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1.0 Abstract 

This Technical Report evaluates the ability of JWSTÕs Near Infrared Camera to serve as the 
ObservatoryÕs Fine Guidance Sensor, and the impact to operations and the efficiency of the 
JWST science program if the instrument is used for this purpose. We find that not all Mission 
Level requirements pertaining to the guide function can be met using NIRCam as an FGS without 
waiving some NIRCam science requirements. Moreover, it will be cumbersome and ineffi cient to 
use NIRCam as guider under realistic operational conditions that affect all NIRSpec & NIRCam 
observations and MIRI MRS target acquisition slews. The degradation to the NIRCam science 
program would be extensive. According to the Science Operations Design Reference Mission and 
the NIRCam Science Requirements, NIRCam science will suffer a 50% reduction in efficiency. 
This requires a 7-year mission to complete the same observations that can be done in 5 years if 
JWST includes a dedicated guider. A further consequence for NIRCam science is our expectation 
that ~4% of the visits may fail on-orbit due to guide star catalog contamination. The NIRCam 
visit failure rate with the FGS-Guider would be ~0.5%. 

 

2.0 Introduction 

The JWST Guider is tasked with providing guide star centroids to the Attitude Control System 
(ACS) to facilitate the fine pointing of the Observatory. The instrument must meet or exceed the 
four critical requirements shown in Table 1. In the baseline design of JWST, these requirements 
are met by employing a dedicated Fine Guidance Sensor (FGS-Guider), a near infrared camera 
composed of two independent channels, each with a field of view (FOV) exceeding 5.0 arcmin2 
imaged on to its own 2kx2k HgCdTe detector. The instrument makes full use of the detectorÕs  
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Figure 1. Representati ve NI RCam FOV for modules A and B. Each module contains a SW 
channel (composed of the 4 SCAs on the left) and a co-spatial LW  channel (ri ght). Modules 
A &  B each have a 4.7 arcmin2 FOV. 

 

response to achieve a bandpass of 0.6µm to 5.0 µm for maximum sensitivity. The requirements in 
Table 1, coupled with the areal density and NIR brightness distribution of stars on the sky, require 
the FGS-Guider to be able utilize guide stars as faint as JAB < 19.4  (FGS Team 2006, SE-25). 

Table 1. FGS-Guider Requirements 

Requirement Description 

MR-171 95% Guide Star Availability 

MR-365 90% Guide Star Availability following single failure 

ISIM-261 16 Hz Guide Star Centroid Update Rate 

ISIM-262 Noise Equivalent Angle (3.5 mas per axis, 1! ) 

 

NIRCam is the prime JWST NIR imager (complemented by the FGS-TFI). NIRCam has two 
identical, but independent modules (Figure 1), each with a short wavelength (SW) and long 
wavelength (LW) channel to observe a co-spatial 4.7 arcmin2 FOV. The SW channels each 
employ 4 HgCdTe 2kx2k detectors arranged in a 2x2 format with ~5Ó gap between the detectors. 
The LW channels each use a single HgCdTe 2kx2k detector. 

This Technical Report evaluates the ability of NIRCam to perform the JWST guide function and 
compares this to the FGS-Guider performance. We also consider the impacts to operations and to 
the NIRCam science program if NIRCam is to be used as a guider. 
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3.0 Assumptions 

The scope of this study is limited to fi rst evaluating NIRCamÕs capability to serve as the JWST 
guider based upon sensitivity and FOV, and secondly, identifying the associated impacts to 
operations and the ObservatoryÕs scientifi c effi ciency. Explicitly, we assume: 

¥ There are no changes to the NIRCam design other than including a wide bandpass Òguide 
fi lterÓ in each of the four channels to maximize throughput & sensitivity. 

¥ Operating one NIRCam channel as a guider has no effect on, nor is it affected by any 
other SI, including the other NIRCam channels that may be operating simultaneously 
(such as noise from non-synchronous operations). 

¥ Operating NIRCam as a guider introduces no additional challenges (over those already 
introduced by the FGS-Guider) associated with fl ight software, hardware interfaces, or 
memory management. 

¥ When an SW channel is used for guiding, the three non-guiding SCAs are not used for 
science.  

¥ There is no increased risk to, or reduction in the life cycle of the NIRCam fi lter wheels. 

¥ The two long wavelength NIRCam channels can be used for guide duty. This is necessary 
to support WFS&C in the event a short wavelength channel is lost. 

 

This report does not address issues to relating to NIRCam Integration & Test Plans, WFS&C 
commissioning, and NIRCam commissioning.  

Table 2. FGS-Guider and NI RCam characteri sti cs relevant to the guide function 

 FGS NIRCam/SW NIRCam/LW 

FOV (arcmin2 per channel) >5.0 4.7 4.7 

Pixel scale (mas) 69 32 64 

Guider bandpass (µm) 0.6 Ð 5.0 0.6 - 2.3 2.5 Ð 5.0 

Throughput "  dependent 0.66 0.66 

Read noise, SCA (CDS) 15e- 15e- 15e- 

Read noise, ASIC 5.4e- 5.4e- 5.4e- 

 

 

 

4.0 NI RCam Performance as a Guider 
 

Our evaluation of NIRCam as a guider is based upon the instrumentÕs sensitivity and field of 
view (FOV) since these two attributes determine the availability of guide stars. To estimate 
NIRCamÕs sensitivity as a guider we follow the methodology used employed by the FGS team to 
evaluate the sensitivity of the FGS-Guider as outlined in (FGS Team 2006, here after referred to 
as SE-25). Sensitivity is shown to depend upon the optical throughput of the OTE+Guider, the 
spectral type of the guide star, the white light PSF, and the detector quantum effi ciency. To 
convert the guide starÕs incident light into electrons collected at the detector, the wavelength 
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dependent throughput of the OTE+Guider optics is convolved with the spectral energy 
distribution of the guide star. SE-25 reports the result of this conversion in wavelength bins 
covering the full range of the detectorÕs response, 0.6µm to 5.0µm, for spectral types ranging 
from A0 to M5 for the FGS-Guider. 

To estimate the ability of NIRCam to operate as a guider, we follow the methodology outline in 
SE-25, but where applicable we substitute NIRCam parameters for throughput, bandpass, FOV, 
and pixel scale based upon the NIRCam Instrument Specifi cation (NIRCam-0026). We assume 
no changes in the NIRCam design except for the availability of wide band ÒfiltersÓ with 100% 
transmission in the SW and LW channels that allow Òunfi lteredÓ throughput such that the 
passband in each channel is determined by the detector response and the beam splitter. In this 
study we assume the same PSF and encircled energy for NIRCam and the FGS-Guider (the 
instruments have similar WFE requirements). Table 2 summarizes the main characteristics of the 
FGS-Guider and NIRCam that are relevant to performance as a guider.  
 

 

Figure 2. Encircled energy fro m simulated PSF 

 

4.1 Encir cled Energy 

Figure 2 (from SE-25) shows the encircled energy at 1µm observed by the FGS-Guider based 
upon simulated PSFs constructed from OPD models provided to the FGS Team by GSFC. The 
FGS-Guider employs a 6x6 pixel subarray centered on the guide star for the centroid calculation. 
With 69 mas pixels, the PSF is sampled out to 207 mas, thus the FGS-Guider captures the ~77% 
of the encircled energy. For the NIRCam SW channel to capture a similar amount of energy, a 
12x12 pixel subarray would need to be utilized. However, this would introduce ~4 times more 
read noise into the guide star centroid calculation relative to the FGS-Guider result. Fortunately, 
due to NIRCamÕs smaller pixel scale, and therefore finer sampling of the PSF in the SW channel, 
such a large subarray is not needed as we demonstrate in the next subsection. 
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4.2 NEA and the Fine Guide Subarray 

The noise equivalent angle (NEA) of a centroid is in reality the standard deviation of a large 
number of guide star centroid measurements. In general it will depend primarily upon the white 
light PSF of the guide star, the guide starÕs radiance at the detector, the detector pixel scale, and 
pixel read noise. The FGS team has performed a rigorous derivation of the predicted NEA as a 
function of guide star magnitude for the FGS-Guider by modeling these effects in Monte Carlo 
simulations. For our study, we estimate the NEA as a function of input signal by the crude 
approximation described below, and we compare our results to those reported in SE-25 for the 
FGS-Guider. As we show, we find good agreement between the two methods. Encouraged by 
this, we apply our approximations to NIRCam and report the results.  

We assume the NEA to have the functional form: 
 

NEA = width / SNR 
 

where width is the characteristic spatial extent of the observed signal, and SNR is the signal to 
noise ratio with which that width can be measured. For an estimate of FGS-Guider and NIRCam 
NEA performance, we consider width to be a convolution of the guide star PSF and the 
instrumental pixel scale. NIRCam Nyquist samples the PSF at 2 µm with 5 pixels, corresponding 
to a PSF with radius ~80 mas. Taking 1/root(2) of this to account for a single axis NEA 
calculation gives 56 mas as the characteristic width of input signal. The expression for width is 
then: 

width = sqrt (56**2 + (#x/2)* *2) 
 

where #x is the width of a pixel in mas. The SNR is expressed as: 
 

SNR = counts / sqrt  (CDS**2 *  Npix / Nfow + counts) 
 

Where counts is the electron counts over the Npix that are used for the centroid calculation, and 
Nfow is the number of Fowler pairs used in the data acquisition. CDS is the correlated double 
sample (Fowler-1) read noise.  Note that Npix = n x n, where n is number of pixels in each row 
and column of the Fine Guide subarray. 

As per SE-25, for the FGS-Guider we assume a 6x6 pixel subarray for the Fine Guide window 
(Npix = 36), CDS = 15e-, Fowler-4 integrations (Nfow=4), #x = 69 mas pixels, and a characteristic 
PSF of 56 mas (as discussed above). The above formulae shows that NEA = 3.5 mas is achieved 
for counts = 1044.8e-.  We note that this agrees to within ~3% of the result presented in SE-25 
(1016e-) for an MO star, which is based upon a far more sophisticated calculations. We therefore 
conclude that although our NEA calculation is not necessarily rigorous, its application to explore 
the relative performance of FGS-Guider and NIRCam is valid.  

Assuming Fowler-4 sampling and a 6x6 pixel subarray for a centroid measurement using the 
NIRCam SW channel (#x = 32 mas) yields counts = 895e-.  Thus we conclude that, like the FGS-
Guider, both the NIRCam SW and LW channels can use 6x6 pixel subarrays as Fine Guide 
windows. This effectively allows us to ignore corrections across instruments for read noise and 
inter-pixel effects and for diff erences in overheads for acquiring the data needed for the centroid 
calculation. (For clarifi cation, we note that SE-25 assumes an 8x8 pixel subarray is readout by the 
hardware, but the software only processes the central 6x6 pixels.) 

It is interesting to note that the NIRCam SW channel requires fewer electrons to meet a given 
NEA than does the FGS-Guider. Unfortunately, this does not translate into NIRCam being able to 
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guide on fainter stars. The reduced electron count is a reflection that, due to its smaller pixels, the 
NIRCam subarray observes less of the PSF, i.e., its captures less energy than the FGS-Guider. 
Referring to figure 2, the FGS-Guider captures ~77% of the encircled energy, while NIRCam SW 
captures ~66%. This ratio, 0.86, is nearly identical to the ratio in counts (895/1044). 
 

4.3 FGS-Guider and NI RCam Sensiti viti es 

Having demonstrated that both the FGS-Guider and NIRCam can use a 6x6 pixel subarray for the 
Fine Guide window, and that an equivalent NEA results from the same PSF intensity at the 
detector, the relative sensitivities of the two instruments is determined by their relative optical 
throughputs and passbands. 

Table 3 shows the " -dependent ratio (fac) of NIRCam to FGS-Guider throughputs, based upon 
FGS values documented in SE-25 and NIRCam requirements in NIRCam-0026. (NIRCam has 
more optical elements than FGS-Guider. Presumably, this reduces its relative throughput.) These 
values are used to determine the total number of electrons collected by NIRCam relative to those  

Table 3. Ratio of NI RCam to FGS-Guider throughput as a function of "  (µm). 

"  0.6 0.8 1.0 1.2 1.5 1.8 2.0 2.5 3.0 3.5 4.0 5.0 

fac 1.0 0.89 0.84 0.83 0.79 0.75 0.71 0.86 0.89 0.93 0.94 0.93 

 

Table 4. FGS-Guider and NI RCam electron counts for a JAB=19.4 M0 guide star. 

"  0.6 0.8 1.0 1.2 1.5 1.8 2.0 2.5 3.0 3.5 4.0 5.0 Total 

FGS 20 82 128 149 172 138 151 135 87 56 52 24 1194 

NIR-S 20 73 103 124 136 105 108 - - - - - 670 

NIR-L - - - - - - - 116 77 52 49 22 316 

 

Table 5. NI RCam loss of sensiti vity (#JAB) r elati ve to FGS-Guider. 

 SW LW F150W2 F322W2 F150W F356W 

K0 0.52 1.70 0.90 2.30 2.32 2.61 

M0 0.63 1.44 1.20 2.00 2.34 2.44 

M5 0.73 1.25 0.93 1.85 2.40 2.40 

Ave 0.63 1.46 1.01 2.05 2.35 2.48 

 

collected by the FGS-Guider for a star of a given JAB magnitude and spectral type. When 
convolved with a starÕs SED and integrated over 0.6 to 5.0 µm, one can estimate the relative 
sensitivity of the two instruments. Note that fac = 0 for "  > 2.3 when computing the electron 
counts for the SW channels. Likewise fac = 0 when "  < 2.5 for the LW channels. 

For illustration, the relative sensitivity of FGS-Guider and NIRCam is shown in Table 4 for a 
JAB=19.4 guide star of spectral type M0 observed with a 57.6 msec integration time (this is the 
guide star Òexposure timeÓ for the 16 Hz update rate). The row designated ÒNIR-SÓ shows the 
electron counts for the NIRCam SW channel. Likewise, row ÒNIR-LÓ shows the counts for the 
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LW channel. In terms of collected electrons, the FGS has an advantage in sensitivity of 0.63 &  
1.44 JAB magnitudes relative to NIRCamÕs SW and LW channels, respectively, for an M0 star. 

Table 5 shows the #JAB (loss of sensitivity) of NIRCam relative to the FGS-Guider for guide stars 
of spectral types K0, M0, and M5, which are representative of the guide stars to be used by 
JWST. This assumes that SW and LW channels have a 100% transmission wide band Òfi lterÓ 
spanning the respective channelÕs passband. Also shown are the relative sensitivities if the 
F150W2 (1Ð2 µm) and F322W2 (2.7Ð4.5 µm) fi lters (or F150W & F356W if the two wide fi lters 
are unavailable) are used to observe guide stars. The last row is the average loss of sensitivity for 
the three spectral types. We use these averaged values as the relative sensitivity of the NIRCam 
and FGS-Guider for computing guide star availability.  
 

4.4 Guide Star Availability using NI RCam 

SE-25 demonstrates that the FGS-Guider can meet its NEA requirements using a guide star of 
any spectral type with JAB < 19.5. Thus, to determine the NIRCam limiting sensitivities for the 
SW and LW channels, we use JAB = 19.5 minus the average values presented in Table 5.  To 

 Table 6. NI RCam &  FGS-Guider Guide Star Availability Probabiliti es 

 FGS NIRCam SW NIRCam LW SW + LW 

JAB limit 19.5 18.9 18.0 *  

Stars/deg2 1730 1385 972 - 

N-FOV 1-FOV 2-FOV 1-FOV 2-FOV 1-FOV 2-FOV 2-FOV 

Ave # GS 2.4 4.8 1.8 3.6 1.3 2.5 3.1 

GS prob 91% 99% 83% 97% 72% 92% 95% 

*  For Ò SW + LWÓ the ground system uses the SW channel from one module and the LW channel 
from the other while search for candidate guide stars. This usage primarily represents a failure 
mode whereby one SW channel has been lost. 

 

Table 7. NI RCam Guide Star Availability Probabiliti es using F150W2 &  F360W2 

 SW F150W2 LW F360W2 SW + LW 

JAB limit 18.5 17.5 *  

Stars/deg2 1186 785 - 

N-FOV 1-FOV 2-FOV 1-FOV 2-FOV 2-FOV 

# GS 1.55 3.05 1.02 2.04 2.57 

GS prob 79% 95% 64% 87% 92% 

*  see note to Table 6 

 

compute the probability of having a suffi ciently bright guide star in NIRCamÕs FOV, we use the 
methodology of Isaacs (2001) and the areal density of stars as a function of JAB magnitude at high 
Galactic latitude specified by Spagna (2001) (and reproduced as Table 3-1 in SE-25), with the JAB 
cutoff set to the appropriate SW or LW faint limit. We assume that each NIRCam channel has a 
4.7 arcmin2 FOV. 
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Table 6 shows the probability of having at least one guide star in one or two FOV for the FGS-
Guider and for the NIRCam SW and LW channels. For both the FGS-Guider and NIRCam, two 
FOVs are needed to meet the 95% requirement (MR-171). Moreover, the 95% requirement is not 
met using only the LW channels. Therefore, at least one SW channel needs to be available for 
guide duty if the FGS-Guider is not available. 

In the event that NIRCam is not fi tted with transparent Òguide fi ltersÓ, the F150W2 and F360W2 
fi lters would be used in the SW and LW channels, respectively, for guide duty. Table 7 shows the 
expected performance of NIRCam as a guider using these fi lters. It is evident that MR-172 (95% 
guide star availability) is only marginally achieved if both SW FOVs are available for the guide 
function. 

The ÒSW + LWÓ option denotes a constraint on the ground system to search for guide stars using 
the SW channel from one module and the LW channel from the other, as would be the case for  
non-NIRCam visits in a failure mode condition whereby NIRCam has lost an entire SW channel. 
For NIRCam, only a single LW channel is available for visits requiring simultaneous use of 
SW+LW; the guide star availability rate is only 72%, so MR-365 is not met under this condition. 

 

5.0 NI RCam Guiding, An Operations Concept 

We assume that the operations concept for guiding with the FGS-Guider applies to NIRCam as 
well, but some aspects of the guide function warrant clarifi cation and adjustment to accommodate 
NIRCam. We highlight these considerations below: 

¥ When using a SW channel, all 4 SCAs need to be readout for the identifi cation function 
to provide suffi cient FOV to accommodate the reference stars. This implies a 4-fold 
increase in data volume to be processed on-board by the identifi cation function. 

¥ The ground system must carefully plan the visit to avoid placing the guide star in the gaps 
between the SW SCAs.  

¥ For dithers and target acquisition offsets using a SW channel as a guider, the guide star 
must remain in the same SCA for all maneuvers if the error in the relative alignment of 
the SCAs exceeds more than a few milli-arcseconds. 

¥ When a SW channel is being used as a Guider, the three SCAs not observing the guide 
star are not used for science. The moduleÕs LW channel is available for science and/or 
calibration observations. 

¥ Only the Òguide fi lterÓ is used for guiding (no narrow band fi lters are used). Only the 8x8 
pixel subarray containing the guide star is readout in the guiding SCA. 

¥ For NIRCam science visits, the ground system selects the module to be used as a guider. 
For non-NIRCam visits, both modules are available for guide star selection and onboard 
acquisition. NIRCam science visits are more prone to guide star acquisition failures since 
fewer candidates are available in-fl ight. 

 

6.0 Operational I mpacts of NI RCam Guiding 

In this section we explore the operational consequences of using NIRCam as the JWST guider. 
Two main areas are to be addressed; (1) the guide star availability when dithers or small angle 
maneuvers utilizing the same guide star are considered, and (2) the anticipated rate of failure for 
NIRCam science visits due to problems associated with GSC-2. In all cases we compare the 
ÒNIRCam-GuiderÓ with FGS-Guider results. 
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6.1 Dithers and Small Angle Maneuvers 

A strong science case has been made (Fergurson et al. 2000) for employing dithers as a routine 
part of observing with JWST. More recently, a detailed study by Koekemoer (2005) investigated 
optimal dither strategies. Most dithers involve very small (less than 1Ó or 2Ó) slews of 
Observatory to improve spatial and/or spectral resolution of the science target. On the other hand, 
both studies concluded that larger dithers are need to Òfill inÓ gaps between SCAs or to account 
for blemishes on detectors. In the case of NIRSpec, a 20Ó offset will be routinely required to 
recover the spectra that are otherwise lost due to the gap between the instrumentÕs two SCAs.  

In addition to dithers, JWST will need to execute small angle maneuvers (SAMs) to support 
science instrument target acquisitions (Nelan et al., 2005). While these slews will be small for 
NIRSpec (<2Ó), they will be ~10Ó for coronagraphic observations, and always larger than about 
40Ó for the MIRI  Medium Resolution Spectrometer (MIRI MRS  formerly known as the MIRI 
IFU). 

For both dithering and science instrument target acquisitions it is imperative that the same guide 
star be used in the same SCA of the guiding instrument throughout all of the maneuvers within 
the visit (as per requirements MR-374 and MR-364 for <20Ó and 40Ó offsets, respectively). To 
accommodate visits with dithers or offsets, the planning and scheduling system (P&SS) must 
select guide stars such that the star is guaranteed to remain within the FOV of the guiding SCA. 
This reduces the effective useful FOV of the guider and therefore the probability of having a 
guide star available. In this section we explore the guide star availability for the two most 
challenging cases, NIRSpec MSA and MIRI MRS observations. Table 8 summaries the results.  

 

 

Figure 3. NI RSpec 20Ó slews. The shaded regions in the NI RCam SW SCAs can not be used 
for the initial (pre-slew) placement of a guide star  since the it will leave the SCAÕs FOV 
after the 20Ó slew to recover data lost due to the gap in the NI RSpec SCAs. This reduces the 
effective FOV of the SW channel fro m 4.7 arcmin2 to 2.9 arcmin2 
 

6.1.1 NI RSpec MSA 

The 20Ó gap between NIRSpecÕs two SCAs introduces a ~200-pixel dropout in the spectra of a 
science target. To recover the lost data, JWST will be slewed in the direction perpendicular to the 
gap by at least 20Ó. As we have shown in section 3, NIRCam must use at least one SW channel to 
meet MR-171 (95% guide star availability). Therefore, we investigate NIRCam SW guiding for 
NIRSpec observations. The SW channel is composed of four SCAs, each with an FOV of 
65Óx65Ó, separated by 5Ó. The NIRSpec detectors are oriented ~45 degrees relative to the SW 
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SCAs as shown in figure 3. The gray area in each of the SCAs canÕt be used for the initial 
placement of the guide star since it would no longer be in the FOV after the 20Ó slew. The ground 
system must only consider the white regions in its selection of a guide star for the visit. This total 
area is 2.9 arcmin2 per SW channel, or 5.8 arcmin2 if both channels are considered. Using table 6 
to determine the density of stars that are suffi ciently bright to be NIRCam SW guide stars, using 
just one NIRCam SW channel yields a 67% probability that a guide star is available, while using 
both SW channels results in an 89% probability of being able to acquire a guide star. Using one 
or two LW channels the likelihood of having a guide star available is 63% and 86%, respectively. 
On the other hand, the FGS-Guider can support NIRSpec MSA observations with an 88.5% and 
98.7% probability using 1 or 2 FOV, respectively. (Note, this assumes a 5.0 arcmin2 for each 
FGS-Guider FOV for consistency with SE-25 and values quoted earlier in this report. The 
planned FGS-Guider will have a 5.5 arcmin2 FOV in each channel. This supports NIRSpec MSA 
observations with 91% and 99% probabilities with 1 or 2 FOV, respectively.) Thus, with 
NIRCam as the guider, it appears that NIRSpec MSA observations would be diffi cult to schedule 
without invoking work-arounds involving different roll angles of the Observatory, which 
unfortunately places constraints on when the visits can execute, or by breaking the offsets into 
two separate visits to allow the use of separate guide stars.  

Table 8. Guide Star  Availability including Dithers and Target Acquisition Offsets. 

Guider FGS-Guider NIRCam SW NIRCam LW 

N-FOV 1-FOV 2-FOV 1-FOV 2-FOV 1-FOV 2-FOV 

NIRSpec  88% 99% 67% 89% 63% 86% 

MIRI MRS 85% 98% 50% 75% 59% 82% 

 

6.1.2 MI RI  MRS 

The MIRI MRS is placed about 30Ó from the edge of the MIRI Imager FOV. It will be necessary 
to perform a MIRI assisted target acquisition to place a science target in the MRS aperture (Nelan 
et al. 2005). This involves imaging the target and/or reference objects in the Imager FOV 
followed by a slew of approximately 40Ó to place the target in the MRS. The same guide star 
must be used for these offsets, which reduces the usable area of the guiderÕs FOV for the 
selection of a guide star. Based upon the current layout of the MIRI apertures, it is expected that 
this slew will be in a direction that corresponds to a translation along only the ÒhorizontalÓ 
direction of the SW SCAs (in figure 3). Thus, the usable area of an SCA is 65Ó *  (65Ó-40Ó) = 0.45 
arcmin2, or 1.8 arcmin2 per SW channel. Using table 6 for the average number of guide stars in 
this FOV results in a 50% or 75% probability of being able to select a guide star using 1 or 2 SW 
channels, respectively. If  the LW channels are available for guide duty, they would provide a 
59% or 82% for guide star availability using 1 or 2 channels, respectively. The FGS-Guider 
yields a guide star with a probability of 85% or 98% using one or two FOV. 
 

6.2 Moving Targets 

Observations of solar system targets require JWST to track the object during the visit (Nelan et al. 
2002). During such observations the guide star ÒmovesÓ across the guiderÕs FOV along a path 
that keeps the science object stationary in the appropriate aperture. The maximum duration of the 
visit is set by the time that the guide star remains within the guiderÕs FOV. The small FOV of the 
individual NIRCam SW SCAs relative to the FGS-Guider reduces the maximum duration of the 
visit by a factor of two. 
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6.3 Guide Star Acquisition Failures 

The FGS-Guider Operation Concept recognizes that some of the guide stars selected by the 
ground system (using GSC-2) may in fact not be suitable as guide stars. This may be because an 
object is cataloged as a star when it is actually a compact galaxy or binary system that was 
unresolved on the survey plates, or, more likely, it is found to be too faint on-orbit due to 
photometric errors in one or more of the GSC-2 optical passbands (which propagate through the 
transformation into the NIR guider magnitude). The Òcatalog contaminationÓ rate due to these 
effects is estimated to be about 12% overall (Kriss &  Stys, 2002). Left unaddressed, this  would 
result in a guide star acquisition success rate that is no better than ~88%, thereby violating the 
intent of MR-172 and MR-365 (95% and 90% guide star availability, respectively). To mitigate 
this problem, the ground system will select up to three candidate guide stars, if available, for a 
given visit (Isaacs 2001). On orbit, JWST will attempt to acquire the fi rst guide star. If that fails, 
an attempt will be made on the second, and if necessary, on the third if the fi rst two both turn out 
to be unacceptable as guide stars. 

As the overall guide star availability declines, the percentage of scheduled visits with just one 
guide star increases. Among these visits, the guide star acquisition failure rate will reflect the 
catalog contamination rate. In Table 10 we show the percentage of scheduled visits predicted to  

Table 10. On Orbi t Visit Failures due to Catalog Contamination 

 FGS-Guider NIRCam SW NIRCam LW SW+LW 

N-FOV 1-FOV 2-FOV 1-FOV 2-FOV 1-FOV 2-FOV 2-FOV 

1 GS % 23% 3.9% 35% 10% 47% 22% 16% 

failures 2.8% 0.5% 4.2% 1.2% 5.6% 2.6% 1.9% 

 

Table 11. On Orbi t Failures due to Catalog Contamination for  NI RSpec &  MI RI  MRS 
Visits with Reduced FOVs to Support Dithers and Target Acquisitions 

 FGS-Guider NIRCam SW NIRCam LW 

N-FOV 1-FOV 2-FOV 1-FOV 2-FOV 1-FOV 2-FOV 

1 GS-MIRI 34% 4.2% 54% 27% 60% 33% 

Fail-MIRI 4.1% 0.5% 6.5% 3.2% 6.7% 4.0% 

1 GS-NIRS 14% 2% 27% 14% 29% 8.0% 

Fail-NIRS 1.7% 0.3% 3.2% 1.6% 3.5% 1.0% 

 

have only one guide star available for the various FGS-Guider and NIRCam channels available 
for guide duty. The ÒfailuresÓ assume that these visits will fail at the rate of 12%, i.e., the 
approximate contamination rate of GSC-2. Table 11 shows the failure rates for NIRSpec MSA 
and MIRI MRS due to catalog contamination. The increased likely hood of having only 1 guide 
star available for these visits is a reflection of the reduced effective FOV of the guider to support 
the 20Ó (NIRSpec) and 40Ó (MIRI MRS) offsets.  

Referring to table 10, it can be expected that ~4% of all scheduled NIRCam SW science visits 
will fail unless the LW channel (in module used for SW science) is available for guide duty. 
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However, we reject this option as it is in violation of the NIRCam Science Requirements since it 
precludes being able to simultaneously observe a field in short and long wavelength passbands. 

It should be noted that the rates in tables 10 & 11 reflect a best-case situation because we have 
assumed the areal density of suitable guide stars from Spagna (2000), which is equivalent to 
having a catalog that is complete to JAB<19.5. On the other hand, we know from Kriss & Stys 
(2002) that GSC-2 is only about 69% (75%) complete down to JAB<19.5 (18.5). Therefore, there 
availability of cataloged guide stars (which is the only kind visible to the Planning & Scheduling 
System) will be less than the values listed in table 6, so the percentage of  actual visits with only 
one candidate guide star, and therefore the rate of on-orbit visit failures, is likely to be higher.  

It should also be noted that the risk of on-orbit guide star acquisition failures can be reduced by 
imposing a policy that visits must have more than one candidate guide star to qualify for 
scheduling. This may be achieved by choosing a favorable roll angle. But given the anticipated 
off -nominal roll restriction of +/-3 degrees, setting an orient is equivalent to forcing a visit to 
schedule at a particular date. Avoiding this loss of schedule freedom is one of the main 
motivations behind MR-365 and MR-172!  

 

 

Figure 4. The plot to the left shows the probability of a Òno-gapÓ NIRCam mosaic using 
FGS-Guider (blue), or either of the SW channels for guiding (red). An observer that wishes 
to use the same SW throughout the mosaic for  the science observations has poor  prospects 
of obtaining a gap-free mosaic (green). The plot to the ri ght shows the probability of being 
able to schedule an observation set composed of a set of NI RSpec mosaics using either the 
FGS-Guider (blue) or the NI RCam SW channels (red). The Ònumber of Mosaic Ti lesÓ 
refers to the number NI RSpec fields to be observed, each requires a new guide star. The 
solid lines include the 20Ó dithers needed at every pointing. 

 

6.4 Mosaics 

Approximately 49% of the SO-DRM science programs utilized mosaics. This is consistent with 
the utilization of the Spitzer Observatory. To mosaic a field, guide stars will be needed for every 
pointing. The probability of having all of the guide stars will depend upon the size of the area to 
be mosaiced (AM), the science instrumentÕs FOV (ASI), the guiderÕs (total available) FOV (AFGS), 
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and the per-pointing guide star availability Po. If the area to be mosaiced is at least a few times 
larger than ASI or AFGS, the probability Pm of being able to mosaic the entire field with no gaps is: 

Pm = Po
n 

where n = Am / max (AFGS, ASI). Clearly, the higher the per-pointing guide star availability, and 
the larger the Guider FOV, the fewer gaps result in the mosaic. Consider for example a NIRCam 
mosaic of an 8.7 x 8.7 arcmin fi eld (4x4 SW fields). If  either SW channel can be used at a given 
mosaic point for science imaging, then the Planning and Scheduling System can select guide stars 
using either SW channel, so the total available guider FOV is AFGS = 2*4.7 arcmin2. The no-gap 
probability is 61%. If the same SW channel is to be used to collect the science data for the entire 
mosaic, AFGS becomes 4.7 arcmin2, and the no-gap probability is a mere 5%. Using the FGS-
Guider (AFGS = 11 arcmin2), the no-gap probability is 93%. 

We conclude that the relatively large FGS-Guider FOV, coupled with its 99% per-pointing guide 
star availability enables it to provide a signifi cantly better no-gap probability for mosaics with 
JWST. Figure 4a shows the prospects of a gap free NIRCam mosaic using the FGS-Guider and 
NIRCam for guide duty. NIRCam science pays a big penalty in this case since its per-pointing 
science FOV is reduced by 50% when it must also provide the guide function. This requires the 
acquisition of twice as many guide stars compared to the case when FGS-Guider provides the 
guide function. Figure 4b demonstrates this for a NIRSpec mosaic for which each pointing 
requires a 20Ó dither to recover spectra lost due to the 20Ó gap between the instrumentÕs SCAs.  

 

7.0 Impact to NI RCam Observing and NI RCam Science 

The Science Operations Design Reference Mission (SO-DRM, Petro et. al 2005), the operational 
scenario in Monograph-5  (Mather 2000) and the NIRCam science programs outlined in  Science 
Requirements Document  (Mather 2004) are used to inform our assessment of the cost to 
NIRCam science if the instrument is also required to provide the guide function. 

The SO-DRM is a 1.7-year program using the complement of instruments on JWST. It has the 
best operational fidelity to address scientifi c impacts of imposing the guide function upon 
NIRCam. A summary of the program is described in JWST-STScI-CI-0045. Table 6 of that 
report summarizes the percent use by instrument. NIRCam comprises 31% of the science 
program, while FGS-TFI contributes ~8%. If FGS-TFI is unavailable, we assume that NIRCam 
will be tasked to provide the majority of the FGS-TFI science, making it 39% of the program. 
The vast majority of the science programs outlined in the Science Requirements Document 
require the simultaneous use of all four NIRCam channels to provide suffi cient FOV and spectral 
coverage for the exploration of discovery space associated with those programs. If  NIRCam must 
dedicate even one channel to the guide function, the overall time required to accomplish the 
objectives of the NIRCam science program essentially doubles. This increases the time it takes to 
complete the SO-DRM by a factor of 1.39. The tangible effect this has on missionÕs outcome can 
be estimated by applying this factor to the total mission lifetime requirement and to the overheads 
& effi ciency budget. The total mission lifetime requirement (MR-44) is 5 years for achieving the 
JWST science goals. Multiplying this by 1.39 implies that 7 years are needed to achieve the same 
science goals if JWST is not equipped with a separate, dedicated FGS. This introduces additional 
risk in that the science observations will not be completed if the mission does not last for 7 years.  
If one of the NIRCam SW channels fail,  then the time to achieve NIRCam science essentially 
quadruples, the multiplying factor is 1.78  implying that  9 years are needed to achieve the same 
science goals if JWST is not equipped with a separate, dedicated FGS. 
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Moreover, the damage is not confined to NIRCam. NIRSpec, MIRI, and FGS-TFI will be used to 
follow up NIRCam discoveries, Thus, NIRCam will, in this sense, pioneer the JWST science 
program. Its effectiveness in doing so would be severely curtained if half its science FOV is 
effectively lost.  

The total overhead increases because more exposures and slews are needed to achieve the same 
science. The Observatory overhead is stated as no more than 10,156 hours over 5 years for a 
Monograph 5 (Mather 2000) standard program (MR-390). With NIRCam as a guider, these 
overheads increase to 14,117 hours. An alternative way of stating the overhead is an efficiency. In 
the Monograph 5 scenario,  the overhead results in an observing efficiency of 70% (on target 
exposure time). This efficiency would decrease to 70%/1.39, or 50%. 

8.0 Summary  

We have evaluated the capability of NIRCam to operate as the JWST Guider. We have also 
explored the associated operational and scientifi c consequences of using the instrument for that 
purpose. In spite of NIRCamÕs smaller FOV and lower through put relative to the FGS-Guider, 
we find that NIRCam can meet MR-171, the 95% guide star availability rate, but only if either 
module can be used as the guider on orbit. In a failure mode, whereby one of the short-
wavelength channels is lost, we find that to meet MR-365 (90% guide star availability rate) for 
non-NIRCam visits, the long-wavelength channels must be available for guide duty. For NIRCam 
science visits however, we find the guide star availability rate is reduced to 72% in this failure 
mode. Therefore we conclude that MR-171 is not met using NIRCam as the JWST Guider. 

We have evaluated the operational impacts of offsets to support dithers, target acquisitions, and 
mosaics. We find that even with two SW channels available for guide duty, the 20Ó dithers 
nominally required by every NIRSpec visit are diffi cult to support due to the small FOV of the 
individual SCAs that compose the SW channels. Likewise, MIRI MRS target acquisition slews, 
which will be on the order of 40Ó, make finding usable guide stars a challenge for the Planning 
and Scheduling System.  

The operational impact of the lower per-pointing guider star availability of NIRCam relative to 
the FGS-Guider is amplified for science programs that mosaic a field that requires multiple guide 
star acquisitions. We find the probability of obtaining a gap-free mosaic is signifi cantly reduced if 
NIRCam is used as the guider compared to the FGS-Guider. Gap-free NIRSpec mosaics in 
particular become far more challenging to achieve due to the 20Ó dithers and the small SCA FOV. 
We are concerned given that ~49% of the SO-DRM science program utilizes mosaics. 

Diffi culties associated with guide star availability can be operationally mitigated by tolerating 
loss of scheduling flexibility. The Planning and Scheduling System accomplishes this by 
selecting spacecraft orientations (roll angle) that bring guide stars into NIRCamÕs FOV. However, 
this implicitly violates the intent and purpose of MR-171 & MR-365. There is no need to do so 
using FGS-Guider. 

The largest to change to the JWST mission, for which there is no operational work around, is the 
50% reduction in the rate at which NIRCam science observations can be made. The NIRCam 
Science Requirements Document, and the SO-DRM assume that the vast majority of NIRCam 
science visits will make use of all four channels. Assigning  one module to guide duty eliminates 
the opportunity to image one 4.7 arcmin2 FOV across the full range of 0.6 to 5.0µm. To retrieve 
this missing data essentially requires a new observation of similar duration. The SO-DRM assigns 
approximately 30% of the JWST science exposure time to NIRCam and ~9% to the FGS-TFI. 
Without the FGS-TFI, we assume the NIRCam program would expand to include much of the 
FGS-TFI science, i.e., to ~39% of the JWST mission. If NIRCam is used as a guider, it will take 
twice as long to acquire these data. This increases the time to accomplish the JWST core mission 
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by a factor of 1.39, effectively requiring a mission lifetime of 7 years rather than 5 years, which 
violates of MR-44.  

In summary, we find: 

¥ NIRCam must minimally be fi tted with wide bandpass Òguide fi ltersÓ in each of its four 
channels in order to serve as a reasonable guider for JWST. 

¥ MR-171 (95% guide star availability) is meet for all non-NIRCam science visits. With 
two SW channels available for guide duty, MR-171 is met for NIRCam science visits as 
well. 

¥ MR-365 (90% guide star availability) is met for all non-NIRCam science visits provided 
the NIRCam LW channels are available for guide duty in the event that one SW channel 
is lost. 

¥ The LW channels are required for guide duty to support WFS&C visits if one SW 
channel has been lost. 

¥ MR-365 is not be met for NIRCam science visits without waiving NIRCam Science 
Requirements which call for simultaneously imaging a FOV over the 0.6-5.0µm 
bandpass. 

¥ Using NIRCam as a guider introduces signifi cant operational challenges that result in a 
reduction of the overall efficiency with which all science observations are made. Mosaics 
are particularly hard hit. 

¥ The NIRCam science program suffers a 50% reduction in the rate at which observations 
can be made. This increases the JWST core mission lifetime to 7 years rather than the 
required 5 years. 
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