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Abstract

B.A.Arbuzov, E.E.Boos , V.I.Savrin , S.A.Shichanin. Narrow resonances in systems of
spinning charged particles and their possible physical manifestations : IHEP Preprint
90-124. — Piotvino, 1990. — p. 10, refs.: 19.

In -;he paper the relativistic single-time equation is obtained describing electromag-
netic interaction of two spinor charged particles in an arbitrary gauge. In the Feynman
gauge we show that there appear bound states embedded in the continuum, whose masses
exactly coincide with the earlier calculated levels in the scalar model. These states can
be related to the well-known narrow resonances discovered experimentally in e+e~ and pp
systems. The conclusion is put forward that the positions of resonances do not depend
on spins of the constituent particles. Possible physical manifestations of the resonances in
different systems are discussed. In particular, we present the estimates of the resonance
enhancement of the fusion reaction of deuterium nuclei.

Аннотация

Б.А.Арбузов, Э.Э.Боос , В.И.Саврин , С.А.Шичанин. Уокие реоонансы в системах
заряженных частиц со спинами и их возможные физические проявления.: Препринт
ИФВЭ 90-124. — Протвино, 1990. — 10 с , библиогр : 19.

В работе выведено одновременное уравнение для электромагнитного взаимодей-
ствия двух спинорных заряженных частиц с равными массами, в произвольной кали
бровке. В калибровке Фейнмана показано, что возникают связанные состояния, по-
груженные в непрерывный спектр, массы которых точно совпадают с ранее вычислен-
ными уровнями скалярной модели и которые можно сопоставить известным узким
реэонансам, экспериментально обнаруженным в е+е~ и рр системах. В частности,
дана оценка резонансного усиления реакции синтеза ядер дейтерия.
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Having used the relativistic single-time equation for in Mild states in
the scalar model of quantum electrodynamics we gave in ;>rovious papers
[1,2,3] the interpretation of unusual narrow resonances in the systems
of charged particles, in particular, the widely discussed G3I e+e~ peaks
[4]. Here a natural question arises if the conclusion will change in the real
quantum electrodynamics if the spins of the interacting particles be taken
into account. To study this problem in the present work we consider the
corresponding single-time equation for the systems e+e~, e~e~ in th^
spinor QED. We discuss also the physical consequences of the existence
of narrow resonances for the interaction of particles with spins.

One knows that the single-time equation for the wave function of some
bound or resonant state in the quasipotential approach [5] has the form

60-V = Vip (i)

where the quasipotential V is connected with the Bethe-Salpeter kernel
К in the following manner

V = G^G^KGG-1 (2)

and the symbol ~ corresponds to the operations of equalization of times
and of projection on the definite sign frequency states [6]. This projection
in the case of spinor particles is realized with the aid of free spinors u, v
multiplied by the matrix 70 [7]. Similarly to the earlier works [1,2] we
shall consider equation (1) in the ladder approximation that corresponds
to the one-photon exchange in the kernel К and to the change G —* GQ
in expression (2) for the quasi-potential.



Now the reciprocal two-particle free Green function Go

 J has the same
form as in the scalar case [1] and the product GQKGQ for e+e~ system
is defined by the following integral
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where S(p) is a spinor propagator, u, v are corresponding spinors and

is a photon propagator. We consider the problem in c.i. reference frame
and the momenta are defined as follows: the initial ones

- _ / * [ _ 1 - fM

and the final ones

where M is the invariant mass of the system. The bispinors in expression
(3) depend on the mass-shell momenta

Pi ={w,p}, P2 = {w,-p};

Pi ={" ' ,P ' } ,P2 = {<"',-P'}; (5)

where ш = у/т2 + р 2 , ш' = y/m2 + p ' 2 , m is the electron mass.
Performing the simplifications in (3) with the aid of the relations of the
type [7]

(7 -Pi + ™)7o«(Pi) = ^ y - e + u/J u(p{) (6)

we come to the following expression
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(7)

where q = p — p', qo = £—£?• The integral term in (7) being proportional
to <7М„ is precisely equal to the corresponding scalar expression [1]. For
evaluation of the second term containing the gauge parameter ф one have
to tse the relations following from Dirac equation, e.g.

«(p'i)(7 -P'i-У -PIMPI) = [(w - ш') + (e- e')Mpi)7o«(pi)-

Bearing in mind definitions (1), (2) we come to the following quasi-
potential equation

2Ш (М - 2 u M p ) = ~

x \g^ + (d, - 1)91Лд* (V, + q ^ Ш? ^ ) ] , (8)

where q = |q| and

ya =
q(M — ш' — ш — q)

is the scalar quasi-potential which was studied earlier [1,2].
Equation (8) in the case of Feynman gauge di = 1 for an arbitrary

form of V was considered in work [8]. The form of the potential in (8)
was obtained also in [9] in the framework of the generalized single-time
reduction [10].

In the present work we consider the numerical solution of equation
(8) in the case of the spin singlet S-wave states. The wave function of
the pseudoscalar state arising in this case has the form

(9)

where p\ and рг are defined in (5). Substitution of (9) into (8) and
evaluation of the corresponding matrix traces with the account of the
explicit form of V, lead to the equation
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Performing here the angular integration and the following substitutions

/x —
771 771 7П

we obtain the integral equation

+
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{ц-шх- Uy)[x + y-\x-y\]

A+(x,y)~\x- y\A-(x,y)\\\;(* y) [(x + y)A

where a = e2/4?r as always;

A+(x,y) = х + у + их + шу-ц,

A~(x,y) = \x - y\ + шх + Шу - ц. (12)

Equations (10,11) are deduced for the electron-positron system. Note
that in quasi-potential (3) as well as in equation (8) we did not take into
account the annihilation diagram because for the pseudoscalar states (9)
its contribution vanishes. In the case of the Coulomb interaction of two
identical charged fermions the same procedure leads to the same equation
with the sign afore a being changed. Doing this we have to take into ac-
count in the Bethe-Salpeter kernel К the photon exchange diagram both



in t- and u-channel (exchange interaction term). The corresponding ex-
change term should be taken into account also in the free Green function
Go- It comes out that bearing in mind two fermions being identical we
obtain the factor two afore both right and left, hand sides of the equation.
It is also worth mentioning that the wave function of the ее system in
spin singlet S-state looks like

where С is the matrix of a charge conjugation.
Thus equations (10Л1) may be applied to the systems consisting of

fermion and antifermion (a > 0) and of two identical fermions (a < 0)
as well.

In the numerical study of equation (11) following [1,2] we use zero-
width approximation, which corresponds to the singularities defined by
zeroes of functions (12) being understood in the sense of the principal
value. As we have noted in [1] such approximation is self-consistent that
means the validity of an expansion in powers of Г/m, where Г is a reso-
nance width. Of course, the calculation of the width is an important task
to be considered in the future study.

As a result of the numerical solution of equation (11) in the Feynman
gauge (d; = 1) we come to an important and highly non-trivial conclusion.
It comes out that the levels embedded in the continuum [3] which are
published for the case of the scalar equation

in [1,2] are at the same time, the levels of equation (11). Detailed inves-
tigation of equation (11) for other values of d\ will be done in subsequent
studies, however just by now one may conclude that the reason of the
coincidence of these levels, despite different forms of the kernels of equa-
tions (11) and (14), lies in the fact that the singularities of the kernels
coincide because they are defined by zeroes of the functions A±(x,y).
And presumably just the kernel singularities, in their turn, define the
positions of these non-perturbative levels. The last assertion is actually
based on our experience of a numerical analysis of different equation of



(11,14) type and of different algorithms of their solution. The results
which we have obtained allow us to put forward a hypothesis that for
any Coulomb system independently of spins of the interacting particles,
the positions of the new levels in the resonance region are determined by
solutions of simplest scalar equation (14).

The conclusion that the positions of the resonances do not depend
on the smooth part of the kernel is confirmed by calculations taking into
account an annihilation diagram in the scalar equation for the particle-
antiparticle system. The problem on an influence of a higher order contri-
bution to the quasi-potential is also very important. We have considered
this problem taken as an example the two-photon exchange in the kernel
К. The singularities of the quasi-potential are defined by singularities
of the kernel in the momentum transfer q. This singularity for one-
photon exchange is 1/g2 and for two-photon exchange — logq2. In this
case the singularities of the quasi-potential are defined by the same func-
tions A+(x,y) and A"(x,y), but they are much weaker than in equations
(11,14), namely, [i4±(x,y)]2log A±(x,y). Therefore, one may expect that
higher orders will neither change the situation. The results under dis-
cussion give additional arguments in favor of the hypothesis proposed in
[1] that the ladder approximation (14) defines the main non-perturbative
effect in this problem.

Note that the equation presented and studied in [1], whose S-wave
ir just (14), was first obtained by I.E.Tamm in 1945 [11], and therefore
should be named as Tamm equation. Afterwards this equation was de-
duced in the framework of the quasi-potential approach in papers [12].
The Tamm-Dankoff method formulated in [11] was recently applied in
studying of the narrow e+e~ resonances [13].

To conclude the paper let us briefly discuss some physical aspects
connected with the narrow resonances in the systems of charged parti-
cles. The data on e+e~ pair production in heavy ion collisions continue
to confirm the existence of narrow peaks [14]. New data on diproton res-
onances [15] agree satisfactorily with our predictions for a system with
like-charge constituents. The study of elastic proton-proton scattering
with very high energy resolution [16] provides us with the evidence of an
existence of the resonances just in the positions calculated in [1,2] with
high accuracy. One is discussing also the data concerning of possible exis-



tence of resonances in the systems pn, nn which may have the properties
being close to those of the pp resonances. From our point of view the
resonances in the systems including the neutral composite particles may
also exist. In fact, according to paper [3] we may qualitatively explain the
appearance of the narrow resonances under discussion due to the poten-
tial oscillations which give rise to the von Neumann-Wigiier effect [17].
Let the effective quasi-potential of the interaction between two charged
particles at large distances be of the form V(R) = e2 cos ER/R. Then
for the interaction of a charged particle with a neutral system consisting
of a heavy particle and a light one with opposite charges we have

(15)

where Ф(г) is the wave function of the system and the first term cor-
responds to the heavy particle. We see that the potential (15) has the
oscillating Coulomb term

TF/^4 e2 cos ER r , . _. ..of., _ /R-r

V(R) = ^ /*-|*(r)| 2 [1 - cosE [—
at the infinity. This expression again has the characteristic oscillating
form similar to the one for charged constituent interaction. The only
difference is the new effective charge

e\fJ = е2/<*г|Ф(г)|2 [1 - cos(£rcos0)]

instead of e2 in the charged case. Positions of the resonances for small
a do not depend on a [1,2], so it comes out that the appearance of the
narrow resonances in np and in nn systems seems quite natural in the
framework of our approach.

The resonances of the discussed type in which the composed particles
take part, may manifest themselves also in lepton systems, e.g. in e+e~e~
system. It is emphasized in paper [18] that the possible existence of a
resonance in such system can explain anomalies in the electron scattering
in atoms in former experiments using electron beams from radioactive
sources.

The system of two deuterons in which the reactions with a consider-
able energy release may occur

j}, (16)



is of a special interest. The conclusions of the present work concerning
the existence of families of narrow resonances in the Coulomb system
with arbitrary spins of constituent particles lead to the prediction of the
resonances in the system of two spin 1 particles, that is DD system. These
resonances have to manifest themselves in the elastic D — D scattering but
the best way of their detection is to registrate just reactions (16) which
can be singled out with a necessary confidence under condition the elastic
channel be suppressed. It can be achieved for the resonances situated
as near to the threshold as possible: M = 2mo + £• The numerical
solution of equation (14) provides us with the most low lying resonance
at e = 2.17keV. In this case the ratio of the phase space volumes of
reactions (16) to the elastic phase space volume is 35-40 for the first two
reactions and 12 for the third one, that allows one to hope on singling
out reactions (16) from the background. Assuming that the total width
of the resonance is practically saturated with process (16) we have the
estimate for the summed cross-section of process (16) at the resonant
energy

* П7)
A

where Tei is the elastic width of the resonance (Ге; «С Г<) and Д is 11K
energy spread in the beam which we consider to be much more than the
total width. One can obtain the estimate of Ге/ from restrictions on the
widths of e+e~ resonances in the elastic Bhabha scattering. Accn. ding
to [14] for M = 1.84MeV Ге/ < 10~3eV. Using the formula for an S-wave
resonance

A VM2 - Am2 , ч

Г,, = Ар = A (18)
we have A < 1.3 • 10~9. Assuming that the widths of the resonances con-
sisting of like-charge particles are by an order of magnitude also defined
by (18) with the same value A we have for the D — D resonance under
discussion Гс/ < 2.6 • 10~3eV. This estimate agrees with data [16] on the
elastic pp-scattering . If one succeed in formation of a deuteron beam
with the energy E = 2e = 4.34keV and the energy spread leV so (17)
gives a < 5.4 • 10~24cm2. Such estimate of the cross section makes it
possible the effect be registrated in a study of D + D process the energy
of Z)-beam in the region of 4.3keV be scanned in small steps, say, leV.
Note, that due to the well-known Coulomb repulsion a nonresonant back-
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ground of reactions (16) for such energy is estimated to be ~ 10 30cm2

and so it is negligible. The problem on a possibility of applying the res-
onant enhancement of reactions (16) to the practical purposes needs an
additional study.

The effects discussed here by no means exhaust a variety of possible
physical manifestations or applications of narrow resonances in Coulomb
systems. For example, electron-electron resonances predicted in [1,2] pos-
sibly provide us with an additional mechanism for the Cooper pairs for-
mation.

The authors express gratitude to A.A. Arkhipov, A.A. Logunov, N.A.
Sveshnikov, N.B. Skachkov for the useful discussions.
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