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I. INTRODUCTION allowed range. Such new physics cannot be detected if the
values of the asymmetry angles happen to be related via the
If we assume standard model unitarity, there are two inambiguities to values that do overlap the standard model
dependent angles in the “unitarity triangle,” both of which range. Clearly, the fewer ambiguous pairings that remain, the
are related to the underlying nonzero phases of Cabibbtetter our chance of recognizing non-standard-model physics
Kobayashi-MaskawdCKM) matrix elements. We use the should it occur.
definition y= 7 — g~ a, where One way to resolve these ambiguities is to measure asym-
metries that depend on very small anglds,5]:
w—ard — ViaVi, ard — VedVep L1 afd—VcsVéfb/Vts ] or ard —V¢gVed VuaViel- |I"'I t.h_is
VigVE, VeV work we discuss othgr ways to resolve the ambiguities by
measuring asymmetries that relate to large angles only. That
have simple interpretations as phases of particular combindS Ot to say we discuss only easy measurements. We will
tions of CKM matrix elements. later briefly discuss the experimental difficulties, but first we
In B factory experiments we seek to measure quantitieéeVieW the issue from a theoretical perspective. In addition to
that, in the absence of physics from beyond the standarthe valuesof sin2¢, only the signsof cos2p and sinp for
model, are simply related to these angles. Ignoring for thdoth ¢=a and ¢=p need to be determined. These four
moment the effects of subleading amplitud€g-violating  Signs resolve the ambiguities completely: sgn(ef)s2 used
asymmetries are proportional to sin®here¢ is one of the  to resolve thegp— m/2— ¢ ambiguity; sgn(sig) is used to
angles of the triangle. In particular, the first tv@P asym-  resolve the¢p— 7+ ¢ ambiguity.
metries to be measured are likely to beBr- y/Kg, which Several measurements which can determine sgng¢gos2
measures sin?, and inB— "7~ , which measures sin2  have been proposd8,6,1,7. Uncertainties in calculation of
However, measurement of si¢#2can only determine the hadronic effects do not affect the interpretations of these
angle ¢ up to a fourfold ambiguity:{¢,7/2— ¢, 7+ ¢, measurements, although they do depend on the known value
3m/2— ¢} with the angles defined by convention to lie be- of hadronic quantities such as the width and the mass of the
tween 0 and 2r. Thus, with two independent angles, therep. The determination of sgn(s#), however, cannot be
can bea priori a total 16-fold ambiguity in their values as achieved without some theoretical input on hadronic physics.
determined fromCP asymmetry measurements. These am-Quantities that are independent of hadronic effects always
biguities can limit our ability to test the consistency betweenappear as the ratio of a product of CKM matrix elements to
the measured value of these angles and the range allowed Bye complex conjugate of the same product. Such pure
other measurements interpreted in terms of the standamghases are thus always twice the difference of phases of the
model CKM matrix element§l,2]. CKM elements. Any observable that directly involves a
In any model where the angles measured by the asymmeveak phase difference of two CKM elemengs(rather than
tries inB— yKg andB— 7" 7~ are two angles of a triangle 2¢), also involves hadronic quantities such as the ratio of
only 4 of the 16 choices are allowed, since the other combimagnitudes of matrix elements and the difference of their
nations are incompatible with this geomef8}. (Note thatin  strong phases. Thus, in order to determine the sign of sin
such cases, a measurement of sindll remove the ambi- sinB some knowledge about hadronic physics is required.
guities completely. Within the standard model, the present We note that this is true even for our current knowledge
data on the CKM matrix elements further reduce the allowedf the standard modeZ P-violating phase sif>0 (where 8
range, implying that B is in the first quadrant (& 8<m/4), is the single independent phase in the standard parametriza-
that O<a <, and that there is a correlation between thetion of the CKM matrix[8]). In order to determine sgn(si
values ofa and 3 [4]. Thus, among the 16 possible solutions input on the sign 0By is used 3]. The quantityBy is a ratio
at most 2, and probably only 1, will be found to be consistenof hadronic matrix elements. Its value is totally determined
with standard model results. by the strong interactions and thus priori, is not reliably
In the presence of physics beyond the standard model thealculable. However, by now many methods of determining
values of the “would-be”« and 8 extracted from asymme- By, including lattice calculations, all find thaBx>0,
try measurements may not fall within their standard-modelthough the range of allowed values is still quite large. As a
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result, it is now widely accepted that the signBf is reli-  (e.g., B—#Ks) the second term gets further suppression

able and thus that, in the standard model$5i@. since the dominant term includes a tree level diagram while
Many weak decay amplitudes include two terms with dif- the CKM-suppressed term contains only one-lgpenguin

ferent weak phases. In this work we show how the presencgiagrams, namelyAS®>AYS. In b—uus decays the tree

of a second term can be used to determine the sign of singiagram contributes to the second term while the first term
and sirB. The needed theoretical input is the sign of the reahas only penguin contributions and herAES<AYUS; thus,
part of the ratio of the two amplitude ternfexcluding CKM i, this case there is no clear hierarchy among the two terms.

elements The fact that only the sign of this hadronic ratio is For b—>qaj decays all the CKM coefficients are of the

needed is wha_t makes _the analys_ls proposed here plau.s'b!s,eame order of magnitude. It is then convenient to express the
The focus of this paper is to examine what input assumpnong1 litude as
are needed to determine this sign and discuss the status 3P

these assumptions. Our aim is to clarify what is the minimum
understanding of strong interaction effects that will be

needed to resolve the angle ambiguities. Our current argu- _ is ch hat the fi includ
ments alone cannot stand as a convincing reason to excluddréred=u or c is chosen so that the first term includes any

an angle consistent with the standard model range in favor d&ee-dmgram contribution for the channel in questidiihen

a choice that is not consistent. However, were such a choicg€r® is no tree diagram the choice is arbitrafhe second
favored by this argument, it would at least pose a seriou&™M here has a weak phase predicted in the standard mod-

challenge to theorists to understand better the strong intera€! 0 Pe half the weak phase of the mixing amplitude. Thus,

tion effects involved. Eventually it may be that we have toOnly one unknown weak phase difference enters the analysis
piece together many such puzzles to get a view of non'hen the amplitude is written in this way.
standard-model physics from the low energy frontierBof For any given channel at most one of these two terms has
decays. a tree-diagram contribution. The tree diagram is generally
In Sec. Il we review the general formalism 6fP asym-  expected to be the dominant contribution to akjf'* for
metries inB decays. In Sec. lll we review methods to deter-which it is nonzero, and so we will call this the “tree-
mine sgn(cosd). In Sec. IV we explain how to determine dominated” term to remind the reader that it also contains a
sgn(siny), and what is the theoretical input that has to bedifference of loop(or penguin contributions with the same
supplied. Finally, Sec. V contains a discussion and concluweak phase. We then refer to the other term, which has no
sions. tree-diagram contribution, as the “penguin-only” term.
We note, as an aside, that the two-term structure of decay
Il. GENERAL FORMALISM amplitudes can also accommodate any beyond-standard-
model physics contribution, since any additional term in a
In this section we present the general formalismCd®  decay amplitude, whatever its phase, can always be written
asymmetries irB decays. We start by explaining how we as a sum of two terms of definite phase w(tiossibly nega-
group penguin and tree diagrams and then present the needsgk) real magnitudes. The difference between standard mod-
formalism. el physics and non-standard-model physics then comes
down to the expected relative sizes of the two terms. These
A. Two-term weak decay amplitudes expected sizes are, in general, dependent on our understand-

The terms “penguin” and “tree” amplitudes are standard ing of _hgdron_lc matrix elements. T_hls just shows once again
how difficult it could be to recognize the presence of non-

in the field for weak decay amplitudes, but are actually only X ; . .

. . ' standard-model physics. The only reliable way to find new
meaningful at t_he short-dlstance, quark—dmgram level. Ourffect in decay amplitudes is to examine cases in which a
argument here is quite general and is not in any way affeCtegingle term significantly dominates the weak decay ampli-
by the ambiguity inherent in these short-distance labels. W? de in the standard modgg]
group amplitude terms together by weak phase, rather than ’
by individual diagrams. Then there is no need to attempt the

unphysical distinction between rescattering of a tree diagram B. General formalism

and a long-distance cut of a penguin diagram. Further we use Here we recall the general formalism P asymmetries
CKM unitarity to eliminate one out of the up, charm, and top;, g decays. We use the standard notafid@]. We assume
penguin diagrams terms. In this way aBydecay amplitude, the standard model throughout.

including all tree and penguin diagrams, can be written as a The time-dependen€ P asymmetry inB decays into a
sum of two terms, each with a definite weak phase related tgh5 Cp eigenstate staté is defined a$10]

particular CKM-matrix elements. The most convenient

A= vqbv;dA?qd+ Vi VEAR (2.2)

choice of how to group terms depends on the final state I[BO(t)—f]-T[B(t)—f]
quarks. as EF 50 P a (2.3
For b—qqgs decays, for any final statk it is convenient [BA (1) —f]+T[B(t)—f]
to choose the two terms as .
and is given by
A=V  VEALSHV  VEATYS, (2.1 _
= VenVeAr VunVudhy as(t) =a®Tog AMt) +as"sin(AM?), (2.4)

The second term here is Cabibbo suppressed compared to the
first and is negligible in most cases. Fbr~ccs decays with
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qA
pA’ (2.5 In this section we review measurements that can be used
to extract sgn(cos® and sgn(cosd). These signs resolve

wherep andq are the components of the interaction eigen-th€ ¢— /2= ¢ ambiguities.

states in the mass eigenstatHSL,H>=p|B°)iq|@), and

A(A) is theBy(By4)—f transition amplitud¢10]. The time- A.Bopm
dependent measurement can separately deterafitieand All the three decaysB—p*'w~, B—p #", and
a$". We always consider decays with a leading tree-diagranB— p°#° can lead to ar* = #° final state. Because of
amplitude. Then, we write the amplitude as interferences between these channels, sufficient information
is encoded in thd&— p7 decays to distinguish between the
A=Ae $rel 5T+Apei¢;,ei 3, a and 7w/2— « choices. This was shown in R¢B], where it

was explained how both sis2and cosz can be measured
_ L, o, using a full Dalitz plot distribution analysis. To resolve the
A=Are 1T+ Ape ! Prel %P, (2.6)  ambiguity one needs only to fix the sign of casavhich
should be relatively easy to achieve.
where T and P stand for the tree-dominated and penguin- We do not repeat here the detailed explanations of Ref.
only terms, respectively. The weak phases of the decay anié]. In that work it was shown that there are several observ-
plitudes ¢t and ¢p are convention dependent, as is ables that, in the absence of penguin graphs, directly measure
arg(@/p), but the differences¢r=¢;—arg@/p)/2 and coszv. (These observable_s all involve_: the_ imaginary part of
$p=¢pp—arg(q/p)/2 are convention-independent quantities@n pyerlap beMeen two different Breit-Wigner functions de-
that we seek to determine. Similarly, the strong phases are aifribing two different charges gf meson) The presence of
subject to arbitrary redefinitions; only the relative strongPe€nguin graphs spoils the simple relationship between these
phase of the two termé= 5,— &+ is a physically meaningful dquantities and cos2 However, even when penguin terms
quantity. We have introduced strong phases for each term € present, there is enough information in the interference
that we can always fix botA; andAp to be real quantities, regions to determine the sign of cas2A multiparameter fit
independent of any phase convention choice. We then defirf@n obtain a preferred choice betweerand #/2—«, even

the real quantity allowing for arbitrarily large penguin contributions.
Here, and throughout this paper, we neglect the effects of
Ap electroweak penguin graphs. These give a correction to
r=a (2.7  isospin-based treatments for isolating certain CKM factors.
T

The isospin structure of the amplitudes contributingote
. . decays is used to isolate terms with isospin 2, because they
Note t_hat we allowr <0. The CP-violation-sensitive quan- receive no contribution from QCD penguin graphs, and
tity N is then hence show pure sim2 and/or cosa dependence. Elec-
troweak penguin graphs can give isospin-2 parts but the rel-
e 11 reidreld evant contributions here are expected to be quite small and
N = 75 % ipaid (2.8 hence unlikely to confuse the extraction of the sign of ens2
e'?T+re'vre . L L
Experimentally, the cos2 determination involves fitting
parameters to the contributions of a broad resonance. Under
these resonances there are nonresoBalgcay contributions
Myk,=—1 andng:-=7np+p-=1. which must also be fit in order to extract the relevant reso-
Forb—ccs decays, leading for example to the final statenant effects. The question of how best to parametrize these
YK, the penguin-only term is Cabibbo suppressed and canonresonant contributions is under studg]. It will have to
be safely neglected. Thus=0 should be an excellent ap- be resolved to extract useful results from these channels.
proximation and we get the well-known res[d0]

Here 7; is the CP parity of the final state. In particular,

B. B—DD**
af®=0, ay"=7sin2¢r. (2.9 The idea of using overlapping decays to add information

on cos2p can be in principle applied tB decays to higheb
We next consideb—qqd decays, leading, for example, to resonancef7]. In that case, a full Dalitz plot distribution of
the final state8— =" 7~ or B-=D*D~. Here, by defini- D®D®)7 final states can be used to determine the sign of
tion, ¢p=0 since the penguin contributions with a different cos28. Since theD* are rather narrow, the interference ef-

weak phase are subsumedAr. Then fects are probably too small to be detecte®ir» DD* since
there is essentially no overlap kinematic region between dif-
2rsingsiné ferentD*’s. TheB—D®*)D** decays are better candidates.
af®= The D** widths are larger and the effect may be measur-

— 5 ,
L+ro+2reospreos able. More details are expected to be given in Réf. Once

] ) again, it may be a problem to parametrize nonresonant
aSn_ Sin2¢r+ 2rsingrCosd (2.10 D®)D™) 7 that contribute in the same region as the reso-
(A - 2rcosp1coss ' nances and could potentially destroy the analysis.
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C.B*—DK* implies that either or both of the transformatiq@s- w/2— g8
and a— m/2— «a change the value of sin2 Thus, the signs
of both cos2 and cosp can be determined, once sinis
a+B+y=a (mod 2m). (3.2 known.
Experimentally, it will be very hard, if at all possible, to

Since is defined modulo 2, the 16 possibilities for and ~ M'eaSUre this asymmetry. In adition, the penguin-only term
3 result in an eightfold ambiguity iry. These eight values 1S €xpected to be significant in—uud decays, making the
give two different values for cog2and four different values relationship between the asymmetry and the anghmore
for sin2y. Thus, by measuring cos2or sin2y some of the complicated 15]. These problems imply that the methods we
ambiguities can be resolved. Here we focus on g in mentioned before are better than the time-dependdht
the next subsection we discuss sin2 asymmetry inB;— pKg decay for determiningy [15]. How-

The value of cos? can be used to resolve some combi- €Ver; all these other methods determine goge justifica-

nation of the ¢— m/2— ¢ ambiguities. The trigonometric ton for studying the time-depender@P asymmetry in
identity Bs— pKg is that it probes a different functional dependence

of y, namely, sinZ.

As we need only to choose between few discrete choices
of y the problems mentioned before may not be so severe in
our case. By the time measurement of @B asymmetry in
implies that the transformatior— =/2— 8 or a— 72—« B.—pKg is feasible we will probably already know the
(but not both change the value of cog2As we assume that rough value of the penguin contribution, from its relationship
sin2B and sin2x are known, cos can distinguish between to similar effects inB— mr, extracted via isospin analysis,
the two cases{a,B} {7/2—a,m/2—B} or {w/2—a,B}, and those determined from fits By— pr. If cos2y is al-
{a,m/2— B}. Thus, for example, if cos?in known from the  ready measured as discussed above, then we need this mea-
B— pm analysis, the sign of cogcan be determined from surement only to distinguish between the two values of the
the measurement of cog2 sign of sin2y. In general only one sign will be consistent

Several methods to extract $in(or equivalently cos®)  with the allowed range for the ratio of penguin-only to tree-
using B*—DK™* decays[12,13 or B, decays[14] have dominated terms, and so the ambiguity will be resolved even
been proposefL5]. For the purpose of illustration, below we though ana priori measurement of sin2 cannot be
concentrate on the method [f2]. This method uses mea- achieved.
surements of siB*— DK™ decay rates to extract cog2ip
to a twofold ambiguity. This twofold ambiguity is due to an IV. DETERMINING sgn (sineg)
unknown strong phase. In general, this ambiguity can be . ) ) .
removed by applying the same analysis for several final In this section we discuss how sgn(@)rand sgn(sifs)
states[12] with the same flavor quantum numbers*.  can be determined. These signs resolvedhem+ ¢ ambi-

All these modes have the same weak phase but, in generdluity. As we already explained, this ambiguity cannot be
different strong phases. Thus, only one solution of gois2 resolved in any theoretically clean way. Some knowledge of

consistent in all the modes while the secdinitorrect one  hadronic physics is always needed. In the following we de-
should be different in the different modes, since strongSctibe several methods that can be used to resolve the ambi-

phases differ from one mode to another. guity and explain what is the needed theoretical input.

We note that even if we have a twofold ambiguity in I order to get sensitivity to sgn(s#) we focus on cases
cos2y because we have studied only a single final state sys¥here two terms with different weak phases are involved in
tem, the incorrect value of cogzhould not be the same as the decay amplitude. Then, in principle, the relative phase
that obtained using the incorrect value@®br a. In that case  between these two terms can be determined. However, there
there are going to be two possible solutions for co@m 1S also a relative strong phase bereen these two terms.
the B*—DK* measurement and two predictions arisingTherefore, theoretical input is required in order to dlsen-_
from the measurements of sj@2nd sin2. In general, only tangle_ th_e strong and the we_ak phases. Thg reIevaqt hadronic
one of the solutions will coincide and the other not. Choos-quantity is found to be the sign otos, that is, the sign of
ing the one that coincides is sufficient to resolve the ambithe real part of the ratio of the two amplitude terfeclud-
guity in the cos¥ measurement and at the same time to fix"d Weak phases
the relative sign of cos2and cosp.

The angley satisfies the condition

C0S2y=C0s2B¢c0s2x— sin2asin2f3 (3.2

A. B yKgvsB—D*D™

D. Bi—pKs In the case of the angl@ we have one class of measure-

ments, fromb—ccs processes such @&— ¢yKg, which

have very smalt. For these channels E(.9) with ¢=p8

c{ﬁ valid and the asymmetry measurement determgas to
e usual fourfold ambiguity10]:

The time-dependen® P asymmetry in certaiB; decays
(e.g.,Bs—pKy) directly measures singif the penguin-only
term in the decay amplitude is neglected. A measurement
sin2y would determine the signs of cg82and cosz [3],
_assuming their magnitudes are known. The trigonometric alspir}z — —sin2B. 4.1)
identity s

sin2y= —(cos2Bsin2a + cos2xsin23) (3.9  The other class of measurements is from:ccd decays
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such asB—D*D™. In this case we expect to be signifi- A,=AB—p 7")=T,—P;+P,
cantly larger and Eq(2.10 with ¢+= g is valid. For sim-

plicity we will here give results valid only to leading order in E:A(@_)’f ) :T_4_p_1+p_0,
r; however, we have checked that the full expression con-

tains enough information to avoid this approximation if As=A(B’—p°7%) =T, P,,

needed. We get

. N — ‘RO 0,0\_T _p_
apip-=SiN28—2rppCos2BsinBcosspp, (4.2 As=A(B = p ) =T5= Po, (4.5

. : whereT; is the tree-dominated amplitude aRd andP, are
where dpp, is the strong phase difference between the treefhe (suitably rescaledpenguin-only contribution for isospin

dominated and penguin-onig—D*D~ amplitudes, and : : . : .
rop IS the signed ratio of their magnitudes. Comparing Eqs.l—aniISOSpln 0, respectively. TI®P conjugate amplitudes

(4.2) and (4.1) we find A, T, andP_i differ from the original amplitudeg;, T;,
' andP; only in the sign of the weak phase of each term. We
ajR T ap p- =~ 2rppCoSTpp(c0s2Bsing). (4.3 further define

It is clear from this expression that we can fix the sign of Asum=As+As+ 2As=(|T;|e'%3+|T,le'%+2|T5|e's)e /T,
sinB only if we know the sign of cos2 and, in addition, the

sign ofrppcosipp . We assume that the first of these is given AsumEA_3+ A_4+ 2A_5
by the methods discussed in the previous section. , , , o,
Currently, there is no reliable way to determine the sign =(|T;|€'%+|Tyle"+2|T5le's)e™ 7. (4.6)

of the real part of the ratio of hadronic matrix elements . )

(ropCOS5p). In order to proceed, we assume factorization.Here, &; is the strong phase df;, and ¢1 is the common
(We will discuss the reliability of this and subsequent as-Weak phase of the tree-dominated terms. We see that
sumptions latey. Assuming factorization and that the top Ag,=Aee 2 ¢1. From Table | of Ref[6] we see that both
penguin is domina_nt,_we can inf(_ar from the re§ult§ of Ref'AsunAgum and Im@Aqm p*A¥, ) are observables(Note

[16] thatr 5p<<0. Within the factorl_zanon approximation the thatq as defined in Ref[6] is equal toy2qp* in our stan-
relevant strong phaséalmos) vanish, so thatpp=0, and  qard notation. In particular, we see that from the data we

hence the sign of 5pc0sdpp is given by the sign of pp . can extract
Assumingr ppCosspp<<0 as given by the factorization cal-
culation we get D q Aeum _
, , a 7 =—1Im oA = —sin2a, 4.7
sgnajy +ap’p-)= Sgrcos2Bsing). (4.9 P Asu

. . . where for the last equation we usef/p/|=1 and
Note, in particular, that the standard model predlqts¢T: 7— a. Equation(4.7) shows that sina can be extracted
co+326_sm,8>0, anq theref(_)re also that the asymm_etry 'nusingB—>p7-r decays without penguin pollution. We empha-
D”D™ is smaller in magnitude than the asymmetryyiK s size that in order to obtain this result we did not have to

(anv?/ opposclite IrI] sign he sian of th ‘i assume that the top penguin is dominant. All penguin terms
e need only measure the sign of the sum of the twaq, included, either as a subdominant part in the tree-

asymmetries tq reso_lve the ambiguity. Even this may_not b%lominated amplitudes or in the penguin-only term.
an easy tgsk iffpp is small; however, a recent estimate Alternately, B— 7 decay modes can also be used to
founq thaft in the standard mOdeI_MDDS%% [17]’_ and ._extract sinz without hadronic uncertainties using isospin
certainly in the upper end of this range the required sign5vsis The needed measurements are the time-dependent
should be measurable. rate forB— 7" 7~ together with the time-integrated rates of
B— #%#% B*—#'#~, and their conjugate decay48s],
B.B—pmvsBoamta” and a geometrical construction then allows extraction of
We first explain how to get sin2 uniquely out of the Sin2x. However, discrete ambiguities in this construction im-
B—pm decays without uncertainties due to penguin-onlyply that sinZx can only be extracted up to certain discrete
terms. Then, the comparison with the asymmetry inchoices, which correspond also to differences in the relative
B— w7~ can be used to determined sgnirusing a Phase and the ratio of magnitudes of certain tree-dominated
similar approach to that discussed férabove. and penguin-only termébut not the same combinations as
While the experiment may well proceed to determine allwe identify below. The determination fromp7 does not
the various amplitudes and phases simultaneously by a maxguffer from this problem(These ambiguities could in prin-
mum likelihood fit, it is instructive to inspect the expressionsciple be removed by a precise measurement of the time-
analytically to see what combination of terms actually enterglependent asymmetry iB— 7%7° [18], but this measure-
into the measurement of sin2We follow the treatment of ment is unlikely)

[6] and write Now, assuming we have determined sin®e look again
at theB— 7" 7~ decay, here using the interference of the
A3=A(B—p" 77 )=T3+ P +Py, two terms in the amplitude to determine the sign obsijust

o o - as we did in theD* D~ case forg. Here, ¢1=m—a and
A;=AB°—p 7")=T3+P,;+Py, ¢p=0, and Eq(2.10 gives the asymmetry. Once again, for
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simplicity, we work to leading order i, but this approxi-  tributions. Such decays are governed by thecud and

mation can be avoided if needed. We get b—ucd transitions. The inclusive calculation givEs9]
a’!__=-—sin2a—2r,,cos2siNacosy,,, (4.9 VeVus

VuaVeb

a gq=—(1-2%) sinfa—p). (4.1
where &, is the strong phase difference between the tree-
dominated and penguin-onl— 7" 7~ amplitudes, and
r . IS the signed ratio of their magnitudes. Comparing Eqgs

(4.7) and (4.8) we get

On the practical side, we note that the large inclusive rate
may help compensate the CKM suppression of the asymme-
try. We see that thee— 7+ a or B— 7+ B transformation
4.9 (but not both will change the sign of the result. The quantity

' (1—2¢) is calculated to be about 0.219], but the range of
uncertainty on this quantity and its dependence on the nec-
will determine sgn(cosasing). If the sgn(cosa) is known ~ €SSary experimental cuts remain to be explored. If we can
from the treatments discussed above, sgrfsia then de- convince ourselves that we know the sign of this quantity, as
termined: if not. at least the fou'rfold ambiguity of calculated for the specific data sample used to determine the
{sgn(cosa), sgn(sim)} is reduced to a twofold ambiguity. asymmetry, we can use such a measurement to reduce the set

Again, there is as yet no reliable way to calculate the sigrPf amb|guqus choices for the tWQ angles. Perhaps_ one way to
of r ,.C05,.,.. Therefore, we turn to the short-distance cal-Proceed will be to explore, both in the theory and in the data,

culation with factorization to determirjd6] thatr ,..<0 and theAser;?tlwty of the 5|gnts ILO ;:hangt()es n t?el S.elteh(;fd sample.
that §,., is very small. This then gives nother measurement that can be usetult 1 otle-

_ A cays governed by thk— cus andb— u cs transitions. For
sgra?—al¥™) = sgr(cossina).  (4.10  this case Ref[19] found

sin Dalitz_ _ 5

At~ I +xCOSS,.-(COS2aSine) .

Thus, once sgm(.,C0s5,,) is known, the measurements

VcsVub
Vusvcb

With the knowledge of cos2this difference can be used to
fix the sign of sinv.

sin(a+ B), (4.12

sin
acu_s?(l_zf)

C. CP asymmetries in inclusive decays where 1-2£~0.28[19]. Again, thea—m+a or B— 7+
. : . , transformation(but not both will change the sign of the
In the above, the main obstacle in getting theoretically.gg,t Note that unlike the previous case, here the CKM
clean predictions is that we do not have a reliable way thuppression is not very small. However, asymmetrieBgn

calculate the ratio of the relevant hadronic matrix elementsdecays are expected to be harder to measure. Once again the
An alternative way, which does not suffer from this prObIem’dilution factor calculation needs to be further explored to

Is to measure asymmetries in semi-inclusive decays, €.9., {9atermine whether the sign of this quantity can reliably be
all states with a given flavor contefit9]. Here matrix ele-

. .~ calculated.
ments are not needed. However, a crucial assumption in this

case is that the semi-inclusive measurements are described
by the quark level calculations, which are needed to deter-
mine &: the fraction of CP-odd final states. The quantity We here examine the points at which it is important to
1-2¢ is referred to as the “dilution factor.” The assump- clarify our theoretical understanding if we are to use the
tion, called local quark-hadron duality, that the quark-results ofB factory experiments to look for indications of
diagram kinematics are unaltered by hadronization, is essemon-standard-model physics. Our arguments can be strength-
tial to this calculation and is not well justified. In addition, ened by a combination of improved calculational methods
we are convinced that full semi-inclusive measurements arésuch as lattice calculations of matrix elemgraéad by test-
not experimentally feasible and that some data cuts will béng the implications of similar arguments in a variety of
needed. The effect of such cuts on the raticCd?-even to  channels, in addition to those studied for @€ studies. It is
CP-odd contributions is difficult to calculate and likely to be to be hoped that, by the time we have sufficient data to
even more sensitively dependent on the local quark-hadroperform the measurements described above, both of these
duality assumption. avenues will have been explored and our arguments, e.g., on
However, our game here is to determine signs, and so wthe sign of the coss terms, either discredited or more firmly
can possibly use these methods despite large uncertaintiesastablished. The point of this paper is that we need to pursue
the calculation of the relevant dilution factors, as long as thehis further understanding to resolve the ambiguous choices.
sign of (1—2¢) is reliably determined. The hope is that by  We will discuss here the exclusive final states. There, we
the time the inclusive measurements will be carried out, weause factorization to calculate the signrafoss. Here we dis-
will have consistency checks that will either support or rulecuss why it is plausible that this sign is correctly predicted by
out local duality. For example, the inclusive asymmetry cal-the factorization calculation. Our calculation uses the opera-
culations are similar to that of thBs width difference[20].  tor product expansion approach, which is rigorous, but adds
If future measurements of th&; width difference agree with to it the less rigorous ingredients of a model to calculate
this calculation, it would support the local duality assump-matrix elements. We apply this model only in color-allowed
tion. decays where the outcome is insensitive to the variation of
A potentially useful measurement is the asymmetry in thehe parameter governing the relative contribution of color-
By— DX whereX is multipion state with ndK meson con- suppressed terms.

D. Remarks about the theoretical assumptions
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The factorization approximation treats each quark-Large directCP violations in theD "D~ or 7" 7~ channels
antiquark combination separately; the only strong phase, iwould be a reason to mistrust our argument for the sign of
this approximation, is a small effect that arises from cuts ofr coss. However, small direcCCP violations are consistent
the short-distance penguin diagrams involvingr ¢ quarks.  with, but not a convincing argument for, a small An in-
Thus, 6~0. To go beyond the factorization approximation teresting example would be if sins found to be small in
we consider a two-step picture in which the decay and hadseveral channels with the same quark cont@ng., DD,
ronization occur as calculated in the factorization approximaDD*, andD*D*). Then, we would have to conclude that
tion but (elastic and inelastjcfinal state rescattering is al- either 5~0 or 6~ in each of these channels. There is no
lowed. While here we present only tii" D~ final state, a reason to believe that any rescattering strong phases should
similar treatment applies also to the" 7~ final state with  be close tor and it is even less likely that several at once
similar conclusions. The way to proceed is to work in thehave this value. However, because of the arguments for fac-
isospin basis. Each of the termge'°» andApe'°f has two  torization, it is quite plausible that all of them are small at the
isospin contributions(labeled by the final state isospin same time.
1=0,1). These terms acquire strong phases through rescat- To conclude, the needed theoretical input is the sign of
tering effects. We emphasize that the rescattering phases focoss. Here, we argue that it is plausible that the correct sign
the same isospin channel can be different in the penguin-onlgan be predicted by factorization in color-allowed channels.
and tree-dominated terms. These amplitudes have differeioreover, some cross-check can be done. However, we em-
overlaps between th® D~ state and the other hadronic phasize again that we believe that there is currently no reli-
states with the same charm quark content and isospin. Bable way to determine this sign.

cause the light quark content "D~ is dd, we know that

in both the tree-dominated and penguin-only terms sepa-
rately the two isospin contributions are equal in magnitude. V. FINAL REMARKS AND CONCLUSIONS
Thus, the effect of rescattering can be taken into account by

writing the tree-dominated and penguin-only amplitudes as Our goal is to find physics beyond the standard model.

While in this paper we present our results as a way to resolve

A€ Tcoss?,  ApelPcossdt. (4.13  the discrete ambiguities in the values ®fand g, it should
be remembered that in the context of the standard model,
Here the phases are given by because of constraints from other measurements, there is
only a twofold ambiguity ine and no ambiguity in3. The
Ox=(6%+ 6312, 6% =(6%—6%)12, (4.14  importance of resolving the ambiguities is to expose a pos-

_ sible inconsistency with the standard model values. This
where 84 is the phase shift of the isospinterm in the  will then indicate new physics.
X=T,P amplitude. Thus, after rescattering, we find When looking for new physics, one should try to assume
as little as possible about its nature. Here, we allowed any
kind of new physics. This new physics can @y combi-
nation oj new contribution tdB-B, B¢-Bg, or K-K mixing,

violation of the three-generation CKM unitarity, or a new

Whererfslgt is r o as calculated using factorization. Thus, the contribution to decay amplitudes. Once some inconsistency

sign of r ppCOSShp is Unchanged by rescattering if the rel- within the standard model is found, then the pattern it ex-

evant phase shifts are all sufficiently small that the cosines iHibitS can perhaps be u§ed to get some insight into the kind
Egs.(4.15 are all positive. of new physics responsible for it.

It seems to be a reasonable assumption that all the rel- The ideas presented here should be, of course, additional
evant strong phases are small. There are no known nearl5 other methods of looking for new physigl]. New phys-

resonances with isospin 0 or 1 in the spin-0 partial wave if¢s can be_found in several other ways: if the valuga aind
theD D~ system at théd mass. Furthermore, some cross- B are outside the standard-model-allowed range, if the asym-

checks on this argument are available. The rateBob~  metry in B deﬁay T}edi%tebd biﬁ—w& is sigr?ificantaordif .
andD°DP productions are given b asymmetries that should be the same in the standard mod-
procuct i y el are found to be differerf®]. Because any discrepancy can
_ iS5 i i S i) be an indication of physics beyond the standard model, it is
+ — 01.i 674l ¢ 1.idpaidp|2 .
[(B—D"D")=|Arcossre e T+Apco§ge Pe'?[?, important to try to have as many independent tests as pos-
(418 giple,
_ ) S, ) o If some of the above hints for new physics were found,
I'(B—D°D% =|Arsinst'e ’re' 1+ Apsinsp'e' ve’ 7|2, the ideas we presented have to be modified. For example, if
_ _ . acp(B— ¢Kg) #acp(B— #Kg), which would indicate a
If the D°D? rate is small compared to tHe*D~ rate, it  new contribution to thé— s transition[9,22], we will not be
provides some confirmation that the rescattering pha$es able to determine sgn(s8) by comparingacp(B— yKg) to
and 52! are small. acp(B—D*D7). The underlying assumption in this analy-
Direct CP violation effects in these channels depend onsis is that the former measures s#i® a very high accuracy.
the same rescattering phases and can be predicted in termsffew significant contribution to thb— s transition would
the same parametrization. Such effects are proportional tmvalidate this assumption.
sind and so are small if all rescattering effects are small. However, in some situations of new physics, the methods

1
r =rfa°t0085g COSSpp=C0g 57— 8p), (4.15
DD DD DD T P/ .

coss?’
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we discuss can still be useful. For example, in models wherbeen accumulated. For example, the determinations of
the only significant new physics effects are large contribusgn(sinp) using exclusive decays involve comparisons of
tions to theB-B or K-K mixing amplitude the unitarity tri- measured asymmetries in two different channels. Determin-
angle can, in principle, be reconstructed. However, the coming the sign of a difference of two measured quantities, each
bination of discrete ambiguities and hadronic uncertaintie®f which will have significant errors, is certainly not going to
make it impractical2]. Reduction of the ambiguities, in a be easy, and will be harder if the actual values of the asym-
manner discussed here, may help in making this programetries are smalle.g., if|«| is close ton/2).
feasible[2]. To conclude, we explain how the determination of
In our analysis we always care only about a sign of asgn(cos2) and sgn(sig) (for ¢=a,B) fully resolves the
specific quantity. Usually, the sign of a specific quantity cany g-fo|d ambiguity in the values of and 8 as can be ex-
be determined more easily than its magnitude. For examplgyacted fromCP asymmetries irB decays. The determina-
the determination of cog2from B®—DK™ decays is ex-  tjons of sgn(cos@) and sgn(cosg) are theoretically clean.
perimer_1ta||y very challenging. Hoyv_ever, even a measuréTnhe determinations of sgn(sih and sgn(sip), however,
ment with large errors may be sufficient for our purpose. Ofgre plagued with some theoretical input, which, at present, is
course, if no choice is found to be consistent across the set gfy; reliable. The hope is that by the time the measurements
measurements, we have an immediate indication for nongjj he carried out, our theoretical toolkit will be improved
standard-model physics. _ _ o and we will be able to calculate more reliably the sign of the
While the methods we describe work in generic points ofrgjevant hadronic effects. From the experimental side, none

the parameter space, there are some values of the anglgsihe methods we described is easy to carry out. Hopefully,
where they will not work. This is the case where some of thesome of them will turn out to be useful.

guantities we need to determine dvery close to zero. For
example, wherw= 7/4 we have cos2=0. Then, the ambi-
guity in the value ofa is only twofold, but it cannot be
removed by the methods we presented. We used the ratio
cosnsina/cosy to determine sgn(si). However, when We thank Gerhard Buchalla, Isi Dunietz, Boris Kayser,
cos2v~0 we will not be able to measure this ratio. Yossi Nir, Luis Oliver, Lincoln Wolfenstein, and Mihir

From the experimental point of view, since many of theWorah for helpful discussions. H.Q. also acknowledges the
channels we have discussed have yet to be reliably observelpspitality of the Particle Physics Department of the Weiz-
it is not clear how feasible the comparisons we discuss willmann Institute of Science where her work on this topic be-
be. All these studies are certainly at least second-generatiaran. This research was supported by the Department of En-
B factory work, not feasible until large data samples haveergy under Contract No. DE-AC03-76SF00515.
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