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Abstract. Since the advent of asteroseismology as a promisitagget stars for expensive observing programs and it touches on
innovative tool for investigating internal stellar structure, nutheoretical areas, such as convection, that are only poorly un-
merous attempts to detect solar type oscillations in distant stdesstood. The most recent investigation of this scaling problem
have been conducted. The three Fine Guidance Sensors of(H@udek 1997) predicts luminosity amplitudes of up to 80 ppm
Hubble Space Telescope can contribute to asteroseismologyfbustars evolved from the ZAMS and close to the cool border
only after the data have been corrected for systematic effectbthe classical instability strip.
the South Atlantic Anomaly and terrestrial stray light being the Low-noise photometric time series are needed to detect the
most important. We have applied these corrections and obtaitegjest amplitude frequencies and even more so to determine the
essentially photon noise-limited photometry for two guide stacharacteristic frequency spacings which are important diagnos-
used during the Hubble Deep Field program. tic tools in asteroseismology. Space-borne experiments, taking
Ground-based spectral classification has revealed that #ltvantage of the lack of atmospheric noise, can provide such
brighter of the two guide stars is a solar-type star with a spdtdgh quality data. After two ESA Phase-A studies (PRISMA and
tral type of G2mG@v. Fine Guidance Sensor photometry foSTARS), the CNES-lead experiment COROT is an approved
this star gives a noise level in the amplitude spectrum of ordpace experiment devoted to asteroseismology (and the detec-
23 ppm, which makes it a good candidate for detecting stochasittn of exoplanets), after its smaller precursor, EVRIS, was a
cally driven oscillations. We compare our result with theoreticaictim of the MARS-96 disaster. Other similar projects, such as

predictions. MONS (Denmark) and MOST (Canada), hopefully will receive
The second guide star was classified as lahd therefore funding.
is not a candidate for solar type oscillations. The High Speed Photometer of the Hubble Space Telescope

(HST) could have been used to detect solar-type pulsation in
Key words: techniques: photometric — stars: fundamental patars, but not surprisingly, the large amount of HST time needed
rameters — stars: individual: GS 0416200054 — stars: individufdr the project to observe even very bright stars has not been
GS 0416200075 — stars: oscillations granted. However, HST Fine Guidance Sensors (FGS) can con-
tribute to asteroseismology of solar type stars (Kuschnig et al.
1997, referenced in the following as Paper I). To reduce the enor-
] mous amount of photometric data points we average the counts
1. Introduction typically over 10 sec. As only half of the actually executed FGS

With the success of helioseismology in testing solar moddiegrations (40 samples per second with 25 msec integration
and in investigating hitherto speculative issues, such as interfi@}e each) are recorded in the telemetry stream which we are
solar rotation, observational evidence for stochastically drivé@fced to use, every other sample is lost for our analysis and con-
oscillation in stars other than our Sun has gained increasi#fluently the associated S/N ratio is that one would get from
interest. So far, results have been disappointing (Kjeldsenag€lescope with a collecting area equivalent to a 1.7m primary
Bedding 1995) and controversial (for exampleCen, Procyon, MIrror.
1 Boo). A special observing program was performed in December
The question of how solar luminosity variations scale t4995 With the HST called the “Hubble Deep Field” (HDF) pro-
stars with differenf.¢ and logg is important when selecting 9ram. A region in the Northern Continuous Viewing Zone was
observed for ten consecutive days. This field is located high
Send offprint requests terner W. Weiss (weiss@astro.univie.ac.above the galactic plane at a right ascensiot2886™ 4934 and
* Based on observations made with the NASA/EiSAbble Space a declination 0f+62°12'58” (J2000.0) and contains no bright
Telescopeobtained from the data archive at the Space Telescope Stiars or other previously studied objects. Therefore it is one of
ence Institute, which is operated by the Association of Universities fite “darkest” regions in the sky.
Research in Astronomy, Inc., under NASA contract NAS 5-26555.




900 K. Zwintz et al.: Hubble Deep Field guide star photometry

T T T T + ¥ T
190 raw data it b r |
roo o ; 40 - -
180% f § é v H ;+§ - r 1
. i g + & o+ L |
170f ﬁ g il ? w ﬁi § i
0 —_— 8 20f ;
w180 SAA corrected 1 2 i /]
N L +f + %
» 176f S L |
< . 0 =
> <
I} < L
© o L i
o
S g
@
O 20k ol
2179.6 2179.8 2180.0 2180.2 2180.4 i i
tlme [d] T T T S S S S T TS R T IS SO N A E S
—100 0 100
Fig. 1. Light curve of GS-75, third day of the HDF prograifop: raw Geographic Longitude

data,middle: with correction for the South Atlantic Anomaly (SAA), Fig. 2. Map of the intensities measured for GS-75 above a chosen
bottom:residual light curve after SAA and stray light correction. NOt& reshold as a function of the geographic position of the HST. An in-
the different scale for thtop panel creased density of HST positions (points) for which the FGS countrate

exceeded the threshold is clearly visible at the border of the South At-
Table 1.Position (Epoch J2000) and brightness of the two HDF guidantic Anomaly. When crossing this anomaly the FGS’ were switched
stars (Guide Star Catalog 1992) and their spectral type off.

GS No. RA DEC my spec. type )
2.1. South Atlantic Anomaly (SAA)

041620084 12"35"10° +62°1601" 11.87 G2mGQv )
041620005 12"37728° +62°2451" 13.05 K1v In the Earth’s southern hemisphere, near the east-coast of South

America, a distortion of the terrestrial geomagnetic field exists.
This region is called the South Atlantic Anomaly and its bound-
) ) ) ] ] ary at an altitude of 500 km ranges from -90 and +40 degrees
During this period the HST was guided with two of thg, yeqgraphic longitude and from -50 and 0 degrees in latitude.
three Fine Gu[dance Sensors, and hence photometrlptlme SeXi€%he spacecraft is exposed to high energy protons and elec-
of the two Guide Stars, GS0416200054 (GS-54, using FGShs no astronomical or calibration observations are normally
and GS0416200075 (GS-75, using FGS 2), were obtained. Thelttrmed during passages through the SAA. However, in the
position is given in Tablgl1 as well as théirmagnitude. With ynsjtion zones to the SAA the FGS did measure already in-
10 days of nearly continuous data it is possible to investigaifyased intensities before the PMTs were switched off. To map
systematic effects occuring in the FGS photometry and to reggft influence of the SAA on the data we calculated the subsatel-
a very low noise level in the frequency spectra. lite position of the HST in geographic coordinates and indicated
any positions for which the FGS count rate exceeded a given
threshold (Fid.12). An increase in count rates at the boundaries
of the SAA is clearly visible, which is consistent with models
The FGS photometric data had to be extracted from tirethe literature (e.g. Zombeck 1992).
Engineering-Subset-Data Files of the HST Data Archive at As it was not possible to model reliably the boundary to
STScl in Baltimore, Maryland. First, datapoints not obtainettie SAA we had to remove all “bad” data obtained within a
in “Fine Lock Mode” of the FGS were eliminated. Second, thieuristically determined trapezoidal shaped area [fFig. 2) from
measurements were averaged over intervals of 10 seconds.the photometric time series. The same figure also illustrates
The resulting “raw” light curve of the third day of GS-75 isthat the orbit of the HST approaches the southern auroral zone,
shown as a typical example in the top panel of Eig. 1 and the is evident from a slightly increased background level at the
presence of systematic effects is obvious. The intensity modnest negative latitudes. Furthermore, there is an indication for
lation has two different characteristics. First, high peaks in tla@ area of slightly enhanced radiation just opposite to the SAA.
count rates, reaching extreme values, appear periodically Dt middle panel of FidL]1 shows the data corrected for the SAA.
not in each orbit. These “spikes” can be identified as the in-
fluences from the South Atlantic Anomaly (SAA). The seconﬁl
type of modulation is characterized by changes synchronous't
the HST orbit with a period of 96 minutes. The amplitude oA residual harmonic variation with the HST orbital period of
this effect decreased during the HDF program. This effect c@6 minutes and with a decreasing amplitude during the ten days
be explained by stray light contribution from the Earth. remained in the data after the correction for effects due to the

2. Investigation of systematic effects

%. Contribution of stray light
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To determine the amount of stray light correctighwas
binned in intervals of 10and the count rates were averaged
over an observing period of 24A smaller size of the binning
interval would potentially allow to better model possible details
of the stray light function, but this advantage would be lost by the
larger scatter of the average bin values due to less data points per
> Prose Angls 0 (smaller) bin. Any high frequency pulsation would be smeared
out with this procedure. The stray light effect is not symmetric
aroundy = 0° (Fig.[3) because of the orientation of the optical
axis of the HST. Therefore the stray light correction over the
eastern hemisphere is different from the western hemisphere. An
example for the procedure is shown in Eig. 1. For a given phase
angle the correction was computed from a linear interpolation
between appropriately chosen bins.
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2.3. Problems with FGS 2

In addition to the contribution of the SAA and the stray light
contamination we found an error in the FGS 2 measurements.

‘ ‘ ‘ ‘ ‘ During an 1% time interval of the 10 days HDF program the
e e tine 141 e ot count rates of both PMTs in the FGS 2 Y-axis dropped signifi-
cantly, but the X-axis channels were not affected. For technical
details, the meaning of X- and Y-axes, working principles, etc.,
see Holfeltz et al. (1995). As we add the counts of all four
PMTs to a single photometric data point (see Paper ), the total
intensity decreased by about 20%. The electronics of the Y-axis

components recovered towards the end of tHegetiod to the
o o time fo o o count rate observed before the interval. The origin of this effect

Fig. 3a—d. Stray light Correction for GS-75 and the second day of tHy'€Sently is unknown and data points obtained during this time
HDF program —a stray light westb stray light eastc uncorrected Were excluded from the final analysis. No evidence for a similar
light curve with superposed stray light contribution computed frofd€havior was found throughout the whole HDF program in the
linear interpolations between appropriately chosen bins in panel FGS3 (GS-54) data sets.
b, respectivelyd stray light corrected light curve
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3. Fourier analysis
SAA. This effect can be explained as stray light coming from

the illuminated Earth below the spacecraft. The brightness viPeriod search on the “cleaned” datasets (SAA and stray light
ations are a consequence of the changing aspect of the Sm{{ected) was carried out with a standard Fourier technique

Earth relative to the spacecraft. Our result confirms the predi2€eming 1975). The resulting amplitude spectra for both stars
tions (Petro 1995) for the contribution of background light ifEV€@l @ number of significant frequencies (see Telbles 2 and
the Hubble Deep Field. . A signal is considered to be significant, if the amplitude is

at least four times larger than the noise level (Paperl). Since
pﬁ@rs in the continuous viewing zone were observed, the duty
cycle was large and hence the window function of the Fourier
transform is clean with very small side lobes.
cos¢ = sinbg -sinbysr + Two groups of frequencies were determined and heuristi-
cally identified. One group, which seems to be related to the
orbit (f; — fg) and another one, of yet unknown source, which
with b andi the geographic latitude and longitude of the sun anslclearly present in both guide star data sets and hence is prob-
the HST, respectively. ably not intrinsic but of instrumental origin. The orbital modu-
For¢ = 0° the HST is positioned right over the fully illumi- lation which remains after correction for the SAA comes from
nated Earth, while ap = 180° the HST flies over “mid-night” the residual background modulation (Fig. 2) and the averaging
sites, and the HST crosses the terminatap at 90°. Hence, procedure over Z4when determining the stray light correction.
the contribution of scattered light from the Earth increases with In the next step the light curves of both guide stars were
decreasing phase angleAs the orbit inclination of the HST is prewhitened with the frequencies and amplitudes determined
28.5 and the orbital precession period is about,38e phase with a simultaneous multi-sine fit, as given in Taldlés 2 @nd 3.
angle usually does not reach the extreme value$S ahd 180. The amplitude spectra of GS-54 and GS-75, cleaned for iden-

For a fuller analysis, the phase anglebetween the Sun
and the position of the HST was calculated according to sim
spherical trigonometry:

+cosbe - cosbrst - cos(lgsr — Lsun)
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Table 2. List of eliminated frequencies for GS-54 (TH= 11.6uHz). 180 Spectral Window a
150
Frequency Amplitude Comments 1207 ] A n L JL
[d"] [ppm] ol
60
f1 13.91 129 f1 = orbit %01 JMW“WWW
fa 27.83 109 2% f1 , | , \ ,
s 41.74 145 3% f1 0.0 0.1 02 03 0.4 05
fa 83.48 58 6% f1 o] -
fs 7.02 96 1/2 f1 o]
fo 26.79 134 fo—1d7! ol N
fr 28.85 91 fot+1d? " ||| e 2
fs 42.79 153 fa+1d7?! _
fo 57.73 91 GS75 & GS54 é
fio 58.66 65 fo+1d7? e
f11 86.49 80 GS75 & GS54 E
fi2 115.31 96 GS75 & GS54 —g
fis 0.62 120 GS75 & GS54 ;
w

Table 3. List of eliminated frequencies for GS-75

Frequency Amplitude Comments
[d~"] [ppm]

f 13.91 495 f1 = orbit
f2 27.82 294 2% fi 400 d
cd f3 41.73 317 3% fi
fa 69.55 202 5% f1 0
fs 6.94 300 1/2 % f1 200
fe 26.82 305 fo—1d71 100
fr 28.93 184 fot+1d7t
fs 42.79 351 fa+1d!
fo 57.70 236 GS75 & GS54 Frequency (mHz)
fio 86.55 253 GS75 & GS54
fu 115.44 184 GS75 & GS54 Fig. 4a—d.Amplitude spectra, after removal of identified non-intrinsic
fi2 0.61 622 GS75 & GS54 variations, for GS-54(pper two pane)and GS-75lpwer two panels

tified non-intrinsic effects, are shown in Fig. 4. In the low fre- The G2mGO type indicates that GS-54 is a slightly metal-
quency domain from 0 to about 0.1 mHz for GS-54 (noise leveteak G2 star; it also appears to be slightly evolved. We have
at 23 ppm) and from 0 to 0.2mHz for GS-75 (noise level &ttempted to fit a synthetic spectrum (calculated using the spec-
47 ppm) numerous peaks can still be found above the 99.9% 4fg! synthesis programPECTRUM - Gray & Corbally (1994),
nificance level (dotted lines). Whether these peaks are caused®yg Kurucz 1993 ATLAS 9 models) to the observed spectrum.
long term stellar variability or can be interpreted as signal déur best fit givest¢ = 6000K =+ 140K, logg = 4.0 £ 0.25,

to granulation similar to our sun, or by complex instrument&h/H] = —0.2 4 0.2 assuming; = 2.0kms™' (see FigLb).
effects cannot be decided at this time.

5. Conclusions

4. Spectral classification During the Hubble Deep Field program two guide stars were ob-

Classification-resolution spectra were obtained for both GS-8drved continuously with Fine Guidance Sensors 2 and 3 over a
and GS-75 with the Gray/Miller spectrograph on the 0.8 m telperiod of 10 days. A correction for enhanced background radia-
scope of Appalachian State University on the morning of Feion due to the South Atlantic Anomaly and for stray light due to
1, 1998. A 600g/mm grating was used with a TI 1024.024 the illuminated Earth beneath HST resulted in photometric time
thinned CCD to give a resolution of 3Aefor 2 pixels and a series which are essentially photon noise limited. For frequen-
wavelength coverage of 3800-5680B0th spectra have a S/Ncies larger than about 0.1 mHz only the two effects mentioned
~ 100. The spectra were reduced using standard routines undeove influence the FGS photometry and the instrument itself
IRAF. The rectified spectra were compared with a library of Migroved to be very stable.

standards obtained with the same system, giving the following The spectral types of the two guide stars were determined
classifications: G2mGO (GS-54) and K¥ (GS-75). to be G2mGQv and K1v and the noise level in the amplitude
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Fig. 5. Spectrum of GS-54 and a synthetic spectrum based on an , S
LAS 9 Kurucz model atmosphere.

spectra found to be 23 ppm and 47 ppm, respectively. Accordi

to computations of luminosity amplitudes for solar-type puls: \

tion (Houdek 1997), the expected maximum amplitude for tt 5| i
G-type star (GS-54) should be between 10 and up to 80 pj L
(Fig.[6) with an estimated period for the maximum amplitud . | . | . |

of about 7 to 30 minutes, using the scaling relation of Kjelc 385 3.80 3.75 370 365

sen & Bedding (1995). No increase of amplitudes exceedi

the noise level of 23 ppm is present in the frequency range ui

interest (Fig.¥), what might indicate a possible overestimatifig. 6. HR-diagram and evolution tracks (Gimenez 1995) of 1 to 2

of the luminosity variations computed by Houdek, a fact whictplar mass stars. The box centered on GS-54 corresponds to the un-

may be important for planning future ground based observiﬁgrtainties of the respective quantities derived from spectroscopy. The

campaigns as well as for selecting targets for space experime?ﬂg! observed borde_r ofthe clas_sica_l instabi_lity strip is given as well as
In spite of the lack of an unambiguous pulsation, the dalf es of constant es_tlmated Ium|n05|ty amplltudes (Houdek_1997) and

themselves are of extremely high quality, demonstrating the ﬁg?_zﬁt_rapgggt’esd period of maximum pulsation amplitude (Kjeldsen &

tential of the Hubble Space Telescope Fine Guidance Sensors 9 )

to provide observations which are well suited for asteroseismic

investigations. Considering the importance of a clear detection

of solar type pulsation for the first time also in stars other than

our Sun, it would be highly desirable to select guide stars geimenez A., 1995, A&AS 109, 441

cordingly. Slightly evolved bright late F-type stars are primgray R.O., Corbally C.J., 1994, AJ 107, 742
targets for this project. Holfeltz S.T., Nelan E.P., Taff L.G., Lattanzi M.G., 1995, HST Fine

Guidance Sensors Instrument Handbook, Version 5.0. Space Tele-

lOg Teff
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