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This paper reviews the Dalitz plot analysis for the decﬁ?@o)—mﬂ'—wr*ﬂf 7°. We discuss what can
be learned about the ten parameters in this analysis from untagged and from tagged time-integrated data. We
find that, with the important exception of the interestid® violating quantity «, the parameters can be
determined from this data sample—and, hence, they can be measured at CLEO as well as at the aggmmetric
factories. This observation also suggests that the extractienfadm the time-dependent data sample can be
accomplished with a smaller data samfded, therefore, soonethan would be required if all ten parameters
were to be obtained from the well-tagged time-dependent data sample alone. We also explore bounds on the
shift of the true angler from the angle measured from chargedinal states alone. These may be obtained
prior to measurements of the parameters describing the neuttadnnel, which are expected to be small.

PACS numbd(s): 13.25.Hw, 11.30.Er, 14.46n

I. INTRODUCTION parameters are insensitive to tagging efficiencies. Hence the
estimates made previously, which modeled only a fully
The B factories at SLAC and KEK are now collecting tagged data sample, can be used as a rough guide to the data
data and expect to produce measurements oftReasym-  needed, but as estimates of total numberpef events
metry in the modeB— J/¢/Kg within one year, measuring needed, not the number of effective perfectly tagged events.
sin 28. Preliminary results on this mode from the Collider Therefore, those estimates, which included a tagging effi-
Detector at FermiladCDF) [1] already indicate that it is ciency of 0.3—0.5, should be reexamined. Our work suggests
unlikely that a discrepancy with the standard model will bethat the total luminosity needed to be able to undertake this
found from this result alone. This means that tests of thestudy is reduced.Moreover, we point out that, given com-
standard model mechanism f&P violation will rely upon  parable numbers of events, CLEO data will have an impor-
our ability to measure furthet P-violating parameters, such tant role to play in fixing many of these parameters. Finally,
as the anglex=m— 8— y of the unitarity triangle, with suf- we discuss bounds on the shift infrom penguin contribu-
ficient accuracy to be sensitive to standard model relationtions. These can be obtained by methods similar to those
ships. This will require that we master the removal of theo-previously suggested for thes modes[8-10|, even if the
retical uncertainties due to penguin diagrams in at least ong’#° amplitude is too small to be measured diredtiy].
of the available channels. So far there are two sets of candiwe will also discuss a bound which applies only in fhe
date decay modes;w [2] andp [3,4], for which analyses case, having no parallel in thew case.
to extracta using isospin relationships have been suggested. We are not suggesting here that the larger data samples
The first suffers from relatively small branching ratil§f ~ would have been ignored in any actual analysis, only that
and from the experimental difficulty of measuring th&z° previous estimates had not taken their impact on the param-
branching ratio. Some of the modes for the second case hawger fitting into account. This paper presents a purely theo-
recently been observed at CLE®)]. Clean extraction of the retical discussion, not an analysis of data, real or simulated.
parameterr from these modes requires a multiparameter fitin particular, we make no attempt to address issues of back-
to the Dalitz plot{4]. The estimate given in the BaBar phys- grounds or of other modes that may contribute to the
ics book is that one requires 180 th or six years of run- 7% 7~ #° Dalitz plot[12]. Certainly these issues will be im-
ning at design luminosity, to achieve an error on sindf  portant. Our main point is that fixing as many parameters as
order 0.1[7]. This estimate is based on requiring effectively possible from the untagged and the tagged but time-
1200 fully tagged events. integrated data samples may make the extraction of a reliable
This paper reexamines that estimate and reviews what insalue for  a reality on a somewhat faster time scale than
termediate steps can be made with earlier data samples. In
particular we stress that many of the parameters relevant to————

the extraction ofx can be determined from untagggiine- There is a semantic issue here on what one means by tagged or

integrated and tagged but time-integrated data samples. Th%ntagged data. In principle, one could assign a tagging probability

benefit O.f this is _ that, Onf:e this i,s done, only theto every event, with some events having a wrong tag probability of
CP-v_loIatlng parametew remains to be fit to the full tagged 55 \When we say that parameters are fixed by the “untagged
and time-dependent Dalitz plot. This means that most of th@ample” we mean that everym event is useful in fixing these

parameters, independent of the wrong tag probability for that event.

Parameters which depend on the “tagged sample” are sensitive to

*Permanent address: Instituto Superior de Engenharia de Lisbothe tag and to the wrong tag probability and hence are determined
Rua Conselheiro Erdio Navarro, 1900 Lisboa, Portugal. from an effectively smaller data sample.
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suggested by the estimates based on fits to tagged data only. , =a(B°—p #")

Similarly, the bounds which we discuss will of course be

implicit in any analysis fitting parameters to an actual data 1 1 1

sample; they are useful only as a theoretical guide to the :ﬁAslz,z— §A3/2,1— §A1/z,1

information that will be available from such analyses.
CLEO has reported approximately @@ events in a 5.8

X 10° B-B pair sample. When one extends the sample to + %AI/Z,O + ﬁAS/Z,z :
include softerr® events there are approximately 60 events in

10 fb™* [13]. These results are encouraging. They corre- ag,=a(B°— p°n?)

spond to branching ratios comparable to tkeodel-

dependentvalues used in prior studies. However, they re- 1 1 1

flect a lower efficiency than found in the BaBar studies, :ﬁAWZZ_ %Alﬂ + ﬁAWZZ :

which estimated 600 events in 30 fth It remains to be
seen \éthtéEESCBUT e{flmen((:jytglfferences %rg b(tatween thSimilar relations hold for th&? ° decay amplitudes, which we
upgrade etector an e asymmeBidactories

Experiments at all threeB factories, Belle, BaBar and denote bya_o, -, @, a;_, andag, respectively.
CLEOIIl, are projected to run at design Iuminosity of N Note that our notation here is thaui is the amplitude for the
30 fb ! per year and, thus, they may collect comparableB’ to decay to g of chargei and ar of chargej. The CP

total numbers of event@hough the CLEO data will be time relationships are thuP(a;;)= a_; i—j- The BC isospin

integrated only. Using the BaBar estimate as a guide, wecomponents ard, |

can hope that about four years of running at design luminos-
ity will give sufficient data to carry out this study. All three

data sets may be important in obtaining the best possibl
value for all the parameters and thereby minimizing the erro

In the standard mode(lSM) there are tree-level ampli-
tudes, gluonic penguin amplitudes, electroweak penguin am-
ﬁlltudes and final state rescattering effects. The tree level

b—uud decays have botiAl=1/2 and Al=3/2 compo-

ona. nents. In contrast, the gluonic—d penguin amplitudes are
Il. NOTATION pureAl=1/2, because the gluon is pure 0. Therefore, the

_ N isospin amplitudesAz;, ; and Az, » only receive contribu-

A. Isospin decomposition tions (and, thus, weak phasefsom the tree-level diagrams.

We are interested in the decays fr@fi andBC into pr There are no diagrammatitl =5/2 contributions at this or-
final states. The decay amplitudes can be classified accordirftgr; such effects arise only from electromagnetic corrections
to isospin:{B*,B° form an isospin doublet; the final state to the weak-decay diagrams.
pm can have isospih;=0, 1;=1, andl;=2 components. A priori, there is no hierarchy among thel =1/2 and
In general, the final state with=0 can only be reached Al=3/2 isospin amplitudes. However, the combination of
with operators having\| = 1/2, the final state with;=1 can  isospin amplitudes involved in the deCB}9—>P 7° is gen-
be reached with operators havind =1/2 or Al=3/2, and  erally argued to be suppressed because the tree- Ievel and
the final state witH ;=2 can be reached with operators hav- gluonic penguin diagrams can only contributeB0— p%
ing Al=3/2 or Al=5/2. We denote the isospin amplitudes through a color-suppressed recombination of the quarks in

by Aaii,- Thus[3], the final sgate Tl(')liS argument is not theoretically rigorous
becauseB’—p°#° may be fed from other topologies
a,o=a(B"—pta0 1) through strong final state rescattering. Eventually experiment

will tell us whether these effects are important.
In what follows we will neglect two contributions which
' are suppressed in the SM. The first contribution arises from
the electroweak penguin diagrams, which have the same
weak phase structure as the QCD penguin diagrams, but con-
tribute to bothAl =1/2 andAl =3/2 amplitudes. As a result,
the electroweak penguin contributions are not removed by
the isospin-based analyses. However, they are expected to be
1L \/§ 11 ! ! very small in these channdlg,14]. The second contribution
_E §A3/2,2+ E _A3/2,1_ _A1/2 1 5/2,2 . y . o ! T )
\/E \/5 \/— is due to a possiblél=5/2 isospin component, included
o 4 - within square brackets in Egl). In the SM, this component
a,-=aB"'—p7) comes from electromagnetic rescattering effects and, thus, it
is suppressed by~ 1/1272 Both effects could become rel-

1
—A
\/6 5/2,2

1 /3 11 1
=3 2A3/22 2\/—A3/21+ \/—Al/21

ag.=a(B"—p7")

! Aszpp ot 1A + 1A
—m 3227 5 A321T 5121

°Notice, however, that this effect is importantkn— w7 decays
because there one has a strong hierarchy among the decay ampli-
tudes, R&\, /ReAy~1/22, encoded into thal =1/2 rule[16-18§.

1 1
+=Aypg + —=A
\/E 1/2,0[ 2\/§ 5/2,2
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evant for B%— p%7° should this amplitude turn out to be A=a(B’—7 7 70 =f,a,_+f_a_,+foam,
very small.

Henceforth, we will only consider the tree-level and glu- el — —
onic penguin diagrams. These give contributions with weak A=a(B’oaa m)=f.a,_+f_a_, +foamp,

phases: @
VvV wheref_.. andf, are Breit-Wigner functions representipg
_ubTud iy —eg i(Bta) and p°, respectively, and also include the écangular de-
IVioVudl pendences of the helicity zeg decays. The crucial obser-
vation made by Snyder and Quinn is that the Breit-Wigner
Vi s functions containC P-even phases, and that the interference
ViV =e " 2 between the different Breit-Wigner shapes across the Dalitz
t

plot provides experimental sensitivity to the weak and strong

The first of these expressions is the weak phase of the treg_hasgs contamg—:-d 'S Eqﬁl).hThere |_sf_sonr1]e.systengjat|(; un-h

level contributions. Here we follol5] and use the unitarity certainty assouate_ with the specilic chaice made for the
' shape of the function§. and f,. This uncertainty affects

relationship to rewrite the penguin contribution as a domi-_ . "~ ; :
nant term proportional to the second of the Cabibbo_prlmarlly the corners of the Dalitz plot where the tails of two

Kabayash skawaC) facors i Eo.(2 pis a sub Sl LNCUons leere, hese are e egions of e Dol
dominant term proportional to the first CKM factor in Eq. P

(2).2 In what follows we always subsume this second termd's’tmc.t decay amplltuc_ies. .
It will prove convenient to rewrite Eqg4) as

within the amplitudes we refer to ad = 1/2 tree amplitudes.
Since we do not calculate these quantities, but rather discuss
extracting them from fits to experiment, this makes no dif-
ference to our analysis. Note, however, that if the amplitudes
extracted in this way are to be compared to those calculated A=f.a.+fqag+faa,, (5)
in any given model, then the penguin contributions to our
so-called “tree” amplitudes must be taken into account.  \yhere

The interference between the two amplitude contributions
in Eg. (2) depends on the weak phase However, we will foaf fo_f f
show that, as is usual with direGP-violation effects, any f=—" - f=—" f=" (6)
sensitivity to « is masked by an unknown coefficient with
large theoretical uncertainty. Another weak phase arises from

A=f.a.+fqaq+fha,,

the interference between theB®-B° mixing, q/p  2nd
=exp(—2iB), and the tree-level diagrams. For example,
a.=a,_ta_,, ag=a,_—a_,, ap=2ay,
ﬂ A3/2’2: e 2iBg—2i7=g2ia 3) — - _ — = _ — =
P Az ac=a,_+a_,, ag=a,_—a_,, ap=2aq. -
7
The phase probed by the Snyder-Quinn methddais-
—B— Notice that theCP conjugate ofay is notay, but rather
_ . —a4-
B. B°— ="~ =¥ decay amplitudes As discussed in the Appendix, we parametrize the ampli-
The p-mediatedB®— 7+ 7~ #° decay amplitudes may be tudesa., ag, anda, as
written as .
a.=Te '“(1—z—ry),
3The term is sub-dominant in that it is a difference of up and ag=Te '*(zy+71,),

charm quark contributions and, hence, it vanishes in the limit that
these two quark masses are taken to be equal. an=Te“”‘(z+ o), (8

4If there is a new physics contribution to ti&?-B® mixing, its
effects may be parametrized by a new paraméteappearing in
g/p=exgd —2i(B—6y)]. In that case, the right-hand side of E)
becomes eXi(a+ 6y)] and the Snyder-Quinn method cannot dis-

entanglea from 64 [17]. As will be seen below, the fact that direct . litud ltiolied b - = .
CP-violating observables depend anand not6y does not allow us penguin amplitude multiplied by cas Tr, (Tro) contains

to disentangle these two parameters here, because direE?e CP-odd [_)art, given by the pen_gujn Con.trik.)utions., t(_) the
CP-violating observables also depend on unknown hadronic “penfinal state withly=1 (I1=0), multiplied byi sina. Simi-
guin over tree” matrix elementén addition toe). larly, the amplitudes contained opA¢/p can be written as

wherez andz; are CP even, whiler, andr, are CP odd.
The quantityTz; contains theC P-even contributions to the
final state withl;=1, summing the tree amplitude and the
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d— _ i One may rewrite these expressions usiyg qA;/(pAs).>
Bac_Te (1=z+r9), The three terms in Eqg13) and (14) become 1 |\¢|?, 1
—|n¢|2, and Im\¢, respectively. The untagged decay rate in
q— . Eq. (13) probes only the combination-i|\¢|?, regardless of
Bad=Te'“(—zl+ rq), whether these measurements are time dependent or time in-

tegrated. Because of the anti-symmetric nature ofha@®

q pairs produced at th& (4s), tagged, time-integrated mea-
_gnz-reia(z_ro)_ 9) surements performed at facilities working on this resonance
can probe # |\¢|2 and 1—|\¢|?, but not Im\;.

If fis aCP eigenstate and the decay amplitu@esandKf

are defined in such a way that the ratés|? and |A|? in-
clude all the phase space integrations, then|X|? is CP
even, while |\;|? and Im\; are CP odd. Under these
conditions, the ratio of Eq(14) to Eq. (13) is the famous
Eq.(3). _ C P-violating asymmetry. It is sometimes stated that one can
_If ago andag, are indeed color suppressed, treandro  only probe Imi/(1+ |\ ¢|?). While this is true if one looks
will be smaller than 1,z;, and ry. In that case, the only at theCP-violating asymmetry, one can see from Egs.
CP-violating difference (13) and (14) that, in principle, there is enough information
in the two decay rates for a clean determination ofa\lm
The caveat is that disentangling Mpfrom 1+ |\{|? requires
that all these quantities be affected by the same normaliza-
tion. This may not be true once the experimental cuts, in
will also be smalll. particular possible cuts on the tinte are folded into the

In connection with Eqsi4) and(5), there is no advantage analysis. .
of one parametrization with respect to another. We could USing Egs.(5) we find
equally well have chosen to write the amplitudes in a new set

We have chosen to define strong phases soThata real
positive quantity. Notice that,+a,=Te '* and q/p(gC

+a,)=Te*. Therefore, the imaginaryea) part of the ratio
of these quantities measures the dioasing of the phase in

>~ lag? .
— 2~ 2Rerg+2 RezrY) (10)

of basis functiongf,,f,,f3}, given by |AI2=IAIZ=2) (|ai]?=]a|?)fi|?
Cffoe2f,  faof fHf -
S - T +22>, Rfiff(aaf+aaf)], (19
(ll) 1<

wherei andj can take the values, d, andn. The notation
i<j means that thei(j) pairs are not repeated. Untagged
_ _ decays probe the observables corresponding totths&gn.
A=fi(ac.ta,) +faqtfila.—a/2), . . .
1@ctan) +faagt fs(ac—ay/2) Tagged, time-integrated decays probe the observables with
both signs(or, what is the same, they meas(ité¢? and|A|?
separately Since the functiond; are quite distinct in their

Equations(4) highlight the intermediate = states; Eqs(5) D_aIitz plot _struiture, one can treat the coefficient of_ each
highlight the CP structure of the intermediate chargper  different pairfifj" as a separate observaBle/e may define
states, but still treat the intermediatd=° separately; and (e nine untagged observables by

Egs. (12) highlight the extraction ofa.+a,=Te '*. Al-

In this basis, the amplitudes would become

A=fy(ac+a,) +frag+ fa(@ac—an2). (12)

24 1n]2
though each basis has its pedagogical advantages, they have AIZ+]A =14 u,|f|2+2> UiFje Re(f,f¥)
no experimental significance. What one does experimentally 2 i i<i
is a maximum likelihood fit of the parametefsz,, rq, z
andrg to all the data in the Dalitz plots. _2; U:j Im(fif?)} (16)
C. Observables in the decay rates
where

In the By system we havég/p|~1 andAT'<T'. There-

fore,
F[B°—>f] i F[@—ﬁ]oc |Af|2+ |Kf|2 13) SNotice, however, that some authors use the opposite sign conven-

tion for g/p and, thus, foi;.
5Note, however, that the errors in the extraction of these various

F[Boaf]—F[@ef]ocﬂAfF—|Kf|2)cosAmt observables are correlated. Thus, our observables, while distinct,
q are not technically independent. A discussion of error correlations is
—21m —KfA? sinAmt. (14) beyond .the.scope of this paper, but will of course be important in
the application of this approach to data.
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We will refer to these observables generically as theb-
servables. We may define similar quantities withreplaced

PHYSICAL REVIEW D 62 054002

a.ak —a.a’
DR, +iD{,= — “2T2° " _r%—2Rezr¥), 27)
aga* —aqa’
DS, +iD},= d n2T2d L=z, 2 +rork, (28
|aq|?—[a? .
Dnn:TZZ RQZI’O). (29)

Note thatD..+2DR +D,,=0; thus only eight different
combinations ofT, z;, rq, z andrg get fixed by measure-

by D to describe the corresponding observables obtained fqfents of theD observables.

the differencd A|2—|A|2. TheseD observables are obtained

from Egs.(17) by replacing the “+” signs with “ —" signs.
Using Eqgs.(8) and(9), the untagged observables are

|ac/*+[ad?
ucc=%zll—zlz+|rolz, (18)
|ag|®+]agl®
Ugg= P =[zy?+]ry|?, (19
a.aj+a.aj)
U§d+iU:;d: © d2T2C d :r’i‘_zr’i‘_roz’i‘,
(20)
UcRn_HUl:n_ 272 =Z*—|Z|2—|I‘02,
(21)
e . adaptagan . .
UgntiUgn P =2Zyr5 +r,2%, (22
||+ |an|?
nn:T:|Z|2+|rO|2- (23)

Thus theU; contain nine different functions of the four com-
plex parameterg, z,, ro, andr,. The requirement that the

combination UCC+2U(F§n+Unn equal 1 yields the overall
normalizationT.

Similarly, the tagged, time-integrated measurements willObservable

provide the additional observables

|ac|2_|gc|2
Dee= BT —2Rery+2Rezry), (24
|agl*~[aq? x
Dyy= .= =2Rdzr?}), (25)
a.al —a.al
D(I:?d_i_iDLd:M:Zi‘—zz;‘—rorf (26)

272

Much can be learned about the interplay between the Dal-
itz plot analysis andC P violation by looking at Eqs(18)—
(29). From the definitions of, and r; in Egs. (A3), we
know that these quantities involve the product of a penguin
contribution with sine. Any nonzero value for, and/orr
signals directCP violation. It is true that such quantities do
not by themselves allow us to determine the sizeCd?
violation, because sim appears multiplied by an unknown
parameter; the theoretical calculation of this parameter is
plagued by large hadronic uncertainti€Bhis is as expected
for any observable probing dire€P violation.)

As expected, the quantitié3,,, Dgq, DF,, DL,
D,, are CP odd. Surprisingly, the quantities
UR,, UL,, UR , andU}, are alsoaCP odd, despite the fact
that they are obtained by looking for untagged decays. How
does this come about? The reason is that there is a source of
sensitivity toCP violation induced in the Dalitz plot analysis
by the fact thalp, andp_ are CP conjugate of each other.
Said otherwise, when one perform&d# transformation on
f,a,_, one obtaind_a_, and not a quantity proportional
to f, . As pointed out before, this means that & transfor-
mation onay yields —ay. Therefore, the quantities linear in
ay and ay have peculialCP properties;U%,, UL, UR,
andU},, areCP odd, whileD%,, D.,, DY, andD),, are
CP even.

Additional observables are obtained in the tagged, time-
dependent decays, which contain asimtterm given by

D, and

TABLE I. | observables obtained from the &imtterm. The
table shows their dependence on singhd cos 2.

Coefficient of

Coefficient of

sin 2« COS v
lec |1—2]%~ro|? 21Imro(1-2)*]
l'qq [r2=1z4]? 21mfr,z7]
lig 2REr (1-2)*+z;rf] 2 Im(1—2)ZF +ror¥]
IR 2Imry(1-2)*+zirf] 2R (1-2)Z +ror¥]
Iy 2 Rdz—|z)%+]rq|?] 21Im[(1-22)r§]
IR 2imz 2 Rery,
Lin 2R zrf —ryzt] 21mlriry —z,2*]
IR 21m[zrf —rozt ] 2R4rry—z,z]
l'nn |Z|2_|r0|2 2 |m|:ZI’E§]
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q— The result of this analysis is that the large data sample of
|m(—AA*)=T2[E il £1]24 > Il Re(fi¥) untagged decays is extremely important for the final deter-
P ! 1<l mination of & in the B—p= channels. One may use un-
tagged decays to measure all relevant quantities except one
+E_ IiFf Im(fifl*)} (300  angle—the angle between (or ry) andz (or r;)—and the
1<l CP violating phasex. Moreover, one will be sensitive to

direct CP violation through|ro| and|r,|.
Here

B. Observables from tagged time-integrated decays

q—

Iii =Im —aiaik

/ T2, The subset of events corresponding to tagged, time-
integrated decays will provide measurements of the addi-
tional observable®..—D,,. SinceU,, and D,, are ex-
| ., pected to be small, it is interesting to note that the remaining
lij=1Im T (i#])), 16 U andD observables are sufficient to fix the nine param-
etersT, z;, rq, z andrgy, and give seven mathematically
redundant pieces of information. That means that one does
/ T2 (i#)). (31)  hot need to probe quantities quadraticién| and|a,| (that
is, one does not need to have an observable® branching
fraction) in order to determine all the observables attainable
As before,i andj take the values, d, andn, and the notation with these measurements. Shoulg, andD,,, be measured,
i<j means that noi(j) pair gets repeated in the sum. As athey will provide two further mathematically redundant
result, we have nine new observables. These observables dsieces of information. All these nine parameters have model-
pend on sin & and cos 2, with coefficients given in Table I.  independent information that, like a branching fraction, can
We stress that the uncertainties associated with the exabt taken from one experiment and used as input in another.
shape chosen for the resonances are likely to affect the Therefore, these experiments can and should be performed
Ui, Dji, andlj; coefficients less than they affect the coef- both at CLEO and at the asymmetBdactories. The advan-
ficientsUj;, Djj, andljj with i#]j tage of this is that fewer parameters remain to be determined
from the relatively small time-dependent data sample.

q J— —
B(aia}‘+ajai*)

q J— .
If?:Re{E(aiaj* —aa’)

Ill. ANALYSIS )
C. Observables from tagged time-dependent decays

This section reviews what can be learned in the various Once a data sample of tagaed. time-dependent events is
experimental searches. Eight of the ten parameters needed teailable their ratespcontain %g Ainl; { term aﬁlowin for a
extracta can be fit with untagged decays alone. This greatl ’ ' 9

increases the data sample that will be available for determir}?nfasturemrsm t(:]ffc ghrto ughrlﬁ‘“l' (VOViTIebeXp:]Ct”S th‘;:’ forr Zﬂmfh
ing these parameters, since at tBeactories tagging effi- € 1o come, this data sample € small compared to the

S : data samples discussed abovihe | observables depend on
ciencies are estimated to be of order Q0B less. Further, N2 andpcosa with the cc())efficients ven in Tab?e L We
many questions about backgrounds and the contributions ave alread séen that the combina?tion of unta .ed and
the other resonances to the three pion Dalitz plot can als L aaed time}i/nde endent decays yidldz, . r.. z an?:l?
begin to be answered using this larger data sample of un= ggse must nowpbe combinedywi%/h thel ’obslérv,ablet%%
tagged events, though they must also be re-examined in tt]eh d

tagged data sample, where nBrbackground will presum- 'n- A combination of any pair of thedeobservables yields

ably be reduced. Fitting to tagged, time-integrated event§in2a and cos 2 independently. A fit to all the observables

fixes one further parameter and gives eight additional mead€t€rmines  (up to discrete ambiguiti¢sand provides ad-

surements that depend on combinations of the eight paran‘fi—itional matheme}tically redundant pieces of information.
eters already fixed, thus improving the precision of their de- /& should point out that, as expected, one cannot extract

termination. Only the importar® P-violating CKM-related & unless some information is known about quantities linear
parametera remains to be fit to the tagged time-dependentn @, anda, . However, since these amplitudes into neutral
Dalitz plot data. Our conclusion is that these preliminaryp’m° might be color suppressed, it is interesting to ask what
steps can and should be performed at both symmetric ar@ne may learn while only bounds, rather than measurements,
asymmetricB factories. on |a,| and|a,| are known. In Sec. IV we will show that
boundson these quantities can be combined witkeasure-
mentsof quantities involving the chargeef” 7+ channels in

order to determinex, up to an error that decreases with
decreasinda,| and|a,|.

A. Observables from untagged decays

The observabletl ..—U,, can be combined to yield, z,
r{, |zal, |rol, and arggir§). Therefore, the nine observ-
ables present in untagged decayk,.—U,,, allow us to
measure eight quantities and give one mathematically redun-
dant piece of information, which of course serves to further In this section we suppose that the bands in the Dalitz plot
constrain that combination of observables. corresponding t@— p~ 7~ have been measured while only

IV. TWO USEFUL BOUNDS
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FIG. 1. Triangle construction for 2z*ry, and z=r,. These
complex numbers are relateddg, a., a,, anda,, respectively.

bounds on the pieces linear and quadratka,i,nandgn are
known. We will show that one may still find bounds an

with an error that decreases |@s| and|a,| decrease.

A. One useful bound

PHYSICAL REVIEW D 62 054002

Using these equations and the expressions for
lan|, |an|, |a¢, and|a.| in Egs.(8) and(9), we find®

- (|an|+|§n|)2_(|ac|_|gc|)2

4aca,|

Sires (36)

a

Notice that, since we assunhe.| and|a,| to be known, we
only need to know bounds on quantities lineamipanda,,
in order to get bounds oma,| and |a,|. The observables

quadratic ina,, anda, are not needed. We have thus proved
that one can determine by measuringonly quantities from
chargedp™ 7™ final states, up to an error that decreases as
the boundson the color suppressed amplitudgs: p°=° de-
crease.

It is interesting to compare the bound in E86) with
similar bounds obtained previously for tiige— 77 decays

As we have seen before, a measurement of quantitidﬁ—l()]. We note a similarity between the parametrization of

which are independent dd,, andgn is not enough for a

determination ofx. In particular, we can see from Eq438),

(24) and the first entry in Table | that measuring the param-
etersU.., D¢c, andl.., which refer only to the decays into

p~ 7™, is enough to determife

g a
| Im Ba—
cc C .
= ——=siN2(a+45,)], (32
\/Ugc_ Dgc 9%
P ac
where we have defined
95 = 1-z+ry 33
a9 7T, | (33

Unfortunately, s, is neither zero nor calculable.
However, as we will now show, bounds ¢a,| and|a,|

the B— 77 decays and the parametrization of tBe»pw
decays, related through

a,—2A(B°— 7%79),

ac— \/EA(BO—VIT-F 7)), (37)

and similarly for the complex conjugated channels. After
these substitutions and some straightforward algebra we can
write a bound similar to that in Eq36) as

c0g26,,)= 1-2

1
V1= aSir
[\/m-l— \/B(@H w°m0)]?
X

BB —awta)+ B(@H ataT)

(39

are enough to constraifi,. As these bounds decrease, theWhere

deviation of Eq.(32) from sin 2v also decreases. To prove

this, we use Fig. 1 to derive
[2ro|?=]1—z+71y|2+|1—2z—1(|?
—2|1—2z+rgy||1—2z—-rolcog26,) (39
and

|2rol<|z+Tro|+]|z—T10]. (35

"Notice that

I [ D2
—2“ 2~Ui 1+—“2° .
JuZ.—D2, VUec 202,

Therefore, measurements kf, and U, determine sif2(a+4,)],
up to an error that is of second orderlin. (second order img).

BB —mt7)— B(@H ataT)

:B(BOHW-F’]T_)‘}‘B(@*WZT*—W_) .

Adir (39

If there are only data on untagg8d- 7°#° decays, we may
still obtain a bound by substituting the squared quantity on
the right hand sidéRHS) of Eq. (38) by 2B(B°— m%7°)
+2B(B°— 7°7%), a bound previously derived by Charles
[9]. If, in addition, there are no data @y, then we may
obtain a weaker bound by settilag;, to zero on the RHS of
Eqg. (38) [8-10. In this form, the bound depends only on
untagged data and it is related to a bound obtained earlier by
Grossman and Quinf8] by usingB*— 7" #° decays in-
stead ofB— =" 7~ decays on the RHS of E¢38).

8An untagged version of this bound has been discussed by Charles
[11].
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B. A bound from interference effects
One may find a much cleaner bound by rewriting E2p)
in the form

1+x

25,= arg— (40
where

o D+ Dgy+iDgy 41
X=1-5=" EE—— (41)
UcctUcntiUe,

We find

2 Imx
tan(26,)=

(42

PHYSICAL REVIEW D 62 054002

to explore the sensitivity of the results to reasonable changes
in the assumeg@-shape parametrization, and the recognition
of the possible large backgrounds in the untagged sample.
All of these issues and many more will only be settled by
examining the datdNone of them appear to us to invalidate
the expectation that it will be very valuable, at least in the
early years of study of these modes, to use the parameters
determined from the time-integrated experiments when
studying theC P violating effects in the time-dependent data.

VI. CONCLUSIONS

The B—pm decays are described by ten parameters; cf.
Egs.(8) and(9). We have shown that untagged data can be
used to extract eight of these ten parameters and tagged time-
integrated data allow evaluation of one further parameter.

2° . . .
1-|x| This leaves only the on&P-violating parametera («
. + 64 if new physics contributes an extra phagg to the
If the quantitiesz andr, are of order 1, then we expect to be iving) 1o be determined from time-dependent data. The pa-
able to measure them. The case of interest here is vhen o noiorc in question are defined in an experiment-
<1, r9<1t and .the best we can do IS place bounds OI1ndependent fashion and hence the values measured in a
guantities linear in these vanab!es, while we expect to. betime—integrating experiment, such as can be pursued at
able to measurél.. andl . In this case, we can constrain | £ can be used as input to fits of the time-dependent
the allowed values for tan(®,) by combining the measure- 413 sample—thereby possibly allowing a measurement of

i R | R !
ment ofU ¢ with the bounds o), Uc,, Dcp, @ndDe,. the parameten earlier than could be achieved without this
(In effect, to gain any information, we need the bounds on,ut.

the magnitudes of the latter quantities to be smaller than the \y/e have also shown that, if the neutgalcontributions

value forUg.) are small, then prior to the time when the statistics is suffi-
Notice that Eq.(41) involvesU¢g,, Ug,, Dg,, andDe,  cient to provide a measurement of these effects, bounds on

which are linear ina,, anda, . That means that here one is their contribution will allow bounds on the shift of the angle

using the interference between the tails of two differeat ~ measured from the rates and interference of the two charged

channels. This has two consequences. First, this boung, channels from the true value.

which is extremely powerful, has no analogue for tBe

— arar decays. Second, since the bound depends on the in-

terference effects, it may be sensitive to the assumptions

mentioned above about the exact shape ofptliesonances.
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V. SOME EXPERIMENTAL ISSUES

APPENDIX: PARAMETRIZING THE DECAY
AMPLITUDES
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Aspo=—Tap 2",

Azpp1=—Tgp1€"7,
Aip1=—Typ€ 7+ Py P,

A2 0= —Tip € "+ Pype'?,

where we have used the fact thag, ; and Az, , only re-
ceive contributions from the tree-level diagrams. For conve-

(A1)
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whiler; (rg) contains theCP-odd penguin contributions to

the final state with isospily=1 (I;=0). Using these defi-
nitions, we arrive at

efa,=Te *(1-z-ry),
e'Pag=Te '%(z;+ry),

ela,=Te '“(z+ry). (Ad)

nience, we have included an explicit minus sign in the defi-

nitions of the tree-level amplitudes. Substituting into Eds.
and(7), and dropping the\| =5/2 amplitude, we find

\/ET1/2 0 2 I:)1/2 O
. 2 I:)1/2,0 .
+1 \/; T Siha |,

e'fa, —Te"“

i i T3/21 T1/21 P1/21
iBy — —ia : : :
e'Pag=Te [ T - T
P
+i %I/_ZISIna
eiha —Te e \FTUZO \FPUZO

—i \/2 Puzo sina
3T ’

where we have defineli= /3T, ».
Let us define

\/ETllz 0 \F Pizo cosa

T3/2,l T1/2,1 P1/2,1
21: T + T + T

ro=—i \ﬁpllz'osina
0 3T ’

r{=i Puza sin
=i 2t cing.
1 T

COSs«a,

The parametez; (z) contains theC P-even contributions to

(A2)

(A3)

the final state with isospih;=1 (I;=0 and alsol;=2),

Equationg(8) are obtained from these by dropping tleel-
evan) overall phase factag'?. Similarly, we may reach Egs.
(9) by applying CP conjugation, multiplying byqg/p, and
removing the same overall phase facttf.

We may also parametrize the amplitudes involved in the
B —pnr*—atn 7" andB*—p 70— 7" 7070 decay
chains as

=iBp Teiia<1 5T ) (A5)
e Btﬂpo'ﬁi:T 54101+
2 \2
and
S Te' 1+ + 8, * ) (A6)
e~ Bi*}ptﬂ'O:T 5 TZ 1=rq/,
2 \2

respectively, where we have dropped thé=5/2 ampli-
tudes. These decays involve the new complex parameter

3 Tap
512 - E T .

(A7)
Therefore, the information iB*—p°m*— 7" 7 7= de-
cays by itself does not help in constraining the parameters
involved in the decays of the neutrBls into three pions;
these two rates merely allow a determination of the magni-
tude and phase af;. The decays from charg&imesons are
only useful if one can measure both tHe"— p%x™
—a o 7= and the experimentally challengind®*
—p*m— 7= 7%7° decay chains. For example, one might
use the information from the decays of the neuéb getT,

r,, andz;, and theB*— p%7~ decays to get;. One would
then be able to predict the rates for tBé —p~ 7° decays.
Even with the additional direcCP asymmetry measure-
ments in these channels, we see that we have no way of
extracting a measurement of ginAs before, only the quan-
tity r, appears.
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