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Electron Dump-Line Requirements 
 
Dump Design 

The main electron dump-line is composed of three vertical electrically powered DC dipole magnets 
and two quadrupole magnets, as shown in Fig. 1, plus various collimators, diagnostics, and steering 
coils.  The purpose of this beamline is to discard the 14-GeV, 1-nC electron bunch, at a repetition 
rate of 120 Hz (1.7 kW of average power), separating the electron beam from the x-ray FEL 
radiation prior to the experimental areas, and to include energy and energy spread diagnostics. 
Transverse beam diagnostics are not presently included here due to budget constraints, but may be 
added at a later date.  In addition, the long drift section after the undulator (~35 m) can be used to 
place additional undulator segments if a longer SASE FEL saturation length is observed. (This is a 
major effort requiring a re-design of the dump optics.) 
 
The dump-line must include the following: 
 

• Vertical bending downward (5° total) to separate the electron and photon beams, 
• Safety systems to protect users from the electron beam (see Safety-Dump Requirements 

Document, PRD 1.3-117), 
• Adequate stay-clear aperture for the electron beam and the x-ray beam (PRD 1.3-016), 
• BPMs downstream of the undulator to support beam-based alignment in the undulator, 
• BPMs after the bends to measure the relative energy centroid variation with resolution <10−4, 
• OTR screen after the bends to measure the energy spread to a resolution of <10−4, 
• Beam dump with average power rating up to 5 kW to allow for future expansion. 

 
 

 
Figure 1:.  Elevation view of dump-line with three DC magnets (BYD1, 2, 3), and the downstream 
horizontally bending permanent magnet safety dump line with three permanent magnets (BXPM1, 2, 
3).  In this LCLS-coordinate system the undulator ends at S ≈ 647 m and FEE wall is at S ≈ 719 m. 
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The vertical dipoles are oriented with pitch angles set to follow the beam’s downward direction (as 
shown in Fig. 1).  Table 1 lists some of the main parameters of the dump-line. 
 

Table 1:  Dump-line parameters (1 nC, 120 Hz). 

Parameter Description Symbol Value Unit 

Electron energy range E 4 to 17 GeV 

Nominal relative energy spread of e− bunch (rms) σE/E <0.1 % 

Bend angle of each of 3 vertical dipoles |θy| 5/3 deg 

Effective length of each of 3 vertical dipoles LB 1.4 m 

Downward pitch angle* of BYD1 |θy|/2 0.833 deg 

Downward pitch angle* of BYD2 3|θy|/2 2.500 deg 

Downward pitch angle* of BYD3 5|θy|/2 4.167 deg 

Sagitta of electron trajectory through bends s 5 mm 

Maximum avg. beam power (1-nC bunch at 120 Hz) Pb 1.7 kW 

Dump average power rating Pd 5 kW 
* With respect to undulator axis (i.e., this pitch is in LCLS or LTU coordinates) 
 
 
Vacuum Chamber Stay-Clear 

The vertical dipole magnets are “C-magnets” with their open ends at the top to allow clearance for 
the x-ray beam.  The vacuum chamber stay-clear dimensions (absolute minimum inner vacuum 
chamber dimensions) are set to allow both sufficient x-ray clearance and electron beam clearance.  
The x-ray stay clear apertures are described in PRD 1.3-016 and are shown again in Fig. 2 (vertical) 
and Fig. 3 (horizontal) as yellow aperture limits around the straight x-ray beam. 
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These are the half-width, x, and half-height, y, aperture limits, where ∆z is the distance from the end 
of the undulator (z ≈ 647.3 m) to the aperture location (e.g., z ≈ 692.0 m at exit of BYD3). 
 
The electron vertical stay-clear is shown in Fig. 2 as a set of red aperture limits, based on a 20-mm 
initial full-height aperture at the start of BYD1 (±20-sigma clearance at γεy ≈ 10 µm, E ≈ 4 GeV, and 
βy ≈ 200 m), and a maximum +5% and minimum −17% energy variation (the lowest energy 
electrons detectable from BFW interaction – see Fig. 5 below).  If the vacuum chamber design is 
vertically asymmetric, as suggested in Fig. 2, especially for BYD3, the magnet must be vertically 
aligned such that its pole widths cover the full span indicated by the red trajectory limits in Fig. 2.  In 
the horizontal direction (Fig. 3) the x-ray stay clear extends well beyond the electron stay-clear 
limits, so a horizontal electron stay-clear limit is not needed here. 
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Figure 2.  Minimum vertical stay-clear apertures in the BYD1, 2, 3, dump bend magnets (not 
including 5-mm sagitta).  The yellow lines are the x-ray stay clear while the red curves are the 
electron stay-clear.  The mean radius of curvature over the three bends is shown as R = 55 m. 

 

 
Figure 3.  Minimum horizontal stay-clear apertures in the BYD1, 2, 3, dump bend magnets.  The 
yellow lines are x-ray stay clear, which extend beyond, and therefore eliminate electron limits. 
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The stay-clear limits through the vertical dipoles are summarized in Table 2, where a small 
margin has been added over the Fig. 2 limits to allow for the trajectory sagitta (5 mm).  These are 
only the minimum stay-clear dimensions, not the dipole magnet iron-to-iron pole gap or pole 
width dimensions.  The pole gap (horizontal) should be determined from these stay-clear values, 
then adding a reasonable vacuum chamber wall thickness and pole-to-chamber clearance.  For 
example, if the vacuum chamber wall thickness is set at 4 mm per side, and a 1-mm clearance is 
maintained on each side, the minimum full horizontal gap (of these vertical dipoles) will then be 
2×(4 mm + 1 mm) + 33 mm = 43 mm.  The pole width (vertical) should be significantly larger 
than the stay-clear, in order to achieve the field quality tolerances listed in Table 3. 
 
 

Table 2:  Stay-clear aperture full-width and full-height limits in the 
three BYD1, 2, 3 vertical dipole magnets, adding the 5-mm sagitta. 

Full aperture limit ∆x ∆y unit

BYD1 full stay-clear ID 33 32 mm

BYD2 full stay-clear ID 33 44 mm

BYD3 full stay-clear ID 33 72 mm
 
 

Table 3:  Field quality tolerances on the three BYD1, 2, 3 vertical dipole magnets. 

Field component symbol tolerance

Relative quadrupole field, normalized to dipole, at r = 20 mm |b1/b0| 0.1% 

Relative sextupole field, normalized to dipole, at r = 20 mm |b2/b0| 4% 

Relative decapole field, normalized to dipole, at r = 20 mm |b4/b0| 50% 
 
 
The electron stay-clear aperture limits beyond the final BYD3 dump magnet, and all the way up 
to the dump itself, are shown in Fig. 4.  Since this is downstream of the beam-loss detector 
window at the exit of BYD3 (see section below), these stay-clear apertures are based on a 
smaller allowable energy variation.  The QDMP1 and QDMP2 quadrupole magnets shown in 
Figs. 1 and 4 are existing magnets (from FFTB) with 82-mm ID (3.25 inch).  With a peak 
vertical dispersion of 1.23 m in these quadrupoles, a relative energy variation limit of ±3% is set, 
including a few millimeters for vacuum chamber walls and magnet pole clearance.  The vertical 
stay clear limits also include a ±6σy centroid variation (but also ≥30 mm ID everywhere), and the 
horizontal stay clear is based on a ±23σx centroid variation horizontally (30 mm ID).  Table 4 
lists the horizontal and vertical stay-clear ID limits for the specific components between BYD3-
exit and the dump (i.e., components which are located downstream of the beam loss detector 
window of Fig. 5). 
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Table 4:  Stay-clear ID limits for components between BYD3-exit and the dump. 
Device name S 

(m) 
vert. stay 

clear ID (mm)
hor. stay 

clear ID (mm)
BYD3-exit (beyond window of Fig. 5) 692.040 30 30 
YCDD 703.012 76 30 
QDMP1 703.687 79 30 
BPMQD 704.212 79 30 
QDMP2 704.737 79 30 
XCDD 705.412 76 30 
IMDUMP 712.679 44 30 
BPMDD 712.979 43 30 
OTRDMP 713.279 42 30 
DUMP-face 715.859 32 30 

 
 

 
Figure 4.  Minimum horizontal (top) and vertical (bottom) electron stay-clear apertures (red 
lines) from the exit of the BYD3 bend (S ≈ 692 m) to the dump itself (S ≈ 716 m). 
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Beam-Loss Detector Window After BYD3 Vacuum Chamber 

The last vertical dipole magnet, BYD3, must be followed by a thin opaque (e.g., stainless steel) 
window on the lower side of the vacuum chamber to allow transmission of over-bent, low-energy 
electrons as they leave the undulator after interacting with the Beam Finder Wire (BFW) [1].  A 
detector (separate PRD in progress) is located outside the window, which is read back 
synchronously with the BFW wire position to locate the beam center at the entrance of each 
undulator section.  Figure 5 shows a drawing of the beam-loss window just downstream of BYD3. 
 
 

 
 

Figure 5.  An opaque (e.g., stainless steel) beam-loss monitor window (elevation view), which is 30-
mm wide and located within ~150 mm of the exit of the final dump bend (BYD3).  The window 
transmits low-energy electrons (−8% to −17% and beyond) through to a Cherenkov radiator and 
photo-tube assembly outside the vacuum chamber. 
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