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Instrumentation Activities at the SwissFEL Injector Test Facility
Rasmus Ischebeck, for the SwissFEL Team





> Beam Position Monitors
> Charge Monitors
> Profile Monitors

> Screen Monitors
> Wire Scanners
> Synchrotron Radiation Imager

> Time-Resolved Measurements
> Arrival Time Monitor
> Compression Monitor
> Electro-Optical Monitor
> Transverse Deflecting 

Cavity
> Optical Spectrum of 

Transition Radiation
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Beam Position Monitors

4Boris Keil, Dirk Lipka
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Beam Position Monitors

5

> Resolution determined by comparing three adjacent BPMs
> 7 µm rms for charges between 5 and 1000 pC
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Cavity Beam Position Monitors
> SwissFEL will use only cavity beam position monitors
> The same electronics as for the European XFEL will be used
> Sub-micrometer resolution has been demonstrated
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The three 10mm diameter cavities are arranged as seen in 
Fig. 10. 

Figure 10: BPM (Ø10mm) pickup arrangement. 

TEST RESULTS 
Charge Resolution 

Since the reference cavity TM010 mode that is coupled 
to the RFFE is sensitive to the beam charge only the 
reference channel information can be used as a sensitive 
charge monitor after calibration of the scaling factor by 
means of a dedicated charge monitor. The charge 
resolution RC is determined by taking the difference of the 
charge readings of two BPMs and calculating  

2
)( 21 QQstdRC

−=    (2) 

std(x) is the standard deviation of the samples x. 
A sample charge measurement at C!210 pC is shown in 
Fig. 11. Applying (2) results in a charge resolution RC of 
!85 fC rms. 
Those values are slightly higher than the theoretical value 
obtained from ADC/RFFE noise calculations (Table 2). 

Figure 11: Charge measurement example at C!210 pC. 

Charge resolution at 210 pC 

Resolution Calc. From Q1-Q2 82 fC rms 

Resolution Calc. From Q1-Q3 85 fC rms 

Resolution Calc. From Q2-Q3 80 fC rms 

Theoretical Value 70 fC rms 

Table 2: Measured and calculated charge resolutions
 (bunch charge  ! 210pC)  

Position Resolution 
We performed position resolution measurements  based 

on correlating the readings of three cavities (Fig. 12). 
Using the position readings of BPM1 and BPM3 (d1 and 
d3) we calculate the difference between the linear 
interpolation and the displacement measured by BPM2. 
This difference is seen as "d in Fig. 12. 

Figure 12: BPM resolution measurement using 3 cavities. 

If one assumes that all BPMs have equal position jitter 
then the BPM resolution is 
  

dBPM ∆⋅= δδ
3
2

   (3) 

Sample data for beam position jitter measurement is seen 
in Fig. 13. The bunch charge during this measurement 
was 180pC. The RFFE gain settings were chosen to 
provide a linear measurement range of +/-500#m. 

Figure 13: Sample position measurement of BPMs 
(180 pC bunch charge). Left: position data. 
Right: Histogram of the error "d. 

Calculating the distribution of the displacement "d 
results in the histogram seen in Fig. 13 (right). The 
measurement position resolution of the BPM is 183nm. 
Table 3 summarizes sensitivity measurements at various 
beam conditions. 

The rightmost column in Table 3 contains predicted 
values based on system noise measurement. One possible 
cause for the deviation from measured values is LO phase 
jitter that causes an increase of the position jitter of the 
I/Q imbalance is not fully corrected. However, the 
deviation could also be caused by any uncorrelated 
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Beam Position Monitor System
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Position Measurement: Wakefield Monitor
> Position in X band linearizing cavity is important to reduce effects of wake fields
> Wake fields can be measured directly

> Outcoupling of wakefields at frequencies > 10 GHz requires special care in
> couplers
> cables
> data acquisition

7

Wake field monitors

Wake field monitors as integrated devices are excellent tools
•Ensuring optimum structure alignment as opposed to indirect methods as e.g. 
measuring the beam emittance
•Showing not only offsets but also errors in roll and pitch of the structure
•Giving information about internal alignment errors due to random offsets or bends

X Band structure CLIAPSI with integrated wake field monitors showing accelerating mode

WFM output spectra

Micha Dehler
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Position Measurement: Wakefield Monitor
> Measured signal as a function of offset, measured by resonant strip line BPMs
> Observed offset compatible with mechanical alignment tolerances
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Charge Monitors
> Absolutely calibrated integrating 

current transformers
> New and improved model shows 

superior noise at low charge
> Resolution: 1% at 120 pC

9

MOST RECENT RESULTS 
Recently measurements were performed by PSI. The 

results show (Fig. 8) that after setup improvements the 
BCM-IHR signal is much less noisy. Its measurement is 
still useful down to 10 pC. This is advantageous for future 
calibration. Moreover, BCM-RF response on fig. 9 
confirms our previous results. Its measurement looks 
accurate even down to 1 pC. These are preliminary results 
which required careful analysis.  
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Figure 8: charge measured by ICT/BCM-IHR (green) and 
BPM (blue). 
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Figure 9: charge measured by Turbo-ICT/BCM-RF (pink) 
and BPM (blue). 

ACKNOWLEDGMENTS 
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giving us the opportunity to test the new Turbo-ICT and 
BCM-RF.  

CONCLUSION 
We have described first measurements at STIF using a 

new non-destructive high sensitivity beam charge 
monitor. The new instrument was developed by Bergoz 
Instrumentation with guidance from Paul Scherrer 
Institut. Measurements were compared and calibrated 
with a classical ICT associated with BCM-IHR 
electronics and a BPM. Results show that the new beam 
charge monitor can measure 10pC single bunch charge 
with 1% resolution. 

We plan to repeat the charge scan with more points in 
order to establish a better charge reference, to confirm the 
first measurements, to identify the log conformance error 
signature and to explore even lower beam charge. The 
influence of dark current will be studied in depth. Further, 
charge measurements using the nominal two-bunch beam 
will be performed. 
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Beam Charge and Current Monitors

MOST RECENT RESULTS 
Recently measurements were performed by PSI. The 

results show (Fig. 8) that after setup improvements the 
BCM-IHR signal is much less noisy. Its measurement is 
still useful down to 10 pC. This is advantageous for future 
calibration. Moreover, BCM-RF response on fig. 9 
confirms our previous results. Its measurement looks 
accurate even down to 1 pC. These are preliminary results 
which required careful analysis.  
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Figure 8: charge measured by ICT/BCM-IHR (green) and 
BPM (blue). 
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Figure 9: charge measured by Turbo-ICT/BCM-RF (pink) 
and BPM (blue). 
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new non-destructive high sensitivity beam charge 
monitor. The new instrument was developed by Bergoz 
Instrumentation with guidance from Paul Scherrer 
Institut. Measurements were compared and calibrated 
with a classical ICT associated with BCM-IHR 
electronics and a BPM. Results show that the new beam 
charge monitor can measure 10pC single bunch charge 
with 1% resolution. 

We plan to repeat the charge scan with more points in 
order to establish a better charge reference, to confirm the 
first measurements, to identify the log conformance error 
signature and to explore even lower beam charge. The 
influence of dark current will be studied in depth. Further, 
charge measurements using the nominal two-bunch beam 
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Transverse Profile: Screen Monitor
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Transverse Profile: Screen Monitor
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> Measurement
of small
beams

> Optical
resolution
(ISO 12233):
8 µm

> Beam sizes
down to
10 µm 
measured

Rasmus Ischebeck > Instrumentation @ SwissFEL Injector Test Facility > IBIC 2013, Oxford, GB

Transverse Profile: Screen Monitor
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> Measurement
of small
beams

> Optical
resolution
(ISO 12233):
8 µm

> Beam sizes
down to
10 µm 
measured
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Transverse Profile: Screen Monitor
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Transverse Profiles: Quadrupole Scan

13

−2 −1 0 1 2
x 10−5

−2

−1

0

1

2

x 10−5

normalized x

no
rm

al
iz

ed
 x

p

−2 0 2
x 10−5

−3

−2

−1

0

1

2

3
x 10−5

normalized y

no
rm

al
iz

ed
 y

p

0 5 10 15
0

0.05

0.1

0.15

0.2

measurement index

si
gm

a x[m
m

]

 

 

0 5 10 15
0

0.05

0.1

0.15

0.2

0.25

measurement index

si
gm

a y[m
m

]

 

 

0 5 10 15
−2

0

2

4

6

measurement index

Pu
ll 

x

0 5 10 15
−10

−5

0

5

10

15

measurement index

Pu
ll 

y



Rasmus Ischebeck > Instrumentation @ SwissFEL Injector Test Facility > IBIC 2013, Oxford, GB

Synchrotron Radiation Imager

14Gian Luca Orlandi
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Synchrotron Radiation Imager

Prototype Results - 250 MeV Injector Test Facility (SITF) 

15

12 pC, SR Monitor images, 
0- 23 deg OFF RF Crest

200 MeV, 180 pC230 MeV, 12 pC

230 MeV, 12 pC 200 MeV, 180 pC

☞ TUPF08

Gian Luca Orlandi
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Wire Scanners
> SwissFEL version:

> Inserted at 45˚ → measurement of horizontal beam size possible
> Can be used in a quasi-parasitic mode

16

Technical Realization

3 different pin positions ↔ 3 different Wire separations (8, 5 or 3.5 mm) ↔
3 different scan time (for a fixed wire velocity)

Gian Luca Orlandi
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Wire Scanners
> Wire scannersinstalled at all screen stations > 100 MeV
> Measurements performed with horizontal wire:

> Charge measurement before and after wire
> Using beam synchronous data acquisition for encoder and charge (BPMs)
> Comparison to OTR measurements
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> Beam Position Monitors
> Charge Monitors
> Profile Monitors

> Screen Monitors
> Wire Scanners
> Synchrotron Radiation Imager

> Time-Resolved Measurements
> Arrival Time Monitor
> Compression Monitor
> Electro-Optical Monitor
> Transverse Deflecting 

Cavity
> Optical Spectrum of 

Transition Radiation
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Instrumentation at the SwissFEL Injector Test Facility
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Time-Resolved Measurements

19
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Bunch Arrival Monitor

20Vladimir Arsov
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Bunch Arrival Monitor
> Arrival time signal generated at pickup is transferred onto an electro-optical 

modulator

21V. Arsov, F. Löhl
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SwissFEL

M. Pedrozzi – FOKO October 30, 2009





 





  



 



 

 

 

Stability fiber link soon tested in laboratory

Target resolution: <6 fs
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Bunch Arrival Monitor
> Dependence of arrival time on gun phase
> Resolution of BAM: 18 fs rms
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Form Factor Monitor

23

Technical Realization of Prototype in SITF: CSR Port

11.03.13PSI, Seite 7

Peter Peier, Franziska Frei
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Form Factor Monitor

24

RF Phase Scan at CSR Port with 180pC

Normalized signals from pyros with different filters Pyro signals compared to expected response

11.03.13PSI, Seite 9I. Gorgisyan, F. Frei
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Form Factor Monitor
> New detector with improved signal-to-noise at 10 pC bunch charge

25
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Electro-Optical Monitor

26P. Peier, Y. Ivanisenko
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Electro-Optical Monitor

27Peter Peier

☞ WEPC37
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Direct Streaking of the Electron Beam

28

> Requires integrated transverse field of several MV
> Use transverse deflecting RF structure, powered by klystron
> Two-dimensional measurements possible

10 ps
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3-Dimensional Measurements
> Reconstruction from a series of 2-d measurements: Slice emittance
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3-Dimensional Measurements
> Slice emittance measurement of a 1.3 pC beam

30

0 5 10 15 20 25 30 35
0

50

100

150

200

250

300

Charge / pC

C
o
re

 s
lic

e
 e

m
itt

a
n
ce

 /
 n

m

E. Prat, M. Divall



> Beam Position Monitors
> Charge Monitors
> Profile Monitors

> Screen Monitors
> Wire Scanners
> Synchrotron Radiation Imager

> Time-Resolved Measurements
> Arrival Time Monitor
> Compression Monitor
> Electro-Optical Monitor
> Transverse Deflecting 

Cavity
> Optical Spectrum of 

Transition Radiation
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Instrumentation at the SwissFEL Injector Test Facility
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Optical Spectrum of Transition Radiation
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Optical Spectrum of Transition Radiation
> Experimental Setup in the SwissFEL 

Injector Test Facility
> Transition radiation from aluminum 

coated silicon screen
> Focusing with lens, now replaced by 

mirror
> Commercial spectrometer with wide 

spectral range from 320 to 700 THz
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Optical Spectrum of Transition Radiation
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Rasmus Ischebeck

Instrumentation Activities at the SwissFEL Injector Test Facility
Rasmus Ischebeck, for the SwissFEL Team
> Thank you for slides, graphics, photos and plots provided by:

> Vladimir Arsov
> Simona Bettoni
> Bolko Beutner
> Micha Dehler
> Antonio Falone
> Franziska Frei
> Ishkhan Gorgisyan
> Yevgeniy Ivanisenko
> Boris Keil
> Florian Löhl
> Gian Luca Orlandi
> Marco Pedrozzi
> Peter Peier
> Patrick Pollet
> Eduard Prat
> Thomas Schietinger
> Volker Schlott
> Bennie Smit
> Markus Stadler

> Slides available at: http://people.web.psi.ch/ischebeck
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