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Presentation outline

1. Literature on tolerances in DLA

2. Simple numerical models: 
–  double column setup
–  Bragg mirror

3. Adjusting of a fabricated structure?
– electro-mechanical: piezoelectric effect
– electro-optical: Pockels effect

4. Conclusions
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Woodpile accelerating structure, 
fabrication tolerance

J. England et al., Rev. Mod. Phys. 86, 1337 (2014); 
B. Cowan et al., IPAC2010 proceedings; 

“Fabrication of 17-layer woodpile accelerator structures was 
successfully achieved using the layer-by-layer approach [...]. 
Fabrication tolerances were within 5–8% of the layer thickness, rod 
width, layer-to-layer alignment, and taper angle. Final alignment of the 
two half structures reveals a one-third period offset. Improved 
accuracy and automation in the alignment system is important for 
future fabrication runs.”
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Dual grating structure sensitivity analysis, 
F. Mayet et al. 2018

F. Mayet et al., First order sensitivity analysis in dual grating type 
dielectric laser acceleration structures, Proceedings of IPAC2018
● Influence of laser beam parameters and input electron beam 

parameters on output beam parameters

[A. Saltelli, Global Sensitivity Analysis: The Primer, Wiley, Chichester, 
(2008).]

“Finally it has to be noted that this kind of analysis does not have to be 
based on simulations. It can also be performed on experimental data. 
If the data aquisition of all relevant machine parameters is time 
synchronized, recorded data then corresponds to the Monte Carlo runs 
of a given model.” 4



Photonic bandgap fiber accelerators,
tolerance studies, L. Genovese et al. (2019)

...
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Dual pillar grating with a Bragg mirror,
P. Yousefi et al. 2019

P. Yousefi et al, EAAC2017 proceedings,
P. Yousefi et al, Opt. Lett. 44, 1520 (2019).

“Our final structures have a standard deviation of 10 nm from the
designed geometry” [~0.5% of the laser wavelength] [local defects?]

“We fabricated two sets of structures [...]. The relative difference 
between geometrical dimensions of the fabricated structures is 0.8%.”
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A numerical model: double column DLA segment

● Geometry and laser parameters from D. Black et al., Laser-driven 
electron lensing in silicon microstructures, PRL 122, 104801 
(2019)

15 pairs of Si columns

electron velocity beta = 0.525
laser wavelength = 1.95 um, vacuum gap = 0.375 um
laser field from two sides, amplitude E0 = 300 MV/m

● focal length = 18.4 um
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Numerical particle tracking approaches

● Full PIC code

● Often used alternative: a code to calculate field, another code to 
track particles

● This work: all in Comsol (RF Module + Particle Tracing Module)

● Particle tracking approaches based on the transfer properties of a 
DLA unit cell, utilizing quasi-periodicity of DLA structures.

○ U. Niedermayer et al., IPAC2017 Proceedings; 
U. Niedermayer et al., PRAB 20, 111302 (2017).

○ W. Kuropka, et al, IPAC2017 Proceedings; 
F. Mayet et al, IPAC2017 Proceedings

○ A. Szczepkowicz, PRAB 20, 081302 (2017); 
A. Szczepkowicz, EAAC2017 Proceedings

○ Beware of boundary effects

8A. Szczepkowicz, PRAB 20, 081302 (2017)



A numerical model: double column DLA segment
1. Sensitivity to column cross-section size

Trace space plots
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2. Sensitivity to vacuum channel width
3. Sensitivity to laser phase mismatch

...
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A numerical model: Bragg mirror
Vacuum/Si interface shifts
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Bragg mirror
Systematic vs. random interface shifts
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Bragg mirror
Shifting only one interface

For the phase of the reflected wave, the position of the second 
interface is crucial (“back of the first layer”).
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Optical anisotropy of crystalline silicon?
Tolerance to uncertainty of n?

[Yousefi et al. 2019] use “phosphorus-doped Si<100>” ⇒ crystalline Si

M. El-Nahass and H. Ali, Estimation of optical parameters of silicon 
single crystals with different orientations, Materials Science-Poland, 37, 
65 (2019)
  ⇒ n = 3.35, 3.80, 13% difference at 2 um (h𝜈 = 0.62 eV)

Amorphous silicon at 2 um: n = 3.45 (3.51 @ 600 K)
https://refractiveindex.info/?shelf=main&book=Si&page=Li-293K 14

https://refractiveindex.info/?shelf=main&book=Si&page=Li-293K


Post fabrication, in-situ tuning of DLA structures?
Piezoelectric crystals? Piezoaligment?

2018 Kozak et al, Ponderomotive... - Supplemental Material
“One translation stage in the ω1 interferometer is equipped with a 
piezo-crystal allowing to change its position with a precision of 10 nm.”

2018 Leedle et al. “The relative phase of the two lasers is controlled 
via a piezo-driven delay stage.”
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 DLA section 1  DLA section 1

How to align DLA segments?

shear piezos



A book on Scanning Tunelling Microscope
Tube scanners – “piezo tubes”

...
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Electrooptical effect: Pockels effect in BTO/Si
Voltage-induced change of the refractive index

BaTiO3 (Barium titanate, BTO)
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Electrooptical effect: Pockels effect in BTO/Si
Voltage-induced change of the refractive index

BaTiO3 (Barium titanate, BTO)
refractive index ~2
largest coefficient of the Pockels tensor r42~ 1 nm/V

Electric field-induced change of coefficients of the refractive index 
ellipsoid

[www.rp-photonics.com/pockels_effect.html]
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Feedback beam tuning?

From: S. Myers, The engineering needed 
for particle physics, Phil. Trans. R. Soc. 
A370, 3887–3923 (2012) 19

LHC

2017



Feedback structure tuning in DLA?
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Tolerances in DLA: conclusions

1. Fabrication tolerances are not an issue for recent proof-of-concept DLA 
experiments utilizing short structures.

2. Fabrication constraints become tighter with increasing structure length, 
and post-fabrication adjustment of structures may become necessary:

– electromechanical: integrated shear piezo crystals? piezotubes?

– electrooptical: Pockels effect?
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Today’s poster session, 6 DLA posters
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Purcell-Smith radiation from dielectric laser acceleration (DLA) 
structures

284. Stefanie Kraus, A compact UHV-compatible high-voltage supply 
for a small dielectric laser accelerator
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acceleration
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