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Requirements for the Beam Abort Magnet and Dump 
 

A beam abort kicker (pulsed dipole magnet) and dump are required upbeam of the LCLS undulator 
in order to protect the undulator from mis-steered and poor quality beams and as a place to quickly 
and conveniently stop the beam during invasive tuning sessions. This abort allows the gun and main 
linac to continue operation at full rate (up to 120 Hz) while stopping or limiting the beam rate in the 
undulator, effectively keeping the linac feedback systems fully optimized so that electron beam 
quality does not degrade during undulator troubleshooting periods. An insertable stopper is also 
available just upbeam of the undulator, but the fast abort system described here can rate-limit the 
beam in the undulator or be switched on and off between 120-Hz pulses as needed with MPS 
triggers, whereas the insertable stopper takes several seconds to insert and retract.  Similarly, 
switching the gun drive-laser off is less desirable since no beam is then available in the linac for 
feedback-loop ‘keep-alive’ and for opportunistic beam tuning. 

The abort system is very similar to that used in the SLC switchyard, consisting of a pulsed dipole 
magnet (up to 120 Hz) and a downstream, nearby in-line dump block. This system in the SLC was 
known as the “single beam dumper” with two identical systems available; one in the north BSY 
(electron side) and one in the south BSY (positron side). The magnet is continuously pulsed at 120 
Hz, but nominally timed away from the beam arrival time (i.e., ~2 ms off beam time). When the 
beam is to be aborted, the magnet fires on time with beam arrival (see Fig. 1).  This continuous 120-
Hz operation is a requirement of the MPS (see ESD 1.1-312).  If the abort kicker is always firing at 
120 Hz it is easy for the MPS to monitor the amplitude of each pulse.  If the pulse amplitude does 
not fall in the tolerance band, a request to turn off the beam will be forwarded to the gun laser 
shutter. 

The pulsed dipole magnet for LCLS will be oriented to kick the beam in a downward direction and 
will be located, along with the beam-abort dump itself, in the existing switchyard enclosure, about 76 
meters downbeam of the 16-m thick muon shield-wall, where adequate tunnel shielding already 
exists. The beam dump itself can be similar to the SLC single-beam dump, which is an in-line dump 
with about a 1-cm diameter cylindrical opening and a surrounding water-cooled body, capable of 
absorbing well beyond the upper limit 5-kW 1 average LCLS beam power, initiated with a vertical 
displacement of the beam by 14 mm at the dump face (see Fig. 2). 

A thin spoiler is located between the pulsed dipole and beam dump and is used to increase the 
beam’s transverse size (x and y) on the dump, through Coulomb scattering. The spoiler should be 
Titanium with about a 0.03-radiation-length thickness (1 mm), which will increase the rms beam size 
to 0.7 mm at 14 GeV when placed ~5 meters upbeam of the dump face (downstream of the BPM). 
The spoiler edge is vertically below the nominal un-kicked beam axis by 4 mm and has an 8-mm 
wide stay-clear ID.  The spoiler can be a simple cylindrical aperture restriction, and should be 
centered on the nominal beam axis, as shown in cross-section in Fig. 2. 
                                                 
1 The 5-kW average power is almost 3-times higher that the nominal LCLS beam power (1.7 kW) in order to be 
consistent with the main LCLS dump, which is over-rated by this same factor for future expansion. 
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The pulsed dipole magnet’s length-integrated maximum field must be 0.53 kG-m in order to kick a 
17-GeV maximum beam energy down by 1.25×(14 mm) at the dump-face (including a 25% over-
rating factor). The total length of kicker magnets should be ≤2 m and the dump should also be ≤1 m 
in length (as was the SLC dump) in order to fit into the space allocated.  The center of the kicker 
will be located at LCLS coordinate z′ = 252.148 m (station-100 is at z′ = 0), the center of the spoiler 
is at z′ = 259.868 m, and the dump center is located at z′ = 265.468 m. 

The pulsed dipole fires continuously at 120 Hz, but the timing can be shifted onto or off the beam 
arrival time at any rate up to 120 Hz, including a one-shot mode where only one beam pulse is 
allowed by a simple control command. The abort will also be used to rate-limit the beam in the 
undulator to 1, 10, 30, or 60 Hz, when the linac is operating at 120 Hz. MPS systems will also trigger 
the abort when beam quality exceeds specific threshold levels. 

The dipole’s pulse length, τ, should be approximately within the range 2 ms > τ > 0.1 ms, with a rise 
and fall time of <2 ms (10% - 90%).  A BPM (‘BPMDL2’) after the pulsed dipole will monitor the 
kick amplitude (reads a kicked Y-position of 5 mm, or about 1/3 of the vertical beam offset at the 
dump). 

The single-shot beam power on the dump is set by the single bunch charge (1 nC) multiplied by the 
maximum number of bunches at that charge (3), which is consistent with the 5-kW main LCLS 
dump power rating, the transverse rms beam size in the dump (0.65 - 2.5 mm), and the beam energy 
(4 - 17 GeV).  The nominal rms beam size on the face of the spoiler is 14 μm horizontally and 
30 μm vertically.  The dump will be water cooled and may also need to be shielded within the BSY 
enclosure in order to protect nearby equipment from long-term radiation damage. The system 
parameters are summarized in Table 1. 

 

 
Figure 1.  Time line of abort kicker at 120-Hz repetition rate showing a 2-ms early time-shift of the 
third pulse only, thereby aborting only that beam pulse. 
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Figure 2.  Elevation layout of the pulsed dipole abort magnet, BPM, spoiler, and in-line beam dump.  
The beam normally propagates along the straight (dashed) line, but with the kicker firing it travels 
along the red (solid) line through the spoiler and to the dump. 
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Table 1:  Beam abort system requirements. 
Parameter value unit 

MAD file name of pulsed dipole magnet ‘BYKIK’  
z′-location* of center of pulsed dipole magnet 252.148 m 
z′-location* of center of spoiler 259.868 m 
z′-location* of center of beam dump 265.468 m 
Maximum LCLS beam energy 17 GeV 
Minimum LCLS beam energy 4 GeV 
Maximum magnet length (approx.) 2 m 
Maximum beam dump length (approx.) 1 m 
Dump aperture ID 14 mm 
Max. length-integrated magnetic field (∫Bdl) 0.53 kG-m 
Min. length-integrated magnetic field (∫Bdl) 0 kG-m 
Max. |∫Bdl| when kicker is off (timed off beam) 0.002 kG-m 
Stay-clear ID within kicker magnet ≥25 mm 
Rise and fall time (10%-90%) <1 ms 
Minimum pulse duration ~0.1 ms 
Maximum pulse duration ~2 ms 
Maximum trigger rate 120 Hz 
Field repeatability from pulse to pulse (rms) <1 % 
Roll angle tolerance of magnet 10 mrad 
x and y alignment tolerance of magnet 1 mm 
z alignment tolerance of magnet 5 mm 
pitch and yaw alignment tolerance of magnet 2 mrad 
Max. quadrupole (n = 1) field at r = 10 mm  1 %  
Max. sextupole (n = 2) field at r = 10 mm  6 %  
Max. decapole (n = 4) field at r = 10 mm  20 %  
RMS beam size on dump (17 GeV, σx ≈ σy, after spoiler) 0.6 mm 
RMS beam size on dump (4 GeV, σx ≈ σy, after spoiler) 2.5 mm 
RMS beam size on spoiler (17 GeV, σx ≈ σy) 20 μm 
Bunch charge (multiplied by max. n bunches) 1×3 nC 
Spoiler thickness (tentative value) ~1 mm 
Spoiler ID 8 mm 
Spoiler OD ≥34 mm 
Spoiler material (tentative) Ti - 
Maximum average beam power (same as main dump) 5 kW 

* In these “LCLS coordinates”, station-100 is located at z′ = 0. 


