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ABSTRACT An analysis of all the monitoring observations taken for sgepresentative
echelle prime modes during a period (September 1997 - Mag)2@fvering STIS on-
orbit operations before the STIS Side-2 failure, is presant this report. This analysis
demonstrates that before the STIS repair the echelle matka time dependence of
their sensitivity that followed closely the trends obserueG140L and G230L by Stys
et al. (2004) at corresponding wavelengths. A correctioraftemperature- and time-
dependent sensitivity of all echelle modes based on thecton applied to the first-
order modes, was implemented into the STIS calibrationlipip@as of April 2005.

I ntroduction

Programs to monitor the sensitivity of the STIS detectorspeactroscopic modes with
external flux standard stars started during SMOV2 immelyi&d#owing installation of
STIS on HST back in February 1997. This monitoring continpedodically through-
out STIS operations until failure of the Side-2 electronicdugust 2004, and resumed
after completion of SMOV4 following the STIS repair duriny!d in May 2009.

Back at the beginning of STIS on-orbit operations, a weekdnitoring of the
first-order L modes was immediately started during SMOV 2ileva periodic but less
frequent monitoring of a representative set of first-ordemiddes and echelle modes
started in September 1997 as part of Cycle 7 STIS Calibr&rogram. The frequencies
of these observations varied depending on the detectorthentodes involved, with
the most frequently monitored modes being the MAMA firstesrd modes.

For an analysis of the sensitivity monitoring observatiohthe STIS first-order
modes up to the Side-2 failure, please refer to the previdlS Bistrument Science Re-
ports (ISRs) published by Walborn & Bohlin (1998), Bohlir®@B), Smith et al. (2000),
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Stys & Walborn (2001), and Stys et al. (2004). All these répestablished clear evi-
dence for wavelength-dependent variations of the UV thinpugover time at rates that
were in some periods as high as 3% and 1-2% per year in the FA\N&alV, respec-
tively. In this report, we provide for the first time a com@etnalysis of the sensitivity
monitoring observations of the STIS echelle medium- and¢hn&solution modes cov-
ering the whole period of Side-1 and Side-2 operations eefioe STIS repair (1997-
2004). Results from the STIS sensitivity monitoring pragrafter the STIS repair will
be presented in a forthcoming ISR.

Observations

The relatively bright ' = 10.52 mag) spectrophotometric standard star-BI3°4211
was monitored with each STIS echelle grating about every Bthsain order to detect
changes in sensitivity due to contamination or other cauSedy one prime mode per
grating was monitored with the exception of E230M, for whimbth available prime
modes were considered covering the whole wavelength rafrtgue grating sensmwty
In particular, the monitored echelle prlme modes are E140t6R, E140M 1425A,
E230H 22634, E230M 1978A and 2707A.

All echelle monitoring observations (see Table 1) were iolethas part of a sim-
ilar calibration program executed in each cycle startimgnfiCycle 7 and ending with
Cycle 12 (programs 7673, 8424, 8857, 8919, 9628, and 100B%). period covered
by these observations goes from December 1997 to May 20@dadta were acquired
with the0.2”x 0.2” aperture following standard peak-up target acquisitidre monthly
offsetting (MO) of the Mode Select Mechanism, which normaltcurs for MAMA
spectra, was disabled for these observations (i.e., a z€avlk used) in order to min-
imize variations due to the spatial displacement of thetsp@&mn the detector.

In addition to the monitoring data mentioned above, someraghrly observations
of the standard star BB28°4211 taken with a zero MO and a.2"” x 0.2” aperture
in some of the monitored echelle modes, were also considefégse observations
were obtained as part of the SMOV2 program 7096 (Septeml&f) Ehd the Cycle 7
calibration program 7657 (December 1998). These additmbservations (see Table 1)
were executed to determine the baseline sensitivity of thelle modes rather than to
monitor the time dependence.

Analysis

All the data were calibrated with the STSDAS version of theLGAIS pipeline and
the most up-to-date reference files as of February 2005. draarmalysis we considered
the observed net count rate as a function of wavelength asnelok from the standard
one-dimentional extraction (x1d files) of each order withath spectrum.

An analysis procedure similar to the one performed on theitoiang data of the
STIS first-order modes was adopted (see Stys et al. 2004 tandmees therein). For the
echelle data, however, the net count rate within each ordsroensidered instead of the
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net count rate within each Bbwavelength bin. In addition, the net counts were first rec-
tified in order to properly handle effects related to the delH#aze function during the
comparison at different epochs. Also, no attempt was mati@ddanto the analysis the
sensitivity changes with instrumental temperature as dwstead by Stys et al. (2004)
for the first-order modes. This is because the observatmmsidered in this report have
instrumental temperatures in the rang&5-40C (i.e., well around the reference tem-
perature of 36C) as inferred from the charge amplifier temperature keys/Qrist LCAT
and OM2CAT for the FUV and NUV MAMAs, respectively. Such teenatures typ-
ically contribute to much less thana 1% in sensitivity changes and only in the FUV
spectral region (no significant dependence of sensitivityemnperature was observed
for the NUV MAMA first-order modes). The only exception toshare the very early
SMOV?2 observations from program 7096 (flagged with an asltar Table 1), with
temperatures significantly lower than for other subseqakservations. The possibility
of strong thermal effects (not only on the sensitivity), addion to the possibility of
other uncertainties related to these being some of the ustyolbservations taken in a
certain echelle mode, led to exclude these observationsdio analysis.

In the case of STIS the echelle blaze function of a given ovddes with the lo-
cation of that order on the detector (e.g., due to the MSM higmiffsets) and with the
passage of time on orbit (see, e.g., Bowers & Lindler 200&,Aloisi 2007). In partic-
ular, both factors contribute to a shift of the blaze functtmmpared to the wavelength
scale!. All the echelle monitoring data considered in this rep@térzero MO. This
ensures that the “spatial” component of the blaze shiftggigile for our purposes. On
the other hand, the long period spanned by the data intreduttemporal” component
that needs to be properly taken into account. This is why gteounts need to be rec-
tified before proceeding to calculate the ratio bewteen #teounts in an observation
at a certain epoch and the net counts in the first dataset.

1The shift of the echelle blaze function (BSHIFT) varies &ing with the position of the spectra on the
detector and with the passage of time on orbit. This shiftirsently corrected within the pipeline, but this
was not the case at the time of the analysis of the data ushiireport. The blaze shift correction works
as follows. During the processing of an echelle datasefotlmving parameters are first determined from
the x1d file: wavelength (OBSW), cross-dispersion posif@BSY), and dispersion (DISP i&/pix) of
the reference spectral order REFORD at pixel x=512. Tha shipixels is then computed using the
formula:

BSHIFT = BSHIFT.VS_X * Az + BSHIFT_-VS_Y * Ay + BSHIFT_VS_T * At + BSHIFT.OFFSET ,

whereAz = (REFWAV — OBSW)/DISP,Ay = OBSY — REFY, At = OBSDATE— REFMJD, and OB-
SDATE is the Modified Julian Day (MJD) of the observation. RE& and REFY are, respectively, the
wavelength and cross-dispersion position of the referspeetral order REFORD at pixel x=512, and
REFMJD is the MJD of the observations used to infer the seitgibf the echelle mode. An average
of these parameters is taken if more than one referencewatti®er is available for a certain mode. The
linear coefficients BSHIFIVS_X and BSHIFT.VS_Y relative to the spatial component of the blaze shift,
vary with the grating used. The linear coefficients BSHI¥3$_T and BSHIFTOFFSET referring to the
temporal component of the blaze shift, vary instead withgitaing, order, and side of STIS operations
(Side 1 or Side 2 before failure; a characterization of Si@dt@ STIS repair still remains to be done).
See Aloisi & Bostroem (2012, in preparation) for more detail
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The rectification was performed with the following proceeluf he spectral con-
tinuum defined by the vector of the net count rate was fittetl withird or fourth order
polynomial, the fit representing the blaze function spedcdithe considered observa-
tion. The net count rate was then divided by a version of theditmalized to the fit
maximum. The latter normalization is necessary in ordertoannul the effects of
time-dependent sensitivity (TDS) on our data. Table 2 respibre orders within each
echelle prime mode here analyzed, where this rectificationgaure failed because of
a bad fit of the blaze function, e.g., due to strong contanandty absorption lines or
edge effects.

For each order the sum of the “rectified” net counts over aatemvavelength
range (approximatively the central 600 over 1024 pixelshef arder, i.e., in a region
where the blaze function is not supposed to vary drastiegtly wavelength) was then
divided by the sum of the “rectified” net counts over the saragelength region in the
first dataset used as reference. Finally, this ratio was alized to properly take into
account the TDS correction of the first dataset as inferrech fthe trend of the first-
order modes. The relative sensitivities obtained in thig (vad asterisks) are plotted
as a function of time in Figures 1 to 5 for, respectively, b echelle prime modes
considered in this analysis. Each order is displayed in ars¢p panel of each figure.
Please refer to Table 2 for a list of orders where this kindnaflgsis may be moot due
to a bad fit of the blaze function.

In Figures 1-5 we also show the TDS trends obtained for thiedider modes by
Stys et al. (2004), in particular G140L (1150-17&pfor the FUV and G230L (1600-
3100,&) for the NUV spectral regions (black solid lines). The direomparison of the
red asterisks with the black solid lines clearly indicated the TDS trend of the echelle
modes is quite similar to that observed for the first-ordedeso This suggests that to
first order the changes in sensitivity described in this repe not related to particular
gratings. These changes do not appear to be related to chemthe detectors either,
as a similar TDS behavior is seen for the first-order mode0GZRUV MAMA) and
G230LB (CCD) in Stys et al. (2004). The changes are moreyliksisociated with
contamination or changes within the STIS optics or more imegal the HST optics.

Many uncertainties affect a proper determination of the Ti@8d from the echelle
data, in particular (1) a much coarser sampling over timepared to the first-order
modes, (2) a more likely loss of flux from one observation ®dther due to the much
smaller aperture used.@” x 0.2” for the echelle modes versag” x 2” for the first-
order modes), (3) a larger scatter in the results due to #eelfinction (shape and shift)
which introduces additional differences in the net coutd ed a certain wavelength in-
dependently of TDS effects, and (4) uncertainties in thedlanction fit, especially
in regions heavily contaminated by absorption lines. Fbthe above mentioned rea-
sons, no attempt was made to infer a TDS trend for the echelteemdirectly from the
analysis presented in this report, and the temperaturetisreddependent sensitivity
correction applied to the first-order modes was also addijotethe echelle data. The
black asterisks in Figures 1-5 represent the ratios of thelkcnet count rate after the
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application of such a correction to the observations heatyaad.

TDS Correction Applied in the Pipeline

Corrections for the temperature and time dependency ofehsitsvity of all echelle
data were incorporated into the STScl data-reduction pipels of April 4, 2005 with
the delivery of new TDSTAB reference files that extend theseections from the first-
order modes only to also the echelle modes.

In light of this delivery, the uncertainties associatedhie absolute sensitivity of
the echelle modes are reduced from about 15-20% to less fearfa (see Figures 1-5).
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Tablel. Observations of the standard star B828°4211 used to monitor the
sensitivity of the echelle gratings.

Grating Central Proposal ID Dataset Observation Exposure
wavelength date time (s)
E140H 1416 7673 045930010 1997-12-30 935
045931030  1998-05-20 994
045932030  1998-09-13 994
045933030  1999-01-15 994
045934030  1999-05-22 994
8424 053J22030  1999-11-10 1040
05JJ23030  2000-05-15 1040
8857 069S19030 2000-11-09 1040
069520030 2001-08-26 1040
8919 061819030 2001-11-28 1040
061820030  2002-05-27 1040
9628 O8IA12030 2002-11-01 1040
0O8IA13030 2003-05-03 1040
10033 0O8Vv560030 2003-12-23 1040
0O8Vv561030 2004-05-10 1040
E140M 1425 7096 03ZX02X5Q 1997-09-19 1779
7673 045930030  1997-12-30 350
045931020  1998-05-20 350
045932020  1998-09-13 350
045933020  1999-01-15 350
045934020  1999-05-22 350
8424 053J22020  1999-11-10 350
053323020  2000-05-15 350
8857 069S19020 2000-11-09 350
069S20020 2001-08-26 350
8919 061819020 2001-11-28 350
061820020  2002-05-27 350
9628 O8IA12020 2002-11-01 350
08l1A13020 2003-05-03 350
10033 08Vv560020 2003-12-23 350
0O8Vv561020 2004-05-10 350
E230H 2263 7673 045930020 1997-12-30 1617
045931010  1998-05-20 1618
045932010  1998-09-13 1618
045933010  1999-01-15 1618
045934010  1999-05-22 1618
8424 053J22010  1999-11-10 1455
05JJ23010  2000-05-15 1455
8857 069S19010 2000-11-09 1455
069520010 2001-08-26 1476
8919 061819010 2001-11-28 1476
061820010  2002-05-27 1476
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Tablel. (contd)
Grating Central Proposal ID Dataset Observation Exposure
wavelength date time (s)
9628 O8IA12010 2002-11-01 1476
0O8l1A13010  2003-05-03 1476
10033 0O8Vv560010 2003-12-23 1476
0O8Vv561010 2004-05-10 1652
E230M 1978 7096 0O3ZX02XAQ 1997-09-19 1136
7657 04DD15020 1998-12-03 720
7673 045930040  1997-12-30 430
045931040  1998-05-20 516
045932040  1998-09-13 516
045933040  1999-01-15 516
045934040  1999-05-22 516
8424 053J22040  1999-11-10 516
053323040  2000-05-15 516
8857 069S19040  2000-11-09 516
069S20040 2001-08-26 516
8919 061819040  2001-11-28 516
061820040  2002-05-27 516
9628 O8IA12040 2002-11-01 516
0O8l1A13040  2003-05-03 516
10033 0O8Vv560040  2003-12-23 516
0O8Vv561040  2004-05-10 516
E230M 2707 7096 03ZX02XEQ 1997-09-19 1085
03ZX02XGQ 1997-09-19 618
7657 04DD15030  1998-12-03 720
7673 045930050  1997-12-30 365
045931050  1998-05-20 438
045932050  1998-09-13 438
045933050  1999-01-15 438
045934050  1999-05-22 438
8424 05J3J22050  1999-11-10 438
053323050  2000-05-15 438
8857 069S19050  2000-11-09 438
069520050 2001-08-26 438
8919 061819050 2001-11-28 438
061820050  2002-05-27 438
9628 O8IA12050 2002-11-01 438
0O8lIA13050  2003-05-03 438
10033 0O8Vv560050  2003-12-23 438
0O8Vv561050 2004-05-10 438
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Table2. Orders where the blaze function was not properly fitted.

Grating Central Orders
wavelength
E140H 1416 284, 290

E140M 1425 86, 93, 96, 107, 111, 125
E230H 2263

E230M 1978 87, 88, 89

E230M 2707
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Figure 1. E140H at the central wavelength 144~ 1315-15154).
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