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Abstract

We examine new-physics (NP) effectsBndecays with largé — 5 penguin amplitudesDecays involvingy — d penguins
are assumed to be unaffected. We consider a model-independent parametrization of such NP. We argue that NP strong phase
are negligible relative to those of the standard model. This allows us to describe the NP effects in terms of a small number of
effective amplitude94qNP (¢ =u,d, s, c) and corresponding weak phasgs. We then consider pairs of neuti@ldecays which
are related by flavour SU(3) in the standard model. One receives allasge penguin component and has a NP contribution;
the other has & — d penguin amplitude and is unaffected by NP. The tiependent measurement of these two decays allows
themeasurement of the NP parametecanP and®,. The knowledge of these parameters allows us to rule out many NP models
and thus partially identify the new physics.
0 2004 Elsevier B.VOpen access under CC BY license.

The B-factories BaBar and Belle have already ent processef?]. Hopefully a discrepancy will be
made a large number of measurements involvihg  found, giving us the first indication of physics beyond
decays, and this will continue for a number of years. the SM.

The principal aim of this activity is to test whether the New-physics (NP) effects iB decays are neces-
standard model (SM) explanation of CP violation—a sarily virtual processes. As a result, it is generally as-
complex phase in the Cabibbo—Kobayashi-Maskawa sumed that, whileB-factories can detect the presence
(CKM) matrix [1]—is correct. This is done by mea- of NP, its identification can only be made at future
suring CP violation in theB system in many differ- high-energy colliders, in which the new particles are
produced directly. The main purpose of this Letter is
to show that this is not entirely true. Here we will de-
 E-mail addresses: datta@physics.utoronto.¢A. Datta), scribe a technique which allows us not only to detect
london@Ips.umontreal.o@. London). the NP, but also taneasure its amplitude and phase.
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This will be an important first step in identifying the tunately, most NP signals simply indicate that physics
new physics, even before it has been seen directly atbeyond the SM is present, but do not allow us to ex-
high-energy colliders. tract its parameters. (In some cases, it is possible to
Recently, there have been several hints of such new put bounds on the NP parametf8$.) The advantage
physics. First, within the SM, the CP-violating asym- of the technique described in this Letter is that it al-

metries in Bg(z) — J/Y Ky and Bg(t) — ¢K, are lows us tomeasure the amplitude and phase of the NP.
both expected to measure the same quantity$ii3P Assuming that the new physics affects only the
However, the Belle measurement of spi Bg(z) — b — § penguin amplitudes, the first step is a model-
¢ K, disagrees with that found iBO(r) — J /v K, by independent parametrization of this NP. We assume
3.50 (there is no discrepancy in the BaBar res[#f) that a NP piece is added to the effective Hamiltonian:
Indeed, the value of sin®Rextracted from alb — 3

penguin decays is.Bo below that from charmonium  Heff = Hsm + Hnp, 3

decays. Second, the varios— Kx branching ra- , ) .
tios have been measured. If one neglects exchangeWhereHsw is the SM effective Hamiltoniaf]. Hne

and annihilation-type amplitudes, which are expected contains four-quark operators with all possible Dirac
to be small, within the SM one hag. = R, [5], where and colour structures, with the proviso that obly> s
' e penguin transitions are affected. That is, the general

R 2I(B* — K79 structure of the operators iHinp is Onp ~ 5b3q (g =
‘T B+ — Ko7+)’ u,d,s,c), where Lorentz and colour structures have
F(B®— K*n™) been suppressed. We also assume that the contribution
d .
R, = SE a0 oo 0w 1) from Onp to any B decay is at most of the same order
2r'(B; — K*n°) as the SM penguin amplitude.
However, current measurements yigidl Taking into account the two different colour as-
signments, as well as all possible Lorentz structures,
R.=142+018 R, =089+013 (2)  there are a total of 20 dimension-six new-physics op-
yielding a discrepancy of.2c betweenR. and R,,. erators which contribute to each of the- 5gq (¢ =

Finally, within the SM all CP-violating triple-product ~ #» . 8, ¢) transitiong10]. These operators, which can
correlations (TPs) ilB — V1V, decays {1 andV; are contrlbute to both treeral penguin amplitudes, can be
vector mesons) are expected to vanish or be very smallWritten as

[6]. However, BaBar sees a TP signalBn— ¢ K* at 4G p
170 [7]. Hip= Y V1
While the above new-physics signals are not yet A,B=L,R

convincing, they do suggest that NP might be playing

AB = — AB = —
. . . X b b
arole in these decays. In addition, in all cases, the de- Vg1 Savabpdpyndo + fg55yabaysg

cays in questionf — ¢ K *) and B — K ) receive + 8/ 5y  vabppYiYBYa
significant contributions fronb — § penguin ampli- AB= o 1=
tudes. On the other hand, to date there are no NP sig- + 84,25V vabqyuysq

nals in processes which receive sizeable contributions
from b — d penguin amplitudes (e.gB? — 7 7). In

this Letter, we therefore make the assumption that NP + h?ﬁia“”mbéauumq}, 4)
contributes significatty only to those decays which

have large> — 5 penguin amplitudes; decays involv-  where we have definegg(.) = (1 + y5). Although

+ 1) 8500 yAbpGpOLLYBYa

ing b — d penguins are not affected. we have written the tensor operators in the same com-
Up to now, theoretical work has focused princi- pactform as the other operators, it should be noted that

pally on finding signals of new physics ih — § those withy, # yp are identically zero. Thus, one can

transitions—in fact, there are many such signals. How- effectively set:) X =27 = 0.

ever, if NP is found, we will want to identify it. This re- In general, all coefficients in E¢4) can have new

quires the determination of the NP parameters. Unfor- CP-violating weak phases and the matrix elements
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of the operators will have (process-dependent) CP-

conserving strong phases. Given the large number of

possible operators it is virtually impossible to isolate

the amplitudes and phases of the different operators

(Itmay be possible to do this in the context of a partic-
ular model, in which only a small subset of operators

is present.) Fortunately, as we argue below, the strong
phases of all NP operators are small relative to those of
the SM and can be neglected. As a result, the various

NP terms can be combined into a single NP operator,
whose amplitude and phasan be measured.

To see how this works, consid&f — ¢ K. (This
is chosen for illustration only—the argument holds for
any B decay which receives a significaht-> 5 pen-
guin contribution in the SM, and is dominated by a
single amplitude.) The SM amplitude for this decay
can be written

A(BY — ¢Kj)

- Au ub Vus + AL cb VCS + A; V;ZV’S' (5)

Here, A} arises due to the gluonic penguin amplitude
with a r-quark in the loop. Althought), and A/, also
receive (small) contriions from the gluonic pen-
guin, they arise mainly as a result of QCD rescattering
from the tree operators — sui andb — scé. The
Wilson coefficients for the various contributions imply
that A/, A, < 0.5A;. Note that the size of the rescat-
tered penguin amplitugds only about 5-10% of that
of the tree amplitude. Using CKM unitarity, the ampli-
tude forBY — ¢ K, can be written

A(BY — ¢Kj)
i85 ~
Z.A; l)/el ut +A/ L[ A/

where A}, = [(A], — ADV V| and A, = |(A, —
ADV Ves|. The final (approximate) equality arises
from the fact that|V, Vis/ V) Ves| =~ 2%, so that
A, < Al,. The quantitys,, is a strong phase; the
weak phase is approximately zero.

The principal NP contribution t8% — ¢ K comes
from sbss (both Lorentz and colour factors are once

(6)
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Adrr ZA e ¢,”e'

i

rescatL ZE B; E'E’ ra, (7)

In the above AZY, is the contribution from all NP op-
erators of the formFibEFjs (I3, represent Lorentz
structures, and colour indices are suppressed), while
AlSSat s the contribution from all NP operators
of the formsIibgI'iq (¢ # s). In the latter case,
the decaysh — 59¢ (¢ # s) contribute toh — §s5
through rescattering. Srmrlarly.Ad' includes the
“self-rescattering” contributions of — §s5 to b —

5s55. The NP weak phases ag¢ andé;, while §; and

o; are the NP strong phases.

At this point, it is useful to discuss rescattering in
somewhat more detail. As noted above, in the SM, for
decays described lly— 5 transitions, the rescattering
comes mainly from the tree-level dechy- scc. Al-
though the rescattered “penguin” amplitud€s and
A are only about 5-10% as large as the amplitude
which causes the rescattering, they are still of the same
order asA; (see Eq(5)). That is, the SM rescattering
effects are not small. In particular, since it is rescatter-
ing which is the principal source of strong phases, the
phases,, in Eq.(7) can be sizeable.

Now, the new-physics rescattering arises from the
NP operators. As in the SM, the rescattered amplitude
is suppressed by; ~ 5-10% relative to the operator
causing the rescattering. Thus, although~ A; in
Eq.(7), | ASSeaY is only 5-10% as large 45| (The
rescattered contributions mtd” are similarly sup-
pressed.) However, the NP operators are assumed to be
of the same size as the Ski— 5 penguin amplitude
AL, (Eq. (7). Therefore AgS®"is negligible com-
pared toA., and Ad'r In addition, we note that the
NP strong phasé in Adié, vanishes in the limit of no
rescattering. Since, as we have argued, this NP rescat-
tering is small, we havé; < §,, i.e., the NP strong
phases are negligible compared to those of the SM.

These approximations lead to a considerably sim-

again suppressed). However, other NP operators, suchpler structure for Eq(7):

as sbce, can also contribute t(Bo — ¢K; through
rescattering. The full amplrtude for this decay can
therefore be written

Apk, = —A e i, +Ad' +Arescatt
K ct€ 5

Api, ~ A% 4 AL
ARp = Aie! % = Ape' ™, (®)
i
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where we have summed up the new physics contribu-
tions into a single amplitude. The important point here
is that all the NP weak phases come only from opera-
tors of the typeOs, = 5I;b5T;s, and so the effective
weak phase carries the subscrigt“®,. From Eq.(8)

we have

- A; sing?
tancbsziz’ i SIng;

9)

The above argument holds for the case where
there are new-physics contributionsite~> 5¢g (¢ =
d,s,c). However,b — suii is slightly different be-
cause the SM decay is not dominated by a single
amplitude—there are both tree and penguin contribu-
tions. Nevertheless, it is straightforward to show that
the above logic still holds: the rescattering in the NP
amplitudes tob — suiu is negligible, so that the NP
contributions can be parametrized by a single ampli-
tude A p and weak phase; .

Thus, under the assumption that new-physics re-
scattering is negligible compared to that of the SM, the
effects of the NP operatos®ggq can be parametrized
in terms of the effective NP amplituded{ (¢ =
u,d,s,c) and the corresponding weak phaggs In
the rest of the Letter we will show how these NP para-
meters can be measured.

Note that there may be a possible loophole in the
above argument. In the SM, the exchange and annihi-
lation contributions are expected to be quite small, for
bothh — d andb — § transitions. However, in some
approaches to hadroniB decays, such amplitudes
may be chirally enhanced if there are pseudoscalars
in the final statg11,12] with resulting large strong
phases. Hence annihilation-type topologies generated
by NP operators may also lead to large strong phases.

On the other hand, such chiral enhancements are not

present for vector—vector final states and so the above

arguments regarding small NP strong phases are ap-

plicable here. Ultimately, the size of exchange and an-
nihilation diagrams is an experimental question, and
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as those including a flavour-changigor Z’ cou-
pling [14], in which the phasearerelated. This shows
that the measurement of th&, will be very useful

in identifying the new physics, or at least excluding
certain NP models. Note that @l the NP operators
have the same weak phaggone hasp, = ¢, and this
phase is process-universal as well as flavour-universal.
In this case one can simplify E¢() as

r sl s I8 i
Agk, = Ay e’ + Aype' e’

Af\lpelﬁNP = Z A,‘elai + ZE,’ Bie'.
i i

Factoring out the strong phasgp, it is clear that we
can cast Eq(10) in the same form as E¢8) without
any dynamical input about NP strong phases.

Above we showed that the new-physics effects can
be parametrized in terms of a few effective NP pa-
rameters. We now describe a method foeasur-
ing these parameters. This technique closely resem-
bles that of Ref[15], which we recently proposed
for extracting CP phase information. Here we turn
this method around. As above, we assume that NP
is present only in decays with large— 5 penguin
amplitudes. We further assume that the SM CP phase
information is known: these phases can be measured
using processes which do not involve latge> § pen-
guin amplitudes. In this case, the method can be used
to extract the NP parameters.

In order to illustrate the method, we consider a spe-
cific pair of B decays. Itis straightforward to adapt the
technique to other processes. Consi#ir— K°K°.

In the SM, this decay is dominated by a single>
sdd penguin decay amplituden¢luding new physics,
the amplitude forB® — K°K° can be written as (see
Eq.(8))

A(B? — KOK®) = A = AL e + Adjpe!®d,

(10)

(11)

where A, and A, are the SM and NP amplitudes,
respectively. Similarly§., and®, are the SM strong

can be tested by the measurement of decays such aphase and NP weak phase, respectively. The NP phase

BY— D} Dy andB? — KTK~.

In general, we take the effective new-physics phases
@, to be flavour non-universal. That is, we assume that
the phases for different undging quark transitions,

b — 5qq, are not related. This occurs in many models
of NP, such as supersymmetry with R-parity-violating
terms[13]. However, there are also NP models, such

is defined analogously to EQ). The amplitude for
the CP-conjugate process, can be obtained from the
above by changing the sign &f;.

Since the final stat& °K  is accessible to botR?
and B mesons, one can consider indirect (mixing-
induced) CP violation. The time-dependent measure-
ment of B9(r) — KK allows one to obtain the three
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observables from Bg(t) — J/Y¥ K isinline with SM expectations.
1 B This strongly suggests that amy, contributions to
B= E(IAI2 +|AP%) this decay are quite small. Now, the non-strange part
s 42 L , of the n wavefunction has a negligible contribution to
= (A7 + (ARp)” + 24, A\p cOSS,, cOSPy, (J/yn| 05| B). Thus, this matrix element can be re-

lated by flavour SU(3) tdJ /¥ K| OgplBY) (up to a

1 a
ir==(1A12—|A?) = 24., Apsins., sin® o . .
i 2(| %~ 1AFF) = 24, Axpsing, sin@q. mixing angle). That is, both matrix elements are very

a = |m(e*2i¢B:A*A) small. In other words, we do not expect significant
SN2 Ofp contributions toBY(t) — J/yn, and the phase
= —(A,)"sin 25, of B%~B? mixing can be measured through CP viola-
—2AL, A pcoss!, sin2pp, + ®4) tion in this decay, even in the presence of NP.
ad N2 We have already noted that there are many signals
(ANp)” sin@ps, +2a). (12) of new physics inB decays. Indeed, the expressions
It is useful to define a fourth observable: for agir anda) in Eq. (12) give us clear signals of NP.
Coiop i Since B? — K°K° is dominated by a single decay
ar = Re(e™“95 A% A) in the SM, the direct CP asymmetry is predicted to
= (A;t)Z cos g vanish. Furthermore, the indirect CP asymmetry is ex-

pected to measure the mixing phagg, ~ 0. Thus,
+ ZAéfAﬁIPCOS‘Séf cos2¢5, + Pa) if it is found thatagir # O, or that¢p, does not take

+ (Aﬁp)zcos(&j)& +20y). (13) its SM value, this would be a smoking-gun signal of
NP. Note also that, if it happens that the SM strong
phases are smalkgi; may be unmeasurable. In this
case, a better signal of new physics is the measure-

The quantityar is not independent of the other three
observables:

2_p2_,2 _ 2 14 ment of T-violating triple-product correlations in the
ag = Agir — aj - (14) . ; >
corresponding vector—vector final stafk This brief

Thus, one can obtaizr from measurements @, agir discussion illustrates that there are indeed many ways

anday, up to a sign ambiguity. ) of detecting the presence of NP. However, it must also
In the abovegp, is the phase oB?—B? mixing. be stressed that these signals do not, by themselves,

In general, NP which affects — 5 transitions will allow the measurement of the NP parameters.

also contribute taB%—B° mixing, i.e., one will have The three independent observables of Et8)and

NP operators of the formbbs. In this case, the phase  (13) depend on four unknown theoretical parameters:
of B%-BY mixing may well differ from its SM value A, A’,, s/, and®,. Therefore one cannot obtain in-
(>~ 0) due to the presence of NP. The standard way formation about the new-physics parametdfs, and

to measure this mixing phase is through CP viola- ¢, from these measurements. However, one can par-

tion in BX(t) — J/yn (or BX(t) — J/¥¢). HOW- tially solve the equations to obtain
ever, there is a potential problem here: this decay re-

ceives NP contributions frondg, ~ sbce operators

/N2
(as usual, the Lorentz and colour structures have been(Acf) - [aR COY2p3, + 204)

suppressed), so that there may be effects from these — arSin2¢p, +2&4) — B]
NP operators in any process involvigf—B2 mix- '
ing. x [cos2py — 1]71. (15)

The solution to this problem can be found by con-
sidering B{?—Bg mixing. The phase of this mixing  Thus, if we knewA.,, we could solve for,.
is unaffected by new physics and thus takes its SM  In order to getd,, we consider the partner process
value, 8. The canonical way to measure this angle is BY — K°K©, involving ab — d penguin amplitude.
via CP violation int(t) — J/¥ K. However, this In the SM this decay is related by SU(3) symmetry
decay also receives NP contributions frad§, op-  to B — K%K [16]. Sinceb — § transitions are not

erators. On the other hand, the valuefokxtracted involved, the amplitudefoBg — K%K O receives only
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SM contributions, and is given by
A(BY — K°K°)
= AV Vua + AV Vea + A Vi Via
=(Ay —AD V), Via + (Ac — AV Vea
= A€’V e + A et (16)

whereA,; = [(A, — At)vu*bvud|y At =[(Ac — Ap) X
Vi, Veal, @and we have explicitly written the strong
phases,; ands.;, as well as the weak phage

As with B? — KOK?O, the time-dependent mea-
surementoBY(r) — KK allows one to obtain three
independent observables (E¢$2) and (13)). These
observables depend on five theoretical quantities;
Aur, 8 =84 — 8¢, y and the mixing phasg¢g,. How-
ever, as discussed abovgg, can be measured inde-
pendently usings®(1) — J /¥ K,. The weak phasg
can also be measured B decays which are unaf-
fected by new physics ih — § penguin amplitudes.
For example, it can be obtained froBt — DK de-
cays[17]. Alternatively, the angler can be extracted
from B — 7w [18] or B — pmr decays[19], andy
can be obtained using= 7 — g — y. Given that these

CP phases can be measured independently, the thre€an

observables oB?(r) — K°K° now depend on three

A. Datta, D. London / Physics Letters B 595 (2004) 453-460

Tablg 1 B _
Theb — 5§ B decays and theib — d partner processes which can
be used to measure the new-physics paramet§(,§and¢>q

NP parameters b — § decay b — d decay
Dee, Alp BY(t) > D Dy BO(t) > DD~
@5, Ap BY(t) — ¢k *O BO(t) - ¢K*O
B(1) — ¢¢p BY(1) > ¢pK*O
@4, A BY(r) - k°KO BYt) > ntn—
Bo(r) - KOKO BO(1) > KOKO
BY(t) — K*0p° BY(t) — p%°
Bg(t) — k*0,0 B_?(t) — K*0,0
@y, Alp BO(t) > KT K~ BO(t) > mtn~

Above, we have s_hown how measurements of the
decaysB? (1) — K°K° can be used to measure the

NP parametersi{, and ®,. The general idea is to
use ab — § decay which is dominated in the SM by a
single decay amplitude, along with its— d partner
process. This method can be adapted to other pairs of
B decays to measure different NP parameters. (Or one
find alternative ways of measurintf,, and®,.)

By choosing the two decays carefully, the theoretical

unknown theoretical parameters, so that the system of €T0r can be reduced to the level of 5-15%.

equations can be solved.
In particular, one can obtaid,;:

5 arCcos2¢p, +2y) —a sin(2¢>33 +2y)—B

o cosd —1 ’
(17)
where ar, aj and B are the observables found in
BY(t) - K°K°.
The key point is that, in the SU(3) limit, one has

Acl = )\4-/4/ (18)

ct?
whereir = 0.22 is the Cabibbo angle. Thus, using the
above relation, the measurement8§(r) — K°K°
gives usA.,, in which case Eq(15) can be used to
solve for the new physics phage;. The NP ampli-
tude Af» can also be obtained. There is a theoretical
error in Eq.(18) due to SU(3)-breaking effects. How-

ever, various methods were discussed in [RE5] to

Note that it is only quark-level decays— 5¢g
(g = d, s, c) which are dominated by a single decay
amplitude in the SM. However, one can also apply this
technique tob — suu decays, for which thé —
decay receives both tre@a@penguin contributions in
the SM. For example, one can use the pair of decays
BO(t) » K*K~ and BY(r) - n*x~ to extract the
NP parametersly, and®,. However, in this case the
theoretical error is considerably larger since one has to
make three SU(3) assumptions of the type in @8&).

In Table 1 we present the list of aB decay pairs to
which this method can be applied, along with the NP
parameters measured. Frdable 1, we see that all NP
parameters can be obtained. A more detailed analy-
sis of these decays is presented in R20)]. Note that
only one decay pair iffable linvolves onIyB(SJ de-
cays. The others will require the time-dependent mea-
surement 030 decays. However, this may be difficult

reduce this SU(3) breaking. All of these methods are experimentally, ag?—B? mixing is large. For this rea-

applicable here. In the end, for this particular pair of

son the decay paB?(r) — K*°p0 andB2(r) — p°p°

processes, the theoretical error is estimated to be inmay be the most promising for measuring NP parame-

the range 5-10%.

ters.
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Table 1lists 8 pairs ofB decays. In fact, there are  Second, in general, the matrix elemeAtsof the var-
more decay pairs, since many of the particles in the fi- ious operators depend on the final states considered.
nal states can be observed as either pseudoscalar (P) ofhus, the value of the NP phagg, depends on the
vector (V) mesons. Note that certain decays are writ- particular decay pair used. However, if all NP oper-
ten in terms of VV final states, while others are have ators for the quark-level proce$s— 5¢g have the
PP states. There are three reasons for this. First, somesame weak phasg?, then the NP phasé, will be
decays involve a final-state®. However, experimen-  the same for all decays governed by the same quark-
tally it will be necessary to find the decay vertices of level process. Hence it is important to measure the
the final particles. This is virtually impossible ford, phase®, in more than one pair of processes with
and so we always use®. Second, some pairs of de- the same underlying quark transition. If the effective
cays are related by SU(3) in the SM only if &) phases are different then it would be a clear signal
quark pair is used. However, there are no P’s which of more than one NP amplitude, with different weak
are pure(ss). The mesong andyn’ have an(ss) com- phases, ib — 5¢4.
ponent, but they also have significamti) and (dd) It is also important to measure the NP phaggs
pieces. As a result the — 5 andb — d decays are  for each ofy = u, d, s, c. As noted earlier, in some NP
not really related by SU(3) in the SM if the final state models, the phases for the different underlying quark
involves ann or 1. We therefore consider instead transitionsh — 5¢g are related, so that the NP phase

the vector mesom which is essentially a puréss) is independent of the quark flavour. The measurement
quark state. Finally, we require that boB? and B° of the @, would thus allow us to distinguish between
be able to decay to the final state. This cannot happenNP models.

if the final state contains a singk® (or K% meson. In summary, it is well known that there are many

However, it can occur if this final-state particle is an signals of new physics (NP) which can be found by
excited neutral kaon. In this case one decay involves measuring CP violation in thB system. However, it is
K*0, while the other hak *0. Assuming that the vec-  usually assumed that one cannot identify the NP—this
tor meson is detected via its decayyd 7 (as in will have to wait for high-energy colliders which can
the measurement of siBia Bg(z) — J/YK*),then produce the new particles directly. In this Letter we
both B and B can decay to the same final state. have shown that this is not completely true. We have
Apart from these three restrictions, the final-state presented a technique which allows theasurement
particles can be taken to be either pseudoscalar or vec-0f NP parameters.
tor. Indeed, it will be useful to measure the NP parame-  In line with hints from present data, we assume that
ters in modes with PP, PV and VV final-state particles, the new physics contributes only to decays with large
since different NP operators are probed in these de-» — 5 penguin amplitudes, while decays involving
cays. For example, within factorization, certain scalar » — d penguins are not affected. The NP rescatter-
operators in Eq(4) (i.e., those whose coefficients are ing effects are shown to be small compared to those
fq’f(Bl’z)) cannot contribute to PV or VV states if their of the SM and are neglected. This allows us to greatly
amplitudes involve the matrix elemeit |Gy..rq|0). simplify the form of the NP contributions. In particu-
In general, the matrix element of a given operator will lar, independent of the type of underlying NP, we can
be different for the various PP, PV and VV final states. parametrize all NP effects in terms of effective NP am-
Thus, the measurement of the NP parameters in dif- plitudes.Af,, and weak phases, (¢ =u.d.s. c).
ferent modes will provide some clues as to which NP We have shown that one can obtain each of4fig
operators are present. and®, by using measurements of pairs Bfdecays.
Note also that, in general, the valuedf extracted One decay has a large— 5 penguin component and
from two distinct decay pairs with the same underly- is (usually) dominated by a single amplitude. It re-
ing b — 5qq transition will be different. There are two ~ ceives a new-physics contribution. The partner process
reasons for this. First, certain operators which con- has ab — d penguin contribution and is related to the
tribute to one process may not contribute in the same first decay by flavour SU(3) in the SM. Itis unaffected
form in another. (For example, one decay might be by NP. Assuming that the SM CP phases are known in-
colour-suppressed, while the other is colour-allowed.) dependently, the measurements of these Awtecays
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allow one to extractdf, and ®,. The theoretical er- D. London, N. Sinha, R. Sinha, hep-ph/0402214.
ror due to SU(3) breakingan be reduced to the level [9] See, for example, G. Buchalla, A.J. Buras, M.E. Lautenbacher,
of 5-15% forg = d, s, ¢, but is larger foly = u. Rev. Mod. Phys. 68 (1996) 1125;

. . A.J. Buras, Weak Hamiltonian, CP violation and rare decays,
In general, different NP models lead to different in: F. David, R. Gupta (Eds.), Probing the Standard Model of

patterns of the NP paramete‘%p and®,. Thus, the _ Particle Interactions, Elsevier, Amsterdam, 1998, p. 281.
measurement of the NP parameters can rule out certain[10] W. Bensalem, A. Datta, D. London, Phys. Rev. D 66 (2002)
models and point towards others. We will therefore 094004.
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