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Isospin corrections to charmless semileptoni® —V transitions
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We compute isospin corrections to the charmless semilep®nid/ transitions arising fronp-w mixing
and discuss its relevance in the determinatiovVgf. [S0556-282(96)02715-4

PACS numbgs): 13.20.He, 11.30.Hv, 12.15.Hh, 12.40.Vv

The first measurement of an exclusive charmless semilesurements reported by the CLEO CollaborationB# 7l v
tonic B decay has been reported recently by the CLEO Col{1,4] and the upper limit set oB— plv [6] rely on the as-
laboration [1,4]. The yields forB*— 7% v, reported in  sumptions
Refs.[1,4] turn out to be strongly dependent on the theoreti-
cal modeld2,3] used for the detection efficiencies, as it does
the extraction of the Cabibbo-Kobayashi-Maska(@KM)
parametetV,,| from these results. ~2I'(B"—wl 7) (1)

The |V, | parameter can be determined from exclusive
charmless semileptoni® decays and also from the end-point d
region of the lepton spectrum in inclusive semileptoBic an
decays. Although, one does not expect that exclusive mea- .
surements will provide a better determination|df,,| than I'(B— 7t v)=2I'(B~— 7% ). 2
what the inclusive measurements [@d, the former are im-
portant for several reasons. In addition to the complementary
determination ofV,,| provided by exclusiv® decays, these
measurements will allow to test available theoretical model
for form factors(relativistic[2] and nonrelativisti¢3] quark
models, and QCD sum rulg§]). In this paper we are con-
cerned with important isospin-breaking corrections to
B—VIy(V=p*, p° and w) decays which have not been
considered in previous analyses.

(B p*l 2)=2I'(B~—p% )

The first rows in Eqs(1) and(2) are valid in the limit of
exact isospin symmetry, while the second equality in @&.
Yollows from theuu content ofp® andw mesons in the limit
of exact isospin symmetry. Corrections to these relations
arise from electromagnetic radiative corrections and from the
u—d quark mass difference. Electromagnetic radiative cor-
rections[8] to B— pl v and phase space corrections because

There are several motivations to consider all sources o f the physical masses of the mesons are expected to be
: ; . ; egligible because of the lardg&meson mass. Isospin cor-
theoretical corrections in the calculation of charmless

B—V semileptonic decays. From the experimental point Ofrectlons to Eq(1) induced byp-w mixing (which arise from

view, the study of these decays can sensibly be improved theu—d quark mass differengare the subject of this paper.

his correction turns out to be large because of the small
the B fact_ory. In fact, actua}l measurements by the _CITEO difference in the vector-meson massesm,(m
Collaboration  [6] provide  the upper limit g

B(B~— p°l ~ 1)< (1.6-2.7)x 10~%, which lies at the verge ~12 MeV) and the large difference in their decay widths

< 1
of theoretical predictions. (Fo<T'y).

: _ . Let us proceed with our calculation. In the limit of isospin
Among the theoretical motivations we can mention theS mmetrv o° andw are isospin eigenstates with flavor con-
following: (a) the decay rate oB—plv provides 3—14% y P — P g —

[2,3,5 of the inclusiveB— X,l v decays,(b) the ratio of €Nt p':(uu—dQ)/_\/f a’gd "’I_:ﬂ.uﬂd)/\/zo' Since the
decay widths for B—VI)/(B— ) and the polarization SPECtator quark i —(p ", w)l "v| isu, thep” andw me-
of the daughter vector mesons can be used to discrimina pns are produced from the;m! quark_content. This provides
between form factor models an¢;) recent proposal$7] the equality between hadronic matrix elements
indicate that we could achieve a model-independent determi-
nation of|V,,| from B—plv, at the level of 10%, by using (p'[uy, (1= ys5)b|B™)=(w'[uy,(1—¥5)b[B") (3)
heavy quark effective theofHQET) techniques and S3)
flavor symmetry.

Let us now discuss the relevance of isospin-breaking cor- isospin corrections to Eq2), arising from 7% 7 mixing, are
rections to semileptoni® decays. The experimental mea- negligible[9].
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which leads to the second row in Ed). I'(B —owl v)=|1-€’TAB —wl 7)), (12
When we introduce isospin breaking,andw' get mixed
into physical stategp® and w: namely,
whereI'® denotes the decay rate withqetw mixing. Since
|14 €|~1.095 and|1—€'|~1.011(1.18 and 1.005, respec-
2 tively, if the p° parameters of11] _are usey| the values of
|Vyol as extracted fromB~— p° ~» and B— wl ~ v would
1 1 be, respectively, 10% and 1%48% and 0.5%higher if p-
O )t e =—(1+€)Uu+ —(—1+e)dd. (5 o mixing were not included.
P =p (1+e) ( )dd, (5)
V2 V2 It is straightforward to extend this analysis to strangeness-
, o o ] conservingD+—>(p°,w) semileptonic transitions. Since the
where e(e’) are the contributions of-» mixing, with the D*—(p%w)l " v decays proceed through the elementary

expressions transition c—d|* v, the spectatod quark gets combined

1

V2

_ 1 —
w=w'—€p'=—(1—€)uu+ —=(1+€')dd, (4

m?2 with the daugthed quark to produce thg® and w mesons.
€= pe. , (6) Using thep® parameters from Ref10], we get, after includ-
2 2+ r . .. .
m,=m,+imyl, ing p-w mixing, the ratio
m2
e/zmz—mzp:im r’ @) I'(DT—p2%*y) |—1+€l?
w el Wt T Sl ~| I e ~0.837 (0.692; (13
wherem’, = (—3.67+0.30)x 10 3Ge\? [10] is the strength
of p-w mixing.
After including p-w mixing, Eq.(3) becomes i.e., the correction because pfw mixing is similar as in
1+ B decays but it goes in the opposite directitime number in
_ € I i i
0 1— v )blB~) = 1— vo)blB™). brackets is obta_med for t_hp,w parameters of Ret{_ll]).
{p"luy,(1=s)b[B7) 1—e’<w|u7“( 7s)b[B7) The corresponding experimental informatiptl] available

(8)  for semileptonicD decays is not precise enough to allow a
test of Eq.(13).

Finally, in order to trust our calculations, we can compute
the ratio of decay widths for radiative decaysmimesons,
namely, R=T'(p°— 7’y IT'(p"— " ). In this case, the
p° decay receives an additional contribution fremw mix-
ing (p°— w— 7°7). The ratioR is modified to becomgl0]

From this equation we can obtain the ratio fét and »
production inB~ decays. If we usen,=757.5 MeV and
I'j=142.5 MeV as obtained from a recent fit to the pion
form factor[10] and thew(782) parameters frorfil1], we
get

2
~1.172, (9)

F(B—>polv_)_ 1+e

I‘(Bf—m)lfv_)_ 1-¢€ f, |2 |Z7To 3
R= 1+f—~e = , (14
whereas the use of PDG valufkl] for the p° parameters p Kz
gives
I'(B™—p% v) where IZ,T is the pion momentum in the rest frame, and
ﬁ”l-%l (100 ent/fy defines the vector-meson—photon coupling.
—wl v Usingf,=5.0 andf,,=17.0 from (0°,w)—e*e™ decays,
which looks like a rather large correction. we obtain[10]
Note that the ratio (B~ —p°l ~1)/T'(B°—p*l 1)) is
modified by almost the same amount as Ej.does, since R=1.77 (2.40), (15)

p-w mixing affects only the neutral vector mesons. We

would like to stress thaB—(p,w)lv are affected by this

correction regardless of the model used to describe the for%here the number in brackets corresponds togthgaram-
factors of theB—V transition. Let us comment that the cal- giorg of Ref[11]. The above result is in good agreement
culation of the corresponding form factors in Ref8] and  \yith the experimental valuB®P=1.78+0.49[11].

[3] assume explicitly m,=my. Note that the ratio In conclusion, thep-w mixing induces a sizable correc-
I'(B™—p% ~»)/T(B°—=p*1~v) plays for B decays the tjon to the isospin symmetry relations given in Et). This
same role ad (K™ —a° " v)/T (K — 71" ») [9] does for  oyerall correction tdB— (p,w)l ~» is present regardless of
K decays in order to test the flavor-symmetry-breaking corthe specific form factor modd®,3,5 used to describe the
rections to form factors at zero momentum transfehich  nadronic weak transition. The values uf, as extracted

are essential for the determination\éf,). _ from B~ —(p° )l ~» would be overestimated by 10% and
The individual decay rates f@™ semileptonic decays are 194 if p-» mixing is not included.

affected byp-w mixing as ) )
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