


1. GENERAL REMARKS

Quark pair creation as part of the internal dynamics of me-
son decay amplitudes rigorously must be treated relativisti-
_cally including a relativistic quark model’t’. But in the case
of heavy quarks it should be reasonable, to use nonrelativistic
approximations correcting radiative transition amplitudes bet-
ween meson bound states by pair creation terms. Such a procé-
dure also is justified by the necessary phenomenological treat-
ment of the soft gluon which induces the pair creation.

Working in configuration space we clarify the limits of-ap
approximate, local description sandwiching the pair creation
part of the diagram (Fig.1b) between nonrelativistic quark mo-
del wave functions (see ref. /2/) which allow a cut off in the
quark momentum distribution and thus restrict the ptropagation
velocity of the antiquark to a nonrelativistic region if its
{static) mass is sufficiént high. Retaining only the time-de-
‘pendence of the antiquark propagator, we gain an approximate
local description and the correction can be evaluated using
time-dependent perturbation theory. The resulting expression
contains the two wave functions, the soft gluon potential and
a factor coming from the antiquark propagator which modulates
the integrand of the overlap integral. At this point we go
beyond the more qualitative 1nvest1gatlon of ref.

As example we study the spin flip decay ¢(3685)+ yx(3415)
between two oscillator ground states with meson radius around
R = 0.5 fm. The obtained pair creation corréction is relati-
vely small (127%), but the general expression shows that it can
vary essentially in s;mllar decays because of its sensitive
dependence on quark masses and .photon energies.

In sections 2 and 3 we study the analytic expressions of
the no-pair and the pair creation part of the overlap integ-
ral, respectively. We discuss the limits of the quasilocal
approximation and rewrite it in a suitable form for numerical
evaluation. Discussion of the result follows in section 4.

-

2. EVALUATION OF THE NO-PAIR TERM

Using the rest system of the initial meson, here and in
the following section we only deal with the internal dynamics
contained in the overlap integrals. Some kinematical questions
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will be discussed 1n section 4. The no-pair term as a functlon
of photon momentunm g. may be written as

> - 3 -+ lqr - —> -+
F@) = £ 0% pr (e 9,0 = [a kg @) gy(K - 1) ()
with obvious notation {see Fig.l}a). Using oscillator ground.
states for the initial and final meson, we have

5 - 2 -3/4 2
¥ () = Yo (r) = (nR) exp(-r /2R2), R, =R,=R =05fm (2)

and evaluation of {1) gives immediately

hd 1 2-2
F(gq) = ex - —R qQ. ), 7
@) = exp (- i) |

where, F(q) ‘F(0)=1 at photon energies in the region
.0 <IQN < 300 MeV. For comparison with the pair creation con-
tribution it will be sufficient to use F(q) =

3. EVALUATION OF THE PATIR CREATION TERM

Quark pair creation in lowest order of perturbation theory
is described by the time-ordered diagram of Fig.lb where the
time-ordering of the antiquark propagator prevents inclusibn
of the soft gluon into the final bound state.

(a) ,.(b)

Fig.1. No-pair diagram (a) and lowest order pair
ereation correciion (b) to radidtive meson decay.

The potential part V sandwiched between the wave functions
now coptains, in addition to the radlatlon operator, the anti-
quark and the soft gluon. Depending’on three space-time points

» ¥y and % it appears as nonlocal potential and thus leads
to a double-loop expression for diagram (b). Dencting it by
AFGQ we obtain in time-dependent perturbation theory

2 : , /

= iw t - > o > .,
AF@) = fdte™ "W (1), W @) =/d Hdr ¢;01)V(%,r1—r2J)¢2@Q§4)
where ?1 = ;--Z-, Fg =x-y, r—’1 —?2=f§ Z and 't=yO%-z°<0according
to Fig.lb. The substitution
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Py = r1 + r2, Py = r1 —Ar2 (5)

transforms (4) into

. TP+
12O =580 80,0t (G 4BV (G =8V Gme "
xm/rz(z (P1 Py)) - . v (6)

where Veg is a phenomenological soft gluon potentlal which w111
be discussed below, and

5O, 0= Gy, == -iyy,  +mDp G, ) )
2 0 gt p 2

2
describes the anthuark propagator (notat{on of Bogolubov,
Shlrkov/S/). After the substitution (5) § depends only on
one of the variables of integration which is needed for split-
ting (4) into two terms one of which can be approximated by
a local description. This term covers regions of integration
satisfying

> > 2 2 2 2 )
=z << <<t £8
y Py <SP Py (8)

(note that time—ordering already requires the weaker condltlon
py<t ) and after introduction of polar coordinates it reads
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X'Vex(pl) [ dte S (0, t) +
P1 .
where the dots 1nd1cate the nonlocal rest of (4) The structﬁre
(9) corresponds to the first integral of the decomposition

! oo :
o . 0 2 .
= R 1 FO
f dpz.... { dp2p2+f dp2... (0<a <1) ()
0 0 P,

in which the weak dependence of the integrand on p, (see for-
mula (6)) may be neglected.

*From now we work witht> 0, i.e., t>—t in (7), Note that

D() is symmetrlc in t. )
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Up to now this splitting is formal.-From phv31cal point £
of view it becomes interesting only in such cases where the
. quae}local term (9) represents a reasonable approx1mat10n of
AF @) Investigation of this point needs physical interpreta-
tion of the dimensionless parameter a. Looking at the light-
cone picture of Fig.2, we motice that the parameter & deter-
mines the angle of the narrow cone which limits the propaga-
tion veloc1ty of the antiquark in agreement with \8) and 79).
Such a limit corresponds to a cut—off in the 1nternal relative
momentum distribution governed by the bound state wave func-
tions. In the oscillatot model these are Gaussian distributions
and 'therefore admit a reasongble cut-off. For R= 0.5 fm they
give an expectat1on value <|k|>=800 MeV, so that a cut-off !
near 1500 MeV forlkl —q[should be suff1c1ent Relating the }
parameter a2 to the maximum of [k —q|one obtains

max\k1 - 51 4

M-

= = e———————— = =3

max ; >
IBmax \/1 + o

(11) y

q Vv1-

Fig.2. Illustration of

the parameter a as maxi-
mal propagation velocity !
of the antiquark in the” 1
quasiloeal term. %

It can be seén from
Fig.3, how B, ,,~a depends :

of the antiquark and on
-its static mass m=. It ;
shows that the quasilocal fﬁk
approximation fails if %
M- =m, 4 and that it ¢
works for m-3x m,. In ﬁ
the case of the gharmed ba
quark m- =mg which we b
study below, a rough eva- %
tuation with a = 0.5 '
should be possible.

For further evaluation of {9) the time integral must be cal-
culated. Its light-cone singularity when Py Obrlngs no prob-
1em because of the high power of p1 in the integrand. Using

S(+) 0,t)= (iyo 51:-; +m) D(+) o, t) (7a)
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a  Fig. Jra = Bray as function of
maxjk -d] with m--as purve
' parameter (i’ a= .3 GeV, m, =
ud = 1.5 GeV, m ' = 5.8 GeV).
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we obtain by partial integration (x = mt) *
et ()
[ dte S (0, t)——y D (0 P, )Sm(mp )+ ly D (0 Py Jeos (w p,l)+
P
1
m-—y o i@/m (+) 12)
b2 ae @™ p Ty )
m mp,

Yo as rest of the Dirac structure in our approach acts on
a Pauli spinor of the nonrelativistic final meson state and
can be replaced by unlty. The final -expression for (12) 'may be
written as .

o« iwt_(+) ] ‘ .
[ dre 'sT(0,) = ¢ (mp ) + i, (mp ), a3 -
pl
where m=m_ from now. With mp1==xone obtains
q
21.
¢, (X)———~[COS(—“’-X)N ®) - Sm(-— ¥)J, 671 +
8ax
® {13a)
1 - @ _d_'.}. cos (-2 in (.G \
+ ( ){K Loos (22 «)T, (x) + sin(2:4)N | (x)]
2 .
®) = - {gj ot > .
¢, )= i [sm(-{?}lx)N (8 + cos (_I-n-x)Jl(x)] +
© 4 - ) {13b)
P -2y 25 sin (k)T (k) —oos (= k)N (k)]
m x K m 1 m 1 -
The appearing integrals need, numerical evaluation (J 'x) and
N (x) are Bessel functlons in usual notation).
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The last factor in the integrand of the expression (9) .to

. . + : . . ’4/ L
Be d;zcubsed 1s the qq potential V;xgﬁ).Foilgwlng Richardson Ii“’ the relative internal momentum distribution of the quarks. In-
eu ¥ ., sertion of eqs. (2), {13) and (14) into eq.(9) leads to the
{ Y -
8n f(Ar) . H numerical result
V(1) = — =T A(Ar = 20, .o
O P A(Ar e (14) -2 -2
- Re (AF) = 2.9 10 Im(AF) = 0.3.10 °, { (20)
where . ) . . e e
. where the error dué to the approximations should remain within
4 7 sin (pt) 1 e P! (15) _*+507. Insertion into the transition probability then gives
i) = 4. [ ap SROY -2y oiogde Jo, 7
4 & 2
7 0 P in(1 + p?) ~ p? 1 P [ln(p nNZa? i |F'+ AF| . 0.06 21
This structure is obtgined by Fourier transformat;on from | ck~ﬂ"ﬁa ————— = 112 = 0.5, :
. . 1y
= 22 4 127 1 1 ‘ | A . « : .
V(p )= = — . e . (16) w “This correction is transferred to the decay width since each
3 33-2n; 32 In(1+p2/A% N &+ rterm of the kinematical decomposition gontains the same over-
; . . s.lap integral (see, for example, ref. /5 ). The correction {(21)
which appears as interpolating form of. | is relatively small, but as can be seen from the expressions
At »{13a) and (13b), it depends sensitively on quark masses and
v o2 4 2, 1 16 1 1 photon energies d thus ot be i d i titati in-
-p2 > AF: V(p®) = 2 a (p )__E _ n 1 o (17) ; ,Photo nergies and thus canno e ignored in quan ive in
3 p 33 -2n; p2 In(-p /A% h ,vestigations of similar precesses.
oo Concluding, we note that the pair creaticn effect also should
and . +be important in the case of electroweak radiative decays
2 2 -, PR (see 7787 especially if two—~ and three-quark weak interactions
~-p7 < A% V{p*©) » const (I&) i ""are taken 4into account. Then the calculations depend on the in-
- - ©®°) R F’ ternal quark dynamics via overlap integrals which are more in-
after dropping the retardation. The notation is obvious from e fvolved than in the above example. Our investigation -indicates
" . ° . o 1 7
OCD. This choice of potential has the advantage to be free of "’" t?at ai ;0 in such cases ome canngt expect quantitative results
parameters except the dependence on the energy scale A. It has ¥ At quar Halr creation is ignore
bee sed with s ss 1n charmonium spectrosco where the . . ) ]
sca?euwas f1ttedu§§%be A= 400 Me3/4/ Fgr suff1c$Znt small r | % The author would like to thank S.B.Gerasimov for valuable-
one obtains from (14) and (15) «  "discussions. Useful remarks by DB.Ebert, W.Kallies and G.B.Motz
s ; : jat the first stage of this work should be mentioned gratefully.
([‘ - 0) — ——— ‘ (19) L .
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