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ABSTRACT

The quality of the six ground-based TV3 WFC3/UVIS flat-fields F225W, F275W, F336W,

F438W, F606W and F814W, used in the standard calibration of the WFC3/UVIS data,

has been analyzed by comparing the magnitude of several stars on different positions of the

detector. We find a difference of 1.5% to 4.5% between the ground-based flat-fields and the

on-orbit data, with higher uncertainties at shorter wavelengths.

Introduction

Despite the big effort put into building better detectors, variations in the pixel thickness,

non-uniform doping, etc causes differences in the pixel-to-pixel response of CCDs and affect

the accuracy of astronomical data. Additional wavelength dependent low-order structures

are introduced by the system illumination pattern and variations in the filter response.

These variations are normally removed by normalizing the astronomical data to an uniform

illumination of the detector with light through the entire optical path of the telescope. This

process is commonly called flat-fielding, and as a result the collected flux of a source should

not depend on its position on the detector.
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During the spring of 2008, in the third and last thermal vacuum test (TV3), the Wide

Field CAmera 3 (WFC3) team carried out an intense ground-based campaign to, among

other purposes, create flat-fields that will be used for the reduction of all the on-orbit data

that WFC3 will acquire. Ground-based flat-fields have been obtained by simulating the

sky illumination of the UVIS CCDs (Sabbi et al. 2009) and the IR array (Bushouse 2008)

using the optical stimulus (CASTLE). In theory these flat-fields should include both the

high frequency pixel-to-pixel (P-flat) and low frequency (L-flat) structures, however previous

Advanced Camera for Surveys (ACS) experience showed that ground-based flat-fields can

differ up to 50% from on-orbit data (Mack et al. 2002). WFC3 CASTLE flat-fields are

expected to differ from on-orbit flats because of:

• The real HST+WFC3 illumination patter is different from the test setup’s;

• The different temperature at which the detector is operating on orbit for the UV filters

.

To quantify the difference between ground-based CASTLE flat-fields and on-orbit data,

we executed the proposal CAL-11452 during the Servicing Mission Observatory Verification

(SMOV) that followed the Servicing Mission 4 (SM4), during which WFC3 was installed

on Hubble. As part of this program we observed two galactic globular clusters: ω Centauri

(a.k.a. NGC 5139) in the UV and 47 Tucanae (a.k.a. NGC 104) in the optical bands. In

section § 2 we present the data; the data analysis are described in § 3, and the impact of

low-frequency variation on the accuracy of the photometry is discussed in § 4.

Data

In order to evaluate the accuracy of the ground-based CASTLE flat-fields we measured

the count rates for the same star in different position across the detector. To increase the

statistics we observed two rich stellar fields (the core of ω Centauri and the region of 47

Tucanae used by the ACS team to derive the solution for geometric distortion of the Wide

Filed Channel (WFC)) in six broad band filters: F225W, F275W, F336W, F438W, F606W

and F814W. In total we used 11 orbits of HST time.

For each filter we acquired 9×350 sec exposures shifted in x and/or y position by 1/4

of the UVIS channel field of view (FoV) between each exposure. The 9 pointing dither

pattern is shown in Figure 1, and the log of the observations is presented in Tables 1 (47

Tuc) and 2 (ω Cen). This observing strategy guaranteed to measure the flux of each star

in four to nine widely separated positions. Each raw image was processed off-line using the
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Fig. 1.— Dither pattern designed to acquire the data. The red square represent the reference

pointing. The field of view of the remaining pointing are shown with dashed black squares.

standard calibration pipeline calfw3 1.4.1 (24-Apr-2009). Calibration steps included overscan

correction, bias and dark subtraction and flat-field correction, using the ground-based TV3

flat-fields.

Data Analysis

Because of the WFC3 focal plane is tilted with respect to the incoming beam, the

projected pixel area on the sky varies across the field, and therefore pixels in different regions

of the detector collect a different amount of light. As a consequence, the same star will have

slightly different magnitudes depending on where it lands on the detector. Since we are

interested in measuring only the variations due to the low-frequency flat-field structures,

we removed this effect by multiplying each FLT exposure by the UVIS pixel area map
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(pam-table). We then performed aperture photometry on each exposure: in each image we

detected the sources using daofind in IRAF, and then we used phot with aperture radii of 2,

3, and 5 pixels to measure the magnitude of each star.

The majority of cosmic rays (CRs) that affect the single FLT exposures can be discarded

by measuring the calculating the difference in magnitude between 2 and 3 pixels aperture

photometry: while stars have extended wings and therefore their magnitudes increase of

a constant quantity at larger radii, CRs have very sharp profiles, and in the majority of

the cases the difference in magnitude between two different apertures is null. This method

allows us also to remove all those stars that have a poor photometry (e.g. because close

to a saturation spike, blended etc.) because the difference in magnitude between the two

aperture photometry deviates from the average value. Finally to minimize the uncertainties,

we used only stars with S/N> 100 to probe the quality of the TV3 flat-fields. In doing this

we obtained 9 catalogs for each filter, listing for each star the magnitude, the photometric

error and the x and y positions.

Stars in the first pointing (position 1 in Figure 1) were measured in other 3 (in the

corners) to 8 (in the center) different positions of the detector. Therefore we considered

position 1 as the reference observation. For each filter we combined the nine photometric

catalogs using a triangle matching code and a 4th degree polynomial, and then we derived the

average magnitude for each star. We then compared the average magnitude of each star with

its magnitude as derived in the reference pointing. We found that the r.m.s in the difference

∆m between the average and the reference magnitude increases with the wavelength from

red to blue, with the average errors being listed in Table 1

Filter Chip 1 Chip 2

F225W 4.5% 2.2%

F275W 4.1% 3.2%

F336W 2.2% 2.0%

F438W 2.0% 1.5%

F606W 1.9% 1.6%

F814W 1.8% 1.5%

Table 1: r.m.s in the difference ∆m between the average and the reference magnitude for

the six broad band filters for both the UVIS chips.

The higher photometric errors in the two UV filters are probably due to the fact the

instrument was operating at higher temperature than on orbit when the ground-based UV
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Fig. 2.— Lower Panel: Difference between the 3 and 2 pixels aperture photometry for

sources detected in UVIS/chip-1 in the F336W filter; Upper Panel: Difference between the

5 and 3 pixels aperture photometry for sources detected in UVIS/chip-1 in the F336W filter

flats were acquired. An inspection of the UVIS P-flats (Sabbi 2008, Sabbi et al. 2009) shows

also an increase in the number of flat-field structures at the shortest wavelengths, with chip 1

characterized by an higher number of structures with the respect of chip 2. This is reflected

in the difference in the quality of the photometry in the two chips and with the wavelength.

Figures 3, 4, 5, 6, 7, and 8 show the difference between the average and the reference

magnitude of each source on different UVIS positions. These plots show that that the

difference in magnitude depend on the position on the detector and on the filter, confirming
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Fig. 3.— Difference between the average and the reference magnitude in different positions

of both the two UVIS chips for the filter F225W

the presence of residual low frequency structures.
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Fig. 4.— Same as Figure 3, but for the filter F275W

Conclusions

During SMOV we observed two galactic globular clusters (ω Cen and 47 Tuc) from the

UV to the optical wavelength with the WFC3/UVIS channel (proposal 11452). The clusters

were observed in the F225W, F275W F336W (Ω Cen), F438W, F606W, and F814W (47

Tuc) using a nine pointing dither pattern, with a 40′′ dither step, to test the quality of

the ground-based flat-fields. By comparing the flux of several thousand of stars at different

positions on the detector we found that ground-based TV3 flat-fields correct the on orbit

data with residuals from 1.5% up to 4.5% from the optical to the UV.
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Fig. 5.— Same as Figure 3, but for the filter F336W
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Fig. 6.— Same as Figure 3, but for the filter F438W
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Fig. 7.— Same as Figure 3, but for the filter F606W
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Fig. 8.— Same as Figure 3, but for the filter F814W
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Image R.A. (J2000) Dec. (J2000) Date & Time Exp Time Filter

IABY01KCQ flt.fits 00:22:38.50 -72:04:04.0 2009-07-17 16:38:37 350 F438W

IABY01KGQ flt.fits 00:22:38.50 -72:04:04.0 2009-07-17 17:00:52 350 F814W

IABY01KHQ flt.fits 00:22:38.50 -72:04:04.0 2009-07-17 17:09:13 350 F606W

IABY01KLQ flt.fits 00:22:31.01 -72:04:25.1 2009-07-17 17:31:08 350 F606W

IABY01KMQ flt.fits 00:22:35.58 -72:04:59.7 2009-07-17 17:39:06 350 F606W

IABY01KOQ flt.fits 00:22:43.07 -72:04:38.6 2009-07-17 18:39:50 350 F606W

IABY01KQQ flt.fits 00:22:50.56 -72:04:17.5 2009-07-17 18:47:48 350 F606W

IABY01KSQ flt.fits 00:22:45.98 -72:03:42.9 2009-07-17 19:06:18 350 F606W

IABY01KUQ flt.fits 00:22:41.42 -72:03:08.3 2009-07-17 19:14:16 350 F606W

IABY01KWQ flt.fits 00:22:33.94 -72:03:29.4 2009-07-17 19:22:14 350 F606W

IABY01KYQ flt.fits 00:22:26.45 -72:03:50.5 2009-07-17 19:56:56 350 F606W

IABY01L0Q flt.fits 00:22:31.01 -72:04:25.1 2009-07-17 20:05:17 350 F814W

IABY01L2Q flt.fits 00:22:35.58 -72:04:59.7 2009-07-17 20:13:15 350 F814W

IABY01L4Q flt.fits 00:22:43.07 -72:04:38.6 2009-07-17 20:21:13 350 F814W

IABY01L6Q flt.fits 00:22:50.56 -72:04:17.5 2009-07-17 20:41:56 350 F814W

IABY01L8Q flt.fits 00:22:45.98 -72:03:42.9 2009-07-17 20:49:54 350 F814W

IABY01LAQ flt.fits 00:22:41.42 -72:03:08.3 2009-07-17 20:57:52 350 F814W

IABY01LCQ flt.fits 00:22:33.94 -72:03:29.4 2009-07-17 21:05:50 350 F814W

IABY01LEQ flt.fits 00:22:26.45 -72:03:50.5 2009-07-17 21:36:40 350 F814W

IABY01LGQ flt.fits 00:22:31.01 -72:04:25.1 2009-07-17 21:45:04 350 F438W

IABY01LIQ flt.fits 00:22:35.58 -72:04:59.7 2009-07-17 21:53:02 350 F438W

IABY01LKQ flt.fits 00:22:43.07 -72:04:38.6 2009-07-17 22:17:35 350 F438W

IABY01LMQ flt.fits 00:22:50.56 -72:04:17.5 2009-07-17 22:25:33 350 F438W

IABY01LOQ flt.fits 00:22:45.98 -72:03:42.9 2009-07-17 22:33:31 350 F438W

IABY01LQQ flt.fits 00:22:41.42 -72:03:08.3 2009-07-17 22:41:29 350 F438W

IABY01LSQ flt.fits 00:22:33.94 -72:03:29.4 2009-07-17 22:49:27 350 F438W

IABY01LUQ flt.fits 00:22:26.45 -72:03:50.5 2009-07-17 23:14:44 350 F438W

Table 2: Summary of the 47 Tuc images used to measure the flat fielding uniformity in the

optical UVIS filters.
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Image R.A. (J2000) Dec. (J2000) Date & Time Exp Time Filter

IABY02X0Q flt.fits 13:26:47.24 -47:28:46.5 2009-07-15 03:40:17 350 F275W

IABY02X4Q flt.fits 13:26:47.24 -47:28:46.5 2009-07-15 04:02:58 350 F336W

IABY02X5Q flt.fits 13:26:47.24 -47:28:46.5 2009-07-15 04:11:16 350 F225W

IABY02XBQ flt.fits 13:26:50.76 -47:28:27.3 2009-07-15 05:04:43 350 F225W

IABY02XCQ flt.fits 13:26:48.86 -47:27:51.6 2009-07-15 05:12:41 350 F225W

IABY02XEQ flt.fits 13:26:45.35 -47:28:10.8 2009-07-15 05:20:39 350 F225W

IABY02XGQ flt.fits 13:26:41.83 -47:28:30.0 2009-07-15 05:28:37 350 F225W

IABY02XIQ flt.fits 13:26:43.72 -47:29:05.6 2009-07-15 05:36:35 350 F225W

IABY02XKQ flt.fits 13:26:45.61 -47:29:41.3 2009-07-15 05:44:33 350 F225W

IABY02XMQ flt.fits 13:26:49.13 -47:29:22.1 2009-07-15 06:40:34 350 F225W

IABY02XOQ flt.fits 13:26:52.65 -47:29:02.9 2009-07-15 06:48:32 350 F225W

IABY02XSQ flt.fits 13:26:50.76 -47:28:27.3 2009-07-15 07:10:53 350 F336W

IABY02XTQ flt.fits 13:26:48.86 -47:27:51.6 2009-07-15 07:18:51 350 F336W

IABY02XVQ flt.fits 13:26:45.35 -47:28:10.8 2009-07-15 08:16:24 350 F336W

IABY02XXQ flt.fits 13:26:41.83 -47:28:30.0 2009-07-15 08:24:22 350 F336W

IABY02XZQ flt.fits 13:26:43.72 -47:29:05.6 2009-07-15 08:32:20 350 F336W

IABY02Y1Q flt.fits 13:26:45.61 -47:29:41.3 2009-07-15 08:40:18 350 F336W

IABY02Y3Q flt.fits 13:26:49.13 -47:29:22.1 2009-07-15 08:48:16 350 F336W

IABY02Y5Q flt.fits 13:26:52.65 -47:29:02.9 2009-07-15 08:56:14 350 F336W

IABY02Y9Q flt.fits 13:26:50.76 -47:28:27.3 2009-07-15 09:52:15 350 F275W

IABY02YAQ flt.fits 13:26:48.86 -47:27:51.6 2009-07-15 10:00:13 350 F275W

IABY02YCQ flt.fits 13:26:45.35 -47:28:10.8 2009-07-15 10:08:11 350 F275W

IABY02YEQ flt.fits 13:26:41.83 -47:28:30.0 2009-07-15 10:16:09 350 F275W

IABY02YGQ flt.fits 13:26:43.72 -47:29:05.6 2009-07-15 10:24:07 350 F275W

IABY02YIQ flt.fits 13:26:45.61 -47:29:41.3 2009-07-15 10:32:05 350 F275W

IABY02YKQ flt.fits 13:26:49.13 -47:29:22.1 2009-07-15 11:28:05 350 F275W

IABY02YMQ flt.fits 13:26:52.65 -47:29:02.9 2009-07-15 11:36:03 350 F275W

Table 3: Summary of the Omega Cen images used to measure the flat fielding uniformity in

the optical UVIS filters.
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