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Abstract

Kiselev V.V. Decay of B**(3S) — B*D°: IHEP Preprint 96-63. — Protvino, 1996. — p. 6,
tables 1, refs.: 11.

The decay constant for the vector state of 3S-level in the heavy (bc)-quarkonium is evalu-
ated in the framework of sum rules for the mesonic currents. A scaling relation for the con-
stants of vector quarkonia with different quark contents is derived. The numerical estime gives
['(B:*(3S) — BT™D°) =90 + 35 MeV.

AuHOTaIMsa

Kucenes B.B. Pacnan B;*(3S) — Bt DO: Ilpenpuar UPBD 96-63. — IIporsuno, 1996. — 6 c.,
1 Tabma., 6ubmmorp.: 11.

KoncranTa pacnana BeKTOPHOTO 3.S5-ypPOBHsI TsAXKeJIOr0 KBapKOHUs (bc) paccunTana B IpaBu-
JIaX CyYMM [JIS ME30HHBIX TOKOB. [losiyueHo macurTabHOE COOTHOIIIEHWE IJIsi KOHCTAHT BEKTOD-

HBIX KBADKOHUEB C PA3JIMYHBIM KBAPKOBBIM COCTaBoM. JuciienHas onenka maet (BT (3S5) —
B*D%) = 90 + 35 MsB.
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Introduction

The experimental search for the B meson in the facilities with the vertex detectors
(OPAL [1], ALEPH [2], DELPHI[3] and CDF [4]) stimulated the theoretical studies on the
spectroscopy of the heavy (bc)-quarkonium [5], mechanisms of its production in different
interactions [6] and on estimates of different decay widths for the both basic state [7] and
excited levels [5,8]. The feature of the (bc)-system is the absense of the annihilation decay
modes caused by the strong or electromagnetic interactions. So, the basic pseudoscalar
B state decays due to the weak interaction, and it is the long-lived particle, 7(BJ) =
0.55 4 0.15 ps [7,9]. The excited (bc)-quarkonium levels lying below the threshold of the
decay to the heavy meson BD pair, radiatively transform into the (bc)-states with the
smaller masses. The B*(3S5) state is above the BD thershold, so its decay is analogous
to T(4S) — BTB~. The constant of the latter decay was considered in ref.[10] in the
framework of the sum rules for the mesonic currents.

In this work we consider the g constant for the decay of the vector quarkonium,
generally containing the quarks of different flavors, say, (bc) for the definite notations. This
heavy quarkonium with the mass M, satisfying the condition mg+mp < M < mp«+mp-,
decays to the heavy meson pair BT D°. We derive the scaling relation

9_2 <4MBD

i i > = const. ,

where ugp = mpmp/(mp + mp) is the reduced mass of the heavy meson pair. The
constant value in the right hand side of the relation is the same for the decays of Y (45) —
B*B~, B:*(35) — BTD" and ¢(3770) — D*D~, where pupg = Mvyus)/4, pop =
My 3770)/4-

In Section 1 we consider the sum rules for the mesonic currents. In Section 2 the
scaling relation is derived and numerical estimates are performed. In the Conclusion the
obtained results are summarized.



1. Sum rules

Let us consider the vector current of mesons
7
§[B+(f€) -9,D°(x) — 9,B*(x) - D°(x)]
and define the contribution of this current into the leptonic fzp constant of the vector

(bc)-quarkonium lying above the BD-threshold

1P (@) =

ifapMe® ¢ = (017152 (2)[ Vg, A) (1)

where A is the polarization of the V(3 state, eL’\) is its vector of polarization, p is the V(3
momentum, p* = M?2.

Further, introduce the F form factor for the transversal interaction of the BD pair
with the vector A, current due to the vertex

La=F(q") Au- K", (2)

where ¢ = pp + pp, pp.p are the momenta of the meson lines directed out the vertex, and
pe=qs+k, pp =qp —k, qgg.p -k = 0. Thus, one has

v

»  4"q .
(97 = £ ) OUIPP ) B (o) Do) = i F(a*) b
Consider the transversal part of the current correlator,
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One can isolate the contribution of the resonance lying above the kinematical threshold
of the BD pair, so that

2 M? © (s
It q2 _ [BD
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50(8)

where p(s) is the density of the nonresonant contribution. On the other hand, the form
factor in (2) determines the value

1 kP
tr 2\ 2/ 2
%mnff(Q)—gg\/q—g}—(Q)’ (3)
where k|2 = —k% = (¢ + m% — m%)?/(4¢®) — m%. Write down the sum rules for the
mesonic currents
tr 2 1 > ds Cx tr
" (¢?) = ;/8_ T OMITER(s)

where s; = (mp +mp)?. One can consider the following model for the continuum density

in the form .
p(s) = ;%mﬂgﬁf(s) 0(s — su) -



Then the sum rules are given by the following expression

fao,M? 1 s ds .
]\JBQDi_qQ = ;/Si S_iqggmng-—f(s) : (4)
The value of the continuum threshold is determined by the energy of new channels in the
particle production by the J, current. As was shown in [10] for the Y(4S) — BB~ and
¥ (3770) — DT D~ decays, this value is given by the threshold of production of the vector
B**B*~ and D**D*~ states, so that we suppose

Sth = (mB* + mD*)Q

Define 4
vi(s) =1— MBMD

s—(mp—mp)?
Then one has v < 1.

Further, the consideration of the F form factor in a model for the BY B~ and D™D~
currents [10] resulted in the fact that relation (4) and its initial four derivatives over ¢*
at ¢ = 0 give the stable value of f with the accuiracy of 5% to 25%, correspondingly.
Allowing for the mentioned region of applicability (the number of the spectral density
moment is less than 5), one can transform the integration in (4) to the variable of v?(s)
and suppose ¢> = 0 and F(s) ~ F(s;) = F. Then at v3 < 1 and |k| ~ 2uppv, one has

1 f[oen 4,uBD 1 2 M2
2 2 3
fop = — dv” - — .
7r/0 vy ( M > 64m 3

FM 4/,LBD 2 'Utsh
= — - . 5
fop 47T<M>\/30 )
Introduce the transversal vertex of the Vi, state decay to the B*D° pair
Ly=y9g efj\) kM (6)

Vertex (6) results in the imaginary part of the fgp constant, so that Smfpp(q?) — 0 at
q*> — s;, and, hence, Smfpp < Nefsp. Using the vector dominance, one can easily get
the relation between Sm fzp and the transversal correlator determined by the eL’\) current
of decay and the mesonic current of J, [10]

So

%mHtFT:g(QQ) = —? %meD )

where Jmllf, coincides the expression in (3) with the substitution F* 2 — Fg. Then the
dispersion relation for the fgp function at ¢*> = s; = (mp + mp)? gives

1 Fg 4,uBD 3
Jop = {63 ?( M > Moy, (7)

Comparing (5) with (7), one finds

M 3
= 127 . 8
g <4MBD> V' 100y, (8)




2. Scaling relation and numerical estimates

As has been mentioned, the vy, value is determined by the threshold of production of
the vector excitations for the heavy mesons, B** and D*°, so

'Ufh ~ (Amp + Amp) ,

2,MBD
where Ampg = mp —mp, Amp = mp- —mp. In the Heavy Quark Effective Theory (see
review in [11]), one has

mpAmp = mpAmp = const. ,

independently of the heavy quark flavor with the accuracy up to corrections over
Agcep/mp, p. Hence, one gets
Ugp - bp = const. (9)

Using (9) and (8), one can easily obtain the scaling relation for the decay constant of the
heavy vector quarkonium with the mass mp +mp < M < mp« + mp-

ﬁ R10:)))
M ( M
Relation (10) is in a good agreement with the experimenal data on the ratio of constants
for the decays of Y(4S) — BTB~ and ¢(3770) — D' D™, where one has the accuracy
of Ag ~ 3 (see table I). Note, that the estimate due to (8) giving gyps = 57 agrees the
experimental value taken as the input parameter for the scaling relation. The latter fact
points out the self-consistency of the method resulting in (10). As for the accuracy of the
scaling relation, it is determined by the uncertainty in the sum rules, where eq.(8) has
been derived. Remember, that the stability of the f constant calculation over the initial 5
moments of the spectral density changes from 5% for Y (4S5) to 25% for ¢(3770) with the
decrease of the vector state mass. This must be included in the systematic uncertainty of
the method used. We evaluate Ag/g ~ 15 — 20% for B*"(3S), so that

gBCBD:49:|:8.

> = const. (10)

The decay width is determined by the expression

1, [k
D(BI7(39) = BTD) = .~ g° —|M|2 ~ 90 +35 MeV. (11)
/]

We assume that the channel of decay to B*D can be neglected, since it is suppressed by
the third power of the momentum of the decay final states due to the greater mass of B*
in comparison with the B mass. Then taking into account the channel B°D™, the total
width of BX7(3S) is equal to I'yos = 180470 MeV. We have supposed M (B?*(35)) = 7.250
GeV [5] in the numerical estimate of (11). Note, that the width strongly depends on the
difference of masses, AM = M — (mp + mp) determining |k|. At the used value of the
quarkonium mass, one has AM ~ 110 MeV, which differs from AM ~ 30 MeV for the
decays of T(4S) — BTB~ and ¥(3770) — D*D~. The larger phase space results in the
fact that the total B**(3S) width is one order of magnitude greater than the total widths
of Y(4S) and ¢(3770) having I';,; ~ 24 MeV.



Table 1. The predictions of scaling relation in comparison with the current experimental data

value exp. | scaling rel.
91 (48)»B+TB~ 52 input
9y(3770)sD+D- | 31 31
9B:+(38)B+D0 | 49
Conclusion

In this paper we have considered the sum rules for the mesonic currents. These sum
rules allow one to determine the coupling constant of the heavy vector (bc)-quarkonium
decaying to the heavy meson pair,

M 3
g= ( > 127 ,
4ppp 10vy,

where mp + mp < M < mp~ + mp~. The value of vy, determining the threshold of the
nonresonant contribution into the transversal correlator of currents, is given by the mass
splitting between the vector and pseudoscalar states of heavy mesons, and it possesses
the definite scaling property, so that one has derived the relation

g° <4MBD

Vi i > = const. ,

which is in a good agreement with the experimental data on the constants of decays of
Y(4S) — BTB~ and ¢(3770) — D" D~. The numerical estimate of the B*"(3S) —
BTD® decay width strongly depends on the mass difference AM = M — (mp + mp)
determining the phase space, so that at M(B:*(3S)) = 7.250 GeV one has found T =
90 £ 35 MeV.
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