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Does a Heavy Positronium Atom Exist?

J. W. Moffat*
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(Received 29 September 1975)

Recently reported observations in e e collisions suggest the existence of a heavy lepton
L ' with a mass 4s -2 GeV. I predict that a heavy prositronium atom exists, which is an
L+L bound state. Its detection would confirm the existence of a heavy lepton. A way is
suggested to detect this heavy atom by looking for an x-ray signal of a specific energy in
e+e collisions.

Some very interesting results have been re-
ported by Perl' which suggest that heavy leptons
have perhaps been produced at a mass of = 2 GeV
in e'e collisions at Stanford Linear Accelerator
Center. The data may be consistent with a three-
body decay mode of a heavy lepton and not all of
the events can, at present, be explained by the
processes D-K'(m')I' v and D*-pv„(ev, ), where
D and D* are "charmed" pseudoscalar and vec-
tor mesons, respectively.

If this charged massive lepton exists, then it
is natural to suggest that there is a heavy posi
tronium atom in nature consisting of an L'L
bound state. The Bohr radius of the ground state
of this atom would be a~ = 2/nM~ =Sx 10 "cm
for M~ —2 GeV, compared with a~ = 10"' cm for
positronium. ' The Rydberg constant would have
the value R =M~o. '/4v = 8.5 keV. The annihila-
tion of the singlet ground state 'So into two pho-
tons would have a lifetime &= 3.2&&10 "sec. The
weak decay rate of a heavy lepton of mass M~
= 2 GeV is of order 10" sec ' and thus this proc-
ess would not compete with the decay of the heavy
atom.

It would be very important to conduct a search
for this heavy positronium atom in colliding-
beam experiments. The discovery of such an

atom would confirm the existence of a heavy lep-
ton. Since the width of the heavy atomic state in
e e" collisions is -n'M~, it is futile to look for
the bound L'L states in the total cross section.
But the y transition from the O'8, state to the
2'P states, followed by a y transition from the
2'P states to the 1'$ state, could be used to ver-
ify the existence of the heavy atom. The ener-
gies of such, transitions have unique predicted
values given by

From (1) we find, e.g. , Ex(3-2) =3.V keV and
Ex(2-1) =19.9 keV for M~ =2 GeV. I have chosen
to consider the 'S, state, since it can couple to
the J = 1" photon in e+e collisions. On the oth-
er hand, the annihilation of the heavy positronium
atom would go via photon decay and could not be
distinguished from the decay of a heavy hadronic
pseudoscalar (vector) meson at gs -4 GeV. In
Fig. 1, the expected y transitions in the heavy-
positronium-atom energy levels are shown sche-
matically.

The success of the proposed experiment de-
pends, of course, upon whether there is a suf-
ficiently high yield of x-ray signal by the heavy
atomic states. The cross section can be esti-
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FIG. I. Heavy positronium energy levels, showing
the transition from the B~S

&
to the 23P states, followed

by the transition from the 2 P states to the 1 S
&

state.

and for an electron energy of 2 GeV, we find o.

- 6 x 10"' cm' for ~ ~ 200 keV. The luminosity
at 4 GeV in the Stanford Linear Accelerator Cen-
ter storage ring is L = 5 x 10"cm ' sec '. Thus,
the rate for detecting the x-ray signal is

R = vL - 3/day.

If the luminosity L could be increased at 4 GeV,
then the count of events would also increase.

Because of the large synchrotron radiation
present at 4 GeV, it would probably be best to
arrange for the detector device to be perpendic-
ular to the colliding beam, since this radiation
is collimated mainly in the beam direction. This
would also decrease the amount of Doppler shift
of the x ray, which is expected to be a few eV
for a momentum resolution -1 MeV.

The idea of doing "high-energy" atomic phys-
ics with large storage-ring facilities is an excit-
ing possibility to pursue in the future.

The author is grateful to Dr. M. Perl for help-
ful and stimulating discussions. He also thanks
Dr. D. Paul, Dr. J. D. Prentice, Dr. R. H.
Graham, and Dr. N. Isgur for valuable discus-
sions.

mated from

where F,+, - is the width for decay of the heavy
positronium atom into e 'e pairs given for n= 3

by
~e+e" pQ MID) 3 X 10" keV. (3)

Moreover, I' is the total width of the atomic state
and ~ is the "energy spread" of the beam. At
resonance

(4)
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