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1 Abstract 

The spatial dependence of the throughput of the multi-object spectroscopy (MOS) mode of 
NIRSpec was characterized by analyzing prism observations of the G-type star NGC 2506 – G31 
obtained at 10 locations spread across the field of view of the Micro-Shutter Assembly.  Ten 
ratio spectra were constructed by dividing the spectrum at each position by the median spectrum.   
Since individual ratio spectra were approximately constant between 2 and 4 μm, the median 
value over this wavelength interval was used to map systematic changes in the measured flux as 
a function of position.  Least-squares fits of a surface to these values indicate that the spatial 
variation of the throughput across the entire field-of view of the MSA is ~3.5% in the dispersion 
direction and ~2.5% in cross-dispersion direction. 

2 Introduction 

The NIRSpec Micro-Shutter Assembly (MSA) enables multi-object spectroscopy (MOS) at near-
infrared wavelengths over a 3.4´ × 3.6´ field of view (Ferruit et al. 2022).  Since light from 
different MSA locations illuminates the elements in the optical path at slightly different angles of 
incidence, the properties and spectrophotometric calibration of MOS spectra depend on position 
in the field of view in a systematic way.    

As described by Rawle et al. (2016), the spectrophotometric behavior of the NIRSpec is defined 
by 3 reference files that characterize 

• the throughput of the fore-optics (the F-Flat), which is used to convert instrumental
count rates to physical units;

• the throughput of the optical components of the spectrograph (the S-Flat); and
• the wavelength-dependent pixel responses of the near-IR detector (the D-Flat).

When there is a discrepancy between the information in this 

technical report and information in JDox, assume JDox is correct.
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The contributions of each of these reference files are further separated into two components:    
1. A spatially-independent vector that captures the “fast” variations (e.g., due to the blaze 

function of a grating) as a function of wavelength  
2. Data cube that characterizes the comparatively “slow” variations as a function of 

wavelength and position in the field of view. The JWST calibration pipeline computes the 
throughput of the entire optical system by interpolating and multiplying all 6 of these 
components. The position in the field of view is defined in terms of MSA shutters for the 
F-Flat, but in terms of detector pixels for the S- and D-Flats. 

 
Commissioning program 1128 “Spectrophotometric Sensitivity and Absolute Flux Calibration” 
(PI: Luetzgendorf) provided the observations necessary to define the F-Flat by observing a 
variety of flux standards at the “Q4 Field Point 1” fiducial reference point of the MSA. This 
report describes subsequent observations obtained in Cycle 1 to characterize the dependence of 
the MOS flux calibration on location in the field of view. 
 
3 Observations and Processing 
 
Cycle 1 calibration program 1493 “NIRSpec MOS F-Flat Characterization” (PI: Proffitt) 
collected observations of the G-type star NGC 2506 – G311 at 10 field positions, which are 
designated P01 through P10.   Figure 1 shows their locations in terms of the MSA shutters2  and 
the angular coordinate grid centered on the MSA (Δ𝑥௠௦௔,  Δ𝑦௠௦௔)  described in Appendix A. 
These positions were selected to sample the entire field of view accessible to the MSA, while 
also avoiding locations associated with defective microshutters.  Detailed information is 
provided in Table 1, which lists the designation, the name and date of the associated observation, 
the location of the central shutter of the MSA slitlet, and its position in MSA angular coordinates. 
 
The JWST MSA Planning Tool (MPT) was used to plan these observations carefully, with 
special effort devoted to ensuring that G31 would be centered in a 3-shutter slitlet.  All 
spectroscopic observations were made with the CLEAR/PRISM configuration of NIRSpec, 
which provides broad wavelength coverage from 0.6 to 5.3 μm. The observational sequence 
consisted of: 

1. An MSA target acquisition (MSATA) to place G31 accurately at the middle of the central 
shutter of the specified 3-shutter slitlet.  Three of the MSATAs supported observations at 
two pointings, so only 7 MSATAs were required to execute the program. 

2. Acquisition of an NRS_CONFIRM image to verify the placement of the target after each 
reconfiguration of the MSA (i.e., for each pointing).   

3. Spectroscopic exposures in a 3-shutter nod that offset the target in the cross-dispersion 

 
1 Hereafter referred to as G31.  G31 is a candidate for use as a spectrophotometric standard star (Gordon et al. 2022).  
See also Rieke et al. (2024). 
2 The designation of MSA rows and columns follows the convention illustrated by Ferruit et al. (2022; their Figure 
4), where “columns” denote the dispersion direction and “rows” denote the cross-dispersion (spatial) direction.  
These designations are consistent with the convention of identifying specific shutters by quadrant Q, column CCC, 
and row RRR as qQdCCCsRRR. In contrast, the SHUTTER_INFO table included in MSA files transposes the 
designation of columns and rows.   



Characterizing the field-dependent throughput  JWST-STScI-009460, SM-12 
of NIRSpec MOS observations  Revision - 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 3 - 

direction to enable subtraction of the local background. Individual exposures used the 
NRSIRS2RAPID readout pattern with (NGROUPS, NINTS) = (10, 2).   

 
The program executed as planned except for the observation at P01, where only the spectrum at 
the central nod position was recorded successfully.   
 

 
Figure 1:  Location of the 10 slitlets in terms of their central MSA shutter and their angular offsets with 
respect to a frame centered on the MSA.  Different colors distinguish the 4 quadrants of the MSA.  The 

location of Q4 Field Point 1 (FP1) used for absolute flux calibration is also indicated. 
 

 
Uncalibrated data files and the associated MSA files were retrieved from MAST.  Although 
many other sources in NGC 2506 were observed simultaneously at each pointing, the MSA files 
were modified to process only the spectrum of G31 (SOURCEID = 4154) for the purpose of this 
analysis. The uncalibrated data files were processed through the steps of stage1 (detector1) of the 
JWST calibration pipeline (version 2.0.1; CRDS context jwst_1535.pmap), which included 
corrections for 1/f “flicker” noise and the “picture frame” effect.  The resulting rate files were 
passed through the stage2 (spec2) calibration pipeline to remove the background by using the 
“pixel-by-pixel” subtraction method and calibrate spectra at each nod position in the slitlet.  
These manipulations included the improved pathloss corrections described by Manjavacas et al 
(2026).  However, since the aim of this analysis was to quantify the total field dependence 
associated with MOS observations, the default versions of the S-Flat reference files assigned to 
jwst_1535.pmap were overridden so that only the correction for the “fast” spectroscopic 
variation was incorporated in the processing.   Table 2 lists the key reference files that were used 
for this analysis.  
 
The *_cal.fits files produced by the spec2 pipeline for the nods at each position P01 – P10 
were subsequently coadded by the spec3 pipeline. After recentering the extraction aperture on 
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the position of the spectral trace in the coadded *_s2d.fits file, the extract_1d routine 
was used to extract the PRISM spectrum of G31. The measured S/N varied modestly among the 
10 spectra but was typically ~260 at 3 μm. 
 

Table 1: MSA locations sampled by Calibration Program 1493 

Position Rootname Date Detector MSA Shutter MSA Angular Coordinates 

    Quad Column Row 𝚫𝒙𝒎𝒔𝒂 
[arcsec] 

𝚫𝒚𝒎𝒔𝒂 
[arcsec] 

FP1 … … NRS1 Q4 250 25 −78.33 −31.45 

P01 jw01493003001_04101 2023-03-06 NRS1 Q4 54 137 −25.80 −90.81 

P02 jw01493003001_04103 2023-03-06 NRS1 Q4 307 134 −93.61 −89.22 

P03 jw01493003002_03101 2023-03-07 NRS1 Q4 309 11 −94.14 −24.03 

P04 jw01493003003_04101 2023-03-14 NRS1 Q3 312 19 −94.95 99.29 

P05 jw01493003003_04103 2023-03-14 NRS1 Q3 20 16 −16.69 100.88 

P06 jw01493003004_03101 2023-03-14 NRS1 Q3 57 152 −26.61 28.80 

P07 jw01493003005_03101 2023-03-14 NRS2 Q2 260 8 39.74 −22.44 

P08 jw01493003006_03101 2023-03-14 NRS2 Q2 49 140 96.29 −92.40 

P09 jw01493003007_03101 2023-03-14 NRS2 Q1 54 153 94.95 28.27 

P10 jw01493003007_03103 2023-03-14 NRS2 Q1 56 22 94.41 97.70 

 
Table 2: Reference files used in this analysis 

Reference File Detector NRS1 Detector NRS2 

F-Flat jwst_nirspec_fflat_0152 jwst_nirspec_fflat_0152 

S-Flat jwst_nirspec_sflat_0166 jwst_nirspec_sflat_0202 

D-Flat jwst_nirspec_dflat_0001 jwst_nirspec_dflat_0002 

Pathloss jwst_nirspec_pathloss_0010 jwst_nirspec_pathloss_0010 
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Figure 2:  Target confirmation images for G31 at the 10 field positions.  The detector (x, y) pixel coordinates of the 
center of the middle shutter of the 3-shutter slitlet are indicated.  Since the images are displayed with the same 
intensity scale, the degree of saturation reflects the placement of the point-spread function on the underlying pixel 
grid of the detector; i.e., whether the peak flux lands on a single pixel or is distributed across multiple pixels.  
 
4 Analysis 
 
4.1  Target Acquisition and Centering 
Analysis of the NRS_TACONFIRM images obtained as part of the 7 MSATA executions in 
program 1493 confirmed that the residual pointing offsets computed from the reference stars 
were small: less than 9 mas in 6 cases and approximately 12 mas for the remaining one (T. 
Keyes, private communication).  
 
Figure 2 shows the position of G31 in the NRS_CONFIRM images obtained immediately prior 
to the spectroscopic observations at each field point.  The axes indicate the offset with respect to 
the detector coordinates computed from world-coordinate systems of the *_cal.fits images 
for the middle of the central shutter of the specified MSA slitlet.  Although the centering of the 
stellar image is difficult to quantify due to saturation, the MSATA appears to have positioned 
G31 quite accurately within the slitlet in all cases. The maximum predicted offsets from the 
center of a shutter listed in the MSA files are (Δx, Δy) = (0.01, 0.02) in normalized shutter 
coordinates, which have entirely negligible pathloss corrections; see Manjavacas et al. (2026).  
Although relative offsets in the dispersion direction can in principle be determined by cross-
correlating each spectrum with a reference spectrum, the top panels of Figure 4 show that the 
spectrum of G31 does not contain spectral features that are sufficiently strong to perform this 
analysis reliably. 
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Figure 3: Variation of the observed flux of G31 as a function of position in the field and wavelength. 
 
4.2  Spatial Variations of the Flux Calibration 
 
4.2.1  Description 
The variations of the observed flux at positions P01 – P10 were examined by computing the ratio 
of each spectrum to a reference spectrum.  Since this analysis is purely differential, it does not 
depend on the specific choice of the reference spectrum.  For simplicity, the median of the 10 
input spectra was selected. 
 
Figure 3 provides a qualitative illustration of the behavior of the ratio spectra as a function of 
their positions projected onto the focal plane.  Coarse wavelength information is included by 
dividing the ratio spectra into 10 wavelength bins with equal widths.  The median value of the 
ratio in each bin is coded to show (deficits, excesses) with respect to the reference spectrum as 
shades of (blue, red) with intensities that scale with the size of the deviation.  The dominant trend 
is a left-to-right shift from blue to red, which indicates that the measured flux increases by 3 – 
4% in the dispersion direction (i.e., the Detector X or ∆𝑥௠௦௔ coordinate).   Trends in the 
(Detector Y, ∆𝑦௠௦௔) direction are more subtle. Figure 3 also suggests that the variations depend 
on wavelength in a complicated way.  
 
Figure 4(a) provides a more quantitative assessment of the field dependence by plotting the 
reference spectrum (top panel); the 10 ratio spectra (middle panel); and the median absolute 
deviation of the ratio spectra as a function of wavelength (lower panel).  The middle panel shows 
that the ratio spectra are reasonably constant between 2 and 4 μm with median values between 
~0.98 and 1.02.   The largest outlier is the ratio spectrum at P04, which exhibits a value of ~0.96 
in this central wavelength region.  This large deficit is also apparent in Figure 3.   
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Figure 4: Variability of the ratio spectra as a function of wavelength for the 10 field positions. Top: the 
median reference spectrum of G31. Middle:  the ratio spectra.  Bottom: the median absolute deviation of the 
ratio spectra.  Column (a) illustrates the measurements, while Column (b) illustrates the reduction in scatter 
that results from dividing by the surface fit S2 described in Section 4.2.2.   The inset in the lower-right panel 

shows the ratio of the two median absolute deviation distributions. 
 
The ratio spectra exhibit substantially larger excursions at the short- and long-wavelength 
extremes of the interval covered by the prism spectra.  Although a random component of this 
variability might be due to decreased S/N, caused by either the rapidly declining instrument 
throughput (at shorter wavelengths; see Appendix B) or reduced stellar flux (at longer 
wavelengths), systematic variations must be caused by effects in the optical path that are 
inaccurately corrected at the short- and long-wavelength extremes by currently available 
reference files.  The spectrum at P01 exhibits the largest long-wavelength excursion, which 
might be attributed to the failure of the observations at nods 2 and 3. The variations at the short-
wavelength end could be enhanced by the interplay between small residual wavelength offsets 
and the very steep decline in the product of the fast vectors for the F-, S-, and D-Flat fields at 
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wavelengths shortward of ~1.0 μm; see Appendix B.   
 
4.2.2 Characterizing the Spatial Dependence 
Since the ratio spectra of G31 are approximately constant between 2 and 4 μm, the median value 
over this interval, ⟨R24⟩, was used to characterize the field dependence of the MSA flux 
calibration.  The program scipy.optimize.curve_fit was used to perform a least-
squares fit of a smooth surface 𝑆(Δ𝑥௠௦௔,Δ𝑦௠௦௔) to the values of ⟨R24⟩ listed in Table 3.  The 
modest number of field points limited the complexity of the surfaces that could be fit to either a 
plane 𝑆ଵ(Δ𝑥௠௦௔,   Δ𝑦௠௦௔)  = 𝑐଴ + 𝑐ଵ Δ𝑥௠௦௔ +  𝑐ଶ Δ𝑦௠௦௔ 
 
or a quadratic surface 
 𝑆ଶ(Δ𝑥௠௦௔,   Δ𝑦௠௦௔)  = 𝑐଴ + 𝑐ଵΔ𝑥௠௦௔ +  𝑐ଶΔ𝑦௠௦௔ + 𝑐ଷ∆𝑥௠௦௔∆𝑦௠௦௔ + 𝑐ସ∆𝑥௠௦௔ଶ +  𝑐ହ∆𝑦௠௦௔ଶ    
Figure 5 illustrates the fits to the surfaces S1 and S2, while Table 4 records the coefficients, their 
uncertainties, and the residual sum of squared (RSS) for both fits.  The residuals at each field 
point (in the sense observed value – calculated value, O – C) associated with both fits are listed 
in Table 3.  For both surfaces, the constant term c0 ≈1.0, as expected for an ensemble of ratio 
spectra normalized by their median.   
 
Table 3 indicates that the fit of the quadratic surface S2 provides smaller O – C values at most 
positions, so it is adopted as the better numerical description of the field dependence of the 
throughput. The coefficients c1 and c2 of the fit represent the mean rate of change of the ratio ⟨R24⟩ as a function of  Δ𝑥௠௦௔ and Δ𝑦௠௦௔ , respectively.3  Since the angular extent of the MSA in 
both directions is ~220 arcsec, the estimated change over the field of view is 3.6% in Δ𝑥௠௦௔ and 
−2.5% in Δ𝑦௠௦௔.  Column (b) of Figure 4 shows that this field dependence can be reduced by 
~50% in the central wavelength region when the surface fit S2 to ⟨R24⟩ is used to renormalize the 
residual spectra.4   
 

 
3 Note also that the values of these coefficients are quite similar for surfaces S1 and S2. 
4 Implementing a similar correction in the JWST calibration pipeline requires that the S-Flat “slow” variation 
described by Nikolov et al. (2025) is incorporated in the analysis. 



Characterizing the field-dependent throughput  JWST-STScI-009460, SM-12 
of NIRSpec MOS observations  Revision - 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 9 - 

 

 
 
 

Figure 5:  Fits to ⟨R24⟩ of the linear surface S1 (top) and quadratic surface S2 (bottom). 
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Table 3:  Surface fit inputs and residuals 

Position MSA Shutter 𝚫𝒙𝒎𝒔𝒂 𝚫𝒚𝒎𝒔𝒂 ⟨R24⟩ O – C 

 Quad Column  Row [arcsec] [arcsec]  S1 S2 

P01 Q4 54 137 −25.80 −90.81 1.0122 0.0076 0.0033 

P02 Q4 307 134 −93.61 −89.22 0.9954 0.0022 −0.0025 

P03 Q4 309 11 −94.14 −24.03 0.9882 0.0030 0.0012 

P04 Q3 312 19 −94.95 99.29 0.9573 −0.0127 0.0020 

P05 Q3 20 16 −16.69 100.88 0.9819 −0.0008 −0.0018 

P06 Q3 57 152 −26.61 28.80 0.9913 0.0015 −0.0040 

P07 Q2 260 8 39.74 −22.44 1.0141 0.0071 0.0029 

P08 Q2 49 140 96.29 −92.40 1.0072 −0.0176 −0.0019 

P09 Q1 54 153 94.95 28.27 1.0122 0.0023 −0.0001 

P10 Q1 56 22 94.41 97.70 1.0088 0.0074 0.0010 

 
Table 4: Coefficients of the surface fits to ⟨R24⟩ 

Coefficient Units S1 S2 

c0 … 0.998 ± 0.003 1.005 ± 0.002 

c1 ×10-4 arcsec-1 1.64 ± 0.41 1.63 ± 0.15 

c2 ×10-4 arcsec-1 −1.22 ± 0.41 −1.12 ± 0.16 

c3 ×10-6 arcsec-2 … 1.13 ± 0.20 

c4 ×10-6 arcsec-2 … −0.82 ± 0.29 

c5 ×10-6 arcsec-2 … −0.47 ± 0.29 
    

RSS × 10-4 6.569 0.545 

 
 
 
 



Characterizing the field-dependent throughput  JWST-STScI-009460, SM-12 
of NIRSpec MOS observations  Revision - 

 
Check with the JWST SOCCER Database at: https://soccer.stsci.edu 

To verify that this is the current version. 
 

 - 11 - 

 
Table 5: Fit coefficients for the surface S2 to individual wavelength bins 

Coeff Units λc [μm] 

  0.836 1.306 1.775 2.245 2.714 3.183 3.653 4.122 4.592 5.061 

c0 … 1.011  
±0.004 

1.013 
±0.006 

1.013  
±0.003 

1.006  
±0.002 

1.003  
±0.003 

1.003  
±0.004 

1.006  
±0.003 

1.011  
±0.006 

1.017 
±0.009 

1.021  
±0.011 

            

c1 
×10-4 

arcsec-1 
3.30  

 ±0.28 
1.52  

±0.36 
1.67 

±0.20 
1.88 

±0.12 
1.75 

±0.17 
1.47 

±0.22 
1.53 

±0.19 
1.14 

±0.37 
0.67 

±0.54 
1.24 

±0.67 
            

c2 
×10-4 

arcsec-1 
0.47  

±0.28 
−0.93  
±0.37 

−1.29 
±0.20 

−1.13 
±0.12 

−1.25 
±0.18 

−1.32 
±0.22 

−0.95 
±0.19 

−1.05 
±0.38 

−1.47 
±0.55 

−1.47 
±0.68 

            

c3 
×10-6 

arcsec-2 
−1.092 
±0.36 

0.80 
±0.47 

0.33 
±0.26 

0.67 
±0.16 

0.95 
±0.22 

1.12 
±0.29 

1.49 
±0.25 

1.69 
±0.48 

1.63 
±0.70 

2.08 
±0.87 

            

c4 
×10-6 

arcsec-2 
−2.10 
±0.53 

−1.63 
 ±0.69 

−1.20 
±0.38 

−0.58 
±0.23 

−0.87 
±0.33 

−0.80 
±0.42 

−0.89 
±0.36 

−1.13 
±0.70 

−2.08 
±1.03 

−2.29 
±1.28 

            

c5 
×10-6 

arcsec-2 
−0.44 
±0.52 

− 0.99 
±0.67 

−0.98 
±0.37 

−0.64 
±0.23 

−0.23 
±0.32 

−0.23 
±0.41 

−0.59 
±0.36 

−1.10 
±0.69 

−0.96 
±1.01 

−1.34 
±1.25 

            

RSS × 10-4 1.771 2.950 0.894 0.336 0.673 1.095 0.822 3.091 6.588 10.211 

Note: λc is the central wavelength of the bin.  Each bin is 0.469 μm wide. 
 
4.2.3 Characterizing the Wavelength Dependence 
The wavelength dependence of the throughput was examined by fitting the surface S2 to the 
individual wavelength bins illustrated in Figure 3.  The coefficients determined from these fits 
are tabulated in Table 5 and compared with the value obtained from the fit to ⟨R24⟩ in Figure 6. 
The wavelength-dependent coefficients generally lie within the 3σ uncertainties of their value 
determined from ⟨R24⟩, which confirms that the field variations estimated from ⟨R24⟩ are broadly 
representative.   Several coefficients exhibit trends with wavelength, in particular c3 which 
characterizes the spatial co-variation ∆𝑥௠௦௔ × ∆𝑦௠௦௔.  This behavior is another manifestation of 
the complicated, wavelength- and position-dependent trends evident in Figure 3.  
 
However, Figure 6 also indicates that the coefficients derived for the bin with the shortest 
wavelength differ significantly from the values derived for other bins.  Similarly, the coefficients 
for the two longest wavelength bins are often only marginally within 3σ of the values determined 
from ⟨R24⟩.   This behavior is consistent with the larger scatter in the ratio spectra at the short- 
and long-wavelength extremes illustrated in Figure 4.  Evidently the optical elements of 
NIRSpec add wavelength-dependent effects that are distinct from the general trends associated 
with the field dependence of the throughput.  These effects may be mitigated by the wavelength-
dependent corrections contained in the “slow” component of the S-Flat (Nikolov et al. 2025), 
which are not incorporated in the present analysis.  
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Figure 6:  Coefficients of the fits of the surface S2 to individual wavelength bins of the ratio spectra (blue 

dots) are compared with their counterparts obtained from the fit to ⟨R24⟩ (solid black line).  The 1, 2, and 3σ 
uncertainties for the ⟨R24⟩ coefficients are indicated by decreasing shades of gray. 
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5 Conclusions 
 
Prism spectra of G31 obtained at 10 field points distributed across the MSA quadrants were used 
to quantify the spatial and wavelength dependence of the MOS throughput. Analysis of this 
sparse data set indicates that the throughput changes by ~3.5% in the dispersion direction and 
~2.6% in the cross-dispersion direction over the full angular extent of the MSA.  Although the 
smoothly varying component of this field dependence is not a strong function of wavelength 
between 2 and 4 μm, it does not account for significant additional variability that is present at the 
shortest and longest wavelengths.   
 
The “slow” data cubes in the F- and S-Flat reference files provide mechanisms to correct the flux 
calibration of MOS spectra for this field dependence. Nikolov et al. (2025) describe the initial 
implementation of these corrections in S-Flat files based on internal lamp data obtained during 
commissioning.  Work is ongoing to determine whether additional position-dependent 
corrections need to be added to the F-Flat reference file. 
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Appendix A: Construction of an Angular Co-ordinate Grid 
 
An approximate angular coordinate grid that encompasses all four quadrants of the MSA was 
constructed from the parameters given by Ferruit et al. (2022) and listed in Table A1.  The 
coordinates (∆𝑥௠௦௔ , ∆𝑦௠௦௔) are specified in arc seconds with respect to the center of the MSA. 
 

Table A1: Adopted parameters of the MSA 

Description  Dispersion Direction  Cross-Dispersion Direction 

 Parameter Value  Parameter Value 

Number of shutters n_msa_x 365  n_msa_y 171 

Shutter dimension shutter_width 0.199 arcsec  shutter_height 0.461 arcsec 

Average shutter pitch msa_pitch_x 0.268 arcsec  msa_pitch_y 0.530 arcsec 

Gap between MSA quadrants  msa_gap_x 23 arcsec  msa_gap_y 37 arcsec 

 
With these parameters, the coordinates (in arcsec) of MSA shutter with (column, row) = (C, R) 
in each quadrant Q is:  

Q1: { 
 Δ𝑥௠௦௔ = (𝑛_𝑚𝑠𝑎_𝑥 − 𝐶) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑥 + 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑥 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_𝑤𝑖𝑑𝑡ℎ) Δ𝑦௠௦௔ = (𝑛_𝑚𝑠𝑎_𝑦 − 𝑅) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑦 + 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑦 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_ℎ𝑒𝑖𝑔ℎ𝑡) 
 

Q2: { 

 Δ𝑥௠௦௔ = (𝑛_𝑚𝑠𝑎_𝑥 − 𝐶) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑥 + 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑥 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_𝑤𝑖𝑑𝑡ℎ) Δ𝑦௠௦௔ = −(𝑅 − 1) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑦 − 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑦 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_ℎ𝑒𝑖𝑔ℎ𝑡) 
 

Q3: { 

 Δ𝑥௠௦௔ =  −(𝐶 − 1) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑥 − 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑥 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_𝑤𝑖𝑑𝑡ℎ) Δ𝑦௠௦௔ = (𝑛_𝑚𝑠𝑎_𝑦 − 𝑅) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑦 + 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑦 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_ℎ𝑒𝑖𝑔ℎ𝑡) 
 

Q4: { 

 Δ𝑥௠௦௔ =  −(𝐶 − 1) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑥 − 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑥 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_𝑤𝑖𝑑𝑡ℎ) Δ𝑦௠௦௔ = −(𝑅 − 1) ∗ 𝑚𝑠𝑎_𝑝𝑖𝑡𝑐ℎ_𝑦 − 0.5 ∗ (𝑚𝑠𝑎_𝑔𝑎𝑝_𝑦 + 𝑠ℎ𝑢𝑡𝑡𝑒𝑟_ℎ𝑒𝑖𝑔ℎ𝑡) 
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Appendix B: Wavelength dependence of the “Fast” Flat-Field Vectors 
 

 
 

Figure B1: “Fast” vectors for the D-, F-, and S- Flats listed in Table 2 for NRS1 and their product.   The 
vectors for the F- and S-Flats have been renormalized for the purpose of illustration. The S-Flat vector for 

NRS2 is also shown for comparison.  Note the steep gradients in the vectors shortward of 1 μm. 
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