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Abstract

We report the results of a study of the Wide Field Camera 3 (WFC3) UVIS detector bias
pre-scan level fluctuations since installation in 2009. The study was performed by
extracting the bias level from the header information of 27,069 calibrated full-frame UVIS
images of various targets. We look for variability in the data by computing the χ2 statistic
and we look for periodic signals in the data by performing Lomb-Scargle periodogram
analysis and phase dispersion minimization. We find an overall decrease in the bias
pre-scan levels of 1.2 to 2.2 electrons over 10 years depending on quadrant. We find
long-term periodicity of 0.5 year cycles and short-term periodicity for both chips at 54.7
day cycles. We compare our results with findings from the Advanced Camera for Surveys
Wide Field Channel instrument, which observed similar variations and periodicity, but with
more structure and larger overall bias level losses. While the fluctuations do not affect
science data, they serve as a litmus test for the behavior of the detector, ancillary
components, and sensors that may not be able to detect subtle changes over time.

1 Introduction

The bias of a CCD is a measure of the basal signal level in the camera. It is determined
by taking the shortest exposure image possible when the CCD’s chips are not exposed to
light. The bias is an additive noise feature and is measured at the time of observation and
subtracted from the science data to obtain the final image. The mean bias level should
remain steady with time under ideal conditions. Cosmic rays, stray light, and temperature
fluctuations related to the orbital position of the telescope, however, can affect the electronics,
which impact the bias among other factors. An analysis of data from the Hubble Space
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Telescope (HST) Advanced Camera for Surveys (ACS) was performed to look for trends
and variability in the bias levels over time (Desjardins and H. G. Khandrika 2019). The
report shows changes in the pre-scan bias levels over time and so spurred the investigation
of such trends in the HST Wide-Field Camera 3 (WFC3) data. This bias variation does not
affect science data as the correct level of bias is removed at the time of observation from
each exposure’s overscan region. However, it is a viable litmus test for the behavior of the
detector and the telescope, and so is important to characterize. In this report we discuss
the temporal variability and periodicity in the WFC3/UVIS bias pre-scan since the camera’s
installation into HST and compare our results to those of the ACS report.

2 Data and Methods

The CCDs of the WFC3/UVIS detector contains 4096 columns of 2051 pixels each (8.4 MP)
that are exposed to light and 100 columns of 2051 pixels each that are not. These unexposed
regions are the pre-scan region and are used to measure the level of signal inherent to the
detector at the time of exposure (the bias). The pre-scan measured bias is removed by the
BLEVCORR step in calwf3. The mean bias level from the pre-scans is recorded in the FLT
data FITS file headers as the keywords “BIASLEV[ABCD]” where “[ABCD]” represents the
quadrant containing the respective amplifier [hereafter: amp] (Rajan and et al. 2011). Each
UVIS chip has two amplifiers, with chip 1 containing amps A and B and chip 2 containing
amps C and D.

As the bias correction is universal to WFC3/UVIS data, all full-frame images taken by
WFC3 could be examined for this analysis. Images with BLEVCORR set to “omit” and
information on the pre-scan bias level not populated in the headers are not included in this
analysis. Charge-injected data are also not included as a precaution as they may unnaturally
have larger bias levels. CTE correction is not applied to the pre-scan regions, so FLC image
bias levels are the same as FLT levels (Anderson 2019). The final data set contains 27,069
distinct UVIS full-frame FLT images, spanning from May 28 2009 to September 09 2018.
From this final data set, the header keywords “BIASLEV” for all four amps (A,B,C, and D)
and “EXPSTART” were extracted.

To test for declining trends in the bias levels over time, a simple least-squares linear fit
is used. From this, the data are de-trended and the chi-squared (hereafter χ2) statistic is
computed in order to measure the variability of the data for each amp (see Equation 1). In
the formula, N is the total number of images (27069), O is the observed bias level in electrons,
E is the expected bias level for the image, and σ is the standard deviation as measured from
the overscan region for that image. The expected bias level value we used in the formula
is the median of all measurements of the bias level over time for that particular amp. To
test for periodicity in potentially variable data, Lomb-Scargle periodogram analysis (Lomb
1976, Scargle 1982) is used. Lomb-Scargle is a variant of the discrete Fourier transform,
and is best used for unevenly sampled data. Since the data involved were not obtained at
a regular cadence, it is best suited for this study. To verify the results of the Lomb-Scargle
periodogram, the Dworetsky and Deeming string length (Dworetsky 1983, Deeming 1975)
and Plavchan Phase Dispersion Minimization [PDM] (Plavchan et al. 2008) are also used.
The three processes are similar in that they phase-fold data to a series of input periods and
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measures the length of a path drawn through the phase-folded data points. If there is a
periodic signal, the period would be the minimal path length. While PDM and string length
analyses were conducted and confirmed the Lomb-Scargle findings, the plots were noisy and
redundant to the Lomb-Scargle plots to display in this report and have been omitted for
clarity purposes.

χ2 =
N∑
i=0

(Oi − Ei)
2

σ2
i

(1)

3 Results

We first examine the rate of change over time and overall variability of the bias levels. Figure
1 shows the pre-scan bias level for each quadrant minus the median level over time for all
27,000+ data files. The median is computed for each quadrant separately and subtracted
accordingly from the data. The pre-scan bias level has decreased over the lifetime of the
instrument by 1.2 to 2.2 electrons, varying by amp, with amp D showing the largest decline.
This may be due to the overall degradation of the detector. The data are de-trended and
binned (at a 1-day bin size) in order to quantify the variability and search for any possible
periodicity as shown in Figure 2. The rate of decline in bias levels and the χ2 statistic
results are shown in Table 1. There seems to be a drop in the overall bias level in amp B
data from 2017 on-wards, which may be due to voltage changes in the telescope electronics
due to multiple SIC&DH failures in 2017. To determine if the drops occur prior to or after
read-out, the read-noise data trends with time were examined (see Figure 3). The read-noise
is measured from the science pixels (regions exposed to light) in pairs of contemporaneous
bias images. Based on Figure 3 the drops in amp B bias are not readily apparent in the
read-noise data suggesting that these drops are potentially at the electronics level, before
the readout amplifiers.

3.1 Variability

Before searching for potential periodic signals, we aimed to quantify the level of variability in
the pre-scan bias using the χ2 statistic. From Table 1, we can see that the chi-squared values
for chip 2 are much higher than that for chip 1, indicating that there is greater variability in
the bias levels in chip 2, especially for amp C data. We determine the cutoff for variability
to be χ2 = 0.5 or greater as this indicates that the observed bias levels are highly scattered
with respect to the median bias level (effectively 0 electrons). From this result, we search
for periodicity in the bias levels for amp C and D data (though we report for all amps).
Looking at Figure 2, the amp C and D data show a periodic trend over long timescales as
well as over short timescales.

3.2 Periodicity

Given the results of the χ2 statistic check for variability, and given that Desjardins and H. G.
Khandrika 2019 observed periodicity in the ACS data we were motivated to investigate the
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Figure 1: Overscan Bias level minus median of each quadrant over time for all 27,069 files.
The median is computed for each amp’s data separately. A linear fit to the data is overplotted
and the slope of the fit is denoted on the top left in units of electrons per year.

possibility of long-term and short-term perodicity in the UVIS data, especially in chip 2.
Long-term periodicity in the ACS data was found at a period of 1 year, and so we performed
Lomb-Scargle periodogram analysis at these frequencies and the results are shown in Figure
4. The peak power in the periodogram shows that amps A and B have periodic signals at
8.4 and 6.2 years respectively. These long-term trends are also observed at a large power for
the amp C and D data but are not the peak power. The variations at these large timescales
are not seen in the previous study of the superbiases (McKay and Baggett 2017) nor in other
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Figure 2: Overscan Bias level minus median of each quadrant over time for all 27,000+ files
after de-trending from the linear fits seen in Figure 1. The data are also binned with a
bin-size of 1 day.

studies relating to the bias such as the read noise monitor (H. Khandrika 2017). Given that
the instrument has been active for a bit longer than these periods, we surmise that these
peaks are due to windowing and sampling issues and are not indicative of any real periodicity
in the data. We do see potential peaks at 1 year, 2 years, and 0.5 years for all amps and
especially for the chip 2 data.

Short-term periodicity in the ACS data was found at a period of 54.7 days. This 55 day
cycle corresponds to the period of the longitude of the ascending node (Ω) of Hubble. Ω is an
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Amp A Amp B Amp C Amp D
Slope (e-/year) -0.1302 -0.1256 -0.1486 -0.2288
2009 value (e-) 2555.997 2543.087 2503.374 2605.274
2019 value (e-) 2554.794 2541.926 2502.001 2603.160

Chi-squared (χ2) 0.2583 0.2767 1.1051 0.5661

Table 1: Table of rate of decline in the bias levels from the pre-scan as estimated by the
linear fit seen in Figure 1. The last row shows the computed χ2 values using the binned and
detrended data as seen in Figure 2.

orbital element that is the angle from a reference direction to the direction of the ascending
node (where the orbit of the satellite crosses the plane of reference) and is used to specify the
location of a satellite in orbit. To search for this 55-day periodicity in the UVIS data, the
Lomb-Scargle periodogram in Figure 4 was more closely examined on a 1-year timescale and
is shown in Figure 5. The peak power for the amp A data is at one day, which is the bin-size
and can therefore be disregarded. The peak power for the Amp B data is at 27.94 days which
is approximately half of the 55 day period. Chip 2 data show peaks at ∼54.7 days with minor
peaks at close to 0.5 and 1 year periods. To confirm the 55 day cycle corresponding to Ω,
satellite tracking data for Hubble was obtained from https://www.space-track.org for the
entire period since WFC3’s installation in May 2009. Ω was extracted from this data and
the plot of Ω vs time with the amp C bias level data overplotted is shown in Figure 6.

3.3 Phase-folding

The WFC3 data were folded at various periods to more closely examine the data periodicity
found in the Lomb-Scargle periodogram results. For the longer term periodicity test, we
phase-folded the data to a 1-year cycle (Figure 7) since Lomb-Scargle peaks could be found
for amps C and D data. The 1-year folded data reveal a double peak indicating changes
half-way through the orbit. We confirm this cyclical behavior by folding at a half-year
period (Figure 8). The 1-year period as found via Lomb-Scargle is likely a harmonic of
a true 0.5 year periodicity. While a 1-year cycle could be due to changes in the orbital
position of Hubble affecting the internal temperature of various electronics components as
the telescope is at perihelion and aphelion, the reason for the half-year periodicity remains
unknown and further examination of electronics temperatures and voltages may be required.
We also phase-folded the data to a 54.7 day period (Figure 9) and find a pronounced cyclical
behavior in the chip 2 data, confirming the Lomb-Scargle results. The data are not strongly
periodic in the chip 1 data and this is seen in both the Lomb-Scargle analysis as well as the
phase-folded plot.

4 Summary

We examined the WFC3/UVIS detector bias pre-scan level fluctuations since installation
in 2009 using 27,069 calibrated full-frame UVIS images. We find an overall decrease in
the bias pre-scan levels of 1.203, 1.161, 1.373, and 2.114 electrons for amps A through D

6



Instrument Science Report WFC3 2019-08

Figure 3: Read Noise levels (e-) over time for both chips using bias files where CSM is set
to ’IR’.

respectively over 10 years. We observe periodicity in the data by performing Lomb-Scargle
periodogram analysis and find long-term periodicity of 0.5 years and short-term periodicity at
54.7 days. We find the 54.7 day periods to correspond to the rate of change in the longitude
of the ascending node of Hubble. Telemetry data of the internal power supply end-wall
temperatures are also seen to be periodic at the 54.7 day level. Further examination of
voltage changes over time is needed to better understand sudden drops in bias levels for amp
B data and to understand the 0.5 year periodicity, for which the reason remains unknown.
Desjardins et al. have examined the ACS bias pre-scan levels in all of their data and also find
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Figure 4: Lomb-Scargle periodogram analysis of the de-trended data shown in Figure 2.
The vertical purple dashed line represents a period of 1 year. The point of peak power is
indicated by a colored dot.

periodicity at a 55 day time-frame, but do not find a 0.5 year periodicity. Overall science
data are not affected as the fluctuations are at minimal levels (less than 1 electron) and the
bias level is measured and removed using the overscan region for each exposure at the time
of calibration. The bias level variations serve as a litmus test for the behavior of the detector
and ancillary components and sensors that may be less sensitive to small fluctuations.

8



Instrument Science Report WFC3 2019-08

Figure 5: Lomb-Scargle periodogram analysis of the de-trended data shown in Figure 2
within the scope of 1-year. The colored dot represents the frequency corresponding to the
peak power of the periodogram.
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Figure 6: Plot of the amp C bias level data (detrended, median subtracted, and binned)
versus the Longitude of the Ascending Node (Ω) between 2015 and 2017. The amplitude of
Ω has been artificially multiplied by a constant factor to better match the amplitude of the
bias level.
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Figure 7: WFC3 data phase-folded to a 1-year period (colored points) with duplicates in
gray.
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Figure 8: WFC3 data phase-folded to a 0.5-year period (colored points) with duplicates in
gray.
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Figure 9: WFC3 data phase-folded to a 54.7 day period (colored points) with duplicates in
gray.
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