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The vacuum response to spin 1/2 par7cles is described by the well-known 
Euler-Heisenberg-Schwinger (EHS) effec7ve ac7on

Euler-Heisenberg-Schwinger ac9on
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W. Heisenberg and H. Euler, Zeitschrift für Physik 98, 714 (1936).

V. Weisskopf, Kong. Dan. Vid. Sel. Mat. Fys. Med. 14, N6, 1 (1936)

J. Schwinger, Phys. Rev. 82, 664 (1951).

Leads to an imaginary part of effec3ve ac3on

= + +  ...



Euler and Heisenberg recognized the imaginary part of effec7ve ac7on, 
describing the rate at which the vacuum decays into par7cle-an7par7cle pairs
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Euler-Heisenberg-Schwinger ac9on
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Referee: Sauter?



Condi&ons for EHS effec&ve ac&on: quasi-constant fields
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Constant vs localized fields

Constant fields 

A. I. Nikishov. Nucl. Phys. B 21 (1970) W. Heisenberg and H. Euler, Zeitschrift für
Physik 98, 714 (1936).

F. Sauter, Z. Phys. 73 (1932), 547-552F. Sauter, Z. Phys. 69 (1931), 742-764Solu7on to Dirac 
equa7on

Evalua7on of 
effec7ve ac7on

Sta7c Sauter poten7al edge

ß Both solu1ons for g=2 à
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Role of anomalous magne-c moment
Magne7c moment of the electron:

No fermion has exactly g=2:

Measured electron g-factor:

Hanneke, D.; Fogwell Hoogerheide, S.; Gabrielse, 
G. Physical Review A. 83 (5) 052122 (2011)
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g in QED ac9on

Perturba7ve QED around g=2 Implemen7ng g≠2 from the start

QED ac'on

+ +  ...

+ +  ...

The two measured quan''es are magne&c
moment and mass

We insert measured g≠2 directly into 
the ac1on (the same way we treat mass)

Re-derive EHS ac1on with g≠2:

V. I. Ritus, Sov. Phys. JETP 42, 774 (1975) 

R. F. O’Connell, Phys. Rev. 1761, 1433 (1968) 

W. Dittrich, J. Phys. A 11 (1978), 1191
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EHS ac&on extended to |𝒈| ≤ 𝟐: Klein-Gordon-Pauli (KGP) formula7on

The KGP expression enters the Schwinger proper 7me evolu7on operator to 
produce the g-dependent “EHSg” ac7on:
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Euler-Heisenberg-Schwinger with g≠ 2
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Convergence condi'on for expression
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|g|<2
|g|>2

EHS ac&on extended to 𝒈 ≥ 𝟐: (Magne7c) Landau eigen energy summa7on:

Weisskopf method:

Landau eigen energies with 𝒈 ≥ 𝟐:

Euler-Heisenberg-Schwinger with g≠ 2

J. Rafelski and L. Labun, (2012) arXiv:1205.1835 [hep-ph] 
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|g|<2
|g|>2

EHS ac&on extended to 𝒈 ≥ 𝟐: Electric Sauter ac7on

Euler-Heisenberg-Schwinger with g≠ 2

eV+m

eV+m
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|g|<2
|g|>2

EHS ac&on extended to 𝒈 ≥ 𝟐: Electric Sauter ac7on

S. Evans and J. Rafelski, (2022) In press – Phys. Lett. B. arXiv:2203.13145

Comparing the g-dependent (SSg) Sauter Step 
ac1on to the known g=2 (SS) result:

The same periodicity arises in the pure electric
case as in the pure magne'c case.

Euler-Heisenberg-Schwinger with g≠ 2
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|g|<2
|g|>2

Beta-func&on and the strong field limit:

Electric SS:  eΔV=2000m,   L=0.1

Magne7c ac7on beta-func7on
S. Evans and J. Rafelski, (2022) In press – Phys. Lett. B. arXiv:2203.13145

Euler-Heisenberg-Schwinger with g≠ 2
V. I. Ritus, Sov. Phys. JETP 42, 774 (1975) 
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|g|<2
|g|>2

EHS ac&on extended to 𝒈 ≥ 𝟐: Both electric and magne7c fields

S. Evans and J. Rafelski, in preparation

The same periodicity arises, with a new cusp at 
g=2 for finite pseudoscalar 𝑬 # 𝑩

Euler-Heisenberg-Schwinger with g≠ 2



The electron’s three physical quan77es are: magne7c moment 𝜇, 
gyromagne7c ra7o g, and mass m

-- Mass is not protected by conserva7on laws, and is modified by presence of 
external fields:

Like the Dirac current, the KGP current can be split (Gordon decomposi7on) 
into independently conserved convec7on and magne7c current:
-- Convec7on current conserves charge e
-- Magne7c current conserves either magne7c moment 𝜇 or gyromagne7c 
ra7o g

Applica9ons: Conserved quan99es14 / 18
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So conserved quan77es are either: 

𝜇 and e or g and e

Applica9ons: Conserved quan99es15 / 18



Probing the g-factor is possible in strong fields:
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S. Evans, J. Rafelski, PRD 98 (2018) no. 1, 016006

Applica9ons: Conserved quan99es



- Periodic Beta func7on in the strong field limit: opportunity to study 
asympto7cally free effec7ve ac7on within an Abelian theory

- Comparison with higher order reducible correc7ons and explora7on of 
asympto7c strong field limits

- Temperature representa7on for arbitrary g and EM fields

Future work 17 / 18
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Thank you!
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