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ABSTRACT

Observations of transiting exoplanets have become an increasingly large proportion of
the HST science program. Many of these projects utilize the WFC3/IR channel, a grism
so that spectra can be obtained, and scanning the telescope to increase the effective
signal to noise and duty cycle of the observation. Typically, visits in these programs
involve obtaining data over four contiguous orbits, with the goal of establishing a base-
line for the transit observation in the early portion of the visit and a measurement of
an exoplanet transit in the latter portion of the visit. In analyzing these visits, most ob-
servers discard the first orbit because the apparent flux appears to rise for much of the
first orbit before stabilizing in later orbits. This behavior may be due to un-filled traps
in the detector diodes. Here we discuss tests intended to pre-condition the detector to
reduce this problem using either the internal Tungsten lamp or the astronomical source
itself. In our experiments, we do find evidence that conditioning the detector mitigates
the rise time effect to a certain extent, reducing the characteristic exponential time scale
for the rise from about 4.1 minutes to about 2.5 minutes, and reduces the amplitude of
the effect by about factor of about 2.

We also characterize the timescale and amplitude of the apparent flux rise in a va-
riety of transit observations. Although significant variations are observed in nominally
similar observations, some suggestive trends are beginning to appear. In particular,
the timescale for stabilizing the flux is shorter for observations with a larger number
of scans per orbit than it is for those with fewer scans per orbit. This behavior is not
expected based on our current understanding of the traps in the detector diodes associ-
ated from a nominally-related phenomenon, namely persistence, exhibited by the WFC3
IR array. It suggests that each time a pixel is illuminated a fraction of the available
traps are filled, regardless of the amount of time the pixel is maintained at a particular
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fluence level. Further monitoring of observations of this type may help to refine this
picture.

Introduction
The study of exoplanets has exploded in the last decade, and has become a large portion
of the HST observing program. While some of these observations are carried out using
direct imaging or coronography, the majority of observations are carried out by studying
the light curve or spectrum of a star as the exoplanet passes in front of or behind the
primary star. A large fraction of these observations are carried out with the IR channel
of the WFC3 instrument using the grism to disperse the spectrum. The objects being
observed are typical bright nearby stars, which saturate the detector in a very short time
(typically 1 sec). The planet produces a small diminution in the light as it transits the
star.

A major consideration in planning exoplanet observations is to maximize the total
exposure time during the observation in light of significant overheads associated with
data transfer from the instrument to the spacecraft. Initially, most WFC3/IR transit ob-
servations were carried out in staring mode and used subarrays to limit the overhead of
sending data to the ground (see, e.g. Wakeford et al. 2013). However, the duty cycle, the
ratio of time exposing to wall clock time, for such observations is still small. To increase
the duty cycle, STScI in conjunction with NASA/GSFC, developed an expanded set of
commanding capabilities for HST, that allow one to raster the telescope in a way that
the source could be scanned across the detector during a single multi-accum exposure
(McCullough & Mackenty 2012). There are a number of ways in which these expanded
capabilities are being used, including improving the precision of measuring angular sep-
aration for measuring parallaxes (Riess et al. 2014), but one of the most important of
these is for studies of exoplanet transits (see, e.g. Kreidberg et al. 2014).

A typical scanned exoplanet observation consists of observations carried out over
multiple, usually four, sequential orbits. The HST is programmed to scan the target star
forward and backward across the WFC3/IR detector in conjunction with data taking,
one multi-accum exposure corresponding to each forward or reverse scan across the
detector. The scans are tightly choreographed so that (essentially) the same region of
the detector is illuminated during each forward scan and each reverse scan. The speed
of the scan is determined by the brightness of the target star, so that the number of
electrons accumulated on exposed pixels is typically 30,000-40,000 e, significantly less
than saturation (70,000 e).

Usually, for exoplanet projects, observers attempt to place the planet transit during
the last orbit or two of the visit, using the early portion of the visit to establish a baseline
for the spectrum of the un-occulted primary star. In part, they do this on general grounds,
giving any transient effects associated with HST’s moving to a new target time to settle
out. However, a specific problem associated with scanned exoplanet observations is that
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Figure 1. Left: The white light curve from an observation of the exoplanet GJ 1214b
obtained as part of GO program 13021 (Jacob Bean, PI). Right: The region of the detec-
tor covered by the scans determined from the average of values in the “ima” files for this
observation. The region used for source and background is outlined in red and yellow,
respectively. Details of how the white light curve was obtained are described below. The
observations was carried out as a series of forward and reverse scans. The blue points
in the white light curve are the measured brightness in the individual scans and the red
points are the average of two subsequent scans. The exoplanet transit occurred during
the third and fourth orbit (3-5 hours into the visit). The very sharp drop in apparent
flux in one scan near hour 3.7 is due to a fluctuation in the measured background. The
increase in flux during the first two orbits is not astrophysical, and is of the same order
of magnitude as the exoplanet transit. This is the effect one would like to mitigate.

the total flux, hereafter the “white light” flux, shows an apparent rise at the beginning of
orbits and this problem is much worse during the first orbit than in subsequent orbits.1

An example “white light” curve reduced in the same manner as described below is
shown in Figure 1. As a result, observers typically discard data from the first orbit in
analyzing transit observations.

The rise in apparent flux at the beginning of transit observations is most likely as-
sociated with traps in the diodes that constitute the active pixels of the WFC3 detector.
Traps are known to exist in the detector diodes, and manifest themselves in the form of
persistence, after images that are seen following exposure to bright light. The theory
of persistence has been described by Smith et al. (2008a,b), and the characteristics of
persistence in the WFC3/IR array have been summarized by Long et. al. (2012). Of

1We appreciate Laura Kreidberg and Jacob Bean’s having pointed out this effect, which is associated
with scanned observations, to us. It stimulated the work reported here, which has a longer time-scale than
an undoubtedly-related rise-time effect seen earlier in staring mode observations of exoplanets (Berta et
al. 2012).
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specific relevance for the problem being described here are two sets of experiments. In
one set of experiments, special commanding was used to hold charge on the detector
for longer amounts of time (Long et al. 2013a). In another set of experiments, mul-
tiple exposures, without intermediate dithers, were made of the same field in Omega
Cen (Long et al 2013b). More persistence was observed for longer hold times and for
more multiple exposures. Both of these experiments imply that the traps that generate
persistence have finite capture times.

If traps cause the longterm trends reported in scanned exoplanet observations then
one might expect that one could pre-condition the detector so that traps were filled at the
beginning of a visit by exposing the detector to light immediately before the exoplanet
visit began. We have performed two types of on-orbit experiments to test this hypothesis
using the bright star HD165459, which is a photometric standard, and not expected to be
intrinsically variable. In the first we tried using the Tungsten lamp to pre-condition the
detector before each interval of on target observation. In the second we used light from
the target star itself to hold flux on the detector during orbit occultations. The second of
these tests did not pre-condition the detector before the first orbit, but it did allow us to
check whether we observed the same long-term rise in the first orbit that has been seen
in the scanned exoplanet observations.

Here we report on the results of these tests, pre-conditioning seemed to have some
effect in the particular cases we tried. We also discuss how the rise time effect varies
from observation to observation, and whether the phenomenological model we have of
of the traps that cause persistence explains the rise-time effect.

Observations
The data obtained to carry out those tests were carried out as part of program 13573, and
involved four separate visits. The characteristics of each visit are summarized in Table
1. As noted earlier, the target star for all of these visits was the A1V star, HD165459,
which has a K magnitude of 6.5 and is located in the CVZ. Choosing a target in the CVZ
made observation scheduling much easier. We carried out each test within a single CVZ
(or near CVZ) visit, but times for conditioning and scanning were adjusted to mimic
that expected from a more typical non-CV observations, in which conditioning would
occur during orbit occultations and transit observations during the period of visibility of
the object.

To simulate a planetary transit observations, the on-target observations consisted
of alternated forward and backward scans in each multi-accum exposure. The observa-
tions utilized the GRISM512 aperture. Two different scan rates were chosen 0.9 s−1,
and 1.2 arcsec s−1 to test two different fluence levels on the detector, about 48000 e in
visits 01, 02, and 11 and about 36,000 e in Visit 03. The scans covered most of the
detector. A sample sequence of SPARS10 was used for all of the grism exposures. For
visits 01, 02, and 11, NSAMP was set to 5, resulting in a total accumulation time of 29.7
s, while for visit 03, NSAMP was 4, and the total accumulation time was 22.3 s. For
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Table 1. Observation Log

Visit Obs. date Scan Rate Exp. Scans Test Comments
(arcsec s−1) (s)

01 28-Oct-2013 0.9 29.7 30 Tungsten Lamp on throughout pre-exposure
02 26-Nov-2013 0.9 29.7 41 Tungsten Nominal
03 3-Dec-2013 1.2 22.3 42 Tungsten Nominal
11 9-Jan-2014 0.9 29.7 36 Self-prep. Nominal

visits 01, 02, and 11, there were 42 grism scans per orbit executed in a total time of 0.84
hours, and so data taking was about 42% of the total time. For visit 11, there were 36
scans in the first orbit lasting 0.71 hours, and so data taking efficiency was about 31%.
Of course, the actual time in which flux was building up on a pixel was quite small, 0.14
and 0.11 sec for the two scan rates.

Three of the visits were tests with the Tungsten lamp. In this case, conditioning
began prior to the first “transit observation” orbit. Conditioning consisted of turning on
the tungsten lamp for a single multi-accum exposure (SPARS200, NSAMP=15 totaling
2566 s). Our intent was to use special commanding, specifically the LAMPDUR com-
mand, to turn off the lamp at a pre-defined time within the multi-accum exposure so that
the detector was held at a defined charge, or fluence, level for a long period of time prior
to the first “transit” observation. This process was repeated during “occultations”. As
discussed by Long et al. (2013a), time in the LAMPDUR command is measured from
issuing the IMULSEQ command in the SMS, but the actual multi-accum sequence takes
does not begin for approximately 8 more seconds. For visits with scan rate of 0.9 arcsec
s−1, LAMPDUR was set to 44 s, resulting in an on-time during the exposure of 36 s. For
the higher scan rate, LAMPDUR was 34 s resulting in and exposure of 26 s. We used
Tungsten lamp and the F140W filter, which has a nominal count rate of 1450 e s−1, and
so expected the fluence to be 64000 and 38000 e for the two different types of Tungsten
lamp conditioning,

Visits 2 and 3 occurred as planned, but an error in the phase II proposal for Visit
01 resulted in the tungsten lamp being left on for the full period of the multi-accum in
the conditioning portion of visit 01.

For Visit 11, the source itself was used to condition the detector. In this case,
there was no conditioning prior to the first “transit observation”, but charge was held
on the detector between “transit observations”. This was accomplished by replacing the
standard short multi-accum exposure of the star with a much longer one. The target
was scanned across the detector at the normal rate but special commanding was used at
the appropriate time to move the blank filter in place, and then to stop the scan. Thus
for Visit 11, charge built up during the last scan was held on the detector for the entire
“occultation” period.
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Figure 2. The averaged “ima” files from visits 01, 02 , 03 and 11 are shown in the
upper left, upper right, lower left and lower right panels, respectively, along with the
source (red) and background (yellow) extraction regions used to construct the white
light curves.
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Figure 3. The white light curve from visits 01, 02 , 03 and 11 are shown in the upper
left, upper right, lower left and lower right panels, respectively. All observations show
the rise time effect. The flux decline after the rise in visit 01 is associated with the fact
that the Tungsten lamp did not turn off at the correct time in the conditioning process.
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Figure 4. The white light curve from visits 02 and 11 are shown in the left and right
panels, respectively, as function of the time from the first scan in each orbit, along with
fits (in black) to the rise in the apparent flux during each orbit. Orbit 1 of visit 11 was not
pre-conditioned in any fashion and has the longest rise time. Here, forward and reverse
scans have not been averaged. Pre-conditioning does shorten the rise times somewhat.

Reduction of the data
The HST calibration pipeline is designed for staring observations. The “ima” files in
particular contain a bias-subtracted, dark-subtracted and linearity-corrected versions of
the data converted to e s−1. For a staring observation, the pixel values in each exten-
sion are expected to be about the same (unless the pixel is impacted by a cosmic ray).
The “flt” files are improved versions of the “ima” files, which reflect an appropriately
weighted fit to the various rates, allowing for cosmic ray hits and for the effects of sat-
uration. For a scanned observation, a pixel is only exposed for a very short period of
time. As a result, the calibration pipeline, which expects the photon flux to be constant
within a single multi-accum exposure, currently flags nearly all of the pixel in a scanned
observations as cosmic rays. Consequently, the final data products, the “flt’ files of the
calibration pipeline are not usable for analyzing scanning observations.

The “ima” files are useful, however, since they contain a bias subtracted, dark-
current-subtracted and linearity-corrected version of the data, and so we like most oth-
ers have used the “ima” files as the starting point for our analysis. As we were primarily
interested in the question of whether conditioning reduced non-astrophysical changes
in the white light curve in a transit observation, our approach to analyzing the data was
simple. We simply converted the units in images in the “ima” files back to electrons
(using the SAMPTIME), and defined source and background regions. We then calcu-
lated the mean fluence in the source and background regions to produce a background
corrected white light curve for each object. The observations in this program and most
scanned grism observations, alternate scans in the forward and reverse direction. For a
fixed aperture there is usually a small offset (that typically has a magnitude of 0.1%)
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Table 2. Risetime Fit Results

Visit Orbit A B τ
(e) (e) (m)

01 01 27000 327.2 1.41
01 02 27009 328.7 1.49
02 01 26954 417.9 2.26
02 02 26956 262.0 1.45
03 01 20222 242.4 3.40
03 02 20218 133.4 2.16
11 01 26902 205.3 4.10
11 02 26909 1058.3 1.36
11 03 26906 1059.3 1.36

in the flux measured in the forward and back directions. There are a number of pos-
sible reasons for this offset, including slight differences in the scan rates at the same
position in the detector and slightly different positioning of the source on the detector
and the so-called “upstream-downstream effect” described by McCullough & MacK-
enty (2012). To correct for this, we removed from the raw light curves the median of the
difference in the count rates measured in the forward and back direction. An example
of the corrected light curve was shown in Fig. 1.

The average of all of the “ima” files for each of the calibration observations is
shown in Fig. 2. As is evident from this, our scans were designed to cover most of the
256x256 sub-array. We intended that the forward and reverse scans would cover exactly
the same area of the detector, and we largely succeeded for visits 02 and 11. However,
for visits 01 and 03, there were slight differences in the start and stop points for the scan,
and these show up as fainter sections in the average image at the top and bottom of the
scans.

White light curves for the first two orbits of each visit are shown in Fig. 3, using
the extraction regions shown in Fig. 2. Each point in these plots represents the average
of one forward and one reverse scan. Plots constructed without this averaging typically
show variations between the forward and reverse scan that amounts to of order 0.1% of
the flux. In constructing these plots, we experimented with various source and back-
ground regions. The light curves are not very sensitive to the exact choice of source and
background regions, as long as the source region extends beyond the bright region of
the spectrum in the column direction and does not include the ends of the scans (the row
direction). The light curves for each of the four visits are fairly similar. The flux at the
very beginning of each visit is always low compared to later in the visit. Except for visit
01, the flux seems to rise to reach a stable level within about 10 minutes and then stays
at the same level (within ±0.1%) for the remainder of the visit. For visit 01, the flux
rises and then trends downward, more than is typically observed. This is presumably
due to the fact that the Tungsten lamp remained on during the conditioning portion of
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this visit, blasting away at the detector for 2566 s each time.2 This flux decline is not as
prominent in visits 02, 03, or 11.

Comparisons of the light curves for the various orbits of visits 02 and 11 are shown
in Fig. 4. In visit 11, the first orbit was not pre-conditioned in any way, and it clearly has
the longest rise time of any of the light curves. Evidently pre-conditioning does have at
least a modest effect. In order to quantify the rise in the light curve at the beginning of
each orbit we have fit the light curves to a function of the form,

F = A−Be−t/τ (1)

where t is the time from the first scan in an orbit, A is the flux after transient
effects have subsided, B is the deficiency in flux in the first read, and τ is the time scale
for the transient effect to disappear.

The results of a least-squares fitting of this function to the various light curves
are presented in Table 2, and shown in black in Fig. 4. For orbit 1 of visit 11, the only
un-conditioned orbit, the time scale of the rise is 4.1 minutes, whereas in orbits 2 and
3 of the same visit it is about 1.4 minutes.3 This should be compared to orbit 1 of visit
02, where the time-scale is 2.3 minutes. This confirms, what was apparent qualitatively
from Fig. 4 that pre-conditioning does help modestly. On the other hand, the time-scale
for visit 03, was 3.4 m, and the amplitude was not much reduced.

Comparison to other transit observations
Although the tests described above suggest that pre-conditioning the detector do mit-
igate the rise time effect in transit observations, it is also true that the effect we were
trying to mitigate was actually quite a bit less apparent than in the example shown in
Fig. 1. For the example visit, fits (shown in Fig. 5) of the type described above yield for
the first orbit an amplitude B of about 1.25% of the final flux and a timescale τ of 0.143
hrs (or 8.6 minutes), compared to 0.8% and 4.0 minutes for orbit 1 of visit 11 in the
calibration program. The ratio B/A is much lower in the second orbit of our example
0.19%, but the timescale is still fairly long, 0.128 hours or 7.6 minutes.

One would like to understand why the rise-time problem is more severe in our
example. There are a number of differences between our example program 13021 and
our calibration program 13573. The scans used in program 13021 covered only half
of the detector; those in 13573 included nearly the entire detector. There were fewer

2While it is tempting to describe the decline in the light curve in visit 01 as due to persistence, it is
not clear that this provides a full explanation for why the decline is so prominent there. This is because
both the source and background regions were exposed to light from the Tungsten lamp, and to first order
at least, background subtraction should have removed the persistence from the white light curve.

3There are two other observations that have taken place that are very similar to the first visit of orbit
11. These are visits 10 and 20 of program 13465, another calibration program in which HD165459 was
observed with the same scan rate as here. For these visits, the measured values of τ were 5.5 and 5.8
minutes, respectively, some what longer than for orbit 1 of visit 11 in this program.
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Figure 5. The white light curve from visit 04 of GO program 13021, with the light
curves from individual orbits overlaid

scans per orbit in program 13021 than in the calibration program. The flux levels were
somewhat lower in program 13021 than in the calibration program.

In order to investigate this problem, we have examined the rise-time problem for
most, if not all of the scanned grism observations that have been made with HST to
date, omitting only those for which the forward and reverse scans were very displaced
from one another. All of the selected observations were obtained with the GRISM256
aperture, and all of the observations were taken in SPARS10 mode. However the scan
rates vary from as slow as 0.1 arsec s−1 to as fast as 1.2 arcsec s−1. The results of fitting
the white light curves to Equation 1 are provided in Table 3.

Figures 6 and 7 show the results in graphical form. A few trends are apparent. Ob-
servations involving longer exposure times and lower fluence levels tend to have longer
characteristic time scales. Since all of the existing observations have been obtained in
SPARS10 mode, exposure time is a measure of the number of reads. There also appears
to be a correlation between the rise time in orbit one to the rise time in orbit two of
a scanning observation. By contrast, there is no correlation between the ratio of the
amplitude of the rise to the fluence and exposure time.

As noted earlier, in some very general sense, “traps” seem a natural way to explain
the rise in observed flux at the beginning of scanned grsim observations. Empty traps
capture free charge generate by photons that otherwise would reduce the reverse bias of
the diode and be measured. Once the traps are filled, all of the free charge generated by
photons is counted and the measured flux stabilizes. If the trap release time is relatively
long, then the amplitude of the effect will be largest in the first orbit and less important
in subsequent orbits. The effective time constant τ will be similar from orbit to orbit, as
is observed, but the amplitude of the effect will be less as the orbits progress.

In the case of persistence, the phenomenological model that we have in mind is
one in which the probability that a trap is filled depends primarily on the amount of time
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Figure 6. The fitted values of the time constant τ1 as a function of the total exposure
time of the image (left) and fluence level (right) in scanned grism observations that have
taken place

Figure 7. The ratio of fitted values of the amplitude of the rise A to the fluence B as a
function of the multi-accum exposure time for the first orbit (left) and the value of τ2 in
the second orbit of an observation as a function of τ1 from the first orbit (right).
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Table 3. Risetime Fit Results - All Programs

Prog. Visit NSAMP Exp. Rate Scans Fluence A1 B1 τ1 A2 B2 τ2 Comment
(s) (arcsec s−1) (e) (e) (e) (m) (e) (e) (m)

11622 02 3 7.6 1.0 30 34563 12917 166 3.2 12908 10 1.8 Forward only
11622 03 3 7.6 1.0 31 34600 12927 142 3.3 12916 9 2.0 Forward only
11622 04 3 7.6 1.0 30 34595 12919 127 3.5 12909 13 1.9 Forward only
11622 51 3 7.6 1.0 32 34614 12922 83 3.2 12914 10 2.5 Forward only
12956 02 11 66.4 0.1 17 36736 17959 175 5.2 17961 34 2.5
13021 01 14 88.4 0.1 16 23020 15337 154 9.3 15330 20 2.7 Forward only
13021 02 16 103.1 0.1 18 23002 15346 232 7.5 15364 42 7.2
13021 03 14 88.4 0.1 16 23024 15334 174 8.5 15343 27 5.7 Forward only
13021 04 14 88.4 0.1 16 23048 15334 192 8.6 15344 29 7.7 Forward only
13021 05 14 88.4 0.1 16 23094 15339 102 8.5 15349 27 11.0 Forward only
13021 06 16 103.1 0.1 18 23126 15389 191 8.0 15395 20 8.1
13021 07 16 103.1 0.1 18 23141 15398 183 9.1 15405 38 7.1
13021 08 14 88.4 0.1 16 23085 15317 192 8.8 15322 29 6.4 Forward only
13021 09 16 103.1 0.1 18 22963 15343 217 8.3 15352 39 3.3
13021 10 16 103.1 0.1 18 23126 15402 140 9.6 15407 37 5.4
13021 11 16 103.1 0.1 18 23104 15390 198 8.6 15399 42 8.1
13021 12 16 103.1 0.1 18 23075 15371 169 10.0 15381 40 7.0
13021 13 16 103.1 0.1 18 23031 15357 115 8.6 15361 31 7.4
13021 14 16 103.1 0.1 18 22998 15362 185 7.7 15374 36 9.3
13021 15 16 103.1 0.1 18 22957 15332 204 8.5 15342 35 8.1
13467 12 16 103.1 0.0 18 18750 4511 45 6.3 4514 11 8.9
13467 16 16 103.1 0.1 18 23705 6488 81 8.6 6490 13 7.9
13467 17 16 103.1 0.1 18 23730 6494 65 9.6 6496 13 5.4
13467 18 16 103.1 0.1 18 23728 6490 66 6.3 6496 11 10.3
13467 20 12 73.7 0.3 22 29388 16014 174 6.1 16031 36 11.6
13467 31 16 103.1 0.1 18 40549 10009 99 6.2 10011 24 4.4
13467 32 16 103.1 0.1 18 40684 10049 80 5.7 10050 22 5.3
13467 35 16 103.1 0.1 18 26914 10070 131 7.3 10075 25 7.3
13467 37 16 103.1 0.1 18 26993 10079 83 7.6 10082 25 5.8
13467 53 16 103.1 0.1 18 26804 10051 146 6.1 10061 26 5.5
13501 02 4 15.0 1.4 42 46116 28291 234 3.3 28276 34 0.1
13501 04 4 15.0 1.4 37 46098 28295 266 3.5 28286 35 3.1
13338 01 4 15.0 1.2 44 29439 19852 287 4.0 19840 16 5.3
13338 11 4 15.0 1.2 44 29353 19800 195 4.5 19792 23 2.8
13625 10 6 29.7 0.9 30 47977 29255 291 5.5 Single orbit
13625 20 6 29.7 0.9 30 47935 29247 281 5.8 Single orbit
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the fluence has been above a certain value. The more time charge is held on the detector
the more traps are filled, and the greater the amount of persistence that is observed.
The experiments we have done, particular those in which we vary the time charge is
held on the detector by turning off the Tungsten lamp in the middle of a multi-accum
exposer tend to validate this picture ((Long et al. 2013a). In our model for persistence,
the persistence at 1000 s from a source observed for an exposure sequence lasting 100
s would be almost the same as a source which was twice as bright observed in two
contiguous exposures lasting 50 s.

However, the trends of τ with exposure time and fluence are not consistent with
this picture. The long term average of the fraction of time η that a pixel is exposed is
given by

η =
0.5 texp
tscan

=
0.5 texp

texp + toverhead
(2)

where texp is the exposure time, and tscan is the total time for a scan, and 0.5 re-
flects the fact that during a set of forward and reverse scans the pixel contains charge
half of the scan time.4 In our phenomenological model of trapping for persistence ap-
plied to the rise in apparent fluence observed in our scanned grism observations, we
would expect

τobs =
τtrap
η
, (3)

where τobs is the observed time constant and τtrap is the intrinsic value of the trapping
time. The quantity η can vary significantly. For example, for an observation like Visit 2
of program 13501, with an exposure time of 15 s, η is 12%, but for the visits in program
13021 with exposure times of 103.1 s, η is 36%. We would expect that τobs would be
3× smaller for visits with exposure times of 103.1 s than the ones with 15 s, but in fact
τobs is much shorter for the program with shorter exposure times.

An alternative picture that represents the trends in the data better would be one
which postulates that the traps are all filled as a result of some transient phenomenon
associated with the exposure to light. A fixed fraction of the unfilled traps are filled with
each exposure. In this scenario, if on average it takes ntrap exposures to fill a trap, then
one would expect

τobs = ntraptscan (4)

and in this case, observations with longer exposure times, which imply long tscan would
have longer trapping times. If the exposure time is short, then the rate at which a partic-
ular pixel is illuminated is higher, and one would expect these repetitive observations to

4If a pixel is near the beginning of the forward scan, it will be near the end of the reverse scan. Such
a pixel would hold charge for a large fraction of time of the forward scan, but a small fraction of the time
of the reverse scan. A pixel at the middle of the scan would hold charge about half of the time in both
cases.
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fill the traps faster. Program 13501, with an exposure time of 15 s had tscan of 62 s and
the visit in program 13501 with exposure time of 103 s, had tscan of 142 s, so we would
anticipate that τobs would be more than twice as long for 103 s exposure than the 15 s
visit.

Summary and Conclusions
Observations of exoplanets using the IR channel of WFC3 are usually carried out with
one of the grisms and by scanning the target star back and forth across the detector.
White light curves obtained from these observations generally show that the flux rises
in the early portion of an orbit, which limits the utility of the first orbit for science. The
rise time can be characterized in terms of a simple exponential formula .

We have carried out a limited series of tests to see whether the rise in flux could be
ameliorated by pre-conditioning the detector. For the test (Visit 02), which had the best
control observation (Visit 11), there was evidence that the characteristic rise time was
shorter when the detector was pre-conditioned with a Tungsten lamp exposure before
the first visit. For Visit 03, which was carried out at a higher fluence level, the rise
time was also somewhat shorter than is typical for similar observations, with relatively
long multi-accum exposures. Using the source itself or the Tungsten to illuminate the
detector between visits did not produce a dramatic change in the flux rise phenomenon.

We have also characterized the rise in most of of the scanned grism observations to
date. There is considerable variation in the magnitude of the phenomenon. Surprisingly,
the rise time appears to be anti-correlated with the fluence level on the detector, which
was not what we expected from our past experience with persistence. Observations
with a larger number of scans in an orbit appear to have shorter characteristic rise times.
This may suggest the easiest way to ameliorate the effect in future is for observers to
take more scans over a smaller portion of the detector. However, this would need to be
balanced against somewhat lower duty cycles, potentially lowering S/N.

Given the modest improvements obtained by pre-conditioning the detector before
and between observations, we do not recommend proceeding with an attempt to im-
plement a capability to pre-condition the IR detector prior to scanned exoplanet transit
observations for Cycle 22.

A more extensive set of calibration experiments would be useful, especially if ex-
oplanet transit observations continue to receive large amounts of HST observing time.
Further tests would need to take into the account the variability that is apparently being
observed in rise time. One possibility worth investigating is whether repeated shorter
exposures with the Tungsten lamp would produce a larger effect than the single expo-
sure and long hold-time strategy that was adopted here. However, before such tests are
undertaken, it would be helpful to have a better idea of the point at which the first orbit
would be usable as part of the standard analysis of exoplanet observations. In the mean-
time, continued characterization and modeling of the rise time effect, as observed in GO
observations is warranted, with more sophisticated analysis tools than were developed
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for the results reported here. It would be especially helpful if better analysis, possibly
involving the individual reads in mult-accum exposures, either explained or reduced the
apparent variability in nominally similar observations.
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