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ABSTRACT

The productibn of charmed particles in two-photon processes is
calculated. The results obtained are relevant for e+e_ machines at
energies accessible at DORIS and PEP. In particular, we.predict that
two body final states consisting of DD, D*D* and DD* will have a
signal/background ratio of almost 2/1. The calculational scheme is
that of a charmonium model where effects due to the strong coupling
of the cc resonances to the decay channels are taken into account.

As a by-product of this calculation we find a manifest realization

&of the duality ansatz.
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Studies on e+e_ annihilation of one-photon exchange1 have helped
greatly in contributing to our understanding of the bound state spectra
6f he;;y quarks. Surely one-photon physics will continue to be a useful
tool for studying new flavors of quark; however, its cross section is
falling as energy increases. The opposite is true of the creation of
hadrons via two—photons2 (double bremsstrahlung). At energies now
available in colliding rings the two-photon cross section is already
comparable to the one-photon cross section, and studies of two-photon
processes will be a useful tool for studying what might now be called
"01d" physics, i.e., charm.

In this short note, we report a study of production of charmed
mesons and of C=+ charmonium resonances in two~photon collisions.

This pfocess is useful for further testing the potential that binds

the quarks and will provide additional information about the spectrum

of heavy quarks. We work in the context of a non-relativistic charmonium
model of heavy quark bound states,? which was extensively studied by

the Cornell group,""ss6 and include effects due to coupling of resonances
to decay channels. We may remind the reader that this model has been
quite successful in explaining the charm production observed in e+e—
annihilation via one-photon: The simple version of the model predicted

3 3

the ¥' as the radial excitation® of the J/Y and existence of the Pj

states® between the ¥' and J/¥. Including the effects of the decay
channels allowed an accurate prediction of the mass and width of the

3

D1(3772)6 and gave a reasonable description of the one-photon physics®

up to W=Vs=4.5 GeV.
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Let us now proceed with our study of two—-photon collisions. The

simple model would have QQ states bound by a potential

-

4us r
V(r) = - —3]‘:-‘ + —2 (l)
a

and neglect coupling to decay channels. The production of a C=+ narrow

resonance i proceeds as shown in Fig. la and the cross section ig?

2
16a
o(ee »eei) = 33 (ZJi-Fl) I'(i +vyy) an(i%—) f(z) . (2)
e

M.
i

Here E is the beam energy, z is Mi/ZE and f is the Low function

£(z) = 2+22)% gn %— (1-2%) (3+22) . (3)

The above equation is true for any C=+ state. Given the potential model

for quarkonium, one can calculate the widths. For 1SO states, i=n, and

2
e 2y) = 2% 2 |r(0) |2 %)
' M

"e

where R(0) is the radial wave function at the origin, normalized by
/}R‘Zrzdr = 1.

Most of the narrow C =+ resonances can be studied in radiative
decays of C=- states. The opportunity for observing new C=+ states
lies in two-photon production above charm threshold, where the coupling
of the cc resonances to the decay channels has large effects on the
masses and widths.’ We consider only the channels Claz, where Ci==D,D*,
F, or F*; these two body final states dominate close to threshold.

Because we have one extended object decaying into two extended objects,

the shapes of the resonance curves will not be Lorentzian. The nodes
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of the tesonance's wave functions, for example, will introduce zeros

into the decay amplitudes. The production of 0162 final state proceeds

¥

)

as depicted in Fig. 1b.

For fixed beam energy E and any final state x==C1C2

2 o (W)

do = 42 2Z(EN (WY yy>x
W ee > eex(E) = 4(n) n (me> f<2E) W (5)

with w="35 being the energy of the hadronic final state in the photon-

photon c.m. We describe the 0ZI-rule allowed decays by the Hamiltonian
1 2 3..3
> > > -
= g2 [0, Va0, 6 ¢ adxa’y 6)
i=1

where °a is the color charge density

A
D =¥V ® Y@ ™

The dressed propagator of the cc resonances is given diagrammati-

cally in Fig. 2 and is

1
“E) = FE oo ®)
0

where HO includes the binding potential, Eq. (1), and the effect of the

decay Hamiltonian is contained in @, whose matrix elements are

<y _|H.|c,C,><C.C, |H |¥ >
_ 3 n' I'7ij i I''m
Qm = Ej d7p (9)

E-Ei(p)-Ej(p)— io

where Wn is a charmonium bound state wave function (eigenstate of HO),
1

and Ei==(Mi-|-pz)/2 where Mi is the mass of a charmed meson. The poles

of ¥ give us the physical (renormalized) masses and widths of the ce
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'

states. ' The wave functions and unrenormalized masses of the cc states

are got by a computer solution of the Schroedinger equation; for the
charmed mesons we use Gaussian wave functions obtained by wvariational
calculation using only the linear potential.

The imaginary part of Qn,m is easily calculated, and its real part
is then gotten by a dispersion integral. The dressed propagator & then
follows directly. The expressions for the total Yy cross section may be
obtained in terms of ¥, and the radial wave functions of the cc bound

1 , .
states Rn (r). For the "S, intermediate states,

, L 0
e4u2
__2m “cs +. oo
s S R GO R ((0) <¥ [¢7magly > (10)
YY > SO W m n,m
c
For the 3PO states we have
9e4a2 B
2m c j{: ' ot
o = - R' _(0)R' .(0) <Y_|% ImQ¥%|v > (11)
YY+3PO w2 mi mm WL Ml n m

and the 3P2 contribution looks the same as the preceeding equation

except that ¥ and ImQ for the 3P2 channels are used and we multiply
by (4/15)(2J+1)=4/3. The sum over n and m is carried to the 6 radial
T R I
quantum numbers, the final states are DD, DD +DD , D D , and the corres-
3

ponding channels for F's are also summed over. The P1 states give a

small contribution; when the photons are both on shell, the_coupling
of the'BP1 to the two photons is zero.

We use the latest published parameters of the Cornell group8 and
make no further adjustments in these parameters. They were chosen to

. . 3 .
best describe the spacings of the narrow resonances and the Sl experi~

mental data, i.e., e+e_—¥charm. We then calculate ImQ for the 1S0 and :
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3Pj channels and the cross sections O(ISO), 0(3P0), and 0(3P2) and add

them Epgether. The resulting cross section for ee -» eeCl(—Z2 is plotted
in Fig. 3 for a beam energy of 15 GeV. Channels that we have omitted
can make this curve, Fig. 3, unreliable for values of W above 4.5 GeV.

Also shown is the cross section for ee - eecc, ignoring final state
interactions. The same value of the charm quark mass is used. Duality
is satisfied, in the sense that if we average the cross section with
resonances over a wide enough range of W we get the same result as for
pointlike quarks with no strong interactions.

A few further comments are in order. The cross section is measura-

ble although not large. With a luminosity of 1032cm-_zsec_1

, we expect
about 100 events/day in a W range of 1 GeV. One, of course, needs to
use calorimetry to measure the final state energies. The requirement
"of low hadronic energy deposition should eliminéte the i% events. The
main background comes from ee — eeuﬁ, which at W=4 GeV is roughly twice
as large as the ee > eecc cross section shown in Fig. 3. However, this
background can be considerably reduced by identifying strange particles
in the final state. The sharp peaks obéerved are mainly due to the
P-states, as the S-state contributions are smaller and broader. The
information that can obtained on the size and locations of these peaks

should be quite useful in further delineating the effective potential

that binds heavy quarks.
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FIGURE CAPTIONS

Fig. 1. (a) Production of narrow cc bound states via two photons.
(b) Production of exclusive charmed meson channels via two

photons.
Fig. 2. The dressed propagator for cc bound states.

Fig. 3. The cross section do/dW for charmed meson production, summed
over the channels DD, Dﬁ*-FD*ﬁ, D*D* and the corresponding
channels for F's. The dashed line is do/dW for cc pairs with

no binding in the final state.
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