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1. Introduction 
The XTOD X-Ray Slits and Fixed Mask System consists of two major 
subcomponents.  The Fixed Mask is conceptually a plate of shielding material into 
which a rectangular aperture is machined.  This plate, and its surrounding vacuum 
chamber, is so designed that the lateral extent of the shielding plate can be 
effectively supplemented by additional shielding placed external to the vacuum 
system.  Located near the upstream end of the Front End Enclosure (FEE), this 
combination shields the penetration into the FEE from the Electron Beam Dump, 
except over the intentional aperture.  The other subcomponent is the Slit System, 
which is located immediately downstream of the Fixed Mask in the FEE.  It 
consists of an arrangement of movable shielding-block jaws, remotely-controllable, 
which permit formation of a rectangular aperture of nearly any size, up-to-and-
including the size of the aperture in the Fixed Mask, at any location, x and y, 
within the Fixed Mask aperture.  In performing this function, the slit blocks may 
closely approach the FEL beam.  Consequently these blocks will require a 
composite construction, i.e. something like a sandwich, of two different materials, 
an "FEL-proof" material and a high-atomic-number primary shielding material.  
The FEL-proof material forms the upstream-facing side of each slit block, with 
the primary shielding material forming a downstream core.  Taken altogether, the 
XTOD X-Ray Slits and Fixed Mask System is primarily concerned with functions 
particular to the FEE, and the XTOD diagnostic systems.  It should: 1. Define the 
maximum aperture for radiation into the FEE.  2. Select a region-of-interest 
within the spontaneous beam for commissioning or diagnostics, when no FEL 
beam is present.  3. Mask-off and attenuate portions of the spontaneous x-ray 
beam surrounding the FEL beam.   

2. General Requirements 
2.1. The X-Ray Slits and Fixed Mask System will be located near the upstream 

end of the FEE, upstream of primary wide-field-of-view systems or 
diagnostics.  The Fixed Mask is located immediately upstream of the Slits. 

2.2. From PRD 1.5-001-r0, LCLS X-Ray Transport and Diagnostics:  “The 
slits are not expected to be placed in the FEL beam, but should survive 
occasional FEL beam hits.”  This remains a relevant requirement and 
basically implies that the slit blocks utilize a composite construction, in 
which an "FEL-proof" material forms the upstream face of each block, to 
protect the primary shielding material in the block.   

2.3. The Fixed Mask: 
2.3.1. Defines the maximum aperture for radiation into the FEE.  See 

aperture requirements in section 4, Optical Requirements, below.    
2.3.2. Is never expected to experience an FEL beam hit, due solely to its 

overall size, and should be otherwise designed with this in mind.   
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2.3.3. Should be designed to permit lateral extension of its shielding effect, 
without intervening lateral gaps, to block, with overlap, any radiation 
entering the FEE through the upstream penetration from the 
Electron Beam Dump.   For example, design of the vacuum 
enclosure surrounding an initial in-vacuum aperture block should 
permit assembly of additional, out-of-vacuum shielding which fully 
overlaps the outer dimensions of the initial block.   

2.4. The X-Ray Slits will operate with the Fixed Mask to define the aperture for 
radiation downstream.  The maximum aperture shall be the Fixed Mask 
aperture.  A reduced aperture of any size, with any horizontal and vertical 
center within the maximum aperture, shall be possible, subject to 
restrictions in the sections below.   

2.5. The designs shall adhere to all elements of PRD 1.5-002, XTOD 
Mechanical-Vacuum Systems.   

2.6. The designs should make optimum use of z-space, i.e. the length along the 
FEL path, since the space available in the FEE is limited and precious.  

3. Thermal/Mechanical Requirements 
3.1. This PRD now supersedes a requirement from PRD 1.5-001-r0, LCLS X-

Ray Transport and Diagnostics for the X-Ray Slits.  That document 
stated: “Adjustment precision of 1 µm is required.”  This is interpreted to 
be the minimum translation step size for the slit jaws.  For the present 
system, however, a minimum step size below 10 µm is now required, not 1 
µm. 

3.2. Stability and Repeatability:  The stability and repeatability of any specific 
aperture size and center position in the system will depend primarily upon 
any motion mechanics, upon temperature fluctuations in the FEE and upon 
incident power load fluctuations.  For the purposes of the present 
document, "stability", denoted here by the symbol ∆S, is a measure of the 
absence-of-variation in the selected aperture size and center-position with 
time.  Both short-term and long-term stability are relevant quantities.  
"Repeatability", denoted here by the symbol ∆R, is a measure of how 
closely a selected aperture size and center can be reassembled at a later time, 
if the primary drive system is commanded back to a prior setting, without 
the aid of closed-loop feedback systems, etc.  Therefore, repeatability is 
subject to all the fluctuations associated with stability, but also includes any 
fluctuations due to motion mechanics.  Again, both long-term and short-
term repeatability are relevant quantities. 
We will specifically neglect the effect of ground motion, although it will 
certainly have an effect on the long-term stability and repeatability of the 
system (See LCLS-TN-04-14 by Jim Welch).   
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3.2.1. From PRD 1.9-001-r1, Physics Requirements for LCLS 
Conventional Facilities (CF), Section 3.9 for the FEE, “CF shall 
provide air conditioning such that a ±1 °C temperature stability can 
be maintained near room temperature under constant load 
conditions”.  This specification is understood (in discussion with Jim 
Welch) to be representative of, for example, a diurnal variation.  Over 
shorter periods of time, smaller variations can be expected.  Under 
best conditions, the air conditioning system should be able to 
maintain stable temperatures on the order of hundredths of a degree, 
for periods of between a few minutes and possibly an hour.  Based 
on this, we define ∆TLong-Term = ± 1° C and ∆TShort-Term = ± 0.1° C.   

3.2.2. The Slit Subsystem: 
3.2.2.1. The long-term stability requirement for this subsystem (diurnal 

and longer intervals) is ∆SLong-Term = ± 50 µm, considering all 
sources of error mentioned in section 3.2 above.  This is 
reasonably achievable, using the temperature variation from 3.2.1 
above, even if a low-alloy steel support structure is used between 
nominal beam height and the floor. 

3.2.2.2. The short-term stability requirement, defined as 1 hour or shorter 
intervals, shall not exceed 20% of the long-term stability 
requirement specified in 3.2.2.1, i.e. ∆SShort-Term = ± 10 µm, and 
shall assume temperature variation ∆TShort-Term = ±0.1 °C for the 
FEE, but shall also include the other sources of error mentioned 
in section 3.2 above.   

3.2.2.3. The repeatability requirements for the Slit subsystem, both long-
term and short-term, as defined above, shall equal those of the 
respective stability requirements.  ∆RLong-Term = ∆SLong-Term = ± 50 
µm.   ∆RShort-Term = ∆SShort-Term = ± 10 µm.  This reflects the fact 
that the additional position fluctuations due to typical motion 
mechanics are negligible in comparison to the basic factors 
generating the stability requirement. 

3.2.2.4. The stability and repeatability requirements of 3.2.2.1, 3.2.2.2 and 
3.2.2.3 apply specifically to: 

3.2.2.4.1. The full horizontal (x) dimension of any slit-defined 
aperture. 

3.2.2.4.2. The full vertical (y) dimension of any slit-defined aperture. 
3.2.2.4.3. The horizontal (x) displacement of any slit-defined aperture 

center from the theoretical beam axis. 
3.2.2.4.4. The vertical (y) displacement of any slit-defined aperture 

center from the theoretical beam axis. 
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3.2.3. The Fixed Mask Subsystem: 
3.2.3.1. The long-term stability requirement for this subsystem (diurnal 

and longer intervals) is ∆SLong-Term = ± 100 µm.   
3.2.3.2. The short-term stability requirement for this subsystem (1 hour 

or shorter intervals) is ∆SShort-Term = ± 100 µm.   
3.2.3.3. The stability requirements of 3.2.3.1 and 3.2.3.2 apply specifically 

to: 
3.2.3.3.1. The horizontal (x) displacement of the Fixed Mask 

aperture center from the theoretical beam axis. 
3.2.3.3.2. The vertical (y) displacement of the Fixed Mask aperture 

center from the theoretical beam axis. 
3.3. Alignment: 

3.3.1. Slit System: 
3.3.1.1. The aperture-defining edges of the movable slit jaws shall be 

aligned to remove roll within ± 1 mrad. 
3.3.1.2. The alignment of the horizontal-defining edges of the slit jaws in 

yaw and the vertical-defining edges of the slit jaws in pitch is 
discussed in section 4.2 below. 

3.3.2. Fixed Mask: 
3.3.2.1. The aperture center shall be aligned to the theoretical beam axis 

within ± 0.5 mm in both x and y. 
3.3.2.2. The aperture centerline along z shall be aligned to the theoretical 

beam axis within half the angle determined to fulfill section 4.2.1 
below, in yaw and pitch.  Roll shall be removed within ± 5 mrad. 

4. Optical Requirements 
4.1. Aperture requirements: 

4.1.1. The maximum aperture of the X-Ray Slits and Fixed Mask System is 
set by the opening in the Fixed Mask.  Its horizontal and vertical full-
opening dimensions shall be set according the spontaneous radiation 
beam size, at the maximum electron beam energy of the LCLS.  For 
an LCLS location of approximately z = 723.5 m, the aperture shall 
have full dimensions of 45 mm horizontal and 25 mm vertical.   

4.1.2. The minimum aperture of the system shall be zero.   
4.2. Geometrical Orientation of Fixed Mask and Slit Defining-Faces:  

In general, these faces should not produce a reflecting surface for the 
spontaneous radiation, since unwanted reflections could degrade the 
performance of downstream diagnostics.   This requirement could be 
fulfilled by careful alignment of the Fixed Mask aperture and slit block 
cutting faces parallel to the incident radiation.  Alternatively, these faces 
could be manufactured or pre-aligned at a slight angle to the incident 
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radiation, such that the upstream edge of each face is closer to the center of 
the aperture defined.  While this approach degrades the attenuation 
“sharpness” of the edge, it is deemed acceptable, as long as the angle is not 
too large.  This statement is now quantified using the illustration below.  
The maximum incidence angle between the source and the Fixed Mask is 
defined as δ = W/2L, where W is the full opening of the Fixed Mask 
aperture (horizontal or vertical) and L is the distance from the nearest 
possible source point (i.e. the downstream end of the undulator) to the 
Fixed Mask.  The Fixed Mask aperture and a slit jaw illustrated are set to 
angles θFM and θS, respectively.  To reliably eliminate reflections, θFM and θS 
are required to be at least several times δ.  For the present system, this 
implies angles of ~ 1 mrad.   

δ
Θ   > δ

Θ    > δ

 
4.2.1. The Fixed Mask aperture shall be manufactured with θFM, as 

illustrated above, to prevent reflection of incident spontaneous 
radiation.  However, for ease of manufacture and alignment, an angle 
significantly greater than that suggested in section 4.2 above would be 
desirable.  This will be acceptable, if it can be demonstrated that the 
resulting increase in Compton scattering will not be excessive. 
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4.2.2. The design of the Slit subsystem shall permit adjustment of angle θS 

illustrated above for each slit jaw.   
4.2.2.1. The adjustment range shall be from θS = 0 (i.e. slit face parallel to 

the theoretical beam axis) to θS = “several δ”. 
4.2.2.2. This adjustment should be possible using controls outside the 

vacuum system, with the system under vacuum. 
4.2.2.3. This adjustment need not be remotely-controllable. 

4.3. To prove useful, the attenuation of a single slit block should provide a 
significant reduction in spontaneous background signal for the wide-field-
of-view diagnostics systems.  From the results of several different 
calculations, single slit blocks composed of heavy tungsten alloy (95 wt% W, 
3.5 wt% Ni, 1.5 wt% Fe) 50 mm thick, should prove adequate, and shall be 
utilized. 

5. Controls 
5.1. The control system shall permit remote selection of aperture size and 

aperture center using the X-Ray Slits. 
5.2. General requirements for motion mechanics, limit switches and encoders 

shall follow section 8 of PRD 1.5-002, XTOD Mechanical-Vacuum 
Systems. 


