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Introduction: 
 As the FEL radiation is generated in the LCLS facility, bremsstrahlung gamma rays and 
high-energy synchrotron radiation are also generated and surround the FEL beam. For both 
radiation protection and reduction of background signals for the experiments, these radiations 
should be prevented from entering the experimental areas, the NEH and FEH. The Offset Mirror 
System and its Collimators, located in the FEE, fulfill that purpose.  
 The cutoff energy of the mirrors prevents high-energy synchrotron radiation from specularly 
reflecting, and being transported efficiently into the experimental areas. But the first mirrors become 
an effective source for scattered bremsstrahlung gamma rays and other radiations. The collimators, 
together with the subsequent mirrors, act to prevent any line-of-sight between this new source and 
the experimental areas, and thereby help reduce the transmission of unwanted radiations to 
acceptable levels.  
 The requirements below stem from a discussion with Stan Mao and Hesham Khater of 
SLAC Radiation Physics, 2006/3/13. 
 
1. Basic Collimator Requirements: 

1.1. Collimators are conceptually cylindrical block shields, described by a central hole, 
oriented about the cylinder axis, a longitudinal dimension, measured along the same 
cylinder axis, and a radial dimension, measured perpendicular to the cylinder axis, but 
originating at the outer edge of the central hole. The minimum requirements for the 
collimators are as follows: 

1.1.1. The central hole of the collimator shall have a diameter of no more than 5.0 
mm.  

1.1.2. The longitudinal dimension of the collimator shall be at least 20 Radiation 
Lengths of the component material.  

1.1.3. The radial dimension of the collimator shall be at least 6 Molière Lengths of the 
component material.  

1.2. All collimators which might be subject to FEL beam hits shall include upstream 
protective materials, which will prevent damage to the main collimator shielding material 
in that situation.  

 
2. Additional Collimator Requirements: 

2.1. The initial collimator, C1, i.e. the one farthest upstream, must extend radially to fully 
cover the projected radiation from the Fixed Mask aperture. This may require a radial 
dimension beyond the minimum requirements above.  

2.2. All collimators are safety components. As such, their locations and alignment facilities 
must be controlled, e.g. locked in place, to preclude inadvertent misalignment.  

 
3. Radiation Lengths and Molière Lengths: 

Data necessary for calculating Radiation Lengths and Molière Lengths in any material are 
included in Appendix 11. There, Table 3.6 provides data for pure elements and some common 
compounds and mixtures, while Equation 3.8 indicates how elemental values can be combined 
to obtain the Radiation Length and Molière Length for an arbitrary compound or mixture.  

                                                 
1 A Fasso, K. Goebel, M. Höfert, J. Ranft, and G. Stevenson, Shielding Against High Energy Radiation, edited by H. 
Schopper, Landolt-Börnstein New Series, Volume 11 (Springer-Verlag, Berlin, 1990), pp. 220-227. 
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