PHYSICAL REVIEW D, VOLUME 60, 117506

B—K*y from D—K* v
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TheB—K* v branching fraction is predicted using heavy quark spin symmetry at large recoil to relate the
tensor andaxial-)vector form factors, using heavy quark flavor symmetry to relatdttdecay form factors to
the measure® — K* | v form factors, and extrapolating the semileptoBidecay form factors to large recoil
assuming nearest pole dominance. This prediction agrees with data surprisingly well, and we comment on its
implications for the extraction diV,,| from B— pl v. [S0556-282(99)07023-X]

PACS numbgs): 12.39.Hg, 12.15.Hh, 13.20.He

The next generation d8 decay experiments will test the as heavy. An approach with some similarities to the one
Cabibbo-Kobayashi-Maskaw@KM) picture of quark mix-  presented here can be found in Réf]. This decay has also
ing and CP violation with high precision. The basic ap- been considered in Reff,10.
proach is to determine the sides and angles of the unitarity The B—K* y transition arises from a matrix element of
triangle, and then check for the consistency of these resultshe effective Hamiltonian
A precise and model independent determination of the mag-
nitude of theb—u CKM matrix element|V,,|, is particu- F
larly important. It is one of the least precisely known ele- Hefr=— fvfsvtbgl Ci(n)Oi(p), ()
ments of the CKM matrix. At the present time the
uncertainty of the standard model expectation for @2
the CP asymmetry inB—J/¢Kg, depends strongly on the
uncertainty of|Vy|.

Currently, most determinations ¢¥,,| rely on phenom-
enological model$1]. The more promising model indepen-
dent approaches for the future include studying the hadronic e

invariant mass distribution in inclusive semileptoni O7=16.2 MysL0*'F b, 2
— X ev decay[2], measuring the inclusivB— X nonlep-

tonic decay ratg3], and (?omparing the e?(dUSi.VB_’P'.V wheree is the electromagnetic couplingy, is the modified
andB—lv deca)_/ rates in the largg? region with lattice minimal subtraction scheme (M quark mass, ang ,, is
results[4] or predictions based on heavy quark symmetryyq glectromagnetic field strength tenser—O, are four-

and chiral symmetry5—7]. A major uncertainty in the latter a1 operators an@ involves the gluon field strength ten-
method is the size of the symmetry breaking correctionsgg,

Another question for this approach is whether the The B— K* y matrix element 0f0; can be expressed in

—K*1v (or D—pl ) form factors can be extrapolated t0 tarms of hadronic form factors. andh, defined by
cover a larger fraction of thB— pl v phase space.
In this Brief Report some of these ingredients are testeqv(p, e)ﬁa QIH(p))
—_— 1 ,LLV

by comparing the measureB—K* y branching fraction
with a prediction relying orb quark spin symmetry at large IgiHHV)EWME*A(DJF p')’
recoil to relate the tensor an@xial-vector form factors,
heavy quark flavor symmetry to relate tBedecay form fac-
tors to the measured—K* | » form factors, and an extrapo- +hH Ve o (p+p )N p—p")7(e*-p),
lation of the semileptonid@ decay form factors assuming

nearest pole dominance. We denote by a superscHpt (
—V) the form factors relevant for transitions between a

8

whereGg is the Fermi constant, and;(u) are Wilson co-

efficients evaluated at a subtraction point The B—K* y
matrix element ofH.¢ is thought to be dominated by the
operator

+9" Ve e N p—p')°

(V(p',6)a0,,¥sQIH(p))

pseudoscalar mesdd containing a heavy quark), and a =igM" Ve (p+p),—€ei(p+p’),]+igH ™V
member of the lowest lying multiplet of vector mesons, g

We view the form factors as functions of the dimensionless X[€e5(p—p'),—€r(p—p’),]+ihH=Y)
variabley=v-v’, wherep=myv, p’=myv’, andg?=(p , , , , N
—p’)?=m3+mé—2mymyy. (Note that even though we are XLPF+P)uP=p") .= (PFTP)u(P=P), (€ -P).
using the variabler-v', we are not treating the quarks Vh 3)
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The second relation follows from the first one using the iden-

tity o#*=(i/2)e*"*Po,zys. We use the convention®??

= —¢gg12=1. TheB—K* y decay rate is then given by

_ G2a| VAV, |2
['(B—K*y)= Tt M2
m2, |\ °
(1—— 1Co129B " Diyo)l? (@)
mB

whereyo=(m3+m&,)/(2mgmyx) = 3.05.

In semileptonic decays such Bs—K* | v or B—plv an-
other set of form factors occurg, f, anda-., defined by

(V(p',6)[ay,QIH(p)=ig" Ve, ,\ e *(p+p')*
(V(p",€)[ay,7sQIH(p))=fH Ve

+a(+HHV)(6* . p)(p+ p,)ﬂ

+a(7H*>V)(6* . p)(p_ p,)M

©)

The experimental values for tHe—K* | v form factors as-

suming nearest pole dominance for tife dependences are

[11]

e _ (1.9+0.)GeV
(V)= 1+0.63y—1)’

(0.18+0.03GeV
1+063y—1) °

K*
al ™ ()=

(6)

(0.49+0.04GeV !
1+0.96y—1)

g~k (y)=—
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(B—K*) _

a+ a(_B—'K*)_Zg(B—ﬂ(*)

h(B—K*) —

2mg
and, therefore,
(B—K*)_
+

— B ) (mg—myxy) + FE=KD/(2mg).
8

We use heavy quark symmetry again to obtgl(i?PK*) and

f(B=K") from the measure®— K* | v form factors given in
Eq. (6) [5]:

. mB 1/2 .
f(B=K )(y)=(m—) fO=K5(y),
D

(B—K*) Mo | ¥ o)
g (y)= e g (y)- 9

For y not too large, Eq.(7) has order Ih, corrections,
whereas Eq(9) receives both order &y, and 1, correc-
tions.

The model dependence in our predictionlgB— K* )
arises from the use df quark spin symmetry at large recoil
and due to the fact that tiedecay form factors are extrapo-
lated beyondy=1.3. In Ref.[12] it was argued that the
heavy quark spin symmetry relations in E@) should hold
over the entire phase space without unusually large correc-
tions. To extrapolatd =" and g®~K") to values ofy
>1.3 we assume the pole form i.e., we simply use E@s.
and (9) evaluated ai/,=3.051 Although this is not a con-
trolled approximation, it would not be surprising if the
dependence of B=K") and g®~K") was consistent with a
simple pole in this region. Betweey=1 andy=3.05 the
form factor g% falls by roughly a factor of 3. In the
spacelike region & —Q?<1 Ge\?, over which the pion
electromagnetic form factor falls by a factor of 2.7, its mea-

The shapes of these form factors are beginning to be probeslired Q% dependence is consistent with a simplepole
experimentally and the pole form is consistent with data{13]2 Note also that |fg(BHK*) and f(B=K*) have pole
[11]. The form factora_ is not measured because its contri- forms, then they dependence O@(BHK ) given by Eq.(8)
bution to theD—K* | » decay amplitude is suppressed by does not correspond to a simple pole.

the lepton mass. The minimal value gfis unity (corre- Using Egs.(6), (8), and (9) we obtain g(BHK )(3 05)
sponding to the zero recolil pojreind the maximum value of —0.38. Then E '

) 5 2 _ . 5 q(4) gives the following prediction for the
y is (mp+m.)/(2mpmgs+)=1.3 (corresponding toq B_K*y branching fraction:
=0). In comparison, the allowed kinematic region f8r 4 '
—plvis 1<y<3.5.

A prediction for theB—K* v decay rate can be made
using heavy quark spin symmetry, which implies relations
between the tensor an@xial-)vector form factors in the
mp— < limit [5,6]

B(B—K*y)=4.1x10"°. (10)

They dependence of the nearest pole dominated form factors for
B decay are expected to be almost the same ab fdecay, so we

f(B_’K*)+29(B_’K*)mBmK*y continue to use Eq(6) for y>1.3. For example, withmgs

(B—K*) 4 4(B—K*) _ _ « g (BoKX) ¢ .
gy +gt = , (1) =5.42 GeV the “slope” ofg is 0.94(instead of 0.95 and
B with Mg =5.87 GeV the “slope” of the axial form factors is
0.62 (instead of 0.68
B—K* B—K*)__ B—K*
g )—gC )= —2mgg! ), 2At higher — Q2 it does appear to be falling somewhat faster.
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To evaluate Eq.(4), we used73=1.6 ps, [C7[=0.31, long as Eq.(9) holds for 1<y<1.3 and theB decay form
[VipVis|=0.04, andmy,=4.2 GeV. This result compares un- factors have the pole form for>1.3, Eq.(10) follows. We
expectedly well with the CLEO measuremetB— K* y) do not need to assume that tBedecay form factors also
=(4.2+0.8+0.6)x 10"° [14], and lends support to the va- continue to be dominated by the nearest pole yorl.3
lidity of heavy quark symmetry relations betweBnand D (which is beyond théd — K* | v kinematic range Nonethe-
semileptonic form factors and to the hypothesis that the poléess, under the assumption that the pole form continues to
form can be extended beyoryd=1.3. Of course, it is also hold for theD decay form factors, the ordeétqcp/m. con-
possible that the agreement between our predictiqn and dafapution to 5g®~K")/g®—K") from the last two terms in

is a result of a cancellation between large corrections. Notgq_ (11) is not anomalously large even @t y,.

that the sign of the form factog(DﬂK*)(y), which only If we take Eq.(10) as(circumstantial evidence that heavy
enters differential distributions but not the toal-K* rate,  quark symmetry violation in scaling ttgeandf form factors
is very important for the prediction in E¢10). from D to B decay is small, this has implications for extract-

This set of approximations together with neglectinging |v,,| from B—ply. The measurementB(D
SUY(3) violation in the form factorsf™~") and g~ — 091 1)/ B(D—K* T %) =0.047+0.013 [15] suggests that
also implies that the short distance contribution 10 theg 3y symmetry violation in thé®—V form factors is also
B—py branching ratio is B(B—py)=0.80Via/Vil®  small. AssumingSU(3) symmetry for these form factors,

X B(B—K*y). but keeping the explicim, dependence in the matrix ele-

Including perturbative strong interaction corrections, thement and in the phase space, the measured form factors in
right-hand side of Eq.(9) gets multiplied by 1 gq. (6) imply B(D— p% v)/B(D—K*% v)=0.044[7].2
+ (as/m)In(my/my), but Egs.(7) and(8) remain unaffected. The differential decay rate for semileptoricdecay(ne-
Evaluatinges at the scale/mpm,, this gives a 10% increase glecting the lepton mass, and not summing over the lepton

in the prediction forg® ") and a 20% increase in the typel) is
prediction for theB— K* v branching ratio in Eq(10).
The factors ofmp and mg in Eq. (9) are kinematical in dr' (B—plv) GE|Vy?

origin. Aty near 1, the validity of Eq(9) relies partly on the mgm>SEP(y). (13
charm quark being heavy enough that Bi@nd D hadrons
have similar configurations for the light degrees of freedom.
Even thoughmy« /mp~1/2, the typical momenta of the HereS"~V)(y) is the function

“spectator” light valence quark in th&* meson is of order

Aqcp- Neary=1 the corrections to Eq(9) need not be  gH-V)(y)= 2 1{|fH=V)(y)|2(2+y2—Byr+3r2)
larger than the ordeA gcp/mc, corrections that occur in

dy 4873

some of theB—D™) or A,— A, semileptonic decay form +4Rda"V(y) f*H=V(y)Imar(y—r)
factors. For example, therf corrections in the matching of ) (HoV) (2008 202 a2
the full QCD weak current onto the current in the heavy X(y*=1)+4[a " (y) " myri(y“—1)
quark effective theoryfyHQET) result in the following cor- +8|g(H_>V)(y)|2mﬁr2(1+rz_zyr)(yz_1)}
rection to the form factog®—K*):
(14)
5 (D—K*) _ 1 4 (D—K*) 4 1+ A (D—K*) . . .
9 “am | mg) 3+ with r=my/my . S8~?)(y) can be estimated using combi-
o nations ofSU(3) flavor symmetry and heavy quark symme-
Wl A ook 11 try. SU(3) symmetry implies that thB®— p* form factors
mp 9= ' 1D are equal to th&—K* form factors and th&~ — p° form
_ _ _ factors are equal to {2 times theB—K* form factors.
wherec"~") is defined by the HQET matrix element Heavy quark symmetry implies the relations in E8) and
’ i i~n(H=V) * v I\ [5]
<V(p 16)|qID,uQ|H(p)>:IC S,U,V}\a'e (p+p )
o 1/2
_ _ _ * 2\m * mg
The functionc"~") is not known, but it could be computed
in lattice QCD. Neglecting it, and using Eq§) and(7) with a0k )( - @) 15
B—D, we find thatag®¥*)/g®~¥*) is about{—0.20, - W T,

—0.13 aty={1,1.3. It is not surprising that heavy quark
symmetry is useful neay=1, but aty=y, there is no ob-

. . _LK* LK*
vious reason why the relation betwegt? ") andg®® ") spyig pregiction would bV /Ved/2=0.026 with m, = My
in Eq. (9) should be valid. Strictly speaking, our prediction pnase space enhancBs—p compared toD—K* to yield the
for I'(B—K*y) does not depend on this assumption. Asquoted prediction.
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FIG. 1. S®)(y) defined in Eq.(13) using the measured
—K*1 v form factors plus heavy quark ar@U(3) symmetry.

In the large m, limit, (a®~¥"+a®—K"y/@P~K"
—aP~*")y is of order A qcp/m., so we can sea® K"
=—a®~*")  yielding

— *
all~" (y).

(16)

. m 1/2
aP K )(y)=(—D>

Mg
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settinga® K= —al~K")  An extraction of|V,,| from

B— plv data using Fig. 1 in the limited range<ly<1.3 is
model independent, with corrections @, first order in
SU(3) and heavy quark symmetry breaking. Extrapolation
to a larger region increases the uncertainties both because the

sensitivity to settinga®® ") = —aP~K") increases and be-
cause the dependence on the functional form used for the

extrapolation of the form factors increases.

In summary, we predicted in Eq10) the B—K* vy
branching fraction in surprising agreement with CLEO data
using b quark spin symmetry at large recoil to relate the
tensor andaxial-)vector form factors, using heavy quark fla-
vor symmetry to relate thB decay form factors to the mea-

suredD — K* | v form factors, and extrapolating the semilep-

tonic B decay form factors to large recoil assuming nearest
pole dominance. Although this agreement could be acciden-
tal, it suggests that heavy quark symmetry can be used to

relateD and B semileptonic form factors and th&t8—%")

and g®®~X") can be extrapolated tg>1.3 using the pole
form. This is encouraging for the extraction [of,,,| from

Equation(16) may have significant corrections. In the large B— p| v using Fig. 1. If experimental data on tie—pl v

m limit, (g® K"+ g®—Ky(gP—K) —gP—~K") s also
of orderA gcp/me. From Eq.(7) with B—D and Eq.(6) we
find that g® K= - \g®K") wherex={0.86,1.04 at
y={1,1.3. B

Using Egs. (9) and (16), and SU(3) to get the B®
— p*ly, form factors from those fob— K* | v given in Eq.
(6), yields S®8~?)(y), plotted in Fig. 1 in the region &y

<2. In this regiona®~*) andg®~» make a modest contri-

bution to the differential rate. For>2, S®~*)(y) is quite

sensitive to the form 0&®~K") in Eq. (16) which relies on

andB— K* I differential decay rates become available, then
a model independent determination |&f,,] can be made
with corrections only of orderms/m., (rather than
mMg/Aqcp and Agep/me ) [6,7,16.
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