ ¥5)bg].
(23

Because of the left-right symmetry, the operator basis is

suppressed by the bounds on the left-right mixing arfggle doubled by including operator®; which can be obtained

=0.01 [27], but enhanced due tdi) the large ratio

my(Mz)/mp(M2)=60 for m(Mz)=170 GeV andm,(My)

from O; by the replacement® «— Pg.
Because new physics affects only the Wilson coefficients

—2.8 GeV[28]. This enhancement factor arises due to theC?, C§ andCY, CS, it is sufficient to consider the basis

presence of Y+ A) interactions since no helicity flip in ex-

ternalb quark line is needed in penguin contributiofig), the
large value of the loop functioﬁé(x) which is is numeri-
cally about factor of 4 larger than the SM functi@(x),

and (iii ) the two independentew phasesr; , whose values

are unconstrained.

0;_6,0%,0§,0,, 1,+(0—0Q") for calculating them with

LL precision. Keeping only the top and bottom quark masses
nonvanishing, the matching conditions\Vd§ scale are given

as

Co(M=1, C3(My)=0,
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CI(M)=D{(x)+APD{(x), C,(Mp)=A*D{(x),

CS(My)=Ep(x)+APE;(x),  Cil(My)=A*Ej(x),

(24

and the rest of the coefficients vanish. Here the SM function MS

Dy(x) and its left-right analogu@o(x) are given by

o _x(7—5x—8x2)_x2(2—3x)
T o At
<, (—20+31x—5x?) x(2— 3x)
o(X)= 5 Inx.
12(x—1) 2(x—1)3

(29

The 20x20 anomalous dimension matrix decomposes into

two identical 10< 10 submatrices. The SM>88 submatrix
of the latter one can be found in RE80] and the rest of the
entries have been calculated by Cho and Misiak in 2.

In the LL approximation the low energy Wilson coefficients
for five flavors are given by

cim=mb>=§<S*1>ik<n”k’“)sk.cl(Ml), (26)

where the\’s in the exponent ofp= ag(M{)/ag(m,) are

eigenvalues of the anomalous dimension matrix over

g%/167? and the matrixS contains the corresponding eigen-
vectors. One finds, for photonic magnetic coefficidi2g],

CJ(my)=Cy(mMy)su+A®

7]16/2%6()()

14/23

8
§(77

C;Y( mb) — Atq* [ 7716/2156()()

8 -
+§(7714/23— 7 HEN(X) |, (27)
where
16/2 ’ 8 14/23 16/2 '
CY(my)sp= 7D (x) + §(ﬂ — B E{(X)
8
+ > higP, (29)
i=1
where h;=(2.2996, —1.0880, —0.4286, —0.0714,
—0.6494, —0.0380, — 0.0186, — 0.0057) andp; = (0.6087,
0.6957, 0.2609,—0.5217, 0.4086,—0.4230, —0.8994,

0.14586. Similarly one finds, for the gluonic magnetic coef-
ficients[11],
5

CS(my) = Y E{(x) + APE((X)) + Zl h! 7P, (29)

PHYSICAL REVIEW D60 016003

CéG( mb) _ 7]14/23Ats* T_:'(/)(X) ’ (30)

where h’ = (0.8623, —0.9135, 0.0209, 0.0873;-0.0571)
andp, — (14/23, 0.4086, 0.1456; 0.4230,— 0.8994) . Using

ABL=225 MeV andu=my(m,) =4.4 GeV the LL Wilson
coefficients take numerical values:

C,=1.144, C,=—0.308, C;=0.014,

C,=-0.030, C5=0.009, Cg=—0.038,
C,=0.045¢, Cg=0.048, Cgy=—1.28Q,
C10=0.328, C;7=-0.52A19%, C[®=-0.231A19*,
CY=-0.331-0.52A", CS=-0.156-0.231A".

(31)

To calculate hadronic matrix elements of varidiis de-
cay modes we use the factorization approximation which has
been recently extensively discussed in the literaf8ie-34.
Therefore we do not discuss it here but refer the reader to the
original literature. However, we have to explain the assump-
tions which are involved in evaluating the hadronic matrix
elements,

2

ag My

o <(qa|(7,wq PrT Bbﬁ)(qy'nyaﬁq,s»
(32

(0§)= -

and similarly for(O4®). Here g is the momentum trans-

ferred by the gluon to thea(,q’) pair. We are interested in
two-body decays oBs mesons. In the factorization approach

the two quarksq’ and q' cannot go into the same decay
product meson due to color. Following Ali and Grel82]

we therefore assume that the three-momentg @éindq’ are
equal in magnitude but opposite in direction, and in this case
one may assume

a= () 2,

- (33
where(g?) is an averaged value @f. Thus the parameter
(9?) introduces certain uncertainty into the calculation. In
the literature its value is varied in the range £#2)/m?
=1/2[35]. In our numerical examples we use in the follow-
ing (g?)=1/2mZ.

Combining Eq.(33) with Eq. (32) and using the equation
of motion and some color algebra relations one easily finds
that

(04 +(09) - 1 ((05)+(O)

(39

and similarly for(O4®). An identical procedure gives, for
(07,
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where X(Bs?9) stands for the factorizable hadronic matrix

o mb
O7)=— 5= —=[(07) +(Og)], (35  element and
37 \(a?) )
and similarly for(O;?). az-1=C5/ 1N Cgiﬁa =C5{'+ N_C%ﬁ L
In the factorization approximation one can easily relate Ne ¢ (39)

the hadronic matrix elements of the operat@sandO; . It 5 _ .

is straightforward to show that for decays of the typg  The exact form oiX(®s?# can be found in Ref34]. Since
—PP, VV where P and V denote any pseudoscalar and it cancels out inCP asymmetries, we do not present it here.
vector meson, respectively, one Ha®)=—(0O/) while for ~ Using \{a”)=m,/y2, ¢=0.01, m;/m,=60, and the nu-
decays of the typ8,— PV one has(O;)=(0/). Therefore merical values of LL coefficients in E¢31) we obtain

the magnetic penguin contributions can be absorbed into G
penguin contributions by redefinitions of the Wilson coeffi- A(By— b)) = — _FVtLthLs* 2[—0.0164

cients: s NA

, +0.0035€' 71— e~ 192)] X(Bs®:¢),
y(CarnG, (39

1aS

N 477‘/

Ceff C3

This result implies large effects o8P asymmetries. The

ag m maximum deviation from the SM predictica.p=0 is ob-
Ceff:C __S b (CG+HC’G) —
4 “am iRy 8 8 /s tained if o= m— 0= 2+ 8p, iIMplying (A/A) max= €%
and|a{$,"*| =0.85.
1 a Next we consider the decay$7) which have the feature
ce'f=cq+ N Zr —= (CG+ nC4®), of having only one isospin channel describing =1 tran-
V(g sition. Consequently QCD penguin diagrams cannot contrib-
ute to the processes. Since the current-current operator con-
ag tribution is CKM suppressed, it has been shd®4d] that the
6 6" Am \/m 8 EW penguin contributions amount to about 85% of all the
decay rates which are estimated to be of order a few times
107, The amplitudes of the decayB.—P,P and By
ceff=c,— =™ crineyy, —V,P (i.e., pseudoscalar factorized pueceive a dominant
37 \(g?) contribution from terms proportional to«(a;+ag). In light
of Eq. (36) it is clear that in this case the new physics con-
off ’ tribution cancels out. However, decays of type— P,V and
Co =Com 3 \/—(C7+ C?), (360  B,—V,V depend on &,+ag) and they should receive siz-

able new physics contributions. For definiteness let us work
with the proces£2—> 7p° but the results apply also for the

and for the remaining coefficien8®''=C;. Heren=+1 0 05 o ) X
decaysB;— n'p", ¢p". The amplitude can be written as

for the decaysB—>PV n=-1 for the decaysBg

Now we are ready to estimate the new physics contnbu S
tion to the By decay amplitudes. We first study the pure G
penguin-induced decaB.— ¢¢ (b—sss) which is domi- {V”bV“S*az VPV (a7+a9) X(BsP)
nated by QCD penguin diagrams and receives also about a \/—
30% contribution from the EW penguin diagrams. The 3
branching ratio of this decay mode is large, of the order =—F|V[S|[A2Rbe“7a2+ ~(ay+ag) xBs7P) (40
B(Bs— ¢d)~O(10°%) [34], which ensures detectability. 2 v

The pollution from the other SM diagrams is estimated to be _ (Bunp) - ) )
below 1% [13]. Since theCP asymmetries in this mode Wherey is the CKM angleX ™" is the hadronic matrix
should vanish in the SM, the dec8¢— ¢ ¢ should provide element, ande—ll)\|VUb|/|VCb| Because of the appearance
very sensitive tests of the SM. The amplitude of this decayf the CKM anglevy in the decay amplitude, Fleischer has
takes a forn{34,36 proposed to use this process for determining its value. In the
SM one hadA(Bs— 7p°) =Acce ™' 7+ Agy, WhereAcc and
Agw denote the current-current and EW penguin contribu-
tions, respectively. WhileAcc<Agy the fact thatAgyy is

real still allows for a clean determination of in the SM
[19]. However, in the presence of new physics one has, in
general,

aztay+asg

Ge
A(Bs— dpp)=— Evtf’vtf*z

1
- E(a7+ a9+ alo) X(Bs¢’¢),

(37) A(Bs— 1p%) =Acce™ "+ Agwt+Aype ¢, (41)
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where Ayp is the magnitude of new contribution arflits  ties (when spontaneou§ P violation is achieved, as in our
phase. In such a case ti&P asymmetry in the decaBl  case, with a minimal content of the Higgs segepend on

— np° takes a form a single phaser, and not on unconstrained quantities such as
Yukawa couplings or additional phases. This makes the
. 2(y+cosy+zcose)(siny+zsing) model particularly predictive. _ _ _
alfh=— . , We have shown that the width difference in left-right
y“+2y(cosy+zcosg)+1+z°+2zcogy— @) models can be drastically modified, in fact, reduced from its

(42 standard model value. This reduction itself can be an indica-
tion of CP violation. As the large standard model prediction
for AT® is a consequence that the decay width iG®

even final states is larger that that if@d® odd final states,

the appearance of a new phase in the mixing amplitude can
make theC P eigenstates very different from the mass eigen-
states and therefore both mass eigenstates can then be al-

wherey=Ag\/Acc and z=Ayp/Acc. The corresponding
SM expression is obtained by settizg-r 0. For largey>1
the CP asymmetry approaches.p— 2(siny+zsin ¢)/y and
in the presence of a sizable new physics contribution,
~0O(1), theCP asymmetry does not measuyeany longer.

In the LRSM the new contribution enters via the eleCtro'.Iowed to decay intaCP even final states.

(rjnagnetic deoIe opeLators. In the Ipre;enge of QCD penguin Considering new contributions 8¢ mixing, with its own
iagrams this contribution is negligible because it is sup- o ; !
pre%sed byr— 1/128. However inq{hg oresent case the QCFI’Dphases, wh|ch in .general differ frqm the .SM one, as well as
penguin contributioﬁ is exactly’ vanishing aAd, should be the new contribution to the penguin-dominated decay ampli-
. . NP tudes, we have found that large deviations from SM predic-
compared with the subleadintAcc. Using A=0.22, 9 P

ubl 11x yobl ) tions are possible with the present constraints on the masses
[VL?l/|V{"|=0.08[37] and the rest of the input as before we o new gauge and Higgs bosons and on the left-right mixing

obtain, numerically, angle. It is important to emphasize that these types of con-
tributions can be clearly differentiated by comparing tree-
A(Bg— 7p°) = &Ntﬂ[_o_mz‘_ 00012 1Y level W—_media_ted diagra_ménew_physics enters here o_nly in
J2 the mixing with penguin-dominated oneoth contribu-

tions are presejt
+0.0011€' 71+ e*ivz)]xf’Bs’?vP) i As a result of the new physics contributionBQ mixing,
(43) nonzeroCP asymmetries as large dacp|=1 can appear
even if the SM predictions for them are negligible. Even
Thereforez may be as large as~2 in the LRSM and com- more promising is, perhaps, the fact that due to the new
parison ofacp(Bs— 7p°)(t) with other measurements deter- physics contributions to the decay amplitudes their effect can
mining CKM angley could reveal the presence of new phys- be probed by comparing two experiments that measure the
ics. same phase in the SNL.P asymmetries of all QCD penguin-
At this point a remark regarding the branching ratios is indominated decays may largely be affected by new physics as
order. According to our results, modifications as large asve explicitty demonstrate in the case Bf— ¢¢. The EW
85% in the CP asymmetries can be expected in decay enguin-dominated decayBge 77(/)po,(ﬁpo may also re-

where new phys_ics modifies the decay amp““!des- Howevet.eiye sizable new contributions which dominate G&®
this cannot be directly translated to the branching ratios as, 'Bsymmetry measurements

this case, large cancellations take place. Even allowing maxi-
mum effects in theC P asymmetries the branching ratios are ACKNOWLEDGMENTS

modified by not more than=20%.
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