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Requirements for DL1 Dog-Leg Pulsed Dipole Magnets 
 

To allow low rate beam pulse stealing into the 135-MeV spectrometer for continual beam 
monitoring, it will be advantageous to build the DL1 dog-leg bend system with pulsed 
bends. The energy spread, and especially its ‘time-sliced’ value, can be monitored at (for 
example) 1 Hz, while the FEL operates at 119 Hz.  To allow this pulse stealing mode, the 
BX01 and BX02 dipole magnets should be constructed from steel laminations.  Although 
the power supply for these two bend magnets will initially be DC, with both magnets in 
series, building laminated magnets allows the eventual upgrade to a pulsed power supply 
in the long term, after FEL commissioning has progressed. The full bend field must be 
reproducible at the 0.01% level from pulse to pulse. When the field is not present, the 
remnant field must be <10 G. Quadrupole and sextupole components at the zero-field 
setting will not be an issue if the dipole field is below 10 G. 
 
In this case, the magnets will remain in series, powered by one pulsed power supply.  
Weak bipolar, DC-powered trim coils will be required for each magnet in order to cancel 
the remnant field to <10 G at the zero-power pulsed setting. The strength of these coils 
will be determined by the expected remnant field (not well known at present). An initial 
estimate of ±2% trim coil adjustment is used in the table below. The two independently 
powered trim coils will also be required for the DC power supply configuration in order 
to compensate for small field differences between magnets due to inevitable fabrication 
errors. 
 
The table below lists the basic performance requirements for the pulsed BX01 and BX02 
dipole magnets.  The requirements in the DC configuration are identical, ignoring the 
specific pulsed power specifications (indicated in the table with *). 
 

Table 1:  DL1 dipole magnet requirements for DC and pulsed (*) mode of operation. 

parameter value unit
Number of dipole magnets (BX01 & BX02) 2  
Effective dipole magnetic length 20.4 cm 
Nominal dipole field (at 135 MeV) 6.74 kG 
Maximum dipole field (at 200 MeV) 9.0 kG 
rms field regulation (or repeatability at flat-top on beam arrival*) <0.01 % 
Minimum stay-clear full aperture width 8 cm 
Minimum stay-clear full aperture height 3 cm 
Maximum relative quadrupole field component at 2-cm radius 0.2 % 
Maximum relative sextupole field component at 2-cm radius 1 % 
Max. trim-coil induced field (bipolar) as fraction of main coil field ±2 % 
Maximum pulse repetition rate* 120 Hz 
Minimum field when not pulsed (including trim-coil compensation)* <10 G 
Full field rise time* <4 ms 
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Full field fall time* <4 ms 
Minimum flat-top duration* 5 µs 

 
More detailed magnets specifications (for DC mode only) are listed in: 
http://www-ssrl.slac.stanford.edu/lcls/linac/specs/bend_magnets.xls 


