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Abstract

V.V.Kiselev. Scaling law for the T(4S) — BB and (3770) -» DD decay constatnts from
effective sum rules: IIHEP Preprint 94-3. — Protvino, 1994. — p.12, refs.: 11.

The sum rules for exclusive production of heavy meson pairs in ete™ annihilation are used
to evaluate the YT(4S) — BB and $(3770) — DD decay widths. Infinitely heavy quark limit
is discussed, and the scaling law for the quarkonium-meson coupling constant is derived. The
BB pair contribution into the leptonic constant fr(s) is estimated.
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[Ipapuna cyMM 1is 3KCKIO3HBHOTO o6pa3oBalng Nap TAKedbix MesonoB B ete™ amnurn-
JLMH HCHOINBL3YIOTCA JUIA OLcHKN unpun pacnanos T(45) — BB u ¢(3770) — DD. O6ey-
JEaeTcs mpenen 6eCKoHeUNo TAKENoro KBapKa, H, TAKMM 06pa3oM, BIBOAMTCS MaciITabusli
34KOH JITIA KOHCTAHT CHA3M KBapKouns ¢ Mesonamn. Onuennsaetcs penutnna pkiana nap BB »
JCTITOHEYIO KOUCTAHTY fy(4s).
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Introduction

Some T-states, being heavier than a kinematical threshold of the decay into
BB pairs, have total widths, 103 times larger than hadronic widths of under-
threshold states [1]. The fact agrees absolutely with the Okubo-Zweig-lizuka
rule. However, as for approaches of numerical estimates for the decay widths
such as T(Y(4S) — BB), one finds an essential problem, caused by the non-
perturbative character of the calculations, because the strong interaction in the
sector of light quarks, coupling with the heavy b-quark into the B meson, can
not be described by the perturbative theory of QCD. At present, the width for
the decay 1(3770) — DD has only be estimated in the framework of the phe-
nomenological nonrelativistic model [2] by calculating the meson wave function
overlapping. We use another effective way to calculate nonperturbative quati-
ties, sum rules are applied [3].

So, we preliminarily calculate the total cross sections for the exclusive pro-
duction of the heavy meson pairs in ete™ annihilation using of a simple con-
stituent quark model, which contains a bit of well defined parameters [4]. The
application of the sum rules allows one to determine the contribution of the
BB pairs into the leptonic decay constant of Y(45). The contribution is gen-
erally determined by the choice of the light quark constituent mass in the B
meson. The dispersion relation allows one to calculate the coupling constant
of T(4S) with B mesons. The constant depends slightly on the choice of the
mode} perameters, such as the constituent mass of light quark, a threshold of
a nonresonant contribution into the hadronic spectral density.

We study the infinitely heavy quark limit (ms, — o0), so that for the
coupling constant g of the heavy vector quarkonium (QQ) with the meson



(QJ), the scaling law is found

g
M
independently of the heavy quark flavour. This !aw is considered to be rather
reliable for the T(4S) — BB and $(3770) — DD decays.
The model allows one also to consider a possible value of the miight /Mheavy
corrections from a phenomenologicai point of view.

= const

1. Exclusive Production of Heavy Meson Pair in e*e”

Annihilation

In the framework of the consituent quark model [4] the exclusive Produc—
tion of the heavy meson pair is determined by the values of the leptonic decay
constant f of the meson, the constituent quark masses mq,q and QCD cou-
pling constant a5(4mg). One can easily show, if mg and m, are Fhe masses
of the heavy and light quarks, respectively, then for the cross sections of the
pseudoscalar P and vector V mesons one has the following expressions
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One can see that in the limit of mugne/Mheary € 1 the values’of the cross
sections depend strongly on the choice of the constituent light quark mass m,.

Note, that near the threshold the cross section ratios for the pseudoscalar
and vector mesons are

o(PP):a(PV): o(VV)=1:4:7, (2)
where one takes into account o¢(PV) = o(BB*) + o(BB*) = 20(BB").
Eq.(2) agrees with EHQT (5], and it has been obtained in papers of Refs.[2,
6,7).
2. BB Contribution into Leptonic Constant fyss)

With the reqired accuracy in QCD sum rules {3] one found the following
expressions

.M 1 pse 37nH(VQCD)pm(s) (QCD)monpert, 2
Jvayn 2 Smily” ds + 10 » 3
,ZIM%—q? 7 Ja: s—F s+ 1y (@), (3)

where fy is a leptonic constant of the vector state V(QQ) with the mass My,

ifMyee™ = <OV >, (4)
M Q(z)1:Q(z) ,

and SmITPP (5) is calculated by means of the QCD perturbation theory,
so that

I
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and
C DYnonper| i
PP (g2) = 3 Cilg?) 0" (6)

where O are vacuum expectation values of composit operators like < myy >
and < a,/m G2, > and so on. The Wilson coefficients Ci(q?) are calculated
in the perturbative QCD framework. s; is the kinematical threshold of the
QCD perturbative contribution, sy is the threshold energy squared for the
nonresonant hadronic contribution, kept equal to the perturbative one at s >
sip. The summation over the vector resonances in Eq.(3) is performed for the
states with the masses My, > s;. ‘



1t is quite evident that the saturation of the two-point quark current corre-
lator <.0|TJ,(x)J,(0)|0 > by two-point meson current correlator < 0|T"J28(z)
JfB (0)]0 > leads to the extraction of the BB pair contribution to the fy(s)
value for the kinematicaly admissible lightest state T(4S).

One can easily find that

SmIB(¢?) = —F—— Gpre-—ip(d) - 7
mily (q ) (47raemeb)2 Oete —»bB(q ) . ( )
Determining the B meson velocity by the expression

2
v= 1_@;@, (8)

one derives the sum rule for the BB pair contribution into frus)

f%(‘iS)(BB)M%(‘iS) _ _1_ /””' dv? ( Mg )2 Ue"e‘—»BB(v) (9)
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where the hadronic part of the sum rule is presented as the two contributions,
the first one is the contribution of the T(4S ) state, lying above the BB produc-
tion threshold, and the second contribution is nopresonant one, which coincides
with the calculated cross section of the BB production at s > S¢h.

At ¢? = 0 for the n-th derivative of Eq.{9) one gets

1 ]Vlh d’U2 ( M%
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TQemCh
where in accordance with Eq.(8) v is determined by the threshold value of the
total energy

Jom=2Mp+6. (11)

One has supposed My(s) =~ 2M3.

Some experience in working with the QCD sum rules makes us believe that
s is determined by the energy, at which the production of both new states
and manyparticle systems becomes significant. In the case of interest, this
energy is defined by the threshold of the B B* and B*B* production. The B*B*
production cross section increases geatly, beginning from the threshold, so that
o(B*B*)/a(BB) ~ 7, and the BB* production cross section becomes equal
o o(BB) at the same energy of B*B* threshold. A new channel opens when
additional m mesons are produced.

So, one takes 6 in Eq.(11) as
6~ 2(Mp. — M) ~ 100 MeV . (12)

Eq.(10) defines the BB pair contribution into the leptonic constant of T(45).
From definition (4) it follows that

: roy 4T 5 o Flus
[(Y(4S) — efe™) = — oy + , (13)
3 Mys)

so that one has experimentally [1]
fT(4S) ~ 320 MeV . (14)

Taking into account the contributions from the charged and neutral B mesons,
one gets the following expression
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for the ratio _

. frus)(BB)
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From Eq.(1) for the a(ete™ — BB) cross section one can see that the r value

depends strongly on the choice of the constituent light quark mass, so that o

is proportional to 1/m?.

3. Coupling Constant of T(45) with B Mesons

Let’s consider f-rus)(BB) as a value of a complex function at the physical
point with the condition Ref > Sm f near the threshold g% ~ 4M}, where the
imaginary part of the function tends to zero.

Then, the imaginary part of the transversal correlator, shown on Fig.1, is
related with Imf as the following

T 1 B
Snll* (¢%) = --My@s) 3 Im frus(B8B), (16)

so that at ¢% = 4M3/(1 — v?) one has
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. Figure 1. The contribution by the B meson pair into the leptonic decay constaat.

where one has used the formula for the photon-meson vertex, derived in the
framework of the exclusive cross section calculations

Lyps =e¢- o F(g*) Au- k", (18)
with
oras(4m?) fimy (Mp\3 9 s
gy _ 2Mas\&My) T (TEBNT (1 —o?)(1 —v* = —), 19
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and the T BB vertex has been written down as
Lyps = 9xBB fuk“ ’ (20)

where ¢ is the polarization vector of T(4S), k = (pB — PB) /2. .
One can easily find that the consistent consideration of the vector dominance
means that near the threshold

(@ = Mug) SmIER(¢?) = 2 fras(BB)Mras SmI" (@), (1)
and the sum rules for (¢ — M%(4S))H€B (¢%) may be rewritten as
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so that at physical point s = 4M} one has Eq.(16). ‘ '
Using the dispersion relation sucg as Eqgs.(9)-(10), one can easily wriie down
at ¢ =AM}

= 1 Uth d’U2 —
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Taking into account the condition |El = v4/3/2, one obtains
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Note, the left hand side of Eq.(24) is found from analogous sum rules (9)-(10)
and the Ref value is proportional to 1 / mg, so that the constant gypp does not
crutially depend on the value of the constituent light quark mass.

In accordance with Eq.(20), gypp is related with the Y(4S) — B*B~ decay
width through the expression

1 k?
(4S) ~ BYB7) = gy dhaafa (25)
45)

Thus, one can calcuiate the Y(4S5) — BB~ decay width using the sum rules.
Those calculations may be easily performed explicitly in the limit of infinitely
‘heavy quark and at v < 1.

4. Infinitely Heavy Quark Limit

In the limit mg/mp € 1, mp = Mp, one can easily find

7|'3 3
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Then sum rule (10) may be rewritten as
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At v < 1 one gets, that the BB pair contribution into fy(s) kas the form

as(4m3)f§Mz2;( o )1/2_

frus)(B¥BT) = m3 10. 35 (28)
Furthermore, from sum rule (24).it follows that
4m?) fAM3
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From Eqgs.(28)-(29) one finds

] 3
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Thus, one can see that in the infinitely heavy quark limit the sum rules for
the exclusive production of the BB pairs in the Y(45) resonance lead to the




expression for gypp, that depends weakly on the threshold of the nonresonant
contribution, and the coupling constant is independent of the parameters such
as the constituent light quark mass. One finds conditions such as the conditions
in the effective heavy quark theory [5], where, for example, the consideration
for the form factors of semileptonic decays B — D®ewv leads to the statement,
that the form factor normalization £(¢? = ¢2,,,) = 1 is determined by purely
kiematical relations and does not depend on nonperturbative parameters, such
as my.

5. Numerical Estimates

In accordance with the experimental data [1], Eq.(25) allows one to deter-

mine the empirical values of gypp and gypp for the T(4S) and (3770) states,
respectively.

5.1. .Analysis for T(4S)

First of all, note that the calculations of the initial five moments of the
spectral function in Eq.(10) show that fr(s)(BB) depends weakly on the mo-
mentum number n, so that Af/f = 5%, i.e. the sum rules give the stable value
of fr(as)(BB) under the variation of the scheme parameter (n). There is a more
essential dependence on the fp and mg choices.

In accordance with the QCD sum rules and mass spectrum of the mesons
with b-quarks, one has supposed [3,8]

fs = 100 MeV ,
my = 330 MeV
my = 4.95 GeV | (31)
§ = 100+ 140 MeV ,
Agep = 200 MeV .

As for the my /my correction to the exclusive cross section for the production of
BB pairs, it reduces both the value of frs)(BB) by 15% and gyps by 10%,
approximately ! Thus, one can state that the infinitely heavy quark limit is
valid for the Y(45) state with the accuracy of about 15%.

!Note, the value of the first order 1/mq correction to the exclusive production of the heavy meson
pairs is intentionally overestimated, since in accordance with the results of Refs.[9] the first order
correction over 1/mg must vanish at the threshold, so that the kinematical correction, following from
Eq.(1), must be compensated by the variation of the leptonic constants due to the 1/mg correction,
for instance, A fp/ fp = 10%. So, at v, close to zero, the corrections to the obtained results are really
much less than the presented estimates, and the results are rather reliable.

Numerically one has

guPs = 5143, ,
fer = 5348, (32)
frus)(BB) _ (0.12 + 0.26)%
frus) T '

Note, that the main result, concerning the g value, very slightly depends
only on the threshold energy choice (§), that is reliably fixed by the physical
teason, which is the production of some particles different from the BB pair,
so that the lightest final states are BB*, B*B, B*B*.

5.2. Analysis for 1(3770)

For the #(3770) — DD decay, the approach accuracy falls significantly.

First, one observes a strong dependence on the number of the spectral func-
tion mements. For the initial five moments one has Af/f ~ 30%.

Second, the difference between the m,/my corrected and uncorrected values
of fy(3770)(DD) or gypp is of the order of 50% (see the footnote to the previous
section). .

The variation of the nonresonant contribution threshold is found to be
inessential.

In accordance with the QCD sum rules and mass spectrum of the mescns
with c-quarks, one has supposed [3,8]

fD = 170 MeV,

330 MeV ,

1.54 GeV (33)
§ = 200280 MeV ,

AQCD = 200 MeV .

my

me

Then

ez,

gl = 30415, (34)
DD
fugro(DD) g5 . g5y% .
fu@3110)

Note, in the limit mg/my. — 0, Eq.(30) gives the g values, close to the
empirical, both for the T and ¢ particles.



Discussion and Conclusion

In the present paper we have applied the sum rule approach to analyze some
nonperturbative values such as the BB pair contribution into the leptonic decay
constant of T(4S) and the ~oupling constant of Y(45) with the B mesons.

The consideraton of the infinitely heavy quark limit allows one to derive
a simple explicit expression for gyps independent of the norperturbetive pa-
rameters such as the constituent light quark mass, so that the gypp value is
determined by the threshold of the nonresonant contribution

3
107.)”, '

Moreover, taking into account that in the EHQT framework the ass difference
for the vector and pseudoscalar states satisfies the relation

AM - M = const (35)

independently of the heavy quark flavour, and

AM
Vg 27 ) (36)

vy - M = const | (37)

gypp =~ 12«7

one gets

and
2

%4- = const (38)
independently of the heavy quark flavour.

The numerical estimates made in accordance with law (38), are close to the
experimental ratio of the g values for T(45) and ¥(3770).

Thus, in the leading order of EHQT the sum rules allow one to state scaling
law (38) for the coupling constants of heavy quarkonia with heavy mesons,
including the single heavy quark? This law is found to be powerful for the T(45)
and 9(3770) states. However, it has been shown that the approach accuracy
is not high, when the sum rules are applied to the c-quark systems. For the
b-quarks, the accuracy is rather high and may be considered as admissible.

It has been also shown that the meson pair contribution into the leptonic
decay constants are of the order of 0.2%.

This ork is partially supported by the International Science Foundation
(Soros’ program).

?Note, tha the infinitely heavy quark limit was applied to derive the scaling law for the leptonic
decay constants of heavy quarkonia (¢, ¥, T, B.) in the framework of the QCD sum rules [10].
Naive scaling assumptions for the ieavy quarkonium were discussed in Refs. [11].
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