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Abstract

We present an overview of Charge Transfer Efficiency (CTE) issuesin the
WFPC2 CCDs, including results of recent on-orbit tests, and advice on mit-
Igating CTE effects. CTE causes targets far from the CCD readout ampli-
fier to appear fainter than targets near the amplifier. For bright targets, the
maximum effect isonly afew percent, but for faint stellar targets in images
with very low background, the CTE effects can reach fifty percent or more.
Studies using hotpixels, cosmic rays, and residual images as probesof CTE
have revealed at least four distinct components of CTE losses. The largest
effect appears related to trapping and release of charge on timescal es of
hundreds of milliseconds during the readout process. Thisis manifest as
tails on images which extend for dozens of pixelsin the Y -direction (paral-
lel register direction) on the CCDs, which have the effect of robbing counts
from typical small apertures used for photometry. Extended targets also are
subject to CTE effects. Recent work shows the effect for faint galaxiesis
roughly similar to that for a stellar target with the same total counts. There
are also small effects on the shapes of faint galaxies. Long-term photomet-
ric monitoring showsthat CTE is steadily increasing with time, and thereis
also some evidence for an acceleration of the effect. Preflashing the CCDs
can reduce CTE effects, but the added noise usually makes this unattrac-
tive. A noiseless preflash technique has been tested, but only appears to
give amodest improvement. We discuss these and other recent results, sug-
gest observational strategies for reducing the impact of CTE, and review
photometric corrections which can be applied during data analysis.

Physical Effects. We are currently studying the detailed physical
effects of CTE in an effort to better understand its photometric impacts.
Thefigure below illustrates the effect of CTE at the single pixel level. This
Image is derived from hotpixels in WFPC2 images, and effectively shows
the system response to a single bright pixel at the CCD center (Biretta,
Baggett, and Riess 2000). Three components of CTE, perhaps related to
different types of traps, are immediately obvious:

(1) Fast decaying tall in +Y direction (decay scale ~10's msec)

(2) Extended tail in +Y direction (decay time ~ 100 msec.)

(3) Fast decaying tail in +X direction (decay time ~10 nsec)

All of these components have the effect of robbing charge from typical
small apertures (few pixel radius) used for stellar photometry. A fourth
component of CTE isresponsible for long-lived residual images, but has
only minor impact (Biretta & Mutchler 1997)

Average of 700 hot pixelsillus-
trating the impact of CTE ona
single pixel. Data were taken
from dark framesin late 1999in
al four CCDsin region

50<Y <750; hot pixel intensities
were in range 100 to 4000 DN.
Theright panel isthe same
Image enhanced to illustrate
faint pixels.

L eft, the ratio of the noiseless
preflash/non-preflash flux in
(uSkab106r/uskab104r) vs.
vertical position on the WF4
chip for 16 sec. exposures.
Right, histogram of the mea-
sured stellar flux for stars used
to determine the Y -preflash.

Flux Ratio (preflash/non-pr eflash)

a0 600 o
y-position Counts

Results of the Noiseless Preflash Test. Analysisof preflashing the

WFPC2 CCDs with the calibration lamp, and then reading out this expo-
sure (noiseless preflash) prior to imaging afield in the globular cluster
Omega Cen (HD 116790), shows an enhancement of only ~3% in the
detected counts for sources far from the horizontal shift register (at

Y =800). Thisindicates that the noiseless preflash electrons are not held in
traps long enough to significantly reduce the effects of CTE loss on faint
stellar targets.

A series of short and long exposures (16 sec., 80 sec., 400 sec.) were
obtained of afield in Omega Cen. Photometry of stars before and after pre-
flashing the CCDs were obtained and ratioed. The mean counts at high
CCD Y positions increased by about 3% regardless of the exposure time.
This behavior is consistent with areduction in the CTE photometry ramp.
The preflash appears to help only the image following it; the second image
after it suffersnormal CTE.

Refer ences

New CTE Correction Formula Available from

Dolphin (2000). A recent paper "The Charge-Transfer

Efficiency and Calibration of WFPC2" (Dol phin 2000)
may be of interest to WFPC2 users. The paper compares
WHFPC2 observations with ground based observations of
Omega Centauri and NGC 2419, and derive CTE correc-
tions using a baseline through March 2000, roughly ayear
longer than available for asimilar study by Whitmore,
Heyer, and Casertano (1999, PASP, 111, 1559). In gen-
eral, Dolphin finds good agreement with the Whitmore,
Heyer, and Casertano results (within afew hundreths of a
magnitude) with less scatter in the residuals, except for
recent (1998 and later) data at low count levels.

A preliminary comparison of August 2000 data shows:

For bright stars (> 15,000 electrons) Whitmore et al. tendsto
overestimate the correction by afew percent.

For Faint stars (100 - 500 el ectrons) Whitmore et al. under
estimates the correction.

For extremely faint stars (20 - 50 electrons) Dolphin overes-
timates the correction by tens of percent, presumably due to
lack of faint stars in the sample.

For now, the best compromise is probably to use the Dol-
phin formulafor stars brighter than 100 electrons and the
Whitmore, Heyer, Casertano formulafor fainter stars. A
report on this comparison will be available shortly.
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m = corrected values (Whitmore, Heyer, and Casertano formula)
a = corrected values (Dolphin formula)

The above figure shows the ratio of counts from a 14 sec-
ond exposure of Omega Cen in August, 2000 to the counts
In a 100 second exposure, vs. the Y position on the chip
(WF2, gain=15). The raw values (filled circles) fall below
aratio of 0.14 dueto CTE loss (i.e., the count rate and
background are both lower for the short exposure, leading
to more CTE loss). The different panels are for different
target brightness. Thefilled squares are corrected using the
Whitmore, Heyer, and Casertano formula while the filled
triangles are corrected using the Dolphin formula. Note
that the Dolphin formulais somewhat better for the top 4
panels, but is much worse for the faintest stars in the bot-
tom panel.
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When to Consider Preflashing. CTE loss can be reduced by increas-
Ing the background, hence filling some of the traps before the target reaches
them. One can artificially enhance the background by adding a preflash.
The problem with this approach is that this aso adds noise. The above fig-
ure shows a calculation based on the Whitmore, Heyer, Casertano (1999)
correction formula, assuming avery low background for the raw image (i.e.,
0.1 electron, appropriate for avery short exposure, a narrow-band exposure,
or an exposure in the UV) versus an exposure which has been preflashed
with 25 electrons. The ratio of the S/N (including uncertainties in CTE cor-
rections) for the preflashed image versus the non-preflashed image is plot-
ted vs. the log of thetarget brightness. The three curves show the effects for
a star near the bottom of the chip (i.e., X =400, Y = 100, where the preflash
IS never an advantage since CTE lossislow and the preflash adds noise),
near the center of the chip, and near the top of the chip (wherethe preflash is
an advantage for the brighter targets). For more typical cases where the
background is already sizeable, the gains due to a preflash are even smaller.
Note: Using preflashes will mean incurring significantly increased overhead
times.

Extended Source CTE - Galaxy Profile Shapes. We investigate
the effect of CTE on the shape and structure of extended sources. We sub-
tracted pairs of images of individual galaxies observed near and far from the
read-out amplifier. The average profile of the galaxy residualsis distinctly
asymmetric and indicates that charge is primarily lost from the amplifier-
side of the galaxy image (see figure below). The side of the galaxy away
from the amplifier sufferslittle charge loss because charge traps encoun-
tered during the read-out have been filled and in addition, charge is detrap-
ping. These results are reproduced by a simple model of the read-out
process.
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Our results indicate that CTE losses to extended sources are not uniform
across the source. Rather, they are proportionally greater closer to the read
amplifier, decrease in the direction away from the amplifier, and chargeis
regained at the extreme edge of a source. Our knowledge of how CTE
affects galaxiesis still primitive and it is difficult at this point to provide a
guantitative correction which can be employed by WFPC2 users. Neverthe-
less, we suggest that users consider that the total CTE |loss expected for a
galaxy (Whitmore, Heyer, & Casertano 1999) likely applies only to the half
of the galaxy near the amplifier, with the other half facing negligible |osses.
This statement appears to robustly apply to the different methods and filters
(i.e., backgrounds) employed in our analysis.

Extended Source CTE - Aperture Photometry. Preliminary
results of photometry on faint galaxy cores show effects consistent with
those predicted for CTE in stellar photometry.
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Thefigureillustrates the effect of CTE on 0.2" radius aperture photometry
of small, extended sources (2-3" in size). Results are for targets on WF
chips, with flux values between 200 and 500 DN, and sky level ~40 DN.
The observed field, A1689, was positioned such that targetsat low Y (rows)
Inimage 1 wereat high Y inimage 2 and vice-versa. Plotted is the ratio of
the fluxes in the images as afunction of differencein Y position. Formal fit
to the datayielded a CTE loss over 800 pixels of 4.5% +/- 3.2%. An ISR
with details on aperture photometry of small extended sourcesisin prep.

Residual Images. Updateon thestatus

of chargetrappingin WFPC2 CCDs.

Charge trapped during the read out of science
Images is slowly released and can show up in sub-
seguent images. The above figure shows an image
of Saturn and the dark that immediately followed,;
note that the residual in the dark appears both at
the target location and in the pixelsin the direction
of read-out (in this case to the right of the target).
Such science image / calibration frame pairs are
Ideal for investigating the characteristics of long
time scale CTE trapping.

The HST archive was mined for all non-saturated
planetary science images followed closely intime
by dark frames.

The primary conclusions are (details may be found
In Baggett, Biretta, Hsu 2000):

The new images support the original finding that the
amount of charge trapped appears correlated with
the maximum intensity clocked through the pixel
during readout (Biretta & Mutchler 1997; Baggett,
Biretta, Hsu 2000).

The charge in aresidual imageis given by In(resid-
ual)~0.36In(Imax), where Imax is the maximum
value clocked through that pixel.

The amount of charge seen in the residual images
appears to have been stable over the six years. This
IS in marked contrast to the increasing photometric
CTE (e.g., Whitmore et al., 1999).

» Some residuals are long-lived (>20 minutes).
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WFPC2 CTE Monitor. We continueto

monitor photometric CTE using astandard field in
Omega Cen. The observations indicate that for
very faint stars on avery faint background, the
CTE loss from the top to the bottom of a chip has
Increased from about 3% shortly after the cool-
down of WFPC2 (April 23, 1994) to roughly 52%
In August 2000. In general, typical WFPC2 expo-
sures are much longer than these short calibration
Images, resulting in higher background which sig-
nificantly reduces the CTE loss and minimizes the
CTE problem for most science exposures.

How Observers Can Mitigate CTE
Effects:

*Avoid excessively short exposures (i.e.
avold low background).

*Place small targets near read-out amplifier.
(X,Y ~150)

*Preflashing may be beneficial in certain
Situations.

*Apply corrections after observations.




