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1. Introduction: 
Instruments and systems within the Front End Enclosure (FEE) will provide 

conditioning and characterization of the photon beam emitted by the LCLS 
undulator. The FEE is located immediately following the Electron Beam Dump. Its 
beam-conditioning components include a Fixed Mask, X-Ray Slit, Gas and Solid 
Attenuators, and the Offset Mirror System. Photon beam diagnostics and 
characterization are obtained using the Gas Detector intensity monitors, K-
Measurement Monochromator System, Total Energy Measurement System, and 
Direct Imager. Figure 1 gives a schematic, plan-view layout of an interim 
configuration of these instruments and systems, when the Offset Mirror System is 
incomplete, and only its essential shielding elements are present. The interim FEL 
photon beam containment plan, supported by this document, the Ray trace GP-380-
001-04, and referenced documents, seeks operations authorization for the FEE with 
all presently-anticipated operating parameters of the LCLS electron beam complex. 
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Figure 1: Schematic plan-view layout of an interim configuration of instruments and 
systems in the FEE. The essential shielding elements in the Offset Mirror System include 
an upstream beam stop near Collimator C1, the Shadow Wall, and shielding in the vicinity 
of the C3 Collimators and Stoppers. 
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2. Radiation Source: 
The FEL radiation source for the LCLS is the 131.6 m long LCLS undulator, 

whose downstream end is located 75 m upstream of the FEE. Fundamental 
parameters for the undulator, the LCLS electron beam, and the emitted photon 
beams are summarized in Table 1 for the extreme operational settings of the LCLS, 
i.e. the "Soft X-Ray Setting" and the "Hard X-Ray Setting". 

 

Table 1: Primary LCLS Source Parameters 1 
Parameter Value 

Undulator Period 30 mm 
Peak Undulator Field 1.25 Tesla 
Number of Periods 3729 

Electron Beam Energy Min, "Soft X-Ray Setting" 
4.31 GeV 

Max, "Hard X-Ray Setting" 
13.6 GeV 

Maximum Pulse Repetition 
Rate 120 Hz 

Maximum Single-Pulse 
Charge 1 nC 

FEL Photon Energy/ 
Spontaneous Fundamental 830 eV 8300 eV 

Spontaneous Critical Energy 15.5 keV 155 keV 
FEL/Spontaneous FWHM 

Source Size 2 116 µm 86 µm 

FEL Divergence 2 ~8 µrad ~1 µrad 
Spontaneous Emission Fan 3 710 µradH x 150 µradV 220 µradH x 50 µradV 

 FEL Spontaneous FEL Spontaneous

FWHM Beam Size in FEE ~φ1 mm 110 mmH x  
23 mmV *3 ~φ 0.2 mm 33 mmH x  

8 mmV 3 
Maximum Emission Power 0.60 Watts 0.26 Watts 0.27 Watts 2.6 Watts 

* Fixed Mask aperture is 45 mmH x 25 mmV. Therefore significant spontaneous beam 
trimming will occur in the Soft X-Ray Setting. 

 

The flux produced by the LCLS undulator in the "Hard X-Ray Setting" is depicted 
in Figure 2. A spontaneous flux curve and FEL harmonic flux points are depicted. 
These pertain to the FEE configuration illustrated in Figure 1. Additional details 
regarding the spontaneous and FEL radiation flux, for several different electron beam 
settings, are presented in LCLS ESD 1.5-127, Estimation of the XTOD Beam Line Photon 
Spectra. 
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Figure 2: Spontaneous and FEL photon flux from the LCLS undulator source at the "hard x-
ray setting", 8.3 keV. See LCLS ESD 1.5-127 for additional details. Note that due to the 
natural emission bandwidth of the FEL, the photon flux is given with 0.03% bandwidth. The 
spontaneous spectra have been scaled accordingly. 

 

3. FEE Geometry: As illustrated in Figure 1, the instruments and systems in the FEE 
are generally arranged into two groups, an upstream collection of instruments 
followed by the Offset Mirror System. 

3.1. Upstream FEE Instruments: In the upstream collection, the initial 
component is the Fixed Mask. This is a permanently-installed, fixed 
rectangular aperture, 45 mmH x 25 mmV, composed of heavy tungsten alloy. 
It defines the maximum extent of photon beams within the FEE. All the 
subsequent instruments in this collection are designed for full retraction from 
a worst-case projection of the Fixed Mask aperture.  

3.1.1. The X-Ray Slit and Attenuator System: These are designed for full-time 
use during FEL operations. The X-Ray Slit can provide a reduced 
rectangular aperture of any size, at any location, within the Fixed Mask 
aperture. During operations, it will typically be set to slightly over the 
transverse dimension of the FEL beam, in order to reduce the 
spontaneous radiation background. For the Attenuator System, it would 
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typically be desirable to operate its two Gas Detectors during all FEL 
operations, since they provide non-invasive pulse-by-pulse FEL 
intensity measurements. This requires that the Attenuator 12 boron 
carbide (B4C) differential-pumping apertures, 4 mm in diameter, be 
inserted into the beam path. If it is also necessary to attenuate the FEL 
beam, a nitrogen gas pressure can be maintained in the Attenuator 
System. The nitrogen pressure determines the attenuation factor. 
Alternatively, solid attenuator blocks can be inserted into the beam for 
attenuation in the harder x-ray photon energy range. For both of these 
attenuation functions, the 12 B4C apertures would typically remain in 
place. 

3.1.2. The Total Energy Measurement System and Direct Imager: These are 
"destructive" diagnostic systems. When in use, their sensors absorb the 
incident FEL beam. Therefore, in normal FEL operations, the sensors 
in these instruments would be withdrawn from the photon beam path. 

3.1.3. The K-Measurement Monochromator System (K-Mono): This is a 
diagnostic that might also find use during FEL operations. The primary 
purpose of the K-Mono involves a destructive diagnostic measurement 
of the incident beam. Therefore, in typical FEL operation, its x-ray 
optical assembly would be withdrawn from the beam path. However, its 
optical assembly produces an output x-ray beam whose path is 
nominally coincident with the original, incident beam. Therefore, there 
may be some FEL operation conditions for which insertion of the K-
Mono optical assembly may be desirable. 

3.2. Offset Mirror System Shielding Elements: The Offset Mirror System will be 
employed during FEL operations, when the FEL beam is to be used in one of 
the experimental hutches. It will utilize six mirrors and five fixed-location, 
fixed-aperture collimators within the FEE, to generate three output branch 
beam lines, one hard x-ray, and two soft x-ray. For the interim configuration 
considered here, the Offset Mirror System is incomplete, and only its essential 
shielding elements are present. Referring to Figure 1, these are: 

3.2.1. FEL Beam Termination: An interim FEL beam termination structure is 
constructed in the original vicinity of Collimator C1, at the upstream 
end of the Offset Mirror System. All possible FEL beam paths will be 
terminated on B4C. In addition, a heavy-metal shield, with transverse 
dimensions and shielding performance equal or exceeding that of 
Collimator C1, will follow the B4C beam stop, downstream. There will 
be no through-aperture in this overall structure. 

3.2.2. Shadow Wall: The final Shadow Wall, located near the center of the 
Offset Mirror System, will be installed for this interim configuration. It 
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supplies important shielding coverage for the southwest corner of the 
Near Experimental Hall. 

3.2.3. Closure of Wall 2 Apertures: In the final configuration, three FEL beam 
transport pipes will extend through Wall 2. For this interim 
configuration, the three beam pipe apertures in Wall 2 must be closed, 
to complete the shielding into the Near Experimental Hall. Shielding 
located in the vicinity of the three C3 Collimators, at the downstream 
end of the Offset Mirror System, will replicate the shielding function of 
these Collimators and their associated Stoppers. 

 

4. Beam Containment Systems: Due to the material damage potential of the FEL 
photon beam, means must be provided to assure that it remains contained within the 
FEE whenever there is NO intention to transport it to one of the experimental 
stations. A practical simplification of this statement is to require that the FEL beam 
remain contained within the FEE vacuum system. 

4.1. Boron Carbide, the "FEL-Proof" Material: As has been previously described 
elsewhere4, the LCLS FEL beam is capable of ablation-damaging almost any 
material it intercepts. The few materials that are presently thought to be 
"FEL-proof" tend to have high melting temperatures and are comprised of 
low-atomic-number elements. Of these, boron carbide (B4C) appears to be 
the best suited for cost-effective application within the LCLS vacuum system. 
In addition, for the present photon energy range of the LCLS FEL beam, 10 
mm of B4C produces adequate attenuation of the FEL beam such that 
subsequent conventional materials downstream require no additional 
protection. As a result, all locations within the FEE where the FEL beam may 
terminate must be composed of 10 mm of B4C. 

4.2. Upstream FEE Instruments: For the instruments upstream of Collimator C1 
and the Offset Mirror System, the maximum credible FEL beam trajectory is 
obtained as illustrated in Figure 3. The Figure presents both anamorphic 
elevation and plan views, and includes the undulator beam tube, PCPM1, the 
B4C disk in ST1, PCPM2, the B4C disk in ST2, Collimator C0, the Fixed 
Mask, the inlet and outlet beam tubes for the Direct Imager, and Collimator 
C1. The source considered is an artificially-enlarged version of the undulator 
beam tube inside dimensions, which reflects the possible range of transverse 
undulator beam tube motion5. Extreme rays from this source are drawn to the 
minimum transverse dimensions of the burn-through monitor (BTM) 
chambers in PCPM1, PCPM2, and Collimator C0. Note that, of these three 
devices, Collimator C0 provides the greatest restriction. Note also that when 
ST1 and ST2 are closed, the extreme rays through PCPM1 and PCPM2, 
respectively, are completely intercepted. The extreme rays through Collimator 
C0 are completely intercepted by Collimator C1, and are therefore contained. 
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These extreme rays are also illustrated on the FEE beam containment ray 
trace, GP-380-001-04.. 
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Figure 3: The FEL extreme beam envelope upstream of Collimator C1 is defined by an 
artificially-enlarged undulator beam tube and the minimum dimensions of the burn-through 
monitor (BTM) chamber in Collimator C0. 

Between Collimator C0 and Collimator C1, these extreme rays actually 
penetrate the Fixed Mask. Although this is undesirable, the beam remains 
contained by Collimator C1. In the plan view, the extreme rays slightly 
penetrate the Direct Imager inlet/outlet beam tubes. These inlet/outlet 
beam tubes are the most restrictive, fixed vacuum components between the 
Fixed Mask and Collimator C1. Again, although this is undesirable, the FEL 
beam remains contained by Collimator C1. When insertable elements of all 
the upstream FEE instruments are withdrawn from the beam, the extreme 
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FEL beams travel unobstructed through all the instruments to Collimator C1, 
at the upstream end of the Offset Mirror System, except for the Fixed Mask 
and Direct Imager, as noted previously. In addition, when the insertable 
elements of these instruments are placed into the FEL beam, none of them is 
capable of deflecting the full-power FEL beam into the wall of the vacuum 
enclosure. (Some elements of these instruments are not intended to intercept 
the FEL beam, and could suffer damage through such exposure. However, 
the kind of damage suffered would not open an unanticipated exit in the 
vacuum chamber envelope.) Therefore, beam containment in this region is 
addressed as illustrated in Figure 3; the FEL beam always terminates on 
Collimator C1, or passes through its central aperture into the Offset Mirror 
System.  

4.3. Interim Offset Mirror System Shielding Configuration: The interim beam 
containment/shielding configuration within the Offset Mirror System is 
illustrated in Figure 4. A selection of Collimators and Stoppers that will be 
used in the final Offset Mirror System are installed in their final locations. 
The "First Beam" Stop consists of an upstream B4C plate (X x Y x Z), 55 mm 
x 55 mm x 10 mm and a tungsten-heavy-alloy brick, 60 mm x 60 mm x 80 
mm, all located within a temporary vacuum cross. These two elements block 
the open aperture in upstream Collimator C1. Note that two sets of 
"Protection Ion Chambers" (PIC's) are installed in this configuration, one set 
downstream of C1 and a second set downstream of the "First Beam" Stop. 
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Figure 4: Interim Shielding Configuration: Collimators and Stoppers that will be used in the final Offset Mirror System are 
installed. Numbers associated with some elements correspond to detailed descriptions given in LCLS ESD 1.5-120, Beam-
Intercepting Component List and Operational Modes in the Front End Enclosure. 
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4.4. Documents: The radiation safety system requirements for this interim mode 
are given in SLAC Memorandum RP-RPG-090209-MEM-01, from SLAC 
Radiation Physics. LCLS drawing AD-382-050-05, prepared by the LLNL 
XTOD group, provides the interim layout of instruments and components 
within the FEE. The interim FEE beam containment ray trace is LCLS 
drawing GP-380-001-04. Finally, a description of the key components within 
the FEE, and designated in the ray trace, is given in LCLS ESD 1.5-120, 
Beam-Intercepting Component List and Operational Modes in the Front End Enclosure. 
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