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Experiment / 53

Prospects for Vacuum Birefringence and Coulomb-assisted Bire-
fringence with HiBEF at EuXFEL/HED
Author: Tom Cowan1

1 Helmholtz Zentrum Dresden Rossendorf

Corresponding Author: cowan@hzdr.de

Abstract to be confirmed

Experiment / 17

Experimental demonstration of all-optical nonlinear Compton
scattering using a multi-petawatt laser
Author: Calin Ioan Hojbota1

1 Center for Relativistic Laser Science (CoReLS), Institute for Basic Science (IBS), Gwangju, Republic of Korea

Corresponding Author: calinh@ibs.re.kr

Progress in laser wakefield acceleration (LWFA) has led to the production of a multi-GeV electron
beam from a cm-length plasma. Such beams are collocated together with high intensity laser pulses
at petawatt (PW) laser facilities, allowing the study of laser-electron collisions in all-optical setups.
This configuration opens up the possibility to test strong-field quantum electrodynamics (SFQED),
in order to understand the behavior of charged particles under the influence of a strong laser field.
In particular, experiments on nonlinear Compton scattering can reveal nonlinear features in high-
energy gamma-ray emission spectra.

We present the measurement of high-energy gamma-ray beams generated from nonlinear Compton
scattering experiments at the CoReLS 4PW facility. The gamma beams were produced during the
collision of LWFA-accelerated electrons (E<3.5 GeV) and an ultrashort laser pulse (25fs) of intensity
I ≈ 4×1020 W/cm2, achieving a quantum nonlinearity parameterχ ≈ 0.4−0.5. The unprecedented
properties of the gamma beams required the development of a novel detection technique based on a
pixelated LYSO scintillation detector. Using this detection method, we observed broad gamma-ray
spectra that can be parametrized by a critical energy >150 MeV, extending over hundreds of MeV.
The beams have a low divergence (≈1 mrad), small source size and ultrashort duration, thus exhibit-
ing an ultrahigh brilliance. Such high energy gamma beams open up new research possibilities in
fundamental physics and nuclear photonics.

Experiment / 39

Strong field QED in crystals
Author: Ulrik Uggerhøj1

1 Department of Physics and Astronomy (DPAAU), Aarhus University, Denmark

Utilizing the relativistic invariance of the parameter χ = γE/E0, ultrarelativistic particles in strong
crystalline fields of the order 1011 V/cm enable investigations of processes in fields of the order the
QED critical field E0 = m2c3/eħ=1.32·1016 V/cm (with a corresponding magnetic field of B0=4.41·
109 T) in the particle rest frame. In the framework of the CERN NA63 experiment we have obtained
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experimental results on e.g. quantum synchrotron radiation emission, coherent pairs, radiation re-
action and recently trident production in such fields. An overview of results from the CERN NA63
experiment is presented.

Gravity and curved space / 45

SUSY in the Sky with Gravitons
Author: Jan Plefka1

1 Humboldt University Berlin

Corresponding Author: jan.plefka@physik.hu-berlin.de

The quest of the perturbative post-Minkowskian study of the gravitational two body problem has
recently seen advances upon employing quantum field theory techniques. I report on a novel ap-
proach based on aworldline quantum field theory that provides an efficient way to study the classical
scattering of two massive objects (black holes, neutron stars or stars) in GR.

We are able to directly compute the emitted Bremsstrahlung, deflection and spin kick of such an
event. The inclusion of spin degrees of freedom of the scattered massive bodies leads to a hidden
N=2 supersymmetry on the worldline.

Gravity and curved space / 46

QED as a toy model for gravitational scattering
Author: Andres Luna1

1 Niels Bohr Institute

The techniques of scattering amplitudes in quantum field theory have been applied successfully
to the description of black hole scattering in recent years. In this talk, I will analyze three in-
stances where QED can be used to great advantage as a toy model (or building block) of the gravity
case.

Astrophysics and Cosmology / 54

Testing Strong-Field QED with X-ray Polarization
Author: Jeremy Heyl1

1 University of British Columbia

We argue that measurements of X-ray polarization using the recently launched Imaging X-ray Po-
larimetry Explorer will answermany open questions about magnetars in particular the physical state
of their surfaces, whether vacuum birefringence exists, and the nature of the hard X-ray emission
from these objects. We outline the capabilities of the instrument, specific models and the results of
simulations and observations for the magnetar 4U 0142+61.
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Astrophysics and Cosmology / 31

On the role of QED processes in astrophysics of compact objects

Author: Alexander Philippov 1

1 University of Maryland

Corresponding Author: sashaph@umd.edu

In this talk I will review the role of QED effects in magnetospheres of astrophysical compact objects,
black holes and neutron stars. I will focus on the dynamics of electron-positron pair discharges in
large unscreened electric fields, as well as on magnetic reconnection with strong radiative cooling
and pair production. Finally, I will highlight observable emission signatures of these fundamental
plasma processes.

Strong Field QED / 44

Resurgence of the Gradient Expansion for Intense Fields
Author: Gerald Dunne1

1 University of Connecticut

Corresponding Author: gerald.dunne@uconn.edu

A major computational challenge in the physics of intense fields is the ability to do reliable non-
perturbative computations for fields that are both strong and have large gradients. In this talk I
discuss the use of ideas from resurgence to make precise resummations and analytic continuations
into the intense field regime beginningwithmodest amounts of perturbative weak-field information.
The main idea is illustrated with an example of the Schwinger effect in an intense inhomogeneous
field.

Strong Field QED / 28

Colliding laser pulses: From Sauter-Schwinger to Breit-Wheeler

Author: Ralf Schützhold1

1 Helmholtz Zentrum Dresden Rossendorf

Corresponding Author: r.schuetzhold@hzdr.de

We study electron-positron pair creation induced by the field of two colliding (transversal and lin-
early polarized) laser pulses ranging from the Sauter-Schwinger regime at small laser frequencies to
the Breit-Wheeler regime at large photon energies.

On the basis of a generalized WKB approach, we find that the pair creation rate along the symmetry
axis (where onewould expect themaximum contribution) displays the same exponential dependence
as for a purely time-dependent electric field. The pre-factor in front of this exponential contains the
corrections due to focusing or de-focusing effects induced by the spatially inhomogeneous magnetic
field. Through this new method, we can thus not only reproduce particle production rates within
a purely time-dependent toy model approach but also analyze the distortions the magnetic field
creates with respect to the particle momentum spectrum as well as the total yield.
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Strong Field QED / 26

Pair production in colliding laser pulses: Computational Aspects

Author: Christian Kohlfuerst1

Co-authors: Naser Ahmadiniaz 2; Johannes Oertel 3; Ralf Schützhold 4

1 Helmholtz-Zentrum Dresden Rossendorf
2 Helmholtz-Zentrum Dresden-Rossendorf (HZDR)
3 Universität Duisburg-Esse
4 Helmholtz Zentrum Dresden Rossendorf

Corresponding Author: c.kohlfuerst@hzdr.de

We discuss spatially- and temporally-resolved, non-perturbative pair production in colliding, lin-
early polarized laser pulses on the basis of two numerical approaches; a generalized WKB approach
culminating in solving a modified Riccati equation and large-scale simulations based on the Dirac-
Heisenberg-Wigner formalism.

We discuss how Dirac-Heisenberg-Wigner (quantum kinetic theory) as well as the numerical WKB
formalism allow us to numerically observe the transition from the Sauter-Schwinger regime at ar-
bitrarily small laser frequencies to the Breit-Wheeler regime at large photon energies and highlight
the qualitative agreements of both approaches.

In particular, we demonstrate that our new, advanced scheme vastly improves the predictions given
by the Locally-Constant-Field-Approximation (LCFA) in the context of the overall pair production
yield. In particular, in the regime of light-light interactions of more than 25 keV energy.

Strong Field QED / 23

Radiation Reaction: Reduction of Order, Runaways, Resumma-
tion, Resurgence
Author: Robin Ekman1

1 Umeå University

Corresponding Author: robin.ekman@umu.se

There is a renewed interest in the physics of radiation reaction (RR), largely driven by high-power
laser systems where particles are subject to RR forces at least as strong as the Lorentz force. The
Lorentz-Abraham Dirac (LAD) equation of motion with RR has, however, unphysical runaway so-
lutions. The Landau-Lifshitz (LL) equation obtained from the Lorentz-Abraham-Dirac equation
through ‘reduction of order’ is free of these.

We show how LL is the first in a divergent series of approximations that, after resummation, elim-
inate runaway solutions at all orders. Using Borel plane and transseries analysis we explain why
this is, and show that a non-perturbative formulation of reduction of order can retain runaway so-
lutions.

Strong Field QED / 12

Photon merging in the collision of two laser pulses
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Author: Chantal Sundqvist1

Co-author: Felix Karbstein 2

1 FSU Jena, TPI
2 Helmholtz Institut Jena

Corresponding Author: chantal.sundqvist@uni-jena.de

The quantum vacuum nonlinearity allows for the effect of laser photon merging in the collision
of two (or more) laser beams. As the merged photons origin from a manifestly inelastic process,
their energy differs significantly from the background photons of the driving lasers, making them
accessible for experiments. However, the number of merged photons is typically considered to be
very small. In this talk, results on the emission characteristics of the merged signal photons will
be presented, demonstrating that the availability of just two laser beams is sufficient to achieve a
sizable signal in experiments with state-of-the-art technology.

Strong Field QED / 19

Worldline approach to the off-shell four-photon amplitudes
Authors: Christian Schubert1; Cristhiam Lopez-Arcos2; Misha Arturo Lopez-Lopez3; Naser Ahmadiniaz3

1 Centro Internacional de Ciencias UNAM-UAEM
2 Universidad Nacional de Colombia Sede Medellin
3 Helmholtz Zentrum Dresden Rossendorf

Corresponding Author: m.lopez-lopez@hzdr.de

The most general QED four-photon amplitude that has been computed, so far, is the one with two
photons on-shell and two off-shell. The generalization of this work to a fully off-shell calculation is
presently still lacking. Here we present the result of such a calculation, although still with at least
one of the legs taken in the low-energy limit, unifying the scalar and spinor QED cases. Despite
the finiteness of these amplitudes we keep them in D dimensions to make them useful as building
blocks for higher-loop amplitudes in dimensional regularization. The worldline representation is
used together with an integration-by-parts procedure that leads, already at the integrand level, to
compact expressions that are term-by-term gauge invariant and free of spurious ultraviolet diver-
gences. We clarify the relation between this tensor basis and one used by Costantini, De Tollis and
Pistoni.

For the case where one of the photons is in the low energy limit, we express the result in terms
of generalized hypergeometric functions and their derivatives. For the case with two low-energy
photons we obtain more general formulas than in previous works and we write this result in terms
of the hypergeometric function 2F1. As a check on this latter result, we match the special case
where k1 = −k2 with the known results for the scalar and spinor QED photon propagators in a
constant external field. We also use it for a rederivation of the 2-loop scalar and spinor QED beta
functions. Furthermore, we compute the Delbrück cross section at low energies for scalar and spinor
QED.

Strong Field QED / 14

Worldlinemaster formulas for dressed electronpropagator in con-
stant external fields
Authors: Christian Schubert1; James Edwards2; Victor Banda3; Fiorenzo Bastianelli4; Naser Ahmadiniaz5; Olindo
Corradini6
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1 Instituto de Fisica y Matematicas, Universidad Michoacana de San Nicolas de Hidalgo
2 Univeristy of Plymouth
3 Instituto de Física y Matemáticas, UMSNH
4 Università di Bologna
5 Helmholtz-Zentrum Dresden-Rossendorf (HZDR)
6 Università di Modena e Reggio Emilia

Corresponding Author: victor.banda@umich.mx

The standard formalism for calculating the S-matrix in quantum field theory is based on path in-
tegrals over field configurations, and can be formulated as a diagrammatic perturbative method.
Alternative to this approach is the Worldline formalism, based on first-quantized relativistic point
particle path integrals. Recently, a novel representation of the fermion propagator dressed with an
arbitrary number of photons was developed based on this formalism.

In this talk, I will present an extension of this work that includes a constant external electromagnetic
field. The resulting Bern-Kosower type representation of the fermion propagator, dressed with a
constant field in addition to N scattering photons, reduces all spin-related algebra to a minimum.
Using this representation I will show, as a simple application, how to recover the relativistic Landau
levels.

Strong Field QED / 37

Coulomb-assisted quantum vacuum birefringence
Authors: Alexander Debus1; Michael Bussmann2; Naser Ahmadiniaz3; Ralf Schützhold4; Thomas Kluge4; Tom
Cowan4

1 a.debus@hzdr.de
2 CASUS / Helmholtz-Zentrum Dresden - Rossendorf
3 Helmholtz-Zentrum Dresden-Rossendorf (HZDR)
4 Helmholtz Zentrum Dresden Rossendorf

Corresponding Author: n.ahmadiniaz@hzdr.de

In this talk, we consider the scattering of an x-ray free-electron laser (XFEL) beam on the superpo-
sition of a strong magnetic field Bext with the Coulomb field Eext of a nucleus with charge number
Z . In contrast to Delbrück scattering (Coulomb field only), the magnetic field Bext introduces an
asymmetry (i.e., polarization dependence) and renders the effective interaction volume quite large,
while the nuclear Coulomb field facilitates a significant momentum transfer ∆k.

For a field strength ofBext = 106  T (corresponding to an intensity of order 1022   W/cm2) and an XFEL
frequency of 24 keV , we find a differential cross section dσ/dΩ∼10−25 Z2/(∆k)2 in the forward
direction for one nucleus. Thus, this effect might be observable in the near future at facilities such
as the Helmholtz International Beamline for Extreme Fields at the European XFEL.

Strong Field QED / 30

A unifying approach to strong fields
Author: Adam Noble1

1 University of Strathclyde
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Corresponding Author: adam.noble@strath.ac.uk

Strong fields are ubiquitous in physics, occurring on scales from quarks to the entire universe, and
encompassing all fundamental interactions. Insights gained from one area of strong field physics can
be of great value in other areas. This is (relatively) straightforward with vector and scalar forces,
but the very different nature of gravity can make it hard to translate results from one arena to the
other.

However, the special case of dynamics in a conformally flat spacetime is formally equivalent to the
interaction with a scalar field in a flat background. This equivalence provides a “Rosetta Stone”,
enabling us to discuss gauge fields and gravity in the same language. In this talk, we introduce this
approach, and use it to discuss the characterisation of “strong fields”, and some of the important
phenomena they induce.

Gravity and curved space / 47

From Amplitudes to Strong Fields and back again
Author: Tim Adamo1

1 University of Edinburgh

Corresponding Author: t.adamo@ed.ac.uk

Over the last 30 years, there has been intensive work and incredible progress in our understanding
of perturbative scattering amplitudes in gauge theory and gravity, but so far these advances have
not addressed strong background fields. In this talk, I will try to convince you that there is actually
an un-tapped wealth of connections between the amplitudes and strong field communities, which
could lead to surprising advances in both.

Gravity and curved space / 16

Electrodynamics as toy model for binary gravitational dynamics
at high orders
Authors: Zvi Bern1; Enrico Herrmann1; Andres Luna2; Juan Pablo Gatica1; Mao Zeng3

1 University of California at Los Angeles
2 Niels Bohr Institute
3 University of Edinburgh

Corresponding Author: mao.zeng@ed.ac.uk

Quantum Electrodynamics (QED) serves as a useful toy model for classical observables in gravi-
tational two-body systems with reduced complexity due to the linearity of QED. We investigate
scattering observables in scalar QED at the sixth order in the charges (two-loop order) in a classical
regime analogous to the post-Minkowskian expansion in General Relativity. We use modern meth-
ods to compute scattering amplitudes and their classical limits to extract the scattering dynamics of
relativistic charged bodies in both conservative and dissipative sectors.

Strong Field QED / 8
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Quantum kinetic theory and collisional contributions to shear
induced polarization
Author: Shu Lin1

1 Sun Yat-Sen University

Corresponding Author: linshu8@mail.sysu.edu.cn

We derive a quantum kinetic theory for QED based on Kadanoff-Baym equation [1]. It generalizes
the well-known classical kinetic theory to the polarized case, with spin polarization entering in the
next order of gradient expansion. We also discuss generalization to QCD. We use this framework to
study polarization of probe massive fermion in QED plasma with shear [2]. We find new collisional
contributions to shear induced polarization coming from self-energy and gauge link respectively.
The new contributions are parametrically the same as the one considered so far in the literature.
They can lead to modest suppression of the shear induced polarization in phenomenological stud-
ies.

[1] Shu Lin, “Quantum kinetic theory for quantum electrodynamics”, Physical Review D 105 (2022)
7, 076017
[2] Shu Lin andZiyueWang, “Shear induced polarization: Collisional contributions”, arXiv:2206.12573

Strong Field QED / 21

Euler-Heisenberg Lagrangian with axial gauge

Authors: Patrick CopingerNone; Koichi Hattori1; Di-Lun Yang2

1 Zhejiang Institute of Modern Physics, Zhejiang University,
2 Institute of Physics, Academia Sinica

Corresponding Author: pcopinger@gmail.com

The Euler-Heisenberg Lagrangian is discussed in homogeneous electromagnetic fields with a con-
stant axial gauge coupling, to one-loop order. Two special configurations, namely a magnetic field
with chiral chemical potential as well as an electric field with spatial axial gauge, are argued to
possess an exact eigenspectrum, whose sum leads to a defining Lagrangian.

In the case of an electric field, it is shown that the addition of a spatial axial gauge leads to an
enhancement of pair production. The imaginary part of the Lagrangian is also examined using the
worldline formalismwhere it is demonstrated the axial gauge acts as a negativemass shift for helicity
aligned eigenstates, leading to the enhancement. Finally, the massless case is discussed, whose form
is exact at one-loop by virtue of the Fujikawa method.

Strong Field QED / 22

Beam focus and longitudinal polarization influence on electron
spin dynamics in counterpropagating laser beams
Authors: Sven Ahrens1; Ziling Guan1; Baifei Shen1

1 Shanghai Normal University
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Corresponding Author: ahrens@shnu.edu.cn

In recent years, the sole light-based interaction with the spin of a free electron (polarization and spin
detection) has been discussed for the case of electron diffraction in counterpropagating laser beams
[1,2]. The quantum dynamics of the electron in such a standing light wave of the so-called Kapitza-
Dirac effect [3,4] is commonly solved for the approximation of two counterpropagating plane wave
laser beams. In our recent work [5], we investigate the effect of beam waist corrections to the plane-
wave ansatz on the quantum dynamics of the electron and its spin by a perturbative approach.

We particularly pay attention on the influence of a small longitudinal polarization component in
Coulomb gauge, which would be zero when simply averaged along the transverse direction of the
laser beam. We conclude in our study that the longitudinal polarization component and transverse
field inhomogenieties from beam focussing have no significant influence in the regime of XFEL
beams, but may play a role for optical fields.

[1] Phys. Rev. Lett. 118, 070403 (2017).
[2] Phys. Rev. A 102, 033106 (2020).
[3] Math. Proc. Cambridge Philos. Soc. 29, 297 (1933).
[4] Nature (London) 413, 142 (2001).
[5] Phys. Rev. A 105, 053123 (2022).

Gravity and curved space / 48

The On-Shell Highway to Classical Physics
Author: Andrea Cristofoli1

1 University of Edinburgh

Corresponding Author: acristof@exseed.ed.ac.uk

TheKMOC approach is a formalism that expresses classical observables on flat backgrounds in terms
of quantum scattering amplitudes. After a first review, I will show two generalizations of the orig-
inal framework by extending its range of application to classical wave physics and observables on
a curved background. Using these, I will prove how to compute the bending of light and wave-
forms using on-shell amplitudes from coherent states. The talk will conclude with the derivation
of non-trivial classical phenomena such as memory effects using only amplitudes on a curved back-
ground.

Gravity and curved space / 32

High-energy limit of quantum and classical wave scattering ob-
servables
Author: Riccardo Gonzo1

1 Trinity College Dublin

Corresponding Author: gonzo@maths.tcd.ie

We study the space of quantum and classical observables for the radiation emitted by a scalar mov-
ing in gauge and gravitational plane-wave backgrounds. We explore the structure of new localised
observables such as the momentum and angular momentum flow, as well as their global analogues.
We observe that classical observables exhibit a power-law divergence in QED and a logarithmic di-
vergence in general relativity (GR), even when radiation reaction is included, and show that these
can only be resolved in the full quantum theory.
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Strong Field QED / 10

Highly Radiating Charged Particles in a Strong Electromagnetic
Field
Author: Pavel Sasorov1

Co-authors: Martin Jirka 1; Sergei Bulanov 1

1 Institute of Physics ASCR, v.v.i. (FZU), ELI-Beamlines Project, 182 21 Prague, Czech Republic

Corresponding Author: pavel.sasorov@gmail.com

There is a famous αχ2/3 ∼ 1 problem of a perturbation theory for QED in a strong electromagnetic
field. It leads to the situation when radiation losses of highly energetic electrons in a sufficiently
high intensity electromagnetic wave cannot be calculated reliably in the frame of the perturbation
theory because of divergence of its series at αχ2/3 ∼ 1. We consider the latter problem trying to
avoid as possible using of the perturbation theory. We argue that the leading order term of asymp-
totic expression for the rate of radiation losses of an electron with its energy tending to infinity
coincides with the leading order of the asymptotics obtained in the 1st order of the perturbation
theory. The analogous statement can be made for electron-positron pairs production by a high ener-
getic gamma-photons in a strong electromagnetic wave. These results provide possibilities to draw
a self-consistent conclusion about invariant masses of electrons and photons in a strong electromag-
netic field when their energies tend to infinity. We explain why these results can hardly (if possible)
be obtained in the frame of a regular perturbation theory.

Strong Field QED / 2

Acceleration of spin-polarized proton beams from a dual-laser
pulse scheme
Authors: Lars Reichwein1; Markus Büscher2; Pukhov Alexander1

1 Institut für Theoretische Physik I, Heinrich-Heine-Universität Düsseldorf
2 Peter Grünberg Institut (PGI-6), Forschungszentrum Jülich

Corresponding Author: lars.reichwein@uni-duesseldorf.de

The acceleration of spin-polarized particle beams from laser-plasma interaction has gained a lot of
interest in recent years due to the availability of high-intensity lasers and their applications for
investigating strong-field phenomena. In particular, probing the nuclear structure of protons and
neutrons requires polarized particle beams [1]. In this talk, we will present a setup consisting of two
laser pulses with anti-parallel polarization propagating side-by-side through a near-critical density
target [2]. In contrast to magnetic vortex acceleration, an additional proton filament in the space
between the two pulses is formed and ejected at the end of the plasma target. Our particle-in-cell
simulations show that the spatial separation of the two laser pulses leads to better spin polarization
while still delivering good angular spread.

[1] M. Büscher et al., doi:10.1017/hpl.2020.35, High Power Laser Sci (2020)
[2] L. Reichwein et al., arXiv:2201.11534v2 (2022)

Strong Field QED / 3

QED Effects at Grazing Incidence on Solid-State-Targets
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Author: Marko Filipovic1

Co-author: Alexander Pukhov 2

1 Heinrich-Heine-Universität Düsseldorf
2 Heinrich-Heine-Universität Düsseldorf

Corresponding Author: marko.filipovic@uni-duesseldorf.de

New laser facilities will reach intensities of 1023W cm−2. This advance enables novel experimental
setups in the study of laser-plasma interaction. In these setups with extreme fields quantum electro-
dynamic (QED) effects like photon emission via non-linear Compton scattering and Breit-Wheeler
pair production become important.

We study high-intensity lasers grazing the surface of a solid-state target by two-dimensional particle-
in-cell simulations with QED effects included. The two laser beams collide at the target surface at a
grazing angle. Due to the fields near the target surface electrons are extracted and accelerated. Fi-
nally, the extracted electrons collide with the counter-propagating laser, which triggers many QED
effects and leads to a QED cascade under a sufficient laser intensity. Here, the processes are studied
for various laser intensities and angles of incidence and finally compared to a seeded vacuum cas-
cade. Our results show that the proposed target can yield many order of magnitude more secondary
particles and develop a QED cascade at lower laser intensities than the seeded vacuum alone.

Strong Field QED / 25

Generation and acceleration of linear Breit-Wheeler positrons in
ultra-intense laser plasma interactions
Author: Yutong HeNone

Co-authors: Kaoru Sugimoto 1; Thomas Blackburn 2; Iwata Natsumi 1; I-Lin Yeh 3; Kavin Tangtartharakul 3; Toma
Toncian 4; Yasuhiko Sentoku 1; Alexey Arefiev 3

1 Osaka University
2 University of Gothenburg
3 University of California, San Diego
4 Helmholtz-Zentrum Dresden-Rossendorf

Corresponding Author: yuh087@eng.ucsd.edu

Creation of electrons and positrons via binary photon collisions, i.e. the linear Breit-Wheeler (BW)
process, is a basic prediction of quantum electrodynamics, but it is yet to be observed in the labo-
ratory. Motivated by experimental capabilities of newly constructed laser facilities and by recent
developments in target fabrication, we have performed PIC simulations supplemented by a post-
processing algorithm that have shown that over 107 linear BW pairs can be produced by a single
laser pulse [New J. Phys. 23, 115005 (2021)] and over 108 linear BW pairs can be produced by two
colliding laser pulses [Comm. Phys. 4, 139 (2021)] propagating inside a structured plasma channel.
The simulations use an experimentally achievable laser intensity in the range of 1022 W/cm2. We
have also found that the pair yield from the linear BW process dominates over the yield from the
nonlinear BW and Bethe-Heitler processes [Phys. Plasmas, 29, 053105 (2022)].

In order to assesses the dynamics of the linear BW positrons, we have recently developed a first-
ever fully kinetic code for predictive simulations of the linear BW pair creation in high-intensity
laser-matter interactions and the subsequent positron acceleration. Using this new tool, we found
that the linear BW pairs created in both setups can form collimated positron beams with a narrow
divergence angle and energy in the GeV range. Our results suggest feasible experimental setups for
the observation of the linear BW process in the laboratory and for generation of collimated energetic
positron beams. Our findings also indicate that one should no longer automatically assume that the
yield of the linear BW process is inferior to the yield from the nonlinear BW process, so the linear
BW process must be included when considering ultra-intense laser plasma interactions.
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Experiment / 13

LUXE: A new experiment to study non-perturbative QED in e−-
laser and γ-laser collisions.
Author: Ruth Magdalena Jacobs1

1 FHR (Bereichsreferent FH)

Corresponding Author: ruth.magdalena.jacobs@desy.de

The LUXE experiment (Laser Und XFEL Experiment) is a new experiment in planning at DESY Ham-
burg using the electron beam of the European XFEL. At LUXE, the aim is to study collisions between
a high-intensity optical laser and up to 16.5GeV electrons from the Eu.XFEL electron beam, or, alter-
natively, high-energy secondary photons. The physics objectives of LUXE are to measure processes
ofQuantumElectrodynamics (QED) at the strong-field frontier, where QED is non-perturbative. This
manifests itself in the creation of physical electron-positron pairs from the QED vacuum. LUXE in-
tends to measure the positron production rate in a new physics regime at an unprecedented laser
intensity. Additionally, the high-intensity Compton photon beam of LUXE can be used to search for
physics beyond the Standard Model.

Experiment / 41

High-field QED in the laboratory: current status and near-term
opportunities

Author: Gianluca SarriNone

The fast-paced advance in the high-power laser technology has recently allowed reaching focussed
intensities exceeding 1021 Wcm−2, with realistic plans to reach> 1023 Wcm−2 in near-term largescale
laser facilities worldwide. While these intensities are still orders of magnitude lower than those
needed to produce an electron-positron pair from the vacuum, this limitation can be overcome by
focussing the laser pulse onto an ultra-relativistic electron beam. In this case, the electric field in
the rest frame of the electron is relativistically boosted by its Lorentz factor. As an example, a 1
GeV electron beam interacting with a laser focussed intensity of 1021 Wcm−2 will experience, in
its own rest frame, an electric field of the order of 20% of the Schwinger field. GeV-scale electron
beams suitable for these experiments can be provided either by laser-wakefield or radio-frequency
accelerations.

At these unique field intensities, a plethora of exotic processes can be triggered and studied, in-
cluding highly non-linear Compton scattering, quantum radiation reaction, and Breit-Wheeler pair
production. Detailed experimental characterisation of these phenomena will not only advance our
fundamental understanding of this branch of fundamental physics but will also be instrumental for
astrophysics, cosmology, and plasma physics. An international collaboration led by UK scientists
has recently performed the first experiments in this area at the Rutherford Appleton Laboratory, un-
veiling quantum signatures of radiation reaction [1,2]. Several other campaigns at different world-
class physics laboratories, including the E-320 experiment at SLAC [3], the LUXE experiment at the
Eu-XFEL [4], and experiments at the Extreme Light Infrastructure and the Astra-Gemini laser, are
currently in their preparation stage and aim at pushing our experimental capabilities even beyond
the Schwinger field.

In this talk, an overview of the current status and near-term opportunities in this area of physics will
be given, with a particular focus on the experimental challenges in studying this fascinating area of
physics.

References

[1] K Poder, M Tamburini, G Sarri et al., Phys. Rev. X 8, 031004 (2018)
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[2] J M Cole, K T Behm, E Gerstmayr et al., Phys. Rev. X 8, 011020 (2018)

[3] E-320 experiment: https://conf.slac.stanford.edu/facet-2-2019/sites/facet-2-2019.conf.slac.stanford.edu/files/basic-
page-docs/sfqed_2019.pdf

[4] H Abramowicz, U Acosta, M Altarelli et al., Eur. Phys. J. Spec. Top. 230, 2445 (2021)

Strong Field QED / 9

New and old physics in the interaction of a radiating electron
with the extreme electromagnetic field
Author: Martin Jirka1

Co-authors: Pavel Sasorov 1; Sergei Bulanov 1

1 ELI Beamlines

Corresponding Author: martin.jirka@eli-beams.eu

We show that an all-optical configuration of the laser-electron collision in the λ3 configuration based
on 10 PW-class lasers presents a viable platform for reaching the range of parameters where a per-
turbative QED in strong external electromagnetic field breaks. This case is contingently referred to
as a case of the non-perturbative QED, and this range of parameters is the intriguing goal from an
experimental point of view because of a possible manifestation of a new physics of the interaction of
a highly radiating particle with a strong electromagnetic field. We show that the strong-field region
can be reached by electrons having initial energy higher than 50 GeV. Our theoretical considera-
tions are in agreement with three-dimensional particle-in-cell simulations. While increasing of the
electron energy raises the number of electrons experiencing the strong-field region, the observable
signature of photon emission radiative correction in the strong field is expected to fade out when
the electron energy surpasses the optimal value. This threshold of electron energy is identified and
the parameters for achieving the non-perturbative limit of QED are provided.

Strong Field QED / 18

Optimal photon polarization toward the observation of the non-
linear Breit-Wheeler pair production
Author: Suo Tang1

Co-author: YunQuan Gao

1 Max-Planck-Institut für Kernphysik

Corresponding Author: suo.tang@mpi-hd.mpg.de

We investigate the optimization of photon polarization to increase the yield of Breit-Wheeler pair
production in arbitrarily polarized plane wave backgrounds. We show that the optimized photon
polarization can improve the positron yield by more than 20% compared to the unpolarized case, in
the intensity regime of current laser-particle experiments.

The seed photon optimal polarization results from the polarization coupling with the polarization
of the laser pulse. Compact expressions of the coupling coefficients in both the perturbative and
nonperturbative regimes are given. Because of the evident difference in the coupling coefficients
for the linear and circular polarization components, the seed photon optimal polarization state in an
elliptically polarized laser background deviates considerably from the orthogonal state of the laser
polarization.
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Strong Field QED / 4

Particle-beam scattering from strong-field QED
Authors: Tim Adamo1; Anton Ilderton1; Alexander J Macleod2

1 University of Edinburgh
2 ELI Beamlines

Corresponding Author: alexander.macleod@eli-beams.eu

We consider the scattering of probe particles on an ultraboosted beam of charge, in the case that the
fields of the beam are strong and must be treated nonperturbatively.

We show that the fields of the ultraboosted beam act as stochastic plane waves-scattering ampli-
tudes (of elastic scattering, nonlinear Compton and nonlinear Breit-Wheeler) are obtained without
approximation by averaging plane wave scattering amplitudes over all possible plane wave param-
eters.

The relevant plane waves are ultrashort and, as such, scattering on ultraboosted beams does not
exhibit the conjectured strong-field behavior of QED based on the locally constant field approxima-
tion.

Strong Field QED / 11

Nonlinear Compton scattering in time-dependent electric fields:
LCFA and beyond

Author: Evgeny GelferNone

Co-authors: Alexander Fedotov 1; Arseny Mironov 2; Stefan Weber 3

1 National Research Nuclear University MEPhI
2 LULI, Sorbonne Universite, CNRS, CEA, Ecole Polytechnique, Institut Polytechnique de Paris
3 ELI Beamlines

Corresponding Author: gelfer@fzu.cz

The locally constant crossed field approximation (LCFA) is a powerful tool for studies of various
strong field QED phenomena. It is common that numerical codes for simulating strong laser-matter
interaction rely on LCFA for taking into account QED effects, and therefore it is crucial to establish
the limits of applicability of the approximation and develop possible extensions.

We explore LCFA in detail for photon emission by a spinless particle in a strong time-dependent
electric field. This kind of electromagnetic field is of particular interest, because it models the electric
antinode of a standing electromagnetic wave, which is the beneficial configuration for QED cascade
generation. It is worth emphasizing that a time-dependent electric field is not crossed in contrast to
the comprehensively studied case of a plane wave.

We develop an approach for calculating the photon emission probability rate in a generic time-
dependent electric field. It allows one to establish the LCFA applicability range, and calculate the
first and higher-order corrections to it. We test LCFA and such corrections against the numerically
calculated probability rates.

Astrophysics and Cosmology / 6
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Kinetic model of pair cascades in pulsar polar caps
Author: Thomas Grismayer1

Co-authors: Enzo Figuereido 1; Fábio Cruz 1; Luís O Silva 1

1 GoLP/Instituto de Plasmas e Fusao Nuclear, Universidade de Lisboa

Corresponding Author: thomas.grismayer@ist.utl.pt

Time-dependent discharges of electron-positron pairs have recently been proposed as a primary in-
gredient to explain the nature of pulsar radio emission, a long-standing open problem in high-energy
astrophysics. During these discharges - positive feedback loops of gamma-ray photon emission via
curvature radiation by TeV electrons and positrons and pair production - the plasma self-consistently
develops inductive waves that couple to electromagnetic modes capable of escaping the pulsar dense
plasma.

However, a full kinetic model that could predict the growth rate of the cascade, the screening time,
and the subsequent emissions is still lacking. First, we show how the kinetic equations can be used
to provide such predictions in two setups: (i) uniform electric field and a more realistic vacuum-gap
space-time dependent electric field. We show also that the full QED differential probability rates can
be approximated by a heuristic rate for photon emission and pair creation. All analytical results are
illustrated with particle-in-cell simulations performed with OSIRIS. Second, these results are used
to interpret new multidimensional simulations including an ab initio description of the Quantum
Electrodynamics (QED) effects responsible for hard photon emission and pair production in pair
discharges. It is shown that the electromagnetic modes generated during pair discharges present
direct imprints of QED and plasma kinetic effects in properties (e.g. frequency, polarisation and
Poynting flux angular distribution) that are consistent with observations.

Astrophysics and Cosmology / 20

Vacuum and in-medium polarization phenomena in strong mag-
netic fields
Author: Koichi Hattori1

Co-author: Kazunori Itakura 2

1 Zhejiang University
2 Nagasaki Institute of Applied Science (NiAS)

Corresponding Author: koichi.hattori@outlook.com

We discuss the fermion-antifermion polarization phenomena in strong magnetic fields that can be
realized in heavy-ion collisions, laser fields, and neutron stars. We elaborate on its effects on bire-
fringence when a photon is traversing the magnetic-field region [1].

The medium effects can drastically change the vacuum birefringence due to the Pauli blocking effect
and the medium-specific contribution known as the Landau damping. We also discuss the axial
charge generation when a perturbative electric field is applied on top of the strong magnetic fields,
leading to a non-zero divergence of the axial-vector current [2]. For massive fermions, the medium
contribution can be as large as the vacuum contribution known as the chiral anomaly.

[1] Koichi Hattori and Kazunori Itakura, “In-medium polarization tensor in strong magnetic fields
(I): Magneto-birefringence at finite temperature and density,” 2205.04312 [hep-ph].

[2] Koichi Hattori and Kazunori Itakura, “In-medium polarization tensor in strong magnetic fields
(II): Axial Ward identity at finite temperature and density,” 2205.06411 [hep-ph].
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Astrophysics and Cosmology / 49

Baryogenesis from axion inflation
Author: Kyohei Mukaida1

1 DESY

Corresponding Author: kyohei.mukaida@desy.de

In inflation models driven by an axion-like particle the inflaton may have a Chern-Simons coupling
to the Standard Model (SM) U(1)Y . In this talk we show that this setup is a highly predictive baryo-
genesis model without further ingredients other than the SM and the inflaton (and the origin of
neutrino mass). During inflation this Chern-Simons coupling sources a dual production of the SM
chiral fermions and maximally helical U(1)Y gauge fields associated with the SM chiral anomaly
equation ala Schwinger effect. We will discuss the possibility where the anomalous transport of
these primordial chiral asymmetries and the helical U(1)Y gauge fields after inflation gives rise to
the present baryon asymmetry.

Standard Model / 50

QCD in a strong magnetic background
Author: Jens O. Andersen1

1 Norwegian University of Science and Technology

Corresponding Author: andersen@tf.phys.ntnu.no

Strong magnetic fields show up in various context in high-energy physics such as heavy-ion col-
lisions, compact stars, and the early universe. Thus it is of interest to understand the behavior of
strongly interactingmatter in such extreme conditions. In this talk, I will give an overview of some of
the progress that has been made over the past decade. In particular, I will discuss the phenomenon of
(inverse) magnetic catalysis which is the increase (decrease) of the chiral condensate as the magnetic
field increases.

Standard Model / 51

Strongly interactingmatter in intense electromagnetic fields
Author: Gergely Endrödi1

1 University of Bielefeld

Corresponding Author: endrodi@physik.uni-bielefeld.de

Strong electromagnetic fields, as they arise in high-energy heavy-ion collisions, in the interior of
magnetars and potentially during the evolution of the early universe, have a significant impact on
the physics of quarks and gluons. First-principles lattice simulations of this non-perturbative sys-
tem have revealed a highly nontrivial response to the background fields and a corresponding phase
diagram with a rich structure.

In this talk, I will briefly recapitulate the recent lattice findings regarding magnetic fields and also
discuss the impact of electric fields. In the latter case, even the simplest setting of a hot electron gas
yields a surprising result.
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Standard Model / 52

Pair production of phonons in Bose-Einstein condensates with
curved and expanding acoustic metric
Author: Stefan Floerchinger1

1 Friedrich Schiller University Jena

Corresponding Author: stefan.floerchinger@uni-jena.de

The large-scale structure of our Universe is seen as a result of quantum field fluctuations amplified by
the evolution of space-time itself. Quantum fields in curved spacetimes have many tantalizing theo-
retical properties, for example particles being produced by the time-dependence of the geometry. I
will describe how quantum fields in geometries with spacetime curvature and different cosmologies
can be quantum-simulated with Bose-Einstein condensates in specifically designed trapping poten-
tials and with time-dependent interaction strengths. New analytical results for relativistic scalar
fields in cosmologies with 2+1 spacetime dimensions will be compared with recent experimental
results.

Standard Model / 24

The role of the chiral anomaly in polarized DIS
Authors: Andrey Tarasov1; Raju Venugopalan2

1 The Ohio State University
2 Brookhaven National Laboratory

Corresponding Author: tarasov.3@osu.edu

I’ll discuss the role of the triangle anomaly in polarized deep inelastic scattering (DIS) employing a
worldline formalism. I’ll demonstrate that the structure function g1(xB , Q

2) measured in polarized
DIS, as well as its first moment which defines the proton’s helicity Σ(Q2), is dominated by the
chiral anomaly in both Bjorken (Q2 → ∞) and Regge (xB → 0) asymptotics. I’ll show that in
both asymptotics the structure function is identically controlled by the triangle anomaly, which
has an infrared pole in the forward scattering limit. The cancellation of this pole involves a subtle
interplay of perturbative and nonperturbative physics that is deeply related to the UA(1) problem
in QCD.

In the worldline formulation of quantum field theory, the triangle anomaly arises from the imaginary
part of the worldline effective action. I’ll show explicitly how a Wess-Zumino-Witten term coupling
the topological charge density to a primordial isosinglet η̄ arises in this framework. I’ll demonstrate
the fundamental role played by this contribution both in topological mass generation of the η′ and in
the cancellation of the infrared pole arising from the triangle anomaly in the proton’s helicityΣ(Q2).
I will introduce an axion-like effective action for g1 at small xB that follows from the cancellation
of the infrared pole in the matrix element of the anomaly. It describes the interplay between gluon
saturation and the topology of the QCD vacuum. In this context I’ll outline the role of “over-the-
barrier” sphaleron-like transitions in spin diffusion at small xB . Such topological transitions can be
measured in polarized DIS at a future Electron-Ion Collider.

Strong Field QED / 7

Nonlinear Compton scattering and nonlinear Breit-Wheeler pair
production including the damping of particle states
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Authors: Antonino Di PIazza1; Tobias Podszus1; Victor Dinu2

1 Max Planck Institute for Nuclear Physics, Saupfercheckweg 1, D-69117 Heidelberg, Germany
2 Department of Physics, University of Bucharest, P.O. Box MG-11, Măgurele 077125, Romania

Corresponding Author: dipiazza@mpi-hd.mpg.de

In the presence of an electromagnetic background plane-wave field, electron, positron, and photon
states are not stable, because electrons and positrons emit photons and photons decay into electron-
positron pairs. This decay of the particle states leads to an exponential damping term in the prob-
abilities of single nonlinear Compton scattering and nonlinear Breit-Wheeler pair production [1].
We present analytical and numerical results on the probabilities of nonlinear Compton scattering
and nonlinear Breit-Wheeler pair production including the particle states’decay within the locally-
constant field approximation [2]. First, the probabilities and some of their asymptotic values are
computed analytically. Then, several plots of the total and differential probabilities for different
pulse lengths and for different spin and polarization quantum numbers are shown. We stress that it
is crucial to take into account the damping of the states in order for the probabilities to stay always
below unity and we show that the damping factors also scale with the intensity and pulse duration
of the background field. In the case of nonlinear Compton scattering we show numerically that the
total probability behaves like a Poissonian distribution for sufficiently low initial electron energies
such that the photon recoil is negligible.

[1] T. Podszus and A. Di Piazza, Phys. Rev. D 104, 016014 (2021).

[2] T. Podszus, V. Dinu, and A. Di Piazza, arXiv:2206.10345.

Strong Field QED / 29

The effect of radiative corrections on electron propagation and
photon emission in a strong constant crossed field
Author: Arseny Mironov1

1 LULI, Sorbonne Universite, CNRS, CEA, Ecole Polytechnique, Institut Polytechnique de Paris

Corresponding Author: mironov.hep@gmail.com

Accounting for loop radiative corrections, such as photon polarization and electron mass operators,
become essential as the strength of the external field reaches the limit of ~1600 Sauter-Schwinger
fields in the reference frame of a particle, namely, αχ2/3 ∼ 1 where χ denotes the (dimensionless)
field. It is sufficient to consider just 1-loop corrections below the limit αχ2/3 < 1. In the first part of
this talk, we analyze the modification of the free electron propagation in a strong constant crossed
field by the 1-loop mass correction.

At αχ2/3 > 1, any scattering problem requires a summation of loop radiative corrections to all
orders. According to the Ritus-Narozhny conjecture, the leading order corrections are given by
combining the 1-loop photon polarization operators with the bare photon lines, and (fortunately)
appear to be summable. However, in effect, such dressed ‘photons’ obtain a dynamical mass de-
pending on χ. Unless χ is small, they are violently unstable. This makes formulation of the photon
emission probability quite intricate. We briefly review this issue and the possible ways to resolve it
in the second part of the talk.

Strong Field QED / 15

Dyson - Schwinger equations in scalar electrodynamics

Page 18



Physics in Intense Fields (PIF22) / Book of Abstracts

Authors: A. V. Berezin1; Alexander Fedotov2; Arseny Mironov3; E. S. Sozinov1
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Corresponding Author: arsenbrs@mail.ru

Quantum electrodynamics (QED) is a theory of the interacting fermionic electron-positron and elec-
tromagnetic fields. However, it may be expedient to isolate or neglect contributions of spin effects.
Also, there do exist charged scalar particles. Therefore, it is worth studying a scalar version of QED
as well. At first glance, such a theory should be simpler due to the absence of spin degrees of free-
dom. However, it turns out that due to gauge invariance it contains an extra interaction (bare vertex)
as compared to the standard fermionic QED.

Amongs the most important QED equations are the Dyson-Schwinger (DS) equations, establishing
a relationship between the exact (i.e. dressed by radiative corrections) propagators and vertices. In
particular, they are used to construct nonperturbative methods based on partial resummations of
the perturbative series. We obtain analogs of the DS equations for scalar QED in an external electro-
magnetic field and discuss a diagrammatic interpretation of the correspondingmass and polarization
operators. We use functional integration techniques, which are especially convenient to derive and
analyze general properties and relations.

In this approach themain object is a generating functional, which is an amplitude of vacuum-vacuum
transition in the presence of classical sources. It generates the full set of Green functions and obeys
functional equations called the quantum equations of motion. The DS equations are obtained by
taking extra variational derivatives of these equations with respect to sources after expressing the
result in terms of the exact propagators and vertices. After that we set scalar sources to zero but allow
the presence of an external electromagnetic field, leaving the corresponding source unconstrained.
The resulting equations have a muchmore bulky structure than in standard QED. In particular, in the
presence of an external field,the mass operator contains the contribution of an exact three-photon
vertex (see Fig. 1), which was not pointed out previously in the literature.

Experiment / 35

Experimental demonstration of all-optical nonlinear Compton
scattering using a multi-petawatt laser

Experiment / 34

TBA
Corresponding Author: cowan@hzdr.de

Abstract to be confirmed

Strong Field QED / 43

TBA
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Astrophysics and Cosmology / 42

TBA

Abstract to be confirmed

Strong Field QED / 33

Aspects of the strong-field Breit-Wheeler process in a tightly fo-
cused laser pulse
Author: Selym Villalba-ChavezNone

Experimental efforts toward the detection of the nonperturbative strong-field regime of the Breit-
Wheeler pair creation process plan to combine incoherent sources of GeV γ quanta and the coherent
fields of tightly focussed optical laser pulses. This endeavour calls for a theoretical understanding
of how the pair yields depend on the applied laser field profile. We provide estimates for the num-
ber of produced pairs in a setup where the high-energy radiation is generated via bremsstrahlung.
Attention is paid to the role of the transversal and longitudinal focussing of the laser field, along
with the incorporation of a Gaussian pulse envelope. We compare our results with predictions from
plane-wave models and determine the parameters of focused laser pulses which maximize the pair
yield at fixed pulse energy.
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