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Recent experimental results 8- pp decays indicate that tHeP asymmetryS,+ - will give an interesting
determination ofa=ard —(VqVip)/(VugViy,)]. In the limit when thep width is neglected, thd8— 7o
isospin analysis can also be appliedte pp, once an angular analysis is used to separate transversity modes.
The present bound on the shift 8f+ ,- from the true sin & is already stronger than it is f@, - .-. We point
out a subtle violation of the isospin relations when the fwmesons are observed with different invariant
masses, and how to constrain this effect experimentally.
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[. INTRODUCTION tant role in theCP asymmetries in neutr&@ decays is played
by the B%-B® mixing amplitude, which has the following
Rates and polarization fractions for varioBs»pp de-  CKM phase dependence:

cays have been recently measufgd3|. First measurements _
of CP asymmetries in these modes are expected in the near M1=|My] e?8, (2
future. This Rapid Communication is a brief comment on the
application of isospin analysis to these modes, similar to that e dominantCP violating effect in theB—p*p~ decay
for = channelg4] to extract standard model parameters,comes from the interference between BfeB° mixing am-
and in particular the Cabibbo-Kobayashi-Maska(@zKM) plitude andT, _ . As can be deduced from Eq4) and(2),
phasea= ¢,=ard — (VigVi;)/(VudVip) 1, from these mea- this effect is sensitive to the phase=7—pg—vy (or ¢,
surements. It is important to constrain such CKM phases as 7— ¢1— ¢3).
precisely as possible in many independent ways. Inconsistent The time depender® P asymmetry inB—p*p~ can be
results from different approaches could be an indicator ofparametrized as follows:
new physics as various measurements that are related in the

standard model can be affected differently by possible con- F(gghys(t)—wﬂf)—T(thys(t)—m*p*)
tributions from physics beyond the standard model. Here we T'(B oo )+T(B ) —

comment on the need to parametrize the data to allow for the ® phyS( J=p e )H I phyS( =P

impact of possibld =1 contributions that can occur if the =S, sin(Amt)—C, _cogAmt). 3

two p mesons have different masses.
In the standard parametrization for the CKM matrix, thelf |P, _ /T, _| were zero, so that a single weak phase domi-
phase dependence of tBe-p'p’ decay amplitudes can be nates the decay and if, in addition, the final state were purely

written as CP even, therS, _=sin2« (andC, _=0). A separation of
. . final CP eigenstates is possible with angular analy§is as
Ajj =Tije+'7+ Pije"ﬁ, we will see below the data show that the decays to charged
p’s are dominantly longitudinally polarized and th@P
Kij:-l-ijefiy_k PijeJriB, (1) even.

Other CP violating effects inB—pp decays arise from
- 0 — . _ the interference between theandP terms in Eq(1) or from
whereA;; describeB™ andB” decaysA;; describes8™ and  jnterference between mixing amlamplitudes. These effects
BO decays ang3, y (and @=mw—B— ) are the angles of not only have different weak phase dependencies, but also
the unitarity triangle(for their precise definitions, see, e.g., depend on the amplitude ratj®/T| and the strong phase
Ref. [5]). Tj; is dominated by the tree diagram, whi®;  arg(P/T). These complicate the relationship between the
comes primarily from so-called penguin diagrams. An impor-measuredCP violation and the phase. For a given final

transversityo (see discussion belgwthis more complicated
relation can be parametrized as follows:
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1By p mass we mean throughout this paper the invariant mass diow to use the six flavor-taggel— 7 rates and isospin
the pion pair from the decay of that symmetry to precisely determine even in the presence of
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the additionalCP violating effects. Later work showed how —pp amplitude for twop mesons with chargesy;,qs,
one can use the isospin relations to bound the uncertainties imassesn;, m, and helicities\ ;=\, can have a part which
a, even when sufficient data to complete the full analysis ardés antisymmetric under the interchange of the valuesgf
not available[7—9]. These methods can be applied also forandm,, and thus, by Bose statistics, this amplitude is also
the decays to tw@ mesons. The current experimental dataantisymmetric in the combinetbpace, spin, isospinvave
imply that theB—pp case will give a better intermediate function, thus allowing odd isospin, despite the fact that
result. =S. In contrast, the dependence of the even-isospin ampli-
tudes on thep masses is symmetric under interchangengf
and m,. The different isospin amplitudes do not interfere.
Our main point in this note is that the fits to data should

The vector-vector decays of a spin z&meson can have explicitly include the possibility of the odd-isospin contribu-
orbital angular momentunb. =0, 1, or 2. Hence, for two tion in B—pp.
vector particles, they include both even and @ modes. The size of thd =1 contribution is a dynamical question;
Since the decayin® meson is spin 0, the total spin of the we make no prediction. We cannot rule out the presence of
two vector mesons must be equal to and oppositely aligneti=1 contributions of orderltplmp)2 in the total rate. The
to the orbital angular momenturh, Thus, in the case of two fact that this amplitude must vanish for equal meson
identical vector mesons, such as two equal massesons, masses gives it a distinct distribution as a functiomgfand
independent of the value &f the combined space plus spin m, from the leading even-isospin terms. The leading contri-
wave function of the two identical vector mesons is symmetbution to the rate due to the amplitude antisymmetricnin
ric under particle exchange. Bose statistics then tells us thaand m, can be parametrized by adding to the fits a term of
just as in the case of two pions, the isospin of the fwo the form
meson state must be symmetric under exchange of the par-
ticles, thereby eliminating any possitlle= 1 contributions’

While the above argument is made in terms of the ampli-
tudes of a givert, it applies for allL. Thus it is equally valid

when applied to the amplitudes expressed in any alternativighereB (s) is the Breit-Wigner. This contribution vanishes
angular decomposition. The set of basis functions for deyere tﬁe even-isospin contribution peaks. Thkel contri-

scribing the decays usgd in the experimental analyses fytions in thep ™ p~ andp® p® channels are unrelated, while
labeled by the transversity=0,,L of the p mesonswhich  there is no such contribution 1Pp°. Note that even-isospin

both must be the same since the initial state has spin.zerozonriputions of the same form are also possible, e.g., from
Thus, from this point on, our discussion will be in this basis.ihe cross-term in

Note that once this basis is chosen there is no longer any

II. BOSE STATISTICS AND BROAD RESONANCES

m;—my

m,

2
} 1B,(m?)B,(m3)|?, (5)

sense in which one can separate the different orbital angular (M, —m,)2 2
momentum contributions within a given transversity-labeled 1 2 2 2|2

ome X giver y-lab a+b 2 |Bp(ml)Bp(m2)| . (6)
state. Since transversity-labeled amplitudes are a choice of b

three orthogonal angular basis functions for analyzing the
decays, they contain the full angular momentum informationWe expecta, b andc to be of the same order, so the even-
Thus we have a complete set of amplitudés;=A[B isospin contribution proportional tab could be comparable
—(p'p)),], whereo is the transversity label aridandj are  to thel =1 component.
the charges of the twp mesons. TheCP of a given trans- The question is whether the extraction of the leading
versity state is well-defined, in the case at hand the stategven-isospin amplituddghe a term in Eq.(6)] is sensitive
o=0 and| areCP even, while thes=_1 states are€P odd  to possible contributions of the forrtb). Independent of
[6]. whether the correction term is dominated by tifeterm of
The above arguments for the absencel efl in each  Eq.(5) or the interference o andb in Eq. (6), the stability
transversity state do not apply for general four-pion ampli-of the fit for thea? term can be tested. If the addition of
tudes. This contribution exists even when two pion pairsterms of the form5) causes the value of the leading term to
have the same invariant mass and angular momentum. Iishift significantly then further tests must be made to ensure a
deed the fact thgt mesons have a significant width reintro- stable value for the on-peak amplitudes. If adding such a
duces the possibility of=1 contributions even for a pair of term does not significantly change the result for the leading
longitudinally polarizeg particles. In eaclB— pp eventthe term, then we can be confident that the correct on-peak am-
invariant mass of each is measured, and the two values canplitudes have been measured.
differ by an amount of order df ,, or rather by the width of While thel = 1 contribution must be positive, the sublead-
the region allowed by experimental cuts on the data. Bhe ing even-isospin contributions may have either sign. Thus,
even if a fit to the data finds that contributions to the rate of
the form in Eq.(5) are small, that could still be due to can-
2 Section 6.1.2.2 of the Babar Physics Bgskthis argument is ~ Cellations. Such a cancellation would be accidental in either
given correctly for theL=0,2 case. However, an incorrect conclu- thep* p~ or thep™p® channels, and it is unlikely to occur in
sion that isospin analysis is not possible for the1 componentis both. Thus, if the fits in both of these modes are insensitive
stated. Mea culpa, HQ. to terms of the form(5), then it is probably safe to assume
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that thel =1 contributions are likewise small. But, as we be distinguished from the tree amplitudes by their isospin
stress above, it is not the size of these terms that really mastructure. Since electroweak penguins contribute to Bgth
ters here, but rather the stability of the fit to the on-peakand P;; in Eq. (1), one impact of such terms would be a
equal masspp contribution, for which the isospin analysis is possible difference betweeh, , ande?A_,. The size of

to be carried out. If the fits are sensitive to terms.of Fhe formCorrections that contribute thA,o|#|A o| can be con-
in Eq. (5), t'hen further analysis, and probably significantly strained by measuring these two rates. The average of the
more data is needed.

. - . . BABAR [2] and Belle[1] results is
As an alternative to fitting the data including terms of the (2] [} results i

form (5), one can eliminate effects of any contributions of |K |2—|A |2

this form by decreasing the width of thebandsA, used in 0= o MO oo 0.16,

the fit (or imposing a cut ohm; —m5|). Once the accepted |A_ol*+]ALql?

band is small enough, the result will be stable against further

reduction in its width, and also against changes to the leading |A 5|2+ |A% |2 004

fit parameters when a term of the fortB) is added. At 0==—75 3 =0.96 g0 8

AP
present, BaBar uses a band 0.52 Ge¥,,<1.02 GeV

[2,3] whereas Belle accepts a narrower range, 0.65 GeMhese results are consistent with the isospin relationship
<m,,<0.89 GeV[1]. The possibld =1 contamination in - 4_,=0, though with current precision the test is not par-
theB— pp signal diminishes foA <I", at least as&/m,)®.  tjcylarly stringent. Given this, there is residual uncertainty in
If the extracted values of the rates are stable for differenihe extracted value af that is not constrained by the isospin
values ofA that would indicate that the=1 contamination analysis. While the impact of electroweak penguins on the
is small and we need not worry further about these types ofytraction ofa from the isospin analysis @— 7 can be
terms, whereas results that are sensitiva tawould indicate  ggtimated to be of order 1.$10], estimates of other isospin
that there is a contribution of this type that must be MOr&iplating effects employ hadronic models and range from
carefully investigated, or excluded by taking a smaller acceppegligible to less than 5°—~1Q11]. The impact of these ef-
tance. _ fects is expected to be similar B pp. Dedicated analyses
Clearly both the approach of adding parameters to the fif e \warranted, since both the matrix elements of electroweak
and the approach of narrowing the acceptance have a statisanguin operators and isospin breaking are different for the
tical cost. We are hopeful that, even with the present data sefy, fina| state. At the present level of accuracy it is reasonable
one will be able to see that the impact of possiblel terms g assume that these uncertainties are small compared to
is not large. If their effect turns out to be important, thenngse that are bounded by the isospin analysis; we will ne-

more data will be needed to eliminate their impact. glect them in what follows.
Once the branching ratio$[B— (p'p)),1=|Af]|* are
1. ISOSPIN RELATIONS measured, one can construct the two triangles and use this

For each transversity;, the even-isospin amplitudes have construction to measure the relative phase betwen and

relationships similar to that for the two-pion amplituded, ~ €A _ [4]. This phase is @, defined in Eq.(4). It arises
from a combination of relative weak and strong phases and

1 the relative magnitudes of the, = and P, _ contributions,
EA$—+A302 Tos none of which can be reliably calculated. Using the two-

triangle construction to determinesg, there is a fourfold
1_ L ambiguity in the value of this phase, coming from the four
— Al _+AJ=AY,. (7) possible orientations of the two triangles relative to their
V2 common base.

, ) _ Until the flavor-tagged branching fractionsj3[B°
Each of these equations can be represented as a triangle |n( 050). ] and B[B — (p°p°), ], are separately measured
the complex plane. Note that the triangles corresponding to PPIa PP ol P y )
one cannot determing,. However, one can bound it.

the different transversity states can be different. A the th d b hi i d
Tree diagrams contribute to bothl =1/2 and 3/2 transi- tr;Osr\]/gersiEe)s ree averaged branching raisemmed over

tions tol=0 andl=2 final states, respectively. Since the
gluon is isospin singlet, penguin diagrams contribute only to
Al'=1/2 transitions td =0 final states. Since the final" p°

states have nb=0 componentA?, andA”, are pure tree

amplitudes. TherefordA,|=|A%,| and the relative phase
of.thesc_a amplitudes is 2 [see E.q.(l)]. The two triangles Boo= 1(|Ad2+ | A,
originating from Eq.(7) for any giveno can_thus be super-

(o8

imposed with a common bas&y,, if all the Aj amplitudes  the first two have been measured and there is an upper bound

are multiplied by a factoe?'”. on the third. This provides an upper bound®§, for any o
Electroweak penguin amplitudes, unlike gluonic pen-Itis significantly smaller than the rate for the dominant lon-

guins, contribute to bothl =1/2 and 3/2 and hence cannot gitudinal mode in the other channels. This allows us to place

B =3(A_|?+|A_[?),

Bio=3(A0|>+]|A_?), 9
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a significant bound ord,, using the construction described  One further issue that must be considered is the impact of
above. Explicitly, the bound readg,8J® non-resonant contributions ® meson decays to four pions,
and that of other resonances that yield the same final state in
283, (BY_—2B%y+2By)? this analysis. These could contribute with oppo§ifeto that
CoS25p=1— ——+ 0 . (10 of the dominant longitudinal mode. Since the angular distri-
Blo 4B} Bl

bution given by the decay of a spin-1 longitudinally-
This bound can be further strengthened if experiments cor20larized meson is quite restrictive, the contamination due to
strainC® _ [9] and C2, . all such contributions is effectively included in the error of
- 00 1-f,, the fraction of non-longitudinal contributions. Thus
the uncertainty due to these contributions is taken into ac-
count by allowing for the uncertainties in E¢L2) when
For bothB—p*p~ andB— p*p°, experiments have de- determining theCP asymmetries in the longitudinal mode.
termined that the longitudinal fractiofy, is close to 100%
[see Eq.(14)]. Thus, even if the experiments do not distin- V. NUMERICAL RESULTS
guish the asymmetry in the longitudinal mode alone, one can
use the total asymmetry to constrain the longitudinal asym-
metry. Since we already know from the data that the decay iS
almost purely longitudinal, the correction is small, 6{1 =277 5% 1078, (fo)+-=0.99"3%1+0.03
—fy). UsingS, =3,f,S7_andC,_=3_f,C7_, the '
differences between the transversity-sumn@# violating g =(22537+58x 1076, (fy),,=0.97"3%+0.04,
asymmetries and those in the longitudinal mode are given by '

IV. CORRECTIONS PROPORTIONAL TO 1 —fg4

The experimental values given by BABAR for the three
averaged branching ratios defined in E9). are[2,3]

g +s Bpo<2.1x10°® (90% C.L), (14)
S -5, =(1-fy)| S - - . .
2 while Belle obtained1]
S Bio=(31.7+7.17 38 x 1078,
~(f=f) =
(fg)+0=0.948+0.106+0.021. (15
cl_+ct_ 0 . .
cl —C,_=(1—-f1y) Cﬁ,—T We takeB, _=B°_ andB, ,=5%,, thus introducing er-
rors of order (fy). These are much smaller than the
cl —ct present experimental errors d@h. _ and B,y and therefore
—(fu—fﬂ%- (11 can be neglected. We use the following averages, based on
Eqgs.(14) and (15):
The ST _ and (_3‘1_ _asymmetries in each of the transversity B° _=(27+9)x 107,
channels can in principle be anywhere freni to +1 sub-
ject to the constraintsY] _)?+(C7 _)?<1. Thus, the maxi- RO o= (2626)x10°°
mal deviations of the measured asymmetries from those for "
the longitudinal modes are B=(0.6"98x107°. (16)

0 0
St =S [=(1-fo(1+]|SL_]), The value ofBy, is based on scaling the number of signal

events given in Ref[2] and conservatively assuming the
efficiency for (fy)go=1, which yields the largest rafd.2].
The first question to be asked is whether the rates in Eq.
(16) are consistent with isospin symmetry. Note that in the
B0 .0 limit, we must have®® =23°,. The central val-

|ICo_—C, _|<(1—fo)(1+|C_)). (12)

In reality, we expect the error in estimatir® _ to be
smaller than this upper bound. To zeroth order

[P_/TT_| we haveS, =—S; =S_. Consequently, ues in Eq.(16) imply a smallB5, but B2 _~ 5%, thus the
we obtain consistency with the isospin constraints is limited. Indeed, a
L -5, =(1—fo—fy+f,) statistical analysi§13] of the rates in Eq(16) finds the
oo L goodness of the fit is only 24%. Since this confidence level is
+O[(1—fp) P _ /T, _|]. (13)  not extremely small, in the following we derive limits a@iy

assuming that isospin symmetry hoftlglsing the isospin
constraints as coded {13] and the branching ratios in Eq.
3The bound in Ref[8], quoted in Eq(10), is the same as the one (16), we obtain the 90% C.L. bound:
in Eq. (2.15 of Ref.[7] up to terms ofO[ (Byg/B+o)?, (B4~ 1B
—2)?], where Ref[8] is more restrictive. In Rei[8] the weaker
bound in Eq.(2.12 of Ref.[7], cos 2,=1—2B3/B°,, is referred 4t was pointed out in Ref[3] that the small upper bound on
to as the Grossman-Quinn bound. Boo/ B constrains the penguin pollution.
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cos 25,>0.83, (17 with interesting precision. To ensure the accuracy of the re-
sults it is important to include an isospin-1 contribution in
or, equivalently, the fits to data, as in E@5), constrained to vanish when the
. two p mesons have equal masses. We do not expect the
| S| <17°. (18) impact of this contribution to be large, but it could introduce

changes of orderI(p/mp)2 to the best fit parameters. Once
this effect is constrained experimentally and @R violating
guantityS, _ is measured3— pp decays promise to provide
the best model independent determination of the parameter
for some time to come.

Note that even though the statistical significanceB&f_
—2B% ,+2By#0 is small, the last term in Eq10) does
play a role. Had we ignored it, we would have obtained
cos 25,>>0.80.

It is interesting that the small value &f,,/5B, o already
puts an upper bound o€, _, the measure of direcCP
violation. For each transversity component, the isospin rela- ACKNOWLEDGMENTS
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