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Abstract. Using QCD sum rules for a two-point
function involving beauty vector currents, together
with current algebra-PCAC sum rules, we estimate
the hadronic matrix element in B—zlv,. We find
(B>t 1v)=(1.4540.59) x 103|V,|>s™L. As a
byproduct, the vector current contribution to the
decay B — plv, is also estimated.

The role of the B,; decay B—=nl¥, as an important
source of information on the quark mixing, Cabibbo—
Kobayashi-Maskawa, matrix element.|V,,| [1] has
been reappraised recently, following the observation
by the ARGUS collaboration at DESY [2] of the b > u
non-leptonic transitions B— ppn and B— pprn. One
of the advantages of semileptonic decay modes is that
the relevant hadronic form factors may be estimated
from well established general principles such as e.g.
PCAC and vector meson dominance (VMD). To this
extent B;; should be less affected by the theoretical
uncertainties usually encountered in relating quark
level dynamics to observable hadronic matrix
elements. So far, existing estimates of B;; form factors
rely on one form or another of the constituent quark
model [3-5], sometimes explicitly supplemented with
pion-PCAC [6-7].

In this note we discuss a determination of the
B — nlv; hadronic matrix element in the framework
of QCD sum rules [8-9] for a two-point function
involving beauty vector currents, combined with
current algebra—PCAC sum rules [10]. One virtue
of this approach, which is fully relativistic and field-
theoretic by construction, is that it naturally accounts
for the most significant aspects of QCD dynamics,
Le. perturbative asymptotic freedom and non-
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perturbative phenomena such as e.g. chiral symmetry
breaking. In a recent analysis [11] of semileptonic
charm meson decays within this framework, we deter-
mined the matrix elements |V, | and | V4| by estimating
the D3 vector form factor f,(0). The first difficulty
one encounters in B,; decays is that the beauty-meson
phenomenology is at present rather incomplete.
In particular, the observed vector beauty resonance
B*(5320) [12] does not have enough phase space to
decay into a purely hadronic final state; in fact
B*(5320) —» B(5270)y. Consequently, it is not feasible
to determine f, (0) directly and entirely from two-point
function QCD sum rules. One must first separate the
B* leptonic decay constant 7. from the B* B strong
coupling gp.p, as dictated e.g. by VMD. Two-point
function QCD sum rules may then be used to estimate
g+, DUt gpp, has to be estimated independently. This
contrasts with the D;; case where the phase space
permitted decay D* — Dr allowed us to write a realistic
hadronic spectral function, whose absolute normaliz-
ation was precisely f,(0), and to relate it to the
fundamental QCD parameters through the sum rules
[11]. In any case, our results are restrictive enough to
allow for a meaningful determination of |V;,| from
data on B—nl¥, (once available). As a side remark
we shall comment at the end on the expected vector
current contribution to B— plv,.

We begin by defining the B® - n* ¥, form factors

f.(t) as
(n* (p)IV,(0)B°(p)>
=(+P)S+ @O+ —p)S-@). (1)

where V,(x) = ii(x)y,b(x). Concentrating on £ (1), as
in the end we shall take the zero lepton mass limit,
we can write the following VMD expression
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where g, is the strong B* —» Bx coupling, yp. is the
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leptonic decay constant of the B* defined as

0|V, (0)|B*(p)> = J

and finally Z (t) accounts for potential corrections to
VMD, presumably arising from B*-radial excitations.
Although according to the non-renormalization
theorem [13] f,(0) should equal unity in the flavour
symmetry limit, one is to expect large deviations
on account of the huge B —x mass difference. For
instance, in D;3: f, (0)=0.75 £ 0.05 [11].

We proceed next to estimate the leptonic decay
constant 7, in the framework of QCD sum rules for
the two-point function

11,(q) = i[ d*xe™* 0| T(V,(x) V}(0))|0)
= — (9d” — 4,41V + 4,4, 7%). 4)
The appropriate dispersion relations for heavy ﬂavour

currents are the Hilbert moments at g = — Q%=
1 d n+1 )
- — QTN Q]| g2=
$(0) = (n+1),( sz) [—Q*T(Q)]lg2-o
ds
=;j s Im JT9(s) (3)

where n 2 1. In this case the ¢,(0) admit a well defined
short distance QCD expansion in &, and in inverse
powers of the (current) b-quark mass m;,. Neglecting
m, 4 in the sequel one finds at the two-loop level [14]

¢, (0) = 2(1+114Ooc)+~1—[—9£%;4£
b
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where m, = m,(Q* = m2), a, = o(mj), and

L /o

c4<04>=mb<uu>+ﬁ<°‘;62> (8)
C5<05>=<gsqgquZv'VQ> (9)
C6{0¢> = ma (i, Au) Y, §7,A9) (10)

Concerning the hadronic spectral function, we follow
the established practice and parametrize it by the
ground state B*-pole plus a smooth continuum identi-
fied with the QCD asymptotic freedom expression
starting at some threshold s,, ie.

1 1 M2
EImH(“(s)zi yf 8(s — M%)

B*

1
+ @(S“So)glmﬂ(l)(s)lA.F.y (11)

where [14]
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with x=m?/s, and I(x) the dilogarithm function.
Substituting (11) in (5) one obtains the following n =1
and n = 2 Hilbert moment QCD sum rules

1 1
%5 Ma m} fdxnlmnm(x”“ NP (13)

1 1 1
27, M2, —mgxfOde Im IIx)|4p. + N.P.|p,  (14)

where N.P.|; , stand for the non-perturbative contri-
butions to the rhs of (6) and (7), respectively. Numeri-
cally, these contributions are negligible except for
the dimension d=4 condensate which we fix to
C,<0,> ~ —0.05GeV* (for a discussion of the values
of the condensates in the charm and beauty case see
[15]).

The sum rules (13-14) are cigenvalue equations
relating yg. and M. to the fundamental QCD para-
meters entering the rhs, including the asymptotic free-
dom threshold sy. The latter is in principle a free
parameter, and predictions are meaningful to the
extent that they are stable against reasonable changes
in s;. This can be controlled by inspecting the
predictions for M. and comparing with experiment.
We find that for m, ~ (4.6 —4.8) GeV there is a duality
region of some stability for x,=~0.65—0.75 within
which Mg =5.32GeV is correctly predicted. Inside
this region the result for yg. is

ype=22+4 (15)

It is interesting to compare this prediction with the
one following from the constituent quark model [7]

My My (f,
2L N My <f_> 1o

where f5 is the B-meson leptonic decay constant
normalized such that f,=93.2MeV. Using fz/f, =
1.34+0.2, as obtained in recent QCD analyses of
the B-meson channel [15-16], one finds from (16):
yg =22 + 3, in excellent agreement with (15). This may
indicate that relativistic effects in the b-flavour channel
are small enough so that quark model predictions
become reliable.




We now turn to the evaluation of gg.p, appearing
in (2). To this end we exploit current algebra and
PCAC following the standard procedure leading to
the celebrated Adler—Weisberger sum rule (for a review
see e.g. [ 10]). We begin with the equal-time commuta-
tor of axial charges with pionic quantum numbers

[QI#QZ]ZZI& (17

and sandwich it between | B¥ (p)) states in the infinite-
momentum frame. Using completeness one finds the
sum rule

dv

[rtng?=0=2, (18)

where v =p-gq, and
dwqﬂ=2fﬁ2ﬂ3[250%+q—pJKB+@Hh+M>V

—Zé(p—q—p,,,)|<B+(p)|J,f-;m_>|z} 19)

with J_. representing the massless pion source. In the
single particle intermediate state approximation the
last term in the rhs of (19) gives no contribution,
as it would correspond to doubly charged mesons.
Retaining just the B*-intermediate state in (19) one
obtains from (18)

~ Mpe
Ip*Bn = ﬁfn s

which is again compatible with the quark model result
[7]. However, the advantage of the above derivation
is twofold: first, no reference is made to the non-
relativistic quark model and second, within the afore-
mentioned approximations #(v) in (18) is positive
definite so that the result (20) represents an upper
bound. In order to estimate the size of the corrections
to the single B*-intermediate state approximation, we
find it convenient to parametrize them by the first
readily excited state B*' (notice the good convergence
of (18) due to the v? denominator). In this case, the
corrected expression for the coupling constant reads

M. < I Ba Mé«)‘”z
Ip+pr = 1+ , 21
TET S\ Ghene M b

in an obvious notation. This particular parametriz-
ation of higher state contributions leads in turn to the
following result for the form factor Z (¢) in (2)

(20)

* MZ*’ & MZ* —1
e T ( 5 >, 22)
9B+Bn MB* Vpx MB*’ —t

where a negative sign has been assumed for the
correction term, in accord with the expectation that
f+(0) < 1. To estimate M. we make use of the mass
formula proposed in [17] assuming flavour indepen-

F(H)=1
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dence of the effective quark potential. This gives
M.

B*

~1.14. (23)

Likewise, encouraged by the agreement between (15)
and (16), we exploit the standard relation between vy,
yg~ and the respective meson wave functions at the
origin and use from [17]

|¥25(0)]
1¥15(0)]

which results in

[1pel_[¥2,(0)] <MB*
al 101,0) \ M

We feel that these estimates should be reliable to the
extent that they are based on phenomenological
relations which seem to account fairly well for the
beauty-meson spectroscopy (the 1980 prediction [17]
of the B*-mass was M, = 5.3 GeV!). Assuming gp.p,/
Jpep. ~ 0(1),(24-25) imply a correction to single VMD
at t =0 of roughly 60%, i.c.

F(0) ~0.40 + 0.05. (26)

This apparently large correction factor should not
come as a surprise if one keeps in mind that in the
case of the rho-meson, experiment already gives a
20 —25%; effect: g,/ f,lexp = 1.22 +0.03 [18]. Using
this estimate of % (0) together with (15) and (21) in (2)
we find at t=0

£.(0)=04+0.1, @7)

which is in line with expectations. This result should be
viewed more as a lower bound than as an absolute pre-
diction, as one would intuitively expect gg g, /g geps < 1,
in which case the corrections would be smaller and
f+(0) somewhat larger.

It should be clear that these radial excitation
corrections to the form factor will also modify the
hadronic spectral function (11), and hence could also
change in principle the prediction for yz.. However,
to the extent that the B* resonance is treated in a
narrow width approximation, we find the net effect to
be a shift in the value of x, which leads to the correct
result for M., with no appreciable change in yp..

This completes our estimate of the various para-
meters entering the expression for f, (¢), (2), and we
proceed to predict the semileptonic decay rate for
B—-rly,

~0.67—0.81, (24)

32
> ~0.55 —0.66. (25)

_GFlVil* 1

F(EO——)n+l\71) —WM_?; ps?

(28)

where the phase space integral I, (neglecting m,) is
given by

= [ A1)~ P17, O, 29)
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t, =(Mp+p,)? and f,(2) is given by (2) with F(t)
as in (22). Numerically, we obtain

(B n*1v) = (145 £0.59) x 10*3|V,,12s7%,  (30)

which may be compared with the free-quark model
inclusive rate [19]

T(b—uld)~ 14 x 1014V, 2571, (31)

Hence, the B— 7 semileptonic decay mode saturates
about 10% of the inclusive b—ulv, rate (or 20% of
the rate induced by the vector current). Nevertheless,
it should be possible to observe it experimentally since
with 0.25 = |V,,|/|V,.] 20.07, and |V;.|=0.05 [1-2]
one predicts from (30)

BR(B—nlv) ~(2—30) x 10~ (32)

In any case, we must reiterate that on account of
the various approximations made in estimating the
corrections to pure VMD, the prediction (30) is likely
alower bound. A trivial upper bound is easily obtained
by fixing f,(0)=1 and % () =1 in (2). This leads to

[(B®>n*17) <67 x 1043|V,, s~ L. (33)

The total rate (30) is larger than some quark model
estimates [3-4], but still, consistent within errors. The
difference is due to the functional form of the form
factor (2), which in fact changes qualitatively and
quantitatively the shape of the differential spectrum.
This may be appreciated from Fig. 1 where we show
dI'(t)/dt calculated with and without corrections to
VMD, i.e. with Z (1) = 1(f . (0) = 1) and £ (¢) given by
(22) (f+(0)=10.4), respectively. A measurement of the
spectrum near the end point would then be very
important to clarify this issue.

As a final point we discuss briefly the semileptonic
decay B — plv,, which proceeds via the vector and the
axial- vector current. The latter involves two hadronic

dridt (B'—= 119, )/ 1V, (10%sec'Gev?)

0 5 10 15 20 25
1 (GeVA

Fig. 1. Differential B—n semileptonic decay rate for f, (0)=1,
F() =1 (curve (2)), together with f(0)=0.4 and (1) as in (22)
{curve (b))

form factors in addition to an axial leptonic decay
constant. Since non-perturbative effects are very small
in the beauty sector, we would expect My~ M B>
and yg. ~7yzx. However, in the absence of experi-
mental inforiation on the axial-vector channel it is
difficult to estimate the form factors. One should keep
in mind the problems already encountered in the
light-quark analogue A4, pn vertex. Hence, we concen-
trate on the vector current induced part

ar
B 5 p°1y,)

GFIVbu|2 |FV(t)|
= 3847 3 t[(t_t+)(t

where the form factor Fy(t) may be written as

)12, (34)

Fy()= b 95 5 gy (35)

\/'yB* M3 —t

Assuming ggep,/gpp, ~ O(1), the correction form
factor & (t) is the same as before, and thus the only new
parameter is the strong coupling constant gg«-_,,- .
This can be estimated from the rate I'(B*~ —B™y)
through VMD. Using the theoretical value
I'(B*™ - B7y) = 1.7keV from [ 17] together with ideal
» — ¢ mixing, we obtain: gps-_ 5~ o~ 11 GeV 1. This
leads e.g. to Fp(0)~0.14GeV ™1, in line with other
estimates [3]. Integrating (34) we finally predict

r(B° % p~15)=21(B~ 5 p°17)
=(1.0+0.4)|V,,|* x 1013571, (36)

which should be about one half of the total rate in
this channel.

To summarize, we have estimated the B*(5320)
leptonic decay constant yz. using QCD sum rules for
a two-point function involving beauty vector currents,
and the strong coupling constant gg., from a current
algebra-PCAC sum rule. Both parameters enter the
VMD parametrization of the vector form factor f, (t)
in B— nl¥,. This separation and independent estimate
of the above parameters is required by the fact that
the hadronic spectral function in this channel has a
pole below the physical threshold ¢, =(Mjy+ )%
Hence, it is not feasible to determine f,(0) entirely
from QCD sum rules as in the case of e.g. K;3 and
Dy; [11]. This is unfortunate in the sense that one
needs then to estimate the corrections to VMD. These
should be large since already in the case of the pnn
vertex they are at the level of 20 — 25%,. We have used
a simple parametrization of these corrections in terms
of a second pole, corresponding to the first radial
excitation of the B*, with parameters estimated from
the QCD effective potential of [17]. The effect of these
corrections, in addition to the remormalization of
f+(0), is to flatten the differential decay rate as
illustrated in Fig. 1. This semileptonic decay mode
should be experimentally observable, and would



clearly provide an important source of information on
the value of | V},].
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