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We briefly discuss the predictions of the heavy quark effective theory for the semileptonic decays of a heavy
pseudoscalar to a light one, or to a light vector meson. We point out that measurement of combinations of
differential helicity decay rates at CLEO-c and tBefactories can provide a model independent means of
extracting the ratigV,,|/|Vql. We briefly discuss the corrections to this prediction.
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I. INTRODUCTION AND MOTIVATION -
(p(P.©)q7,5c|D(P)) = Pe +alfe* - P(P+p),
Extraction of the Cabibbo-Kobayashi-Maskaw@KM) +a'3pe*-P(P—p)M, (D)

matrix elementV,, is one of the crucial ingredients needed

to determine the source @P violation. A number of meth- where the light quark can be eitheu or d. These decays are
ods have been suggested for extraction of this matrix elethus described in terms of six independenpriori unknown
ment, from both inclusive and exclusive decays. In this paform factors. The terms ifi_ anda_ are unimportant when
per, we point out that, modulo i/, 1/m, and isospin the lepton mass is ignored, since

corrections, the ratitV,,|/|V.q can be determined using the

predictions of the heavy quark effective thed¢HQET), and (P—p) (1= ye) ve=(k,+k¢) .0 y*(1— vs) v
the measurement of some polarization observables in the de- K’ ’ K’
caysD—pfv andB—pfv, in a model independent way. = m(?‘y#(l_ Ye) Vg . 2)

Among the many measurements that may be done at the
proposed CLEO-c are precision studies of the semileptonigor the transitions fronB mesons, an analogous set of ma-
deCﬁySD~>7T€V and D~>p€ v itis eXpeCted that the ratio trix elements and form factors are necessary.
|Ved/[Ved can be measured to 1.3%. In particular, there ysing the Dirac matrix representation of heavy mesons,
should be ample statistics to study the polarization of thgye may treat heavy-to-light transitions using the same trace
vector mesons produced in the latter reaction. If this is th@grmalism that has been applied to heavy-to-heavy transi-
case, and if similar measurements can be done aBtfa€-  tions[1,2]. In the effective theory, a heavy pseudoscalar me-

tories, we propose measurements that can provide the advejon O or B), denotedP, traveling with velocityv is repre-
tised ratio of CKM matrix elements with very small theoret- sented a1,

ical errors.

In the next section we briefly discuss the predictions of 1 1+4
HQET for these heavy- light transitions, at leading order. |P(v))=— —=——y5=Mp(v). ®)
Section Il discusses a humber of experimental observables V2 2

from these processes, and their dependence on the form fac-
tors describing these semileptonic decays. In that section, wehese states are normalized so that
also present the observables that allow extraction of the ad-
vertised ratio. In Sec. IV we briefly discuss theng/ correc- (P(w")|P(v))=20v6%p—p"). 4
tions, and in Sec. V we present our conclusions.
The states of QCD and HQET are therefore related by

Il. HQET AND FORM FACTORS IP(v))=mp| P(v)), (5)
The hadronic matrix elements for the decdys- 7€ v
andD— p€v are wheremp is the mass of the pseudoscalar meson.

For the semileptonic transitions between such a heavy
meson P meson and a light pseudoscalarr], the matrix

(m(p)[ay,c|D(P))=f27(P+p),+f2T(P—p),, element of interest i§3]

_ (m(P)|ATh{|P(v) =T y5( &1+ BE2) ¥, Me(v)], (6)
(m(pP)|9y,ysc|D(P))=0,
whereh(? is the heavy quark in the effective theory, amd
. denotes a light quarku( or d). For the transition to a light
(p(p,e)|qyﬂc|D(P)>=igD”eﬂmﬁe* "(P+p)*(P—p)~, vector (p), the matrix elements are written
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, ar'h@|p =Tr + * they obtain among the form factors are not the same as those
p(p.2)lalhy 7 P(0)) [{(6sFpea)e™ v discussed elsewhere in the literati6d. In particular, their
+&* (E5+P&e) T Mp(v)], a% does not involve an admixture @ anda®, but is

@) related taa? only. In addition, it must be noted that the usual
limiting forms of the matrix element for heavy to heavy tran-
wherel denotes eithely, or v, vs. sitions are not recoverable from the expressions that they
The form factors; are kinematic functions af - p. They  write down, while this limiting form is recoverable from the
are independent of the mass of the heavy quark, and amxpressions in Eq8).
therefore universal functions of the kinematic variable. In the limit of a heavyb quark, the full current of QCD is
Thus, they are valid foD — m(p) decays, as well as fd8  replaced by 8]
—ar(p) decays. This independence of the quark mass allows
us to deduce, in a relatively straightforward manner, the scal-
ing behavior of the usual form factors that describe these
transitions[4]. More precisely, they allow us to relate the
form factors forD transitions to those foB transitions. The
relationships are

arbﬂarh(b)[w

—6/25
as(M) }

(€)

This arises from integrating out the quark, and matching

5 1/ mg\ 3 5 Mo the resulting effective theory onto full QCD at the scalg,
fi(v-p)= E(m_) fro-p)| 14— at one loop level. At the scala. , we must also integrate out
D B . .
the c quark, but there is also the effect due to running be-
b mp tweenmy, and m;. The net effect of this is that the form
+Zw-p) | ——-1]]|, factors & appropriate to thé—u transitions are related to
those for thec—d transitions by
1 Mg 1/2[ b
fBw-p=3{—| [fP(-p)|1+— _
“(v-p) 2(mD) “(v-p) Mg o e admy) 6/25 .
i - Si as(mc) ( )
+f'3(v-p)(——1”.
B
P IIl. OBSERVABLES
m 1
fB(v- p):(m—B) fP(v-p), In the differential decay rate dd(B)— 7{ v, terms that
D

depend on the form factdr_ are proportional to the mass of
the lepton, and are thus very difficult to extract from experi-

5 mp | 2 5 ment. Detecting the polarization of the charged lepton offers
g°(v- D)Z(—) g-(v-p), the only possibility of extracting this form factor, but this is

. apparently a very remote prospect with muons or electrons.

Because of the predicted mixing 6f andf_ in HQET, it
becomes very difficult to say anything abdd#— 7 observ-
ables based on information extracted from the corresponding
D— 7 observables. Assumptions about the formfof can

1/m
aE<v~p>:§(—D

+aP(v-p) @_1 be and have been made, but this introduces some model de-
- B ' pendence into any information extracted.
For the decay to the, helicity amplitudesH.. andHg,
1 can be defined as
B Mp D Mp
az(v-p)=3 e az(v-p) 1+

H. (9% =f(9%) £ mpk,g(q?),
+al(v-p)

Mp
m—B‘lﬂ’ ®

wherefE is the form factor appropriate to tHe— 7 transi- Ho(?) =

tion, while f2 is the form factor appropriate to tH2— otd)= 2m,\Jo?

transition, and quantities on the left-hand sides of E§s. (11

are evaluated at the same valuesvep as those on the

right-hand sides. Omitted from each of E{8) is a QCD

scaling factor. wherek, is the momentum of the daughterin the rest
We point out here that Kramest al. [5] have looked at frame of the parent pseudoscalar. In terms of these, the dif-

these heavy— light transitions, but the relationships that ferential decay rate is writtefv]

[(ma—m2—0?)f(g?) +4mEkia. (g?)],
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dr ~ 3GE|Vgql?k ,,q
dg?d cosé,d cosepdx 8(4m)*m

{[(1+ 7c0s6,)’|H  (q*)|*+ (1— cosb,)?[H_(g%)|*]sir’6,

+4 sirfg, cos2 0,|Ho(a%)|?—2 sirf 6, sir?6, cos 2vH . () H_(g?)

+475sing, sing, cosd, cosyHo(q*)[(1— 7 cosdy)H_(g%) — (1+ 7 cosdy)H (g% ]},

(12)
|
where »=+1 for B decays, and—1 for D decays. The dré/dq?
angles,, ¢, and x are explained in Fig. 1. —5 5
With sufficient statistics in botB andD decays, this dif- dI'=/dq
ferential decay rate can provide means of extracting the ratio » 2 2
[Vupl/|Ved- The differential decay rates into specific helicity _ [Vupl? dzMp
states of the can be written as |Veal? g3m3
dr; GV qQ|2k (@12 13 XmB/mD+mBmD(k§’)2r2(v.p)iZmBkE’r(v )
d? 9673 ’md 1+ma(kD)2r2(v-p)=2mpklr(v-p)
(15

Much of the difficulty of saying anything about the total
rate inB—pfv, based on measurements Df—pfv, re-
mains because of the mixing @, anda_. As with the
decays to pionsa_ is, for the most part, only accessible

Since the numerator and denominator of this ratio are evalu-
ated at the same value &,, k) =k>. In the expression

through measurement of the polarization of the charged Iep-b ve,
ton. However, decays to transversely polaripechesons are
independent of this form factor, depending only foend g. Og=Mg+m;—2Mgu P, G5 =Mmp+m;—2mpu-p.
If dT'2/dg? can be measured or extracted at CLEO-c, and (16)

dI'2/dg? at B factories, the ratio of these two differential
decay rates, at the same kinematic painp (=E, in the

rest frame of the parent hadnerdepends only on known or
measurable kinematic quantities, as the form factor depe
dence drops out at leading order in HQET. Actually, this is
not quite true. This ratio will depend on the form factor ratio

The combinatiordI" , /dg?+dI'_ /dq? is more easily ac-
cessible in these experimertas the term proportional to
n(_1+cos?¢9€)5|r12¢9 in the expression for the decay rat&he
ratio of this quantity forB decays to that fob decays is

r defined as dr®/do?+dre/de?
dr®/dg?+dre/dg?
9°(v-p)
r(v-p)= fD(v.p)’ (14 _|Vub|2 qész mB/mD+mBmD(kE)2r2(v'p) 17
Ved® agmg  1+mp(k))?r?(v-p)

but this ratio should be extractable from other observables in

the D—p{v decay. More explicitly, In addition, the differential ratelI", _ /dqg?, proportional to

H. (q®)H_(g?), may also be accessiblas the term propor-
tional to cos 2 in the expression for the decay ratH this is
measured irB andD decays, the ratio is

Y —— dr2_/dq? _|Vysl* 9gmp mg/mp—memp(kp)?r¥(v-p)

o dr? /de? [Ved® apmg  1-mj(k))’r’(v-p)
W (18)

/ / This ratio again depends only on known or measurable kine-
matic quantities and the form factor rati¢v - p).

Far more intriguing is the ratio of the difference of these

FIG. 1. The angles of Eq12). 6, and 6, are defined in the rest differential helicity decay rates, related to the differential lep-

frames of the lepton pair and the respectively.y is the angle ton forward-backward asymmetry, and proportional to
between the lepton plane and the hadron plane. cos ¥, sir? 6,. This ratio takes the form
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fB7rgB=r [T+ (1my)T1][go+ (1/mp)g,]

dr2/de?—dI®/dg?  [Vedl® aimg’ 19 fP=rgP=r o+ (1me)T11[go+ (1ime)g:]
8 D , _ 1 1\[f, o 1
where a factor ok /k’ has been set to unity, as explained :1+(—— —) (~— +== +(9(—2).
above. Inclusion of the lowest order radiative corrections My Me/\fo go me
means that the ratios above must be multiplied by the factor (21)
[as(Mp)/ as( mc)]_12/25-
At leading order, the last ratio of observables is com-The prediction of Eq(19) would then become
pletely independent of any form factor, and so should pro-
vide a very good means of extracting the ratiQ,|/|V /. It dIr/de?—dré/dq?
is to be emphasized that implied in Ed.9) is the fact that Y YR
the measurement of the ratio need only be made at a single dI'3/dg”—dI'=/dq
value ofv - p. 5 2
It must be emphasized what “completely independent of - [Vusl® 9BMo + (i_ i)
any form factor” means for the model dependence in the [Veol? g3mg My, M
extraction of the ratidV,,|/|V.4. Since model dependence L
in the extraction of this ratio arises from the model depen- f1 o0 1
dence that is present in the “parametrization” of the form X ~f‘_0+§_o +0 F (22
C

factors of unknown form and unknown normalization, use of
Eq. (19 yie_lds a truly mode_l independent means of extract- Using Eqs.(62)—(66) of Isgur, Scora, Grinstein, and Wise
ing the ratio|Vyp|/|Veq|- This means that, if there were no (;sGwil) [10], our crude and conservative estimate is that
1/mq corrections to Eq(19), the model dependence in the e correction to the leading order prediction is of the order
extraction of|Vyp|/[Vc4 would be reduced to zero. of 25%, at the non-recoil pointy( p=m,). Note, however,
that this isnot the number that constrains the model depen-
dent uncertainty. What is more interesting is the variation in
this number due to model dependence, and this is determined

In order for these predictions to be of any use, we MUShy the model dependenceTn/To+g; /9. If, in some other
know how robust they are in the face ofrid corrections.  model, this number is 50% larger than the ISGWII number,
More importantly, itis crucial to know how model dependenthjs would represent about a 10% change in the value of the
the 1ing corrections to Eq(19) are, for instance. In this (a4ig fB—rgB=r/fD—=rgD—r and therefore about a 5% un-
section, we briefly examine these corrections for @§), 8s  certainty in the ratigV,,|/|V.g. This is much smaller than

this prediction is model independent at leading order inpe current model dependence\i,,, which is of the order

HQET' , . i of 20%. Furthermore, our perhaps naive expectations are that
This equation is understood as having a factor Ofthe model dependence My /T,+8,1/5, should be much
fB=rgB=r/fD=rgP—r multiplying it, and this factor is unity P 0™ 91/Go

o :
at leading order in HQET. At order i, , Huanget al. [9] smaller than the 50% guessed above, meaning that the model

state that a total of 22 new universal functions are needed tgependence iV yol/[Veq| should be of the order of a few

describe the semileptonic decays of a heavy pseudoscalRercent(e.g., a 10% uncertainty i, /fo+9,/go leads to
meson to a light vector. However, for the purposes of this@bout 1% uncertainty ”hVub|l|Vcd_|)-_ This discussion does
analysis, we can do something much simpler. Whatever thBOt take into account the uncertainties that arise in the values

form of the 1fq corrections, the form factofsandg can be chosen for the quark masses, for instance. However, the im-
written as portant point here is that the model dependence now occurs

not in the leading prediction, but in a potentially small cor-
rection.

Similar analyses can be performed for the quantities in
Egs. (14)—(18). Model dependence in these might be ex-
pected to be significantly larger than discussed above, mainly
because these quantities depend on the form factormadio
leading order.

IV. 1/mg CORRECTIONS AND MODEL DEPENDENCE

~ 1.
f= \/mp( f0+ _fl),
Mg

1

g:_
Jme

~ 1.
gO+ m_le)r (20)

V. DISCUSSION AND CONCLUSION

wheremp is the mass of the heavy pseudoscalgrand go We have suggested three measurements that can allow the
are the leading order universal functions, drdandg, are  extraction of|V,|/|V.4| in an absolutely model independent
themselves universal functions, and are the appropriate lineananner. However, our results are subject to a number of
combinations of the 22 universal functions discussed bycorrections, which we discuss briefly below.

Huanget al. [9]. Using this, we can then expand the form  One of the corrections that must be taken into account is
factor ratio multiplying Eq(19) as isospin breaking. For théd mesons, the possible decay

013005-4



p POLARIZATION AND MODEL INDEPENDENT EXTRACTION . .. PHYSICAL REVIEW D68, 013005 (2003

modes ardD’—p ¢* v, andD"—p° " v,, while the cor- quark expansion. As pointed out at the end of the last section,
responding B decay modes areB°—p ¢y, and B~  thisis true of the quantities discussed in EGD), (17) and

Hp%;e. The predictions given in the previous section im- (18), for instance.

plicitly assume that the light component of the heavy meson The quantity proposed in qug) s diffe.rent in that the're.
is the same for both th® and B decays. This means that is no form factor dependence in the leading order prediction.

: This means that our lack of knowledge of the form factors at
comparisons can be made between the decays dbthend . .
those of theB~, or between the decays of tBe" and those leading order does not affect the extractionf, from that

fthe BO. | h of th i he d , expression. Of course, this prediction is subject tm14nd
of the B~. In each of these comparisons, the daughtes 1/, *corrections, which now introduce model dependence

different, so some assumption of isospin invariance among: ihe extractiofisee Eq(22)]. However, the model depen-
the form factors has to be made. Departure_s from this_inva_riaence now appears only in a correctior; to the leading order
ance can be expected to be. smaII.. There IS also_an 'mpl'(ﬁérediction, not in the leading order prediction itself. If the
assumption of isospin invariance in the discussion of the,,rection to the leading order prediction is relatively small,
radiative factor oi[as(mb)/a_s(mc)] : the model dependence in the overall prediction should also
By far the larger corrections are expected to come fronye soa) Our estimates are that the model dependence in the
the 1im; and 1M, contributions to the matrix elements of oyraction ofv,, should be reduced to a few percent. It is to
interest. We have briefly discussed these in the PrEVIOUS S€he emphasized that this is the estimate of the model uncer-
tion, and have suggested that, for the ratidi/dq”  (ainty in the extraction o¥,,, not an estimate of the size of
—dIr'2/dg?/dr2/dg?—dr2/dg?, model dependence in the the corrections to the leading order prediction.
universal functions that arise at ordemy should lead to

uncertainty in the extraction df,, of no more than a few
percent.

We conclude with a comment comparing the method pro- The author thanks J. L. Goity for reading the manuscript,
posed for extracting/,, with other methods, such as the and for discussions. This work was supported by the Na-
ratios of differential decay rates to unpolarizedmesons. tional Science Foundation through Grant No. PHY-9457892.
Any such ratio will depend, in general, on the form facthrs This work was also supported by the Department of Energy
g anda. . Since neither these form factors nor their normal-through Contract No. DE-AC05-84ER40150, under which
izations are known, models of some sort must be used in thine Southeastern Universities Research AssocidSarRA)
extraction ofV,,, from such measurements. This introducesoperates the Thomas Jefferson National Accelerator Facility
large model dependences, even at leading order in the hea{JJNAF), and through Contract No. DE-FG05-94ER40832.
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