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ANOMALIES OBSERVED BY SKOBELTSYN IN THE BETA DECAY
AND NEW RESONANCES IN QUANTUM ELECTRODYNAMICS

A.M.Baldin

The hypothesis that the particle of mass equal to about three electron
masses introduced by D.V. Skobeltsyn for the explanation of the anoma-
lous scattering of the beta-decay electrons is a resonance consisting of
two electrons and a positron (e”, e, e*) is suggested. It is supposed
that there exists a large sector of particles (relativistic atoms) that compri-
ses the (¢7, e”) resonances seen in GSI and resonances (¢*, ¢7) and
(e”, €7) discovered in the nonberturbative QED. Consequences, in par-
ticular a new beta-decay mode, are studied.

The investigation has been performed at the Laboratory of High
Energies, JINR.

Axomanun, Habmonennbie [1.B.CkobensubHbiM B B-pacnage,
M HOBbI€ PE30HAHCHI B KBAHTOBOH 3JIEKTPOJIMHAMHKE

AMbanaun

BbicKa3bIBaeTCA THNOTE3a O TOM, YTO YaCTHIA C MACCOH OKOJIO TPEX
97IeKTPOHHBIX Macc, BBeneHHasa J1.B.CxoGenbupIHbIM [is 06bACHEHUA
aHOMAJILHOrO paccesiHMsA JeKTPOHOB GeTa-pacnana, ABNAETCA Pe30HaH-
COM,COCTOALHM H3 [BYX IeKTPOHOB H Mo3uTpoHa (e, e, e*). Ilpen-
MONaraercs, 4T0 CylLieCTBYeT GONBLIIOA CEKTOp YacTHI, — PEIATHBHCT-
CKHX aTOMOB, B KOTOpbIil BXOIAT Takue (¢', € )-pe3oHaHchl, Habo-
pennsie B GSI, u pe3sonancst (e*,e”), (e, ¢”), 0GHapyXeHHbIC B He-
nepTypGaTMBHOM KBaHTOBOM 97eKTpolHHaMuKe. Mayvalorcs HaGmionae-
MBle CIICACTBHA, B YACTHOCTH HoBa#x ¢opma BeTa-pacnana.

PaGora BeinonsxeHa B JlaBoparopuu Beicokux IHepruit OUAHU.

In papers /1 =3/ published more than a half-century ago, mysterious
phenomena in the scattering of the beta electrons emitted by a radio-
active source (RaB + RaC) have been described. The source was placed
near a cloud chamber. The primary momentum P, the scattering elect-
ron momentum P and the scattering angle 8 were measured. The beta
electron scattering of the cloud chamber gaz atoms was strongly diffe-
rent from the well-known Coulomb scattering. The scattering cross sec-
tion at angles 0> 90° was dozens times as large as the Coulomb scatter-
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ing and, in contrast to the latter was, to a large extent, inelastic. The “’ano-
malous scattering’” was due to a considerable energy loss. This effect was
then studied in a number of papers the conclusions of which were found
to be contradictory.

In 1952 D.V.Skobeltsyn ’4/ studied his experimental data /13’
starting from the hypothesis that the beta radiation near the source con-
tains unstable particles with masses exceeding the electron mass several
times. For brievity, we call them S particles. The experimental data that
were available could be explained by assuming that the life-time of the
S particles is of the order of 10~1%sec which corresponds to the path
length of the order of 10 cm. D.V.Skobeltsyn has considered in detail
the picture of the phenomenon, has analysed the available experimental
data and has come to the conclusions that can be presented as follows:

— The S particle mass is equal to about three electron masses.

— If the S particle momenta are suggested to be distributed uni-
formly within the momentum intervals discussed then one succeeds
in describing the observed angular distribution of the decay elect-
rons.

— At angles 0 > 90° the “scattering” has a clear-cut inelastic be-
haviour which is revealed more evidently with increasing angle 6. As the
particle slows down the angular distribution isotropy becomes more clear.

— The Coulomb scattering even for an angle 4 < 90° is a small
part of the effect observed. The integral of the Coulomb scattering cross
section is about 10 percent of the effect withtin the angular interval
in question. :

All these conclusions are so important that they deserved a careful
study and thorough verification. Unfortunately, no exhaustive experi-
mental study has been performed over the past fourty years. This situa-
tion was, to a large extent, affected by the assertions that the existence
of a light charged particle whose mass is three times as large as the elec-
tron mass contradicts the Maxwell-Dirac quantum electrodynamics.

In the present paper I pay attention to the fact that these asser-
tions are invalid if the S particle is a quasi-stationary state existing in the
framework of QED and consider consequences of such a hypothesis.

Recently the existence of narrow resonances (unstable particles)
in QED has been discussed and also has taken a quantitative shape.
A possible existence of narrow resonances in the electron-positron sys-
tem in a consistent consideration of relativistic bound states in the fra-
mework of canonical QED was shown in ref.”%/ . The fundamental prob-
lem of describing the bound states in quantum field theory is far from
being completely solved. However the quasipotential approach by
A.A.Logunov and A.N.Tavkhelidze /8’ makes it possible to overcome



a number of unclear points and is a natural generalization of an ordinary
nonrelativistic approach to the theory of the atom. This approach ena-
bled the authors”3/ to make the conclusion about the existence of qua-
sistationary levels in the relativistic Coulomb problem and to explain
on its basis the electron-positron resonances observed in heavy-ion
collisions /7=9/  Neither the radical hypothesis on electrodynamic
confinement 719/ or on anomalous electrodynamic vacuum /11/ nor
the model considerations have been used in the calculations of ref.”5/,
Also no subsidiary parameters, but the electron mass and the fine struc-
ture constant has been used. It is important to note that the resonances
whose mass M is larger than the two electron masses M > 2m where
predicted not only for particles with opposite charges (e*, e~), but
also for those with identical charges (e”, ¢ ) and (e+, e'). The important
paper /5/ removes the main objection against the interpretation by
D.V.Skobeltsyn of his observations since it was shown in it that the
existence of light particles does not contradict QED. These results
suggest an idea that the S particle is the resonance state of two electrons
and a positron.

The relativistic problem of three bodies is very complicated /8¢’
and a detailed description of the dynamics of three and more electrons
seems to appear not soon. However it is possible to predict many pro-
perties of such systems by analogy with quark models and clarify the
possibilities of search experiments.

If we ascribe to the electron an analog of the isotopic spin T = 1/2,
then the system consisting of electrons and positrons will be characte-
rized by the isotopic spin projection T3 = Q/2, where Q is the charge.
The states (e, et), (e*, e7) and (e, € ) obviously form an isotopic
triplet with isotopic spin equal to unity. This implies that the narrow
resonances (et, e”) with masses from 1 — 2 MeV detected in low-energy
ion collisions must have double charged partners (e*, e*) and (e™, €7).
Analogously the S particle must have, in addition to the state (¢™, e7,
e'), three partners

(et,et,e”), (et,et,e"), (e7,e7,e7).

The isotopic spin is introduced only for the classification of the states
since the problem of degeneration with respect to this characteristics
is still open. The (e*, ¢7) and (e, e”) resonance masses calculated in
ref. /% exceed the sum of the electron masses by 0.22 — 2 MeV, i.e. the
sum of the masses of the electrons entering the particle composition may
turn out to be not the main fraction of the particle mass. Therefore the
mass splitting in the multiplet may be of the order of the electron mass.
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In our model the S particle must desintegrate into an electron and
gamma quanta. If the decay mode S » e +y is a main one, then all the
kinematic calculations of D.V.Skobeltsyn remain valid (he assumed that
the particle decays into an electron and a neutrino). The S particle can
also decay into an electron and two gamma quanta. The ratio of the de-
cay probabilities S»e +y and S -e + ¥y +v, must be two or three orders
of magnitude since the emission of additional photon decreases the de-
cay probability by a factor of the order of magnitude of the fine struc-
ture constant. If the S particle is assumed to consist of a quark e~ and
a diquark (e~, e*), then starting from the analogy of the diquark and
the positronium it is possible to estimate the S particle life-time

T (S-»e" +y) ~ 10710 gec and o (S-e™+ yl+‘y2)’~10_7 sec.
The difference between r; and rp and, respectively, between the path
lengths by three orders of magnitude is an additional feature for provid-
ing the search for the S particles and the proof of their electromagnetic
structure. It is especially important to detect: in addition to the elect-
rons, the photons. From the conservation laws

By - B4k, +k, (1)

where f’;) , P s 1?1 and Ez are the four-momenta of the S particle, elect-
ron and photons, respectively, we find

(By ~B)* = (B -E)® =(Py -P)° =2(K, - K,) =2k,k, (1 -Cosa) , (2)

Eg is the energy of the S particle, E the energy of the electron, Po ,P P
ky = |k1| and k, = [k2| the three-dimensional momenta, a the angle
between the photon momenta. From eq.(2) we obtain the squared S
particle mass

® = (V(PB -P)® 42k k, (1 -Cosa) + E)® - P, (3)

In the case of the one-photon decay the measurement of Py,P and 0
definitely results in the S particle mass,

- (V(B, -P)® +E)% P2,

while in the case of the two-photon decay such a measurement can give
only lower boundary.



The angular distribution for the decay electrons obtained from the
experimental data /1=-3/ is well explained in ref, 4/ starting from the
assumption on the isotropic distribution of the decay electrons in the
rest system of the S particle. In the general case, if the spin of the S par-
ticle is 3/2, noticeable deviations from this angular distribution are
possible. The study of the S particle decay under the conditions when
in the final state, in addition to the electron, photons are also detected
is urgent for proving the electromagnetic nature of the S particle and
defining more exactly its properties.

The angular distribution of the decay electrons in the lab.system
under the assumption about the isotropic distribution of the particle
rest system is of the form

do 1.2 (4)

aQ E, -E
where the electron momentum P is given by the formula

PoME* +E, - v M?(P*)® -n? P} Sin® 6
Eg - Pg Cos 6

Here E* and P* are the electron energy and momentum in the rest
system of the S particle, m the electron mass. The use of the particular
features of the angular distribution given by egs.(4) and (5) is essential
for the detection of S particles and determination of their properties.

MP *
mP0

. The measu-

For example, the use of the limiting angle Sin()lim =

rement of the angular distributions is also important for determining
the S particle spin.

At present the mechanism of the S particle production seems to be
far from being clear. The neutral particles decaying by the scheme
(e*, e7) are detected in collisions of heavy ions of large charge. This fact
is often interpreted as a consequence of the existence of bags in an
abnormal QED vacuum that capture electron and positron pairs. Howe-
ver if the life-time of these particles is larger than the time of flight of
jons with respect to each other, then the S particles exist outside super-
strong fields, in vacuum. Search for the resonance (et, e7) states in the
positron-electron scattering at appropriate energles implies restrictions
of their width T < 10~2 eV or the life-time r> LN 1013 sec Ac-
cording to ref./4/ the life-time of the charged S pa.rg';cles is r-~1071
This value is by several orders of magnitude larger than the life-time of,
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e.g., a neutral # meson = 0.87 10718 gec. So, it is possible to speak
with certainty about independence of the processes of the production
and decay of the S particles and about the existence of them outside
super-strong electromagnetic fields. It may turn out that strong fields
are really necessary for the processes of the S particle production, since
in weak interactions at small distances T 510'16 cm (beta decay) the
super-strong electromagnetic fields are in the order of magnitude close
to the electromagnetic fields due to heavy-ion collisions.

In ref.”5/ the investigations of Yu.A.Troyan team’!218/ ip
which narrow resonances in the proton-proton system are observed
were also discussed. These observations are interpreted in ref./5/ as a
manifestation of the electromagnetic resonances under discussion. The
proof of the validity of this interpretation would mean that the partici-
pation of the super-strong electromagnetic fields in the S particle pro-
duction is not obligatory.

Of special interest is the search for two- and three-charged S par-
ticles in colliding (e*, e™) beams at energies sifficient for the production
‘of W and Z bosons. The number of new resonances in QED is supposed
to be very large. It ref./3/ a large series of resonances in the (et, e”)
system is predicted. Similar resonances must exist if the S particles
include, in addition to electrons, ;¢ and r leptons as the quarks. Final-
ly, ordinary atoms should also have S resonances the discovery of which
would enable us to speak about a relativistic atomic physics. The existen-
ce of such resonances is expected to affect in a definite manner the rela-
tivistic theory of electronic plasma, the theory of super-dense matter.

Thus, the verification of the above-mentioned ideas can open a wide
field of particle physics. Extensive and relatively cheap programs of the
investigation of a new nuclear decay mode and nonperturbative QED
may be suggested. Of course, it is necessary to remember that the exis-
tence of the relativistic quasi-stationary states of atoms itself needs
further experimental confirmation.

I am very much indebted to Dmitrij Vladimirovich Skobeltsyn for
the discussion of the hypothesis on the electromagnetic nature of the S
particles suggested in the present paper. It is necessary to emphasize
that long before the observation of the (e*, e”) resonances he called
attention to the necessity of a careful study of the problems in question.
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