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1. Introduction: The XTOD Offset Mirror System (OMS) is designed to direct the LCLS 
FEL beam to the instruments and experimental stations, while substantially reducing the 
flux of unwanted radiation which accompanies the FEL, namely Bremsstrahlung γ-rays 
and high-photon-energy spontaneous radiation. It consists of mirrors, small-aperture 
collimators, and pop-in monitors. Mirror incidence angles are chosen for the desired 
photon energy band pass, and to meet SLAC Radiation Physics guidelines. Threading 
the FEL through the array of collimators assures significant reduction in the 
Bremsstrahlung γ-ray content. Pop-in monitors are the primary diagnostic tool for the 
OMS, through their support of OMS system alignment, as well as providing imaging 
and pulse-intensity diagnostic functions. 

1.1. OMS Alignment: An OMS alignment procedure has been proposed (ESD 1.5-
125, XTOD Offset Mirror System Alignment) to assure that the OMS performs as 
intended. It prescribes a procedure, using only spontaneous radiation, by which 
the FEL will be directed to each experiment while, at the same time, the mirror 
incidence angles fall within the required tolerance zone, and the FEL beam 
center passes through the center of each collimator aperture, within a second, 
given tolerance zone. Pop-in monitors are one diagnostic tool required to 
perform the OMS Alignment outlined in ESD 1.5-125. As seen in Figure 1, 
there are 11 pop-in monitors, of two types, in the OMS. One type is associated 
with each OMS mirror, while a second type is associated with each C4 
collimator, and C5 and C6. The group of pop-in's associated with mirrors are 
used to precisely measure the angle-of-incidence of photon beams on each 
mirror. These are denoted "Alpha Pop-In's". The pop-in's associated with 
collimators permit beam centering through the associated collimator aperture. 
These are denoted "Image Pop-In's". 

1.2. Beam Imaging Function: Unlike the small FEL beam, the spontaneous radiation 
fills a much greater fraction of each mirror surface. Therefore, beam structure 
seen in the reflected beam spot can assess mirror surface quality, contaminants, 
or FEL damage. Such a function is useful for both types of pop-in monitors, the 
Alpha Pop-In and the Image Pop-In. 

1.3. Pulse-Intensity Function: Absolute pulse-intensity measurements are also a 
valuable diagnostic tool. For example, the spectral intensity (intensity versus 
photon energy) of the undulator spontaneous radiation can be theoretically 
determined with a high degree of confidence. Measurements of absolute pulse 
intensity for the incident and reflected beams throughout the OMS can verify 
the expected reflectivity and band pass. 
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Figure 1: The Offset Mirror System (OMS) within the FEE, NEH Hutch #1, and XRT. Mirrors, 
Collimators, and Pop-In Monitors are illustrated. 

 

1.4. Specific Pop-In Descriptions: 
1.4.1. Alpha Pop-In: The Alpha Pop-In consists of an insertable/retractable x-

ray scintillator screen, visible light optics, and a CCD camera. The 
scintillator screen is arranged downstream of each mirror to create the 
geometry illustrated in Figure 2. Portions of the incident beam and the 
reflected beam are viewed simultaneously. The mirror angle-of-incidence, α, 
is calculated from the measured separation of the incident and reflected 
beams, Δs, and the known separation between the downstream end of the 
mirror and the x-ray scintillator screen, d:  

 

d
s

2
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The Alpha Pop-In must have an adequate field-of-view, to image both 
incident and reflected beams over the full mirror incidence angle range. Its 
angular measurement resolution must be adequate to assure both mirror 
band pass performance and beam centering through the array of collimator 
centerlines. For unambiguous angle-of-incidence and absolute intensity 
measurements, and a high-resolution imaging function, it should have 
single-pulse imaging and absolute intensity capabilities, under operations 
with the full undulator complement at ≥ 0.2 nC bunch charge at 10 Hz. 10 
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Hz operation assures compatibility with other commissioning activities. 
Absolute intensity measurements should be repeatable to ±10%. 
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Figure 2: Alpha Pop-In: The downstream end of the mirror sets up the geometry 
necessary to measure the mirror angle-of-incidence from the image on the scintillator 
screen. The scintillator screen is oriented perpendicular to an extension of the centerline 
down the long dimension of the mirror reflecting surface. The inset on the right-hand 
side of the figure illustrates a portion of the screen, with the resulting image. 

 

1.4.2. The Image Pop-In: The Image Pop-In consists of a similar 
insertable/retractable scintillator, with optics and camera components, but 
images a more limited field-of-view immediately downstream of the 
collimators. The collimator apertures are φ5 mm for the soft x-ray branch 
beam lines and φ3 mm for the hard x-ray branch beam line. It permits fine 
horizontal centering of the beam through the associated collimator and 
helps quantify vertical misalignment or steering through observed vertical 
clipping. As with the Alpha Pop-In, for unambiguous absolute intensity 
measurements, and a high-resolution imaging function, it should have 
single-pulse imaging and absolute intensity capabilities, under operations 
with the full undulator complement at ≥ 0.2 nC bunch charge at 10 Hz. 10 
Hz operation assures compatibility with other commissioning activities. 
Absolute intensity measurements should be repeatable to ±10% 

 

2. Fundamental Requirements 
2.1. Specific Alpha Pop-In Requirements: 

2.1.1. Field-Of-View: Alpha Pop-In field-of-view is determined primarily by the 
dimensions of the x-ray scintillator screen, but also affects selection and 
design of the visible light optics. Selection of the Alpha Pop-In field-of-
view should consider the following factors: 

2.1.1.1. The individual, specific geometry of each Alpha Pop-In installation, 
relative to its associated mirror must be considered; a "one-size-fits-all" 
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approach is unlikely to meet the overall required performance, (see an 
example in ESD 1.5-125). 

2.1.1.2. The anticipated separation of the incident and reflected photon beams 
must be considered. 

2.1.1.3. The permitted variation of the mirror incidence angle must be 
considered. See Section 3.1 of the ESD 1.5-125. 

2.1.1.4. Installation and survey alignment tolerances must be considered. 
2.1.2. Angle-Of-Incidence Measurement Resolution: The angle-of-incidence 

measurement resolution depends primarily on the selected Alpha Pop-In 
field-of-view, as well as the number and arrangement of pixels in the CCD 
camera. Derivation of an angle-of-incidence measurement resolution 
specification may proceed, for example, along the lines of the logic 
described in Section 4 of ESD 1.5-125. There, having established a 
nominal mirror angle-of-incidence, together with its symmetrical tolerance 
zone, as well as a permitted beam path deviation from collimator 
centerlines, it was recognized that "not all combinations of allowable 
angles-of-incidence on the various subsystem mirrors will result in an 
acceptable beam path". Consequently, a search algorithm was used to 
establish the space of acceptable solutions, and define a zero-centered 
tolerance zone for mirror angle-of-incidence measurements. This tolerance 
zone becomes the angle-of-incidence measurement resolution requirement. 

2.1.3. "Field-of-view" and "Angle-Of-Incidence Measurement Resolution" are 
competing specifications; increasing the field-of-view generally decreases 
the resulting, achievable angle-of-incidence measurement resolution. 
Example Alpha Pop-In requirements are estimated in ESD 1.5-125. There, 
appeared difficult to satisfy both of these requirements simultaneously, in 
some installation locations. Therefore, these two requirements must be 
considered together. 

2.1.3.1. Lateral Alignment Provision: For Alpha Pop-In locations where it may 
be difficult to simultaneously satisfy the field-of-view and angle-of-
incidence measurement resolution requirements, means must be 
provided to adjust the lateral position of the x-ray scintillator screen, 
together with its optical system and camera, following initial 
installation of the Alpha Pop-In's. By including this provision, the 
field-of-view fraction needed to account for installation and survey 
alignment tolerances may be minimized, which helps increase the 
achievable angle-of-incidence measurement resolution. 

2.2. Specific Image Pop-In Requirements 
2.2.1. Field-Of-View: The Image Pop-In field-of-view should be large enough to 

record all the non-scattered photons passing through its associated 
collimator. This can probably be simply determined through the locations 
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of the Image Pop-In, its associated collimator, and the nearest, upstream 
mirror. A "one-size-fits-all" approach, based upon the largest-field-of-view 
situation, may be appropriate here. 

2.3. Requirements Common to the Alpha Pop-In and Image Pop-In: 
2.3.1. Scintillator Screen Insertion/Retraction: Remote means for insertion and 

retraction of the pop-in x-ray scintillator screen is required. 
2.3.2. Single-Pulse Capabilities: Photon beam pulse position and intensity vary 

from shot-to-shot. Consequently, unambiguous measurements which rely 
on either imaging or pulse-intensity measurements are best done on a 
single-pulse basis. 

2.3.2.1. Imaging: Structured images must be obtainable on a single-pulse basis, 
using spontaneous radiation, with the full undulator complement, at ≥ 
0.2 nC bunch charge. 

2.3.2.2. Pulse-Intensity Measurements: Absolute pulse-intensity measurements 
must be obtainable on a single-pulse basis, with a repeatability of better 
than ±10%, using spontaneous radiation, with the full undulator 
complement, at ≥ 0.2 nC bunch charge. 

2.3.3. Data Acquisition Rate: In order to assure compatibility with other 
commissioning activities, all data acquisition in the pop-in monitors should 
be capable of occurring at a rate of ≥ 10 Hz. 

 

3. Interface/Requirements with Other Systems 
3.1. X-Ray Slit: As discussed in Section 2.2.3.3 of ESD 1.5-125, it may be necessary 

to use the X-Ray Slit with the Alpha Pop-In monitors P1 and P2H, associated 
with M1S and M1H, to remove most of the intensity from the incident beam 
spot, and thereby permit proper imaging of the reflected beam. 

3.2. Reticle Marker: As described in ESD 1.5-125, the Reticle Marker will be used 
with all pop-in monitors, to designate the spontaneous beam center and thereby 
aid beam centering on individual mirrors and through individual collimators. 

 

4. Other Requirements 
4.1. XTOD Pop-In Monitor designs, both Alpha Pop-In's and Image Pop-In's, shall 

adhere to all provisions of PRD 1.5-002, Physics Requirements for the XTOD 
Mechanical-Vacuum Systems, and ESD 1.5-118, LCLS XTOD UHV Specifications. 

4.2. XTOD Pop-In Monitors must be bakeable in excess of 150 °C, since the 
majority of anticipated pop-in monitors will be located within the Ultrahigh 
Vacuum (UHV) regions of the OMS (all except P4H, P5, and P6). 

 

5. Controls 
5.1. The Control System for the XTOD Pop-In Monitors shall be EPICS. 
5.2. A camera interface shall be provided to remotely control Pop-In Monitor 

camera parameters, and to trigger and acquire images. Pop-in Monitor image 
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data shall be available as a beam-synchronous EPICS process variable, at the 
rate stated in Section 2.3.3 above. 

5.3. Insertion/retraction actuator control for the Pop-In Monitor x-ray scintillator 
screen shall be provided. 

 


