
The 2010 STScI Calibration Workshop
Space Telescope Science Institute, 2010
Susana Deustua and Cristina Oliveira, eds.

The On-Orbit Performance of the Cosmic Origins Spectrograph

A. Aloisi, T. Ake1, A. Bostroem, R. Bohlin, C. Cox, R. Diaz, V. Dixon2,
P. Ghavamian, P. Goudfrooij, G. Hartig, P. Hodge, C. Keyes, G. Kriss, M. Lallo,
D. Lennon3, D. Massa, S. Niemi, C. Oliveira, R. Osten, C. R. Proffitt1,
D. Sahnow2, E. Smith, T. Wheeler, M. Wolfe, B. York, W. Zheng2

Space Telescope Science Institute, Baltimore, MD 21218
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Abstract. The Cosmic Origins Spectrograph (COS) was installed on the Hubble
Space Telescope (HST) in May 2009 as part of the most recent Servicing Mission
4. COS is a fourth-generation instrument that has significantly extended HST UV
spectroscopic capabilities. This paper highlights the current instrument performance,
with particular emphasis on the initial on-orbit characterization during the Servicing
Mission Observatory Verification (SMOV) and the subsequent calibration during
Cycle 17. Plans for future improvements in the COS on-orbit calibration are also
included.

1. Introduction

The Cosmic Origins Spectrograph (COS; Green 2000) is Hubble’s fourth-generation ul-
traviolet spectrograph. It was installed on Hubble on May 16, 2009, during the third
extra-vehicular activity of Servicing Mission 4. COS is designed to perform high-sensitivity,
medium- (R ∼ 20,000) to low-resolution (R ∼ 2,000-3,000) FUV and NUV spectroscopy of
astronomical point sources in the 1150-3200 Å wavelength range. COS significantly expands
the spectroscopic capabilities of Hubble at ultraviolet wavelengths, providing observers with
unparalleled opportunities for observing faint point sources at ultraviolet light. The pri-
mary science objectives of the mission are the study of the origins of large-scale structure
in the Universe, the formation and evolution of galaxies, the origin of stellar and planetary
systems, and the cold interstellar medium.
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Figure 1: Diagram of the COS light path, optical elements and mechanisms (courtesy
GSFC).

The COS optical design achieves high performance, particularly in the FUV, by min-
imizing the number of reflections in the optical path and through the use of large format
detectors, thus maximizing the wavelength coverage per exposure. Each channel has its own
detector and a selection of gratings. An Optics Select Mechanism (OSM) is commanded to
select either the FUV or NUV channel for an observation (Fig. 1). In addition, the user
specifies the aperture, grating, central wavelength, grating offset position (FP-POS), and
data collection mode (TIME-TAG or ACCUM) for each observation. In TIME-TAG mode
individual photon events from the detector are tabulated into a list, while in ACCUM mode
the photon events are integrated on-board into an image. COS is optimized to perform in
TIME-TAG mode, although ACCUM mode is fully supported in the pipeline processing,
and both TIME-TAG and ACCUM data are calibrated similarly.

The FUV channel spans the wavelength region extending from 1150 to 1775 Å. This is
a single reflection system where a high-efficiency, first-order, aspheric holographic grating
(G130M, G160M, or G140L) completely corrects the beam in the dispersion direction but
has low spatial resolution perpendicular to dispersion. This channel uses a large format,
solar blind cross delay line detector (XDL). This is a two segment photon counting detector
with microchannel plates feeding a XDL anode in a 16384 × 1024 detector element format
for each segment. The NUV wavelength range extends from 1750 to 3200 Å. To retain
efficiency without the use of a large spectroscopic format NUV detector, multiple cam-
eras simultaneously image multiple, fully aberration-corrected, spectra (in G185M, G225M,
G285M, or G230L) on the Space Telescope Imaging Spectrograph (STIS) flight spare CsTe
(1024 × 1024) MAMA detector. The NUV channel has also some limited broad-band
imaging capability that is mostly used for target acquision.

The initial on-orbit characterization of COS was performed during the servicing mission
observatory verification (SMOV) activities, which were completed at the end of September
2009. This milestone marked the commissioning of COS for observations by the astro-
nomical community. At that time, COS operational responsibilities were handed off to the
Institute from the COS instrument development team (IDT), which is led by the principal
investigator, Dr. James Green of the University of Colorado. Since commissioning, the In-
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Figure 2: NUV and FUV throughputs for COS (as measured during SMOV) and STIS.

stitute has implemented several calibration observations aimed at optimizing COS science
as part of the Cycle 17 calibration program that is currently underway. In particular, we
monitor the dark-current, flux, and wavelength calibration of the instrument. We also put
special emphasis on aspects of COS calibration which are expected to be problematic, or
which SMOV did not fully explore, such as, e.g., (1) throughput of the FUV channel below
1150 Å, (2) extension of the COS FUV coverage down to 900 Å at higher resolution using
two new G130M settings, (3) improvements in the flat-field correction for the COS FUV
detector, and (4) checks on the zero point of the wavelength calibration for a number of
settings.

2. COS Sensitivity

2.1. Initial On-Orbit Sensitivity

Initial on-orbit measurements of the sensitivity of the COS detectors were performed during
SMOV (Fig. 2). For most of the NUV modes, the sensitivities resulted to be within 10-15%
of the values predicted from ground testing (Massa et al. 2010a). The two NUV bare-Al
gratings (G225M and G285M) that displayed time-dependent sensitivity loss on the ground,
had initial on-orbit measurements that were consistent with this pre-launch degradation.
In the NUV, COS sensitivity is 2 to 3 times that of STIS. The NUV detector suffers from
some vignetting when observing external targets, which can decrease the sensitivity by as
much as 20% at one edge of the detector. Vignetting is uniform for all three stripes, and
the effect is now included in the NUV flat-field reference file (Ake et al. 2010a).

The initial on-orbit sensitivities of all COS FUV modes also resulted to be within 10-
20% of the values expected from ground testing (Massa et al. 2010b). In this wavelength
region, COS is more sensitive than STIS by factors of 10 to 30.
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Figure 3: Effective area of two COS FUV gratings below 1200 A. The G140L@1280 Å Seg-
ment B, G130M@1096 Å, and G130M@1055 Å settings are sensitive to far ultraviolet light.
The two G130M settings are more sensitive in the range below 1050 A.

2.2. Sensitivity below 1150 Å

Initial on-orbit measurements with Segment B (short wavelength segment) of the FUV
detector with the G140L grating have also confirmed some sensitivity at R ∼ 2,000 at
wavelengths shorter than 1150 Å and all the way down to the Lyman limit (∼ 900 Å). The
sensitivity in this unusual wavelength regime for HST is due to the fact that the reflectivity
of the MgF2 coatings is still non-zero (McCandliss et al. 2010). This new extreme FUV
mode, G140L@1280 Å Segment B, has been calibrated as part of the Cycle 17 calibration
program and is fully supported starting from Cycle 18.

Exploratory observations with two new FUV settings that cover the 900-1150 Å spec-
tral range, G130M@1055 Åand G130M@1096 Å, were also taken as part of the Cycle 17
calibration program. These new modes provide greater sensitivity below 1050 Å at a similar
resolution (∼ 2, 000) compared to G140L@1280 Å Segment B. They also have an effective
area that is pretty constant over one segment (Segment A), contrary to G140L@1280 Å Seg-
ment B where the large increase in effective area at wavelengths longer than 1050 Å may
easily cause a local rate violation depending on the spectral energy distribution of the
source. By switching off Segment B in these two new G130M settings, much fainter FUV
sources can be observed in the 900-1050 Å region (see Fig. 3 and Osterman et al. 2010 for
more details). The two new G130M settings will be offered to the HST observers starting
from Cycle 19 and will be fully calibrated as part of the COS Cycle 19 calibration program.

2.3. Time Evolution of the Sensitivity

On-orbit monitoring of the COS NUV and FUV sensitivity is an important part of the COS
Cycle 17 and Cycle 18 calibration programs. This activity has produced some interesting
results over the first year of COS on-orbit operations.
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Figure 4: Slope of the throughput degradation as a function of wavelength for all COS FUV
and NUV gratings and monitored central wavelength (from Osten et al. 2010a). For the FUV
data, open symbols indicate measurements made on segment A, while filled symbols indicate
measurements made on segment B. Low-resolution NUV and FUV data are illustrated in
green, while FUV M-modes are shown in blue and NUV M-modes are shown in red. For
the G230L gratings, stripes in which contributions from second order light can be found are
additionally indicated with an X (from Osten et al. 2010a).

Before launch, the bare-Al gratings G225M and G285M in the NUV channel showed a
wavelength-independent sensitivity degradation of about 1.6% and 4.5% per year, respec-
tively. This degradation had been attributed to the growth of a thin oxide layer on the
grating surface during the nitrogen purge that kept humidity out of the instrument before
launch. Expectations were that this growth would have stopped once on orbit and that
the sensitivity decline of the G225M and G285M gratings would have ceased. However,
this is not the case since the throughput of the bare-Al gratings continues to decline at a
rate similar or slightly higher than pre-launch rates (up to ∼ 10% per year). While the
continued on-orbit degradation of the NUV bare-Al gratings G225M and G285M was not
anticipated before launch, this effect only marginally impacts a very limited amount of COS
science. The gratings are used very little during Cycle 17 and Cycle 18 (less than 2-3% of
the total COS time). They still provide a throughput that is slightly higher or comparable
to the throughput of the STIS medium-resolution gratings covering the same wavelength
range (E230M and G230M). The NUV MgF2-coated gratings G185M and G230L, instead,
showed no evidence of significant throughput changes over time before launch, and continue
to show no significant changes in orbit.

The FUV gratings are also periodically monitored as part of the COS Cycle 17 and
Cycle 18 calibration programs. The throughput of these gratings is declining faster than we
expected based on UV contamination only. As of July 2010, the degradation in throughput
is wavelength-dependent, with the longest wavelengths manifesting the largest decrease.
Also, comparable throughput losses are observed in the same wavelength region covered by
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different gratings, independently of the pixel location in the dispersion direction. Each of
the two segments of the XDL detector show slightly different rates, with Segment B (shorter
wavelengths) declining faster than Segment A. These characteristics of the FUV throughput
degradation suggest a detector effect, particularly aging of the CsI photocathode. This aging
is not localized to the most heavily used areas of the FUV detector, i.e., it is not related
to the fluence or the total number of photons that hit the detector, but is a global effect.
The rate of the FUV throughput loss is between 4-6% and 12% per year, depending on the
wavelength. This rate is higher than ever observed in any other CsI photocathode flown
on Hubble or on any other space-astronomy mission. This difference could be due to some
gas contamination, because the COS FUV detector is windowless, instead of being a sealed
tube. The Institute’s COS team, in collaboration with the COS IDT and the Hubble project
at Goddard Space Flight Center, is currently investigating the physical causes of the FUV
throughput loss and possible mitigating actions. Despite this larger than expected FUV
loss, COS is still the most sensitive spectrograph ever flown on Hubble.

The decline in throughput of all the FUV gratings and the two bare-Al NUV gratings
(Fig. 4) have been included into the COS exposure time calculator (ETC). ETC 18.2 was
released to the public in April 2010 to support preparation of Phase II of the COS Cycle
18 approved programs. This version uses the measured trends in throughput extrapolated
to the mid-point of Cycle 18 (March 2011). The time dependence of the COS NUV and
FUV sensitivity has also been included into CALCOS, the COS calibration pipeline, with
the delivery of new TDS reference files in mid July 2010. For more details on the time
dependence of the COS sensitivity see Osten et al. (2010a,b).

3. Evolution of the Gain of the FUV XDL Detector

In TIME-TAG mode, in addition to time and location of each photon that falls on the
detector, the FUV detector records the pulse-height amplitude (PHA). This gives a measure
of the gain of the detector, i.e., how many photo-electrons are produced as the result of one
photon striking the detector at that position.

By analyzing the FUV images with all the counts accumulated within a certain period
of time since the beginning of on-orbit operations and by evaluating the corresponding maps
of the pulse-height distributions as a function of time, it has been noticed that the peak of
the pulse-height distribution at a certain x (dispersion) position on the detector has been
steadily shifting to smaller gain values (see Fig. 5 and Sahnow et al. 2010).

This expected gradual gain degradation is due to charge extraction and is most apparent
in regions of the detector subject to the largest photon accumulations. On Segment B of
the FUV detector, these are the regions where geocoronal Lyα emission from the most used
central wavelengths and FP-POS positions of G130M are located. Since the data are filtered
by pulse height in the standard processing with CALCOS, events falling below the current
minimum PHA threshold of 4 are removed from the events that contribute to the extracted
spectra. As a consequence, several artificial “absorption features” due to this gain sag are
now apparent in the science data. The localized flux losses associated with these features
are up to ∼ 5-10% as of July 2010.

The gain degradation of the XDL detector in the first year of on-orbit operations has
been faster than pre-launch expectations, but is already slowing down significantly in the
most heavily exposed areas. This behavior seems to be consistent with some kind of tiny gas
contamination at or around launch time and a subsequent on-going on-orbit “re-scrubbing”
of the detector by UV photons from the observed external targets.

Short-term strategies being implemented to reduce the localized effects of the gain sag
on the science data, include lowering the minimum PHA threshold and marking the low
gain regions with a data quality flag. Long term options are also investigated, including
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Figure 5: Evolution of the gain versus x (dispersion) position on the detector at a variety
of times since COS was installed on HST. The “modal gain” is the peak of the pulse-height
distribution for events in the spectral extraction region. The large jump between the top
green curve and the lower blue curve is the result of a lowering of the operational high voltage
of the detector on August 15, 2009. Since then the gain has been steadily decreasing, and
pulse height minima are appearing which correspond to regions of enhanced geocoronal Lyα
emission.

Figure 6: Calculated LSFs for the COS FUV medium-resolution gratings that include the
effects of the MFWFEs are shown as solid lines. The dotted line shows a Gaussian LSF with
a 6.5 pixel FWHM. This Gaussian profile is consistent with the typical FUV LSF observed
during ground testing in 2006.

raising the operational high voltage back to the original on-orbit value or moving to a new
y (cross-dispersion) position on the detector.

4. On-Orbit Spectroscopic Line Spread Function

Analysis of SMOV data indicates that the COS on-orbit spectroscopic line-spread function
(LSF) differs from that observed during pre-launch ground testing (Ghavamian et al. 2009,
2010). While the COS optics successfully correct for the spherical aberration of the HST
primary mirror, mid-frequency wavefront errors (MFWFEs) due to zonal (polishing) errors
in the HST primary and secondary mirrors result in an LSF with extended wings and a
core that is slightly broader and shallower than expected. These MFWFEs could not be
simulated during ground testing.

The MFWFE effects are particularly noticeable in the FUV. While the pre-launch
FUV LSF is well described by a Gaussian, the on-orbit FUV LSF has up to ∼ 40% of
its total power distributed in non-Gaussian wings. The power in these wings is largest at
the shortest wavelengths covered by the COS medium-resolution gratings (∼ 1150 Å). The
effect diminishes with increasing wavelength but remains non negligible even at the longest
wavelengths (Fig. 6).
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The effects of the MFWFEs are also present in the COS NUV LSF, particularly for
the shorter wavelength gratings (G185M and G225M), although at a lower level than in the
FUV. At wavelengths longer than ∼ 2500 Å, the broad wings of the NUV LSF are instead
dominated by the response of the MAMA detector (similar to what is seen for the STIS
MAMA LSFs).

When a substantial fraction of the power in an LSF is transferred from the core to
its extended wings, traditional measures of resolution, such as the FWHM of the line core,
can be misleading, Nevertheless, the FWHM is a convenient tool to describe the resolution
R, that in the case of the observed on-orbit COS LSF is defined as the empirical width
at half the peak. With this caveat in mind, we can state that the MFWFEs reduces the
COS resolving power by up to ∼ 20% in the most extreme cases (shortest wavelengths of
G130M). This in turn reduces the detectability of faint, narrow spectral features, leading
to an increase between 20% and 40% of the minimum detectable equivalent width (see
Ghavamian et al. 2009 for more details).

5. On-Orbit Dark Rates and their Evolution with Time

5.1. FUV XDL Detector

The average dark rate measured during SMOV for the FUV XDL detector away from the
South Atlantic Anomaly (SAA) meets the pre-launch expectations of ∼ 1.5-2 × 10−6 counts
s−1 pixel−1 when a PHA filtering between 4 and 30 is applied. Weekly monitoring shows
that the average dark rate is quite stable with time.

Deep FUV detector dark images revealed that the dark rate varies as a function of
position on the detector. Segment A appears relatively featureless, while segment B exhibits
several regions with higher count rates (Fig. 7). In most cases, these features will have a
negligible effect on the extracted spectra, since they are quite faint. In TIME-TAG mode,
these features are nearly eliminated by the default pulse-height filtering (4-30) used by
CALCOS when the data are processed. They cannot be removed from ACCUM mode
exposures, however, because pulse-height information is not available. Since ACCUM mode
is used only for bright targets, these features should constitute a negligible fraction of the
total counts in this case (see Sahnow et al. 2010 for more details).

5.2. NUV MAMA Detector

The NUV MAMA detector dark images are pretty featureless, with an average dark rate
measured during SMOV away from the SAA that has a value of ∼ 6× 10−5 counts s−1

pixel−1. This value is significantly below the pre-launch predictions of ∼ 20× 10−5 counts
s−1 pixel−1.

Since the early SMOV measurements, however, the dark current has continuously in-
creased as indicated by the weekly monitoring. By late June 2010, it has risen to a level of
∼ 35× 10−5 counts s−1 pixel−1 which is slightly higher than pre-launch expectations. The
NUV MAMA dark rate appears to be rising linearly with time at a rate of ∼ 2.8× 10−4

counts s−1 pixel−1 per year. In addition to this trend, there also appears to be a correlation
between the dark rate and the detector temperature (Fig. 8). It is possible that the increas-
ing dark current is due to window phosphorescence, similar to that observed in the STIS
NUV MAMA detector. However, the COS NUV detector dark rate is still several times
lower than both the pre-SM4 STIS NUV dark rate (∼ 1.3× 10−3 counts s−1 pixel−1) and
the current enhanced STIS NUV dark rate (∼ 4× 10−3 counts s−1 pixel−1). The most up-
to-date value of the COS NUV dark current has been included into the COS ETC version
18.2 (see Zheng et al. 2010 for more detals).
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Figure 7: Sum of a large number of on-orbit dark exposures. Each segment is displayed
as an image and as a projection onto the x axis (units are counts s−1 pixel−1 × 106).
While segment A appears relatively featureless, segment B shows four pseudo-emission lines,
known as arcs and knots (and labeled A and K, respectively), as well as a pair of divot/clod
features, which result when their large pulse heights cause photons to be mis-registered.
No pulse-height screening is employed here; when the default TIME-TAG screening is used,
the Segment B features are significantly reduced.

Figure 8: Dark current (top panel) of the COS NUV MAMA as a function of time from
SM4 until the end of June 2010. The dark current is still increasing linearly with time, at
a rate of ∼ 2.8× 10−4 counts s−1 pixel−1 per year (solid line in the top panel). Notice that
the dark current also shows some correlations with the temperature of the MAMA tube
(bottom panel).
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6. On-Orbit Flat Fields

6.1. NUV MAMA Detector

The flat field of the COS NUV MAMA detector obtained on orbit during SMOV with the
internal deuterium lamp showed consistency with the much higher S/N ground flat field
that was obtained during thermal vacuum testing as a combination of internal and external
deuterium lamp exposures (alignment better than ∼ 1 pixel ; Ake et al. 2010a).

The COS calibration pipeline, CALCOS, is currently performing flat field calibration for
the NUV on-orbit data as the default. The file currently used for this calibration was built
from the combination of the ground and on-orbit flat-field exposures in order to improve
in the final S/N compared to the pre-launch flat field file. This file was also updated to
include a vignetting correction (depression up to ∼ 15-20% in the first 150-200 pixels) needed
for external observations. Separate vignetting corrections are currently applied for the M
(G185M, G225M, and G285M) and L (G230L) gratings. SMOV observations with high
S/N demonstrated that these new on-orbit COS MAMA flat fields can allow to routinely
achieve S/N of 100 or more per resolution element in combination with the 4 recommended
FP-POS positions (see Ake et al. 2010a for more details).

6.2. FUV XDL Detector

Two-dimensional (2D) flat fields of the COS FUV detector were obtained during ground
testing. A deep flat field of the whole detector with a S/N ∼ 100 per resolution element was
obtained in 2001 at Berkeley as part of the final laboratory calibration before integration
of the XDL device into the spectrograph. The purpose of the Berkeley 2D flat field was
not to calibrate the relative pixel-to-pixel response of the detector, but rather to serve as a
baseline for estimating on-orbit variations (Vallerga et al. 2001).

Additional pre-launch 2D FUV flat fields were obtained with the spectrograph assem-
bled during the thermal vacuum campaign of 2003. The two internal flat-field calibration
D2 lamps were used extensively for this purpose. Since the light of these lamps goes through
the flat-field calibration aperture (FCA) and illuminates the detector throught the optics in
a way similar to an external target, only the part of the detector where the source spectra
land were illuminated. A deep 2D flat field with a S/N ∼ 130 per resolution element was
produced. However, this flat field was not deep enough to improve the ground-testing data
beyond what could be achieved by simply using FP-POS.

Additional FUV flat field data were acquired during SMOV. Since the D2 lamps are not
bright enough to properly map out the flat field at FUV wavelengths, properly designed
on-orbit observations of external targets, in particular bright white dwarfs, were instead
used for this purpose. However, once again these data do not have adequate S/N to provide
an on-orbit 2D flat field that could validate the ground flats and/or be used for flat-field
calibration.

As of late July 2010, COS FUV exposures are currently not corrected for flat field by
the COS calibration pipeline. However, data retrieved from the archive after March 2010
are calibrated with CALCOS in a way that the bad detector regions and grid wires are
properly masked when combining data taken at different FP-POS positions into an x1dsum
spectrum. While this process cannot remove the ∼5% pixel-to-pixel variations of an FUV
flat field, it does a reasonable job removing the fixed pattern noise due to the grid wires.

Work is also in progress to release in the near future a post-calibration tool that com-
bines data taken at different FP-POS positions into one summed spectrum. This tool would
simultaneously fit the data with an initial guess of the flat field and of the science spectrum
as inferred from the data, and will continue to iterate this process until the best fit is found
for both. This one-dimensional (1D) iterative technique combined with the 4 recommended
FP-POS positions looks promising and allows to achieve S/N of 100 or more per resolution
element, as demonstrated on high S/N data acquired during SMOV.
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We also expect to fully integrate 1D flat-field corrections for FUV observations into
CALCOS by Spring 2011. This awaits the full analysis with the 1D iterative technique of
the on-orbit data taken for all FUV gratings as part of Cycle 17 calibration program 12086
(see Ake et al. 2010b for more details).

7. Wavelength Calibration

Thermal vacuum testing in 2003 revealed that the dispersion solutions of the Primary
Science Aperture (PSA) and Wavelength Calibration Aperture (WCA) differ from each
other. During this testing dispersion solutions for all NUV and FUV gratings and settings
were obtained for both PSA and WCA. Additional thermal vacuum testing in 2006 with a
different set-up showed that the difference in the dispersion solution between WCA and PSA
depends on the optical alignment. New data were obtained during SMOV to infer on-orbit
lamp templates and measure on-orbit zero points compared to pre-launch calibrations.

NUV and FUV dispersion reference files and lamp templates to be used with CAL-
COS were updated for on-orbit data in January 2010. This update substantially improves
the zero-point of the wavelength calibration for most COS spectroscopic modes (G185M
is still to be completed), and allows an observer to achieve an accuracy of the on-orbit
absolute wavelength calibration that meets the requirements (15 km/s for NUV and FUV
medium-resolution gratings, and 150 km/s and 175 km/s for G140L and G230L, respec-
tively). Monitoring during Cycle 17 indicates that the PSA-to-WCA on-orbit offsets are
stable with time. We are still investigating the nature and frequency of some residual lo-
calized distortions up to 10 pixels, particularly in the FUV wavelength scale, which are not
corrected by the current dispersion solution (see Oliveira et al. 2010a, 2010b, 2010c for more
details).

8. COS-to-FGS Alignment

The COS-to-FGS alignment was optimized during SMOV and early Cycle 17. The tabu-
lated position of the COS aperture relative to the FGSs was last updated in the science
instrument aperture file (SIAF), based on on-orbit measurements of an astrometric target,
at the beginning of March 2010. The revised aperture position should be accurate to ∼0.1”.
The accuracy of COS initial pointing should now be limited by the accuracy of the individ-
ual stellar positions from the GSC2 (∼0.2”) and of the user-supplied coordinates (that need
to be better than ∼0.4”), not by the accuracy of the COS-to-FGS offset. Following this
update, monitoring of target acquisitions has confirmed that the targets are usually well
centered into the COS aperture. The Institute has revised the policy requiring that each
visit starts with an ACQ/SEARCH target acquisition (TA) mode. In most circumstances,
observers with approved Cycle 18 Phase I programs will be allowed to drop ACQ/SEARCH
and use the time previously allocated to this TA mode for longer integrations of the science
exposures (see Keyes & Penton 2010 and Penton et al. 2010 for more details).

9. Summary

Overall, COS is performing within expectations and has enabled a vigorous UV spectro-
scopic scientific program that has already produces several press releases. While COS on-
orbit characterization continues, timely updates and documentation will be made available
through our web pages (http://www.stsci.edu/cos).



22 Aloisi

References

Ake, T. B., Burgh, E. B., Penton, S. V. 2010a, COS ISR 2010-03

Ake, T., et al. 2010b, these proceedings

Ghavamian, P., Aloisi, A., Lennon, D., Hartig, G., Kriss, G. A., Oliveira, C., Massa, D.,
Keyes, T., Proffitt, C., Delker, T., & Osterman, S. 2009, COS ISR 2009-01

Ghavamian, P., et al. 2010, these proceedings

Green, J. C. 2001, Proc. SPIE, 4498, 229

Keyes, T., & Penton, S. 2010, COS ISR 2010-14

Massa, D., Aloisi, A., Keyes, C., Bohlin, R., & Froning, C. 2010a, COS ISR 2010-01

Massa, D., Keyes, C., Penton, S., Bohlin, R., & Froning, C. 2010b, COS ISR 2010-02

McCandliss, S. R., France, K., Osterman, S., Green, J. C., McPhate, J. B., & Wilkinson,
E. 2010, ApJ, 709, L183
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