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Abstract. COS is a slit-less spectrograph with a very small aperture (R=1.25!!).
To achieve the desired wavelength accuracies, HST+COS must center the target
to within 0.1!! of the center of the aperture for the FUV channel, and 0.04!! for
NUV. During SMOV and early Cycle 17 we fine-tuned the COS target acquisition
(TA) procedures to exceed this accuracy for all three COS TA modes; NUV imaging,
NUV spectroscopic, and FUV spectroscopic. In Cycle 17, we also adjusted the COS-
to-FGS o!sets in the SIAF file. This allows us to recommend skipping the time
consuming ACQ/SEARCH in cases where the target coordinates are well known. Here
we will compare the on-orbit performance of all COS TA modes in terms of centering
accuracy, e"ciency, and required signal-to-noise (S/N).

1. Introduction

There are four COS Target Acquisition (TA) modes:

• ACQ/SEARCH: performs a search in a spiral pattern by executing individual exposures
at each point in a square grid. This mode can use either dispersed-light or imaging
exposures.

• ACQ/IMAGE: obtains an NUV image of the target field, moves the telescope to center
the object, and obtains a second NUV image as a confirmation of the centering.

• ACQ/PEAKXD: determines the cross-dispersion (XD) centroid of a spectrum in the direc-
tion perpendicular to dispersion and moves the telescope to center the XD direction.

• ACQ/PEAKD: centers the target spectrum in the along-dispersion (AD) direction by
executing individual exposures at each point in a linear pattern along the AD axis.

Coordinate accuracy and target brightness will determine your choice of TA strategy and
optional parameters. ACQ/IMAGE is often the fastest and most accurate centering mode,
but, depending on target brightness, can take longer than the spectroscopic TA sequence
of ACQ/PEAKXD+PEAKD. TAs on targets with positional uncertainties larger than 0.4!! need
to begin with an ACQ/SEARCH to ensure the target is in the COS aperture.

This document summarizes two more detailed COS TA documents: COS TIR 2010-
03(v1) “COS Target Acquisition Guidelines, Recommendations, and Interpretation”, and
COS TIR 2010-14(v1)) “On-Orbit Target Acquisitions with HST+COS”. Interested ob-
servers should use these documents, and the COS Instrument Handbook, as their primary
sources of information on COS TA.
2. Centering Requirements

Wavelengths assigned to COS data are required to have an absolute uncertainty of less than
±15 k/ms in the medium resolution modes, ±150 km/s in G140L mode and ± 175 km/s
in G230L mode. In the XD direction, the requirement is to be centered to within ±0.3!!,
however, our goal is ±0.1!! for FUV flat-fielding purposes. Since the AD requirement is in
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units of km/s, it is detector and wavelength dependent as defined and shown in Equation 1.

!AD(arcsec) =
! Dvelocity requirement ! !

c ! dispersion (Å/p) ! platescale (p/!!)
(1)

Assuming that the wavelength error budget is split evenly between the COS TA and
wavelength scale accuracy, the allowable TA centering errors, in arcseconds (!!), are given
in Table 1. The strictest requirement for each grating is highlighted in bold.

Table 1: COS Centering Requirements
Grating Total Error Budget TA Requirement

NUV
G185M 0.058!! 0.041!!

G225M 0.076!! 0.054!!

G285M 0.084!! 0.059!!

G230L 0.086!! 0.061!!

FUV
G130M 0.150!! 0.106!!

G160M 0.153!! 0.108!!

G140L 0.247!! 0.175!!

3. HST Blind Pointing

By reverse engineering the actions performed by COS TAs during SMOV, we determined
a bias in the blind pointing of HST+COS (left panel of Figure 1). The mean blind point-
ing o"set in [AD,XD] coordinates was [-0.22±0.47, -0.17±0.49]!! , indicating a o"set in the
FGS-to-COS alignment. The outer black dashed circles in the Figure 1 represents the
R=1.25!!aperture, the red dotted circle is the centering limit to transmit maximum flux,
the blue dashed circle is the FUV centering goal (0.106!!), and the small black solid circle is
the NUV centering goal (0.41!!). In March 1, 2010 an adjustment was made to the Science
Instrument Aperture File (SIAF) to correct for this blind-pointing bias. The right panel
of Figure 1 shows the blind pointing estimate for observations taken after March 1, 2010.
As expected, the HST blind pointing accuracy is not a function of TA mode employed (the
blind pointing accuracies of each mode is given in Figure 1.), dominant FGS (red squares),
or whether the target was a guest observer (GO), or calibration (CAL) program.

4. ACQ/SEARCH

As envisioned prior to launch, ACQ/SEARCHs should be able to center a target to within
0.1-0.2!! in both AD and XD given that the target was within the box on the sky contained
by the outer dwell points. This expectation was based on simulations based upon the
predicted, and not the observed PSF. The observed on-orbit PSF is noticeably asymmetric
and contains a much larger percentage of the light in the extended wings (see Figure 2).
The PSF asymmetries and extended wings, along with the extended transmission function
of the aperture tend to feed incorrect information into the ACQ/SEARCH centering algorithm.

Based upon the centerings required by TA procedures following ACQ/SEARCHs, the
initial pointing accuracies of ACQ/SEARCH can be deduced. As detailed in COS TIR-
2010-03(v1), imaging ACQ/SEARCHs show average [AD,XD] centering errors of magnitude
[0.29,0.24]!! , while NUV and FUV spectroscopic ACQ/SEARCHs show average centering errors
of [0.10,0.07]!! and [0.19,0.15]!! , respectively. On-orbit, a single ACQ/SEARCH should, there-
fore, not be expected to center the target to better than 0.3!! in either AD and XD, and
depending on where the target falls in the pattern, it could easily be 0.4!! o"-center. This
is why we recommend that all COS TAs follow up their initial ACQ/SEARCH with either an
ACQ/IMAGE, ACQ/PEAKXD+PEAKD, or a second 2 ! 2 ACQ/SEARCH. These pointing statistics
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Figure 1: HST Blind Pointing: GO observations are highlighted by green circles, calibration
exposures by red circles. If the dominant FGS was #3 a red box is added. The left panel
is before the March 1, 2010 SIAF adjustment, the right panel is after the COS-to-FGS
correction.

include only those ACQ/SEARCHs with S/N > 25 in the brightest dwell point. This is the
minimum recommended S/N for ACQ/SEARCH, and the suggested S/N is 40. Higher S/Ns
do not improve the final target centering as ACQ/SEARCH is always followed by additional
TA procedures.

Because of the improvement in the HST ’blind pointing’ due to the FGS-to-COS adjust-
ment on March 1, 2010, targets with very well known coordinates are no longer required to
precede ACQ/IMAGEs or spectroscopic ACQ/PEAKXD+ACQ/PEAKD sequences with ACQ/SEARCHs.
Table 2 shows our updated ACQ/SEARCH usage guidelines. SCAN-SIZE equal to zero im-
plies that the observer is bypassing ACQ/SEARCH altogether and proceeding directly to an
ACQ/IMAGE or ACQ/PEAKXD+ ACQ/PEAKD.

SCAN-SIZE Target Coordinate Uncertainty (!!) STEP-SIZE CENTER method
0 ! ! 0.4
2 0.4 ! ! ! 0.7 1.767!!a FW
3 0.7 < ! ! 1.0 1.767!!b FWF
4 1.0 < ! ! 1.3 1.767!!b FWF
5 1.3 < ! ! 1.6 1.767!!b FWF

Table 2:

aDefault STEP-SIZE value and the largest value which samples the search area without gaps.
bIf the target coordinate uncertainty is on the low edge of the given range, you can reduce the STEP-SIZE
slightly (e.g., 1.5!!) to improve centering accuracy by sacrificing the total area of the sky covered by the
search pattern.
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Figure 2: The left figure shows the on-orbit PSF at the COS aperture, the pre-launch
estimate is on the right . The red circles are the size of the aperture. The pre-launch PSF
has a central peak and a symmetric outer ring of radius 0.75!!. The on-orbit PSF in not
symmetric and has considerable power (> 5%) in extended wings and rings.

5. ACQ/IMAGE

First, a wavelength calibration lamp (WCA) exposure determines the location of the aper-
tures on the NUV detector, then an image of the sky is taken. After measuring the positions
of the target and the WCA, the slew required to center the target is determined and per-
formed. Depending on target flux, this can be performed with (PSA or BOA) + (MIRRORA or
MIRRORB). PSA/BOA images land on about the same location on the detector, but MIRRORA
and MIRRORB (a reflection o! the order sorter in front of MIRRORA) images land at di!erent
locations. Figure 3 below shows the on-orbit WCA, initial target locations, and the TA
subarrays used in determining spot locations. The dashed boxes are proposed subarrays for
an upcoming adjustment. This adjustment is required due to the rising NUV background
rate. In this figure, only ACQ/IMAGEs after the FGS-to-COS adjustment of March 1, 2010
are shown.

Comparing the final target locations in the confirmation images to those commanded,
we can measure the on-orbit centering accuracy of ACQ/IMAGE. The final [AD,XD] centering
accuracy of all S/N > 25 ACQ/IMAGE to date is an impressive [-0.007 ± 0.016!!, -0.009 ±
0.012!!]. This is the minimum recommended S/N for ACQ/IMAGE, and the suggested S/N is
40 for PSA TAs and S/N of 60 for BOA TAs. Higher S/Ns will improve the final target
centerings.

6. ACQ/PEAKXD

ACQ/PEAKXD sequences flash the wavelength calibration lamp (WCA), followed by a brief
target spectrum. The WCA position determines the desired XD target location. The slew
required to put the spectrum at this XD location is calculated and performed. For NUV
TAs, one specifies which stripe to use (STRIPE=A, B, or C). For FUV TAs, one must
specify which segment(s) to use (SEG=A, B, or BOTH). To limit detector and Geocoronal
backgrounds from contributing to the XD location determinations, subarrays are used; one
for the NUV and one or two for each of the FUV segments (as shown in Figure 4).

FUV ACQ/PEAKXDs are complicated by the:

1. distortions present in the raw coordinate frame (no thermal or geometric correction)

2. wavelength dependent XD profiles (di!erent targets are centered di!erently)
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Figure 3: Detector coordinate locations of NUV Imaging TA subarrays. Solid lines are
current subarrays, dashed boxes are proposed Cycle 19 replacements. The two distributions
on the left are the WCA locations for MIRRORA and MIRRORB images. The two distributions
on the right are the initial target locations for PSA/BOA + MIRRORA and MIRRORB images

3. mapping of segment-B spectra onto the segment-A coordinate system (each segment
has di!erent raw digital element XD sizes and zero point o!sets).

These complications can cause objects with di!erent spectral energy distributions (SEDs)
to be centered di!erently. This o!set can be as much as 0.3!!, and is the most problematic
for G160M TAs.

NUV ACQ/PEAKXDs are complicated by:

1. an additional error is present if STRIPE is not equal to B (±0.06!!)

2. the stripes are tilted on the detector (di!erent targets are centered di!erently (±0.05!!)

3. each grating has a unique plate scale, but the average is currently used (±0.05!!).

These NUV e!ects are smaller than the those seen in FUV TAs. The minimum recom-
mended S/N for ACQ/PEAKXD is 40 for both BOA and PSA TAs. Higher S/Ns will improve
the final target XD centerings.

7. ACQ/PEAKD

ACQ/PEAKD is a 1D along-dispersion (AD) version of ACQ/SEARCH. The transmission of the
COS apertures is essentially flat within the central 0.5!! then tails o! in a non-linear, but
approximately symmetric profile.

The upper left panel of the left figure of Figure 5 shows the normalized ACQ/PEAKD
results. The upper right panel of this figure shows the normalized counts after alignment
based upon the chosen centering method. The lower left panel highlights the NUV results,
while the lower right panel of the left figure gives the FUV results. The centering results for
all appropriate observations were merged to a composite profile representing the average
on-orbit AD profile. The average correcting maneuver was 0.018± 0.127!!. This profile
was used to create simulations for all ranges of the parameters SCAN-SIZE and STEP-SIZE,
with a detector background appropriate for a 15 second observation. As shown in the right
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Figure 4: FUV TA subarrays superimposed on FUV raw detector coordinate images.
Segment-A is on top, segment-B in on the bottom. Note the significant XD geometric
distortion “kink” near X/10=400–500.

figure of Figure 5, there are several ACQ/PEAKD centering options that are exceeding the
FUV (0.106!!) and NUV (0.041!!) centering requirements.

8. Detector Backgrounds/SAA

The NUV detector background has been rising since launch, and is now 300 counts/sec for
the entire detector. NUV ACQ/SEARCH and WCA ACQ/IMAGE subarrays are being optimized
to minimize impact on COS TA. The FUV detector background has been steady since
launch at 2-3 counts/sec/segment. No FUV subarrays currently need to be optimized for
COS TA due to background e!ects. Both detectors show large background rate excursions
near the SAA. The COS SAA defining contours were modified in May 2010 to prevent COS
TAs from occurring near the SAA.

9. COS Focus

By monitoring the FWHM of the confirmation ACQ/IMAGEs we are tracking the imaging
performance of COS, and hence, the stability of the HST+COS focus. The FWHM of the
confirmation images from all COS ACQ/IMAGEs are shown in Figure 6. Non-point sources
show larger FWHMs, so the focus is monitored by the narrowest measurements. No signifi-
cant change in imaging performance has been detected for either the PSA or BOA in either
the along-dispersion (AD) or cross-dispersion (XD) directions

10. Conclusions and Recommendations

By evaluating the on-orbit actions performed by the COS TA flight software (FSW), we have
been able to demonstrate the excellent performance of all COS TA modes during SMOV
and Cycle 17. In this article and in COS ISR 2010-14(v1), we have updated Cycle 18 COS
TA parameter choices and strategy recommendations. During SMOV and Cycle 17 many
COS FSW TA parameter values were adjusted to our best determinations of the values for
early operations. As outlined in COS TIR 2010-03(v1), there are still some outstanding TA
issues and further TA optimizations are planned for Cycle 18 and beyond.
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Figure 5: ACQ/PEAKD observations and simulation results. The upper left panel of the left
figure shows the normalized ACQ/PEAKD results. The upper right panel of this figure shows
the normalized counts after alignment based upon the chosen centering method. The lower
left panel highlights the NUV results, while the lower right panel of the left figure gives
the FUV results. The centering results for all appropriate observations were merged to
a composite profile representing the average on-orbit AD profile. This profile was used
to create simulations for all ranges of the parameters SCAN-SIZE and STEP-SIZE, with a
detector background appropriate for a 15 second observation. The right figure shows that
there are several ACQ/PEAKD centering options that are exceeding the FUV (0.106!!) and
NUV (0.041!!) centering requirements. ACQ/PEAKDs with CENTER=RTB (return-to-brightest)
never achieve these requirements.

Figure 6: COS focus monitoring. Neither the BOA ACQ/IMAGE images (top, circles) or
the PSA images (bottom, triangles) show any change in AD (blue) or XD (red) FWHM
on-orbit.
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