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Intense Magnetic Fields

® Presence of intense magnetic fields in high energy physics.
Magnetic field intensity in magnetars between 1072m?2 on the surface! and

up to 10°m?

2 in its core?. In heavy ion colisions ~ 1 — 10m?2 .3
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Massive Charged Vector Bosons as External States

There are certain physical scenarios in which massive charged vector bosons exist
as external states under the presence of a strong magnetic field such as heavy ion
collisions and in compact objects such as neutron stars and magnetars®*.
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Amputation process of the external states in the vacuum.

To extract the self-energy information from this type of diagrams it is important
to apply the LSZ reduction formula and cancel out the external states.

4E.F1. KoLOMEITSEV, K.A. MasLov, D.N. VOSKRESENSKY, (2018), NucL. Puys. A 970, 291-315
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LSZ Reduction Formula

The Lehmann-Symanzik-Zimmermann (LSZ) Reduction Formula is a
non-perturbative operation which relates the scattering amplitude of a process to
the Green's functions of the theory.

The simplest spin 0 case of the reduction formula for n(m) in-going (out-going)
particles is
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LSZ Reduction Formula (Vacuum): Charged Vector Boson

The probability amplitude can be written as

(FIS i) = / d4Xf/d4Xi ePrt e~ P iek (B, A )ew (B Ai)
X (0% Doy + M) (050, + My ) (T {WH (xr)W" T (x)} Q)
:/d4Xf/d4X,' e"p"xfe_"”"'x"st(ﬁf,)\f)al,(ﬁ,-,)\,-)
x (p7 — miy) (p7 — miy) (Q T {W*™ (x )W (x)} Q) .

This is the result in the case of B = 0.
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LSZ Reduction Formula in a Magnetic Field

The advantage of using Ritus Eigenfunctions is that the structure, of the
equations in the vacuum case are preserved.
In the magnetic case

— —

B B B

[oo]]
oy}
[So]]

Amputation process of the external states in the presence of a magnetic field.
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LSZ Reduction Formula (Magnetic): Charged Vector Boson

The probability amplitude can be written as
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This is the result for a constant magnetic field in the Z direction B, # 0.

M. E. Monreal (emili. |@ciencias.unam mx) LSZ Reduction Formula for massive ... Sixth Workshop on ... 7/10




LSZ Formula: Comparison
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LSZ Formula: Comparison
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LSZ Formula in a Magnetic Field

The dispersion amplitude in the presence of a magnetic field should involve the
magnetic information

(IS li)s = 2\/EgEp, (2 a5, (s0)a}, (—o0) |0)
= 2/E5 Ep, (R T{ [35,(00) — a5, (—00)] |ah, (00) — af(—o0)] } 10

and the Fourier expansion on the quantum field is
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LSZ Formula in a Magnetic Field: 45\ and 3};)\

The Fourier analysis over the quantum field is

o 27 37 ~ .
/ d'x Z s ()8 (55)e 72 70) (16, + Ey) W™ (x) = —/An By 8 e

With this, the creation and annihilation operators become

bon = \/m/cr” (B (o))", 5 (B ) (10 + Ep) Wi (x),

-
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LSZ Formula in a Magnetic Field: Differences

The differences are then
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LSZ Formula in a Magnetic Field: Proca Fourier Analysis

On the other hand, the Magnetic Proca Equation Fourier Analysis gives
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