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A Letter by the Editor-in-Chief:

Twenty-Year Anniversary of the Orthopositronium Lifetime Anomalies:
The Puzzle Remains Unresolved
This letter gives a history of two observed anomalies of orthopositronium annihilation,
of which the 20th anniversary occurs this year. The anomalies, breaking the basics of
Quantum Electrodynamics, require more experimental study, in view of the recent
claim of the Michigan group of experimentalists, which alleges resolution of one of
the anomalies.

It is now the 20th anniversary of the observation of anomalies of orthopositronium annihilation (both discovered in
1987) in experiments conducted by two groups of researchers: one group in the USA, headed by the late Prof. Arthur
Rich in the University of Michigan at Ann Arbor, and the
other group in Russia, headed by Dr. Boris Levin of the
Institute of Chemical Physics in Moscow, but then at the
Gatchina Nuclear Centre in St. Petersburg.
The anomalies dramatically break the basics of Quantum
Electrodynamics.
Recently my long-time colleague, Boris Levin, one of
the discoverers of the anomalies, suggested that the last experiment of the Michigan group, by which it has claimed
resolution of one of the anomalies [1], was set up so that an
electric field introduced into the experiment (it accelerates
the particle beam before the target) mere suppressed the anomaly despite the electric field helps to reach complete thermalization of orthopositronium in the measurement cell. As
a dry rest the anomaly, remaining represented but suppressed
by the field, became mere invisible in the given experiment.
Now Levin proposes a modification of the last Michigan
experiment in order to demonstrate the fact that the anomaly
remains. He describes his proposed experiment in his brief
paper appearing in this issue of Progress in Physics.
I would give herein a brief introduction to the anomalies
(otherwise dispersed throughout many particular papers in
science journals).
Positronium is an atom-like orbital system that contains
an electron and its anti-particle, the positron, coupled by
electrostatic forces. There are two kinds of positronium: parapositronium p-Ps, in which the spins of the electron and
the positron are oppositely directed so that the total spin is
zero, and orthopositronium o-Ps, in which the spins are codirected so that the total spin is one. Because a particle-antiparticle system is unstable, life span of positronium is rather
small. In vacuum parapositronium decays in ∼1.25 ×10−10 s,
while orthopositronium in ∼1.4 ×10−7 s. In a medium the life
span is even shorter because positronium tends to annihilate
with electrons of the medium. Due to the law of conservation
of charge parity, parapositronium decays into an even number
of γ-quanta (2, 4, 6, . . . ) while orthopositronium annihilates
into an odd number of γ-quanta (3, 5, 7, . . . ). The older
modes of annihilation are less probable and their contribu50

tions are very small. For instance, the rate of five-photon
annihilation of o-Ps compared to that of three-photon annihilation is as small as λ5 ≈ 10−6 λ3 . Hence parapositronium
actually decays into two γ-quanta p-Ps →2 γ, while orthopositronium decays into three γ-quanta o-Ps →3 γ.
In the laboratory environment positronium can be obtained by placing a source of free positrons into matter, a monatomic gas for instance. The source of positrons is β +-decay,
self-triggered decays of protons in neutron-deficient atoms
p → n + e+ + νe . It is also known as positron β-decay.
Some of free positrons released into a gas from a β +decay source quite soon annihilate with free electrons and
electrons in the container’s walls. Other positrons capture
electrons from gas atoms thus producing orthopositronium
and parapositronium (in ratio 3:1).
The time spectrum of positron annihilations (number of
events vs. life span) is the basic characteristic of their annihilation in matter. In particular, in such spectra one can see
parts corresponding to annihilation with free electrons and
annihilation of p-Ps and o-Ps.
In inert gases the time spectrum of annihilation of quasifree positrons generally forms an exponential curve with a
plateau in its central part, known as a “shoulder” [2, 3].
In 1965 P. E. Osmon published [2] pictures of observed
time spectra of annihilation of positrons in inert gases (He,
Ne, Ar, Kr, Xe). In his experiments he used 22 NaCl as a
source of β +-decay positrons. Analyzing the results of the
experiments, Levin noted that the spectrum in neon was
peculiar compared to those in other monatomic gases: in
neon, points in the curve were so widely scattered that the
presence of a “shoulder” was uncertain. Repeated measurements of time spectra of annihilation of positrons in He, Ne,
and Ar, later accomplished by Levin [4, 5], have proven
the existence of anomaly in neon. A specific feature of the
experiments conducted by Osmon, Levin and some other
researchers is that the source of positrons was 22 Na, while
the moment of appearance of the positron was registered
according to the γn -quantum of decay of excited 22∗ Ne,
22∗
Ne → 22 Ne + γn , from one of the products of β +-decay
of 22 Na. This method is quite justified and is commonly
used, because the life span of excited 22∗ Ne is as small as
τ ' 4 ×10−12 s, which is a few orders of magnitude less than
those of the positron and parapositronium.
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In his further experiments [6, 7] Levin discovered that
the peculiarity of the annihilation spectrum in neon (abnormally widely scattered points) is linked to the presence in
natural neon of a substantial quantity of its isotope 22 Ne
(around 9%). Levin called this effect the isotope anomaly.
Time spectra were measured in neon environments of two
isotopic compositions: (1) natural neon (90.88% of 20 Ne,
0.26% of 21 Ne, and 8.86% of 22 Ne); (2) neon with reduced
content of 22 Ne (94.83% of 20 Ne, 0.26% of 21 Ne, and 4.91%
of 22 Ne). Comparison of the time spectra of positron decay
revealed that in natural neon (composition 1) the shoulder
is fuzzy, while in neon poor in 22 Ne (composition 2) the
shoulder is always pronounced. In the part of the spectrum
to which o-Ps decay mostly contributes, the ratio between
intensity of decay in 22 Ne-poor neon and that in natural neon
(with more 22 Ne) is 1.85±0.1 [7].
The relationship between the anomaly of positron annihilation in neon and the presence of 22 Ne admixture, as shown
in [6, 7], hints at the existence in gaseous neon of collective
nuclear excitation of 22 Ne isotopes. In the terminal stage of
β +-decay nuclear excitation of 22∗ Ne (life time ∼ 4 ×10−12 s)
is somehow passed to a set of 22 Ne nuclei around the source
of positrons and is carried away by a nuclear γn -quantum
after a long delay in the moment of self-annihilation of
orthopositronium (free positrons and parapositronium live
much shorter). Hence collective excitation of 22 Ne atoms
seems to be the reason for the isotope anomaly. On the
other hand, the nature of the material carrier that passes
excitation of nuclear 22∗ Ne to the surrounding 22 Ne atoms
is still unclear, as is the means by which orthopositronium is
linked to collective excitation — collective nuclear excitation
is only known in crystals (Mössbauer effect, 1958).
In 1990 Levin [8] suggested, as a result of a relationship
between orthopositronium and collective nuclear excitation,
that a 1-photon mode of its annihilation should be observed.
But decay of o-Ps into one γ-quantum would break the laws
of conservation of Quantum Electrodynamics. To justify this
phenomenological conclusion without breaking QED laws,
Levin, in his generalised study [9], suggested that in the specific experimental environment, annihilation of some orthopositronium atoms releases one γ-quantum into our world
and two γ-quanta into a mirror Universe, placing them beyond observation. But before any experiments are designed
to prove or disprove the existence of such a “1-photon”
mode, or any theory is developed to explain the observed
effect, the problem still requires discussion.
Another anomaly is the substantially higher measured
rate of annihilation of orthopositronium (the reciprocal to its
life span) compared to that predicted by QED.
Measurement of the orthopositronium annihilation rate is
among the main tests aimed at experimental verification of
QED. Before the mid 1980’s no difference between theory
and experiment was observed, as measurement precision remained at the same low level.
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In 1987, thanks to new precision technology, a group of
researchers based at the University of Michigan (Ann Arbor)
made a breakthrough in this area. The experimental results
showed a substantial gap between experiment and theory.
The anomaly that the Michigan group revealed was that measured rates of annihilation at λT(exp) = 7.0514±0.0014 μs−1
and λT(exp) = 7.0482±0.0016 μs−1 (to a precision of 0.02%
and 0.023% using gas and vacuum methods [10–13] were
much higher compared to λT(theor) = 7.00383±0.00005 μs−1
as predicted by QED [14–17]. The 0.2% effect was ten times
greater than the measurement precision, and was later called
the λT -anomaly [9].
In 1986 Robert Holdom [18] suggested that “mixed type”
particles may exist, which, being in a state of oscillation, stay
for some time in our world and for some time in a mirror
Universe. In the same year S. Glashow [18] gave further development to the idea and showed that in the case of 3photon annihilation o-Ps will “mix up” with its mirror twin,
thus producing two effects: (1) a higher annihilation rate
due to an additional mode of decay, o-Ps→nothing, because
products of decay passed into the mirror Universe cannot be
detected; (2) the ratio between orthopositronium and parapositronium numbers will decrease from o-Ps : p-Ps = 3:1 to
1.5:1. But because at that time (1986) no such effects were
reported, Glashow concluded that no oscillation is possible
between our-world and mirror-world orthopositronium.
On the other hand, by the early 1990’s these theoretical
studies motivated many researchers worldwide to an experimental search for various “exotic” (unexplained by QED)
modes of o-Ps decay, which could shed some light on the
abnormally high rate of decay. These were, to name just a
few, search for o-Ps→nothing mode [20], check of possible
contribution from 2-photon mode [21–23] or from other exotic modes [24–26]. As a result it has been shown that no
exotic modes can contribute to the anomaly, while contribution of the o-Ps→nothing mode is limited to < 5.8 ×10−4 of
o-Ps → 3γ.
In a generalised study in 1995 [9] it was pointed out
that the programme of critical experiments was limited to
a search for the 1-photon mode o-Ps→γ\2γ 0 involving the
mirror Universe and to a search for the mode o-Ps→nothing.
The situation has not changed significantly over the past five
years. The most recent publication on this subject, in May
2000 [27], still focused on the Holdom-Glashow suggestion
of a possible explanation of the λT -anomaly by interaction of
orthopositronium with its mirror-world twin, and on a search
for the o-Ps→nothing mode. But no theory has yet been
proposed to account for the possibility of such an interaction
and to describe its mechanism.
The absence of a clear explanation of the λT -anomaly encouraged G. S. Adkins et al. [28] to suggest the experiments
made in Japan [29] in 1995 as an alternative to the basic Michigan experiments. No doubt, the high statistical accuracy
of the Japanese measurements [29] puts them on the same
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level as the basic experiments [10–13]. But all the Michigan
measurements possessed the property of a “full experiment”,
which in this particular case means no external influence
could affect the wave function of positronium. Such an influence is inevitable due to the electrodynamic nature of positronium, and can be avoided only using special techniques.
As was shown later, by Levin [31], this factor was not taken
into account in Japanese measurements [29] and thus they
do not possess property of a “full experiment”.
As early as 1993 S. G. Karshenboim, one of the leaders
in the theory, showed that QED had actually exhausted its
theoretical capabilities to explain the orthopositronium anomalies [30]. The puzzle remains unresolved.
January 30, 2007

Dmitri Rabounski
Editor-in-Chief
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