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Abstract.
The response of the three NICMOS detectors when observing a standard star

showed variations of 2-4% during both the era before the installation of the NICMOS
Cooling System, NCS (1997-98) and during the era of NCS operation 2002-08. If
uncorrected, these variations could a!ect the quality of reduced NICMOS images,
introducing errors in the photometry. Here we discuss steps taken to mitigate these
e!ects, including the creation of dynamic reference files that takes into account the
variations in detector response. This includes the photometric calibration tables and
the flat-field and dark reference files. Furthermore, updates have been made to the
calnica calibration software to accommodate these new reference files. Using these
new reference files will in some cases improve the photometric accuracy of NICMOS
images by !2-3%.

1. Introduction

Two sets of reference files are used when calibrating NICMOS data. One set for data taken
during the operation of the NICMOS cryocooler 1997-98, when the operating temperature
was !61K. The other set is used for the era after the installation of the NICMOS Cooling
System (NCS) 2002-2008 when the operating temperature was !77K. The di!erent detector
temperatures during these eras is the reason for the need for two sets of reference files.
However, within both there eras, the original reference files were static. By studying the
photometry of standard stars during both these periods, slight but significant changes in the
response in e-/s for a constant source were detected. For the 1997-98 period, the response
increased by a few percent, while for the 2002-08 period, the response showed a decrease
by a few percent. If uncorrected, these changes may introduce errors in the measured
photometry of NICMOS images by !2-3%.

In this write-up, we quantify the changes in the detector response and the consequences
these have on NICMOS calibrations. We present a new set of NICMOS reference files, i.e.,
photometric reference tables, flat-field images and dark current images, that are corrected
for the varying detector response when NICMOS images are calibrated using the calnica
software.

2. Response of NICMOS Detectors

In Figure 1, we show the relative response of the three NICMOS cameras as a function
of time for the pre-NCS 1997-98 era (left panels) and for the post-NCS era after 2002
(right panels). Di!erent colored lines show the response for di!erent filters. Black arrows
symbolize the overall trend. There are significant deviations from unity in both eras.

The reason for the increase in response in the 1997-98 era is the increase in detector
temperature as the solid nitrogen evaporated. The cause behind the decrease in detector
response the post-NCS era is most likely a gradual decrease in the bias voltage with time.
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Figure 1: Left panels show the relative count rate for the three NICMOS cameras in the
1997-98 era. Right panels show the same for the era after 2002. Di!erent colored symbols
show di!erent filters. Black arrows indicate overall trends in the count rates.

3. Creating Dynamic Reference Files

With a response that changes with time for the NICMOS detectors, accurate calibrations
of NICMOS images will be di"cult. In particular, photometric calibration will be a!ected,
but also the flat-fields, dark current and possibly also the number of hot/bad pixels in the
NICMOS data quality masks will be a!ected by a non-constant response of the detectors.
In an ideal case, we would like to apply calibration files that are valid at the particular
detector response when the images were taken. Fortunately, there is a way to estimate
the response of individual NICMOS images. The bias level of the zeroth read of NICMOS
MULTIACCUM images is correlated with the response of the detectors. For each image,
the NICMOS pipeline derives a measurement of the bias level which is quantified as an
“e!ective temperature” called biastemp (which is assigned to the TFBTEMP keyword in
the image header of NICMOS images). See Pirzkal et al. 2009 for more information on the
CalTempFromBias task that is used in the pipeline to calculate the biastemp. Biastemp is
not a physical temperature but depends both on detector temperature and the detector bias
voltage. In Figure 2, we show the evolution of biastemp with time (green symbols) together
with the actual detector temperature as measured by the mounting cup sensor (red symbols).
For the pre-NCS era, there is a qualitative agreement between biastemp and the detector
mounting cup temperature, implying that the change in biastemp is due to a change in the
true detector temperature. For the post-NCS era, the detector mounting cup temperature
is stable, while the biastemp shows a significant decline with time. This suggests that the
change in biastemp is not due to a change in the physical detector temperature, but is
instead caused by a decrease in the detector bias voltage.

Comparing Figures 1 and 2 indicates that the change in detector response is correlated
with the change in biastemp. It is therefore possible to get an estimate of the response of
individual NICMOS images at the time of exposure by measuring the biastemp. In order
to include biastemp dependent calibrations of NICMOS images, we have created a set of
calibration files that depends on biastemp. We have also modified the NICMOS calibration
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Figure 2: The change with time of the “e!ective temperature” biastemp is shown with green
symbols. The detector temperature as measured by the mounting cup sensor is shown with
red symbols. Left panel shows the 1997-98 era, while right panel shows 2002-08. For the
first era there is qualitative agreement suggesting that the change in biastemp is related to
the change in detector temperature. For the second era, there is no correlation between the
biastemp and mounting cup measured temperature. The decrease in biastemp is instead
assumed to be due to a decrease in bias voltage with time.

software, calnica, to allow calibrations that depends on biastemp (see Dahlen et al. 2009).
Calnica is used in the OTFR pipeline at STScI when images are requested from the archive,
but is also available in the NICMOS package of STSDAS for users who want to make their
own customized calibrations of NICMOS data.

3.1. Photometric calibration

A main concern with a varying detector response is the accuracy of the measured photometry
in NICMOS exposures. Figure 1 shows a change in response of 2-4% in the 1997-98 era,
and 2-3% in the post-NCS era after 2002. If uncorrected, this translates to an uncertainty
in the derived NICMOS photometry by ±2%.

The PHOTCALC step in calnica reads the photometric keywords from the PHOT-
TAB reference file and populates the image header of the * raw.fits images with e.g.,
photometric zero-points. There are basically two ways to correct for the change in the
response with biastemp when running calnica. Either the photometric zero-point can be
made biastemp dependent, or the image could be scaled to account for the biastemp depen-
dence while leaving the zero-point unchanged. We have used the latter approach, because
using zero-points that vary with temperature will result in di!erent zero-points for each
individual NICMOS exposure. Such a scenario would make it di"cult to combine separate
images into a common image or mosaic. Instead, a scaling factor is calculated that corrects
the image counts (or count rate) for the temperature dependence of the response and puts
all images on the same zero-point (for each camera and filter combination).

To derive the scaling factor, we have used available photometric standard star obser-
vations to derive the relative response as a function of biastemp for individual NICMOS
images during both the pre-NCS and post-NCS eras. The relative response is thereafter
fitted to a straight line to derive the scaling factor, ZPSCALE:

ZPSCALE = PHOTF C1 ! (TFBTEMP " PHOTREFT ) + PHOTF C0 (1)

here PHOTF C1 is the slope of the relation and PHOTF C0 is the o!set, i.e., the two
parameters that are fitted. TFBTEMP is the measured “e!ective temperature”, while
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PHOTREFT is the reference temperature at which the tabulated zero-point in the reference
file is valid (i.e., for which the scaling is unity).

After the scaling factor is calculated, the science extension of the NICMOS image is
multiplied by this factor in the pipeline calibrations. The scaling factor is also assigned to
the ZPSCALE keyword in the primary header. A scaling factor is only calculated when the
TFBTEMP keyword is populated in the primary header of the * raw.fits file. If this is
not the case, the ZPSCALE keyword is set to unity. Furthermore, if biastemp is outside
a valid range then the scaling is also set to unity. For the three polarizers in NIC1 and
NIC2, as well as for the three grisms in NIC3, the scaling is always set to unity. Besides
populating the ZPSCALE keyword, PHOTCALC step in calnica also sets the keyword
PHOTFERR. This gives an estimate of the error in the zero- point due to the uncertainty
in the temperature dependence of the photometry. The size of this uncertainty is typically
0.015 mag.

The new PHOTTAB reference tables have been included in the OTFR since June 4,
2009, for 1997-98 data, and since June 2, 2009, for data taken 2002-08.

3.2. Flat-field Corrections

In the FLATCORR step in calnica, the * raw.fits images are corrected for pixel- to-pixel
variations in the detector sensitivity by multiplying by a flat-field image. The flat-field
image is, by construction, normalized to unity and inverted (therefore, the multiplication
and not the usual division). With the change in the response due to the variations in
biastemp, the flat-fields also change. These changes are, however, of second order, i.e. any
uniform change over whole the detector will not a!ect the flat-field, since such a change will
disappear when the flat-fields are normalized to unity. A uniform change over the whole
detector due to the change in biastemp is instead corrected for by the scaling performed in
the PHOTCALC step in calnica described in the previous subsection. There are, however,
second order e!ects of the changes in the response that do a!ect the flat-fields. I.e., because
di!erent pixels have a relative response that changes with temperature or bias voltage, the
structure of the flat-field changes with biastemp, even though the overall normalization is
unity. To account for this change in structure, a set of five di!erent flat-fields has been
created for each filter in both the pre-NCS and post-NCS eras. Each of these five flat-fields
is constructed using data from a particular biastemp range, and these five ranges cover
the observed biastemp span for each era. In the FLATCORR calibration step, calnica
reads the biastemp from the TFBTEMP keyword and then selects the flat-field that closest
matches the biastemp when it performs the flat-field correction.

Figure 3 illustrates how the flat-field structure depends on biastemp. The figure shows
the flat-field structure at five di!erent biastemp values normalized to a flat-field constructed
using the median biastemp. Since the latter is close to the value for the third of the five
flat-fields, this flat is close to unity over the whole field. If the change in biastemp caused a
uniform change in the response in all pixels over the whole detectors, then all five normalized
flat-fields shown in the figure would be unity. If uncorrected, the change in the shape of the
flat-fields due to the change in biastemp may introduce photometric errors of up to !1%.

The multiple extension biastemp dependent flat-fields images are used on NICMOS
images retrieved from the HST Archive after November 19, 2008 for post-NCS data and after
January 23, 2009 for the pre-NCS data. Details on how these flat-fields were constructed
and how they are implemented in calnica are given in the contribution by Thatte & Dahlen
in these proceedings and Thatte & Dahlen 2009.

3.3. Dark Corrections

Dark current corrections are performed in the DARKCORR step when the calnica task
is run. The header for the * raw.fits NICMOS images contains keyword information on
two di!erent types of dark reference files that can be used in the DARKCORR step. The
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Figure 3: Flat-fields for di!erent ranges of the biastemp for NIC3, F110W filter in the
pre-NCS era 1997-98. The biastemp value increases when going from top left to bottom
right image.

DARKFILE keyword contains a static dark reference file with extension * drk.fits. Each
NICMOS sampling-sequence has its own DARKFILE and when NICMOS data is retrieved
from the archive, this keyword is populated with the reference file that is appropriate for the
combination of sampling sequence (given in keyword SAMP SEQ) and the number of reads
used in that particular sampling sequence (NSAMP keyword). Most * drk.fits darks were
made in 1997 and are based on synthetic models. The TEMPFILE keyword points to a
dynamic dark reference file (extension * tdd.fits) that is constructed so that it can be
made dependent on both biastemp and the temperature measured by the mounting cup
sensor. There is one pre-NCS and one post-NCS TEMPFILE for each camera. By default,
calnica uses the file given by the TEMPFILE keyword for the dark current subtraction.
Only in the case where the TEMPFILE keyword is missing or has a “N/A” value, will
the DARKFILE be used. All files retrieved from the archive after April 9, 2002 have
the TEMPFILE keyword populated. However, an actual temperature dependence was
initially only implemented for data taken in the pre-NCS era. The biastemp/temperature
dependence of the post-NCS * tdd.fits files was derived and implemented in 2009. For
old data lacking the TEMPFILE keyword, we recommend retrieving the data again from
the OTFR to get the most up-to-date reference files and calibrated files.

The TEMPFILE contains information on the three separate components of the NIC-
MOS dark current: the linear dark, the amplifier glow, and the shading component. Below,
we describe how calnica uses these separate components in the biastemp dependent calibra-
tions.

Linear Dark
The linear dark current component is found in the first extension (EXT=1) of the * tdd.fits
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Figure 4: Linear dark image for NIC3 in the post-NCS era.

file, i.e. the file given by the TEMPFILE keyword. Figure 4 shows the linear dark exten-
sion for NIC3 in the post-NCS era. There are both pixel-to-pixel variations, creating the
“salty” pattern, as well as large-scale gradients. The linear dark extension also includes the
coe!cients C0 LIN and C1 LIN, that can be used to calculate a scaling factor, LINSCALE,
that corrects the linear dark current for its dependence on biastemp. The logarithm of the
scaling factor is given by:

log(LINSCALE) = C1 LIN/TFBTEMP + C0 LIN. (2)

We use this parametric form, because, at least in principle, the dark current should be pro-
portional to the voltage over each pixel (which can be seen as a diode) for which V ! e(1/T ).
In the DARKCORR step, calnica multiplies the linear dark component with LINSCALE
before subtracting that component.

Even though the dark current should be dependent on both detector temperature and
bias voltage, investigations of the biastemp dependence of the linear dark current of the
three NICMOS cameras have shown that the any detectable trend in the linear dark with
temperature is smaller than the overall scatter in the dark current. Figure 5 shows the
measured dark current as a function of biastemp for the three NICMOS cameras in the
post-NCS era. Fitting the data points to a straight line shows no significant dependence
of the dark current on the temperature (the same hold if fitted to the parametric form in
Equation 2). Error-bars in the figure represent the rms scatter for each data point.

Therefore, at this point, no temperature dependence of the linear dark component is
implemented. The coe!cients are set to
C0 LIN=0.0
C1 LIN=0.0
To date no temperature dependence of the linear dark is implemented; but calnica is now
prepared to include this should future investigations deem it necessary.

Amplifier glow
The amplifier glow is a signal that is added to NICMOS images every time the cameras are
read out. The signal is most likely due to radiation from the amplifiers situated in each of
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Figure 5: Dark current as a function of biastemp for the three NICMOS cameras in the
2002-08 era.

the four corners of the three NICMOS cameras. The amplifier glow component (normalized
to one read-out) is found in the second extension (EXT=2) of the * tdd.fits file given by
the TEMPFILE keyword. Figure 6 shows the NIC3 amplifier glow image.

In the DARKCORR step one amplifier glow image is subtracted for each read-out of
the science image. Investigation of how the amplifier glow varies with biastemp has found
a !2% change in the signal in the post-NCS era. This change maybe significant enough
to a!ect the quality of the calibrated files, leaving unwanted residuals. Figure 7 shows
the counts of the amplifier glow signal in the corners of the NIC1 camera as a function of
biastemp for about 100 individual images. The counts are normalized to the median of all
images.

Due to the observed change in amplifier glow signal, a biastemp dependent scaling
of the amplifier glow component has been implemented in calnica. The scaling factor is
calculated using a straight line fit to the count vs. biastemp relation, as indicated by the
black line in Figure 7 for NIC1. The fit determines the coe"cients C0 AMP and C1 AMP
that gives the scaling factor according to:

AMPSCALE = C1 AMP " (TFBTEMP # REFTEMP ) + C0 AMP. (3)

where TFBTEMP is the biastemp and REFTEMP is the reference temperature for which
the median ampglow image is created (indicated by blue dot in the Figure). The coe"-
cients are read by calnica from the header of the ampglow extension (EXT=2) of the dark
reference file. Before the amplifier glow signal is subtracted during the DARKCORR step
in calnica, the amplifier glow image is multiplied by AMPSCALE to take into account the
dependence on biastemp.

There only exists su"cient calibration data to derive the C0 AMP and C1 AMP coef-
ficients for the data taken after the installation of the NCS, 2002-08. For the pre-NCS era,
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Figure 6: Amplifier glow image for NIC3 in the post-NCS era. The elevated signal in the
corners from the heat of the amplifiers is clearly visible. Individual bright spots indicate
hot pixels.

Figure 7: Relative signal of individual ampglow images as a function of biastemp. Black
line shows a straight line fit to data, while the blue point shows the median of all data.
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Figure 8: The shading profile from a 256s NIC3 exposure. The individual bright spots are
hot pixels.

the coe!cients are set so that the scaling is always unity, AMPSCALE=1.

Shading profile
The shading is a noiseless signal that shows up as a gradient across each of the four detector
quadrants in the three NICMOS cameras. The shading is caused by a gradual change of the
bias level in the pixels with time as the quadrant is read out. Figure 8 shows an example
of the shading for a NIC3 image.

The shading signal varies between read-outs and depends on the time since the last read-
out, which is called the DELTATIME. In total, there are twelve di"erent DELTATIMEs used
by the MULTIACCUM sampling mode. The twelve di"erent shading profiles associated
with each of the DELTATIMEs are described in EXT=3 to EXT=26 in the * tdd.fits
file given by the TEMPFILE keyword. Each DELTATIME is associated with two of the
extensions. One is an image of a static shading profile valid for that DELTATIME, and the
other is a binary table including coe!cients needed to calculate the temperature dependence
of the shading correction. For more information on these files, see Jedrzejewski (2002).

In the DARKCORR step of calnica, the temperature of the detector is read and then
the shading profiles for each of the DELTATIMEs used in the exposure is scaled using the
coe!cients in the * tdd.fits file before the shading component of the dark is subtracted.

Investigations of the pre-NCS data showed a strong correlation between the shading
signal and the mounting cup temperature (Monroe & Bergeron 1999). Figure 9 shows
an example of the NIC2 shading profile for a 64s DELTATIME readout at two di"erent
temperatures. In this case, the di"erence in shading signal is up to 10 counts per Kelvin.

The temperature dependence of the post-NCS data has been investigated using both
biastemp and the mounting cup temperature. No significant trend in the shading profile
with biastemp has been detected. If the shading was dependent on the biastemp in a similar
way to the mounting cup results from the pre-NCS era, such dependence would have been
easily detected because the change in biastemp is equivalent to a change in temperature by
more than 2K in the post-NCS era. The shading profile may not depend on biastemp in
way that is similar way to the amplifier glow and photometry.

Therefore, the mounting cup temperature is used to derive the coe!cients for the
temperature dependence of both the pre-NCS and post-NCS shading signal. However, the
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Figure 9: Shading profiles at two di!erent mounting cup temperatures for a 64s DELTA-
TIME readout in NIC2. Figure taken from Monroe & Bergeron 1999.

mounting cup temperature was very stable in the pre-NCS era (see right panel of Figure
2) and it has not been possible to derive trend in shading profile vs temperature for this
era. Therefore, the coe"cients in the dark reference files for the post-NCS era are set so
that no temperature dependent scaling of the shading profile is performed when calibrating
post-NCS data.

3.4. Data Quality Masks

The first data quality masks for the post-NCS era were produced in 2002 using the data
from the first NICMOS calibration programs. Since then, calibration programs run annually
during the whole period 2002-08. With the change in detector response, as well as aging of
the detectors, it is likely that there have been changes to the number of pixels that should
be flagged in the DQ masks. Therefore, we have used available calibration data to re-derive
the NICMOS data quality masks for the post-NCS era. In particular, we have looked at
the number of pixels flagged as bad, i.e., hot, cold, or dead pixels and the number of pixels
a!ected by grot. The latter are pixels with lower sensitivity most likely due to small paint
flecks on the detector that obscures the light.

In summary, the new masks have a slightly higher number of bad pixels compared to
the 2002 masks, while the number of grot a!ected pixels is somewhat smaller. There is
only a weak temporal variation in the number of flagged pixels, therefore only a single new
DQ map has been created for each camera for the post-NCS era. These new masks have
been used in the OTFR pipeline processing starting April 7, 2009. For more details on
the creation of these data quality masks, see the contribution by Barker & Dahlen in these
proceedings and in Barker & Dahlen 2009.

4. Conclusions

New NICMOS reference files take into account the variation in the detector response ob-
served in both the pre-NCS era (1997-98) and the post-NCS era (2002-08). These variations
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are caused by a change in the detector temperature (pre-NCS) and by a drift in the bias
voltage (post-NCS). The quantity “biastemp” is introduced as a measurement of bias level of
the zeroth read of NICMOS images. The biastemp is correlated with the detector response
and can, therefore, be used to determine the response for individual images.

The new reference files that takes into account the variations in response include:

• photometric calibration tables that corrects the photometry for the variation in de-
tector response

• flat-field images for both eras that consists of multiple flat-fields extensions, each valid
for a di!erent range in biastemp

• dark reference files that depend on biastemp

Also, to accommodate these new reference files, a number of updates in the calnica calibra-
tion software have been made. Altogether, these new reference files improve the photometry
of calibrated NICMOS images by up to !2-3%. We also present new data quality masks
for the post-NCS era.
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