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Kinds of  Monitor	
 Number	


RF cavity BPM	
 57	


Multi-stripline BPM	
 4	


Screen Monitor	
 43	


Differential Current Transformer	
 30	


Transverse rf Deflector	
 1	


OTR Bunch Length Monitor using 
Streak Camera	


3	


EO Sampling	
 1	


Waveguide Spectrometer	
 4 ̃ 5	


CSR Pyro-detector	
 3	


 To keep stable lasing, the beam 
monitors must measure a spatial 
resolution of less than 1 µm for 
the undulator section,  a 30 fs 
beam pulse width, and a beam 
arrival time of less than 30 fs 
after the BCs.	




l  The beam position is measured with a TM110 cavity.	

l  The beam intensity and phase are also measured with a TM010	

      reference cavity.	

l  Cavity resonant frequency：4760 MHz	

l  This BPM can also measure a beam arrival time.	


RF-BPM	


Output	
 

Excited E field	
 



"   RF-BPM Resolution: RMS of the difference 
between the measured position and the 
estimated one.	


"   Resolution is less than 0.6 μm.	


Resolutions of 20 RF-BPMs along BL3	
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RF-BPMs	


"  20 BPMs around 
IDs of the BL3 
beamline (120m-
long)	


Electron beam	


"  Energy: 7 GeV	

"  Charge: 0.12 nC	

"  Repetition: 10 Hz	

Data	


"  # of shots: 3000	

"  Time duration: 5 
minutes	




"   Use OTR (SUS Fo i l )，YAG :Ce，and 
Desmarquest (Al2O3: Cr2O3 0.5% doped) target 
screens.	


"   Use a custom-made optical lens equipped on 
the optical bench.	


"   Spatial resolution of the imaging system was 
measured by using a grid distortion pattern.	


"   The bench has a 1̃4 X zooming mechanism at 
the highest resolution demanded observation 
point. The optical resolution of the bench is 
2.5 μm at 4 X magnification case. 	
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"   Pulse rise time: 0.2 ns (10‒90%)	

"   The peak voltage of the pulse is proportional to the 
charge amount of a beam	


"   This CT can measure  a bunch length around the SHB.	


Pulse	
  Waveform	
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Shin-ichi Matsubara et al., 
Development of High-speed 
Differential Current-
transformer Monitor, 
TUPC094	




"  CSR (Coherent Synchrotron 
Radiation) intensity has strong 
correlation to an electron 
bunch length.	


"  The CSR light is picked up by 
using a pyro-detector at a 
bending magnet of a bunch 
compressor.	
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Chikara Kondo et al. CSR Bunch Length Monitor for 
XFEL/SPring-8 ‒ SACLA, TUPC093	




Preliminary Results	


CSR flux intensity  Pcsr( l ) 	


Pyro-detector 
output waveform	


BC2	
 

Pcsr(λ ) ̃ Pc(λ ) { Nc  + Nc2F (λ ) } 	
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5/6π HEM11-
mode 
Backward 
Wave Cavity 
(RFDEF)	
 

1 mm	

Image	

̃ 100fs	


L	
 

Method  to measure  Bunch Length by using RF Deflector	
 

Temporal resolution: < 20 fs 
100 fs/mm  on the OTR screen 
after a 12.5m drift space. 
RF voltage gradient: 1.4 MV/
ps (Ultra high-speed streak 
camera). 

Ld = 12.5 m Drift Space	
 

Vy = 40 MV �

l y	
 

σ z � HM11-mode Cavity	
 

or Ce:YAG	




7 mm, 	

53 fs/mm	


Energy	


Time	


Rf input wave 
form to the rf 
deflector cavity 
from the klystron	


 e.g.	

̃ 20 MW	

̃ 0.5 µs	


H. Ego et al., TRANSVERSE C-
BAND DEFLECTING STRUCTURE 
FOR LONGITUDINAL PHASE 
SPACE DIAGNOSTICS	

IN THE XFEL/SPRING-8 “SACLA” ,  
TUPC092 	
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VERTICAL POSITION[um]	


5/26/2011”	
 

1pps	


̃ 1.45 GeV	


HISTOGRAM OF VERTICAL POSITION, 100 shots	

436.81[um, STD] = 22.7 fs, 53 fs/mm	


5mm,  	


Time	


53 fs/mm	




"   We finally realized beam monitors at SACLA 
with a spatial resolution of less than 1 µm for 
the undulator section,  a 30 fs ~ 1ns beam pulse 
width observation, and a beam arrival time 
resolution of less than 22 fs.  

"   The beam monitor system works well for tuning 
the beam transport and lasing of SACLA.	
 


