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W =

Z
q ~E(x, t) · x̂dt
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DIELECTRIC STRUCTURES
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SIMULATION OF A GRATING DLA
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Unit	cell,	periodic	boundary	conditions 
	GV/m	(incident	field	strength) 
GeV	(initial	electron	energy) 

Synchronicity	condition: 		
:	structure	period,	 : laser wavelength, : electron velocity / c, : mode order 

ℰ = 1

𝐸𝑖𝑛𝑖𝑡. = 3 

𝜆𝑃 = 𝜆𝐿𝛽𝑛

𝜆𝑃 𝜆𝐿 𝛽 𝑛



TRANSVERSE FOCUSING

▸ Transverse confinement crucial for long DLA


▸ Alternating Phase Focusing (APF)
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Analytical	and	numerical	(rms) 
beam	envelopes,	scaled	to	identical	 
initial	beam	size	at	ε	=	100	pm. 

U.	Niedermayer	et	al,	2018,	Physical	Review	Letters.	
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.214801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.214801


ATTOSECOND PULSE TRAINS (FAU ERLANGEN, 30 KEV)
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N. Schönenberger et al, 2019, Physical Review Letters.  
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.264803

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.264803
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.264803


ATTOSECOND PULSE TRAINS (STANFORD, 57 KEV)
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D. S. Black et al, 2019, Physical Review Letters. 
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.264802

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.264802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.264802


ON-CHIP INTEGRATED LASER-DRIVEN PARTICLE ACCELERATOR (INVERSE DESIGN)
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N. V. Sapra et al, 2020, Science. https://science.sciencemag.org/content/367/6473/79/tab-pdf

https://science.sciencemag.org/content/367/6473/79/tab-pdf


EXPERIMENTS IN SWISSFEL
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EXPERIMENTAL SETUP IN SWISSFEL

▸ Beam parameters
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Particle Energy 3 GeV

Bunch Charge 100 fC … 200 pC

Beam size 1…100 µm

Bunch length 10 fs … 1 ps

Sample mount 5-dimensional 
alignment



CHARACTERIZATION OF THE 
ELECTRON BEAM
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ELECTRON BEAM INSTRUMENTATION

▸ Charge


▸ Profile


▸ Beam Losses


▸ Energy spectrum

13Rasmus Ischebeck — EAAC 2019 — Characterization of the Electron Beam in the ACHIP Chamber in SwissFEL



DESIGN OPTICS
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MEASUREMENT OF BUNCH LENGTH AND PEAK CURRENT
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ACHIP CHAMBER SAMPLE HEXAPOD
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• YAG	Screen	(1)	

• Nano	Wire	Scanner	(2,3)	

• Dielectric	Grating	(4,5)

1
2

3
4

5



YAG SCREEN + CCD CAMERA (1 PC) 
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Pixel Size = 8 um
Resolution Limit reached

! High resolution 
microscope will be installed. 
(Sigmakoki)



WIRE SCAN TOMOGRAPHY

1 um gold wires on SiN membrane (e-beam lithography at PSI, LMN)


Move wires with Hexapod through Beam 
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BEAM SIZE MEASUREMENT (1 PC) DEC 2019
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Improvements	in	beam	transport	through	SY,	dispersion,	quad	alignment…		
! 5	times	smaller	in	both	dimensions 

(still	room	to	improve)



WAKE FIELD BUNCH SHAPING
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DIELECTRIC WAKE FIELD BUNCH SHAPING	
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R56>0	Compression	possible

Excite	fields	in	the	structure	with	the	self-field	of	the	electron	bunch	
! Wake	Fields

50 µm

Structure: 
Double Grating 
Periodicity
Length 

= 50 μm
= 0.5 mm



WAKE FIELD SHAPING - TUNABILITY

Wake field response at the tail depends on grating geometry (tooth depth)
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Thilo	Egenolf,		
TU	Darmstadt



TUNABLE GRATING
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The Accelerator on a Chip International Program
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