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Can one measure the weak phase of a penguin diagram?
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The b—d penguin amplitude receives contributions from internat andt quarks. We show that it is
impossible to measure the weak phase of any of these penguin contributions without theoretical input. How-
ever, it is possible to obtain the weak phase if one makes a single assumption involving the hadronic param-
eters. With such an assumption, one can test for the presence of new physicsin thélavor-changing
neutral current by comparing the weak phaseBﬁ)fgg mixing with that of thet-quark contribution to thd®
—d penguin amplitude[S0556-282(199)00319-7

PACS numbgs): 13.25.Hw, 12.15.Hh

. INTRODUCTION The angleB can be measured viBj(t)— J/yKg or B(t)
— @K [5]. In either case, a discrepancy in the values of the
In the near future, it is expected that experimentBat measured P angles would be a smoking-gun signal for new
factories, DESY HERA-B, and hadron colliders will measurephysics.[A third possibility, which is similar in spirit to
CP-violating rate asymmetries i decayq 1], thus yielding  these two examples, is ti@P asymmetry inB2(t)— J/ .
values ofa, 8 andv, the three interior angles of the unitarity Tg g good approximation, in the SM this asymmetry is zero,
triangle. What is particularly compelling aboGtP violation  so that a nonzero value would clearly point to new physics.
in the B system is that all three angles can be extracted |f such a discrepancy were observed, what type of new
cleanly, i.e. without theoretical hadronic uncertainties. If na- physics could be responsible? Tree-level weak decays, being
ture is kind, these measurements will reveal the presence @fominated by\-exchange, are essentially unaffected by new
physics beyond the standard modgM). o physics. Thus, new physics enters principally through new
The most obvious way to detect new physics is (0 COMquibytions to loop-level processes, suchB4sB® mixing
pare the. unitarity triangle as constructeq from thé&se [6] or penguin decayk7]. We can therefore conclude that a
angles with the triangle constructed from independent Meagiscrepancy in the value of as extracted fronB*— DK *

surements of the sides. Any inconsistency will be evidencgq BO(t)~DZK™ is due to the presence of new physics in
for new physics. The potential problem with this approach isBo_gos s
S S

that there are large theoretical errors, all related to hadronig
physics, in extracting the lengths of the sides of the unitarit)P
triangle from the experimental data. Because of this, th 8(t)HJ/¢Ks and Bg(t)H¢KS. (I there were new phys-

presently allowed region for the unitarity triangle is still """~ 2>
rather large[2]. Thus, it is conceivable that new physics IS in Bg-Bg mixing, both of these decays would be equally

might be present, but we would still not be certain due to thé"‘ffeCted’ so that this could not be the cause of any discrep-

theoretical uncertainties. Furthermore, even if the presenc%ncy) Thus, in both cases, not only would we be certain that

of new physics were clearly established, this method woul ew physics is present, we would also know exactly where it

not tell us which of the measurements of the sides and angld@d entered.(Similarly, if the CP asymmetry in Bg(t_) _
were affected by the new physics. —Jl ¢ were found to be nonzero, this would clearly indi-
In light of this, a more promising technique for searchingcate the presence of new physics8f+BY mixing.)
for new physics is to consider two distinct decay modes In all of these examples we are able to probe new physics
which, in the SM, probe the san@P angle. If there is a in the b—s flavor-changing neutral currefECNQC). The
discrepancy between the two values, this would be unequivaebvious question is then: is there a way to use this type of
cal, clean evidence for new physics. In addition, we wouldmethod to probe new physics in the-d FCNC?
have a much better idea of where the new physics entered. One possibility is to try to measure the weak phase of a
In fact, there are several decay modes which can be usdg—d penguin diagram. In théapproximatg¢ Wolfenstein
in this way. For example, the angjecan be measured using parametrization[8] of the Cabibbo-Kobayashi-Maskawa
rate asymmetries B~ —DK™ [3] or B(t)—»D K™ [4].  (CKM) matrix, only Viq andV,;, have significant non-zero
phases. These phases are two of the angles in the unitarity
triangle: 8= arg(Vy;) and y=arg(V;)(« is defined to be

mixing. Similarly, since the decaﬁg(t)ﬂngKS is a
ure penguin process, new physics in bhe s penguin am-
litude can lead to different values @gf as measured in

*Email address: london@Ips.umontreal.ca 7— B—v). The b—d penguin amplitude receives a contri-
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weak phase is- 8. Thus, if one could compare the value of and allows us to extract the weak phase of tlmuark b
B as extracted from théquark contribution to théb—d —d penguin, albeit not cleanly.

penguin with that measured in some other de¢aeyg. We discuss the CKM ambiguity in more detail in Sec. Il.
BY(t)—J/¢K 4], one might be able to detect the presence ofWe also show explicitly that several methods which poten-
new physics in thdd—d FCNC. tially could be used to extract the weak phase of thed

If the t-quark contribution to th&— d penguin amplitude penguin in fact do not contain enough information. In Sec.
were dominant, this would be straightforward. In this case]ll we show that the CKM ambiguity can be resolved by
one could simply measu@P violation in a pureb—d pen- ~ making a single assumption about the penguin parameters,
guin decay such aB3—K°K? or B~ ¢Ks. In the SM, the and give some examples of such assumptions. We conclude

CP asymmetry inBS(t)—K°K® would be expected to van- Sec. IV,

ish (the weak phase @J-BS mixing cancels the weak phase
of thet-quark penguin amplitudewhile the measurement of
Bg(t)ﬂq’)Ks would allow one to extract sin2[9]. If a dis- The full b—d penguin amplitude can be written as the
agreement were found between these predictions and the esum of three contributions:
perimental results, this would be a clear indication of new
physics in thebo—d FCNC. .

Unfortunately, things are not so easy. Theoretical esti- P:q;u:m VabVaaPq. 2
mates suggest that the—d penguin isnot dominated by the v

internalt-quark. On the contrary, the- and c-quark contri-  \yhere we have explicitly separated out the dependence on
butions can be substantial, perhaps even as large as 20%ye CKM matrix element. In the Wolfenstein parametriza-
50% of thet-quark contribution10]. If this is the case, the tion, the weak phases of the* V.4, V%Veq and VAV,

CP asymmetries do not cleanly probe weak phases, and trt%rms arey, 0, and— g respec%ively. ¢

SM predictions given above are altered. The asymmetries ' ’

: " Now, any one of theVg,Vqq terms can be eliminated
now depend or(unknown) hadronic quantities such as the using Eq.(1). Thus, depending on which term is eliminated,

= ; flere are several parametrizations one can use. For reasons
cpn_trlbutlons, so that a discrepancy between the ab.ove PrShich will become clear below, we call this freedom the
dictions and the measurements does not necessarily imp kM ambiguity.” '

new physics. Suppose, for example, that we choose to eliminate the

Still, if we could find a way tasolatethe t-quark contri- * : . : .
bution to theb—d penguin, we could perhaps measure itsV“bVUd piece. The penguin amplitude can then be written

Yxetr;l; Eh_a)ze',:grllldct.hereby test for the presence of new physics P=VAVy(Pe—Py)+ VEVig(P— Py)
The main purpose of this paper is to examine whether =P € %ut Py eifue B (3
such a method is feasible. We will show that, in fact, it is
impossible tocleanlymeasure the weak phase of theuark  \where we have explicitly separated out the weak and strong
contribution to theb—d penguin, or indeed the phase of any nhases and absorbed the magnituplés Vg and |V V.4l
of the penguin contributions. The reason is fundamentallyng the definitions ofP,, and Py, , respectively. We refer to
very simple: due to the unitarity of the CKM matrix, we have ihis as parametrization 1.
. . . Suppose further that there exists a technique which per-
VioVudt VepVedt VipVia=0. (1) mits us to extract the weak phases in the above expres-
sion cleanly, i.e. with no theoretical input regarding the re-
This is the equation used to define the unitarity triangle. Buimaining hadronic parameters. If such a technique existed,
the three terms in this equation are also the CKM matrixthen it would be possible to expresss (and perhaps the
elements of theu-, c- and t-quark contributions to thdd  other parametejsntirely in terms of measured observables.
—d penguin. It is therefore impossible to isolate any one However, if we had instead chosen to eliminate the
contribution—it is always possible to write a particular con-V}, V4 piece from Eq.(2), we would have found
tribution in terms of the other two. In this paper we refer to

Il. THE CKM AMBIGUITY

this as the “CKM ambiguity.” Since one cannot isolate the P=V*.V (Pc—P)+ V5 Vyg(P,— Py
t-quark contribution, it is clearly impossible to measure its _ o
weak phase cleanly. =P €' %+ Pe ue', (4)

However, all is not lost. If the CKM ambiguity could
somehow be resolved, then it might be possible to measunhereP;; andP,, are defined in a similar fashion f&,,, and
the weak phase of thiequark contribution to thé&—d pen- Py, in Eq. (3) above. We call this parametrization 2.
guin. In fact, as we will show, this can be done, but it re- The key point here is that parametrizations 1 and 2 are
quires making a theoretical assumption regarding the hadery similar in form. If there existed a technique which could
ronic parameters of the penguin amplitude. Since such ahe used to cleanly obtair 8 from parametrization 1, that
assumption holds only within a particular parametrization ofsame technique could be applied to parametrization 2 to ob-
the penguin amplitude, this resolves the CKM ambiguity,tain y. Furthermore, the function of observables which gives
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— B would be the same function which yields leading to A. BY(t) —KO°K®

the conclusion that- 8= vy, which is clearly false in general. h 0 00 : . i
This argument demonstrates that it is impossible to_ '€ decayBy—K KT is a pureb—d penguin amplitude.

cleanly measure the weak phase of thgiark contribution The study of the time-dependent decay rate for this decay

to theb—d penguin amplitude, or indeed the weak phase ofllows one to obtain the three quantiti¢s|, |A[, and
any contribution. This is due specifically to the CKM ambi- Im(A*A), where A=e'#A(B3—K°K® and A=e~'#A(BY
guity, i.e. the fact that the—d penguin amplitude does not _, K0k However, it is straightforward to show that this
have a well-defined parametrizatiofA similar conclusion  information alone does not allow us to extract any of the
also holds for théd—s penguin amplitude. However, in that hegretical parameters in the amplitudes.

case the situation is slightly different. For the-s penguin Since the decay is pure penguin, the CKM ambiguity al-
amplitude, thec- and t-quark contributions are real in the |ows us to write the amplitud& in a variety of ways. Since
Wolfenstein parametrization. And thequark contribution, \ve are interested in measuring the weak phase of-thark
which has a nonzero weak phase, is considerably suppressggntripution to theb—d penguin amplitude, we will keep

relative to the others. Thus, to a good approximation, one Cathe Vi V4 piece of the amplitude. Suppose that we eliminate
2albﬁgitit§/hss)?r;2?/2%$m amplitude is real, so that the CKM o %/ niece. The amplitudé can then be written

Even though this argument is quite conclusive, it is in- A=e B[P, e%u+ P, eldugif]
structive to examine several methods which one could con- o o '
ceivably use to attempt to measure the weak phase of the =P, e %ueP+ P, e lue NP, (8)

t-quark contribution to th&—d penguin amplitude, and see » .
exactly how they fail. In particular, we are interested in 1 N€ quantitiess,, and &, are strong phases; only their dif-

counting the number of independent measurements, arfgrence is measurable. Also, in the presence of new physics,
comparing this with the number of theoretical parameters. Aghe phase oBg-Bj mixing may not be the same as that of
we will see, in all cases, the number of parameters exceedbe t-quark contribution to théo—d penguin. We have al-
the number of measurements by one. lowed for this possibility by writing the weak phase of the
Before turning to specific examples, it is useful to estabpenguin asp’ in the first line. The new-physics phase is
lish some notation. Due tBJ-B mixing, aBS meson can defined asfyp= '~ B. Measuring the phase of thejuark
evolve in time into a mixture oiBg andgg. The time-  P€NQuin corlltrlbutlon then is gquwalent to measurthg . .
dependent decay rate fonﬁ(t) to decay into a final state T_heA amphtude_ can be_obtamed from the above equation
is simply by changing the signs of the weak phagemnd 6yp.
From this expression we can count the number of theoret-
ical parameters. There are fivg; Oyp, Pey, P @nd S,
— dy, - Since we have three measurements in five unknowns,
2 2 it is impossible to solve for these parameters. In particular,
one cannot obtaiyp. We can improve things slightly by
xoos(AMt)—Im(gA’*K’>sin(AMt)} noting thatg, which is the phase oag-Eg mixing, can be
P independently measured 8(t)—>J/¢KS. However, this
(5) still gives us one more unknown than there are measure-
ments.
whereBg(t) is aB meson which at=0 was aBj, andA’ If we had instead eliminated the*,V 4 piece, this con-
and A’ are A(Bgéf) and A(§gef), respectively. In the clusion would not change. Including now the independent
Wolfenstein parametrization the mixing parameiép takes measurement ot [say int(t)—>7T+7'r_], we would still be
the form left with four measurements in five unknowns.
In light of the CKM ambiguity it was to be expected that
gze—m © we would be un_able to cleanly ext_raegp. Howeyer, the
p : point that we wish to stress here is that there is only one
more unknown than there are measurements.

It is convenient to remove this mixing phase by redefining

|A’|2+|K'|2+ |A/|2_|K/|2

r[BS(t)af]=eF{

the definitions of the decay amplitudes, i.e. B. Isospin analysis of8— mar
_ - o The decay mode which is usually associated with the
A=ePA’, A=e AN (7)  measurement of the P anglea is B§(t)— 7" 7. A decade

ago it was noticed thdi—d penguin contributions, if large,
The time-dependent decay rate then allows us to extédet  can spoil the clean extraction of [9,11]. This is often re-
|A|, and Im@A* A), i.e. the magnitudes &t andA, as wellas ferred to as “penguin pollution.” Shortly thereafter, a
their relative phase. method was proposed for removing the penguin pollution.
In the examples which follow, we will adopt this notation, This method was based on the fact that the amplitudes for the
in which the mixing phase has automatically been absorbedecayng—wr+ T, ng w070 andB* — 7t #° form a tri-
into the decay amplitudes. angle in isospin spadd.2].
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In general, the decaﬁg—m-r+ 7~ receives contributions
from a tree diagram and b—d penguin diagram. Using
unitarity to eliminate thev}, V.4 piece of the penguin dia-
gram, we can write

1 : Cb— : -
—ATT=eP[-TT €79 e7+peireip
N [ ]

=T+ @9 e laq pedpgitnp, (9)
In the above thd* ~e'®" term includes thar-quark piece
of the penguin amplitude, and™~ and 6% are strong
phases.

The A*~ amplitude is obtained from tha*~ amplitude
by changing the signs of the weak phasesand 6yp. If
there were no pengﬂin contributiortse. P=0), then we
would have ImA* ~*A™ ~)~sin 2a, so that we could obtain

a clean measurement af However, ifP# 0, then the phase
probed in IMA™ "* A" ™) is clearly a complicated function

of a and the other parameters. Thus,can no longer be
extracted cleanly.

The situation can be improved by using an isospin analy-

sis. Isospin relates the amplitude BE—> «* 7 to the am-

plitudes forBS— #°#° andB* — 7" #*:

i A+7+A00:A+O

V2

with a similar triangle relation for the conjugate decays

(10

Rl o )

V2

The amplitudesA® andA*° can be explicitly written as

11

A00— T00i 6% ~ia_ paidpgify 3

PHYSICAL REVIEW D 60074020

Although it is nice to be able to obtaia cleanly, the
guestion which we wish to explore in this paper is: can we
get more? In particular, is there enough information to also
extractfyp? It is straightforward to show that the answer is
no.

First, we note that there are a total of seven parameters
which appear in the theoretical expressions for the ampli-
tudes: a, Oyp, T, T P, AT =6""—6" and A
=6%— 5,. Experimentally, at best one can measure the
magnitudes and relative phases of the Aband A ampli-

tudes, giving 11 measurements. However, due toAthadA
triangle relations, the four measurements involving A8
and A% amplitudes are not independent. Furthermore, we
have|A*%=|A~9]. Thus, of the 11 measurements, only six
are independent. With six measurements in seven unknowns,
one cannot solve fobyp.

Again, given the discussion of the CKM ambiguity, this
was to be expected. However, as before, we find that there is
only one more unknown than there are measurements.

C. Dalitz plot analysis of B— 34

An alternative way to cleanly extraet in the presence of
penguin contributions is to study the Dalitz plot Bﬁ(t)
— 7t 7~ 7% decayq13]. This final state can be reached via
the intermediate states’ 7, p~ 7" and p°#°. It is the
interference between these intermediate states which allows
one to remove the penguin pollution and cleanly obtain

In this method, it is th&8— p 7 amplitudes which are the
key ingredients. The isospin symmetry allows one to relate
neutralB— p 7 decays to chargeB— p# decays. Defining

S,=e’\2A(B" —p* 70,
S,=eP\2A(B" —p°n"),

ngeiﬁA(Bg—m*ﬂ-‘),

ATO=[T*el?" 4+ T i, (12 Sy=ePABY—p 7),
where agains® is a strong phase, and only the difference of Ss=eP2A(BY— p°7?), (13
strong phases is measurable. Theamplitudes are again
obtained from the above expressions by changing the sigr@e can form an isospin pentagon
of the weak phases.
The anglea can then be found as follows. The magni- S+ =53+ 54+Ss. (14

; ; + - 00 +0| |AT—
tu_?)gs of th_e_03|x amplitudepA™ |, [A™, |A™0, A", Agin theB— m case, there are in general both tree and
|A™ and |A™7[, can be measured experimentally. We can_.4 penguin contributions t@— pm decays. Eliminating
therefore construct thé\- a@ A-triangles[Egs. (10) and  again theV}, V4 piece, the above amplitudes can be written
(11)]. In addition, ImA*~*A* ") gives the relative phase explicitly as follows[13]:
between theA™~ and A"~ amplitudes, thereby fixing the
relative orientations of th&- and A-triangles. The key point
is that this then fixes the relative orientations of #&i&” and
A% amplitudes. But the relative phase of these two ampli-
tudes is just Z. Thus, the isospin analysis allows one to
remove the penguin pollution and cleanly extractIn fact,
there are discrete ambiguities in the above procedure, but
they are not our concern here.

S o+0 . .
S, =T"%'"? "e7'*+2Pe'%1e7 NP, (15)
SZZTO+ei6O+e_ia_2P1eiale_i6NP,
83:T+—ei5+’e—ia+Pleiﬁle—ioNp+ Poei%e—ieNp’

84:T—+ei6’+e—ia_ Pleiale—iaNp+ Poeiéoe—i()NP,
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So=—T" €? e ia_T +eld Tgriap T+0gi0 g ia ponents of thevV state through a helicity analysis of the
decay products of th¥ mesond 14].
Do+ _ _ _
+ 70+l e le—2P,e'%e NP, The amplitudes for a neutr® or B meson to decay into

a pair of vector mesons can be written as
There is a similar pentagon relation for the conjugate am-

plitudes: A(Bﬂvlvz):hz{% . NS N
S1+5=S+5,+Ss, (16) |

in which theS, amplitudes can again be obtained from e A(B—V,V,)= ﬂcpxi{%# " Ay (19

amplitudes by changing the signs of the weak phasesd B

Onp - where thef, are the coefficients of the helicity amplitudes

. + — O . .
The Dalitz plot of then” a7 final state contains \iyen in the linear polarization basis; thig depend only on
enough information to determine the magnitudes and relatlv?ne angles describing the kinematics. The fagtohas been
phases of the six amplitud&s, S,, S5, S3, S4 andSs. One  introduced to account for the fact that tRevave amplitude

can then obtainy via A, is CP-odd, whileA, andA; are CP-even. Thus{, =1
for A\={0||} and{,=i for A\=_L. The intrinsicCP parity of
S35+ Ss — g 2ia (17) the Aq final state is defined agcp.
S3+S,+Ss ' The guantities which appear in the time-dependent decay
rate[Eq. (5)] are
As in theB— 7r7r case, one can again show that there is
not enough information to extradp. There are a total of 2_ %o ok
13 theoretical parameters;, Oyp, Six T and P amplitudes, Al _g‘, AA Lo o (20

and five relative strong phases. Experimentally, one can de-

termine the magnitudes and relative phases ofSalind S —> — = s
- S andS. - AP=2 AVAL L (21)

amplitudes §;, S,, S; and S, can be obtained from an o v

analysis of the Dalitz plot ofr* #%7%). Thus, there are

nominally 19 measurements. and

Because of th& andgpentagon relations, the amplitudes

Ss a;\d§5 are not independent. This removes four measure- AXA= D AX ALK (22)
ments. No

We have the equalityS, +S,|=[S;+S,|. This removes
one more measurement.
It is easy to verify the complex equality

S5 _StS (18)
$5-S-S, Si+S, — oy SINAMD ]F,f (23

Using Eqgs.(200—(22), Eq. (5) can be rewritten as

T[BY(t)—fl=e > [A\,+3,,c04AML)
A=0o

This removes two more measurements. ~ where the summation is done realizing the fact that,
Thus, of the 19 measurements, in fact only 12 are indecannot be distinguished frorh,f, in an angular analysis.

pendent. Since there are 13 unknowns, we cannot solve forhe quantities appearing in the above equation are defined as
Oyp, as per the CKM ambiguity.And, as in theB— mrar

case there is one more unknown than there are measure- IAA|2+|ZA|2
ments. An=——5— (24)

| D. Angular analysis of B—VV decays A= Re(.A)\Afrg)\{f,-FA)\Af,{f £), Ao, (25
Consider the case where a neutBameson decays to a

final state consisting of two vector mesovisBecause of the

fact that this final state does not have a well-defined orbital |A,2- IZAIZ

angular momentum, it cannot beGeP eigenstate. However, So=——,

it is possible to disentangle th@P-even andCP-odd com- 2

(26)

Sro= REAAEL - A AL L), Mo, (27)

We note that this contradicts one of the conclusions of R
The authors of Ref13] concede that this particular point is in error —
in thei i iscussi i =Im(AF AL (28)
in their paper. We thank Helen Quinn for discussions of this matter. P AN )
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— — I . 00 .
Pro=IM(AF A, + A2 AN L), N+o. (29 AO=[T] "eld +T% 5\ |e e, (32)

We remind the reader that we have adopted a notation iIheK)\ amplitudes are_o_btained_by changing the _sign_s of the
which the mixing phase/p has been absorbed into the de- weak phases. The helicity amplitudes form isospin triangles:

cay amplitudes4, and.A, .

It is clear from Eqs.(23)—(29) that 18 quantities can be iA+‘+A°°=A+° i AFTH+AP=A"0 (33
measured. However, it is equally clear that only 11 of these 2 AN Mo
observables are independent. The fundamental quantities are
the six amplitudes4, and.A4, , A\=0,L,|. The most one can There are thus six isospin triangles involving 18 amplitudes.
measure is their magnitudes and relative phases, for a total of From the above, we see that there are a total of 19
11 independent measurements. And in fact, it is straightfortheoretical parameters: @, 6yp, nine magnitudes
ward to show that the observables in E@#4)—(29) suffice (T, , T, P,), and eight strong-phase differences. Experi-
to measure these 11 quantities, up to a twofold discrete anmentally, the magnitudes and relative phases of all 18 am-

biguity in the relative phases. plitudes can be obtained, giving a total of 35 measurements.
What can we learn from this information? For definitive- However, not all measurements are independent:
ness, let us consider the puke—d penguin decayBg Because of the isospin triangles, the amplitudé% and
—K*K*, which is quite similar to the previous dec#®) A are not independent. This removes 12 measurements.
—KOK®. Using CKM unitarity to eliminate theVX V4 We have
piece, the helicity amplitudes can be written o
A .
Ay =P e %+ P el e e, (30 ﬁ=e‘2'“, A=0,L,[. (34)
A

As usual, theZA amplitudes are obtained by changing the . 4o — 0 .
signs of 8 and Ay in the above expression. Thus, the magnitudes &, ~ andA, - are equal, as are their

We can now count the number of theoretical parameter&elative phases, for the helicities=0,L . This removes an
in the decay amplitudes. There are 18: fyp, six P mag- ~ additional five measurements. _
nitudes, and five relative strong phases. Assuming ghi We therefore find that we have a total of 18 independent
independently measured, this still leaves 12 measurements fYPerimental measurements, but 19 theoretical unknowns.
13 unknowns. Once again, we cannot obtgjp cleanly.  Although we can cleanly find the€ P-phasea, we cannot
And once again, there is one more theoretical unknown thaA&t€rmine any of the remaining parameters, including .
there are measurements.

IIl. RESOLVING THE CKM AMBIGUITY

E. Isospin + angular analysis of8—pp decays In the previous section, we showed that, due to the CKM

As a final example, one can imagine combining isospinambiguity, it is not possible to cleanly measure the weak
and angular analyses. Consider the deB@wp+p‘. The phase of a penguin amplitude. Indeed, in all the examples
p*p~ final state is not & P eigenstate. An angular analysis considered, we found that there were more theoretical pa-
can distinguish theC P-even piece from th& P-odd piece rameters than measurements, in agreement with this result.
by separating out the three helicities. That is, we could obHowever, what is interesting about the study of these ex-
tain the magnitudes and relative phases of the amplitudeamples is that in all cases there was only one more unknown
AS~ (A=0,L,])), along with the corresponding conjugate than there were measurements. Although we did not present
ampIitudesK{’ . where a pro_of, the rgsu_lt appears to t_)e very general. _ _

This result indicates something quite useful: if we wish to
ol o it L test for the presence of new physics in the:d FCNC by
EAA =T, e e '“+Pe%®e ', (3]  comparing the weak phase Bf-BY mixing with that of the
t-quark contribution to théo—d penguin amplitude, it is
necessary to make a single assumption about the theoretical
guin contributions, this is not enough to obtain (h_adronic} parameters describ_ing'the decay. This assumption
will hold in only one parametrization of the decay amplitude,

cleanly—-an isospin analysis is also necessary. : B
Imagine, then, that an angular analysis were also per@md will therefore resolve the CKM ambiguity. Furthermore,

formed on the decay§§(t)—>p°p° and B*—p*p0. We the requirement of a single theoretical assumption holds re-

. . 0 ~+0 ) gardless of which type of method is used.
could then also obtain the amphtudAS » A\ ", along with In this section, we present several examples which show

their conjugate amplitudes. These amplitudes can be writteg, jicitly how a theoretical assumption allows one to extract
as the weak phase of thiequark contribution to thé—d pen-

00 S guin, thereby enabling one to test for the presence of new
ARL=T6 e e~ P, el tre i, physics in theb—d FCNC.

However, as in th®]— 7" 7~ case, in the presence of pen-
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A. B(t)—K°K® and BY(t)— @K given in Ref.[15].) A comparison of3 and 8’ may then

— reveal the presence of new physics in thed FCNC.
As mentioned in the introductionB3—K°K® and B2 P Py

—¢Kg are pureb—d penguin decays. It was recently
shown in Ref.[15] that, by measuring the time-dependent
decay rates for these processes, and adding a theoretical as-In Sec. 11B we discussed how an isospin analysisBof

sumption, together these decays can be used to measure therm decays allows one to remove the penguin pollution
weak phase of thequark contribution to théd—d penguin  and cleanly extractr. However, there are not enough mea-
amplitude. surements to obtain further information about the remaining

The amplitude foB— K°K® was given in Eq(8) and is  theoretical parameters. We had
repeated for convenience below:

B. Isospin analysis ofB— @

1 Che . )
AT =Tt g0 giag Peidreifnp,

AKK=D  el%cuglB+ P, el dug=i(F' ~A) (35) 2
where 8 is the weak phase (Bg-gg mixing and B’ is the 1 e Lo
weak phase of thequark contribution to thé— d penguin E ATT=T7e? el perelie (38)
amplitude.
The amplitude foBY— ¢K g can be written Defining
ALK =P e %ut P e e B, (36) 2aep=arg AT *AT), (39
where we have assumed that there is no new physics W€ therefore have three measurements

B2-BY mixing. (As discussed previously, it is possible to (IA" |, [A"7|, 2aegr) in four unknowns T*~,P,5""
directly test for the presence of such new physics. If it turns~ Sp » Onp).- R
out that there is new physics iBg_gg mixing, it can be Suppose that we knew the value BfT™ . This could

included straightforwardly in the above equation come, for example, from a theoretical estimate or a lattice

Comparing the above two equations, one immediatel dalqulat;]on% II? th|s case, we c:g .solve f6Kp. One can
notes that the parameters in H86) are written with tildes erive the following expressior{46]:
compared to those in Eq35). There are several reasons.
First, there is a different spectator quark in the two decays. p2—
Second, the decaBl— ¢Kg receives additional contribu- 8sirf(a— Oyp)
tions from electroweak penguins and Zweig-suppressed glu-

|AT T2+ |ATT|2=2|AT 7| |AT 7| cod 2a— 2aeyy)

onic penguins. And third, the decaBj—K°K® has two (T77)?

pseudoscalars in the final state, whﬂg—> ¢Ks has a vector A2+ |K+ “2—2|At | |K* ~|cos 20yp— 2rer)
and a pseudoscalar. Because of these differences, we expect = - )
that the parameters in E(35) are not equal to their coun- 8sinf(a— 6yp)

terparts with tildes in Eq(36). (40)

There are thus a total of eight unknowns in the two am-
plitudes: 8, B', Peus Peus Pus Prus Oou— 0w, andd,,  1hus, if we assume a particular value of the refior " -,
—8,,. However, there ar¢as usual only seven measure- these_e_xpressmns a||0\_/v us to deridige in terms O.f known

_ _ KK quantities. And we again stress that the assumption about the

ments: the magnitudes and relative phase‘\@f andAg™, value of P/T"~ holds only within a particular parametriza-
the magnitudes and relative phaseAdf® andAZ®, and the  tion, thus lifting the CKM ambiguity.
weak phase iB-BY mixing, 3.

The number of theoretical unknowns can be made equal C. Angular analysis of BS(t)—K*K*

to the number of measurements by making an assumption. In he d 0 T di din th
Ref. [15] it is assumed that=r, wherer=P_,/P,, andT In Sec. 11D, the decay—K” K* was discussed in the

~ 2 : : S ) context of an angular analysis. The helicity amplitudes were
=P.,/ Py, - The uncertainty on this assumption is estimated
to be fairly small: A =P e 5§ueiﬁ+73€\uei Sue~ifnp,

200, @ A=Phete S Pl ghete, 4D
wherex=0,L ,||. The helicity analysis allows the extraction

Thus, takingr =T is a reasonably good approximation. With of the magnitudes and relative phases of all theand A,

this assumption, we now have seven measurements in sevamplitudes.

unknowns, and we can therefore solve forand B8’ sepa- In order to extractyp, it is possible to use one of the

rately, up to discrete ambiguitie§The explicit solution is techniques described in the previous subsections. However,
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one might also consider an alternative method involving the We can then solve fodyp as follows. We define the
strong phases. Defining*= 8%,— &;,, suppose we assume measurable quantity), as

that thes"’s are the same for all helicities. This assumption
is somewhat in the spirit of Bander, Silverman, and Soni

) - * g ox2
(BSS [17], in which the strong phases arise principally from 2per=arg Ay AL ). (42
the absorptive parts of the loop diagrams, and so are inde-
pendent of the helicity of the final state. Then we can solve fos* as a function ofgyp [16]:

Sin(B+ Oyp) (| A, 2= Ay [?)
cog B+ Oup) (| A2+ A2 — 2| A || Ay cos 2} 1+ B— Onp)

_ tan B+ Oyp) =)\
A= VAZ, —32,[cog 2¢h+2B) +tan B+ Oyp)Sin2¢8+28)]

tans =

(43

whereA,, and,, are defined in Eqs.24) and (26). As-  complicated than a simple multiplicative factor. On the other

suming thats = 6, where\ and o represent different he- hand, in general the strong phas#&s will then not all be

licities, the above equation allows one to solve fyp in equal.

terms of measurable quantities only. Of course, the solution Thus, in order to justify the assumption of a comm@n

will contain discrete ambiguities, but it will still be possible for all helicity amplitudes, one must hope that nonfactoriz-

to establish whethefp is nonzero. able effects exist which give different matrix elements for
We must point out here that, although the assumption of ghe various internal-quark contributions, but nevertheless

commong" for all helicity amplitudes does allow us to 0b- giye the sames* for all helicities. Although this is a logical

tain Oyp, its theoretical justification is problematic. From possibility, it must be admitted that it seems implausible.
Egs.(3) and(30), recall that

. . e
PA e %u=(|P}|€'% | P} &%) VA Vedl, IV. CONCLUSIONS

In the coming years, many measurements will be made of
CP violation in theB system. Hopefully these measurements
will reveal the presence of new physics. Although this in
itself will be very exciting, we will then want to know what
kind of new physics it is, and how it has affected {G®
Ef;lsymmetries.

New physics generally can affe€tP-violating asymme-
tries through its effects on loop-level processes, such as
B%-B? mixing or penguin decays. It is then useful to catego-
rize these effects as belonging to the-s or the b—d
flavor-changing neutral curredECNC). Although there are

Pheltu=(|Pe% — PN )| Vivil.  (44)

In the BSS calculatiopl7], the details of the calculations of
the penguin diagrams are independent of the helicity of th
final state. In particular, the strong phas®s(i =u,c,t) are

in fact \-independent. Furthermore, the facto/B}| (i
=u,c,t) can each be written as ®-independent penguin
piece multiplied by acommon\ -dependent matrix element.
In this case, it is straightforward to verify that, indeed, the

)\ . . .
Str%r:)%\,zt]g?e:h;?et?se ;2?2 f?g?:;g?';ﬂ;yos;]a);?'en dence several ways to cleanly test for the presence of new physics
' P ' P in the b—s FCNC, it is not so easy to do this for the

of the amplitudes4, andzx in Egs.(41) is the presence of . 4 FcNC.
this overall multiplicative common matrix element. And this

matrix ellement canpels in all ratios involvingy and_/orzk. that found in thet-quark contribution to thé—d penguin

In particular, ratios such asX,,/A,, are in fact gmpiitude. In the presence of new physics, these two phases
A-independentBut this implies that the right-hand side of 5y pe different. The question then is: can one measure the
Eq. (43) is actually independent of, so that the technique phase of the penguin amplitude? In this paper we have

does not work. shown that it isnot possible to cleanly measure this phase.

The only possible loophole in the above argument is thafrhe reason is essentially the following. There are three con-
the BSS calculation makes use of factorization. If ”O”faCto_rTributions to theb—d penguin, coming from internal, ¢

izable effects are large — and they may well be for penguirynqt.quarks. However, due to the unitarity of the CKM ma-
diagrams — then there may not be a commodependent iy it is always possible to write any one of these contribu-
matrix element for each of thd}'| factors. In this case, the tions in terms of the other two. We call this the “CKM

helicity dependence of4, and A, is considerably more ambiguity.” It is therefore not possible to isolate thquark

In the SM, the weak phase Bf-BJ mixing is the same as
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contribution, and so one cannot cleanly measure its weaklong with the corresponding assumptions, in which this can
phase. be done.

We have explicitly analyzed several methods which could Note added While we were writing this paper, we re-
conceivably have been used to try to obtain the weak phasgeived a paper by Fleisch¢t8] which discusses some of

of the t-quark contribution to thé—d penguin, and found these same issues for the specific case of the angular analysis
that, indeed, there is not enough information to extract then B— vV decays.

phase of thé-quark penguin.

However, in performing this analysis, we have also ob-
tained an interesting result: in all cases there is one more
theoreticalhadronig unknown than there are measurements.
Thus, the addition of a single assumption about the hadronic We thank Helen Quinn for helpful correspondence. R.S.
parameters, which removes the CKM ambiguity, allows thethanks D.L. for the hospitality of the Universitee Montrel,
extraction of the weak phase of thguark penguin. This can where this work was initiated. The work of D.L. was finan-
then be used to test for the presence of new physics in theially supported by NSERC of Canada and FCAR du Que
b—d FCNC. We have given several examples of methodsbec.
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