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Change History Log: 
Rev 
Number 

Revision 
Date 

Sections Affected Description of Change 

000 Sep. 10, 2005 All Initial Version 
1 Aug. 13, 2006 All Decrease x-ray stay-clear allowing smaller 

dipole gaps and update layout and figures. 
2 Mar. 1, 2007 All Add DL2-BYD power supply comparison; 

remove BCS-interlocked Hall probes on 
permanent magnets; presentation approach 
altered to reflect RP analysis. 

3 Nov 7, 2007 All Removed references to the muon spoiler, 
eliminated ST2, removed both comparators 
from BCS and added DL2-BYD power 
supply in series requirement.  Added Table 1 
plus supporting text, describing the special 
alignment requirements for the permanent 
magnet bends 
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Electron Safety-Dump Requirements 

 
The LCLS dump system must not only provide an appropriate device onto which the electron beam 
can be deposited, but must also prevent the electron beam from entering the x-ray beamline even 
under the most extreme accident scenarios. The mission of the safety dump system is to divert any 
errant electron beam away from the FEE enclosure and immediately shut off the electron beam. 
This entire discussion is within the context of the FEE in No Access. When the FEE is in access, 
three mechanical FEE stoppers, along with the permanent magnets, prevent electrons and X-Rays 
from entering the FEE, clearly in compliance with SLAC policy. Electron beam delivered to the 
FEE will result in unacceptable radiation levels in the NEH. 
 
The need to change beam energies from approximately 4 to 14 GeV over the course of hours for 
various tuning purposes, and the need to have a dump line with stringent optical properties for 
diagnostic purposes, precludes the simple solution of a single dump line comprised of only 
permanent-magnet dipoles (such as in the FFTB), or a hybrid dump line including both powered 
and permanent magnets. Instead, a combination of permanent-magnet dipoles and powered dipoles 
will be used to construct two dump lines: one optically-matched operational Main Dump Line 
comprised of powered magnets; and one Safety Dump Line comprised of permanent magnets. The 
overall scheme is shown below in Fig. 1. 
 
The use of this permanent magnet arrangement is desired over interlocking of the powered dump 
line dipoles for a variety of reasons. Maintaining proper configuration control over this system as 
routine repairs are made to the power supply would prove challenging. Further, consider that proper 
configuration of the magnet cables from the power supplies, through any link boxes, and at the 
magnets, would have to be controlled and maintained for safety purposes. These administrative 
requirements, in addition to being operationally oppressive, would be credibly subject to errors that 
could lead to accidental electron transport down the x-ray beam line. With the permanent magnet 
safety dump arrangement and its confining protection collimators, confirmation and maintenance of 
the needed safety requirements are straight forward and less subject to error. 
 
Application of Beam Containment Policy 
In order to successfully contain the electron beam, two basic strategies from the Beam Containment 
Policy were pursued: the three-stopper rule, and the secondary beamline rule. Under the secondary 
beamline rule, a secondary beamline can be created with ‘redundant permanent magnets.’ After 
discussion with the RSO, it was agreed that such a solution is less than satisfactory because of the 
lack of type diversity and thereby provides no greater assurance than non-redundant permanent 
magnets. Under the three stopper rule, two stoppers must be mechanical stoppers – a situation that 
would preclude X-Rays from reaching the X-Ray beamlines. However, additional safety layers can be 
added to the permanent magnet system in the spirit of the three-stopper rule. 
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Figure 1: Conceptual Schematic of Safety Dump System 

Safety Layers 
In short, there are multiple PPS stoppers in the figurative sense: 
 

1) A likely reason for electrons to be delivered down the safety dump line is an accidental 
strength mismatch between the DL2 bend string and the Main Dump bends (BYDs) during 
energy changes, and the possibility that the BYD magnet power supply may trip off at any 
time. As such, the DL2 bend magnets and the BYD magnets will be powered in series. This 
will ensure proper energy match (except for dipole shorts) and largely prevents the 
possibility of no magnetic field in the BYD magnets whenever beam is delivered to them. 

 
2) The heart of the LCLS electron safety dump is the three permanent magnets. These magnets, 

salvaged from the FFTB, are configured to bend beam horizontally. A pair of protection 
collimators protects the permanent magnets from direct beam strikes and limits the angle of 
incoming beam. These two protection collimators, PCPM1 and PCPM2, have ion chamber 
protection and burn-through monitors. There are no magnetic beamline elements 
downstream of PCPM1 (except for the permanent magnets). The safety dump is also 
equipped with ion chambers and a burn-through monitor. Limiting the incoming beam angle 
prevents ‘steering around’ the permanent magnets. All possible incoming beams will be 
steered clear of the X-Ray beam pipe penetration in the shield wall and be deposited on the 
‘safety dump, or be absorbed by the protection collimators. The ion chambers on the safety 
dump are to limit beam power to 100 W and will shut the beam off if/when electrons are 
ever delivered there. Ray traces demonstrating the efficacy of the protection collimator and 
permanent magnet arrangement will be developed for Radiation Safety Committee review. 

 
3) Beam loss along the main dump line will be monitored with a toroid comparator circuit. The 

first toroid will precede the first dumpline bend magnet, the second toroid will follow the 
last dumpline bend magnet. Losses greater than 5% will cause a BCS fault. 
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4) In order to terminate beam operations during a complete failure of the above safety systems, 

a zero-degree burn-through monitor will be situated in the Front End Enclosure (FEE) 
where the X-Ray beam is kicked over approximately an inch. This BTM will be part of an X-
Ray collimator assembly to minimize alignment verification concerns. In addition, a BCS ion 
chambers will be placed near the first X-Ray mirror and on C2H near the BTM in order to 
terminate the accident condition prior to burn-through.  

 
Under normal operating conditions, the electron beam will always be delivered down the Main 
Dump Line, which bends down in the vertical direction. This powered-magnet configuration allows 
for maintenance of the desired optical properties of the dump line (e.g., proper beam size on the 
OTR screen ‘OTRDMP’) while undergoing significant energy changes. Should the powered dipoles 
trip off, run at reduced power, or even be accidentally run in reverse polarity, the action of the 
permanent magnets and layers of BCS will prevent any electron beam from passing through the 
concrete and iron shield wall and into the Front End Enclosure (FEE). Regardless, systems are in 
place to terminate such a condition with resultant radiation exposures expected to be within SLAC 
limits. Due to the action of the BCS, more than a few electron beam pulses should ever be run down 
the Safety Dump Line (except, perhaps, for radiation tests). Regardless, beam parked on the Safety 
Dump with the FEE in access, and beam delivered to the FEE with NEH Hutch 1 in access, are 
both expected to result in radiation exposures within SLAC limits. 
 
Permanent Magnet Alignment Requirements: 
The three permanent magnet bends (BXPM1, BXPM2, and BXPM3) have special alignment 
requirements.  For all other magnets in the LCLS accelerator, the alignment specifications have been 
listed in the MAD output files (EXCEL symbols file), such as for the safety dump: 

http://www-ssrl.slac.stanford.edu/lcls/linac/optics/sftdmp.xls. 

The above is an automated file and special circumstances are not easily included there, although an 
attempt will be made to do so.  Therefore, to be sure, the proper horizontal position and yaw angle 
for these three permanent magnet bends is listed below in Table 1.  These coordinates are described 
in “LCLS Coordinates” [1], with the x-axis in the horizontal direction, transverse to the undulator 
axis.  All other coordinates (y and z) are to be taken from the EXCEL symbols file at the above URL. 

Table 1.  Permanent dipole magnet alignment specifications (BXPM1, 2, & 3). 

Parameter symbol value unit
Horizontal position of all three magnet pole centers x - 1.215000 m 
Yaw angle of all three magnets (w.r.t. z-axis) θ 0 m 

 
These specifications show that the three permanent magnets are all parallel and aligned on the same 
line, which is 1.215 m horizontally displaced from the undulator axis in the south direction.  This is 
35 mm farther north than the horizontal beamline center just upstream of these dipoles.  In addition, 
no yaw angle with respect to the undulator axis is to be included on any of these three bends. 
 
Additional System Requirements: 
The Electron Safety Dump System will also include the following components: 



 

_______________________________________________________________________________________________________
PRD 1.3-117-r3                                                                          Check the LCLS Project website to verify  
6 of 6  that this is the correct version prior to use. 

 • 1 safety dump 
 • 3 protection collimators (PCs) 
 • 4 burn-through monitors (BTMs) 
 • 12 (16?) beam containment protection ion chambers (BCS PICs) 

These do not include components in the main dump.  Additional details will be added to the Beam 
Containment System ESD, 1.1-311. 

Table 2: Electron Safety-Dump Parameters. 
Parameter Description Symbol Value Unit 
Full electron energy range possible Ef 3-17 GeV 
Peak vert. magnetic field of permanent magnets BPM 0.31 Tesla 
Effective length of permanent magnets LPM 0.944 m 
Full gap height of permanent magnets gPM 52 mm 
Full pole width of permanent magnets wPM 100 mm 
Spacing between dipole magnets Δz 30 cm 
S-location of center of BXPM1* SPM1 704.228 m 
S-location of center of BXPM2* SPM2 705.472 m 
S-location of center of BXPM3* SPM3 706.715 m 
Full aperture width/height of PCPM1 Δx1/Δy1 33.6/20.5 mm 
Full aperture width/height of PCPM2 Δx2/Δy2 39.4/24.0 mm 
S-location of center of PCPM1* S1 692.844 m 
S-location of center of PCPM2* S2 703.256 m 
Thickness (in beam direction) of PCPM1 (est.) Δz1 30 cm 
Thickness (in beam direction) of PCPM2 (est.) Δz2 30 cm 
S-location of entrance face of FEE wall* SFEE 719.000 m 
Approx. full aperture width/height of FEE wall ΔxFEE/ΔyFEE 50/30 mm 
Avg. power rating for operational dump Pdump 5.0 kW 

* In this “LCLS coordinate” system [1] the undulator ends at S ≈ 647 m. 
 

References: 
 [1] http://www-ssrl.slac.stanford.edu/lcls/technotes/lcls-tn-03-8.pdf. 
 


