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SIMULATION OF A GRATING DLA

Unit cell, periodic boundary conditions
z=1GV/mM (incident field strength)

e, =3@eV (initial electron energy)
Synchronicity condition: 4, =4, n

A, structure period, ;. laser wavelength, 4. electron velocity / c, ». mode order
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TRANSVERSE FOCUSING

» Transverse confinement crucial for long DLA

» Alternating Phase Focusing (APF)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.121.214801

ATTOSECOND PULSE TRAINS (FAU ERLANGEN, 30 KEV)

0 -

Ti:Sa
Laser
Q )

N. Schonenberger et al, 2019, Physical Review Letters.
https://journals.aps.org/prl/abstract/10.1103/PhysRevl ett.123.264803

=)= EPFL Rasmus Ischebeck > Acceleration in Dielectric Structures at SwissFEL



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)

DLA Stage 1

electron beam

DLA Stage 2
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D. S. Black et al, 2019, Physical Review Letters.
https://journals.aps.org/prl/abstract/10.1103/PhysRevl ett.123.264802
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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 PARTICGLE ACCELERATOR (INVERSE DESIGN)
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N. V. Sapra et al, 2020, Science. https://science.sciencemag.org/content/367/6473/79/tab-pdf
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https://science.sciencemag.org/content/367/6473/79/tab-pdf
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EXPERIMENTAL SETUP IN SWISSFEL e

» Beam parameters

Particle Energy 3 GeV

740 m

/

Bunch Charge 100 fC ... 200 pC

Beam size 1...100 pm

Bunch length 10fs ... 1 ps

5-dimensional

Sample mount .
alignment

.................... e
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Electron gun  |inear accelerator Undulators

X-ray experimental
stations

| WL L L

Bypass line

Beamline leading to hard X-ray (“Athos line”)
undulators (“Aramis line”)

2 meter vacuum chamber
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CHARACGTERIZATION OF THE
ELECTRON BEAM
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ELECTRON BEAM INSTRUMENTATION

» Charge
» Profile

» Beam Losses

» Energy spectrum
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DESIGN OPTICS
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Longitudinal measurement with S30CB14 and SARCL0O1-DSCR170

calibration : 1.65e + 01 [um/ fs]
2nd calibration: 1.85e 4+ 01 [um/ fs]

Fits cross at: 117. 64 [deg]
| | 1

2019-07-12 15:54:46
Bunch duration: 32.786 [fs|]— — Time jitter: 12.553 [fs]

MEASUREMENT OF BUNCH LENGTH AND PEAK CURRENT
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ACHIP CHAMBER SAMPLE HEXAPOD

@ * YAG Screen (1)

€
 Nano Wire Scanner (2,3)

* Dielectric Grating (4,5)
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YAG SCREEN + CCD CAMERA (1 PC)

Oox=7.0x0.3 um, 0,=12.0£0.3 pm Pixel Size = 8 um
Resolution Limit reached
- 300 > High resolution
microscope will be installed.
- 250 (Sigmakoki)
E
- 200 ©
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2
150 3
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50
—40 —20 0 20 40
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WIRE SCAN TOMOGRAPHY

2D Scan Live Viewer
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Mag= 411X EHT = 5.00 kV InLens Contrast= 385 % Brighthess= 205% N=1 Scan Speed=9  Noise Reduction = Pixel Avg.

Dyn.Focus = Of Mix Signal = 0.0000  Mixing = Off Stage at T= 0.0 ° Aperture Size = 30.00 pm|
100 pm WD = 41 mm ’ Scan Rotation = 91.9 ° Scan Ret= On

| ' File Name = GV180307a_NanoWireFan_1um_02.tif  pate :23mar2018

High Currert =0T Time :17:67:07

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)
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WAKE FIELD BUNCH
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DIELECTRIC WAKE FIELD BUNCH SHAPING

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

i o
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WAKE FIELD SHAPING - TUNABILITY

Wake field response at the tail depends on grating geometry (tooth depth)
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TUNABLE GRATING
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