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. INTRODUCTION

In a recent article [1], we considered the semileptonic decay Ay —» A.fv in the
framework of the heavy quark effective theory (HQET) [2], and showed that there
were predictions that received no corrections beyond leading order in the 1/m,
expansion. In addition, these predictions received no corrections from radiative
terms proportional to powers of a,(m.). We further went on to show that a subset
of these predictions were also preserved to all orders in the 1/m; expansion, but
that all predictions were modified when corrections of the type 1/{(mym,) were
taken into account. We also estimated the sizes of the radiative corrections to
one of the predictions mentioned above.

One obtains such predictions because the heavy quark symmetries restrict the
number of independent form factors for baryonic heavy to light decays Ay — B,
where B is any light spin 1/2 baryon {in fact, the restriction occurs no matter
what spin the light baryon has, but spin-1/2 baryons are somewhat more inter-
esting pheomenologically). In this class of decays there are only two independent
form factors. At scales between my and m, the charm quark is still light and the
decay Ay — A.fv is a heavy to light decay at these scales. Matching at the scale
m, then yields predictions that are preserved to all orders in 1/m..

In this note we extend the discussion to mesons by considering B*) — D(*)
transitions. Due largely to the more complex spin structure of mesons compared
with A baryons, the mesonic heavy to light decays are in general given in terms
of six independent form factors. Applying this fact to B™*} — D() decays and
matching at the scale m, to an effective theory with a heavy ¢ quark, one may
also obtain predictions which do not receive any 1/m. correction.

However, the left handed currents for B — D(*) decays are given in general
by six independent form factors and hence the number of phenomenologically in-
teresting predictions that can be made is somewhat limited. A further limitation
on the scope of the relations we obtain is the fact that only the B — D(*} decays
are directly accessible experimentally. We emphasize, however, that the limita-
tion on the scope of the predictions we obtain arises only when we consider the
left-handed current in particular. As we shall see in what follows, many of our
statements are valid independent of the current operator being considered. This
means that the power of the predictions is greater if the Lorentz structure of the
current operator being considered is more complicated. This will be illustrated
explicitly below,

In addition to these motivations, the relationships we obtain are useful in
another way. Since the relationships will hold to all orders in the inverse of the
appropriate quark’s mass (1/m. or 1/m;), and must also hold independent of
the operator being considered, they can be used as a check on anyrcyzﬂé’ilrét%r

of higher order power corrections. In addition, due to the unique nature of the
1/m,. expansion, radiative corrections proportional to powers of a,(m,.) can also
be checked using these relationships.

Another possible application of the relations given here may be the decays
B — D™)xéy, calculated in the framework of heavy quark and chiral symmetries.
Recent analyses of the inelastic process B — D{(*)rfr by various authors [3]
indicate that the dominant non-resonant contribution to this decay arises from the
diagram shown in figure 1, where a virtual B* decays into D*} gemileptonically.

Part of the motivation for the consideration of the inelastic process described
above, and hence for the study of the form factors for the semileptonic decays
of heavy vector mesons, arises from the sum rule of Bjorken, Dunietz and Taron
(BDT) [4}, and its implication for the slope of the Isgur-Wise function at the non-
recoil point. The slope of this function at this kinematic point can be expressed
in terms of a ‘radius’, p,.and the sum rule implies that

p> =~ (1)

with the equality occuring if the elastic semileptonic decays of the B meson are
sufficient to saturate the sum rule. Experimental evidence suggests that pis in
excess of unity, which implies that inelastic channels and corrections to the sum
rule are important. Among the many possible inelastic channels, B — D(*)xév
is likely to be the channel that most influences the value of p.

B B D)

Figure 1: One of the continuum contributions to the decay B — D™ xdy.



II. GENERAL RELATIONS FOR HEAVY TO LIGHT DECAYS

In order to extract the relations among form factors that are unchanged by
1/m,. corrections, we proceed in a manner similar to that used in {1].

We begin at the scale u = m;, where we integrate out the b quark, treating
it as heavy, but leave the charm quark as a light quark. At leading order in the
1/ny expansion, the B(*) mesons may be represented by Dirac matrices as

8w — M) = (52 (=0),

B*(v) — Mp-(v) = (%—”) ¢ (2)

To leading order in 1/m,, and ignoring radiative corrections, we can write the

. (b . .
matrix elements of a general current operator eThl ), where I' is some collection
of Dirac matrices, in terms of six unknown functions, a;.

<D(U') l‘gf‘lﬁrﬁ [‘rs (01 + ﬂ215') FMB(T’)] )

{(D(v,e') |arhgb) B(v)) = ——-——V’"Bzm’”n {[¢" (0s+ ae?)

+ v (05 + aeﬁ')] PMB(U)} :

(D) [erh?| B (v,6)) = YEETE Ty [75 (a1 + ap’) TMp-(v)] |
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+ & o a5+ ast')| TMp-(v)} . (3)

eThP| B(v)) =

The form factors a; depend only on the degrees of freedom with masses lighter
than my and hence contain all information on the dependence on m,.. Matching
at the scale m, to a theory with a heavy ¢ quark will then yield relations which
hold to all orders in the 1/m,. and «,(m.) expansions.

However, the phenomenological relevance of this result is limited, since for
the case of the left handed current the decays B — D) are in general given by
six form factors. However, if the the Lorentz structure of the current is more
complicated one may find useful relations. Let us imagine that we are interested
in matrix elements of the currents ¢y,7,6 and ¢y,7,7sb. We would then write,
for example

(D{vy EYurub

: A B(v)> = /mgmp [hlg,w + havy v, + hyv, v,
T Wiy
+hy (vuvf, + 'U,,UL) + ks (v,‘v:, - -U,,v:,)] )
<D('u") Ié'yﬂ'yy‘ysb B(-u)> = \mhsewaﬂu“v'ﬁ,
<D‘(v',£' B(v}) = iy/mpmp~ [S#mp (h;c‘“‘ cov® P 4 gyt e™?
+ hg-u’“e:"'ﬁ) + €pagy 0P (hmv" + hnv”’)] ,
(D"‘(v’,e’) E'y‘,'y,,'ysbl B(v)> = W{Eh v [hlggw + hasvaty + higviv,
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+his (.s:fvf, + 5"vvf,) + his (E:‘v, — 5"‘vv,,) + hag (E::U:, — e‘"uv:,)} (4)

EYure b

A total of twenty form factors is needed to describe the transitions of a B meson
into a D*) meson via the currents cTuTub and ¢7,7.,75b, another ten are required
to describe the process B* — D, and an additional number in excess of twenty
is required for B* — D*; these numerous form factors may be related to the six
form factors a; and these relations will hold to any order in the 1/m, expansion.

In what follows, we shall focus on the left handed current transitions between
B™) — D) for the reasons mentioned in the introduction. Such transitions are
described in terms of twenty independent form factors, in general. In this case
one may also find relations which are protected from 1/m,. correction.

III. THE LEFT HANDED CURRENT

We begin by listing the twenty form factors g; .. .gap needed to describe the
processes B(*) — D) via the left-handed current in general. We define these as

(D) [eru8| B)) = vimpmp [g1 (v +v'), + 92 (0 = )]
<D'(f",€') B(U)) = iy/MBMD+ g3 yyape ™ V' v”
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These form factors may be related to the six unknown functions a; in the way
indicated in the last section

> = VMBID 1, [75 (a.1 + az;") nMB(U)]
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- ~ AL
where w = v-v' In the above, we have used the spin symmetry that emsts for thee

b quark to relate the vector-current matrix-elements to those of the axial-vector-
current, and the form factors for the decays of the B meson to those of the B*
meson.

Note that the directly accessible decays B — DU}y, that proceed via the
left-handed current, require six form factors, so that the information obtained
here may appear to be of somewhat limited scope. However, if, for example, we
let I' = 1,7, and T = 4,775 in eqn. (3} and compare with eqn. (4), we see
that the numerous form factors of (4} may be written in terms of the same six
functions.

The relationships between the form factors of eqn. (5) and the a; are

1
g2 = 5(0-2 —01). gz =g14 = —t4, Ja = —(03+wa4)-

1
g1 7*2-(01 + az),

1 1
g5 = §(a4+ﬂ-5—ae),‘ g5 = §(G5—a4+ﬂ-6), g7 = —2g9 = —2g10 = —az,

. 1
g8 = — (@ +waz), g =—-gir= 5 (aa+aq), q1z2=—-g1r = 3 (a3 — a4},
1 1
gis = a5 — a3 — Wag, 15 = 16 = "5920 = '2-06, 19 =0. (7)

If we now proceed to the scale p = m,, integrate out the ¢ quark, and perform
a 1/m, expansion, all of the relationships among form factors shown above must
remain intact. This must also be true if radiative corrections of order a,(m,) are
considered. That these results are indeed preserved can be seen by noting that
the effect of any new operator may be taken into account in a straightforward and
intuitively obvious manner. At leading order, one-uses the relations analogous to

eqn. (2), and a typical matrix element is, for example
(D@ = Y2 (Mo (v Ma(o)] . (8)

Beyond leading order in the 1/m, expansion, Falk and Neubert [5] have shown
that one can write

=) o
: 1+ (- L2 &
ey o [ k. S +

1_"5, LE)(*) E_?(')
+( 5 )(2mc+4m3+"' , (9

RS 3P| B())

where



LY =Li(~v). LY = Lag' + Lye" - v,
LY =Li(—ys), LD = Lg#' + Lge’ - v, (10)

with similar definitions for the £'s. The [’s and £’s contain ali the new form
factors that arise. In an obvious way, we generalize and simplify this notation by

writing
D) — (HTW) P 4 (#) 2", (11)
with
LY =Li(—%), LY =L + L3¢ -,
L8 =L5(—ys), L2 =L + L v (12)

At leading order £; and L4 are unity, while all the other £; vanish. Each of
the £; will contain terms that arise at different orders in the 1/m, expansion.
Generally, as discussed in [5], £, £ and L3 arise from higher order Lagrangian
terms, while L4, L5 and Lg arise from local corrections to the current. With these
form factors, the general form factors are obtained from those for the heavy to
light transitions by identifying

ay =L+ L5, ea=L]— L], az=L5+LE,
as = L5 — L5, as = L5+ L5, ag= L~ L§. (13)

Detailed comparison of (7) with (12) reveals two facts that may be worth noting:
91, 911 and g;7 receive contributions only from Lagrangian cqrrections and leading
order terms; gz, g12 and g;g receive contributions only from terms involving local
corrections to the current.

To illustrate the scope of the relationships among the form factors, let us
choose the first six, g; .. . gs, to be independent, and express the remaining four-
teen form factors in terms of these six. The resulting relationships that are
untouched by 1/m, corrections are

g7 =—29s = —2g10=g91— g2, gs=(1+w)g1 +(1 —w)ga,
1 1
g11 = —iv = ~3 [(1—w)gs+g4], g12=-g18= 5 [(1+w)gs—g4].

gia=ga+{1+w)gs+ (1 —w)gs, g14a =g,

I

1
915 = 916 = —5020 = 3 (96 —93—95), g1a=0. {14)

o

Clearly, if we were interested in the matrix elements of 4,4, and YuYeYs. OF S0IME
other: f8¢e-comiplicated current, the number of independent form factors would
remain at six, so that the number of relationships that are preserved to all orders
in the 1/m, expansion would increase.

We have used recent results [5] to check our claims for the left-handed current.
Identifying the terms that arise in the 1/m,. expansion in the results of [5] (1/m,,
1/m?), translating between form factors, and substituting into (7) or (14), we find
that all the form factor relationships that can be compared are indeed satisfied.
Furthermore, we claim that the relationships of (7} and (14) are still satisfied
even when radiative corrections proportional to powers of a,(m,) are taken into
account.

The reason for this is as discussed in [1]: between g = my and g = m, no
radiative corrections proportional to powers of a,(m,) to these relationships can
arise. At = my, the effective theory with only a heavy b quark must be matched
onto the effective theory with heavy b and ¢ quarks. In the latter effective theory,
there can be radiative terms proportional to powers of a,{mn.), but matching on
to the former effective theory requires that the corrections from these terms to
the relationships above must vamish.

In a similar manner, we can examine the 1/m; expansion. Applying the
discussion between equations (9) and (13) to the B meson, we write

5w — 2} (H52) (4 2 (5 .
B (v,e)— L} (1;—#) ¢+ L5 (1—5—’5) e v
+ Lk (L;i)£+£g(1;¢)a-v’. (15)

With these forms, the contributions of terms in the 1/m; expansion to the general
form factors are

Lt ga=LL, g3 =295 = ~2¢5 =L} - £},

n=
b b — —_ b b
ga=(w-1L —(w+ 1) L], gr=gi5=L5 - L3,

4
1 ;
gs=(w—1) L5~ (w+ 1)L go =5 (L3 L)+ LL,

gra=(1—w)Ch+ (1 +w)ch - 4 —CL,

1 1.
15 = —916 =~ 5919 = 5 (£5— L), g20=0. (16)



One could also write the 1/m, analogues of (14) for these equations. Now, how-
ever, we must choose six different form factors as the independent ones, since
g1 --.ga are no longer independent. Using the results of [5], we find that these
relationships among the form factors are indeed satisfied up to order 1/m2. In
the case of the 1/m; expansion, all of the relationships above will, in general
receive corrections from terms proportional to powers of a,(m;). We can say
nothing about. the effects of such radiative corrections without further study.

IV. CONCLUSION

We have used HQET to show that the set of matrix elements of the form
< D™ (")[eTh|B™)(v) > can be described by at most six form factors, to any
order in the 1/m, expansion, to leading order in 1/my. This implies, in general,
many relationships among the usual form factors that may be defined in terms
of Lorentz covariance alone. Furthermore, we have argued that while the form
factors themselves may receive radiative corrections from terms proportional to
powers of a,(m.), the relationships among the form factors do not. We have also
shown that a different set of relationships are preserved in the 1 /my expansion.
All of the reiationships among form factors are modified by terms of the form
1/mym,, and by radiative terms proportional to powers of a,(m,).

Although we have focused mainly on the form factors appropriate to the
left-handed current, our statements above are independent of the form of the
particular current being considered. We illustrated this by briefly pointing out
the increased power of the predictions if we considered the cases I' = v,7, and
I'=7vnrs.

The results of this work, and of the work of [1], implies the existence of
some underlying general symmetry principle, which must result from the group
structure appropriate to HQET. In fact, by examining the group structure of
HQET in detail, one should be able to see which relationships among form factors
will receive no corrections in the 1/my or 1/m,. expansions. Such a study may
be undertaken in the near future.
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