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Linac Diagnostics



Stripline BPM Design

CST Simulation



Wire Test Stand



BPM Test Stand 

BPM A

BPM C

BPM B

Resolution : 1.5 μm @ 200 pC



• Requirement
• Wide dynamic range

• High resolution

• Energy measurement & energy feedback

Bunch Compressor

400 mm



FLASH Bunch Compressor BPM

K. Hacker, et al., Proceedings of DIPAC 2007, p. 108



SACLA Bunch Compressor BPM

H. Maesaka, et al., Proceedings of IPAC'10, p. 954



PAL-XFEL Bunch Compressor BPM

16 mm

100 mm

25 mm



BC BPM (Outer Stripline)

Electronics #1



BC BPM (Inner Stripline)

Electronics #2



Wire Test Result (Inner Stripline)

Inner Stripline
Positions



Wire Test Result (Inner Stripline)



Screen Monitor

• 3-position pneumatic actuator

• RF shield for reducing the 
wake field

• Scintillator (YAG:Ce)

• OTR Target (Al-foil)

• LED backlight lamp

• Neutral density filter

• DSLR lens (Magnification : x1)

• DC motor for remote focusing

• Tilt stage for Scheimflug’s
geometry

• GigE camera



Target Holder

YAG:Ce with patterning
for size calibration

(Measured resolution
= 8 μm X 6.5 μm)



 OTR imaging with Al foil
- thickness : 1 μm

 Target rotation: 22.5 °

OTR Target



SwissFEL Screen Monitor

R. Ichebeck at al., Phys. Rev. ST Accel. Beams 18, 082802 (2015)



Scintillator Target

 YAG:Ce scintillator
- Thickness : 100 or 30 μm

 Observation geometry of 45°
with respect to the beam axis
⇒ Minimized holder size

observation angle [degrees]
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COTR Measurement Results

YAG:Ce

OTR

BC Off BC On



New Target Holder



Gun Emittance
Horizontal: 0.44 mm-mrad
Vertical:     0.37 mm-mrad

Emittance Measurement



Wire Scanner

Screen Monitor 
and Wire Scanner

Wire Material
- Tungsten (18 μm)
- Carbon (34 μm)



Screen & Wire scanner profile 
WSM06

Wire card
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Beam Size Measurement

@ Linac End

@ Undulator Start



Wire & Detector Positions
WSM07

ADC #04
ADC #05

ADC #06 ADC #08



Deflector Off Deflector On

Transverse Deflecting Cavity 



Bunch length
6.7 μm = 22 fs
(170 pC  3.07 kA)

Bunch Length Measurement



Coherent Radiation Monitor



Coherent Radiation Monitor

e-beam

mirror
for CxR

pyro
detector

Dipole
Magnet

CER

CSR

CDR

• Measurement of coherent radiation intensity

• Located after bunch compressors

• Calibration with the transverse deflecting cavity

• Bunch length monitor & feedback
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Turbo-ICT



Beam Arrival Monitor Pickup



Undulator Diagnostics



X-Band Cavity BPM

Parameters
XY Cavity

(Dipole Cavity)
Reference Cavity

(Monopole Cavity)

Mode TM110 TM010

Frequency 11.424 GHz 11.424 GHz

Loaded Q Factor 2000 – 3000 2000 – 3000

R/Q > 2 Ohms/mm > 12 Ohms

Induced Voltage > 5 mV/pC∙mm > 20 mV/pC

X/Y Cross Talk Level < -20 dB -

CST Simulation



Cavity BPM Tuning

Cavity BPM Tuning



Installed Cavity BPM

XY translators for all cavity BPMs



Cavity BPM Resolution

1 𝜇𝑚



Undulator BBA Result



Beam Loss Monitor
• Cherenkov radiator (acrylic) with Photon Multiplier Tube

• 1 beam loss monitor per 1 undulator

• To protect undulator magnets 

Beam Loss Monitor



Beam Loss Monitor
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Wire Position Sensor



Diagnostic Systems for PAL-XFEL

Parameter Instruments Number Resolution

Beam Position & 
Beam Energy

Stripline BPM 160 < 7 um

Cavity BPM 49 < 1 um

Beam Charge Turbo ICT 10 < 1 pC

Beam Size Screen Monitor 54 < 10 um

Wire Scanner 9 < 10 um

Bunch Length Transverse Deflecting Cavity 3 < 20 fs

Coherent Radiation Monitor 4 -

Beam Arrival Time Beam Arrival Time Monitor 10 < 30 fs

Beam Loss Beam Loss Monitor 26 -



Thank you 
for your attention


