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Summary. — From the experimental branching ratios for the decay B — D® D%,
evaluated within the Isgur and Wise theory, one gets fp, = (246 + 47) MeV and
Jp, = (241 £ 36) MeV in good agreement with the value fp = (232 * 45 + 20 =
* 48) MeV obtained from the measured Br(Dy — u"v,).

PACS 13.25 — Hadronic decays of mesons.

1. — Introduction.

New symmetries for heavy quarks have been discovered as a consequence of
QCD. In the no-recoil limit the spin of the heavy quarks is conserved since it is
decoupled. Symmetry for heavy flavours comes out from the disappearance of their
masses in the heavy-quarks effective Lagrangian [1].

As a consequence of these symmetries, all the form factors for the weak currents
of the mesons containing one heavy quark (heavy mesons) are given in terms of the
Isgur-Wise function Z(w?) [2], as long as one neglects terms of order A qcp /Mg (Mg is
the mass of the heavy quark). The heavy-quarks effective theory (HQET) is not able
to predict the Isgur-Wise function. By assuming particular g2-behaviour for £(w?)
different authors tried to obtain *(w?) from the experimental data on semi-leptonic
and non-leptonic weak decays of B-mesons[3]. In a previous work we studied the
Cabibbo-favoured |AC| =1 decays of B-mesons into two hadrons within the
factorization approximation [4].

Here we consider the final states with two charmed particles: in this way we shall
explore Z(w?) in the range of values (—0.79, — 0.59) for w?. A crucial point is the
choice of the scale at which factorization is assumed. We shall follow the prescription
of reference[5] to assume factorization for the effective Hamiltonian with the
coefficients evaluated at a subtraction point u where « (x) = 1.

From the experimental rates for the channels studied we derive the values
of fp, and fp. which should be equal according with HQET, and compare them
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with the value of fp derived from the measured branching ratio Br(DJ —
—u'v,)[6]

In the followmg section we shall derive the predictions for the B decays into
D® D™ and in the final one we compare theory with experiment.

2. — Predictions for B decays in D® D® in Isgur and Wise theory.

The tree level weak Hamiltonian for the processes studied here is (upon
neglecting Cabibbo-suppressed terms):

. .G _ _
(1) Mo = =i 1 VieVEIE 1, (L= 1) BIEY (1 = 7o) s] + he

The corresponding effective Hamiltonian at leading-log in QCD can be obtained
using the effective theory for heavy quarks when the momenta of the virtual gluons

in the loop are smaller than m,.
The result can be written in the form [5]:

(2) A= —i 2V, Vi Z C;(@) 0;(@),
"V
where
[0y =15,7.(1 — y) 0L NEs v (1~ v esel,
3) ) 0, = [5,7,(1 - 7'5)9;,&)][65’7'“(1 -5 b1,

Oy =[5,7.(1 =y b7 es v (1 + ys)esr '],
04 = —205,(1+ ) el el v (1= 7)),

The heavy fields are underlined and an upper (—) + labels the (anti)particles; the
operators of ref.[5] have been Fierz-rearranged.

We shall assume factorization for the processes B — D® D at the scale u with
as () =1 and take the following values for the C;(u)(5]:

" Cy(z) =[—045—140.15], Cy(z) =1[0.02 + i0.007],
Co(z)=1[1.45+1i0.22],  C,(x) =[—0.06 —0.009],

for

(5) as(my) = 0.12, as(my) = 0.21, a,(m.) = 0.29,

with my, = 52 GeV and m, = 1.8 GeV.
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The matrix elements between charmed and beautiful mesons are given in terms of
the universal form factor £(w?):

((D(")|Ey,b|B®)) = VmgmpEw (g, + ),
(D*', &)|er,v5b|BO)) = i Vmgmp Ews (¢ (1 + v-0") = (e*0)v,)],
(8) < (D*(, )|y, bIB®) = Vimg mpsE(whs (§7) € g ¥ 0707,
(D*(v', &)|Tysb|B@)) = — i Vmgmp.£(whe (D) (e*v),
| (D@ || Bw)) = VimgmpE(wf (¢))(w-v' + 1),

where

) 2 _ (mp — Mpw)?
(7) w5(*)(q2)=(v—v’)2= q ( B D®) '

mg Mp»

The meson decay constants are defined by

(8) <Di(p)lgy,u),5§|0>= _’Lstp#,
(D& (p, ) s7,c|0) = mpy foy e,

and so

(9) (Ds(p)|syscl0) = —ifp mp, .

By assuming factorization and a complete cancellation between QCD corrections
of the semi-leptonic and non-leptonic Cabibbo-favoured b decays effective weak
Hamiltonian, Bortoletto and Stone[7] have been able to make the Bjorken test [8]
and to get fp_= (276 + 45 + 44) MeV independently of the values of |V}.| and of the
Isgur-Wise function. Here by keeping into account QCD corrections for % . and
assuming the factorization at the scale « we find (for the sake of simplicity we do not
write the colour, particle-antiparticle and velocity indices):

L= .G
(10) <D+Ds|.%eff(BS>=—z7;—Vbcnt-

C — _ C — _
‘[— (cz+ i )<D*|ér,umBé’><D;|swmlm—(c4+ ;Vi)w*|2@|BS><D;|8-,/59|0>],

g

(11) <D*+D57"Wéff|é(?>:
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\/’

¢
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(12) (D* D& |Huy|BS) =

-G vve (e ) 07 bt o).

V2

c

(13) (D** D¥™ || BS) =

- Gy v [(c " —C—l)w** 1. (1— y5)b|BY(DE" !s?yf‘glm].

V2 N.

We assume the total screening of the factorizable part of the amplitudes proportional
to 1/N, due to the non-factorizable one, which seems to work well in B decays into
two mesons with |C| = 1[4] and in Cabibbo-allowed non-leptonic charm decays [9].

3. — Comparison between theory and experiment for B decays in D® D).

Once equations (4), (6) and (8), (9) are inserted into (10)-(13), the amplitudes
depend on the product of the Cabibbo-Kobayashi-Maskawa matrix elements V. and
V& on the values of Z(w?) in four points in the range (— 0.79, — 0.59) for w? and on Jo,
and fp:. We take | V.| = 0.975, |Vy.| and &(w?) are found by a fit to the semi-leptonic
Cabibbo-favoured decays B} — D**’e~ 3, in correspondence of the values found with
different parametrizations for the Isgur-Wise function and the results are described
in table 1[10,11].

The experimental rates for charged and neutral B decays have been measured by
ARGUS and CLEO Collaborations[12]. The Al =0 property of the weak
Hamiltonian defined in eq. (1) implies equal rates for the charged and neutral B

TABLE L. — The values of |Vi.| and £(w?) relevant to this paper are reported for various
parametrizations. In the last column we put the resulting mean values relevant to this paper:

wh (mp) = —0.79, wi- (mf5) = — 0.64, wi(mfs) = — 0.78 and wd« (mp.) = — 0.59.
1+ bw* (1 —w? fwd)™! exp [ fw?] 1+ (£2/2)w? Mean values
(1 + cw?)
b=128"01  w,=0.790% 5=090*022 =106=009 :(—0.79) =050+0.05
c=055"00 I(—0.64) = 0.58 £ 0.05

E(—0.73) = 0.563 £ 0.05
(- 0.59) = 0.61 £ 0.04

[Vie | 0.049 = 0.007 0.048 * 0.008 0.043 = 0.005 0.039 = 0.004 0.043 + 0.003

% 4.33 5.30 5.65 6.75 —
(x*/Ndf)  (0.62) (0.66) (0.71) (0.84) —
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TABLE I1. — The experimental values of I'(B — (D% D®) are found, by assuming equal values for
the rates of the neutral and charged B according to the Al = 0 property of the weak Hamiltonian
defined in eq. (1). In the last column are the predicted values for fy, and fp..

Channels Experimental rates Jp, (MeV)
-10*12 MeV
B0 *DJ 2+ 1.
(B ~D" D, ) 4 8] 52+16 232 + 45
(B~ - D°D;) 95+38 |
241 + 36
RO * + - -+
IB"=D*" D, ) 60821 o\ o0 257 + 62 J
(B~ - D*D;) 62+43 |
Channels Experimental rates Jps (MeV)
10712 MeV
I(B°>D* Df™) 11.1+79 |
i 88 +55 341 + 114
(B~ -»D'D:") 6.7+76 [ 1
246 + 47
I(B— D** D#") 102 6.0 | J
| 11.8 + 4.8 227 + 51
(B~ —»D*"Di") 148+81 | 8

decays considered here and therefore we shall take the mean value of the
experimental results for the two cases.

From these values we are able to derive, within the theoretical approach
described in the previous section, the values (see also table II)

o, = (241 = 36) MeV,  fp. = (246 = 47) MeV,
in good agreement with the HQET prediction fp = fp, and the value

fo, = (232 + 45 = 20 * 48) MeV,
deduced from the branching ratio measured by the WA75 Collaboration [6] |
Br(DS —»u'v,) = (40515708 = 1.8)-10 2.

By assuming SU(3), 4 symmetry, one has f;, = f;, which implies for the Cabibbo
first-forbidden decays (| Vg | = 0.221)

Br(D' —»u'v,)=(52%+15)-10 *,

consistent with the experimental upper limit Br(D" — u' v,) < 7.2-1074[10].
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