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Overview

◼ Non-linear pair creation with optical laser 
and high energy bremsstrahlung photons


◼ Bremsstrahlung and crossed fields

◼ Bremsstrahlung and laser wave with 

Gaussian time profile

◼ Bremsstrahlung and focused pulse


◼ Linear Breit-Wheeler pair creation with 
X-ray laser and bremsstrahlung photons

◼ Breit-Wheeler pair creation in 2+1 space-
time dimensions
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Breit-Wheeler pair production in a laser field
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Breit-Wheeler pair production in a laser field
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Breit-Wheeler pair production: regimes
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Breit-Wheeler pair production: our approach
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Bremsstrahlung for highly energetic     quanta
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Breit-Wheeler pair production: 
bremsstrahlung
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Photon spectrum for thick targets  

◼ Pair production and bremsstrahlung of charged leptons,

Y.S. Tsai, Rev. Mod. Phys. 46, 4 (1974)


Photon spectrum for thin targets  
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quasi-static field approximation: rate in crossed fields

◼ Radiative effects and their enhancement in an intensive electromagnetic field,

V. I. Ritus, Zh. Eksp. Theor. Fiz. 57 (1969)
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Breit-Wheeler pair production with 
bremsstrahlung photons
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Breit-Wheeler pair production with 
bremsstrahlung photons
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Breit-Wheeler pair production: volume effects
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Number of pairs in LCFA 

quantum non-linearity parameter
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Breit-Wheeler pair production with 

different field configurations
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Breit-Wheeler pair production with 

different field configurations
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Linear Breit-Wheeler pair production
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Bremsstrahlung for highly energetic     quanta

GeV

�0

<latexit sha1_base64="jHCyQl5c7yDvj43ZS3Ax2I0UXh0="></latexit>

X-ray laser as a source for photons

keV

Solid 
target

L

<latexit sha1_base64="5E0cM2/Y2NCl7w70GZmKQ1ulzvU="></latexit>

~B

<latexit sha1_base64="6jv6Vkh5DPuMnOiR8eT5Crh50tU="></latexit>

e�

<latexit sha1_base64="KC22jVXmCMR/6X9RBkX0B4TjZSA="></latexit>

X-ray
laser

e+

<latexit sha1_base64="Qv1LBQfO7t+SCzTVPcdPE2WiZ44="></latexit>

�

<latexit sha1_base64="k8Gv1BAq0augGK64mC6Rd2ngWc0="></latexit>

e�

<latexit sha1_base64="KC22jVXmCMR/6X9RBkX0B4TjZSA="></latexit>

LT

<latexit sha1_base64="mbgX5NdjWIRJZhsQ4GKeb2uL32I="></latexit>

⇡ � �

<latexit sha1_base64="QMArrAt2o7O3FsLk0mesuvm6a5A="></latexit>

<latexit sha1_base64="QkxEGiLqCdj1fjTZT4OhM5C9cts="></latexit>

k0

higher energy possible !



hhu.de15

ordinary linear

BW rate

normalization of     quantum�

<latexit sha1_base64="hBr4/RLKM3g1idH/CSD7TcQyevA="></latexit>

with Fourier transformed 
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Linear Breit-Wheeler pair production

◼ Linear Breit-Wheeler pair production by high 
energy bremsstrahlung photons colliding with 
an intense X-ray laser pulse,

A. Golub, H. Ruhl, S. Villalba-Chavez, 

C. Müller, PRD 103, 016009 (2021)
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Breit-Wheeler pair production in QED 2+1
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Breit-Wheeler pair production in QED 2+1

Energy threshold behavior
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Breit-Wheeler pair production in QED 2+1

Asymptotic at strong fields for different 
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◼ Strong-field Breit-Wheeler pair production in 
QED 2+1,
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C. Müller, PRD 103, 096002 (2021)
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Breit-Wheeler pair production in graphene 
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Breit-Wheeler pair production in graphene 
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◼ Dimensionality-driven photoproduction of 
massive Dirac pairs near threshold in 
gapped graphene,

A. Golub, R. Egger, C. Müller, S. Villalba-
Chavez, PRL 124, 110403 (2020)
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Summary

◼ Non-linear non-perturbative Breit-Wheeler 
pair creation with bremsstrahlung photons


◼ Linear Breit-Wheeler pair creation with 
bremsstrahlung photons


◼ Breit-Wheeler pair creation in 2+1 
dimensional space-time



