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When we introduce an external field to the QED vacuum,

we can generate new physical effects

Example. Schwinger effect
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To explore the physics of the QED processes in the presence of

an external field, we can use the worldline formalism

Worldline formalism:

Based on first-quantized relativistic particle path integrals
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Worldline fermion propagator in an
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The fermion propagator in an Abelian field

can be obtained from a relativistic path integral
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Proper time integral



The fermion propagator in an Abelian field

can be obtained from a relativistic path integral
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Path integral over the worldlines of the fermion particle



The fermion propagator in an Abelian field

can be obtained from a relativistic path integral
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Path integral representing the spin interaction



The fermion propagator in an Abelian field

can be obtained from a relativistic path integral
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To derive the master formulas, we split the Abelian field A

into two parts: A = Ae + Aphot
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To derive the master formulas, we split the Abelian field A

into two parts: A = Aext + Aphot
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One approach to compute the path integrals

is the spin-orbit decomposition
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One approach to compute the path integrals

is the spin-orbit decomposition
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One approach to compute the path integrals

is the spin-orbit decomposition
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After we perform the path integrals and Fourier transform Kﬁ,g (i "'iS},

we obtain the momentum space worldline master formula
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After we perform the path integrals and Fourier transform Kﬁ,; {ia-is}

we obtain the momentum space worldline master formula
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Momentum conservation



After we perform the path integrals and Fourier transform Kﬁ,g. {il"'iS},

we obtain the momentum space worldline master formula
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After we perform the path integrals and Fourier transform Kﬁ,g (i "'iS},

we obtain the momentum space worldline master formula
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A(r,7')

Green's function of the operator

with Dirichlet boundary conditions

A0, 7") = A(T,7') = A(1,0) = A(1,T) =0



After we perform the path integrals and Fourier transform Kﬁ,g (i "'iS},

we obtain the momentum space worldline master formula
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After we perform the path integrals and Fourier transform Kﬁ,g (i "'iS},

we obtain the momentum space worldline master formula
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Using the Kernel in momentum space, we can write the worldline

version of the doubly dressed fermion propagator in momentum space
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The relativistic Landau levels can be obtained by rewriting

the exact fermion propagator in its spectral representation
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We need to rewrite the worldline version of the propagator with N =0

to have a similar structure to the spectral representation
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We need to rewrite the worldline version of the propagator with N =0

to have a similar structure to the spectral representation
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Using the generating function of the Laguerre polynomials,

we can integrate the expression for K
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We can obtain the energy levels from the poles of the Kernel K

Poles: m?2 + p’H2 + 2neB
Thus,
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Two key ideas of the world line formalism for the fermion propagator...

Rewrite the fermion propagator in an Abelian field into a path

integral representation

Perform the fermionic and bosonic path integrals to obtain the

master formulas
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