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The Heisenberg-Euler effective action [Heisenberg, Euler: Z. Phys. 98 714 (1936)]

Effective self-interactions of
prescribed external e.m. field 
induced by quantum vacuum 
fluctuations of e–/e+ and .
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in constant external e.m.
fields at one loop.

→ leading contribution in a
    loop-expansion

→ to all orders in the
    coupling to the external
    field         .
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The Heisenberg-Euler effective action (in constant e.m. fields)

→ at one loop:

→ at two loops:

                                      1PI             1PR

→ Lesson 1: The Heisenberg-Euler effective action is not a standard

                 1PI effective action Γ, as generically also 1PR diagrams

                 contribute.

[Heisenberg, Euler: Z. Phys. 98 714 (1936)]

[Weisskopf: Kong. Dans. Vid. Selsk., Mat.-fys. Medd. XIV, 6 (1936)]

[Ritus: Sov. Phys. JETP 42, 774 (1975)]

[Ritus: Sov. Phys. JETP 46, 423 (1977)]
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Standard 1PI effective action Γ defined via Legendre transform:

      →

Heisenberg-Euler effective action       :

      →

                i.e., no Legendre transform

 A fresh look on the Heisenberg-Euler effective action
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[Ritus: Sov. Phys. JETP 42, 774 (1975)]

[Dittrich, Reuter: Lect. Notes Phys. 220, 1(1985)]

 A fresh look on the Heisenberg-Euler effective action

in constant external fields?

Previously: This contribution vanishes, because             = 0 in

constant fields.
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 A fresh look on the Heisenberg-Euler effective action

→ Lesson 2: The 2-loop 1PR contribution is finite even in constant

external fields.

However:                               and

such that

[Ritus: Sov. Phys. JETP 42, 774 (1975)]
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 A fresh look on the Heisenberg-Euler effective action

For const. fields                    can be determined exactly from         .   
       

The result is:

→ vanishes for

→ closed form expressions for          in terms of Hurwitz zeta function.
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[cf. Schubert, et al.]

 A fresh look on the Heisenberg-Euler effective action

→ Lesson 3: 1PR diagrams of this type are of course also relevant

beyond two loops  not considered so far.↔

[Gies, FK: JHEP 03 108 (2017)]
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[Gies, FK: JHEP 03 108 (2017)]

Scaling in weak and strong field limits for purely magnetic field.

weak
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 A fresh look on the Heisenberg-Euler effective action

The 1PR diagram                     has additional interesting features:

→ beyond QED, the two loops do not necessarily involve the same

The 1PR diagram                     has additional interesting features:

    particle species

→ in 1PI sector only possible at >2 loops, e.g.,                    .

Consider two different species of Dirac fermions with parameters

and          in a constant magnetic field.

→                          :
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 A fresh look on the Heisenberg-Euler effective action

Photon propagation in QED in external electromagnetic fields.
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# of loops  powers of ↔ α 

In low-frequency limit attainable
from the Heisenberg-Euler action.

[FK, Shaisultanov: Phys. Rev. D 91 085027 (2015)]
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In this talk,

→ I have highlighted that the Heisenberg-Euler action is not a standard

    1PI effective action.

→ I have shown you that at two loops there is a finite 1PR contribution,

    previously assumed to vanish in constant fields.

→ Similar contributions are also relevant beyond two loops.

→ Finally, I briefly discussed photon propagation in external e.m. fields.

→ The corresponding diagrams can be derived from the 1PI sector of the

    Heisenberg-Euler effective action + photon propergators.

 Conclusions and Outlook
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Thank you for your attention!
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