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Water for physicists



Latin name: Vratislavia

1000–1335 Wrotizla
1335–1526 Wretslaw
1526–1741 Presslaw
1741–1871 Bresslau
1871–1945 Breslau
since  1945 Wrocław
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Wroclaw



Institute of Experimental Physics

physics and physical chemistry of condensed matter, 
surface & bulk

Field Ion Microscopy (until 2011)
Scanning Tunneling Microscopy
Atomic Force Microscopy
Low Energy Electron Diffraction
X-ray Photoelectron Spectroscopy
Mössbauer Spectroscopy
…

FIM

FIM
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https://physics.aps.org/articles/v6/106
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My tools :-)
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Outline
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Electron dynamics in grating-type DLA – simple description

● transfer matrix R

● transfer function R

● generalized accelerating/deflecting gradients Gacc/Gdefl

Andrew Ceballos, 
Stanford University
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light
dielectric

grating-type DLA

arxiv, proceedings



Transfer matrix (ABCD matrix) – classical optics
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Transfer matrix R – conventional accelerators
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[m, –, m, –, m, – ] 

see Beam by design by
E. Hemsing, G. Stupakov, 
D. Xiang, A. Zholents
Rev. Mod. Phys. 86, 897–941 
(2014)



Transfer matrix – DLA
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Ken Soong’s PhD thesis, Stanford University, 2014



Transfer function – DLA – unit cell
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geometry from Leedle et al.,
Opt. Lett. 40, 4344 (2015).



Transfer function of a complex structure
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Ponderomotive focusing 
– sources, inspirations, circulation of ideas
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Landau
Lifshitz

Mechanics

Joel England’s talk 
on Tuesday

A. Szczepkowicz, Application of 
transfer matrix... Ponderomotive 
focusing of electrons, PRAB 20, 
081302 (2017)



Accelerating and deflecting gradient
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from Leedle et al, Optica 2, 158 (2015)
see also Plettner, SLAC-PUB-12458 (2007)

[V/m]

[V/m]



Generalization of accelerating and deflecting 
gradient
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from Leedle et al, Optica 2, 158 (2015)
see also Plettner, SLAC-PUB-12458 (2007)

Don’t kill the phase 
information, leave Gacc 
and Gdefl complex.
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Construction of the transfer function from 
generalized accelerating and deflecting gradients

16



Particle transfer function expressed by generalized 
accelerating and deflecting gradients
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Conclusions

Simple description of electron dynamics in DLA
1. transfer matrix not applicable 
2. use transfer function R
3. generalize accelerating gradients
4. Gacc, Gdefl → R

Thank you:
Funding – University of Wrocław
Inspiration – Erlangen group and Stanford/SLAC groups
Discussions – Martin Kozak, Joshua McNeur, Peter Hommelhoff

                 andrzej.szczepkowicz@uwr.edu.pl 18
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