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Absb'act The modifications of the electromagnetic coupling in the presence of a strong 
external magnetic field are further investigated. The case of non-vanishing momentum 
transfers and the induced anisotropy of space are explicitly taken into account. We confirm 
the presence of directional terms showing an unusual linear dependence on the external 
field strength. These last terms overwhelm the expected logarithmic corrections and tend 
to  reduce the effective coupling. 

1. Purpose of the paper 

The correlated e'e- pairs observed by the ORANGE [ I ]  and EPOS [2] collaborations 
at GSI still represent a fascinating and unsolved problem. Experimental data with 
U+U, U+Pb, U+Th and U+Ta systems show the existence of at least three 
emission lines with an invariant mass of about 2MeV and a very narrow width 
(-30 keV). Conventional explanations of correlated electron-positron pairs may be 
of two kinds. We could resort to completely known dynamics, such as a nuclear 
internal pair conversion, or we could assume the decay of a new neutral particle. 
The first process is inconsistent with the actual data, while the second one is ruled 
out by a number of precision tests (g-2 measurements, low-energy Bhabha scatter- 
ing, beam dump experiments) [3]. An alternative approach to the problem has been 
suggested in [4,5]. Although these works try to accommodate the main features of the 
data within QED, the theory is applied to extreme conditions where the perturbative 
treatment is not allowed. More precisely, the anomalous GSI peaks would result from 
the decay of bound efe- states in a non-perturbatiye confining phase of QED with a 
new mass scale associated with it. Studies both on the lattices and in the continuum 
support the assertion that a large coupling constant, of order one, is required in order 
to form the new phase t6-91. Obviously, the value a-& is well below the critical 
coupling involved in the proposed scenario. However, the fine structure constant can 
be regarded as an effective coupling constant a& which receives correction in the pres- 
ence of external fields. The hope is that an appropriate choice of the strong background 
fields may drive aerr from the perturbative to the strong coupling regime as- 1, where 
the phase transition is likely to occur. 
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The running of acR in a constant background field has been studied in [lo] using 
the Schwinger’s ‘proper time’ formalism [ l l ]  and it was soon found that the effective 
fine structure constant exhibits a negligible logarithmic increase, so tiny that it cannot 
corroborate the new phase hypothesis. Similar conclusions and suggestions can also be 
found in 112-141. However, we think that the problem still deserves some clarification. 
In particular, in a previous paper 1151 it was shown that the presence of preferred 
directions introduced by the background fields plays a very important role. More pre- 
cisely, new terms are produced that show a linear dependence on the external field 
strength. The aim of this paper is to extend the long wavelength analysis of [I51 to 
configurations where the momentum transfers are not vanishingly small. Since, in a 
strong electric field, it is possible to have vacuum instabilities and a complex effective 
coupling, we take the external field to be purely magnetic. The results obtained are in 
full accordance with the previous ones. 

2. Quantitative estimates 

The long-wavelength treatment of [15] led to the result that the dielectric permeability 
tensor has two eigenvalues 

(1) 
a a a eE I, = 1 --ln(aE2/m4) f- - 

6n 6n 3n m2 
aI = 1 -- 

with eigenvectors perpendicular and parallel to B respectively (see in particular (38) of 
the quoted reference). Such eigenvalues, in turn, correspond to the effective coupling 
constants aL= a / l i  and a,, =a/&. The most striking feature of (1) in a very strong 
magnetic field is the presence of the term (a/3n)  (eB/mz) which tends to reduce the 
electromagnetic couplings. The aim of this section is to confirm the presence of such 
an effect via a computation of wider validity, which goes beyond the approximation 
of small exchanged momenta. More precisely, one has to investigate the strong field 
dependence of w,,(k, B) the one-loop vacuum polarization tensor to all orders in the 
external field B. This problem can be dealt with by employing some useful results 
obtained many years ago in a different context [16,20]. Since our main interest is to 
explore the strong field limit of cop&, B) we start from very general expression but we 
take as soon as possible the large E limit, gaining thus relevant simplifications and a 
deeper insight into the physical origin of the non-logarithmic terms. As in 1171, our 
starting point is the Green function &(n, y ;  B) which represents the exact electron 
propagator in a constant and homogeneous magnetic field. A rather compact form for 
SF(X,Y; B) is known from the old paper by Schwinger [ l l ]  and it can be written in the 
form [17]. 

SF(X, Y ;  B ) = @ ( X ,  Y)G(x-Y) (2.4 
where 

@(n, y)  =exp -ie A(5)  dc [ s :  1 





2164 

fermionic mass; the integration over pll is then easily carried out and gives 
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Further integration can also be performed yielding 

m,,(k, B)=- (k$&-6:,3) -exp[-k:/2eBl 

I 

a eB 
2a mz 

(9) 
1 x 

In the l i t  of small k, equations (8) and (9) give 

and reproduce therefore the leading term of (1). The origin of the linear B dependence 
shows up very clearly. It stems from the Gaussian distribution of the transverse 
fermionic momenta. In turn this shape describes the confinement of the charged particle 
motion in directions perpendicular to B. The typical confinement length is of order 
I/@, as expected from very simple arguments. Since some previous investigations 
[IO, 12-14] have reported logarithmic correction only, some words of comment may 
be appropriate. First, it is clear that the presence of the external field 6 breaks the 
isotropy of the problem. As a consequence, the dielectric permeability tensor E,, has 
the form 

e i i=( l+C~)6r /+Czninj  

n being the unit vector in the direction of B. The eigenvectors of E,, are A,,= 
1 + C, + Cz, 1, = CI, A compasjson with (I) shows that 

a a eB 
3n m 

C,=-~1n(aBZ/m4)  C,=- 7. 

Therefore, we realize that the linear B dependence is missing whenever one neglects the 
non-trivial structure of the tensor E,,. Further consideration on this point can be found 
in [15]. 

It may be useful to give an interpretation of (4) in terms of intermediate electronic 
states. From (2) we have, momentum space: 

x exp[-p:/2eB+ ip ,p~/eB] exp[-~/2eB+iqlqz/eB] (1 1) 
(in the particular gauge A ,  =A3=A4=0 ,  AZ=BX3). Going back to the Minkowski 
metric, the expression shows poles for pi=p:+m2, whose position is independent of B. 
Both (1 + u3)/2 and (m- ypll)/2m are projectors (on the pole position) and they com- 
mute among themselves. It appears therefore evident that the residuum of fF decom- 
poses into the product of the wavefunctions corresponding to the lowest level of a 
charged spinor in a static and uniform magnetic field. So we can conclude that the limit 
leading to (4) has the effect of pushing all the electronic Landau levels to infinity keeping 
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only the the first one which is, in fact, independent of the msgnetic field. We recall that 
an analysis of the vacuum polarization in terms of Landau levels has been performed 
in studying the generation of longitudinal modes for the photon propagation in extemal 
magnetic fields [20].  

3. Concluding summary 

In this work we have discussed the photon propagator in the presence of a strong and 
constant magnetic field. In contrast with the more common belief we have found that 
the corrections to the photon propagator cannot be absorbed into a logarithmically 
increasing effective coupling constant. Actually, as already shown by the long wave- 
length treatment of [ 151, the strong field dependence of the vacuum polarization tensor 
turns out to be dominated by non-isotropic terms which gives a sizeable reduction of 
the electromagnetic couplings. The limiting behaviour of oPv(k, B) has been derived 
in a simple way, starting from an approximated form of the exact electron propagator 
in a constant and homogeneous magnetic field B. This method has the advantage of 
giving some hint on the origin of the unusual B dependence. In the literature, the strong 
field corrections to the effective fine structure constant ad have been discussed in 
connection with the anomalous electron-positron pair production observed in heavy- 
ion collision at GSI (the so called e+e- puzzle or Darmstadt effect). A strong coupling 
regime a ~ -  1 could induce a new phase of QED which would actually explain the main 
features of the anomalous e+e- peaks. Some evidence against this mechanism has been 
provided in [lo] where a negligible logarithmic increase of aeR is predicted. Although 
our results differ to some extent from those of [ 101 we have to draw the same conclusions 
about the new QED phase, since the unexpected terms appearing in the vacuum polariza- 
tion tensor do not describe an increase of the electromagnetic couplings. Obviously, 
the role played by non-homogeneous or even time-dependent background fields is still 
an open and hard question [21]. Perhaps this problem is less terrible than it seems at 
the first sight, as suggested by the evidence that the strong field vacuum polarization 
can be reasonably described through consideration of only one intermediate state. 
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