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Diagnostics Collaborations with PSI Involvement

> Beam	Posi+on	Monitors	(DESY,	PSI)	

> Wire	Scanners		(PSI,	FERMI)	

> Bunch	Compression	Monitors	(PSI,	DESY)	

> Fluorescence	Screens	(PSI,	SLAC,	PAL)	

> Plasma-based	diagnos+c	for	characterizing	high- 
field	ultra-short	FEL	electron	bunches	(PSI,	SLAC)	

> Transverse	Deflectors	(CERN,	DESY,	PSI)	

> Mini-Workshop	Series	on	Longitudinal	Diagnos+cs
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Beam Position Monitors

> The System
> BPM Pickups (Cavity & Button) for SwissFEL & 

EU-XFEL
> Modular Readout Electronics
> Intra Bunch Train Feedback for EU-XFEL

> Collaboration
> Original pickup design from SACLA, adapted 

by DESY
> Front-End Electronics developed at PSI
> PSI’s contribution to the EU-XFEL
> Final quality control and calibration 

measurements performed at PSI
> System tests at the SITF

X-FEL BPM pickups installed at SITF

Front-end electronics
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Beam Position Monitors

> Status & Outcome
> Systems operational at EU-

XFEL and SwissFEL injectors 
and installed in full machines

> Commissioning in progress
> Modular readout electronics 

are being used for different 
systems at PSI (e.g. THz 
detectors)

> Applications by facilities 
outside the collaboration
> FLASH2, SOLEIL, FLUTE 

(KIT), University of 
Hamburg, INFN

Screenshot of the SwissFEL orbit on 18 Oct 2016
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Wire Scanners

> Measurement principle
> Scan a thin wire through the beam and synchronously observe the losses 

downstream
> Fast, accurate and only slightly invasive measurement technique to 

record the transverse beam profiles
> Crucial points

> Wire material
> Balance between losses  

and resolution

Wire scanner system installed at SwissFEL  
(about to be commissioned)

different material and diameter were indeed tested on the
electron beam at SITF and FERMI. The special design of
the SwissFEL wire-fork with the possibility to be equipped
with two distinct triplets of wires offered the unique
opportunity to make simultaneous comparative tests of
different wires as described in the following. In SwissFEL,
wire scanners will be used to measure the beam emittance
by means of a quadrupole scan—an operation normally
carried out under undulator protection from the radiation
damage due to an unmatched beam transport—as well as to
routinely monitor the transverse size of the beam under
FEL operations. In the latter WSC application, the radia-
tion-dose release along the machine can be detrimental to
critical components of the machine such as the undulators.
For such a reason, the choice of wire material and diameter
for the SwissFEL WSCs was the object of a careful
investigation. The search for the optimum wire solution
was not only driven by the constraint to reduce as much as
possible the diameter (D) of the wire—D=4 being the rms
size of the wire defines indeed the rms geometrical
resolution in a WSC measurement [20]—but also by the
constraint to choose a material with the lowest density (ρ)
and atomic number (Z). In fact, the radiation energy losses
ΔE of a high energy electron beam with energy E scale
down with ρ, Z and the thickness Δx of the material
according to the formula

ΔE
Δx

¼ E
LR

; ð1Þ

where LR is the radiation length of the material with 1=LR
depending quadratically on Z and linearly on ρ [21].
Further aspects being considered in the choice of the wire
material were: (1) the breaking risk of the wire due to
anomalous vibrations of the wire-fork and (2) the sensi-
tivity of the wire to low-frequency vibrations induced by
the stepper motor. In SwissFEL the wire-fork is indeed
motorized by a 2-phase stepper motor which may excite
possible low frequency vibration eigenmodes of the wire.
According to the experience of several FEL and x-ray

facilities such as FLASH and LCLS [9,10,12,13,22],
carbon wires are normally preferred to tungsten wires
wherever the risk of radiation damage can be a critical
issue and/or whenever accuracy and precision are not
relevant to a WSC measurement (WSC as a beam-finder).
On the other hand, carbon wires are quite rigid and fragile
and thus more susceptible than metallic wires to a breaking
risk because of an anomalous vibration of the wire-fork.
Moreover, contrary to metallic wires, carbon wires can
be only fixed and barely stretched onto a wire-fork.
Consequently, the risk of exciting an eigenmode oscillation
frequency of the wire because of a resonance with a
stepper-motor induced vibration of the wire-fork at low
frequency is much higher for a carbon wire than for a
metallic wire. Such a risk can be avoided or, at least,
mitigated when a sufficiently high mechanical tension is
applied to the metallic wire fixed between the two pins so
that the eigenmode oscillation frequency of the wire can be
shifted toward the high frequency region. The option of
stretching the wire is available in the wire-fork of the
SwissFELWSCs which is suitably provided with a metallic
spring for each wire. Taking into account the aforemen-
tioned issues, metallic wires were preferred to carbon wires
for the SwissFEL WSC.
In a FEL facility [9,10,13], tungsten wires are typically

used for a WSC. Tungsten wires show indeed exceptional
properties from the point of view of the beam robustness
(melting point, about 3400 °C) and the mechanical strength
(tensile strength, about 1900 MPa). Tungsten wires as well
as carbon wires [23] are commercially available with a very
small diameter—5 μm tungsten wire can be easily found on
the market—hence ensuring a high geometrical resolution
in a measurement. Moreover, tungsten being characterized
by a high values of the density and the atomic number, the
reconstruction of a beam transverse profile scanned by a
tungsten wire can benefit from a very high signal-to-noise
ratio. On the other hand, the high release of radiation-dose
along the machine is also the main drawback of using
tungsten wires. For such a reason, the possibility to use for
the SwissFEL WSC—as an alternative to tungsten—a
different metallic wire was investigated keeping in mind
the constraint to reduce as much as possible the release of

FIG. 2. Technical drawing of the SwissFEL wire-fork. Thanks
to a system of multiple pin slots, the vertex of each wire-triplet
can be set at three different distances (8,5.5 and 3 mm) from the
center of the vacuum chamber. In order to outline such a
flexibility feature of the design of the SwissFEL wire-fork—in
the present technical drawing—all the three pin slots are shown to
be provided with horizontal and vertical wires. In reality, only one
of the three possible pin slots will be equipped with a wire so that
each of the two wire triplets of the SwissFEL wire-fork will be
composed of: one single horizontal wire; one single vertical wire;
one single wire for XY coupling.

DESIGN AND EXPERIMENTAL TESTS OF FREE … PHYS. REV. ACCEL. BEAMS 19, 092802 (2016)

092802-3

Fork design
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Wire Scanners
> Collaboration

> PSI developed wire scanners and beam  
loss monitors for SwissFEL and tested them  
at the SITF with a 250 MeV beam

> G.L. Orlandi presented a poster at FEL’13
> Interest of colleagues from FERMI  

(M. Ferianis & G. Penco)
> Jan 2015: First measurements at FERMI with a complete prototype 

setup from PSI (5 and 13 µm tungsten wires) revealed significant 
losses at 1.5 GeV beam energy

> Search for a better wire material  
-> Al(99):Si(1)

> 2nd round of tests at FERMI  in Oct 2015
> Outcome

> FERMI quickly got a wire scanner prototype installed to use for 
emittance measurements

> PSI got to test the SwissFEL system at higher energies and could 
optimize it

> Next steps
> FERMI is implementing more wire scanners
> PSI will now commission the system at SwissFEL

experience at FERMI was the observation that a wire-
scanning—with a 5 and 13 μm tungsten wire at a motor
velocity of 0.2 mm=s—is only barely perturbing the FEL
emission process and, consequently, it can be routinely
performed for on-line monitoring of the beam profile
during FEL operations [30].
A second series of WSC tests was performed at FERMI

after substituting the previous wire-fork with a new one
equipped with a couple of 5 μm tungsten wires and a new
wire solution. The new wire solution—new solution for
WSC diagnostics, at least—consists of a couple of
Alð99Þ∶Sið1Þwireswith a diameter of 12.5 μm.This second
series ofWSC tests at FERMI aimed at: first of all, checking
suitability and robustness of theAlð99Þ∶Sið1Þwires at a high
beam energy and charge; then, determining the relative
measurement accuracy of an Alð99Þ∶Sið1Þ scan against aW
scan; finally, quantifying the possible reduction of the
radiation-dose release of an Alð99Þ∶Sið1Þ wire scan in
comparison with a tungsten wire scan. This comparative
studyAlð99Þ∶Sið1Þ vsWwas carried out at the FERMI linac
which was set and tuned at a stable beam condition—energy
1.325GeV, charge 700 pC and repetition rate 10 Hz—and at
a fixed and matched magnetic optics. For different motor-
speeds (0.1, 0.2 and 0.3 mm=s) 10 wire-scans of the beam
were performedwith a 5 μmtungstenwire and repeatedwith
the homologous 12.5 μmAlð99Þ∶Sið1Þwire. At every scan,
beam losses were measured at different locations with
different detectors: with BLM1 (scintillator fiber placed
at a distance of 2.48 m from the WSC), with 2 Cerenkov
fibers (Cerenkov1&2) stretched along the beam pipe of the
FEL1 undulator beam-line and, finally, with 8 Ionization-
Chambers—I-C(1 → 8)—placed in front, at the end and in
between the 7 undulators composing the FEL1 undulator
chain [31]. Experimental results of the comparative study
Alð99Þ∶Sið1Þ vsWare shown in Figs. 16–19. In Fig. 16, the
profile of the electron beam resulting from the beam-losses
measured by BLM1 during the scan with two homologous
Alð99Þ∶Sið1Þ and W wires moving at a motor-speed of
0.2 mm=s is shown. The measured values of the beam size
resulting from the analysis of the beam losses plotted in
Fig. 16—for a motor-speed of 0.2 mm=s—and from the
analysis of other experimental beam profiles similarly
acquired for motor-speeds of 0.1 and 0.3 mm=s are shown
Fig. 17. According to the experimental data plotted in
Fig. 17, the same accuracy—within the limit of the statistical
errors—is achieved by a 12.5 μmAlð99Þ∶Sið1Þ and a 5 μm
W wire in measuring a beam profile with a size of about
35 μm. Furthermore, within the limit of the statistical errors,
the measurement accuracy maintains constant in the motor-
speed range 0.1–0.3 mm=s.
Further goal of this WSC measurement session was to

quantify the radiation-dose released along the machine when
scanning—at differentmotor speeds—the electron beamwith
W and Alð99Þ∶Sið1Þ wires. The relative values of the
radiation-dose measured by the detectors BLM1 and

Cerenkov1&2 and the absolute values of the radiation-dose
rate (mGy=h) measured by the 8 Ionization-Chambers I-C
(1 → 8) when scanning the beam with two homologous
Alð99Þ∶Sið1Þ andWwires at a motor speed of 0.2 mm=s are
shown in Table II. In Table II, the ratio—W against
Alð99Þ∶Sið1Þ—of the measured values of the radiation-dose
are shown as well. In particular, the absolute radiation-dose
rate (mGy=h) measured by the 8 Ionization-Chambers of the
FERMI FEL1 when scanning—at a motor speed of
0.2 mm=s—the beam with two homologous wires [5 μm
tungsten and 12.5 μm Alð99Þ∶Sið1Þ] is plotted in Fig. 18.
According to the results shown in Table II and in Fig. 18,
the radiation-dose rate measured by the 8 I-Cs of FERMI
FEL1 when scanning the electron beam with a 12.5 μm
Alð99Þ∶Sið1Þ at a motor speed of 0.2 mm=s is a factor 11
smaller than the value measured in a scan with a 5 μm
tungstenwire.A reduction by a factor 11of the radiation-dose
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FIG. 16. Beam profile resulting from the scan of the FERMI
electron beam with a 12.5 μm Alð99Þ∶Sið1Þ wire (a) and a 5 μm
W wire (b) as detected by a BLM placed at a distance of 2.48 m
from the WSC. The scan was performed at a motor-speed of
0.2 mm=s and at a beam energy of 1.325 GeV, charge 700 pC and
10 Hz repetition rate.

G. L. ORLANDI et al. PHYS. REV. ACCEL. BEAMS 19, 092802 (2016)
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12.5 µm Al(99):Si(1) wire

5 µm Tungsten wire

Joint Measurements at FERMI in 2015

and one vertical wire for the measurement of the other
orthogonal projection of the electron beam.
The first WSC test at FERMI—beam energy 1.5 GeV,

charge of 300 pC, repetition rate 10 Hz—aimed at checking
the robustness of a 5 μm tungsten wire and determining the
optimum distance between WSC and BLM at the GeV
energy scale. Beam profiles—as measured by the three
aforementioned BLMs—during a scan with a 5 and a
13 μm tungsten wire are shown in Figs. 15(a,b) and in
Figs. 15(c,d), respectively. The data plotted in Figs. 15(a,c)
refer to the horizontal profile of the electron beam
(σ ¼ 53 μm rms, 2% statistical error), while the data in
Figs. 15(b,d) are related to the vertical profile of the
electron beam (σ ¼ 80 μm rms, 2% statistical error). The
signals of the three BLMs plotted in Figs. 15 being absolute
values are comparable in order to evaluate how the wire-
signal strength varies along the beam line. According to the
analysis of the signal intensity of the three BLMs—see
Figs. 15—the optimum location of the BLM can be
estimated at a distance from the WSC of about 5–6 m
for a beam energy of 1.5 GeV. Furthermore, the observation
of a wire signal still appreciable at more than 8 m from the
WSC and after a massive obstacle (concrete wall and beam-
stopper)—which suppresses or, at least, strongly reduces
the particle shower passing from the linac to the undulator
hall of FERMI—is reassuring about the possibility to detect

the wire signal at a long distance from the WSC whenever
this option is mandatory in particular machine sections or
setups.
The ratio of the radiation-dose measured by the three

BLMs—BLM(1), BLM(2) and BLM(3)—during the wire-
scan measurements performed with the 5 and a 13 μm
tungsten wires—see measured beam profiles in Fig. 15—is
shown in Table I. According to the measured values shown
in Table I, the ratio of the integrated signals detected by
BLM(2) and BLM(3)—which are 5.52 and 8.40 m far from
the WSC, respectively—is similar and consistent with the
prediction that is obtainable from Eq. (1) describing the
radiation energy losses of a high energy beam interacting
with a material of a given thickness Δx. According to
Eq. (1), for a given beam energy E, the radiation energy
losses resulting from the interaction of a high energy
electron beam with a given material scales up with the
thickness of the material. Consequently, according to
Eq. (1), the expected ratio of the radiation energy losses
of a 13 μm tungsten wire to a 5 μm tungsten wire is 13=5 ¼
2.6 in agreement with the data measured by BLM(2) and
BLM(3), see Table I. The difference between the ratio of
the radiation dose measured by BLM(1) and the ones
measured by BLM(2) and BLM(3) as well can be explained
by the circumstance that BLM(2) and BLM(3) are placed at
distances—5.52 and 8.40 m, respectively—from the WSC
which make them more suitable than BLM(1) in detecting
the high energy—and small scattering angle—component
of the wire signal. BLM(1) being closer to the WSC—only
2.48 m away—is more sensitive to the low energy—large
scattering angle—component of the particle shower pro-
duced in the interaction of the primary electron beam with
the wire. Moreover, in the FERMI setup, BLM(1) is only
separated from the WSC by a drift space, while several
quadrupoles—not plotted in the sketch of Fig. 13—are
placed in between the WSC and BLM(2) and BLM(3).
Consequently, these quadrupoles play the role to filter the
low energy component of the wire signal out of the vacuum
chamber while getting most likely confined into the
vacuum chamber the high energy component of the wire
signal. The higher the energy of the wire signal—primary
scattered electrons and secondary emitted electrons—and
the smaller the corresponding scattering angle, the higher
the probability that the wire signal be transported by the
magnetic optics far away from the WSC inside the beam
pipe. Consequently, for a high energy electron beam, the

FIG. 13. Schematic layout of FERMI and of the SwissFELWSC and BLM setup. In the picture, the WSC is indicated as WS while the
BLM are represented as a red spiral. Quadrupoles Qj (j ¼ 1;…; 4) and view-screens Sci (i ¼ 1;…; 3) used at FERMI for emittance
measurements are also sketched.

FIG. 14. Picture of the installation of the SwissFEL WSC at
FERMI. The WSC in-vacuum hardware is placed in the linac hall
just after the dipole of the FERMI high energy spectrometer.

G. L. ORLANDI et al. PHYS. REV. ACCEL. BEAMS 19, 092802 (2016)
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Design and experimental tests of free electron laser wire scannersG. L. Orlandi, P. Heimgartner, R. Ischebeck, C. Ozkan Loch, S. Trovati, P. Valitutti, V. Schlott, M. Ferianis, and G. Penco
Phys. Rev. Accel. Beams 19, 092802 – Published 16 September 2016

Report on SwissFEL Wire-Scanner Test in Fermi :: WSC Test at FERMI (Jan.2015)

Page 9
G.L. Orlandi, PSI 10.12.2015
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Bunch Compression Monitors

Bunch compression 
monitor at SwissFEL

> Crucial points
> Choice of suitable detector for desired bunch  

length and thus wavelength range
> Choice of polarizers and filters
> Implementation of system into beam feedbacks

> Collaboration
> Comparison and tests of different  

detectors and filters
> Evaluation of newly developed  

detectors (e.g. when  
Schottky-Diodes became available  
and Ultra-fast YBCO detectors

> Joint measurements
> Discussion of results and general  

issues when implementing  
systems into accelerator  
environments

MCT detector array for spectral 
measurements
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Fluorescence Screens

> Measurement principle

> Fluorescence screen material is inserted into beam and imaged onto 
a camera

> Problem (found by LCLS) - COTR for ultra-short electron beams 
saturates and even damages cameras

> Solution - change in geometry  
to observe screen under an  
angle

to camera

(coherent) 
OTR

electron  
beam

“Rasmus Monitor” at LCLS
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Fluorescence Screens

> The Collaborative activities
> When the problem was observed at 

LCLS, PSI was deciding upon the design 
of the screens for SwissFEL and could 
implement this change

> Tested new design at LCLS in 2013
> Finalized designs for several geometries 

for the SwissFEL screens
> PAL has received the  

design and implemented it
> DESY Zeuthen also uses 

 the design now

“Rasmus Monitor” at LCLS

18 systems installed in 
SwissFEL more to follow in 
Jan/Feb’17

Test-setup at PAL
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Plasma-based diagnostic for characterizing  
high-field ultra-short FEL electron bunches

> Concept
> Electron bunch is sent through gas jet  

-> tunnel ionization occurs
> Number of ions depends greatly on bunch 

density 
> Collaboration

> Measured Xenon jet density and divergence 
by Schlieren interferometry  
at PSI (Semester Thesis, B. Hermann) 

> Proof of principle measurement planned  
at LCLS LTU beamline in 2017

> Possible transverse-size monitor  
for BELLA (Berkley) driven electron  
bunches

> Potential interest within  
EuPRAXIA

Roxana. Tarkeshian, Rasmus. Ischebeck, Volker. Schlott, T. Garvey (PSI) 
Patrick. Krejcick (SLAC)
Remi Lehe, Jean-Luc Vay, Wim P. Leemans (LBNL)

Chamber at SLAC

Gas jet

r

Ions 
distribution

LTU beamline at LCLS
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Transverse Deflectors for European X-Band

> Idea
> Inspired by LCLS’s TCAV
> Goal - Develop a transverse deflector with 

variable polarization at European X-band 
frequencies that can achieve 1 fs resolution

> Facilities (so far): SINBAD, FLASH2 & Forward, 
SwissFEL (Athos)

> Collaboration partners
> CERN - proposed RF design; X-band waveguides

> Alexej Grudiev, N. Catalan Lasheras
> PSI - experience in the fabrication of tuning-free 

C-band structures that can be adapted to X-band 
> Paolo Craievich, Marco Pedrozzi

> DESY - test and use
> Barbara Marchetti, Richard D’Arcy,  

Mathias Vogt, Florian Christie
> Status - Collaboration forming

Collabora+on	mee+ng	on	Xband	TDS	  DESY-	Hamburg,	21st	September	2016	–	SR1	CFEL	Building.	

C-Band structure 
manufactured by VDL 
with the process 
designed by PSI
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Workshop Series on Longitudinal Diagnostics

> Series of mini-workshops between DESY, KIT, PSI, and STFC
> Started in 2013, hosted the workshops at DESY, PSI, KIT and STFC

> Guests from Universities of Bern, Berlin, Dortmund, Dresden, Dundee, 
Lille, Lodsz, and Maxlab

> Target participants: students,  
post-docs

> Show and discuss mainly  
unpublished results & “problems”  
and plan joint measurements, but  
also brainstorming about new  
techniques/ideas

• Mar 2013 PSI
• Nov 2013 DESY
• July 2014 KIT
• Jan 2015 PSI
• Nov 2015 DESY
• Oct 2016 STFC
• Jun 2017 PSI

Next	workshop:	June’17	at	PSI	  Interested	in	joining?	Contact	me!
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