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Motivated by the experimental measurement of the decaylfaed longitudinal polarizatioP, in the
Cabibbo favored decaP; — ¢p ™, we study theoretical predictions within the context of the factorization
approximation invoking several form factor models. We obtain agreement with experiment fdr bathP_
by using experimentally measured values of the form faokfﬁ?(O), AZDS¢(O), andVPs?(0) in the semilep-
tonic decayD — ¢l v, . We also include in our calculation the effect of the final state interaction by working
with the partial wave amplitudeS, P, andD. A numerical calculation shows that the decay amplitude is
dominated by th& wave, and that the polarization is sensitive to the interference bet®aadD waves. The
range of the phase differencésp= 05— S accommodated by experimental error B is large.
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PACS numbds): 13.25.Ft

I. INTRODUCTION

The branching ratio and the longitudinal polarization in
DJ—¢p* have now been measured:

B(DS —¢p™)=(6.7£2.9% [1],

P.(Df—¢p*)=T /T'=(0.370+0.035+0.038 [2].

N

Theoretically, Gourdiret al. [3] studied the ratio
R,=B(D{—¢p")/B(D; — ¢7")=1.86+0.26+522 [4].
2

flat form factors:

0.36<P,<0.55. ()

Subsequently, the authors [8] incorporated nonfactor-
ized contributions in the decay matrix elements, and using
the average ok andy from data[6,7,9], showed thaR,, of
Eqg. (2) and

RS|EB(DS+—>¢>|+v|)/B(DS+—>¢>7T+)=O.54i 0.10 [10]
(5
could be understood within a scenario where the form factors

have a monopole dependence a$5h However, there had
to be a significant nonfactorization contribution ©;

Within the context of the factorization scheme, which the_>¢77+' though factorization need not be violated b

authors of| 3] adopt, this ratio is independent of the normal-
ization of the form factoA;(0). It depends on the ratios
()

X=Az(0)/A,(0), y=V(0)/A(0),

and theq? dependence of the form factors. For the defini-

tions of the form factors, see Wirbel, Stech, and Bq®&ér
No particular model for the form factors was assumefBin
Instead,R,, was studied as a function of andy in three
different scenarios for thg? dependence of the form factors.
The result of 3] was that theX,y) domain allowed byr,,
was inconsistent with the measuremenixaindy from the
semileptonic data in Ref6], and just barely consistent with
that of Ref.[7]. The allowed domain ok andy was also
inconsistent with the theoretical prediction[&. Reference

—¢p*. Referencd8] did not study longitudinal polariza-
tion.

An important point to be made is that there are three
partial waves inP—VV decays,S, P, andD, and though
the decay rate does not depend on their phases, the longitu-
dinal polarization does depend on the phase differefice
—0p. Reference 3] did not consider the effect of partial
wave amplitude phases.

In this paper we have studied the data shown in &g.
within the context of factorization invoking several form fac-
tor models(to be revealed in the next sectjpand allowing
for nonzeroS-, P-, andD-wave phases. This paper is orga-
nized as follows: Section Il deals with the details and the
calculation. A discussion of the results follows in Sec. Il

[3] also concluded that within the factorization scheme, the

allowed range ok andy implied the following limits on the
longitudinal polarization:

monopole form factors with pole mass 2.53 GeV:
0.43<P_ =<0.55;
monopole form factors with pole mass 3.50 GeV:

0.33<P,_<0.55;
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Il. DETAILS OF THE CALCULATION

The decayD] —p™ ¢ is Cabibbo favored and is induced
by the effective weak Hamiltonian given by

G _ -
H=ngcsv:d[clwd)(sc)+c2<uc><sd>], ®)

where V, are the Cabibbo-Kobayashi-Maskaw@kM)
matrix elementsC, andC, are the Wilson coefficients. The
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brackets (d) representY— A) color-singlet Dirac bilinears. Wherep is the center of mass momentum in the final state.
Fierz transforming in color space witd.= 3, Ago, A4, andA__ are the longitudinal and transverse he-

licity amplitudes given by
- - 1 - o1& _
(ue)(sd)= 3 (ud)(s0)+ 5 > (UN*d)(sh%c),  (7) e Ge
a=1 AOO(DS —p d)):_lgvcsvudmpfp(mD"_md))

the relevant part of the Hamiltonian can be written in the

following form: Xa{aA(m2)—bAy(m))},  (13)

G, L where the parametexr andb are defined as follows:

H=—VesVid aa(ud)(sc) + C;04], (8) L2 o
&= "o b= 2rt(1+r)?’

where a;=C;+C,/3=1.09+0.04 [8] and Og

=138 | (un3d)(s\3c). A? are the Gell-Mann matrices. In a with

factorization approximation one neglects the contribution

from the octet current pafdg, and the matrix element of the = t= —P

first term is written as a product of two current matrix ele- mp’ mp’

ments. It should be pointed out that there are no

W-annihilation orW-exchange terms D) —p* ¢ decay. k?=(1+rt+t1—2r2—2t2-2rt?). (14

However, hairpin graphs are allowed. We neglect them in . )

what follows. The decay amplitude then takes the followingThe other two helicity amplitudes are

form:

My _m

+ + . Gr *
Ge . . A.:(Dg—p @)=i 5VCSVUdmpfp(mD+ my)ay
AD; 9" )= SV, /581D (o Totl0),
k
2 2
9 X Al(mp)iWV(mp) . (15

Each of the current matrix elements can be expressed in o o ] ]
terms of meson decay constants and invariant form factors.n€ longitudinal polarization is defined by the ratio of the

We use the following definitions: longitudinal decay rate to the total decay rate:
Ny r |AOO|2
(p*|ud|0)y=m,f &* (10 p, =—%_ _ 16
e T AL PEA A 1O
_ 2 . . : .
<¢|SC|Ds>=—proszypﬁpgv(qz) One can work with the helicity amplitudes or the partial

Mp+my wave amplitudes. We prefer to work with the latter as the

dependence of the polarization on the partial wave phases is

+iteh, (mp+ m,)A1(9?) more obvious in that basis. The helicity and partial wave
. amplitudes are related Kyt 1]
&% .q
¢ 2
V3 3 Vi v2 6
% .q 17)

— L 2myQ,A(4?)
q The partial waves are in general complex and can be ex-
* ] pressed in terms of their phases as follows:

-q
+ ;’;2 2m 40, Ao(02) (11)

S=|Slexpids), P=|Plexqidp), D=|D|expidp).
18
whereq=Pp— P, is the momentum transfef,, (for which 18

we use 212.0 MeYis the decay constant of the meson, The decay rate is given by an incoherent suim|A, |, |?

£4(p) i the polarization vector of the vector mesop®),  +|A__|2+|Ay2=|S/?+|P|?+|D|?, and is independent of

andA;(g?) (i=1,2,3) andv(g?) are invariant form factors the phases. But the polarization does depend on the phase

defined in[5]. The decay rate is given by difference sp= 65— &p arising from the interference be-
tweenS andD waves:

p

F(D{—p"d)=5-
D

2 2 2
{lAgd*+ AL L [*+]|A__[}, _ 1[S2+2|D|2-2v2|S||D|cos 5
(12 L3 |S/*+P|*+|DI?

(19
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TABLE I. Decay rate and longitudinal polarization fff — p* ¢. The values of” must be multiplied by
102571, §gp= 65— &y is the value needed to get agreement vithdata to one standard deviation. The last
column uses experimentally measured form factors. “Expt.FF” stands for “Experimental form factors.”

WSBI WSBII AW CDDFGN ISGW Expt.FH1]
r 0.32 0.32 0.35 0.15 0.37 0.18.04
dsp 135+ 45 138+43 122+ 32 140+ 40 120t 35 134+ 46
E 4.3 3.7 3.8 2.8 5.5 4.7
Pl
% 11.9 13.5 7.4 8.2 8.6 16.5
Experimental values of andP, I'=0.14+0.05[1] P,=0.370+0.052[2]

S, P, and D waves were calculated first by using the values of the form factors a?=0: A'fs"’(O):O.GZt 0.06,
amplitudes(13) and (15) in _Eqs. (17) and fe;eding _in the A25¢(O)=1.0t0.3, andvPs#(0)=0.9+0.3[1] and extrapo-
phaseg by hand as shown in Ef§). To continue V\_"th _the lated them with monopole forms. First, we note from Table |
nume_ncgl analysis of the decay rdfeand the Iong|.tud|.na| that all models, except the CDDFGN model and the one
polarlzatlonFTL., Vill\e/. hba\fesuset:d éorm f?ﬁé’g] from dSDI( d5|ffer- where experimentally measured form factors are used, over-
ent sources:(i) Wirbel-Stech-Bauer( ) model [S], estimate the decay rate. This fact arises from an overestimate

¥vher? atn |nf|n|t2e_r80m%ntum framtT 'Sf’ usedl to calculate th%f the form factorA,;. Referencg16] has noted this fact and
orm factors ag“=0, and a monopole forrpole masses are ttributes it to the imposing of chiral symmetry. Further, as

as in[5]) for theq® dependence is assumed to extrapolate ali o [17] has argued, more theoretical as well as experimen-
the form factors.t_o the desired value gf; (i) the WSBII . tal studies are needed for a better understanding ofjthe
model is a modification of the WSBI model, where, while 4o nondence of form factors. Second, we observe that all six
Fo(a7) ‘;’md A.(q°) are the same as |n2the WSBI model, a gq rces of form factors allow a range for the polarization
d'pOqu. dependen_ce is assumed fo5(q“) andV(q); (i) which overlaps with experiment withsp# 0. Note that the
Altomari-Wolfenstein(AW) model[12], where the form fac- Jpolarization is independent of the normalization/o. It is

tors are evaluated in the limit of zero recoil, and a monopol also found that most of the final state in the deday
form is used to extrapolate to the desired valuadf (iv) —pT ¢ isintheSwave. It is also seen from Table | that the

Casalbuoni—Deandrea—Di Bartolomeo—Feruglio—Gatto— . : :
Nardulli (CDDFGN) model[13], where the form factors are hlerarchy of the pamal wave amplltudes[$}|P|>|D|. I
we consider the final state to get a contribution only from the

2_ . . . . .
evaluated atg ._0 In an effectlve' Lagrangian satisfying S wave, the decay rates would only be reduced®y12%,
heavy-quark spin-flavor symmetry in which light vector par- hile the polarization would b&, =0.33. The hierarchy of

ticles are introduced as gauge particles in a broken Ch'rat\ﬁe sizes of the partial wave amplitudes is in accordance with

?v)\//g]rrzitr:{i;(j ;Ta ?Qiﬁglte\,\fgr{; \'/Se ﬂsz(lt?(; :Ei ?ﬁggglds n(f;inintuitive expectations based on threshold arguments. It is the
P y wave dominance which makes an accurate determination

more recent experimental results of the form factorsof dsp difficult (the errors indgp are large despite the fact

AT°(0), AZ¥°(0), and VPX'(0) [1] and fp =241  thatthe errors iP, are small since theD wave is an order
+37 MeV [14] in calculating the weak couplings constant, of magnitude smaller than tfgwave. The interference term
of the model, ag?=0 [13], which are subsequently used in is, consequently, small.

evaluating the required form factors(v) Isgur-Scora-

Grinstein-Wise(ISGW) model[15], where a nonrelativistic

quark model is used to calculate the form factors at zero

recoil and an exponentig® dependence is used to extrapo- ACKNOWLEDGMENTS
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Ill. RESULTS AND DISCUSSION
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