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Helicity and partial wave amplitude analysis of D—K* p decay
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We have carried out an analysis of helicity and partial-wave amplitudes for the prioee$§* p in the
factorization approximation using several models for the form factors. All the models, with the exception of
one, generate partial-wave amplitudes with the hieral@y|P|>|D|. The one exception givelS|>|D|
>|P|. Even though in most models tli®wave amplitude is an order of magnitude smaller thanSheave
amplitude, its effect on the longitudinal polarization could be as large as 30%. Because of a misidentification
of the partial-wave amplitudes in terms of the Lorentz structures in the relevant literature, we cast doubt on the
veracity of the listed data, particularly the partial-wave branching rgt#8556-2820199)03711-X

PACS numbd(s): 13.25.Ft

I. INTRODUCTION ference terms do not integrate to ze(see[8] for more
details about the three-body decdy—Kma). Conse-

The weak hadronic decay of the chaBnmeson to two quently, the sum of the fractiorfs does not add up to unity:
resonant vector particles is difficult to analyze experimenXf;# 1 (see Refs[6,8,9)). The branching fractions into two-
tally, as well as to understand theoretically. At the theoreticabody channels are then determined by maximizing the like-
level much of the effort of the past was devoted to underdihood function. The branching fraction into any particular
standing mainly the rat€(D—V,;V,) (V stands for vector two-body channel, such a®—K*p, can be analyzed
meson. Studies based on the factorization model were carin terms of the helicity amplitdes H,, ,H__ ,Hgp),
ried out by Baueet al.[1] and Kamalet al.[2]; approaches or the partial-wave amplitudesS(P,D), or the transversity
based on flavoSU(3) symmetry and broke®U(3) sym-  amplitudes BAo,ALA). As a result of the completeness of
metry were pursued also by Kametl al.[2] and by Hinch-  each one of these bases, the decay F{e—K* p) is ex-
liffe and Kaeding[3]; Bedaqueet al. [4] made a pole- pressed as an incoherent sum of the helicity, or the partial-
dominance model calculation. wave, or the transversity amplitudgB0—12. This imposes

One peculiarity of a pseudoscalar mesBngecaying into  some constraints on the helicity and the partial-wave branch-
two vector mesons is that the final-state particles are proing fractionsB as they should add up to the total branching
duced in different correlated polarization states. The hadfraction for the modeD—K*p as follows: B, ,+B__
ronic matrix elementA=(V;V,|HyeadP), involves three  +Byy=By+Bj+B, =Bs+Bp+Bp=Byx,. A similar situ-
invariant amplitudes which can be expressed in termgion occurs imp annihilation to 3(and § pions[13] where
of three different, but equivalent, bases; the helicity basiss andp waves are treated incoherently. An obvious problem
| ++),]=—~),[00), the partial-wave basitor the LS-basid it the D°—K*°° data[5] is that this constraint is vio-
S),|P),|D) and the transversity bag),[[[),|1). The inter-  |ated: the sum of the branching fractions iiB@ndD states
relations between the amplitudes in these bases are preseni8gteeds the total branching fraction. The fact that this sum
in the next section. The dafd] for D—K*p decay are ajso exceeds the transverse branching fraction is, by itself,
quoted either in terms of the helicity branching ratios or thenot a problem due to the interference between Srend D
partial-wave branching ratios. Hence our study of the procesgaves. However, the problem with the dd is that the
D—K*p is carried out in these two bases. We have undertransverse branching fraction saturates the total branching
taken a theoretical analysis for the particular decBy, fraction. There is, therefore, an internal inconsistency in the
—K*p, assuming factorizatiofsee Sec. Jland using a va-  data: all the data listings cannot be correct. The Particle Data
riety of models for the form factors. Such a study has noigroup listing of D—K*p data has remained unchanged
been undertaken in the past. since 1992.

The experimental analysis @ —K* p (measurement of  \ve believe that the source of the inconsistency in the data
the branching ratio, partial-wave branching ratios, polarizaf5—7] has to do with the identification of the partial-wave
tion etc) is done by considering the resonant substructure ofmplitudes,S, P, and D, with the Lorentz structures in the
the four-body decay® —Kmmm [6,7]. There are several decay amplitudésee Table Il and, especially, Eq82)—(34)
two-body decay modes(for example, D—K*p and  of [6]). The decay amplitudé for the proces®—V,V, is
D—Ka;) which contribute to the final states in expressed in terms of three independent Lorentz structures
DK 7w 7w, DT K " a*#% DK #"# #w~.  and their coefficients, represented in the notatiofilef,15
Following the standard practice, Ref§,7] took the signal by a,b,c, and in the notation of16] by the form factors
terms of the probability density to be a coherent sum ofA;(g?), A,(g?), andV(g?). We discuss this point in detail
complex amplitudes for each decay chain leading to the fourin the next section, but suffice it to say here thaf6m the
body decays oD. Hence, the different contributing ampli- P-wave amplitude is identified witle of [14,15 (or V of
tudes can interfere among themselves. In general, the intef16]), which is correct; however, they identify tHeéwave
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amplitude witha of [14,19 (or A, of [16]) and D-wave G . .
amplitude withb of [14,15 (or A, of [16]), which is incor-  A(D°—K *p*)= —FVCSijdal(pﬂule)(K’*|sc|D°>.
rect. We discuss this point in some detail in Secs. Ill and IV. 2

Part of the problem could also be that the transverse am- (4)
plitudesH , , ,H_ _ and the longitudinal amplitudd 5, were

fitted independently ifi6]. Their argument for doing so was _ Gr a, — _
the large measured polarizationof in semileptonic decay ~ A(D°—K% p%) = —=V Vi;—= (K% |sd|0)(p°uc|D).
of the D meson[17]. However, later measuremerjts3] of V2 2
the polarization ofK* being much smaller vitiate this pro- (5
cedure.
_ G _ _
II. METHOD A(D+—’KO*P+): _FVCSV:d{a1<p|Ud|0><K*O|SC|D+>

V2

* H H _ el _ _ _
The decayD —K* p is Cabibbo-favored and is induced by + a,(K%* [3d|0)(p*[uc|D )}

the effective weak Hamiltonian which can be reduced to the

]tglrlr%vgl[nl%]:color—favored (CH and color-suppressedCS) :A(DoﬁK—*p+)+\/EA(Doﬁgo*po)_
(6)
Ge . _
HCF:EVCSVw[al(Ud)(SC)+C208]' (1) The extra\2 in Eq. (5) comes from the flavor part of the
wave function ofp®. Each of the current matrix elements can
Ge o be expressed in terms of meson decay constants and invari-
HCSZEVCSVSd[aZ(UC)(Sd)+0108]v 2) ant form factors. We use the following definitions:
where V are the Cabibbo-Kobayashi-Maskaw@kM) <V|Ud|0>:mva‘9; (7)

matrix elements. The bracketEc() represent\/—A) color-

singlet Dirac bilinears.Og :mdgg are_products of Cf)lor <V|§c|D>= EMVpgsfl”PBPSV(qz)
octet currents: Og=3;3>_;(uN?d)(sA?) and Og Mp+my
=138 (ur3)(sA?d). \? are the Gell-Mann matricesy, el-q
and a, are the Wilson coefficients for which we use the +i Siﬁ(mDerv)Al(qz)—m
valuesa; =1.26+ 0.04 anda,=—0.51+0.05[19]. In gen- DTV
erala,; anda, are related to the coefficients andc, [20] e¥-q
by X (Py+Pp) ,Ax(q?) — qTva%As(qz)
C2 Cq e* .
= 22 = = v-d
a;=Cq+ N’ a,=Cyt N’ (3 +?2quMAO(q2)}1 8

where N is an effective number of colors, and; ) )
=1.26, c,=—0.51[20]. Using a value oN different from  Whereq=Pp—Py is the momentum transfef is the decay
3 is a way to parametrize nonfactorization effects. Our paconstant of the vector mesow, ey is its polarization,
rametrization amounts to setting—c. This particular de- Ai(9%),(i=1,2,3) andV(g?) are invariant form factors de-
cay, D—K*p, has also been studied by Kametial. [19] f|ned_ in [_16]. In terms of the helicity amplitudes the decay
and by Cheng21] from the viewpoint of explicit(rather ~ rate is given by
than implicit as herenonfactorization.

In the factorization approximation one neglects the con- p

tribution from Og andOg, and the matrix element of the first I'(D—ViVy)= 8
term is written as a product of two current matrix elements.

Since we are effectively working withl# 3, one could ar-
gue that the nonfactorization arising fro®y and Oy is be-
ing included. We consider the following three decagis:
DY—K™*p™, a color-favored decay which gets contribution
from externalW exchange, known as a class | procd#s;
D%— K% p® | a color-suppressed process which gets contri-

bution from internalW exchange, known as a class Il pro- Hoo( DO K *p*)=

5 {[Hod®+|H, >+ [H__|%}, (9
D

wherep is the center-of-mass momentum in the final state.
Hoo,H,, andH__ are the longitudinal and the two trans-
verse helicity amplitudes, respectively, and for the decay
D°—K™*p™ they are given by

Ge

_| 2VCSV:dmpfp(mD+ mK—*)

cess; andiii) D*—K% p*, a class Il process which gets V2
contribution from external as well as internél-exchange DK* 2 DK* o
mechanisms. The decay amplitudes are given by Xa{aAT" (mp)—BA;" (M)} (10)
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V2

X a {ADK (M2) T yV(m2)PK"},

13

Hit(Do_)K*ier):i VcsV:dmpfp(mD"'mK**)

wherea, B, andy are function ofr andt and given by

N Lok
T ot B_Zrt(1+r)2 an YT (1+r)?
(12)

with r, t, andk defined as follows:

My m
r=——, t=—2, K2=(1+r+t4—2r2—2t2—2r%?).

Mp Mp
(13

For D—K* p the values of the parametesis 8, and y are

a=152, B=0.24, y=0.24. (14)

Equivalently one can work with the partial wave ampli-

tudes which are related to the helicity amplitudes b¥,22

Hoo= 1S+\FD Heem =S+ —pt —p
NE 37T BTz e

PHYSICAL REVIEW D 59114013
1 2 2 2
S= ﬁ{m )AL (02— BAAGD)}, P=—29V(q?)

and

2
D= \[ﬁ(l— @)A1(07) + BAA(G?)}. (19

These real amplitudes are assumed to be the magnitudes of
the partial wave amplitudes. The phases are then fed in by
hand. The decay rate given by an incoherent sdm,
<([Hy ¢ [2+[H__[?+|Hod®) = (|S]>+|P|?+|D|?) =(|Acl?
+|A|I>+]A,|%), is independent of the partial-wave phases.
However, the polarization does depend on the phase differ-
ence,8sp= 05— dp, arising from the interference betwe8n
andD waves,

_ 1[S?+2|D[?-242|S||D|cosdsp,
-3 |S|2+|P|2+|D|? '

(20

The knowledge of the different form factors is required to
proceed further with the numerical estimate of the decay rate,
I', and the longitudinal polarizatioR, . Since it is not yet
possible to obtain thg? dependence of these form factors
from experimental data, and a rigorous theoretical calcula-

The partial waves are in general complex and can be exion is still lacking, we have relied on several theoretical

pressed in terms of their phases as follows:

S=|Slexpids), P=|Plexpidp), D=|D|expidp).

(16)

models for the form factors in our analysis. They are the
following (i) Bauer, Stech, and WirbéBSWI) [16], where

an infinite momentum frame is used to calculate the form
factors atj?=0, and a monopole forrfpole masses are as in

[16]) for g dependence is assumed to extrapolate all the

For completeness, we introduce here the transversity basig . tactors to the desired value qf. (i) BSWII [20] is a

Ao, Ay, andA, , through

1 2
AOZHOOZ - \@S‘I‘ \/;D
1 2 1
AHZ E(H+++H__): §S+ §D
1
A= E(H++_H——):P-

17

modification of BSWI, where whild,(q?) andA,(q?) are

the same as in BSWI, a dipotg dependence is assumed for
A,(g%) and V(g?). (iii) Altomari and Wolfenstein(AW)
model[23], where the form factors are evaluated in the limit
of zero recoil, and a monopole form is used to extrapolate to
the desired value of®. (iv) Casalbuoni, Deandrea, Di Bar-
tolomeo, Feruglio, Gatto, and NardulfCDDGFN model
[24], where the form factors are evaluatedcgt=0 in an
effective Lagrangian satisfying heavy quark spin-flavor sym-
metry in which light vector particles are introduced as gauge
particles in a broken chiral symmetry. A monopole form is
used for theg? dependence. The experimental inputs for this

The longitudinal polarization is defined by the ratio of the model are from the semileptonic decBy—K*|v, and we

longitudinal decay rate to the total decay rate

_h_ [Hod?

p =2 .
T H L2+ Ho 2+ |Hgl?

(18)

Using Egs.(10), (11), and(15) to solve forS P, andD in
term of form factors, we obtaiwe drop a common factor of
i(GF/\/E)VCSVSdmpfp(mD+mK’*)al):

have used the recent experimental val{@5] of the form
factors APK*(0)=0.55+0.03, ADK"(0)=0.40+0.08, and
VPK*(0)=1.0+0.2, andf,=194"+10 MeV[26] in cal-
culating the weak coupling constants of the modefj%t 0
[24], which are subsequently used in evaluating the required
form factors.(v) Isgur, Scora, Grinstein, and WigeSGW)
model [27], where a nonrelativistic quark model is used to
calculate the form factors at zero recoil and an exponential
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TABLE I. Model and experimental predictions for the form fac- lll. RESULTS
tors: A; L P)(m2(mE.)), VOK P (m2(mZ,)) and the ratiosx

= A,(0)/A,(0),y=V(0)/A(0) for the proces® —K* p. A. Parameters

For the numerical calculations we use the following val-
BSI BSIl AW CDD ISG BFO Exp.H29] ues for the CKM matrix elements and meson decay con-
AP (m?) 0.969 0.969 0.887 0.606 0.909 0578  0.606 “ o
AzDK*(mi) 1.264 1.392 0.707 0.441 0.929 3.747 0.441 V.s=0.974, V,4=0.975,
VDK*(mf,) 1.414 1.630 1.602 1.153 1.25 0.773 1.153
A0) 130 130 080 073 102 65 0.731]

*= A0 f,=0.212 GeV, fx«=0.221 GeV. (21)
v() 139 139 1.73 1.82 1.38 1.16 1.591]

A0 _

AP?(mZ,) 0.898 0.898 0.835 0.732 0.766 0.605  0.637 In Table | we present the predicted values of the form

Agp(mz ) 1.070 1.240 0.846 0.487 0.958 3.574  0.464 factors in the different models as well as their experimental
values[29]. One observes that while the model predictions
VPr(mf,) 1529 1.908 1.343 1.326 1.41 0713  1.248 ) [29] H ; el P
or the form factorsA;(g°) and V(g°) are in the range
(0.6-1) and (0.8-1.6), respectively, the model-

dependence oh,(g?) shows a spread over a larger range:

g° dependence, based on a potential-model calculation of th@b_4_ 3.7). A striking feature of the BFO mod28] is the
meson wave function, is used to extrapolate them to the dgarge value of the form factok,, which is incompatible with
sired q2. (Vl) BajC, Fajfer, and OakeéBFO) model [28], its experimenta| determination.

where the form factoré(q?) andA,(q?) are assumed to be

flat, and a monopole behavior is assumed\éq?). Finally

(vii), a parametrization that uses experimental valiap.P B. D’—K*~p*

o .
[25] of the form factors a4°=0 and extrapolates them using  \ye calculate the experimental value of polarization from
monopole forms. the listing of Ref.[5]:

TABLE II. Decay rates foD *°—K% p*0. The values of’ must be multiplied by 18s™ L. The param-
eterz=cosdsp. The experimental values &f_ are listed only if measurements of longitudinal or transverse
branching ratios are availablg].

BSI BSII AW  CDD  ISG BFO  Exp.H29] Expt.

D° I  4.99 4.96 4.63 2.20 4.56 1.03 2.20 1458
P, 0319~ 0313~ 0316~ 0315 0.324- 0418 0.315 0.475¢+

! 0082 007z 0122 012%Z 010&% 041%z  0.12% 0.271

K™* |§ 43 3.7 3.6 3.5 4.7 2.9 3.5
Pl

p* |g 106 12.3 7.0 6.7 8.3 1.4 6.7
Dl

D* I 156 1.54 150  0.409 169  0.268 0.559 0:aD12
P, 0326~ 0325~ 0.319- 0318~ 0.333- 0416~ 0.321-

! 0.08& 007% 014%Z 012& 012% 041&  0.13%

K* |§ 55 5.3 3.6 3.7 6.9 2.8 4.0 >2[32]
Pl

p* |g 106 11.5 6.1 6.7 7.0 1.4 6.5 1:3.8[32]
Dl
I' 0481 0488 0426 0353 0351 0.124 0.267 088080

D° P, 0309 0294 0314 0.313- 0.379- 0420~ 0.307- 0.0"9*

! 0.08@ 0.06& 009% 0.12% 0074 041  0.11%

Ko* |§ 34 2.7 3.6 3.3 3.1 3.0 3.0 >2.8[32]
Pl

p° l§ 107 13.7 8.9 6.8 11.5 1.4 7.1 120.23[32]
D
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F(DOHP+ETBEgnudinaD 29+1.2 This feature of the BFO model is due to the exceptionally
= = =0.475-0.271. large value of the form factof\,, which is in contradiction
with the experimental determination of the form factor as
(22)  shown in Table I.

L [(D%—p*K* ") ©6.1+2.4

In Table Il we have summarized the results for the decay
ratesI’, logitudinal polarizatiorP, , and partial-wave ratios
|S|/|P| and|S|/|D| in different models. Referencd5] lists the branching ratio, and the transverse

We note from Table Il that the models CDDGFN, BFO, branching ratio. This enables us to calculate the longitudinal
and the scheme that uses experimentally measured form fapolarization from
tors, predict a decay rate within a standard deviation of the 0 Tox 0
central measured value. All other models overestimate the , _, o _,_ B(D™— K™ p vransversé _
rate by several standard deviations. As for the longitudinal L T B(D%— K% p%)
polarization, given the freedom of the unknown &gs, all (23
models are able to fit the data. In particular, all models ex-
cept BFO are able to predict the polarization correctly forReferencg5] also lists theS- and D-wave branching ratios.
Ssp=0; in the BFO model forSsp=0, DO K* “p" be- However, our criticism of these numbers in the previous sub-
comes totally transversely polarized. This circumstanceection applies also ©°— K% p° decay. With this caution,
arises from the fact that BFO model predicts a ladgerave  we have taken the[5] numbers at face value and calculated
contribution,|S|/|D|~ /2. It then becomes evident from Eq. the experimental and theoretical ratios of the partial wave
(15) thatH g vanishes. All models except BFO also display amplitudes and listed them in Table II.
the partial-wave-amplitude hierarchyS|>|P|>|D|; the We note from Table Il that the rate in the BFO model is
BFO model on the other hand predi¢®>|D|>|P|, which  too low by three standard deviations; the rates predicted in
we believe is less likely. The reasoning goes as folows: FoOBSWI and BSWII models are 1.5 standard deviations too
decays close to threshold, one anticipates lthie partial-  high, while all other models fit the rate within one standard
wave amplitude to behave likep{A)-, where p is the deviation. As for the longitudinal polarization, all models
center-of-mass momentum and a mass scale. For predict a value consistent with the data. All models also sat-
p~0.4 GeV and A~mp, one expects the hierarchy isfy the |S|/|P| bound, but only the BFO model fits the
|S|>|P|>|D|. |S|/|D| ratio. This is because the BFO model generates a
large D-wave amplitude.

A final comment: The inconsistency of the data is evident
in the listing [5] of the total branching ratio and the indi-
In contrast to the decay mod@®—K ~*p*, here the data Vidual partial-wave branching ratios. We know that the total

listing [5] is at best confused. First, since the longitudinalPranching ratio is an incoherent sum of the individual

and/or transverse branching ratios are not listed, it is noPranching ratios ir§ P, andD waves. Yet, in the Particle

possible to calculate the longitudinal polarization. SecondPata Group listing5], the sum ofS- andD-wave branching

though in Refs[6,9] the identification of the transversity ratios exc_eeds the total. This by itself should cast doubt on

amplitudes A, A, andA,_, in the notation of Ref[6]) in  the veracity of the data.

terms of the partial-wave amplitudes is corrésee Egs.

(20)—(26) of Ref.[6]), their identification of the partial-wave IV. SWAVE AND A;(g*) DOMINANCE

amplitudesS andD in terms of the Lorentz structure of the

decay amplitude is incorrect. In Table Il, and more suc- SinceSwave andD-wave amplitudes are linear superpo-

cinctly in Egs.(32) and(34) of Ref.[6], Swave amplitude is  sitions of the form factorg\; andA,, see Eq(19), the con-

identified with the Lorentz structure that goes with the formcept ofSwave dominance is different from that Af domi-

factorA;, andD-wave amplitude with that of,. In fact, the  nance. All the models we have discussed, with the exception

correct identification of th&- and D-wave amplitudes given of the BFO mode[28], predict thatSwave amplitude is the

in Eq. (19) shows that they are both linear superpositions ofdominant partial-wave amplitude. Further, since R]

A; andA,. identifies S~A; and D~A,, we need to look at what is
With the caveat that the identification of the partial wavesmeant bySwave dominance and contrast it wifk, domi-

in Refs.[6,9] is incorrect(note also that the listing of Rd5] nance.

D. D% K% p°

0.0+97%.

C. D+—>Ro*p+

uses these references onlwe take theS-, P-, andD-wave Consider first the concept &wave dominance. We see
branching ratios at their face value and calculate the “experifrom Egs.(9), (15) that in this approximationl’=|S|?, and
mental” ratios|S|/|P| and|S|/|D|. [Hoo =|H. +|=|H__|=|S/\/3|. In practice, most of the

In Table I, we have shown the calculated decay rate, thenodels predict th&wave amplitude to be roughly an order
longitudinal polarization and the ratios of the partial-waveof magnitude larger than th®-wave amplitude. Conse-
amplitudes in different models and compared them with thequently,D wave would contribute only 1% to the rate rela-
data. The BFQ28] model is the only one that reproduces thetive to the S wave. However, it could influence the longitu-
total rate correctly. This model also generates a |&geave  dinal polarization considerably through its interference with
amplitude, with the partial-wave hierarcH|>|D|>|P|.  the Swave. Depending on the value 6§y the interference
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term could amount to a 30% correction®p (see also Ref. form factor input, more or less agree with the measured rate.
[30]). However, regardless of the exact size of vevave  For this decay mode, we trust the measurement of the longi-
amplitude, Swave dominance would lead t®, —3, for  tudinal branching ratio as the identification of the transver-
Ssp= 2. sity amplitudes in Ref6] is correct. Due to the large error in
Consider now the concept @&; dominance. From Egs. P_, and the uncertainty arising from ti&-D interference,
(10) and(11), we see thaHyxaA; andH, . =H__xA,.  all models are consistent with the polarization measurement.
With a=1.52, the longitudinal helicity amplitude is the larg-  For the modeD * —K* %%, all the models, with the ex-

est, and the longitudinal polarization becomes ception of the BFO mod¢PR8], grossly overestimate the rate.
2 Before one gets the impression that the BFO model does
P, = —0.54 (24) well, we would like to point out that its prediction for the
L 2 =0.04, - . ;
2+a form factor A, is in sharp disagreement with the measure-

ments from the semileptonic decays. There are no direct
measurements of the longitudin@lr transversepolarization
for this mode. The predicted values of the polarization in
every model are almost the same as for the made

in contrast to a value 1/@vith an error fromS—D interfer-
ence for Swave dominance. Further, from Ed.9), we note
that in A; dominance,

* =+
2+a 2 —KTe 6 =00
S A1(g?), Do 5(1—(1)A1(q2), (25) For the modeD®— K*®p”, BSWI and BSWII models pre-
V3 dict a rate within 1.5 standard deviations. The remaining

models, with the exception of the BFO model, predict a rate
in agreement with data within one standard deviation. The
BFO model underestimates the rate by three standard devia-
tions. The transverse rate has been meadégdom which

we have calculated the longitudinal polarization. The mea-
V. CONCLUSION sured value ofP, has large errors, but it is consistent with

We have carried out an analysis of the prodBss K* p the longitudinal polarization inD°—K* “p*. Given the
in terms of the helicity, and partial-wave amplitudes. wefreedom of theS—D interference, all models are consistent

used several models for the form factors, as well as theifith the measured polarization. The predicted longitudinal
experimental values, when available, from semileptonic dePolarization is aimost decay-mode independent.
cay. A general feature of our calculation is that all the mod- A final comment: Because of the misidentification of the

els, with the exception of the BFO mod@g], are consistent SandD waves with the Lorentz structures|i,9], we do not
with the expected threshold behavit§|>|P|>|D|; the trust the partial-wave branching ratios listed[8]. For this

BFO model, on the other hand, givéS|>|D|>|P|. Even €ason the listings ofS|/|P| and|[S|/|D| ratios in the last
though in most models thB-wave amplitude is almost an column of Table Il have to be read with this caveat.
order of magnitude smaller than ttf#&wave amplitude, it
could 'effect the polarization prediction significantly through ACKNOWLEDGMENTS
S—D interference.
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which makes th&wave amplitude five times larger than the
D-wave amplitude—not quite what one would teri8-Wvave
dominance.”

[1] M. Bauer, B. Stech, and M. Wirbel, Z. Phys.33, 103(1987. [9] D. F. DeJdongh, Ph.D. thesis, California Institute of Technol-
[2] A. N. Kamal, R. C. Verma, and N. Sinha, Phys. Rev4B ogy, 1991.
843(199). [10] A. Ali, J. G. Korner, and G. Kramer, Z. Phys. T 269(1979.
[3] I. Hinchliffe and T. A. Kaeding, Phys. Rev. B4, 914(1996. [11] A. S. Dighe, I. Dunietz, H. J. Lipkin, and J. L. Rosner, Phys.
[4] P. Bedaque, A. Das, and V. S. Mathur, Phys. Revi9)269 Lett. B 369, 144 (1996.
(19949. [12] M. Gourdin, A. N. Kamal, Y. Y. Keum, and X. Y. Pham, Phys.
[5] Particle Data Group, C. Caset al, Eur. Phys. J. C3, 1 Lett. B 339 173(19949; El hassan El aaoud, Phys. Rev5B,
(1998. 037502(1998.
[6] MARK 1l Collaboration, D. Coffmanet al,, Phys. Rev. D45, [13] OBELIX Collaboration, A. Amadcet al, Nucl. Phys.A558,
2196(1992. 13c¢(1993.
[7] E-691 Collaboration, J. C. Anjct al, Phys. Rev. D46, 1941  [14] G. Valencia, Phys. Rev. B9, 3339(1989.
(1992. [15] G. Kramer and W. F. Palmer, Phys. Rev4B 193(1992); 46,
[8] MARK Il Collaboration, J. Adleret al, Phys. Lett. B196, 2969 (1992; G. Kramer, T. Mannel, and W. F. Palmer, Z.
107 (1987. Phys. C55, 497 (1992.

114013-6



HELICITY AND PARTIAL WAVE AMPLITUD E.. .. PHYSICAL REVIEW D 59114013

[16] M. Wirbel, B. Stech, and M. Bauer, Z. Phys.29, 637(1985; [26] A. X. El-Khadra, A. S. Kronfeld, P. B. Mackenzie, S. M.

M. Bauer and M. Wirbeljbid. 42, 671(1989. Ryan, and J. N. Simone, Phys. Rev5B, 014506(1998.

[17] E-691 Collaboration, J. C. Anjost al, Phys. Rev. Lett62, [27] N. Isgur, D. Scora, B. Grinstein, and M. B. Wise, Phys. Rev. D
722(1989. 39, 799(1989.

[18] Particle Data Group, L. Montanet al, Phys. Rev. 50, 1173 [28] B. Bajc, S. Fajfer, and R. J. Oakes, Phys. Rev5%) 4957
(1994; S. Stone, irtHeavy Flavoursedited by A. J. Buras and (1996; B. Bajc, S. Fajfer, R. J. Oakes, and S. Prétdysbid.
M. Lindner (World Scientific, Singapore, 1992p. 334. 56, 7207(1997.

[19] A. N. Kamal, A. B. Santra, T. Uppal, and R. C. Verma, Phys. [59] The value of experimental form factofExp. P are calculated

Rev. D53, 2506(1996. ; Lok EDKE 2
[20] M. Neubert, V. Rieckert, B. Stech, and Q. P. Xu, hteavy Hsing * the  nearest  pole apprOX|mat|on.F* (m?)
=FPK*(0)/1- (m?/A?) where the values oFPK"(0) are

Flavours edited by A. J. Buras and M. LindnéWorld Scien-
tific, Singapore, 1992 p. 286. taken from[25] and the pole masses are from[16]. In cal-

[21] Hai-Yang Cheng, Z. Phys. 69, 647 (1996; Phys. Lett. B culating F°°'(m%,) we have used the approximation
335, 428(1994). FPr"(0)~FPK*(0).

[22] Nita Sinha, Ph.D thesis, University of Alberta, 1989. [30] H. Arenhovel, W. Leidemann, and E. L. Tomusiak, Nucl.

[23] T. Altomari and L. Wolfenstein, Phys. Rev. 8, 681 (1988. Phys.A641, 517 (1998.

[24] R. Casalbuoni, A. Deandrea, N. Di Bartolomeo, R. Gatto, F.[31] E791 Collaboration, E. M. Aitalat al, Phys. Lett. B440, 435
Feruglio, and G. Nardulli, Phys. Lett. B99 139(1993. (1998.

[25] Particle Data Group, R. M. Bartnedt al, Phys. Rev. (64, 1 [32] These values represent numbers extracted figimSee, how-
(1996. ever, our criticism of the data.

114013-7



