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General information. 

- The long FLASH summer shutdown (eight weeks from June to August) has now 
come to an end. During the shutdown, FLASHForward installation has made 
good progress, with fully installed and operational beamline sections ending six 
meters upstream of the plasma interaction chamber (see Figures 1 and 2). In this 
state, we will be able to start beamline commissioning at the beginning of 
September and test the subsystems that have been installed. This includes a full 
measurement and matching of the beam parameters to the design values before 
the final focussing quads. Additional installation periods this August, this 
September, and in January of 2018 will allow a full installation of the beam line 
up to the beam dump. Advanced components such as the X-band TDS will start 
to be integrated in the summer shutdown of 2018. 

- After more than four years of vital 
contributions to FLASHForward, in 
particular in his function as coordinator 
for the differential pumping system, the 
central interaction chamber, the 
double-bunch generation from the 
photocathode, and data acquisition, 
John Dale has accepted a position with 
a start-up company outside science. 
We thank him for his efforts and great 
commitment and wish him the best of 
success in his new profession. 

- Alexander Knetsch successfu l ly 
defended his PhD thesis under the 
supervision of Bernhard Hidding and 
Brian Foster, which included his 

Figure 1. The FLASHForward electron and laser beamlines at the start of the final focussing section (2017-08-10).

Figure 2. Slava Libov, coordinator of WG2, and 
Pau Gonzalez inspect beamline components.



contributions to the FACET E-210 experiment at SLAC. Alexander will stay in 
Hamburg and continue his work on FLASHForward as a DESY fellow. 

- Two new postdoctoral researchers will shortly join the DESY FLASHForward 
group: Zeng Ming will focus on plasma wakefield theory starting on September 
4th; Peng Kuang is a new experimentalist whose fellowship is financially 
supported by the Chinese OCPC program, starting in Hamburg in November. 

Two reminders.

- Please follow the FLASHForward Twitter feed @FForwardDESY. 
- The VI Annual Meeting will take place on Sunday, September 24th, the day 

before the EAAC meeting begins, at 9:30am in the EAAC conference hotel. If 
any members of the VI collaborating groups wish to attend the Annual Meeting 
and have not yet indicated their attendance, please contact Brian Foster 
(brian.foster@desy.de) as soon as possible. 

WG1: Plasma simulations 
Coordinators: Alberto Martinez de la Ossa (UHH), Jorge Vieira (IST)  

Hose instability studies  
After identifying mechanisms which intrinsically mitigate the hose instability in PWFAs 
over long propagation distances, we continue our studies on hosing suppression acting 
directly from the point of beam injection into plasma. Figure 3 depicts the result from 3D 
HiPACE particle-in-cell (PIC) simulations. A narrow electron beam with an initial tilt is 
subject to hosing: Figure 3(a). However, a wider and higher emittance beam, with the 
same tilt, exhibits stable transport: Figure 3(b). We are currently investigating the impact 
of the beam emittance and width onto the dynamics of the hose instability. 

Figure 3. Results from 3D PIC simulations with HiPACE, showing the beam (red) and the plasma 
(blue) electron density after some propagation. (a) A narrow beam with an initial tilt is driving a 
plasma wave in the blowout regime and undergoes hosing. (b) The same beam with a five times 
greater spot size at focus exhibits a stable transport.

(a) (b)
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Start-to-end simulations  
The start-to-end simulation studies have been extended to driver/witness pairs for 
external injection in FLASHForward. Particle-tracking codes - ASTRA and ELEGANT - 
are employed to simulate the beamline section, starting at the RF gun up to the 
position of the longitudinal bunch separation. The driver/witness-bunch generation 
process through a metal mask within a dispersive section (scraper) is simulated using 
GEANT4. The final tracking to the plasma cell it is done by ELEGANT simulations, 
considering CSR effects. CSR effects generate centroid offsets in the bunch, and, in 
particular, may induce a relative transverse displacement of the witness bunch with 
respect to the driver, which is a limiting factor for a stable wakefield excitation in beam-
driven plasma accelerators. High-performance simulations with HiPACE are then 
employed to study the beam-plasma interaction under realistic conditions for the driver/
witness beams (Figure 4). The current start-to-end simulation chain aims at identifying 
optimal conditions to accelerate witness beams stably while preserving quality.  

Density down-ramp injection  
A new theoretical and numerical study on the generation of high-quality beams by 
means of the density down-ramp method in PWFAs was submitted to PRAB. It 
contains new insights regarding the optimisation of the electron-injection process in 
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Figure 4. HiPACE 3D PIC simulation showing the driver/witness beams (red) and the plasma (blue) 
electron density after some propagation.



density transitions in PWFAs with experimental parameters close to FLASHForward 
parameters. Using the PIC code OSIRIS, we were able to demonstrate the generation 
of witness electron beams of ~140 pC charge, with an emittance of ~200 nm, 
uncorrelated energy spread of ~0.3% and a peak current of ~1.0 kA. 

WG2: Beam dynamics and instrumentation  
Coordinators: Vladyslav Libov (UHH), Ivan Konoplev (JAI) 

Beamline installation  
Activities are focused on the installation of the electron beamline for FLASHForward. 
The dedicated shutdown period of FLASH for this installation started on June 14 and 
finished on August 8. Good progress has been achieved so far: 

- All magnets, including the static dipoles which extract beams from FLASH2, together 
with a special vacuum chamber, were installed. An exception are a few quadrupoles 
and two steerers in the diagnostics (FLFDIAG) section; these magnets are not critical 
for the forthcoming FLASHForward commissioning campaign and will be added in early 
2018. 
- Vacuum parts of all standard diagnostics (button and cavity beam-position monitors, 
charge monitors, scintillator-screen stations) were installed, aligned, and surveyed. 
- The vacuum system in the extraction area (FLFEXTR) was installed and leak-tested. 
This includes beam pipes, vacuum pumps, pressure sensors, gate valves and a beam 
stop to prevent radiation entering the FLASH2 tunnel during access mode. 
- The installation of the vacuum system in the compression section (FLFCOMP) is 
completed. The vacuum beam pipe was installed down to the final scintillator screen 
station before the plasma target. 
- The plasma chamber has been delivered with a slight delay and is currently being 
cleaned, assembled, and tested to fulfill the DESY SCRF-accelerator vacuum 
standards. 

Beamline commissioning preparation 
An application submitted earlier in the year for dedicated beam time within the 
Accelerator Research and Development program at FLASH has been approved. This 
beam time will be allocated at the beginning of August; the majority of the shifts are 
expected to be scheduled for October and November 2017. Additional beam time in a 
parallel operation mode (parallel to FLASH1, when FLASH2 is not in operation), has 
also been granted. The first shifts are scheduled for August 30, 2017. 



The overall commissioning plan contains several milestones: technical commissioning, 
transmission to the FLASHForward beam dump, orbit response studies, optics setup, 
compression, focus optimisation, and demonstration of wakefield excitation. The 
detailed shift plans will be finalised shortly and depend on the installation progress. 

Activities related to future upgrades of the beamline are underway. One example is the 
scraper in the dispersive section to produce the driver-witness bunch pairs and / or cut 
unwanted parts of beam phase space. Its conceptual design is now finalised and the 
technical design has been started recently in the central engineering group of DESY 
(ZM1). This development sets the earliest possible installation slot for the scraper in 
January 2018. 

A new technique to measure the separation between driving and witness beams has 
been developed by the JAI/Oxford team and tested at LUCX (KEK, Japan) (Appl. Phys. 
Lett. 111, 043505 (2017)). This single shot and non-destructive method should allow 
accurate monitoring of bunch separation. 

WG3: Plasma sources  
Coordinators: Lucas Schaper (DESY), Patric Muggli (MPP) 

Beamline installation 
Owing to problems with delivery and quality of the window separating the machine 
vacuum of FLASH from the transport vacuum of the ionisation laser, plans were 
changed and the hardware for discharge-based ionisation has been installed with high 
priority as a temporary backup. The discharge setup comprises a pulse-forming 
network with adjustable matching impedance that is capable of delivering currents in 
the range 100 A to 1kA while still maintaining the voltage required for plasma 
breakdown. The resulting current and voltage pulses have short rise and fall times and 
an adjustable-length plateau region. This setup will allow plasma targets to be ionised 
for beam-based acceleration experiments and support studies of active plasma lenses 
in the FLASHForward environment. 

Active plasma lenses 
The last campaign on active plasma lenses at the Mainzer Microton (MaMi) used 
capillaries of differing length and achieved gradients exceeding 850T/m. The setup 
provided failsafe operation where, during ten thousand shots no single event misfired. 
Also the general stability was found to be promising for future implementation. Further 
results that are still preliminary, however, indicate emittance degradation under the 



operation conditions possible at MaMi. The plasma-lens activities now include a 
collaboration with the University of Oslo. Members of WG2 participate in the Oslo-led 
experimental campaign at CERN (September 2017), for which DESY provided the 
plasma lens capillary and JAI/Oxford provided the discharge circuit. 

WG4: Photon sources  
Coordinators: Pardis Niknejadi (DESY), Carl Schroeder (LBNL)  

Auxiliary photon sources 
The efforts in the FLASHForward test and preparation laboratory have been focused on 
a betatron radiation experiment during the past few months. The photons produced via 
betatron radiation will be used to test our planned betatron diagnostics for the 
FLASHForward PWFA setup. The final round for acquiring data is scheduled for the 
coming weeks. In addition, further investigation on the usability of ICS photons as an 
electron-beam diagnostic have been performed by means of simulations. In a few 
weeks, the set up in the LWFA chamber will be adapted for the ICS experiment. Further 
improvements allowing operation of the laser-wakefield accelerator at 5 Hz are 
underway. 

FEL photon source 
Following the decision to study an FEL beamline consisting of TTF undulators in a 
strong focusing configuration, efforts have concentrated on setting up a start-to-end 
simulation to reflect this. The goal of these simulations is to optimize and investigate the 
FEL beamline first for an idealised FLASHForward PWFA beam, and ultimately, for 
realistic full start-to-end simulated beams. A close collaboration with all other WGs to 
achieve this goal is ongoing.


