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This report describes line-of-sight (LOS) measurements for the NIF Neutron 

Imaging System (NIS) and a characterization of the NIS LOS relative to OPAS 90-135 

that were performed during the NIS commissioning Nov. 2010 – Jan. 2011. As described 

here, data from those measurements were used to determine the relative offsets between 

the TCC position (x and y pixel coordinates in OPAS images) and the NIS LOS as 

functions of the OPAS focal distance. This data is needed to place the NIS pinhole array 

(PHA) onto the NIS LOS with high precision using OPAS imaging of alignment fiducials 

attached to the front and the back of the PHA. (A description of the PHA alignment 

fiducials, data from metrology performed on the fiducials and a description on how these 

fiducials were used to align the PHA for the first NIS imaging shot on Feb,. 17, 2011 will 

be summarized in an upcoming separate report. 
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This report consists of an overview given in this document and a main body that 

consists of a set of viewgraphs (see Appendix 1) that were iterated and refined within the 

NIS team and with the Alignment Working Group and that contain more detailed 

information, schematics and calculations of the NIS line of sight offset from the OPAS 

LOS. See also Drury, “OPAS 90-135 Registration of Neutron Imaging System Line of 

Sight,” January 2011, NIF-5035484.  

I. Introduction 

The Neutron Imaging System (NIS) at the National Ignition Facility (NIF) is 

designed to capture a 2-D image of the source distribution of neutrons from imploding 

inertial confinement fusion capsules. The neutron imaging system consists of a pinhole 

camera, in which an aperture is used to define an image at a plane, and an imager or 

scintillating fiber array in the neutron imaging annex to NIF about 28m from TCC (slide 

2). Since neutrons penetrate materials far more than photons do in optical pinhole 

cameras, a neutron imager requires significantly thicker pinholes, which drives strict 

alignment requirements, in particular in the pointing of the pinhole. (In the case of the 

actual NIF NIS, the aperture is actually an array of pinholes in 20-cm of gold sandwiched 

in tungsten. Details are described in Fittinghoff, Bower, et al., March 2011, “Stability 

Measurements for Alignment of the NIF Neutron Imaging System Pinhole Array,” 

LLNL-TR-477431.) 

The stated strict alignment requirements for this PHA are 1) positioning the front 

of the pinhole to within ±25 µm in x and y from a line from the source (TCC) to the 

center of the scintillator (line of sight 90-315) used to detect the neutrons, 2) pointing of 
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the back of the pinhole to within 60 µradians of that line and 3) placing the pinhole at a 

known distance from the source in the z-direction to within ±250 µm. 

While these requirements have been temporarily loosened (±50 µm in x and y and 

±1 mm in z) for the initial imaging campaigns, achieving alignment requires high 

precision in the placement and pointing of the PHA (and, in addition, high stability of all 

the components involved in the alignment and the physical support of the PHA) – as 

described in Fittinghoff, Bower, et al., LLNL-TR-477431. 

II. Line-of-sight measurements for the NIF neutron imaging system  

As part of the NIS installation, collimators were placed in the target bay (TB) wall 

and in the switchyard (SY) wall (slide 2). In addition, the scintillator and corresponding 

imaging equipment was placed onto a laser table in the neutron-imaging annex. A 

precision survey was used to center the collimators on the ideal neutron imaging line of 

sight that extends from TCC into the direction 90-315 (a horizontal line) while the 

collimators were installed (mounted and grouted in). During the same precision survey 

the center of the scintillator was placed onto the same line. A similar precision survey 

was used in December 2010 to verify the actual positions of TB wall and SY wall 

collimators and the scintillator. The results are summarized on slide 3, which shows the 

measured deviations from the ideal placement in x and y and lists the actual z locations of 

collimator entrances and exits and the scintillator (imager). 

III. Registration of the NIS LOS to OPAS 90-135  

 Since OPAS 90-135 is the most important tool to align the NIS PHA to the NIS 

LOS, it is important to understand the OPAS LOS in relationship to the NIS LOS. 

Ideally, OPAS 90-135 should also have its LOS along the 90-315 direction. In practice, 



LLNL-TR-492215 

 4 

however, there is a subtle difference between the OPAS 90-315 LOS (slides 4 and 5) that 

was further characterized in the registration of the NIS LOS to OPAS 90-135 performed 

on Jan. 19, 2011 (slides 6-12). Slide 7 shows a summary of the results, whereas slide 8 

shows the corresponding OPAS registration to TCC using the target alignment sensor 

(TAS) and slides 9-12 show the OPAS images of the individual target (target plate, in this 

case) locations.    

In the following analysis of the data from the NIS LOS to OPAS registration 

several assumptions are made that are listed on slides 13-14. Most notably, slide 13 lists 

an equation that is used to calculate the effective OPAS image pixel size as function of z 

(the distance from TCC). This equation was provided by Stacie Manuel and Tom 

McCarville. It stems from their characterization of the OPAS camera and imaging system 

during OPAS 90-135 commissioning. Slide 15 summarizes the survey and NIS LOS to 

OPAS registration data. Slide 16 lists the inputs for the straight-line fits that were used to 

describe the relative offset of the OPAS LOS from the NIS LOS as function of z. These 

fit inputs (Delta_x corrected and Delta_y corrected) take the measured actual survey 

target offsets from the ideal line 90-315 into account. Slides 17 and 18 show the results of 

the fits for the x offset and y offset, respectively. 

From the results of these fits, the NIS LOS offsets from the OPAS LOS are 

calculated. This is first done in mm space (slide 19), then converted to corresponding 

OPAS pixels (slide 20) taking into account the change in effective OPAS image pixel 

size as z increases. (Note that the definition of positive x and y in the precision survey 

and thus the mm space is different from the definition of positive (increasing) x and y 

pixel numbers – as indicated by the small coordinate system icons on slides 15-20. For 
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example, a negative y pixel offset between NIS LOS and OPAS LOS (slice 20) means the 

NIS LOS is above the TCC pixel in the OPAS image (and thus higher up and at larger y 

in mm space). Given that the NIS LOS is essentially a horizontal line this means the 

OPAS LOS is pointing down slightly.)   

For the location of the front and back of the NIS PHA (z=0.325 m and z=0.525 m, 

respectively, as used for the first NIF NIS imaging shot on 2/17/11), we find the NIS 

LOS offsets from the OPAS 90-135 LOS and TCC pixel to be -4.66 and -7.30 pixels in x, 

respectively, and to be -47.4 and -74.3 pixels in y, respectively.  

IV. Effects of Re-registration of OPAS 90-315 to TCC 

As a matter of practical experience, the effective TCC pixel in the OPAS 90-315 

images changes slightly as the OPAS is re-registered to TCC, periodically, using TAS. 

Originally attributed to potential small shifts in the OPAS LOS, more recent 

measurements (multiple registrations over the course of days) performed during the NIS 

commissioning and PHA alignment for the first neutron imaging shot on 2/17/11 indicate 

that OPAS seems very stable (e.g., relative to the aligned PHA) and that the observed 

pixel shift in registration to TCC may have other causes related to how TCC is defined 

using TAS. In one instance, for example, the re-registration of OPAS to TCC after less 

than a day (2/14-2/15/11) was found to change the expected position of target chamber 

center (TCC) by 13 pixels (>200 µm) in x. While the NIS system was determined to be 

sufficiently stable relative to the OPAS cameras and the target, the potential position of 

the target placement could be far outside the tolerances for NIS (Fittinghoff, Bower, et 

al., LLNL-TR-477431).  
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To deal with this problem of drifting OPAS TCC registration, the alignment 

sequence was changed to include a final alignment of the NIS pinhole to the target after 

the final OPAS registration to TCC. In this final alignment step, the new TCC pixel x-y 

coordinates are used together with the previously calculated NIS LOS x and y pixel 

offsets for front and back of the PHA (slide 22). In essence, the PHA is translated 

slightly, if necessary, to point at the newly defined TCC, while keeping the PHA at the 

same angle in space (keeping the same angular offset). This ensures that the PHA is 

pointing at TCC (the most stringent requirement) while still pointing at the scintillator 

albeit at a small offset from the scintillator center – the offset corresponding to the slight 

translation of the PHA performed in this final alignment step (slide 23).  

V. Conclusions 

The alignment system for the National Ignition Facility’s neutron imaging system 

has been commissioned. As part of this commissioning work, the NIS LOS has been 

characterized by precision surveys, and the angular offset between the OPAS 90-135 

LOS has been determined. Knowing the angular offset and assuming both NIS LOS and 

OPAS LOS pass through TCC, the x-y offset of the NIS LOS from the OPAS LOS as 

function of distance z from TCC was calculated in mm space (determined by a fit) and 

expressed in effective OPAS pixels using a predetermined expression for the effective 

OPAS image pixel size as function of z. Using the calculated desired pixel offsets for the 

front and back center of the PHA, the PHA was successfully placed onto the NIS LOS 

and the first neutron image from a NIF shot was obtained on 2/17/11. The OPAS 

registration to TCC and thus the x-y pixel corresponding to TCC in the OPAS image 

drifts slightly over time. The current PHA alignment strategy is to correct for those drifts 
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by slightly translating the PHA in x and y while keeping its angular alignment 

unchanged. This ensures that the PHA is pointing to TCC while causing only a small 

(acceptable) shift in the image on the scintillator. 

 A re-registration of the NIS LOS using another precision survey and OPAS 

should be considered on a 6-12 month timescale (slide 24) to determine any long-time 

drifts in NIS LOS (e.g., by subtly long-term movement of the building) and to investigate 

the long-term stability of OPAS. 

VI. Appendix 1—Presentation Materials
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