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BEAM PHASE MONITOR 
 

The beam phase monitor cavity is located between the L0-a and L0-b RF accelerating sections in the 
injector linac and is used to determine the electron bunch arrival time with respect to an RF phase 
reference signal. This measurement is used in a feedback loop to control the timing of the drive laser 
for the photo-cathode RF gun. The drive laser shot-to-shot maximum timing jitter specification is 
0.5 ps rms. The beam phase monitor will not be used to improve on this level. Rather the phase 
measurement will be used to control the slow (∆t > 2 sec) timing drifts. 
 
This slow drift requirement is two-fold. The first is based on the transverse emittance. The 
emittance is increased by 5% for a timing error of ±4 ps (quadratic dependence). Budgeting for 
several other emittance errors, this tolerance is set at ±2.4 ps. The second limit arises when 
considering the FEL-generated x-ray synchronization to the RF reference. A slowly varying timing 
error at the drive laser (slow compared to the time constant of the 120-Hz energy feedback loops in 
the two bunch compressor chicanes) will propagate through the entire accelerator (i.e., will not be 
compressed in the same way as a rapidly varying timing error) and will therefore produce the same 
slowly varying timing error in the FEL x-ray pulse. Without a bunch arrival-time measurement at the 
end of the machine (not in hand at this time), we then set a maximum slow timing error drift at the 
gun, and therefore in the undulator, of ±1 ps. This is similar in scale to the 0.5-ps shot-to-shot drive 
laser jitter tolerance, but this 0.5-ps level, since it varies rapidly, will be compressed by a factor of 
~40 in the bunch compressors. The slowly varying timing drift in the gun, however, will not be 
compressed and must be corrected. Parameters for the phase monitor are listed in Table 1. 
 

Table 1.  Parameters and requirements for the phase monitor. 

Parameter value unit

rms, single-shot, fast phase measurement resolution (over ∆t ≤ 2 sec) 0.2 ps 
tolerable slow phase error drift based on |∆ε/εx,y| < 5% (over ∆t > 2 sec) ±2.4 ps 
tolerable slow phase error drift based on undulator arrival (over ∆t > 2 sec) ±1 ps 
maximum phase measurement data rate 120 Hz 
electron bunch charge (variable, but fixed for days at a time) 0.2-1 nC 
rms relative variation of electron bunch charge (over ∆t ≤ 2 sec) 2 % 
cavity frequency (final value to be based on dark current issues, etc.) 2856±100 MHz
expected dark current over ~1.5-µs RF pulse (at L0-a exit)* 200 pC 
expected dark current rms variation (over ∆t ≤ 2 sec) <20 pC 
maximum cavity length in order to fit into limited beamline space <10 cm 

* Based on GTF measurements at 120 MV/m and Parmela tracking losses through the L0-a accelerator section. 
 
The temperature stability of the cavity and its cables needs to be controlled adequately to meet the 
±1-ps drift tolerance. 


