
INTRODUCTION

More, due to the interaction of physics and astro-
physics we are witnessing in these years a splendid syn-
thesis of theoretical, experimental and observational
results originating from three fundamental physical
processes. They were originally proposed by Dirac,
by Breit and Wheeler and by Sauter, Heisenberg, Euler
and Schwinger.

The vacuum polarization process in strong elec-
tromagnetic field, pioneered by Sauter, Heisenberg,
Euler and Schwinger, introduced the concept of criti-

cal electric field ecmE 32

ec  , m
e
-electron mass. It has

been searched without success for more than forty
years by heavy-ion collisions in many of the leading
particle accelerators worldwide.

Now, the QCD-monopole has an intrinsic struc-
ture relating to a large amount of off-diagonal gluons
around its center, similar to the �t Hooft-Polyakov
monopole[1,2]. At a large scale where this structure be-
comes invisible, QCD-monopoles can be regarded as
point-like Dirac monopoles.

In the Maximally Abelian (MA) gauge, the off-
diagonal gluon contribution can be neglected and
monopole condensation occurs at the infrared scale of
QCD. Therefore, the QCD vacuum in the MA gauge
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can be regarded as the dual superconductor described
by the DGL theory, and quark confinement can be
understood with the dual Meissner effect.

Therefore, in the first part we proceed to a review
of our analytical model based on the DGLP theory,
already presented in[3], and here we insist more on the
equivalence of our model with that described in the
works[4-10], from RCNP-Japan, and where, also, is
proved the connection between QCD and the dual su-
perconductor scenario.

In the next parts, as based on these data obtained,
are calculated: the Higgs boson energy release due of
two gluons fusion during the pp collision at LHC, the
gluon Pairs and quarks pairs production from space-
time dependent chromofield; the e+ � e- pairs creation
due of the thermally-induced vacuum instability as pro-
duced by a laser pulse in a the crossed field generated
by a single plane wave generated by a single photon, in
high energy collisions where jets are the signatures of
quark and gluon production.

It will be demonstrated based on the results of
DGLP theory, respectively: the value of the maximum
chromoelectrical field of the Giant Vortex (GV) of E

0

= 2.18  1028 N / C), and of magnetic field of B = 1.28
 1017 J / Am2 due of the monopole condensate cur-
rent inside the nucleon or of spin-orbit interaction.
These values are shown as being near of Schwinger
critical electric field and of parallel magnetic field for
e+ � e- pairs creation by Schwinger effect, all that mak-
ing possible of one pair per nucleon to be obtained.
This pair supplies the charges balance (now, not very
clear) making possible the quarks conversion (u  d).

Thus, a new understanding of beta decay process
it will be proposed, when, also, a pair of boson W- �
W+ is simultaneously created due of the Schwinger
effect in the giant vortex (GV) where the electrical
field is E  6.58  1029 N / C, and near equally with E

0

 v.e.v. = W
crE  = 3.5  1028N / C  247GeV.

Also, it is given for the first time the demonstra-
tion of the discovery, that v.e.v. is in fact the
Schwinger critical field E

cr
 for a pair of W creation

from vacuum.
This pair decays in beta-electrons during quantum

tunneling due of the phase slip with 2 �  and of a 
0

energy release, and this ad-hoc bias current produces a
spontaneous suppression of the superconducting or-
der parameter, all the model is proved for a free neu-
tron decay.

Also, it is shown that, equally, the same Schwinger
pair-production rate is enhanced by a thermal
Boltzmann factor, when the quantum tunneling is
substituted by a thermalization which destroy the su-
perconductivity due of the incidence of an high ther-

mal spike of a photon with valence nucleons.
For that, is given a numerical application, when is

considered the case of 26Al, through its -decay to 1.809
MeV -ray, when at high temperatures (T

9
 = 0.42GK)

equilibrium is reached between 26gsAl and 26mAl which
is relevant to some high temperature astrophysical
events such as novae, this being proved by our model.

THE DGL MODEL FOR NUCLEON
SUBSTRUCTURE

In our model is adopted a basic dual form of
DGDP theory[3] which generalizes the London theory
to allow the magnitude of the condensate density to
vary in space. As before, the superconducting order

parameter is a complex function )x(


 , where 
2

)x(




is the condensate density n
s
. Also is defined the wave

function

))x(iexp(n)x( s



 (1)

or QCD monopole field 

( = 1,2,3)[4,5,11], and where

n
s
 is the London (bulk) condensate density, and  are

real functions describing the spatial variation of the
condensate.

The characteristic scale over which the condensate
density varies is , the G-L coherence length or the
vortex core dimension. The x denote the radial dis-
tance of points from the z-axis, the superconductor
occupying the half space 0x . Outside of the super-
conductor in the half space 0x , one has

B = E = H = H
0

(2)

where, �the external� vector H
0
 is parallel to the sur-

face and correspond to E the external color-electric
field inside the hadron flux tube assumed as
E = (E

3
T

3
 + E

8
T

8
) (3)

which is formed between valence quarks for the qq pair
creation rate[4,5,11]. The  theory of superconductiv-
ity[12] is an application of the Landau theory of phase
transitions to superconductivity. In this case, some
scalar complex  function fulfils the role of the order
parameter.

First of all, we write the magnetic induction the
B = curlA =   A (4)

where A is the electromagnetic field potential, or the
diagonal gluon

)A,A(A 83



 (5)

and the dual gauge field

)B,B(B 83



 (6)

as in[4,5,11].
Finally, one gets for the superconducting current

density
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that resulting from the following correspondence:
B
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  2  2 (10)

1
LW

vg�m 


 (11)



  

 4g� 2 ; W
222 sing�e  (12)

For   21222
L m36e5.5)c(v4GeV247v 



 ,

or 
L
  2.3e � 18[m], which is the Compton length for

W bosons, see the section 3.2, below. Therefore, a
perfect equivalence exists between both models.
The final expression for the free energy then takes the
form[3]:
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Here, the magnetic induction must be expressed as in
(11). One can obtain the basic equations of DGLP
theory by varying this functional with respect to A
and *. Carrying first variation with respect to A, we
find after a simple calculation:
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The second integral can be transformed into an inte-
gral over remote surface and disappears. To minimize
the free energy, the expression in the brackets must be
equal to zero. This results in the Maxwell equation
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provided that the current density is given by
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In[6], the equivalent construction being:

  
   gikF )(�


 Bg 2�2 (23)

According to the definition of n
s
 we can substitute

 )exp(  ins . Then (15.1) becomes
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Equation (16) coincides with (8). This justifies our iden-
tification of 2 with n

s
. Variation of (13) with respect

* gives, after simple integration by parts,
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The second integral is over the surface of the sample.
The volume integral vanishes when

0baA
e2

i
m4

2
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(18)

Equations (15) and (18) form the complete system of
the DGLP theory.

In equation (16), to emphasize:
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 , I did a lot of

multiplications, and I used the quantized flux:

 

e


 0 , and 2 = n

s
; n

s
 = 3 _monopoles/V*1.e �

45m3, V = 4/3r3 = 1.45e � 45m3, r = 0.7[fm] 
0
 =

8.8e � 12[C2.N-1.m-2].
Since, the magnetic charge of monopole being[13]

 
eee
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 , and as-

suming that the classical electron radius be equal to
�the classical monopole radius� from which one has

the monopole mass  eedM memgm 470022  , the

value of  remains unmodified. In appendix A is pre-
sented a fully alternative for calculation of monopole
mass.

We now consider the phase transition in super-
conductors of the second kind.

For this we can omit the non-linear (2 ) term
in (18), we have

0baA
e2

i
m4
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22
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 (19)

This equation coincides with the Schrodinger equa-
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tion for a particle of mass 2m and charge 2e (in the
case of dual, the factor 2 for the charge, which is spe-
cific to the �pairs�, it is actually 1) in a magnetic field
H

0
 (in our case the chromo-electrical flux E(0)). The

quantity a plays the role of energy (E) of that equa-
tion. The minimum energy for a such particle in a
uniform electro-magnetic field is

]J[
mc8
eH2

2
1

2
1 0

B)0(   ,

H
0
-an �external� electro-magnetic field of a dipole cre-

ated by the pair uu (the chromoelectrical colors field)














C
N

24e33.8
r4

de
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0

00 (19.1)

where is supposed r  0.05[fm]-as the electrical flux
tube radius, d = 0.48[fm]-the distance between the two
quarks charges, m = m

e
  9.e � 31[Kg], usually H[A/

m], but here is used as 









20 Am
J

HB

To note, that if we will go in the range of Compton
volume for W bosons pair production in vacuum,
respectively of radius

]m[18e3.2cmr W
W
Compton 


 , it results E
0
 

1.75e28[N/C], see more in the section 3.2, below.
Hence, equation (19) has a solution only if

mc8eH2a 0 , when following power-law confor-

mal map is applied for complex number of the r.h.s of
(19), or equivalently if the electro-magnetic field is less
than an upper critical field, see figures 1a;1b.
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and in terms of
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with   ; ]fm[1114.0
05.1
117.0





 , or

05.1121    (of type II-superconductor).
The electrical field is concentrated inside the tube.

At large distances from the tube it is shielded by an-
nular superconducting flowing around the tube. This
current is analog of the superfluid velocity field sur-
rounding the vortex lines in the superfluid liquid. We
can then picture the mixed state as an array of quan-
tized vortex lines. Such vortex lines were predicted by
A.A. Abrikosov in 1957. Their existence is crucial for
explaining the proprieties of type II superconductors
(dual in our case).

The presence of a vortex line in the center of the

tube increases the free energy of the superconducting
media. The DGLP equations are solved analytically
only for    (near T

c
 this means 1 ), since, in

the MA gauge, the charged gluon (M
ch

) effects become
negligible and the system can be described only by the
diagonal gluon component at the long distance as

fm2.0Mr 1
ch 
 [4,5,6] For the short distance as

fm2.0Mr 1
ch 
 , the effect of charged gluons appears,

and hence all the gluon components have to be con-
sidered even in the MA gauge, see appendix A. Thus,
when the electrical flux is applied parallel to the su-
perconducting cylinder, the first flux penetrating
should be located along the axis of the cylinder.

Substituting j
s
 from Maxwell equation, we can re-

write (8) as:

s
0

0
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2
jA
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From Maxwell equation (in SI):
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or
A + 2  B = 2

0
/2 (21)

The phase  in presence of vortex line is not a single-
valued function of the coordinates. For a vortex line
with minimum flux 

0
, the phase increase by 2 on

traversing a closed contour that enclose the line. Thus
the integral along such a contour is

 2dl (22)

Integrating (21) we find

  0
2 2dl)BA( (23)

It is not difficult to check that in the range
  x (24)

The second term from l.h.s of (23) gives the main con-
tribution. We take the contour of integration in (23) a
circle of radius x. For this geometry the vector ( 
B) has only one component (  B)


 along the con-

tour.
The integration is then simple and we have

2
0

x2
2

dx
dB

)B(





 (25)

To note (in cgs):




 ss ven

c
4

)B(

Equation (25) then gives mx2v s 
 for the superfluid

velocity as it must be for a vortex line in a superfluid
of particles with mass 2m.
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Integrating of (25) for B gives








 






x
log

2
2

)x(B
2

0
(26)

This equation is valid in the interval (24) with loga-
rithmic accuracy.

Notice also that every vortex carries the flux 
0

and hence the mean value of B over the cross-section
of the cylinder is

02B  (27)

where  is the number of lines per unit area. This
result is invalid near the upper critical flux H

c2
 where

the cores of the vortex lines begin to overlap. To cal-
culate this number we have to take into account the
interaction between vortex lines. As the first step we
have to find the electrical field trough a loop of arbi-
trary radius surrounding the line without the restric-
tion (24). Let us calculate the curl of the both sides of
(21).

Note that
curl = 2  n

z
  (x) (28)

and curlA = B, where (x)-the Dirac function
Where r is the two-dimensional radius-vector in

the x � y plane and n
z
 is a unit vector along axis z (We

assume that the axis of the vortex line coincides with
z). Indeed, integrating  along the contour encir-
cling the line and transforming the integral by Stokes�
theorem into an integral over a surface spanning the
contour, we have according to (22)

   2dScurldl (29)

Since this equation must be satisfied for any such con-
tour of integration, we have (28).

Finally, we obtain
B + 2curlcurlB = 2n

z


0
(x) (30)

Using the vector identity curlcurlB = divB � B =
�B, we obtain
B � 2  B = 2

0
(x) (31)

This equation is valid only at all distances
x (32)

Throughout all the space except the line x = 0 equa-
tion (31) coincides with the London equation (12)

The (x) function on r.h.s defines the character of
the solution at x  0. Actualy this singularity has
already been defined in (26), which is valid at small x.

The solution of this equation at x   is B(r) =
const  K

0
(x/), where K

0
 is the Hankel function of

imaginary argument. The coefficient must be defined
by matching with the solution of (26). Using the as-
ymptotic formula K

0
(x)  log(2/x) for 1x , where

 = eC  1.78 (C is Euler�s constant), we finally have

)x(
2
2

)x(B 02
0 




 (33)

Exactly, the same solution is obtained by G.Bali et
al[12], respectively the equation (2.6).

Using equation (33) we can rewrite (26) as:

x
2

log
2
2

)x(B
2

0








 , x (34)

In opposite limit of large distances one can use the

asymptotic expression x21

0 e)x2()x( 
 for 1x .

Thus, at large distances from the axis of the vortex
line the field decreases according to
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0 e
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2
)x(B , x (35)

Accordingly the superconductive current density de-
creases (in SI):
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4
c

j

We can now calculate the energy  of the vortex line.
The magnetic part of free energy corresponding to
London equation is given by the integral.

   


 dVcurlBB
8
1

F 222
B

Indeed, by varying the expression with respect to B,
we immediately obtain the London equation (12). The
main contribution to the integral is due to the second
term, which contains a logarithmic divergence. Sub-
stituting (25) in the above eq., and integrating in the
range (24), we obtain for the energy per unit length of
vortex line.

























 log
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2
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This equation, explains why only vortex lines with
the minimum flux 

0
 are the most favorable. The en-

ergy of a line is proportional to the square of its mag-
netic flux. Thus, the fragmentation of one line with
the flux n

0
 into n lines with flux 

0 
results in an n-

fold gain in energy.
The vortex energy to create a W-boson by a Schwinger
effect is given as (see section 3.2.):

 ][0816.182
20

2 JeHVc cvortex   (36)

where V-is the volume of one vortex (1/3V)
The interaction between vortexes at distance x and

of separation d = x �  is given as in[3], see figure 1a;1b.
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The energy of the neutral boson Z is assimilated with
the vortex-vortex two pairs of quarks spins (1/2 + 1/
2 = 1) interaction energy 

Z
 = 2 * 

int-pair
 = 84[GeV],

with above 
int-pair

, When the three pairs of vortexes
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lattice, see figures 1a;1b. Thus, it results another en-
ergy state-maximum possible (d  0), probable that of
Higgs boson (H): 

H
 = 3 * 

int-pai
 = 3  41.6 

125[GeV].
In other words, in order to equilibrate these ener-

gies are necessarly to admit the existence of two par-
ticles Z, H of exactly these energies values.

THE PAIR CREATION INSIDE THE
NUCLEON BY SCHWINGER EFFECT

Electron-positron pair

An interesting aspect of virtual particles (in
vacuum) both theoretically and experimentally is the
possibility that they can become real by the effect of
external fields. In this case, real particles are excited
out of the vacuum. In the framework of quantum
mechanics by Klein, Sauter, Euler and Heisenberg who
studied the behavior of the Dirac vacuum in a strong
external electric field. If the field is sufficiently strong,
the energy of the vacuum can be lowered by creating

an electron-positron pair. This makes the vacuum un-
stable.

A particle with charge q and mass m in a constant
magnetic field undergoes circular motions with the
Larmor frequency 

c
 = qB/m. In quantum theory

charged particles occupy the Landau levels with en-

ergy nE c    and in a strong magnetic field of B
c
 

1016[T], the energy difference of Landau

levels cE   can be comparable to the rest mass of
the particle. The number of Landau levels is

 







2
qBL

2
Lm

N
22

c , where L is the length. In the trans-

verse direction of a magnetic field above the critical
strength electrons of an atom are strongly bounded
and fill the lowest Landau levels but in the parallel
direction are attracted by the Coulomb force. As clas-
sically the charged particle moves along a spiral of cir-
cular motion in the transverse direction and linear.

In the case analyzed in[16,17], in which E2 � B2 and E
 B are not both zero, one can go to a frame in which
E and B are parallel with magnitude E and B, and is
obtained the imaginary part of the one-loop effective
action per four-volume for spinor QED.

In a pure magnetic field B = Be
z
 along the z-direc-

tion, A = (0,Bx,0), and for the electric and magnetic
fields parallel to each other along the z-direction, the
4-potential is given by A


 = (�Ez,0,Bx,0), that copy

very well with our new understanding, when the elec-
tric field E is that of the quark-anti-quark pairs, and B
is induced either by the spin-orbit interaction of the
monopole (nonabelian field), or by the monopole cur-
rent as Rashba effect, see appendix A, and figure 1a.

In[16] is obtained the pair-production rate for fer-
mions (eq. (67)) as

with the outermost (d  0.04 fm) vortices lines which
interacting (repel) at the center of the triangle, that
will generate a neutral current in this zone called Higgs

boson (H). Its spin and charge are both zero due of the
vortices coalescence, here into a giant vortex (GV), all
that happens during the triangular arrangement of the

Figure 1a : The Giant-Vortex (after an idea from Ref.[15]) that could be also the arrangement for the nucleon (only illustration)..
A spin-orbit nonabelian field is shown (after an idea of the ref[14]).

Figure 1b : Abrikosov�s triangular lattice for a nucleon (pro-
posal after an idea from[15])
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(73)

for spin �1/2 particle,

where  = 1/137, V[m3 s] and 04 to convert cgs 

SI (to note that the authors of these articles do not
have used this factor, that affecting enormous the nu-
merical results with  10-11), JWKB meaning (Jeffreys-
Wentzel-Kramers-Brillouin) model[16].

The discrete spectrum due to the magnetic field is
the Landau levels for charged particles. Note that all
the Landau levels are non-degenerate for the scalar
particles, whereas all the states of the Dirac spinor are
doubly degenerate, j, 

+
 = 1/2, and j � 1, 

-
 = �1/2,

except for the unique lowest Landau level, j = 0, 
+
 =

1/2.
The effect of magnetic field is the same as shifting

the effective mass )1j2(cqBcmcm 242
e

42



 for fer-

mions for each Landau level.

(a) Case 1 - The use of a nonabelian field

The Compton space-time volume of an electron
has the size

sm70e59.1)c(V 3
C

3
CCompton  ,

Where ]m[16e6.4cmC 


 , the effective mass is

2242
e ccqBcmm 


, the critical field

]CN[24e24.8E23e58.8
e

cm
E

32

c  



; B =

2.86e15[T] as from eq.(A.40), that results m
*
 = 7.14e �

28kg
The electron energy is  = m

*
c2  0.4GeV- the

same and sufficiently to broken the quark-anti-quark
string strength   0.4GeV during beta-decay process
followed by the release of a beta-decay electron from
W decay, and which gets the final beta energy as
equally to that of the out of barrier turning point
after the tunneling and accounting for the valence
nucleons interactions (shell-energy levels). The num-
ber of assaults of the barrier, like in Gamow theory[18]

is n
a
 = 

b
/R; where the velocity is 

b
  (2/m

*
)1/2, and

the radius of the barrier is R  
C
;

GeV4.0meB 


 the energy of the particle for the
first Landau level (as above), and we can see that it
results to be equally with the rest mass of the elec-
tron, that resulting n

a
  9.e23s-1. In case of WKB[18],

the transmission coefficient r
QVm2

2T 





, and

the decay constant R = n
a
e-T.

For the thick barrier the transmission coefficient

is b
mQ2

2
v

Qb
2T



 ; where, the kinetic energy

of the particle after the barrier at b is 2mv
2
1

Q 

To �materialize� a virtual e+ � e- pair in a constant
electric field E the separation d must be sufficiently
large eEd = 2mc2

Probability for separation d as quantum fluctua-
tion





































E
E2

exp
Ee
cm2

exp
d

expP cr
32

Compton 

The emission (transmission through barrier) sufficient
for observation when E  E

cr
, with Q = eE

cr
d, results

C

b2mcb
2T







, or b  

C
/2 (73.1)

With these values it result : the number of pairs 
JWKB

/ s = 4.65e23s-1  n
a
, for a volume V  (

b
)3  1.0e �

46[m3]  V
b
, the penetration length  = 0.117 fm, and

for a four-volume of ]sm[70e6.1c 34
b  , results

pair172.0JWKB  , or in other words, all the time in-
side the nucleon is available one real pair of electron-
positron which combine with quarks pairs, as was
shown before, resulting an e+, or e- which help the
quarks transformation (u  d) for beta-decay. In our
model, W is also created (see bellow) there as a vortex
which decay into an electron which takes the energy
at the turning point out of the barrier equally with
the binding energy of nucleon in isotope nucleus, and
it passes the barrier of monopole condensate charac-
terized by an quantum tunneling suppression given

as:   27e96.3exp   , where, as

]s[24e56.1cm 2



  near

]s[24e5.1)Tk8( cBGL    is the Ginzburg-Landau
life time of W bosons, since these decay in beta elec-
trons, in the same time with pair generation, their life-
time need to be near equally with the lifetime of the

pair ]s[24e56.1cm 2

ee



 , that is happen, and

E, which corresponds to the height of monopole con-
densate barrier, due of the phase slip with 2 �  and

of a 
0
 energy release: 

b0

2

0

2 dcE  ;  15.7db ,

and ]J[09e898.3  ; and the quantized flux is :

]Tm[15e07.2
e

usuallyec 2
0 






 . To note

that E
Thus, the probability (rate), into a more simple

way- without the external interactions of the neutron
(free-not bounded), is s given as:

]s[544s03e84.1)Eexp(V 21
1

JWKB 


 , that

corresponds for free neutrons decay by emission of an
electron and an electron antineutrino to become a pro-
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ton, e
0 epn 

 , with half-life of 611s.

(b) Case 2 - The use of Rashba effect

The Compton space-time volume of an heavy elec-
tron (gluon!) has the size

sm74e.8)c(V 3
b

3
bCompton  ,

Where ]m[17e.7cmb 


 , the effective mass is

2242
e ccqBcmm 


, ]kg[27e77.4m 

 (38)

and the critical field

]CN[28e18.2E25e84.3
e

cm
E

32

c  



The �heavy electron� energy is GeV68.2cm 2



-

the same and sufficiently to either broken or to create
an quark-anti-quark string, that fact it will be estab-
lished experimentally!

Therefore, if we consider the situation of the GV,
in eq. (37) is introduced the magnetic field induced by
the entire monopole condensate as being

]J[07e9.7
8

BcV
3

2
monop

2
0

vortex 



 , where

]AmJ[17e28.1cEB 2
monopolmonop  ;

c)(

)(
E

2e
C0

2
monop2

monop






 (38.1)

mass_monopoles3_or_HRmonop  , the Rashba en-

ergy being ]J[09e2.1HR   from eq. (A.32),

and vortex3   from (36), resulting

]CN[25e835.3EE ee
crmonopole 






, and the electrical field

of the Giant Vortex (GV), (see figures 1a;1b) is

]CN[28e18.2E
c)(
)3(

E
2e

C0

2
vortex2










, where

3m45e45.1V  for the Giant Vortex, near the value

of ]CN[28e5.3v.e.v  . To mention that, indepen-
dently we can obtain the critical value of magnetic

field as: ]AmJ[17e28.1
8e997.2

25e84.3
cEB 2e

cr
cr
monop 



With these values it results: the number of pairs cre-

ated a
1

JWKB n]s[24e12.4s 
 , and finally with

Compton volume it results pair1JWKB  , or in other
words, all the time inside the nucleon is available one
real pair of electron-positron which combine with
quarks pairs as was described above, or creates a new
quarks pair-for a new hadron type (with four quarks
as a new state of mater!).

In our model, in the same time is created a pair
W by a Schwinger effect (see the next section).

This �heavy electron� itself can not pass the bar-

rier of monopole condensate as characterized by an
quantum tunneling suppression given as:

  04e2.1exp   , where,

as ]s[25e33.2cm 2



 small that ]s[24e5.1

e


 ,

or the Compton length being too small by the barrier

width fm83.07b]m[17e.7C  . The same con-
clusion is obtained if we apply eq. (37.1). Therefore,
this passes only when a external energy (by collisions!)
is applied in order to maintain �open� the barrier by
�melting� it.

Therefore, it look like of two permanent pairs of
e+ � e- and of W to be present during the beta decay,
or an energy of a vortex W exists here, as it was found
in the previously work[3]. In the same way, many oth-
ers particles could be created here, like s; c; t quarks ;
muons etc., but anyone can not penetrates the barrier
as itself, these can only decay, or annihilate into elec-
trons of low energy and neutrinos.

To remember that in[3], we have described the pro-
cess as a spontaneous nucleation of a normal-state belt
across the strip with 2- phase slip with 

0
 release,

and a bias currents which may produce a spontaneous
suppression of the superconducting order parameter
(), and when a vortex (W) (after it is created by the
Schwinger effect, as the main finding of this new work,
see section3.2.), crossing from one strip edge (just the
monopole condensate barrier) to the opposite one in-
duces a phase slip without creating a normal (vacuum)
region across the strip (one of three vortexes of nucleus)
width. Then, is treating the vortex as a particle mov-
ing in the energy potential formed by the supercon-
ducting currents around vortex center inside the strip
and by the Lorentz force induced by the bias current.
For a free neutron the dark count rate in[3] is obtained

as 1

dark s04e7R 
 , which is comparable with the above

result.
To see the order of magnitude we extract from[3]

some results on the decay of a free neutron, thus, the
bias current is:

 
)1(

2 2
0 


 I

w
I

and the main superconducting current is:

z

2
0

00 h
2

;
8
c

I








Here, h
z
  -the axial (z) height of the monopole con-

densate.
Also, here, the critical current at which the en-

ergy barrier vanishes for a single vortex crossing:






72.2
wI2

I 0
2

c ; respectively:
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I = 5.197e3; I
c
 = 1.6e4; I

0
 = 3.e5; where  22 1   ;

15.4w  ; 1114.0117.0 ; and

014.0e68e1017.0II 0 

The Bosons pair production

(a) Case 1 - W bosons creation

It has long been known that an inevitable conse-
quence of Dirac�s theory of the electron is that in re-
gions of sufficiently high energy density, the quan-
tum vacuum can break down in a spontaneous genera-
tion of electron-positron pairs. Following the initial
results of Sauter, Heisenberg and Euler and Weisskopf,
in a seminal work, Schwinger derived a central result
of strong-field quantum electrodynamics, the rate per
unit volume of pair creation R in a constant and uni-
form electric field of strength E, of leading order be-
havior,

  EEcEER crcr  
 exp*)8)(()( 1342

for  1crEE , positron charge e, mass m, Compton

wave-length mc and so-called �critical� electric

field  ecmEcr
32

 .

Now, the energy corresponding to E
cr
 is given as:

  cEv
2

W
Compton0

2
cr

2




 , or 





4
c4

cme
cm

v 0
22

W

2

22

64
W2 



2
2
W

2
W

2
0

42
W )GeV267(

M25.0
4
M

e4
4ccm










 

, which in

fact is the vacuum expectation value (v.e.v.), here the

fine-structure constant is 137
1

c4
e

0

2







If we will remember the Fermi disintegration constant

25

2
W

2

F GeV1015.1
M
g

24

1
G 



where the mass of boson GeV81cmM 2

WW  , and

Wsinge  ; the Weinberg angle 41sin W
2

 , and the
Higgs vacuum expectation value v.e.v or

  GeV247G2v
21

F 


, if we

substitute
2

gv
MW  from Standard Model.

 2

2

W

2

2
W

2

2
W

2
2
W GeV80GeV

s
2.37

v
s

v
s4
e

M 














 , where

22.0sins W
22

W 

If in eq. above in place of 0.25  0.22, it will result 
= 247GeV

Therefore, it is obtained for the first time the deri-

vation of the Higgs vacuum expectation value field
(v.e.v) as being Schwinger critical field for creation of
pair of bosons W- � W+ as needed in beta-decay pro-
cess. To note that the Standard Model is centered, also
in W, the difference being that, in my model this pair
is created by the Schwinger effect, and the field of the
nucleon substructure having values which support this
effect.

Numerically, kg25e442.1GeV81mW  ,

]m[18e31.2cmr W
W
Compton 


 for (GV), results

]CN[29e58.6E
c)(
)3(

E
2W

C0

2
vortex2








, and

TeV5]J[07e9.7
8

BcV
3

22
0

vortex 



 , and

]AmJ[17e28.1cEB 2
monopol  with E

monop
 from eq.

(38.1), and Schwinger critical field

  GeV267v.e.vCN28e5.3ecmE 32

Wcr   ;
The rate of W- � W+ pair production is again R  1,
with the Compton vol-

u m e ]sm[80e54.9c)(V 134W
C

W
C


 ,

and 1s26e56.1sR 
 . Again, due of very small

Compton length by comparison with the barrier
width, W itself can not penetrate the barrier, as de-
scribe above.

To note, that in order to obtain the pair rate of 
one for W, only then when are used the values of GV

energy )TeV5]J[07e9.7e3( vortex  , which can
means that these particles are obtained by the melting
of two gluons (gg), as is find in[3], and at LHC-see sec-
tion 5. Therefore, a collision of a such value can main-
tain �open� the barrier till the release of decay prod-
ucts!.

For the first time in[19] is studied the entire dy-
namics of energy conversion from initial overcritical
electric field, ending up with thermalized electron-
positron-photon plasma.

Such conversion occurs in a complicated sequence
of processes starting with Schwinger pair production
which is followed by oscillations of created pairs due
to back-reaction on initial electric field, then produc-
tion of photons due to annihilation of pairs and fi-
nally isotropization of created electron-positron-pho-
ton plasma. Evolution of electric field E and pairs

bulk parallel momentum for crE30E  , shows that
following oscillations E tend asymptotically to E

cr
 af-

ter c1000 . After some time, the photons energy den-
sity becomes equal and then overcomes the pairs en-
ergy density. This growth continues until the equilib-
rium between pairs annihilation and creation processes
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is established 
 ee .

A new understanding of beta decay

In the classic understanding of - disintegration

eepn 
 , or this occurs when one of the down

quarks in the neutron (udd) decays into an up quark
by emitting a virtual W- boson, transforming the neu-
tron into a proton (uud). The W- boson then decays
into an electron and an electron antineutrino:

eeuududd 
 .

In our new understanding of beta-decay process,
it results that, in order to make possible this transfor-
mation (balance of charges) it needs to have supple-
mentary an e- + e+ pair as created by a Schwinger
mechanism, as will we show above, and which is nec-
essarily to always exist here, and consequently, for
the beta decay process, we have in terms of quarks for

the neutral mesons: dd;uu :

)e32(u)e33(e)e31(d 
 (75)

)e32(u)e33(e)e31(d 


and for + decay can only happen inside nuclei when
the daughter nucleus has a greater binding energy (and
therefore a lower total energy) than the mother
nucleus. The difference between these energies goes
into the reaction of converting a proton into a neu-
tron, a positron and a neutrino and into the kinetic
energy of these particles.

In an opposite process to the above negative beta
decay, the weak interaction converts a proton into a
neutron by converting an up quark into a down quark
by having it emit a W+ or absorb a W-.

+ decay of nuclei (only bounded proton) when:

eenp 
 , or eeudduudenergy 



or,

)e31(d)e33(e)e32(u 
 (76)

)e31(d)e33(e)e32(u 


In the process of electron capture, one of the
orbital electrons, usually from the K or L electron
shell, is captured by a proton in the nucleus, forming
a neutron and an electron neutrino.

enep 


In our new understanding, when the vortex equilib-
rium is disturbed by the transformation of one quark
(d  u) due of the interaction with the new created e-

+ e+ pair (coincidently of the same energy as that of

the strings (neutral mesons) dd;uu ), then, this is ac-
companied by a creation of a W boson which decay
into e and neutrino which pass the barrier as crossing
vortex, that being the new idea of this model.

SCHWINGER PAIR-PRODUCTION THER-
MALLY STIMULATED BY A LASER PULSE

From[20] results that the Schwinger pair-produc-
tion rate by a time-dependent electric field is enhanced
by a thermal factor of the initial Bose-Einstein distri-
bution known as the Boltzmann factor.

Thus, it is found that the Schwinger pair produc-
tion rate at finite temperature is enhanced by the ther-

mal Boltzmann factor: 
c

B

T)(
nk

nk

Tk

1e

1
)T(f








 .

Where the cyclotron frequency induced by the
monopole B is 

c
.

Thus, with B = 2.8e15[T] from eq.(A.40), T =

0.4e9K for decay of MgAl 2626
 , re-

sults 1

c s23e4.6meB 


 , finally the enhancement

factor 05e6.8fBoltzmann  or the lifetime is reduced with
1.e7, and the number of pairs per a thermal spike it

could be pair1fV BoltzmannJWKB  , if the volume af-

fected by laser is ]sm[zs30*)(V 33e
C


 ; represent the

turning point at which the decay energy MeV8.1
for Alg26 .

To note that the duration of the single attosecond
spikes in the APT amounts to 300 as/2 means 30zs in
the projectile frame[21-23]. This value approaches the

natural QED time scale of ]s[10zs1m1 21
 . Near the

same result is obtained in case 2, or when a barrier is
�open� by the thermal spike, the heavy electrons pass-
ing more easy.

An important thing to be verified experimentally
is that by using a thermal spike of only T = 0.4e9K,
when it could be obtained one W pair, and one of H
boson.

We may thus conclude that the Schwinger pair-
production rate is indeed enhanced by the thermal
effect given by the Bose-Einstein distribution expressed
by the Boltzmann factor.

In this case, in place of the quantum tunneling sup-
pression factor we introduce the thermal stimulation
with Boltzman factor. The model it needs to be ex-
perimentally tested, for example on radioiso-

tope MgAl 2626
 , as it was described bellow as the pro-

posal to test the model, also suggested in[24-26].
To mention that from the model based on bias

current (described above) it results a necessary photon

flux of sphotons13e18.5R h  , and from this new
model results a duration zs30 ; both parameters can
be obtained only by the laser from ELI (Extreme Light
Infrastructure)[27,28].



.JOPA, 2(3) 2013

FP  108

Full Paper

THE GLUON PAIR PRODUCTION FROM
ARBITRARY TIME DEPENDENT CHROMO-

ELECTRIC FIELD VIA SCHWINGER
MECHANISM

The subject of quark/anti-quark and gluon pair
production from the non-abelian field is relatively new
and is not fully solved[29]. It might be important for
the production of the quark-gluon plasma (QGP) in
the laboratory by high energy heavy-ion collisions.
Lattice QCD predicts the existence of such a state of
matter at high temperatures (~ 200 MeV) and densi-
ties. In high energy heavy-ion collisions at RHIC and
LHC[27] the receding nuclei might produce a strong
chromofield which would then polarize the QCD
vacuum and produce quark/anti-quark pairs and glu-
ons. These produced quarks and gluons collide with
each other to form a thermalized quark-gluon plasma.
The space-time evolution of the quarkgluon plasma in
the presence of a background chromofield is studied
by solving relativistic non-abelian transport equation
of quarks and gluons with all the dynamical effects
taken into account. Quark and gluon production from
a space-time dependent chromofield is needed to study
the production and equilibration of a quark-gluon
plasma in ultra relativistic heavy-ion collisions at RHIC
and LHC.

We again mention here that the fermion pair pro-
duction from the space-time dependent field is stud-
ied in the literature, but gluon production from space-
time dependent chromofield is not studied so far. This
is because a consistent theory involving the interac-
tion of the gluons with the classical chromofield is
not available in the conventional theory of QCD. The
production of qq pairs from a non-abelian field via
vacuum polarization is simillar to that of the produc-
tion of e-e+ pairs from the abelian field. This is be-
cause the interaction lagrangian of the quantized Dirac
field with the classical gauge potential is similar in both
the cases.

In high energy collisions, jets are the signatures of
quark and gluon production.

For GeV140mH  , the most promising discovery
mode for the Higgs boson at the LHC has involved
the production via gluon fusion, gg  H, followed
by the rare decay into two photons, H  .

The transverse distribution of particle production
from strong constant chromo-electric fields has been
explicitly calculated in Ref. 1 for soft-gluon produc-
tion and in Ref. 2 of ref.[30] for quark (antiquark) pro-
duction. At high energy large hadron colliders, such

as RHIC (Au-Au collisions at GeV200s  [31] and

LHC (Pb-Pb collisions at TeV5.5s  [32], about half

the total center-of-mass energy, E
cm

, goes into the pro-
duction of a semi-classical gluon field, which can be
thought to be initially in a Lorentz contracted disc.
The gluon field in SU(3) is described by two Casimir

invariants, the first one, aa

1 EEC  , being related to the
energy density of the initial field, whereas the second

one,  cba

abc2 EEEdC  , is related to the SU(3) color hy-
percharge left behind by the leading particles.

This was already evident from the Schwinger cal-
culation of the production of a fermion-antifermion
pair by an electric field E that is constant in space and
time, namely,

   










1n

eEq2mn2

2

2

4
en

4
qeE

xd
dW

where q denotes the charge of the fermion.
This calculation was generalized recently to the

nonabelian color group SU(3)c in the special Ea case in
which (i) there is only a chromoelectric field, Ea, i.e.,
the chromomagnetic field Ba = 0, (ii) Ea is a constant
in space and time, and (iii) all of the group compo-
nents of Ea point along the same spatial direction.

For example, for qq it was found that
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(77)

where p
T
 denotes the momentum of the quark trans-

verse to the direction of the chromoelectric

field z�Eaa
 and where the sums of SU(3)

c
 group in-

dices a, b, c are from 1 to 8. Integration over p
T
 yields
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(78)

where the 
q,j

, depends on three independent gauge
and Lorentz invariant eigenvalues 

j
 of fabc Ec in SU(3)

 cos
3

C1
1 , 













3
2

cos
3

C1
3,2 (79)

where

 )t(E)t(E)t(C aa
1 

The following result was obtained for the probability
of gluon pair production from arbitrary time depen-
dent chromo-electric field Ea(t) in  = 1 gauge via
Schwinger mechanism[30,33,34]:
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3,2

At RHIC and LHC heavy-ion colliders the classical
color field play an important role to study produc-
tion of quark-gluon plasma.

In these situations it is necessary to know how
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QCD coupling constant depends on SU(3) color field.
In these papers is solved the renormalization group
equation in QCD in the presence of SU(3) constant
chromo-electric field Ea with arbitrary color index
a=1,2,...8. Using background field method in QCD
is derived  function from the one loop effective ac-
tion of quark and gluon in the presence of constant
chromo-electric field Ea. Using these two facts is de-
termined the exact dependence of the QCD coupling
constant 

s
 on chromo-electric field Ea in SU(3). Thus,

is find the QCD coupling constant which results from
figure 1[34]: in the presence of SU(3) chromo-electric
field as function  for fixed values of first Casimir

cmion EM . For the above RHIC case 4GeV100 .
The results are plotted in figure 2.
If gluons fragment similar to quarks certainly the

fastest gluon jet can be singled out and identified safely
like quark jets which start to show up clearly at jet
energies of  3 GeV as had been already shown at
SPEAR (Stanford) in 1975[35].

THE CALCULATION OF THE GLUON
(MONOPOLE) TRANSVERSE MOMENTUM

In order to point out the value of probability is
necessarily to have the value of the gluon (monopole)
transverse momentum, for this purpose a model is
proposed.
The vector potential of magnetic field produced by
magnetic moment of the monopole (gluon) m

Mo
 is

]AmpereN[
r

rm
4

)r(A
3

Mo0








 (46)

Since, the spin angular momentum, for a monopole

m2
gQe

Mo



 , the color magnetic charge is Q = 68.5,





s , 2g  , and Mo
Mo

Mo

S
m 






, the spin is

2S  , or ]TeslaJ[25e7.2m 1
Mo




The energy being ]J[m2pT 2
TTP  , and from the

equality of Lorenz force ]N)[cEvB(qF 2
gmL  with

the centripetal force rmvF 2

c  and with mvpT  , re-

sults ]sN[)cvEB(qvrp 2
gmT  . By using

]s[25e8.2cm 2
g   , ]GeV[2.2mg  , result

]CN[24e1.2AE gg  , ]AmJ[15e17.1B 2
 , and

with color magnetic charge ]mA[
q

c2
q

e

2
0

m 





, and

]fm[2.0r  , results the transverse momentum for the

monopole (gluon) ]GeV[7.0cpT  .
With these, as in figure 2, in the case of pp colli-

sion at LHC, the probability of gluon pair produc-
tion from arbitrary

time 1)GTeV2.7C,3,p(f 4
1T  , which in fact

that it was happen at LHC.
In the lowest approximation, the Drell-Yan lep-

ton pair of invariant mass M > 1GeV is produced by
annihilation of two quarks from the colliding had-
rons:


 llqq ff

The creation of 
 ee_  pairs in intense laser fields is

encountering a growing interest in recent years. It has

Figure 2 : The evolution of probability of gluon/quarks pairs
production for different collision energies

invariant C. The 
j
�s used are from the above eq. Thus,

for 1.0)(;15.0)(;1)(0 3s2s1s  , and for
4

1 GeV7200,1000;100C  , respectively.



























































4

2
j

2

04

2
j

2

s0

sj
2

js g
log4

1

g
log41

4

)t(g
)(

(45)

MeV200e ))2g04(1(
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The value of C1 can be estimated from the initial cen-
ter of-mass energy of the colliding ions, and the vol-
ume of the Lorentz contracted Nuclei. For example
for gold, fm10R  and at RHIC the center-of-mass en-
ergy is GeV200 per nucleon. The initial density is

then of the order )V(E 0cm  ; with 3
0 R34V  , and
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been stimulated by a pioneering experiment at SLAC
(Stanford, USA) where 

 ee_  pair creation was ob-
served in the collision of a 30 GeV -photon with an

optical laser pulse of 218 cmw10 . The high-energy pho-
ton was first produced by Compton backscattering
of the same laser beam off a 46 GeV electron beam.

Due to the high photon density in the intense la-
ser pulse, the simultaneous absorption of more than
one laser photon is possible with a non-negligibly small
probability. In the experiment, n = 5 m laser photons

of ]eV[20   combined their energies with the -pho-
ton upon the collision to overcome the pair creation

threshold: 
 een 0 (nonlinear Breit-Wheeler pro-

cess).
The production rate and kinematic distributions

of isolated photon pairs produced in hadron interac-
tions are studied[36]. The effects of the initial�state
multiple soft�gluon emission to the scattering subpro-
cesses qq , qg, and gg  X are resummed with the
Collins�Soper�Sterman soft gluon resummation for-
malism.

The effects of fragmentation photons
from qqg  , followed by Xq  , are also studied.
The results are compared with data from the Fermilab
Tevatron collider. A prediction of the production rate
and kinematic distributions of the diphoton pair in
proton�nucleon reactions is also presented. In this
work, the Collins�Soper�Sterman (CSS) soft gluon
resummation formalism, developed for Drell�Yan pair
(including W and Z boson) production, is extended
to describe the production of photon pairs.

In[37] is given a proof of factorization using back-
ground field method of QCD.

CONCLUSIONS

We have presented a new analytic approach based
on the Dual Ginzburg-Landau theory in order to cal-
culate the strong-field inside nucleons, thus, deriving
the values of the monopoles current, the induction,
the electromagnetic field, the interaction energies in/
between the electric flux tubes as an energy encapsu-
lated by the monopoles circulation, or of the vortex,
and between these (giant vortex), respectively.

In the first part we proceed to a review of our
analytical model based on the Dual Ginzburg-Landau
theory, founding an equivalence with that described
in the works from RCNP-Japan, and where, also, is
proved the connection between QCD and the dual
superconductor scenario.

We provide a detailed analysis of physically im-
portant quantities as regarding the nucleons substruc-
ture as: the uniform chromoelectric field (vortex)

strength inside a nucleon, the mass of monopole viewed
as gluons which are the propagators of the QCD and
carry colour and anti-colour, with an hedgehog-like
configuration, or as a results of interaction of spin-
orbit of the monopole current, or of Rashba field in-
teraction, all giving the same result; the quantification
of the interaction energies of one vortex (W) and of a
giant vortex (GV), as to be encapsulated by the
Abrikosov triangular lattice generated by the coales-
cence of the flux lines.

In the applications, as based on these data, there
are calculated: the Higgs boson energy release due of
two gluons fusion during the pp collision at LHC,
gluon pair production from space-time dependent
chromofield due of the collision of pp and of heavy
nuclei;

Due of very promising results in these applica-
tions, but mainly of the result of the value of the

chromoelectrical field ( mV103.8 24
 ) inside the

nucleon, as greater than of Schwinger critical electric
field and of parallel magnetic field around the mono-
poles for 

 ee  pairs creation by Schwinger effect,
makes possible of one pair per nucleon to be obtained.
This pair supplies the charges balance (missing) mak-
ing possible the quarks conversion ( du  ).

Thus, a new understanding of beta decay process

is proposed, when a pair of boson 
 WW is simulta-

neously created due of the Schwinger effect when the
electrical field (nonabelian) is of maximum value, and

near equally with 

 W
cr0 E.v.e.vE .

It was discovered that v.e.v. is in fact the
Schwinger critical field E

cr
 for a pair of W produc-

tion. This pair decays in beta-electrons which penetrate
the condensate barrier by quantum tunneling due of
the phase slip with 2 �  and of a 

0
 energy release.

Also, an ad-hoc bias current produces a spontane-
ous suppression of the superconducting order param-
eter, the model is proved for a free neutron decay.
Equally, the same Schwinger pair-production rate is
enhanced by a thermal Boltzmann factor in place of
quantum tunneling, when this thermalization due of
the incidence of an high thermal spike of a photon
with valence nucleons destroys the superconductiv-
ity.

As a numerical application, is considered the case
of 26Al, through its -decay to 1.809 MeV -ray, when

at high temperatures ( GK42.0T9  ) equilibrium is

reached between 26gsAl and 26mAl which is relevant to
some high temperature astrophysical events such as
novae, this being proved by our model.

Thus, from the model based on bias current it re-
sults a necessary photon flux, and from the Schwinger
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model results the necessary temperature and the dura-
tion of the thermal spike; all these parameters can be
obtained only by the laser from ELI project (Extreme
Light Infrastructure).

APPENDIX A

Massive Vector Boson propagator

In this section, we investigate the propagator of
the massive vector boson in the Euclidean metric for
the preparation of the analysis on the effective gluon
mass in the MA gauge in the Euclidean lattice QCD.
We start from the Lagrangian of the free massive vec-
tor boson with mass M in the Proca formalism fol-
lowing the works of H.Suganuma et al.[7-9]


 AAM

2
1

)AA(
4
1

L 22
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in the Euclidean metric.

Thus, the scalar-type propagator )M;r(G
 can be

expressed as
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In the infrared region, the asymptotic expansion
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Next, we calculate the scalar-type propagator )r(G
 as

the function of the fourdimensional dis-

tance 2)yx(r


  in the MA gauge with the U(1)3-

Landau gauge.

In this gauge, )s(U
 is determined without the am-

biguity on local gauge transformation.
Here, we study the scalar-type propagator of the

diagonal (neutral) gluon as )y(A)x(A)r(G 33Abel


  and

that of the off-diagonal (charged) gluon as

 )y(A)x(Ay(A)x(A
2
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with the charged gluons  )x(iA)x(A
2

1
A 21






 . In
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 , the imaginary part,

 )y(A)x(A)y(A)x(A
2
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 , disappears automati-

cally due to the symmetry
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Therefore, the eq.(A.2) reduces to
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or,
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where ]m[16e.2xr  , and the �poloidal� nonabelian
electric field it could be expressed also as
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or of the Landau gauge
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Therefore, (A.3) becomes:
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At the distance fm2.02)yx(r 2
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]GeV[25.2]J[10e6.3MM8.1 

and 



 fm1.0

10e6.3
8e997.234e.1

rM , just as it was sup-

posed before.
Where the Yukawa-type damping

factor Mre expresses the short-range interaction in the
coordinate space.

In the lattice calculation[4-6] the mass M of the vec-

tor field )x(A
 is estimated from the slope in the loga-

rithmic plot of )M;r(G
M

r 23

 as the function of r,

.constMr)M;r(G
M

r
ln

23
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Next, we calculate the scalar-type propagator )r(G
 as

the function of the fourdimensional distance
2)yx(r


 in the MA gauge with the U(1)3-Landau
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gauge.

In this gauge, )s(U
 is determined without the am-

biguity on local gauge transformation.
As shown in Figure 1 of ref.[7], the diagonal-gluon

propagator )r(G Abel
 and the charged-gluon propagator

)r(G ch
 manifestly differ in the MA gauge. The off-di-

agonal (charged) gluon 


A  seems to propagate only

within the short range as fm4.0r  , while the diagonal

gluon 3A
  propagates over the long distance. Thus, we

find the �infrared abelian dominance� for the gluon
propagator in the MA gauge.

Following the works of Suganuma[4-6] this charged-

gluon effective mass chM is considered to be induced
by the MA gauge fixing. Due to the effective

mass GeV1M ch  , the charged gluon propagation is re-

stricted within about fm2.0M 1
ch 
 . Then, in the infra-

red region as fm2.0r  , the charged gluons 


A can not

contribute, and only the diagonal gluon 3A
 can con-

tribute to the long-range physics in the MA gauge. In
conclusion, the effective-mass generation of the charged
gluon in the MA gauge is considered as the physical
origin of the abelian dominance in the infrared re-
gion.

Then, the origin of the infrared abelian dominance
has been physically explained as the generation of the

charged gluon mass chM induced by the MA gauge fix-
ing. On the other hand, in the MA gauge, the charged
gluon effects become negligible and the system can be
described only by the diagonal gluon component at

the long distance as fm2.0Mr 1
ch 
 . For the short

distance as fm2.0Mr 1
ch 
 , the effect of charged glu-

ons appears, and hence all the gluon components have
to be considered even in the MA gauge.

Alternative ways for monopole mass calculation

The derivation of the Rashba Hamiltonian

The Rashba effect[14] is a direct result of inversion
symmetry breaking in the direction perpendicular to
the two-dimensional plane. Therefore, let us add to
the Hamiltonian a term that breaks this symmetry in
the form of an electric field

zEH 0E  (A.29)

Due to relativistic corrections an electron moving with
velocity  in the electric field will experience an effec-
tive magnetic field B

  2cEvB  (A.30)

This magnetic field couples to the electron spin[14]

  


 Ev
c2

H
2

B
SO (A.31)

where the factor 1/2 is a result of the Thomas preces-
sion.

The Rashba field E
R
 exists at the interface and cre-

ates the monopole current j
m
 near the interface. The

width of the monopole current distribution, d, is com-
parable to the decay length of the magnetization at
the interface. The monopole current induces the elec-
tric current j via Ampe�re�s law at the interface.

Within this toy model, the Rashba Hamiltonian
is given by

  z�póáH TRR  (A.32)

where 2
0B

R mc2
E

 ,  = 1 from Pauli matrix, p
T
 trans-

verse magnetic moment of the monopole (gluon
around); E

0
-the electric field induced by an quarks pair

qq ; m-the mass of the monopole.

With ]GeV[7.0cpT  as calculated below, and

with ]CN[24e33.8E0  , result: 9e2.3R  , and

]J[09e2.1HR  , respectively.
The magnetic moment of the electron is



Sg
m Bs

s


 (A.33)

where ]JT[1027.9 124
B


 , 

B
 is the Bohr magneton,

2S  is electron spin, and the g-factor g
s
 is 2 ac-

cording to Dirac�s theory, but due to quantum elec-
trodynamic effects it is slightly larger in reality: 2.002,
for a muon g = 2.

The Bohr magneton is defined in Si units by

e

B m2
e

 (A.34)

The vector potential of magnetic field produced by
magnetic moment m

Mo
 is

3
Mo0

r
rm

4
)r(A
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and magnetic flux density is

 
rA

r
m

r
rmr3

4
A)r(B

3
Mo

5
Mo0 



















(A.36)

 
2
0

2

0e r
Ac

c4
dr
dB

4
c

j





 (A.37)

We can calculate the observable spin magnetic moment

(a vector), S


, for a sub-atomic particle with charge q,
mass m, and spin angular momentum (also a vector),
s
 , via:

s
m2
q

gS





Therefore, for a monopole
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Mo

Mo m2
gQe

 , 5.68Q  , 



s , 2g  (A.38)

And

Mo
Mo

Mo

S
m 






(A.39)

Numerically, results: ]TJ[25e7.2Mo  , ]AN[6.0A  ,

]AmJ[15e86.2rAB 2


(A.40)
if we consider r = 0.2 fm results

]GeV[45.2M]J[10e9.3H monopoleSo  , and the electric

current is ]fmA[7e2.1j 2
e  which is comparable with the

magnetic current

]fmA[7e15.1j 2


 , as from eq. (35.2).

The Rashba interaction contributes to the DC mono-
pole current at the interface[14].
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