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Abstract. The Space Telescope Imaging Spectrograph (STIS) and the Cosmic Ori-
gins Spectrograph (COS) are the two optical-UV spectrographs on board the Hubble
Space Telescope. To determine the wavelength scale for individual science observa-
tions, internal arc lamp spectra accompany most observations of external targets.
Here we present a detailed analysis of the changes in the COS and STIS internal
lamp fluxes and spectra over time, and also compare our results to pre-launch ground
testing, and to laboratory accelerated aging testing of similar lamps. We find that
the STIS LINE lamp has faded by a factor of !15 in the very short FUV wavelengths
(1150-1200Å) over the 13-year period on which STIS was in space, a much steeper
fading than predicted from accelerated aging tests in the laboratory. We also find
that all STIS lamps have faded during the period in which the spectrograph was not
operational (2004-2009) thus pointing to on-orbit conditions as an additional and
important cause of lamp fading. We report that the COS P1 lamp output appears
to decline with usage with a similar slope as the LINE and HITM1 lamps on STIS.
Finally, we recommend switching from the LINE to the HITM2 lamp for a more
e!cient wavelength calibration of the STIS settings covering the very short FUV
wavelengths.

1. INTRODUCTION

Ultraviolet (UV) and visible spectroscopy are prime tools to unravel the properties of stars,
planets, galaxies, and of the interstellar and intergalactic matter. The Hubble Space Tele-
scope (HST) has two instruments performing sensitive UV-optical spectroscopy.

The Space Telescope Imaging Spectrograph (STIS, Kimble et al. 1998) is a versatile
imaging UV-visible spectrograph. STIS operated on-orbit from Feb 1997 until a malfunc-
tion in August 2004, but resumed operations in May 2009 after a successful repair during
Hubble Servicing Mission 4 (SM4). During SM4, a new UV instrument, the Cosmic Origins
Spectrograph (COS, Green et al. 2003) was also installed. For wavelength calibration,
STIS contains three hollow cathode Pt/Cr-Ne arc lamps, while COS contains two similar
Pt/Ne lamps. These lamps provide a continuous distribution of suitable emission lines for
wavelength calibration from UV to optical wavelengths, as needed for STIS (with Pt emis-
sion lines dominating the spectra out to 3200Å, Ne lines beyond 5000Å, and Cr lines in
between). To allow the wavelength scale for individual science observations to be corrected
for non-repeatability and drifts in the STIS and COS optical alignment, most observations
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of external targets are accompanied by one or more wavelength calibration spectra. This
provides a large data set for monitoring on-orbit lamp performance over time.

There are two main mechanisms that can cause a reduction in the spectral output of
these arc lamps (lamp fading) with time. The first one is deposit of metals sputtered from
the interior of the cathode into the mica disks and other lamp surfaces. In the process
metals trap neon atoms, gradually decreasing the gas pressure in the lamp. This, in turn,
requires an increasing turn-on voltage to operate the lamps, an e!ect observed in aging
tests of two Pt/Cr-Ne lamps similar to those installed on STIS (Kerber et al. 2004) and of
a Pt/Ne lamp (in particular an air-aged lamp) similar to those in COS (Nave et al. 2008).
Unfortunately, both STIS and COS were not designed to report lamp turn-on voltage as
part of the telemetry. Therefore, we cannot use this diagnosis to test the lamp aging.
The second mechanism of lamp fading has to do with the aging of the barium getter: a
lower e"ciency in removing impurities such as H, N, O, and C results in decreasing turn-on
operating voltage which suppresses the lamp line spectrum. The most obvious sign of the
getter aging would be the appearance of strong H lines in the discharge.

An additional factor that could mimic lamp aging has been recently proposed for COS
lamps (and might also apply to the STIS lamps). The beam from the lamps grows larger
with time, resulting in less and less light making it through the aperture.

In the following, we use total count rates and spectra to measure how the spectral
output of the STIS and COS lamps has changed with time and as a function of wavelength.
With STIS we have a time baseline of 13 years (Sect. 2.), while with COS we have about
6 months (Sect. 3.). We compare our results with pre-launch ground testing, and with
laboratory testing of similar lamps and discuss what mechanisms could be responsible for the
lamps fading. We also provide recommendations for the exposure time/lamp combinations
to perform adequate wavelength registration with STIS.

2. THE STIS WAVELENGTH CALIBRATION LAMPS

On STIS there are three Pt/Cr-Ne lamps for wavelength calibration. These lamps are
designed as the LINE, HITM1, and HITM2 lamps. The LINE lamp is located on the
Insertion Mechanism platform. When the lamp is used the Calibration Insert Mechanism
(CIM) is inserted into the light path and all external light is blocked. The HITM1 and
HITM2 lamps are located on the Hole In The Mirror platform and can be used both for
wavelength calibration and target acquisition (though the HITM2 lamp is considered the
spare lamp and has not been used for target acquisition). When the HITM lamps are used,
light from the external sky still falls on the detector unless the STIS external shutter is
closed. The di!erent locations and optics of the lamps have been chosen to allow for a
range of fluxes on the detector and thus optimize lamp exposure times throughout the large
wavelength range covered by the STIS spectrograph with its various grating apertures.
The LINE lamp, being the brightest of the 3 Pt/Cr-Ne lamps on the detector, is being
used for the least sensitive modes on STIS, especially the FUV echelle modes. The optics
of the HITM1 and HITM2 lamps are such that their lower flux on the detector is more
suited for the wavelength calibration of more sensitive modes on STIS, such as the optical
low-resolution modes.

The flux of one lamp relative to another is also varying as a function of wavelength.
This is due to intrinsic lamp-to-lamp variations in the FUV, which are a strong function
of the transmissivity of the MgF2 lamp window, and to the optical path of the lamp. In
particular, the HITM lamps illuminate a UV beamsplitter whose transmissivity varies from
the UV to the visible. Hence, the HITM2 lamp which illuminates the beamsplitter in
reflection is much brighter than the HITM1 lamp in the visible region of the spectrum
due to the increased transmissivity of the reflected path at visible wavelengths. Pre-launch
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ratios of the lamp brightness at a 10 mA operating current are reported in the STIS System
Handbook and User’s Guide and compared to current flux ratios in Sect. 2.2..

Between installation in February 1997 and the end of 2009 the LINE lamp has been
used for a total of 145.8 h, the HITM1 lamp for 97.2 h, and the HITM2 lamp for 3.3 h.
The expected lifetime of Pt/Cr-Ne lamps is 15,000 mA h or 1,500 h at 10 mA, which is
the typical lamp operating current on STIS. Therefore, even the LINE lamp has been used
just 1/10 of its expected lifetime. Aging tests simulating the working conditions of the
STIS lamps do not report major changes in appearance of the emerging spectra and in the
intensity of the lines over the lamp lifetimes (Kerber et al. 2004). In contrast, we show here
that the lamps output has changed with time and that the change is wavelength-dependent
(Sect. 2.1.). These changes are much larger than the sensitivity degradation of the STIS
detectors which is estimated to be <2% per year throughout the full UV-optical wavelength
range (Sect. 2.2.). In addition to lamp outputs, we present current lamp flux ratios and
total count rates for individual lamps (Sect. 2.2.). These changes in lamp flux with time
and usage could be due to the aging of the lamps and/or to changes in the optics.

2.1. Lamps Fading as a Function of Wavelength

Analysis of spectra from the STIS PtCr/Ne lamps obtained before and after SM4 hinted
at a fading of the lamps especially at the very shortest FUV wavelengths. Following up on
this, we have extracted (using the calstis pipeline) and analyzed all lamp spectra obtained
since 1997 in the G140L/STIS grating. The main results from this analysis are shown in
Figs. 1, 2, and 3.

Figs. 1 compares total counts per second in the G140L grating over the full wavelength
range covered by the grating (1150-1730Å) for each of the three lamps. We have scaled the
counts to the same slit width of 52!0.1!! for all three lamps and restricted the analysis to
exposures obtained with the 10 mA current setting. The decline in the LINE flux can be
fitted by a second order polynomial and appears to be steeper than that of the HITM1 flux.
The LINE flux is still a factor of "4 higher than the HITM1 flux. Fig. 2 shows that the
fading is wavelength-dependent and that the LINE lamp flux has decreased exponentially
with time at the very shortest FUV wavelengths (1150-1200Å). The LINE flux at these
wavelengths is currently less than the HITM1 flux, see also Sect. 2.2. and Fig. 4. We also
show that the exponential decay in the LINE lamp flux is steeper than the exponential
decay su!ered by the HITM1 lamp flux at the same short FUV wavelengths (see Fig. 3).
Fluxes from the two lamps appear to decay similarly up to an usage of "500 mA -h, at
which point the LINE lamp flux starts to decrease faster. The same figure and Fig. 2 show
that their Post-SM4 fluxes are well below the fluxes just before the STIS malfunction in
August 2004. The fading of the LINE lamp is again more dramatic post-SM4, a factor of 4
versus a factor of 1.8 for the HITM1 lamp.

2.2. Current Lamp Flux Ratios

We have recently used 4 internal HST orbits to acquire lamp exposures with each of the
LINE, HITM1, and HITM2 lamps in the low-resolution STIS gratings G140L, G230LB,
G430L, and G750L. In this way, we are able to get the full spectrum of the lamps brightness
from the FUV to the optical wavelengths. We set the lamp current to 10 mA and used the
same narrow (52!0.1!!) slit aperture when possible. Exposure times varied between 5 and
400 seconds depending on lamp and grating (for more details see the calibration program
PID 12079).

Because the STIS low-resolution gratings cover a large wavelength region (between
several hundreds to thousands Å), we analyzed both total counts within each grating as
well as total counts within three narrower wavelength regions. We have chosen these re-
gions to correspond to the following STIS medium-resolution gratings to sample the short,
middle, and long wavelength portions of each low-resolution grating: G140M-1173, G140M-
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1470, G140M-1741, G230MB-1713, G230MB-2416, G230MB-3115, G430M-3165, G430M-
4451,G430M-5471, G750M-5734,G750M-8311, and G750M-10363. Flux ratios for the LINE
over the HITM1 lamps are plotted in Fig. 4 and summarized in Table 1 together with line
flux ratios from the other lamps.

We find that the LINE flux remains higher by about an order of magnitude at all wave-
lengths except at the shortest FUV wavelengths. At these short wavelengths, corresponding
to the G140M-1173 setting, the HITM1 flux is currently 1.5 times higher than the LINE
flux while the HITM2 flux is 3 times higher. The HITM2 flux is about 1.5 times higher
than the HITM1 flux at all wavelengths.

We have also extracted and analyzed in the same way deep lamp exposures obtained in
1997, right after the installation of STIS (calibration program PID 7722). Fig. 4 compares
the current LINE/HITM1 ratios with the pre-launch and the 1997 ratios. These ratios are
very similar over the full wavelength range covered by STIS except at the shortest FUV
wavelengths. The LINE/HITM2 ratios show a similar behaviour (see Table 1).

To visualize the decrease in the LINE flux in absolute terms we have plotted in Fig. 5 the
1150-1200Å portion of the G140L spectra obtained in our 2010 lamp monitoring program
and those obtained in 1997. The LINE flux between 1997 and 2010 has decreased by
a factor of !15 in absolute terms in the short FUV wavelengths, while the HITM1 and
HITM2 have decreased by a factor !3. We note that the STIS sensitivity degradation
has been measured to be typically less than 2% per year throughout the full UV-optical
wavelength range1, implying a flux loss of only !25% between 1997 and 2010 as due to
sensitivity degradation. The much steeper fading of the lamps reported here has to do with
either lamp aging and/or changes in the optics.

2.3. Impact on Wavelength Calibration Exposures

Based on the analysis above, we expect that the STIS grating/wavelength settings most
a!ected by the LINE lamp fading are those covering only the shortest FUV wavelengths.
Note that the LINE/HITM1 flux ratio is very close to the pre-launch and 1997 ratios already
for the middle wavelength region (1443-1497Å) of the G140L grating, so any lamp fading
should a!ect more strongly the lamp output at wavelengths "1400Å. Among all available
STIS settings the G140M-1173Å is definitively the one that is most impacted given that
it covers only from 1145Å out to 1201Å. To show the impact of the LINE fading on the
detectability of Pt, Cr, and Ne lines, we present in Fig. 6 two typical lamp exposures
obtained for the wavelength calibration of G140M-1173Å spectra (the 1997 lamp spectrum
is from PID 7667 while the 2009 spectrum is from PID 11860). Lamp exposure times were
set in 1997 to be 46 seconds and are still kept to this value. Fig. 6 clearly shows that
the number of detected lines in the 2009 spectrum has dramatically decreased and only a
few bright lines, all at wavelengths #1170Å, are still detected with current lamp exposure
times. Our 2010 lamp monitoring program (PID 12079, see Sect. 2.2.) demonstrates that the
HITM2 lamp is more than 3 times brighter than the LINE lamp at these short wavelengths,
while the HITM1 lamp is just 1.4 times brighter (see Table 1). Thus, the most e"cient way
to recover lines at the shortest FUV wavelengths seems to be a switch from the LINE to
the HITM2 lamp for the wavelength calibration of the STIS settings covering wavelengths
below 1400Å.

3. THE COS WAVELENGTH CALIBRATION LAMPS

COS has two Pt/Ne hollow-cathode wavelength calibration lamps suitable for determining
the wavelength scale of all available spectroscopic modes, except for those covering only

1http://www.stsci.edu/hst/stis/performance/sensitivity/
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wavelengths below !1180Å2. Both lamps have been tested during SMOV and found to
perform as expected (PID 11467, PI D. Sahnow). Only one of the them (P1) is currently
used for wavelength calibration and is expected to be used until it fails, at which point
operations will be switched to the other lamp. The second lamp (P2) is used for target
acquisition.

Light from the Pt-Ne lamp reaches the spectrograph through the WCA (wavelength
calibration aperture), while science exposures use either the PSA (Primary Science Aper-
ture) or the BOA (Bright Object Aperture). Because it was found in thermal vacuum
testing 2003 that the COS optical selection mechanisms cause internal and external spectra
to drift in the spectral direction, most COS lamp exposures are acquired contemporaneously
to science observations to guarantee an accurate wavelength registration. Lamp exposures
for TIME-TAG/PSA data are taken in the so-called TAG-FLASH mode with flashing of
the P1 lamp ranging between 5 to 30 seconds in duration. As mentioned above the P2
lamp is used during target acquisition to provide a reference point between the location
of the WCA and the detector pixel coordinates3. Hence, the lamps on COS will be used
much more extensively than any other lamp on previous spectrographs, see also Penton et
al. (2010) for estimates of the lamps’ usage.

3.1. Preliminary Trends on Lamp Fading

We have extracted and analyzed all TIME-TAG exposures obtained in the G140L-1105
setting since the installation of COS, a total of 80 exposures obtained with the lamp set to
medium current (10 mA). This setting covers the 1120-2246Å FUV region and thus overlaps
with the 1150-2000Å wavelength region where STIS lamps have shown the steepest fading.
For each of the corrected TIME-TAG images produced by the calcos pipeline we performed
a sum in dispersion direction and divided the total counts by the lamp exposure time to
obtain count rates. The signal-to-noise of the COS lamp spectra is not as high as that in the
STIS lamp spectra due to the much shorter exposure times used in the COS TIME-TAG
mode. This results in more scattered count rates when summing the counts just in the
1150-2000Å wavelength region. For this reason, we have decided to report count rates over
the full wavelength range covered by the G140L-1105 setting. The lamp usage is a running
cumulative total of the lamp flash times (for P1), converted into hours, and then multiplied
by 10mA.

Another issue that needs to be taken into account for COS is the sensitivity degradation
of the FUV detector. Monitoring has shown that the FUV sensitivity is degrading much
faster than the STIS FUV sensitivity and that the degradation is wavelength-dependent
(see the STScI Analysis Newsletter, May 20104). In the G140L-1105 setting the sensitivity
degradation is estimated to be !-9% per year (ISR by Osten et al. in prep.), in contrast
to <2% sensitivity loss per year for STIS. Therefore, in comparing the COS with the STIS
lamp fading we have removed the trend in the COS detector sensitivity loss. Fig. 7 shows
exactly this comparison with the output of the STIS and COS lamps versus usage in the
G140L setting. We note that the larger scatter in the COS count rates could be due to
orbits partially impacted by the elevated background during passage through the South
Atlantic Anomaly. All three lamps, two on STIS and one on COS, show the same decline in
output with usage in the first !150 mA-h. As noted in Sect. 2.1., both STIS lamps faded
at a similar rate up to an usage of !500 mA-h after which the LINE lamp started to fade
faster.

2The G140L-B settings are calibrated using the G140L-A portion of the spectra

3http://www.stsci.edu/hst/cos/documents/handbooks/current/cos cover.html

4http://www.stsci.edu/hst/cos/documents/newsletters/stan0510.html
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Accelerated aging tests have been performed in the laboratory on three Pt-Ne lamps
similar to those installed in COS. All lamps lasted between 800 and 1000 h and showed that
the radiance of the lamps changed by less than 20% during the first 800 h of use (Nave et
al. 2008). Fig. 7 uses spectra taken on-board and shows a similar change but just in the
first 25 h of use for all three lamps. We measure a reduction of !80% for the STIS/LINE
lamp output in less than 150 h of use in these very short FUV wavelengths (Fig. 3).

These results demonstrate that monitoring of the lamps output will be important to
ensure a proper wavelength calibration with the STIS and COS spectrographs.

4. CONCLUSIONS

We have measured the output of the wavelength calibration lamps on the STIS and COS
HST spectrographs versus time. Our main findings can be summarized as follows:

• The STIS LINE lamp, which was the brightest at the beginning of operation in 1997,
has faded dramatically at the shortest FUV wavelengths (1150-1200Å) and is now
fainter than the other two STIS lamps

• The STIS LINE lamp output remains higher than the HITM1 and HITM2 lamp
outputs by factors of !5-10 at all wavelengths "1300Å

• The fading of the STIS LINE lamp between 1997 and 2010 in absolute terms is factor
of !15 at the very short FUV wavelengths, much greater than what expected from
accelerated aging tests in the laboratory

• We have evidence that all STIS lamps fade even when they are not used indicating
that on-orbit factors are impacting the lifetime of the lamps

• The 6-month monitoring of the COS P1 lamp shows that the lamp output fades
similarly to the STIS lamps as a function of lamp usage
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STIS G140L (1150-1730 Angstrom) - 52x0.1 arcsec

1995 2000 2005 2010
Time [Year]

0

1•104

2•104

3•104

4•104

5•104

To
ta

l C
ou

nt
s 

[C
ou

nt
s/

s]

total = 6.6 ! 10 8 - 6.6 ! 10 5 ! year + 163 ! year 2

LINE
HITM1
HITM2

Figure 1: Total counts versus time for the three wavelength calibration lamps on STIS.
The LINE lamp flux (black) has decreased faster than the HITM1 flux (red) but remains
brighter by a factor of about 4 when total counts are computed on the full wavelength range
covered by the G140L setting (1150-1730 Angstrom). The LINE lamp flux data (from 1997
until now) are best fitted with a second order polynomial (blue dashed line). The HITM2
flux (green) was measured twice: one, right after the installation of STIS in 1997, the second
time in 2010 with our lamp monitoring program (PID 12079). Note that numbers have not
been scaled to take into account the detector sensitivity loss since this is small for STIS
(<2% per year, Sect. 2.2.).
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Figure 2: Like Fig. 1 but for the short wavelength portion of the G140L grating (1150-
1200Å). The LINE lamp flux (black) has decreased exponentially with time (blue dashed
curve, fit to all LINE lamp data from 1997 until now) and it is currently lower than HTIM1
lamp flux (red) in this wavelength region. Our 2010 lamp monitoring program (PID 12079)
shows that the HITM2 lamp has currently the largest flux among the three wavelength
lamps (see Table 1). Note that the HITM2 lamp has also faded after SM4 even if it was
not used during STIS operations.
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STIS G140L (1150-1200 Angstrom) - 52x0.1 arcsec
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Figure 3: Total counts normalized to the maximum versus usage of the LINE (black) and
HITM1 (red) lamps in milli Amper - hour. Note the faster exponential decay of the LINE
output (! 10!0.7"use) in comparison to the HITM1 output (! 10!0.3"use) in the 1150-
1200Å wavelength range. Note also that the LINE lamp decline became steeper for usage
"200 mA-h.
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Figure 4: Ratio of the LINE and HITM1 lamps in four low-resolution gratings (G140L,
G230LB, G430L, and G750L ) which cover the full wavelength range o!ered with STIS.
Circles are flux ratios from our 2010 Lamp Calibration Program (PID 1209). Di!erent
colors correspond to ratios sampling di!erent wavelength regions within the same grating
(see main text). ’X’ symbols show lamp flux ratios from the 1997 Lamp Calibration Program
(PID 7722) for the whole wavelength region (black) and for the 1145-1201Å region for the
G140L (red). Flux ratios for the other lamps are summarized in Table 1. Note that the
LINE/HITM1 flux ratio in the G140L short wavelength band (1145-1201Å region) has
decreased below 1.



Monitoring of the Wavelength Calibration Lamps for the Hubble Space Telescope 447
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Figure 5: Plots comparing the 1997 (left panel) and 2010 (right panel) lamp fluxes for the
very short wavelengths of the G140L setting. These figures demonstrate how the LINE
lamp has faded at these wavelengths in comparison to the other two wavelength calibration
lamps. The broader line profiles in the 2010 HITM1 and HITM2 spectra compared to the
1997 spectra are due to the larger slit width employed for the wavelength calibration (0.1!!

in 2010 versus the 0.05!! slit in 1997.)
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Figure 6: LINE lamp spectra obtained as part of the standard wavelength calibration for
G140M-1173Å observations (PID 7667 for the 1997 spectrum and PID 11860 for the 2009
spectrum). The exposure time for standard calibration spectra is set to 46 seconds. Note
that only a few bright lines are still detected in the 2009 lamp spectra and no lines are
detected shortward of !1170Å.
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STIS/COS G140L (1150-1200 Angstrom)
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Figure 7: Like Fig. 3 but including the output of the COS wavelength calibration lamp (blue
circles). Since the STIS/HITM2 lamp was only used twice its output is not reported here.
The COS lamp outputs have been corrected for the FUV sensitivity degradation which
is estimated to be !-9% per year for the G140L-1105 setting, see text. The COS lamp
outputs also show more scatter than the STIS lamps. This could be due to di!erences in
the background for orbits close to the South Atlantic Anomaly (the STIS MAMAs cannot
be used during any part of an orbit that is even partially impacted by the Anomaly).

Table 1: 2010 STIS lamp flux ratios measured in the full wavelength region covered by
each grating and in three smaller regions covering the short, middle, and long wavelength
portions of each setting. Lamp spectra were obtained as part of our Cycle 17 calibration
program (PID 12079).

Lamps G140L G230LB G430L G750L

LINE/HITM1

Full ! range 4 5 7 22

Short ! range 0.7 5 5 25

Middle ! range 4 4 7 11

Long ! range 4 5 10 10

LINE/HITM2

Full ! range 3 6 5 8

Short ! range 0.3 2 5 12

Middle ! range 3 5 4 3

Long ! range 5 7 4 1

HITM1/HITM2

Full ! range 0.6 1 0.6 0.4

Short ! range 0.4 0.4 1 0.5

Middle ! range 0.7 1 0.6 0.3

Long ! range 1 1 0.4 0.1


