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1 Abstract 
We describe the data and method used to calculate the system throughput values for all 
NIRCam filters. These system throughput curves are the product of similar curves for the 
filters themselves, the NIRCam optics, detector quantum efficiency (QE), dichroic beam 
splitter, as well as the JWST Optical Telescope Element. In addition, we describe the 
throughput curves for the optical elements associated with coronagraphic observations, as 
well as the weak lenses to be used for science observations. 

2 Introduction 
The efficiency with which an astronomical instrument converts incident flux into 
measured signal is an important property often referred to as the system throughput. For 
JWST instruments, the system throughput, including effects from all JWST and 
instrument optical surfaces, is referred to as the Photon-to-Electron Conversion 
Efficiency (PCE). For the purposes of this report, we use the term PCE when discussing 
the total system throughput, but retain the term "throughput" when speaking about parts 
or components of the instrument. 
Knowledge of NIRCam's PCE is important for observation planning and photometric 
calibration. First, an accurate measurement of PCE allows potential observers to predict 
NIRCam signal levels for given astronomical sources and observing conditions. This 
allows them to choose exposure times and observation strategies necessary to obtain data 
with the appropriate signal levels for their science goals. In practice, the NIRCam team 
delivers measurements of the PCE to the Exposure Time Calculator (ETC), which 
observers can then use to plan observations.  While not officially supported for JWST, we 
also create PCE curves that can be used in pysynphot1 (Lim et al. 2015), which can also 
be used to help plan observations. 

1 http://ssb.stsci.edu/pysynphot/docs/ 

When there is a discrepancy between the information in this 
technical report and information in JDox, assume JDox is correct.
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In addition, an accurate knowledge of PCE is integral to a high quality photometric 
calibration of NIRCam data. PCE curves are used to calculate the photometric zero points 
of the NIRCam filters. These in turn allow NIRCam photometry results to be placed into 
a common photometric system, such as the VEGAMAG or ABMAG systems. 
Finally, PCE curves are needed to calculate reference wavelengths for filters and "color 
corrections" that convert measured in-band fluxes to monochromatic fluxes at the 
reference wavelengths for specified source spectra.  

3 Data 
All NIRCam-specific inputs were obtained from various sources via the University of 
Arizona NIRCam Science Team. The throughput curve for the Optical Telescope 
Element (OTE) was obtained from Telescopes group at STScI. Table 1 provides more 
details on the sources of the data. For reference, figure 1 shows a schematic of NIRCam, 
where various optical elements are indicated. Using these data, we generate PCE curves 
for each filter in each of NIRCam’s two modules. We also generate module-averaged 
versions of the PCE curves. The latter have been delivered to the ETC.  
 
Table 1: Sources of data used to calculate NIRCam PCE and throughput curves 

Element Source Filename Notes 
Filter Barr (1) (e.g.) F356W_FM.xlsx One file for each filter 

DBS(2) JDS Uniphase (e.g.) F356W_FM.xlsx Some spreadsheets contained 
erroneous curves 

QE Barr (1) (e.g.) F356W_FM.xlsx Polynomial coefficients 
Mirror coatings Denton (3) NIRCam_optics_transmission.csv  
Triplets, collimator JDS Uniphase NIRCam_optics_transmission.csv  

Particulates, NVR (4) LMATC (5) 
modeling NIRCam_optics_transmission.csv 

Modeling based on values from 
cleanliness budget. NVR values 
from modeling and measurements 
of possible NVR constituents 

Scatter LMATC (5) nircam_optics.dat Channel-averaged value 
OTE STScI jwst_telescope_ote_throughput.fits Non-NIRCam optics 

Coronagraphic Optical 
Substrate Barr (1) COM_Substrate_Transmission_201510

28_JKrist.csv 

Includes substrate and anti-
reflection coating. Module A 
substrate referred to as ‘eng04’, 
‘Eng 4’,’04dot’ in Barr and JPL 
documents. Serial number ‘04’ 
lithographed on it. 

Coronagraphic Pupil 
Mask + Wedge Barr (1) SW-Lyot_Transmission.dat,LW-

Lyot_Transmission.dat 
Includes Lyot wedge and anti-
reflection coating 

Weak Lens +4 Barr (1) WLp4_Transmission_2014.dat Weak Lens only 

Weak Lens +8 Barr (1) WeakLens8_Transmission_Oct2012_B
all.dat Weak lens only 

 
Polynomials for calculating the QE curves are present in all of the individual filter 
throughput spreadsheets. (1) Barr Associates is now known as Materion, (2) Dichroic 
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Beam Splitter, which reflects wavelengths shorter than 2.4 mm to the shortwave channel, 
and allows long wavelength light to pass through into the longwave channel. (3) Denton 
Vacuum,  (4) NVR is non-volatile residue,  (5) Lockheed Martin Advanced Technology 
Center and (6) Ball Aerospace. 
 

 
Figure 1: Layout of one module of the NIRCam instrument. We use the term “triplets” when 
referring to the short or long wavelength camera lens groups. 

3.1 Filters 
The throughput data for the NIRCam filters were acquired in the form the excel 
spreadsheets provided by the filter coating vendor, Barr Associates. For easier integration 
with data from other components, we extract these data and place them into ASCII files. 
Figure 2 shows the filter-only throughput plot for the F356W filter. 
Filters are mounted in a paired pupil wheel and filter wheel within each channel of 
NIRCam. Incoming light passes through the pupil wheel first, followed by the filter 
wheel. When requested for an observation, filters mounted in the filter wheel are 
nominally paired with a clear aperture in the pupil wheel. There is no clear aperture in the 
filter wheel. As a result, when observing with a filter mounted in a pupil wheel, a paired 
filter within the filter wheel must also be used. For example, the F323N filter, which is 
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mounted in the pupil wheel, is paired with the F322W2 filter in the filter wheel when 
making observations. The full list of pupil wheel-mounted filters and their filter wheel-
mounted counterparts is given in table 2. When calculating throughput values for a pupil 
wheel-mounted filter, we therefore also incorporate the throughput curve for the 
appropriate paired filter wheel-mounted filter. 
 

 
Figure 2:  Example plot showing the module-averaged filter-only throughput for F356W. 

 
Table 2: List of filter wheel based blocking filters 

used with each of the filters mounted in the pupil wheel. 
Pupil Wheel Filter Paired Filter Wheel Filter 

F416N F150W2 
F162M F150W2 
F323N F322W2 
F405N F444W 
F406N F444W 
F470N F444W 

 

3.2 DBS 
The next throughput contributor we consider is the dichroic beam splitter (DBS). The 
DBS for each module directs incoming illumination to the shortwave (SW) or longwave 
(LW) channel depending on its wavelength. Photons with wavelengths shorter than 
roughly 2.3 microns reflect off of the DBS and are directed into the SW channel. Longer 
wavelength photons are transmitted through the DBS and enter the LW channel. For this 
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discussion, we use "reflection" and "transmission" rather than SW and LW, as the former 
give a better idea of the physical situation occurring at the dichroic. 
The initial DBS throughput curves are present in the filter throughput excel spreadsheets 
obtained from the University of Arizona. Testing of these curves revealed a significant 
error in the module A reflection values. For wavelengths longer than about 2.30 microns, 
there is an unexpected "shoulder" present in the reflection curve, as seen in the orange 
line in figures 3 and 4. Further, in this wavelength region, the sum of transmission and 
reflection curves is significantly higher than 1.0, indicating that the reflection values must 
be incorrect. 
 

 
Figure 3: DBS throughputs for module A. The orange curve shows the erroneous values in the SW 
curve, which were replaced by those in the blue curve. 
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Figure 4: Enlarged view of figure 3 showing the wavelength range in which we calculated the 
updated DBS curve. The green curve shows the calculated absorption curve. 

 
We calculate a corrected version of the module A reflection curve using the module A 
transmission values, with some help from the module B values, as follows. 
In addition to reflection and transmission, we must also account for the fraction of 
photons that are absorbed by the DBS at each wavelength. Ideally the sum of the DBS 
reflection, transmission, and absorption values should equal 1.0 at each wavelength. We 
begin by calculating the absorption curve of the DBS. We assume that the module B data 
in the excel spreadsheets are correct, and also that the absorption curve is identical for the 
module A and module B DBS. We calculate the sum of the module B reflection and 
transmission curves, and subtract this from 1.0. This results in the absorption curve.  
We then calculate the updated module A reflection values. For wavelengths longer than 
2.27 microns, we calculate the sum of the absorption and transmission curves, and 
subtract this from 1.0, producing updated reflection values. For wavelengths shorter than 
2.27 microns, where the sum of the original reflection, transmission, and absorption 
values was less than 1.0, we assume the original reflection values are correct.  The 
resulting corrected reflection curve is shown in blue in figures 3 and 4. The dashed pink 
line in figure 4 shows the module B reflection data, for comparison with our corrected 
module A version. The two curves appear very similar. 

3.3 Other Optics 
Measured throughput curves for the NIRCam optics are also provided by the University 
of Arizona team. Contained under the 'optics' umbrella are the throughput effects for all 
of the optical surfaces in NIRCam between the pick-off mirror and the detector housing, 
excluding the DBS and filters. Present in the optics table file are throughput curves for 
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the collimator, SW and LW triplets, and SW and LW mirrors. The term 'triplet' is used to 
refer to the 'camera lens groups' seen in figure 1. Also included in the optics information 
are curves which quantify the throughput effects of particulates on the optical surfaces, as 
well as non-volatile residue (NVR). The throughput curves for all of these effects are 
shown in figure 5. 
Similarly, we use data on the throughput effects of scatter Rather than a full spectrum of 
throughput values at all wavelengths, the scatter values are channel averages. We use a 
value of 0.984 for filters in the SW channel, and 0.989 for those in the LW channel. 
 

 
Figure 5: Throughput curves for each of the components in the optics file. The curves for the mirrors 
and particulates have been broken out into the separate, upper plot to reduce clutter in the 0.9 – 1.0 
region. 

3.4 QE 
We next include the quantum efficiency (QE) curves for the NIRCam detectors. QE 
values to use in the throughput calculations are also provided in the filter throughput 
excel spreadsheets. The QE was estimated by the detector manufacturer at discrete 
wavelengths and was found to be very similar for all SW parts characterized, resulting in 
a single curve being used for all parts. Part-to-part variations were seen to be significant 
for the LW parts, resulting in distinct curves for the two flight parts. Polynomial fits to 
those data were provided by the instrument PI. We interpolate those polynomial curves to 
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produce the discrete measurements for PCE predictions. For both channels, the 
polynomial fits to the QE data followed equation 1. 
 

 𝑄𝐸 = 𝑎!×(𝑎! + 𝑎!×𝜆 − 𝑎!×𝜆! + 𝑎!×𝜆! +⋯ ) (1) 
 
 
 
 
 
Table 3: Polynomial coefficients used in equation 1 to construct the QE curves. 

Channel 𝒂𝟎 𝒂𝟏 𝒂𝟐 𝒂𝟑 𝒂𝟒 𝒂𝟓 𝒂𝟔 𝒂𝟕 
SW 1.00 0.65830 -0.05668 0.25580 -0.08350 0 0 0 
LWA 0.88 0.934871 0.051541 -0.281664 0.243867 -0.086009 0.014509 -0.001 
LWB 1.00 2.9104951 -2.182822 0.7075635 -0.071767 0 0 0 

For the SW channel, the coefficients in table 3 are good only out to 2.38 microns, at 
which point the QE of the detectors goes to zero. In order to avoid a step function at this 
point, we multiplied an exponential into the SW QE curve at wavelengths longer than 
2.38 microns, as seen in equation 2. The resulting QE curves for all channels are shown 
in figure 6. 
 

  
𝑄𝐸!" =

𝑄𝐸,                                 𝜆 < 2.38𝜇𝑚
𝑄𝐸×𝑒(!.!"!!)×!"",      𝜆 ≥ 2.38𝜇𝑚 (2) 

 

 
Figure 6: NIRCam QE curves. 
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3.5 OTE Throughput 
Finally, the throughput data for the Optical Telescope Element (OTE) are provided by the 
Telescopes Branch at STScI. This table contains the throughput information for the 
optical surfaces on JWST that are outside of the individual instruments. The current 
throughput curve is shown in figure 7. 
 

 
Figure 7: OTE throughput. 

4 Method 
In order to calculate the throughput curves for all NIRCam filters, we interpolate the 
throughput curves listed in section 2 to place them all on the same wavelength grid, and 
multiply them together. Figures 8 shows the development of the PCE curve for the 
module A F356W filter as each of the individual components are multiplied in. Figure 9 
shows a similar curve for the module A F405N filter, which is housed in the pupil wheel 
and therefore includes the throughput effects of the F444W blocking filter. Figure 10 
shows the final module-averaged PCE curves for all NIRCam filters. 
We create several different versions of the throughput files, as various users of the tables 
have different needs. For example, these files will be provided to the JWST ETC team so 
that they may be used to estimate observed signal levels and help determine observation 
details. As the ETC team maintains their own copy of the OTE curve, the NIRCam team 
must deliver throughput files that contain NIRCam instrument-only effects. In addition, 
the ETC does not currently differentiate between the two NIRCam modules. We 
therefore provide module-averaged, instrument-only throughput files.  
We also create throughput files compatible with the pysynphot software package. (Lim et 
al. 2015) Pysynphot allows users to simulate HST observations. While there are no plans 
to officially support pysynphot for JWST, these files do allow pysynphot to simulate 
NIRCam observations. Unlike the ETC, pysynphot does not maintain their own OTE 
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throughput curve, and therefore requires the NIRCam team to provide the full PCE 
curves. Pysynphot also differentiates between the A and B modules, and requires separate 
PCE curves for each filter in each module. 
 
 

 
Figure 8: Plot showing the effects of multiplying each component into the throughput curve for the 
module A F356W filter. 
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Figure 9: Same as figure 8, but for the module A F405N filter, which is mounted in the pupil wheel. 
As a result, the effects of the F444W blocking filter are also present. 

 
Therefore, we save three different versions of the throughput files and calculate module-
specific versions as well as the module-average versions for each. 
The first set of throughput curves includes only the effects of the filters. The only new 
output in this case is a set of curves for the mean across the two modules for each filter. 
These curves will likely not be useful for many purposes. The second set of throughput 
curves includes only NIRCam instrument-specific effects. The module-averaged version 
of these files will be delivered to the ETC team. Finally, we construct the full PCE 
curves, which include the effects of NIRCam and the OTE. The module-specific versions 
of these files will be delivered to the pysynphot team. All versions of these files are 
currently available for download from the Filters webpage on the STScI NIRCam 
website2.  

5 PCE Metrics for All Filters 
With the PCE curves in hand, we next calculate a number of basic filter properties that 
are potentially useful for observers. First, we calculate the pivot wavelength, using the 
definition provided in Tokunaga et al. (2005), and shown in equation 3 below, where S is 
the system throughput, or PCE.  
The pivot wavelength is one measure of the effective wavelength of a throughput 
passband, and relates the flux measured in wavelength units to that measured in 
frequency units. This is shown in equation 4, where equation 5 holds. 
                                                
2 http://www.stsci.edu/jwst/instruments/nircam/instrumentdesign/filters 
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𝜆!"#$% =

𝜆𝑆(𝜆)𝑑𝜆
(𝑆(𝜆)/𝜆)𝑑𝜆

 (3) 

 

 
𝐹! =

𝐹!𝜆!"#$%!

𝑐 
 (4) 

 
 𝐹!𝑑𝜐 = 𝐹!𝑑𝜆 (5) 

 
Next, we compute the half-power wavelengths for each filter. These are the wavelengths 
at which the PCE falls to 50% of its maximum. We then calculate the bandwidth of each 
filter. For this calculation, we use the bandwidth definition given in appendix E, equation 
1, in Rieke (2008) and reproduced below in equation 6. Bandwidth is the integral of the 
normalized PCE.  For the bandwidths calculated in this work, we integrated over the 
wavelength range where 𝑆 𝜆 ≥ 10!!.  

 
𝐵𝑊 =

1
𝑆!"#

𝑆 𝜆 𝑑𝜆 
(6) 
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Figure 10: Module-averaged system throughputs (aka PCE) for all NIRCam filters. Filters that are 
mounted in the pupil wheel are denoted with a ‘P’. The vertical gray bar at ~2.4µm represents the 
dead band of the dichroic beam splitter. 

 
 
We calculate the ratio of the bandwidth to the pivot wavelength, which gives the 
fractional bandpass. Finally, we calculate the effective response for each filter, defined 
here as the mean PCE over the wavelength range of λpivot ± 0.5*BW. Results of these 
calculations for the module A and module B filters are provided in tables 4 and 5 below. 
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Table 4: Module A filter properties derived using the PCE curves. In addition to the properties 
described in the text, we also show the location of the filter within the instrument (filter wheel or 
pupil wheel), in the right most column. 

Filter 
Pivot 
(µm) 

Short 
Half-
Power 
(µm) 

Long 
Half-
Power 
(µm) BW (µm) 

BW/Pivot 
(%) 

Effective 
Response Wheel Slot 

SW Filters 
F070W 0.704 0.622 0.783 0.132 18.7 0.200 Filter 1 
F090W 0.903 0.796 1.005 0.189 20.9 0.290 Filter 2 
F115W 1.154 1.012 1.281 0.224 19.4 0.327 Filter 3 
F140M 1.406 1.332 1.479 0.141 10.0 0.399 Filter 11 
F150W2 1.659 1.008 2.333 1.169 70.5 0.416 Filter 12 
F150W 1.500 1.331 1.668 0.319 21.3 0.422 Filter 4 
F162M 1.628 1.542 1.714 0.168 10.3 0.415 Pupil 6 
F164N 1.645 1.636 1.653 0.020 1.2 0.354 Pupil 11 
F182M 1.845 1.722 1.968 0.238 12.9 0.455 Filter 10 
F187N 1.874 1.863 1.884 0.024 1.3 0.365 Filter 8 
F200W 1.989 1.755 2.226 0.457 23.0 0.475 Filter 5 
F210M 2.095 1.991 2.201 0.203 9.7 0.463 Filter 9 
F212N 2.122 2.110 2.135 0.027 1.3 0.400 Filter 6 

LW Filters 
F250M 2.504 2.412 2.595 0.180 7.2 0.401 Filter 10 
F277W 2.750 2.402 3.120 0.680 24.7 0.409 Filter 1 
F300M 2.989 2.830 3.153 0.311 10.4 0.380 Filter 4 
F322W2 3.231 2.437 4.018 1.392 43.1 0.450 Filter 12 
F323N 3.236 3.217 3.255 0.038 1.2 0.284 Pupil 6 
F335M 3.358 3.165 3.540 0.364 10.8 0.424 Filter 11 
F356W 3.564 3.145 3.972 0.775 21.8 0.485 Filter 2 
F360M 3.625 3.426 3.817 0.377 10.4 0.459 Filter 7 
F405N 4.051 4.028 4.073 0.044 1.1 0.355 Pupil 5 
F410M 4.072 3.850 4.296 0.449 11.0 0.458 Filter 6 
F430M 4.282 4.171 4.398 0.223 5.2 0.453 Filter 8 
F444W 4.390 3.875 4.966 0.993 22.6 0.453 Filter 3 
F460M 4.636 4.521 4.753 0.228 4.9 0.379 Filter 9 
F466N 4.654 4.629 4.681 0.054 1.2 0.276 Pupil 9 
F470N 4.708 4.683 4.734 0.052 1.1 0.255 Pupil 11 
F480M 4.794 4.655 4.943 0.276 5.7 0.319 Filter 5 
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Table 5: Module B filter properties derived using the PCE curves. 

Filter 
Pivot 
(µm) 

Short 
Half-
Power 
(µm) 

Long 
Half-
Power 
(µm) 

BW 
(µm) 

BW/Pivot 
(%) 

Effective 
Response Wheel Slot 

SW Filters 
F070W 0.703 0.621 0.780 0.133 18.9 0.201 Filter 1 
F090W 0.901 0.794 1.005 0.199 22.1 0.294 Filter 2 
F115W 1.155 1.014 1.282 0.224 19.4 0.323 Filter 3 
F140M 1.405 1.330 1.479 0.142 10.1 0.398 Filter 11 
F150W2 1.659 1.008 2.334 1.178 71.0 0.414 Filter 12 
F150W 1.501 1.332 1.669 0.317 21.1 0.422 Filter 4 
F162M 1.627 1.542 1.712 0.168 10.3 0.416 Pupil 6 
F164N 1.644 1.635 1.653 0.020 1.2 0.366 Pupil 11 
F182M 1.845 1.722 1.967 0.237 12.9 0.454 Filter 10 
F187N 1.874 1.863 1.884 0.023 1.2 0.393 Filter 8 
F200W 1.989 1.754 2.226 0.456 22.9 0.470 Filter 5 
F210M 2.096 1.993 2.200 0.203 9.7 0.462 Filter 9 
F212N 2.121 2.109 2.133 0.028 1.3 0.388 Filter 6 

LW Filters 
F250M 2.503 2.411 2.594 0.179 7.2 0.365 Filter 10 
F277W 2.775 2.432 3.134 0.670 24.2 0.373 Filter 1 
F300M 2.990 2.827 3.157 0.319 10.7 0.347 Filter 4 
F322W2 3.233 2.420 4.007 1.317 40.7 0.437 Filter 12 
F323N 3.237 3.217 3.256 0.038 1.2 0.281 Pupil 6 
F335M 3.367 3.187 3.536 0.340 10.1 0.412 Filter 11 
F356W 3.572 3.132 3.989 0.782 21.9 0.475 Filter 2 
F360M 3.624 3.427 3.811 0.363 10.0 0.458 Filter 7 
F405N 4.053 4.029 4.076 0.046 1.1 0.394 Pupil 5 
F410M 4.092 3.879 4.305 0.425 10.4 0.486 Filter 6 
F430M 4.280 4.164 4.398 0.231 5.4 0.486 Filter 8 
F444W 4.425 3.885 5.007 1.060 23.9 0.497 Filter 3 
F460M 4.625 4.511 4.742 0.227 4.9 0.412 Filter 9 
F466N 4.655 4.629 4.681 0.052 1.1 0.313 Pupil 9 
F470N 4.707 4.684 4.732 0.050 1.1 0.291 Pupil 11 
F480M 4.870 4.668 5.008 0.329 6.8 0.387 Filter 5 

 
 
The signal measured by the detector is proportional to the effective response × 
bandwidth. Differences in these two characteristics across the two modules will therefore 
lead to differences in the measured counts for the same source. 
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Tables 4 and 5 show that the filter characteristics are largely consistent between modules 
A and B. The exceptions are presented in tables 6 and 7. Table 6 shows the filters that 
have a 5% or larger difference in effective response between the two modules.  While 
filters across almost the entire spectral range fall into this category, the filters that have 
the largest differences are those towards the red end of the longwave channel. This is due 
primarily to the differences in the longwave QE between the two modules, as see in 
figure 6.  
Table 7 lists the filters that show a 5% or larger difference in bandwidth between 
modules A and B. Again F480M, the reddest of NIRCam’s filter compliment, shows the 
largest discrepancy between modules. 
 

Table 6: Filters with a ≥ 5% difference in  
effective response between module A and  
module B 

Table 7: Filters with a ≥ 5%difference in 
bandwidth between module A and module B 

 Filter 
d(Bandwidth)  
ModA- ModB  

F090W -5% 
F322W2 +5% 
F335M +7% 
F410M +5% 
F444W +7% 
F480M -20% 

 

 

6 Weak Lenses 
Also present in the NIRCam SW channel filter and pupil wheels are three weak lenses. 
These lenses can be used to defocus an image and have wavefront sensing as well as 
science applications. The three weak lenses provide for +4, +8, and -8 waves of defocus 
(where ‘waves’ is referenced to 2.12µm.), and are referred to as WLP4, WLP8, and 
WLM8 respectively. WLP4 is mounted in the filter wheel, while the other two lenses are 
in the pupil wheels. This allows the option of using WLP4 in combination with each of 
WLP8 and WLM8. As a result, observations can be made at a range of defocus values 
from -8 to +12 waves, in 4 wave increments. The WLP8 and WLM8 lenses exhibit 
identical optical performance, so WLP8 will be used for science observations. An 
example image, showing a single point source observed through WLP8 and the F212N 
filter, is shown in Figure 11 below. More details on the weak lenses and how they can be 
used are available in Stansberry & Lotz (2015). 

Filter 
d(Effective Response)  

ModA - ModB  
F187N -8% 
F250M +9% 
F277W +9% 
F300M +9% 
F405N -11% 
F410M -6% 
F430M -7% 
F444W -10% 
F460M -9% 
F466N -13% 
F470N -14% 
F480M -21% 
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Figure 11: Example image of a source observed with WLP8 at 2.12µm. 

 
 

 
Figure 12: Throughputs of the WLP4 and WLP8 weak lenses. 

Figure 12 shows the throughput curves for the weak lenses alone, analogous to the filter-
only throughput curve for F356W shown in figure 2. WLP8, mounted in the pupil wheel, 
must be used in conjunction with one of the filters in the filter wheel. For normal science 



JWST-STScI-005030 
SM-12 

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

To verify that this is the current version. 
 

 - 18 - 

observations, the Astronomer’s Proposal Tool (APT) generally prevents observers from 
pairing the weak lenses with filters that will not provide useful data. All weak lens/filter 
combinations that will be allowed for general observers will be fully supported and 
calibrated. For engineering observations, all weak lens/filter combinations will be 
allowed. 
Similar to the PCE curves shown in figure 10, we show the total system throughput 
(including all JWST and NIRCam-associated optical elements) associated with each of 
the weak lenses when used in combination with several filters in figure 13 below. 
Wavefront sensing will use the F187N and F212N filters. 

 
Figure 13: System throughputs (aka PCE) for the weak lenses when used in combination with the 
filters allowed for science observations. 

Since the weak lenses affect the PSF in addition to the throughput, we provide reference 
files for the weak lenses to the WebbPSF3 team. The ETC then uses WebbPSF for 
throughput calculations. 
 
 

                                                
3 http://www.stsci.edu/jwst/software/webbpsf 



JWST-STScI-005030 
SM-12 

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

To verify that this is the current version. 
 

 - 19 - 

7 Coronagraphy 
When NIRCam is used for coronagraphic observations, there are two additional optical 
elements placed into the field of view. The first is the coronagraphic optical substrate, 
with its anti-reflection coating. This element is located close to the NIRCam pick-off 
mirror and supports the neutral density squares used for target acquisition, as well as the 
occulting masks used during the observation. Figure 14 shows the coronagraphic optical 
substrate for module A, along with its masks and neutral density squares. In practice, 
NIRCam will perform coronagraphic observations using module A, with module B as a 
backup. This is due to a superior anti-reflection coating on the module A coronagraphic 
optical substrate, as well as higher quality neutral density squares. 
In figure 15, we show the transmission curve for the coronagraphic substrate, not 
including the effects of the neutral density squares or occulting masks. The neutral 
density squares, which are used only during the target acquisition phase of the 
observation reduce the transmission by roughly a factor of several hundred to several 
thousand, depending on wavelength. Figure 16 shows the optical density of the neutral 
density squares versus wavelength, along with the bandpasses of the nominal target 
acquisition filters.  
Attempts to measure the optical density of the coronagraphic masks, which are also 
present on the coronagraphic optical substrate, showed values of at least 6, and most 
likely represent the limit of the measurement sensitivity rather than the true optical 
density of the masks. (Stansberry 2016) 
 

 
Figure 14: The module A coronagraphic optical substrate. Within the substrate, the 12 grey boxes 
indicate the positions of the neutral density squares. The dark circles and bars are the occulting 
masks. 
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Figure 15: The throughput of the coronagraphic optical substrate. This includes the effects of the 
anti-reflection coating, but not the neutral density squares or occulting masks.  

 

 
Figure 16: Optical density of the neutral density squares on the coronagraphic optical substrate. The 
bandpasses of F210M and F335M, which are the nominal target acquisition filters, are shown. 
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The second additional optical element in the light path during coronagraphic observations 
is the Lyot pupil mask. The pupil mask is composed of a wedge-shaped optical substrate 
as well as the mask itself. The purpose of the wedge-shaped substrate is to shift the 
NIRCam field-of-view to include the coronagraphic optical substrate.  
Within each module there is one set of pupil masks for LW channel observations, and 
another set for SW observations. Each set is composed of one pupil mask to be used in 
conjunction with the round occulting masks (seen on the right side of figure 14), and 
another for use with the bar-shaped occulting masks (on the left side of figure 14). The 
four pupil masks in each module are mounted in the pupil wheels. Figure 17 shows 
examples of the round and bar Lyot pupil masks. Both masks have an identical 
throughput factor of 19%. 
The transmission curves of the combined pupil mask and Lyot wedges in the SW and LW 
channels are shown in figure 18. Serial and part numbers for the pupil masks from Barr 
Associates are shown in Appendix A. 
 

 
Figure 17: View of the Lyot pupil masks. The pupil mask on the left is used in conjunction with the 
round occulting masks seen in figure 14. The pupil mask on the right is used with the bar-shaped 
occulting masks. The apertures (white areas) are shown relative to the JWST primary mirror 
segments and secondary mirror support segments. 
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Figure 18: Transmission curves for the SW and LW Lyot wedges, including the effects of the wedge 
substrate, anti-reflection coating, and the 19% throughput factor associated with the pupil mask 
located on the wedge. 

Coronagraphic observations are only allowed in conjunction with a subset of NIRCam’s 
filters, listed in table 6. Similar to the PCE calculations described in Section 3, we have 
calculated the total system throughput curves associated with each of the relevant filters 
when used for coronagraphic observations. These curves are presented in figure 18. 
 

Table 8: Allowed filters that can be used with coronagraphic observations. 

Channel Filters 
SW F200W, F182M, F210M, F187N, F212N 

LW F277W, F356W, F444W, F250M, F300M, F335M, F360M, F410M, 
F430M, F460M, F480M 

 
For coronagraphic observation planning, we provide separate tables of coronagraphic 
optical substrate and Lyot wedges’ throughputs to the ETC team.  
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Figure 16: System throughputs (aka PCE) for coronagraphic observations. 

8 Conclusions 
We have created full PCE curves, as well as instrument-only and filter-only throughput 
curves for all NIRCam filters and weak lenses, based on inputs from the University of 
Arizona and the Telescopes Branch at STScI. Figure 10 shows the final module-averaged 
PCE curves for the filters, while figure 13 shows the module A curves for the weak 
lenses. We have also calculated a set of characteristics that help to quantify the response 
of each filter, listed in tables 4 and 5. Finally, we have constructed system throughput 
curves for all filters to be used in coronagraphic observations. We have also constructed 
the appropriate reference files for each filter and type of observation, and delivered them 
to the appropriate team such that they can be used by the ETC for observation planning 
purposes. 
The results of this work, including throughput and PCE tables, as well as the filter 
property tables, are available for download from the STScI NIRCam filter webpage: 
http://www.stsci.edu/jwst/instruments/nircam/instrumentdesign/filters 
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In Appendix B we give a brief table of contents and description of the files available in 
the tarball that can be downloaded from the webpage above. We also present the serial 
numbers from Barr (now Materion) used to identify each of the filters. 
As of March 2016, these results are considered final by the Instrument Development 
Team (IDT) and Instrument Science Team (IST) pending possible review based on 
observations of astrophysical calibrators after launch. 
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Appendix A. Serial and Part Number for Pupil Masks (Barr Associates)  
 
Table A- 1: Filter Numbers and excel files that contain the initial throughput data from Barr 
Associates (now Materion) 

Filter Mod A serial number Mod B serial number Excelfile 
F150W2 0000-000-000 0000-000-000 F150W2_FM.xlsx 
F322W2 IOFOW-5207-015-003 IOFPC-5007-015-002 F322W2_FM.xlsx 
F070W 3406-032-009 3406-032-006 F070W_FM.xslx 
F090W 3506-013-054 1607-011-026 F090W_FM.xlsx 
F115W 1607-011-013 1607-011-019 F115W_FM.xlsx 
F150W 3806-019-005 3406-002-005 F150W_FM.xlsx 
F200W 3406-034-014 3406-034-015 F200W_FM.xlsx 
F277W IOFOX-5107-001-005 IOEYA-5007-004-003 F277W_FM.xlsx 
F356W 3106-023-017 IOEY9-5007-004-001 F356W_FM.xlsx 
F444W IOFP8-0408-009-005 IOFP9-0408-009-005 F444W_FM.xlsx 
F140M 1607-011-070 1607-011-067 F140M_FM.xlsx 
F162M 1607-011-061 1607-011-057 F162M_FM.xlsx 
F182M 1607-011-055 1607-011-054 F182M_FM.xlsx 
F210M 1607-011-039 1607-011-041 F210M_FM.xlsx 
F250M IOFPH-0108-014-004 IOFPN-0108-014-001 F250M_FM.xlsx 
F300M IOFOW-5207-015-005 IOFPE-5207-015-002 F300M_FM.xlsx 
F335M IOFPD-5207-015-004 IOEY8-5007-004-005 F335M_FM.xlsx 
F360M IOEY8-5007-015-003 IOEYA-5007-004-002 F360M_FM.xlsx 
F410M IOFPA-0108-014-004 IOFPO-0108-014-005 F410M_FM.xlsx 
F430M IOFPO-0108-014-002 IOFP9-0108-014-005 F430M_FM.xlsx 
F460M IOFPO-0308-005-002 IOFPO-0308-005-001 F460M_FM.xlsx 
F480M IOFPS-0108-104-004 IOFPB-0308-005-002 F480M_FM.xlsx 
F164N 1607-011-075 1607-011-074 F164N_FM.xlsx 
F187N 3406-032-019 3806-019-008 F187N_FM.xlsx 
F212N 3506-031-014 3506-031-004 F212N_FM.xlsx 
F323N IOFPM-014-004 IOFP1-0308-005-002 F323N_FM.xlsx 
F405N IOFP3-0308-005-003 IOFP3-0308-005-004 F405N_FM.xlsx 
F466N IOFPR-0108-014-004 IOFPR-0108-014-001 F466N_FM.xlsx 
F470N 3106-023-002A 3106-023-001A F470N_FM.xlsx 
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Table A- 2: Part and serial numbers for the coronagraphic substrate. 

Mod Wave Bar/Round Part # SN 
A LW RND 8601386-101 11 
A LW BAR 8601387-101 6 
B LW RND 8601390-101 10 
B LW BAR 8601391-101 7 
A SW RND 8601384-101 4 
A SW BAR 8601385-101 11 
B SW RND 8601388-101 10 
B SW BAR 8601389-101 9 
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Appendix B. Contents of Tarball 
 
Table of Contents and a brief description of files in the tarball of throughput data 
available at http://www.stsci.edu/jwst/instruments/nircam/instrumentdesign/filters 
 
Top Level Directories: 
DBS - contains DBS throughput curve files and plot 
OTE - contains OET throughput curve and plot 
QE - contains QE coefficients and QE plot 
optics - contains optics throughput curves and plot 
modA - Module A throughput curves 
modB - Module B throughput curves 
modAB_mean - module-averaged throughput curves 
Within each directory: 
 DBS: 
Contains the 4 files with tabulated DBS values. 
DBS_LW_ModA_highres.txt  
DBS_LW_ModB_highres.txt  
DBS_SW_ModA__highres_1_minus_trans_plus_absorb.txt 
DBS_SW_ModB_highres.txt  
The SW Mod A file contains the corrected DBS curve which we calculated 
using (1 - (transmission+absorption)). 
DBS_ModA_curves.pdf - plot of DBS mod A curves 
DBS_ModA_curves.pdf - plot of DBS mod B curves 
new_DBS_SWA_highres_1_minus_trans_plus_absorb_zoom* - plots of updated SWA 
curve. 
plot_dbs.py - script to produce DBS plots 
OTE: 
jwst_telescope_ote_thruput.txt - tabulated OTE throughput curve 
OTE_throughput_plot.pdf - plot of OTE throughput 
plot_ote.py - script used to produce plot 
QE:  
QE_curves.pdf - plot of QE curves 
plot_qe.py - script used to produce plot. Script includes the polynomial 
             coefficients used to described the curves. 
optics: 
NIRCam_optics_transmission_29Oct2015.csv - tabulated throughput values for the 
                                           various optics components                                        
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Optics_components_plot.pdf - plot of optics components   
nircam_optics_filter_average.dat - filter-averaged optics values. Used primarily 
for the scatter term.  
plot_optics.py - script used to produce plot\\ 
modA: 
   Contains three subdirectories. One for filter-only data, one for NIRCam-only data, and 
one for NIRCam plus OTE data. 
filters_only: 
       tabulated throughputs for filters only. One file for each filter, named 
           < filter>_FM.xlsx_filteronly_modA_sorted.txt 
  nrc_instrument_only: 
         tabulated throughputs for all NIRCam-specific components. One file for 
       each filter, named:      
           < filter>_nrc_only_throughput_moda_sorted.txt\\ 
  nrc_plus_ote:  
       tabulated throughputs (PCE) for NIRCam plus the OTE. One file for each  
       filter, named        
           < filter>_nircam_plus_ote_throughput_moda_sorted.txt 
        plots of PCE curves. One file for each filter: 
           < filter>_nrc_and_ote_throughput_moda.png 
       plots showing the contribution of each component to the total PCE. One 
       plot for each filter, named: 
           Step_by_step_plot<filter>_modA.pdf 
       Table showing the contribution of each component to the PCE at a central 
       wavelength. One file for each filter, named: 
           Step_by_step_table_<filter>_modA.txt 
       Table listing the properties of each filter. Bandwidth, effective response, 
       half-power points, etc.    
           nircam_modA_plus_ote_filter_properties.txt 
           nircam_modA_plus_ote_filter_properties.xls 
modB: 
       organized the same as modA 
modAB_mean 
 filters_only: 
  tabulated throughputs for filters only. One file for each  
  filter, named       
                          <filter>_filteronly_ModAB_mean.txt 
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  plot of throughput for each filter, named: 
      <filter>_filteronly_throughput_modmean.pdf 
  Plot showing throughput for all filters on one plot: 
      filter_only_throughput_plot_for_filter_only_meanmod.list.pdf 
 nrc_instrument_only: 
  tabulated throughputs for filters only. One file for each  
  filter, named 
                           <filter>_NRConly_ModAB_mean.txt 
  plot of throughput for each filter, named: 
      <filter>_nrc_only_throughput_modmean.pdf 
  Plot showing throughput for all filters on one plot: 
               filter_and_nircam_optics_throughput_plot_for_nrc_only_meanmod.list.pdf 
 nrc_plus_ote: 
  tabulated throughputs for filters only. One file for each  
  filter, named 
                             <filter>_NRC_and_OTE_ModAB_mean.txt 
  plot of throughput for each filter, named: 
      <filter>_nrc_and_ote_throughput_modmean.pdf 
         
  Plot showing throughput for all filters on one plot: 
                  nircam_plus_ote_system_throughput_plot_for_nrc_and_ote_meanmod.list.pdf 
  Table listing the properties of each filter. Bandwidth,  
  effective response, half-power points, etc. 
      nircam_modABmean_plus_ote_filter_properties.txt 
      nircam_modABmean_plus_ote_filter_properties.xls 


