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Why do we want this device?
Scientific motivation for this technological advance 
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Goal: 

> Diagnose both transverse and longitudinal slice properties for machine 
optimisation in e.g. FELs 

> Femtosecond-level temporal resolution are required for optimisation of 
ultra-short bunches 

> The ~kT/m focussing gradients inherent to novel high-gradient accelerator 
concepts require high-quality, axially-symmetric beams

  

Transverse Deflection Structure (TDS) 

High-frequency (X-band) regime 

Variable polarisation streaking

Free-electron Lasers e.g. FLASH Accelerators on a chip

witness

driver

Plasma-based accelerators
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New generation of variable streaking temporal diagnostic
PolariX TDS = Polarisable X-band Transverse Deflection Structure
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Variable Polarization Circular TE11 Mode Launcher

Phase difference between 
port 1 and port 2:
• 0 degree -> vertically 

streaking field
• 180 degree -> 

horizontally streaking 
field

The concept of variable 
streaking direction has been 
invented at CERN:

A. Grudiev, CLIC-note-1067 
(2016)

It makes possible the Characterization of the 
slice properties of the e-beam on arbitrary x’ 

direction

Variable Polarization Circular TE11 Mode Launcher

Phase difference between 
port 1 and port 2:
• 0 degree -> vertically 

streaking field
• 180 degree -> 

horizontally streaking 
field

The concept of variable 
streaking direction has been 
invented at CERN:

A. Grudiev, CLIC-note-1067 
(2016)

It makes possible the Characterization of the 
slice properties of the e-beam on arbitrary x’ 

direction

Variable-polarisation circular 
TE11-mode phase launcher

Phase difference between 1st and 2nd port:

0 degree ➞ vertically streaking field

180 degree ➞ horizontally streaking field
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Variable Polarization Circular TE11 Mode Launcher

Phase difference between 
port 1 and port 2:
• 0 degree -> vertically 

streaking field
• 180 degree -> 

horizontally streaking 
field

The concept of variable 
streaking direction has been 
invented at CERN:

A. Grudiev, CLIC-note-1067 
(2016)

It makes possible the Characterization of the 
slice properties of the e-beam on arbitrary x’ 

direction

Enables the characterisation of slice properties along an 
arbitrary x’ axis

Variable polarisation circular 
TE11-mode phase launcher

Phase difference between 1st and 2nd port:

0 degree ➞ vertically streaking field

180 degree ➞ horizontally streaking field
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Interest in this technology from many facilities
The varied experimental utilisation results in a wide parameter range
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> Experiments participating in the project: 
> FLASHFORWARD‣‣ (DESY) : fs-longitudinal diagnostics of driver/witness beams used in plasma-wakefield acceleration 
> FLASH2 (DESY) : online longitudinal measurement with fs resolution of electron bunches for optimising FEL process 
> SINBAD (DESY): sub-fs longitudinal characterisation of ultra-short electron bunches 
> ATHOS (beamline at SwissFEL, PSI): optimisation of the FEL process 

> EUXFEL also a part of the collaboration but without financial commitment to structure purchase
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A brief history of the project
Design of unique polarisation components
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> 2016

> Variable polarisation concept proposed by A. Grudiev (CERN) 

> 2017

> Collaboration partners established 
> Device specifications defined by experimental needs 

> 2018

> Collaboration Agreement between partners signed 
> Mechanical design complete 

> 2019

> Prototype constructed at PSI 
> RF conditioning (up to 26 MW) achieved at CERN 
> Installation of the structure at FLASHForward 
> First experiments with beam
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A brief history of the project
Experimental demands define the cavity design
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> 2016

> Variable polarisation concept proposed by A. Grudiev (CERN) 

> 2017

> Collaboration established 
> Device specifications defined by experimental needs 

> 2018

> Collaboration Agreement between partners signed 
> Mechanical design complete 

> 2019

> Prototype constructed at PSI 
> RF conditioning (up to 26 MW) achieved at CERN 
> Installation of the structure at FLASHForward 
> First experiments with beam
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A brief history of the project
Collaboration agreement and prototype mechanical design
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> 2016

> Variable polarisation concept proposed by A. Grudiev (CERN) 

> 2017

> Collaboration partners established 
> Device specifications defined by experimental needs 

> 2018

> Collaboration Agreement between partners signed 
> Mechanical design complete 

> 2019

> Prototype constructed at PSI 
> RF conditioning (up to 26 MW) achieved at CERN 
> Installation of the structure at FLASHForward 
> First experiments with beam
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A brief history of the project
Machining of the prototype and RF conditioning
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> 2016

> Variable polarisation concept proposed by A. Grudiev (CERN) 

> 2017

> Collaboration partners established 
> Device specifications defined by experimental needs 

> 2018

> Collaboration Agreement between partners signed 
> Mechanical design complete 

> 2019

> Prototype constructed at PSI 
> RF conditioning (up to 26 MW) achieved at CERN 
> Installation of the structure at FLASHFORWARD‣‣ 
> First experiments with beam

Bead-pull 
measurement at PSI

High power conditioning 
at CERN
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Installation of the prototype at FLASHFORWARD‣‣
Design of the shared scheme between FLASHFORWARD‣‣ and FLASH2
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• FLASHForward PolariX TDS beamline: Richard D’Arcy 
• FLASH2 PolariX TDS beamline: Mathias Vogt, Florian Christie
• Technical coordinator: Karsten Klose
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Installation of the prototype at FLASHFORWARD‣‣
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beam

• FLASHForward PolariX TDS beamline: Richard D’Arcy 
• FLASH2 PolariX TDS beamline: Mathias Vogt, Florian Christie
• Technical coordinator: Karsten Klose

Design of the shared scheme between FLASHFORWARD‣‣ and FLASH2
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Modulator and amplifier supply pulses to the Klystron
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Ampegon Type M-Class Modulator

Located outside the tunnel to protect the electronics from radiation


Connected to the klystron via a ~12 m long high power cable

beam

Installation of the prototype at FLASHFORWARD‣‣



Page 00 |  Richard D’Arcy  |  MT ARD ST3 Meeting, Hamburg  |  September 24, 2020

Shared Klystron supplies power to one cavity at a time through a mechanical RF switch
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beam

6MW Toshiba E37113A Klystron

Pulse compressor to be installed in 2021

Allocated space for 
FLASH2 cavities

FLASHFORWARD‣‣ TDS

Installation of the prototype at FLASHFORWARD‣‣
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Prototype cavity installed in the FLASHFORWARD‣‣ beamline
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beam

Prototype cavity installed in the FLASHFORWARD‣‣ beamline

Installation of the prototype at FLASHFORWARD‣‣
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First results with the FLASH electron beam
Longitudinal phase space reconstruction
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> Longitudinal phase space reconstruction ➞ the benchmark TDS 
measurement


> Increasing resolution begins to show interesting details in the 
beam e.g. micro bunching
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First results with the FLASH electron beam
Slice emittance measurements in both the x- and y-plane
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> The phase rotator is moved to select both first the x- then the y-plane

> Centroid offsets are characterised in both planes


> Enables online correction essential for e.g. plasma-based acceleration with large 
focussing fields 

> Facilitates the diagnosis of slice properties in both transverse planes

E = 1 GeV
Q = 1 nC

σt ~ 250 fs rms
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First results with the FLASH electron beam
Variable streaking of the beam with different phase shifter settings
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> The phase shifter is rotated from its zero position in motor steps

> Each image corresponds to a different position of the phase 

shifter

> Covers the entire 360 deg phase range of the x-y plane

E = 1 GeV
Q = 1 nC

σt ~ 250 fs rms
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First results with the FLASH electron beam
Reconstruction of 3D charge-density distribution
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> Images are collected at various streaking angles

> Slice properties are extracted from each polarisation

> 2D transverse profiles of each temporal slice are derived
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First results with the FLASH electron beam
Reconstruction of 3D charge-density distribution
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Correlations between all planes in (x, y, z) 
space are quickly and easily visualised

E = 680 MeV
Q = 300 pC

σt ~ 270 fs rms
Rt  ~ 32 fs

> Images are collected at various streaking angles

> Slice properties are extracted from each polarisation

> 2D transverse profiles of each temporal slice are derived

> 3D charge-density beam distribution is tomographically reconstructed
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Next hardware steps
FLASH2, SINBAD, and ATHOS will soon benefit from this unique device
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> FLASH2:

> Winter 2020: Installation of the first structure as well as the pulse compressor

> Summer 2021: Installation of the second structure


> SINBAD:

> Winter 2020: Delivery of both structures

> Spring 2021: Installation of both structures


> ATHOS 
> Spring 2021: Delivery and installation of both structures
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> FLASH2:

> Winter 2020: Installation of the first structure as well as the pulse compressor

> Summer 2021: Installation of the second structure


> SINBAD:

> Winter 2020: Delivery of both structures

> Spring 2021: Installation of both structures


> ATHOS 
> Spring 2021: Delivery and installation of both structures

Many more exciting results on the way…!



POLARIX — Polarisable X-band Transverse Deflection Structure
Summary and outlook

• POLARIX prototype has been developed, implemented, and successfully commissioned by an 
international collaboration 

• First commissioning results are very promising ➞  the prototype will next be used in the coming months 
for optimisation and characterisation of the plasma-acceleration process at FLASHFORWARD‣‣ 

• More cavities are on the way to various experimental facilities at DESY and PSI ➞ many more exciting 
results to follow soon…!


