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Disclaimer 
This document was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor the University of California nor any of 
their employees, makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, 
or process disclosed, or represents that its use would not infringe privately owned rights. Reference 
herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise, does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or the University of California.  The 
views and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or the University of California, and shall not be used for advertising or 
product endorsement purposes. 
 
Auspices Statements 
This work was performed under the auspices of the U.S. Department of Energy by University of 
California, Lawrence Livermore National Laboratory under Contract W-7405-Eng-48. 
Work supported in part by the DOE Contract DE-AC02-76SF00515. This work was performed in 
support of the LCLS project at SLAC. 
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1. X-Ray Slit System Concept Description 

The X-Ray Slit contains four Boron Carbide/WHA (Tungsten Heavy Alloy) blocks, which will 
be used as horizontal and vertical slits to mask-off the high-energy spontaneous radiation halo 
around the FEL (Free Electron Laser) beam. It is located downstream of the Fixed Mask and 
upstream of the primary wide-field-of-view systems and diagnostics. The Boron Carbide 
protects the WHA from FEL damage. 
The first two blocks are horizontally opposed (X-axis) and offset in the beam-line (Z-axis) 
direction. The second two blocks are vertically opposed (Y-axis) and also offset in the beam-line 
direction (Z-axis). This offset will prevent any possibility of the slit blocks colliding with each 
other.  Each slit block will need to be larger than the Fixed Mask aperture in both the horizontal 
and vertical directions, in order to completely close-off the aperture. This overlap also allows for 
manufacturing and alignment tolerances.  

 
The size of the aperture created by the horizontal and vertical Slit Blocks will be user-defined 
and can be located anywhere within the Fixed Mask aperture. In addition, it will need to be 
remotely controlled, due to the fact that no personnel can access the FEE during beam 
operations. The range of motion of each block will need to be greater than the clear aperture of 
the Fixed Mask.  
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Each slit block can be manually aligned in 6 degrees-of-freedom, independent of the vacuum 
chamber.  
To prevent the blocks from reflecting the incident x-ray beam, a negative-rake angle needs to be 
incorporated. 

   
2. Additional Requirements 

2.1. Each slit block assembly will have its beam-cutting surface mapped to external alignment 
targets. The slits will be aligned using standard alignment techniques. 6 degrees-of-freedom 
is recommended. The acceptable tolerances on initial alignment of the Slit Blocks are 
shown in the following table.  

 
Axis Horizontal Block Vertical Block 

X .002 inch .020 inch 
Y .020 inch .002 inch 
Z .050 inch .050 inch 

Theta X 0.002 radians 0.0005 radians 
Theta Y 0.0005 radians 0.002 radians 
Theta Z 0.001 radians 0.001 radians 
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2.2. The attenuation requirement affects the choice of block material and its thickness. The 

stopping power of the WHA blocks must be analyzed using the full spectrum of the 
spontaneous radiation. Since the four Slit Blocks are all offset in Z, it is possible to insert 
all four blocks into the beam path at once.  
The X-Ray Slit will contain four 50 mm thick blocks of UHV-compatible WHA with 10 
mm thick of Boron Carbide bonded on the upstream and downstream faces. Due to the 
differences in hardness between Boron Carbide and WHA, Boron Carbide is added to the 
downstream face to provide a symmetric shape for manufacturing. 
 

 
 
2.3. The design should allow for replacement of the Slit Blocks in case of damage or changes 

to the Fixed Mask aperture. 
2.4. SLAC has recommended the following manufacturers of UHV-compatible WHA 

2.4.1. H.C. Starck – Kulite® K1810 
2.4.2. Mi-Tech Metals Inc. – HD-18DV 
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2.5. Vacuum System Requirements 
2.5.1. The local, permanently-mounted pump for the X-Ray Slit will be shared with and 

located at the Fixed Mask. It will be an ion pump. 
2.5.2. Features for initial pump-down and venting of the system will be located at the 

Fixed Mask. 
3. Supporting Physics Calculations 

3.1. To determine the effectiveness of the Slit blocks in stopping spontaneous radiation which 
would appear as background in a diagnostic scintillator, we compared the simulated 
scintillator response to the spontaneous beam behind closed and open slits. Since the 
spontaneous radiation in the hard x-ray FEL setting of the accelerator is more difficult to 
stop than the spontaneous radiation in the soft x-ray FEL setting, we analyze the former. 
We first simulate the total energy that would be deposited on a 100 µm thick YAG 
scintillator plate at LCLS Z coordinate 742.2 meters. This is the approximate location of 
the Wide-Field-of-View Direct Imager.  
The following simulations showed that 5.463x1010 eV is deposited in the scintillator plate.  
When properly scaled to a full 0.79 nC pulse, this would be 9.07x1015 eV. This simulation 
used 10,000,000 photons with an energy spectrum matched to the energy spectrum of the 
spontaneous radiation. A consequence of this is that there are few very high energy 
photons, the ones most likely to survive the closed slit and register on the scintillator plate. 
For the closed-slit simulation, we therefore used 10,000,000 photons whose energy 
spectrum matched the high-energy tail of the hard x-ray spontaneous radiation. These were 
in the range of 1.2 to 4.6 MeV, which contains about 97,719,000 photons in a full pulse, 
thus enabling the results to be scaled up by a factor of 9.7719. 

 
3.2. The next figure shows that with two of the four slit blocks inserted in the beam path, very 

few photons are able to reach and stop in the scintillator plate. The energy deposited in the 
scintillator, when scaled to a full pulse, is 5.456x106 eV. Thus the ratio of detected energy 
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for two blocks to no blocks is about 6x10-9, easily meeting and initially-desired relative 
attenuation of 0.1%. 

 
This calculation was cross-checked using a different method, in which the two-dimensional 
spatial distribution of the spontaneous radiation is ignored.  Instead, the angle-integrated 
photon energy spectrum for the hard x-ray spontaneous radiation was calculated from 
analytical formulas and directed into a slit block as a single ray.  Absorption and scattering 
coefficients for the WHA alloy were used to predict the transmitted photon flux and 
spectrum, as a function of the WHA block thickness.  This transmitted spectrum was then 
incident on a Ce:YAG scintillator plate, 100 µm thick.  The energy deposited per pulse in 
the plate was calculated from the energy-absorption portion of the total x-ray absorption 
coefficients.  The ratio of the energy deposited in the scintillator for 100 mm WHA to no 
WHA was estimated at 1.0 x 10-9, which is in reasonable agreement with the Monte Carlo 
calculation described above. 
 

3.3. The boron carbide on the upstream face of the slit block protects the highly absorptive 
WHA against damage from occasional FEL beam hits. We quantify this as follows: We use 
a single-mode Gaussian beam model to predict the maximum surface dose to the boron 
carbide slabs at the slit location for soft x-ray and hard x-ray saturated FEL beams. The 
results in the table below show that the greatest surface dose to boron carbide, 0.08 
eV/atom, occurs upon irradiation by the soft x-ray, 826 eV FEL.  This surface dose is < 7 
times the dose needed to melt boron carbide, 0.58 eV, so the potential for damage is very 
small. 
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Boron Carbide at Z = 78.2 meters from End of Undulator (e. o. u.) 
 Low Energy FEL High Energy FEL 
FEL fundamental 826 eV 8261 eV 
Boron Carbide Surface Dose 0.08 eV/atom 0.002 eV/atom 
Boron Carbide Melt Dose 0.58 eV/atom 0.58 eV/atom 
Boron Carbide Attenuation Length 1.6 µm 1.75 mm 
Transmission Through 1 cm of Boron Carbide 0.00 3.3 x 10-3 
WHA Surface Dose 0.00 eV/atom 0.007 eV/atom 
WHA Melt Dose  0.76 eV/atom  0.76 eV/atom 

 


