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Introduction



Electron M agnetic Moment
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® ou Is defined at low energies as the coefficient of the linear
term in theB—expansion .

® The electron magnetic moment is given by
: 1
7= 25(1 + 3) with S= =5
(n 2T 2

® It is a conseqguence of QED radiative corrections.
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Motivation: Photon Dispersion Law

By considering the prop-

agation of electromagnet-

Ic radiation, Shabad1971) I
showed the drastic depar-., os
ture of the photon disper- &o6
sion law from the light §0.4
cone curve near the energy °*
thresholds for free pair cre- 0 E 1 15 2

ation. Ammy2

Bl <Bz <Bg
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TVacuum ‘Polarization.



The Schwinger-Dyson Equation

0" () + /d4a:’HMV(a:, ©'|B)AY(z') =0

I1,,(z,2'|B) = WWQW

® The expression is the covariant form of the Maxwell equatior
In a neutral polarized medium due to the external field action
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Tensorial Structureof 11,

In momentum space
K0 — 10, (k|B)| AV (k) =0

The QED-symmetries allow to express

() 5(%)
I1,.,(k[B) = Z 3t i

A\ 2
i=1 (a,(f))
ma,) = (K2F, F"k, — k,kF2k)/(20)2,
m g = Fr kY /(2A)12.
ma) =F,k"/(2A)/2 and &Y = k,.
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Dispéer sion Equations

In this context

’ a,Qa,() ¢ kk,
Z k2 q(0) )2 k2 IR

= The photon dispersion equations

k2 = 39 (29, 21,247), i=1,2,3.

m Herez; = kF**k/(2A) andzy = —kF?k/(2A).
= 11, satisfies the gauge conditieri! (0,0, 2A) = 0.
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Electric and M agnetic Fields

By consideringe!) = -2a() — 2" andb( = V x al¥

b(2) ’e(3) )

e(l) = —Nw, b(l) — N, X k||,

2 2
e(L) — kJ—kH? e|(| ) — — nH(k” ) b(2) — _W(kL X n||)
6(3) — —w(nL X I’]H), bf) — —nLk:H; b|(|3) — I’]H]ﬁ_.
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Vhoton Nagnetic Noment



Infrared Domains

Photon Electron
a e
— —_ ___F* k:“a( ) F* %
“ 3rm?2 H - 2m0 pvP

SH = ~° (*y“ — %) with I, =p, + %eFWX”

® In the Photon case the electron spin operator is replaceaeby
polarization corresponding to the second mode.

= &) carries out the virtual spin polarization effectsesfpair.
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IR-Dispersion Law

Solving the dispersion equation

1 ab kF%k B

~ K| —= ith b = —

vk =3k ™ B,
U

HereB. = 4,42 - 10**G is the critical field.

® The second one involves the dipole moment contribution ®f t
virtual e* pair.

» The latter is linear In the external field.

Photon Magnetic Moment and Vacuum Magnetization in a Stmeng Magnetic Field— p.



Photon M agnetic M oment

The interacting term can be written as

U = —gi [n” Sin @ — nicosgb} -B
2m

\ J/
~

fis

mg=— i,%—i IS a sort of Landé factor
® ¢ Is the angle between the wave vector and the external field

In presence oB the classical spin of the electromagnetic field is
given by
0 for k; =0

S~ —
. n||><nL for kL#O
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Properties

Having this into account

spin
e
' =g—mnxs,
2m0

=y — OWhenkJ_ — 0.
W i, -n=0.
® n X s, arises due to vortices of the virtuat pair.

® The transversal component is projected out by the scalar
product., - B.
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However the external field does exert a torque on the magnetic
dipole which tends to line upg” with B.
. e dp |
T= [ xB=g—cos¢|B|s, =s,— with 0 < ¢ < 2.
m dt
From the above equation follows

_ dy
Wprec. — d_

:gE\B|Cosgb.
t m
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Numerical Values
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m The Bohr magnetopg = e/(2mg) = 9,274 - 10~*'erg/G.
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Yacuum MNagnetization



Up to two loops the Euler-Heisenberg Lagrangian Is repiesidoy
L (0) L (1) L (2)

LEH: ® -+ + +. ..

The first loop gives the contribution of the virtual free
electron-positron pairs created and annihilated spontsig

In vacuum and interacting with the external field. The ragmat
corrections emerge from two-loops due to exchange of the
virtual photons.
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Two-loop Decomposition

We can express

a® _ % / (SWI;4HMV(k)©VM(k)

By considering the diagonal structureldf, we can write

£@ =53 ¢ with

v 2 ) (2m)AkE — g
which implies

|_<2):++
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Supercritical limit

ForB > B. with B, = m?/e = 4,42 - 10"*G we have that

2(1) (b)

whereb = B/B,

2
e

Q

2
o

Q

Q

3
i

whereN; = 0,09, N; =

am?*b?
1673

am*b?
3273

am?*b?

3273

1
3

/\u

m*b? ( b 6
In [ — — (2
2472 | - (777) * 2 ( )}

. The two-loop contribution read

M,

Noln (22 = gm (2],
_ o V) |

=

Wl — Wl

1n2£—
yw )|’

N31H<b>—|—
Y

@ gangpG = 2 4 K@)
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Vacuum Energy

The effective potential ofgy defines

3
Evac = —L% — Y LR +...
1=1

® The vacuum acquires a non trivial magnetization

3

o0&
Mvac — b — M(l) M(Q)
OB - ; :

oLl m*b b 12¢"(2)
(1) p— R = —
A OB 24728, [2 u (’WT) 1+ 2 ] '
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Numerical evaluation
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The complete two-loop contribution
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Conclusions



1. An infrared photon propagating in an strong magnetized
vacuum presents a nonzero vector anomalous magnetic
moment perpendicular to the wave vector which precesses
aroundB.

2. This magnitude is due to the interaction between virtual
electron positron quantum pairs with the external magnetic
field.

3. The vacuum polarization tensor modifies the zero-poiatgn
of the vacuum and therefore generate a nontrivial
magnetization.
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