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1. Introduction

In Ref. [1], the authors argue that the present discrepancy betiednclusive ratez(B™ —
X" vp) and the sum of the different exclusive channels could be explaineddogeadecay rate to
the first radially excited’ andD’* states. Present experimental data give

BB — X)) — BB - DUITy) - BB - D¥nity)=(1.45+013)%.  (1.1)

and the expectation in Ref. [1] is tha(B — D'®)I*v)) ~ 0(1%).

Evidence for states that could be assigned to the first radial excitatios Bfthmesons have
been found by th@ABARCollaboration [2]. Their results are given in Table 1. The spin-parity of
theD (2550 meson has been established talBe= 0~ while for theD*(2600) it is not yet known.
The D*(2600 meson decays intBrr andD*rt final states, and the helicity-angle distribution of
the decay products is consistent with the meson beilfg-al~ state. Besides, its mass is close to
the D’ mass, which makes it a perfect candidate to be its spin partner. Thosesvaesaraturally

Jn Mass (MeV) Width (MeV)
D(2550° 0~ 25394+45+6.8 130+12+13
D*(2600° ?° 26087+24+25 93+6+13

Tablel: D'™ resonances as measured by BABARCollaboration [2].

explained within the quark model as beintfgand 2S; states.

In Ref. [3] we have studied, in a constituent quark model frameworlseh@leptonid decays
into theD(2550° andD*(2600° mesons assuming the latter a®s2ates. To obtain their masses
and wave functions we have used the quark model potential of Refthg provides a general
good description of the light and heavy-light meson spectrum. The resulisef masses are given
in Table 2. TheB meson mass is well reproduced but the masses obtfiemesons are larger

Mass (MeV) Masgyp. (MeV)
B 5275 527H2+0.17 [5]
D(2550°(29) 2700 253A+4.5+6.8 [2]
D*(2600°(29) 2750 26087 +2.4+25 [2]

Table2: Meson masses obtained with the quark model of Ref. [4] coetptr experiment.

by some 150 MeV. On the other hand their mass difference agrees withiregpéwithin errors.
While the masses of the'*) mesons are a little bit too large we expect their wave functions to be
reasonably good. A test of their goodness was conducted in Refy [glikdying theD’*) mesons
strong decays. In the calculation physical masses were used in ordefrttiegohase space right.
The results, shown in Table 3, are in very good agreement with data BABARCollaboration.

In our evaluation oB — D'*) semileptonic decays done in Ref. [3] we also used physical masses.
This calculation we discuss in the following.
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[ (MeV) Texqp (MeV)[2]
D(2550° 13207  130+13+13
D*(2600°  96.91 93+6+13

Table 3: Strong decay widths obtained with thBe@model in Ref.[6] as compared to data.

2. B— D'*) semileptonic decays
The hadronic matrix elements of the weak decays can be written in terms ofdoton as

<D’(p’)!Wc(O)v“r(é;;s)%(O)!B(p» — (W) (v V)E B (W) (v—V)H
D (p')|We(0)YH (1 — y5)Wp(0)|B vaB s
(D™ (Pl ()VHH’EBmDr):S) b(0)| (p)>:hv(w)gu Peiv,vg

—i[—ha, (W) (W+ 1) + ha, (W) (£ - V)VH + ha, (W) (€% - V)VH]

Now, neglecting lepton masses, one has for the semileptonic decay width

2 2
g%v(m = D'l"v) = GFLV;’T‘S"%(WZ —1)¥2r¥(1+1)%G*(w),
2 2
B o) = SRS (09 a7

4w 1-—2wrt4r*?] _,
1 .
{+W+1 (1-r%) } v

wherew = v-V is the product of four-velocities of the two mesons?) = My /Mg, and theF
andG functions are given by

GW) = h. (W)~ 7th (W),
-1
F2(w) = {(1—r*)2+w4+""1(1—2wr*+r*2)} {2(1—2wr*+r*2) [hil(WHVWV;ih%(W)]

2
00 0+ (W= 1) (i ()~ ) )|

To evaluate the form factors we followed Ref. [7].
In the limit of infinitely heavy quark masses, heavy quark symmetry (HQS)iqise[8]

h_(w) =hp,(w) =0, hy(w)=hy(w)=ha, (W) =ha,(w) =G(w) =F(w) = &(w),

with &(w) the Isgur-Wise function. Besides, at zero recoil one should have iedbal mass
limit (m, = m¢) that £(1) = 1 for decays intdd*) mesons and (1) = 0 for decays intadD'**)
mesons. These zero recoil values are determined by the overlap of theaimitifinal meson wave
functions. Deviations from the above are expected for finite and uhbgasy quark masses. The
form factors we obtained are shown in Fig. 1. As seen in the figure thatees from HQS
predictions are more important in our case for decays Dito. In Fig. 2 we show thé® and
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Figure 1: Form factor for the semileptonic decags— D™ (left) andB — D’ (right).

— G(w)
--- F(w)
0.3— . LCSR from Bernlochner et ar.
s G(1) from Ebert et al.
o F(1) from Ebert et al.

Figure 2: F andG functions for theB — D’(*) decay. We also show results at zero recoil and maximum
recoil taken from Refs. [9] and [1] respectively.

G functions forB — D’*) decays. In the same figure we show values at maximum recoil taken
from Ref. [1], where they were evaluated using light cone sum rul&Sg), and at zero recoll
taken from the relativistic calculation of Ref. [9]. We see our values @&t mxoil deviate from the
results in Ref. [9] which indicates different overlaps of the wave fumstio the two calculations.

At maximum recoil our results are also much smaller than the ones obtained .if1lReéing
LCSR, although the big uncertainties in the latter does not allow to be verjusire

In Table 4 we show our final result for the branching ratiég8 — D'**)). The uncertainties
were obtained by varying the parameters of the quark model within 10% wfadetral value.
The total branching ratio of.01+ 0.02% is too small to explain the discrepancy mentioned in the
introduction and contradicts the expectations in Ref. [1].

Small results were also obtained in the calculations of Refs. [10, 11]. i3 the authors
used heavy quark effective theory and they evaluated the IsgurfWistons in the quark model
using Gaussian wave functions. In Ref. [11] the authors used anagydarsion of the Isgur-Scora-
Grinstein-Wise quark model [12] into which they included, among other thid@sS constraints.
These works predict respectivelyd85% and QL7% for the total branching ratio. Another common
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PB (%)
This work [10] [11] [9]
BT - D%*y 0.012+0.006 Q019 0 022
BT — D"%*y, 0.097+0.015 Q046 Q17 018
Sum 011+0.02 0065 Q17 040

Table 4: Branching ratios, in %, foB — D'*) semileptonic decays.

feature of these two calculations as well as ours is#@ — D'(*)) > %(B — D). Amuch larger
value of 04% for the total branching ratio is obtained in the relativistic calculation of[g3f.
However, it is still a factor of 2-3 too small to fully explain the discrepantys Wworth noting that
in this case the branching ratios for both decays are rather similar bé{Bg— D’) the largest
of the two. Our calculation as well as the ones in Refs. [10, 11] use imppfg®xmation, in
which the light quark is just a spectator. In Ref. [9] they also included tadylexchange current
operators. It would be interesting to see how much our results would déetedf by the inclusion
of those terms.

We can summarize the present contribution by saying that, contrary totasipas in Ref. [1],
present calculations of the branching ratiosBadecay into the first radial excitation 8f*) indi-
cate that they are not enough to saturate the inclusive decay rate.
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