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Abstract

The galactic first look survey (GFLS) of the Spitzer space telescope was executed during 1–11 December 2003 as one of the first

science observations during nominal operations. The aim of the FLS is to provide a characteristic ‘‘first-look’’ at the mid-and far-

infrared sky at sensitivities that allow the detection of point sources �100 times fainter than those in previous systematic large-area

surveys. The whole program took 35.5 h to complete and consisted of the following elements:

� Galactic longitudinal strips of size 15 0 · 1� with IRAC and MIPS at l = 105.6� and 254.4� and various galactic latitudes.

� 10 0 · 10 0 IRAC maps at l = 97.5� and b = 0�, ±4�, and +16�.
� Coverage of L1228 with 2� scan maps.

Even at these large distances from the galactic center, confusion sets a limit to the detection of point sources in the galactic plane

for IRAC channel 1 (3.6 lm) at 100 lJy � 16.1m. As positive galactic latitudes were mainly sampled at l = 97.5� and 105.6� and neg-

ative latitudes at 254.4� galactic longitude, the observations are well suited to derive information on the warp of the galactic disk. In

order to reproduce the source counts from the GFLS we had to assume an amplitude of the warp within 20% of that derived from

2MASS.

The whole survey is included in the Spitzer science archive which opened in April 2004.

� 2005 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

In order to quickly provide the Spitzer user commu-
nity with representative data from this observatory,

the Spitzer science center (SSC) conducted a first-look

survey among the first science tasks during nominal

operations, which started on day 98 of the mission.

The survey consisted of an ecliptic, a galactic, and an
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extragalactic component. The FLS is the inaugural

Director�s Discretionary Time program.

The primary goals of this �110-h survey were (1) to

provide a characteristic ‘‘first-look’’ at the mid-infrared

sky at sensitivities that allow the detection of point

sources about 100 times fainter than those in previous
systematic large-area surveys; and (2) to rapidly process

the data and place it into the public domain in time to

impact early Spitzer investigations.

With the galactic FLS we tried to serve the Spitzer

user community by characterizing the cirrus and back-

ground source counts at low galactic latitudes and to-

ward a molecular cloud. This information is essential

for calculating the confusion noise in observations close
to the galactic plane and for estimating fluctuations in

regions with diffuse emission. In order to put the selected

regions probed with the galactic FLS into context, we

compared the results from our observations with a mod-

el of the point source sky.

Compared to surveys of the galaxy at similar wave-

lengths with the infrared space observatory, e.g.,

GPSURVEY (Burgdorf et al., 2000) or ISOGAL
(Schuller et al., 2003), the galactic FLS with Spitzer

was 100–250 times more sensitive: 6100 lJy with the

Infrared Array Camera (IRAC) between 3.6 and 8 lm.

Many objects were found in the images from the galactic

FLS which by themselves constituted interesting discov-

eries. Some examples of these findings are described in

the following.

2. Observations

A third of the time for the whole FLS was allotted to

its galactic component. Different galactic environments

were probed with the following observations:

� Multiband imaging photometer for Spitzer (MIPS)
and infrared array camera maps (each roughly

15 0 · 1�) at l = 254.4�, b = 0�, �2�, �5�, �9�, �14�
and l = 105.6�, b = �1.3�, 0.3�, 2�, 4�, 8�, 16�, 32� in
order to check the symmetry of our galaxy that is

assumed in its model.

� Small IRAC maps at l = 97.5�, b = 0�, ±4�, 16� in

order to characterize background source counts

purely in the disk.
� MIPS and IRAC maps (roughly 10 0 · 2�) across the

center of Lynds 1228 and lower emission regions in

order to characterize a molecular cloud (see Fig. 1).

The selection of the coordinates for this survey was

guided by the aims mentioned in the previous section,

which required an unbiased survey of the galactic disk.

One had to steer clear of very bright objects in order
to avoid saturation of the detectors, and no duplication

of observations in the Spitzer reserved observations cat-

alog was allowed. Besides, the pointing constraints of

Spitzer had to be taken into account. These require-

ments excluded in particular the inner galactic disk from

the galactic FLS, which was mapped by the Galactic
Legacy Infrared Mid-Plane Survey Extraordinaire (Ben-

jamin et al., 2003).

Most of the point sources detected in all directions in

the IRAC filters lie in the galactic disk. The contribution

from the arms is comparatively small, in particular for the

galactic longitude l = 97.5� (Drimmel and Spergel, 2001,

1992). The fields at l = 97.5�, b = 0� and l = 105.6�, b =

0.3� have some overlap with the ISOGAL survey; they
were used to check the absolute accuracy of the photo-

metric calibration of the FLS data (15%) against earlier

observations. The direction l = 254.4� lies in the ‘‘Orion

spur’’, thus introducing an element of galactic structure

to the survey that is missing in the other directions.

The different galactic latitudes probed with the galac-

tic FLS arc needed to determine how the density of

point sources depends on the distance from the plane.
The line of sight within the disk was roughly cut in half

from one latitude to the next. Galaxies dominate the

source counts at 24 lm in the fields at the highest galac-

tic latitudes. Two pairs of directions in the galactic FLS,

(97.5�, �4�)/(97.5�, 4�) and (254.4�, �2�)/(105.6�, 2�), are
suited to check how symmetric the galactic disk is with

respect to the plane and the galactic center.

Mosaics were made of the pipeline basic calibrated
data (BCD) images using the SSC�s MOPEX package

(publicly available at ssc.spitzer.caltech.edu).

We first performed a cosmetic fix of the multiplexer

Fig. 1. False three-color image of the central region of the L1228

cloud, where blue = IRAC2 (4.5 lm), green = IRAC4 (8 lm) and

red = MIPS (24 lm). Inset: a visualization of these observations on an

IRAS 100lm image: cyan = 3.6/5.8 lmmagenta = 4.5/8 lm. The raster

map is centered on R.A. 20h57m12s and Dec. +77�35 04800 (J2000) and

its size is roughly 10 0 · 120 0. North is on top. (For interpretation of the

references to colour in this figure legend, the reader is referred to the

web version of this article.)
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bleed and the column pulldown produced in the IRAC

data by bright sources to improve the data products.

An overlap correction was applied to match the back-

ground in the overlapping regions of single BCDs. A

mosaic was created for each band, correcting for cosmic

rays and other artifacts using radhit and dual outlier
rejection capabilities of MOPEX. The source extraction

was done on the individual BCDs using APEX (the

point source extractor included in the MOPEX pack-

age). The source extraction process rejects the cosmic

rays and the other artifacts identified in the creation of

the mosaics. The flux of the sources comes from a point

response function (PRF) fitting process for most of the

sources. For the sources where the PRF fitting process
was not successful, we derived fluxes using aperture pho-

tometry by first subtracting out a smoothed background

and then integrating the flux within a fixed aperture. For

a general discussion of the calibration and data reduc-

tion of IRAC and MIPS see Fazio et al. (2004) and

Rieke et al. (2004).

The MIPS 24 lm strips at l = 254.4� and l = 105.6�
were analyzed to characterize the diffuse interstellar
emission. The strips crossed a number of known molec-

ular and atomic clouds, including 13 Lynds Dark Neb-

ulae (Lynds, 1962), the Cepheus Flare, and the Gum

Nebula. The power spectral analysis of the GFLS re-

gion centered on G254.4-9.0, part of the Gum Nebula,

was described in Ingalls et al. (2004). Here we summa-

rize the spatial statistics of 24 lm emission for all 10

diffuse fields in the strips with detectable signal. The
area analyzed encompasses a total of 2.66 square de-

grees, or about 0.01% of the sky. Reduction of the sur-

vey data for characterization of diffuse emission was

done as described by Ingalls et al. (2004). The emission

from point sources was characterized and removed

using the StarFinder code written in IDL (Diolaiti et

al., 2000a,b). The images were then filtered to remove

instrumental noise using a multiresolution wavelet
technique (Starck and Murtagh, 1998). Radial power

spectra for each of the images were computed by

squaring the amplitudes of the image Fourier trans-

forms, and azimuthally averaging in equally spaced

wavenumber bins. The spectra were normalized using

Parseval�s relation in two dimensions, i.e., the average

power in Fourier space equals the total variance in

the original image.

3. Results

3.1. Source counts

Fig. 2 shows a comparison between the point source

density in the galactic plane found with Spitzer and the
values calculated with the SKY model for l = 105.6�,
b = 0.3�. SKY is a physically realistic model for the

point source sky capable of predicting source counts

from the far-UV to the mid-IR. SKY has been tested

extensively against counts from IRAS, MSX, ISO, and

2MASS, and operates in all the IRAC and MIPS

24 lm bands with an absolute calibration basis identical

to that of the Spitzer instruments (Wainscoat et al.,

1992; Cohen, 1993, 1994, 1995). IRAC1 (3.6 lm) is the

band that is most sensitive to stars, but the agreement
between model and observations is similar at the other

wavelengths. There is also good agreement between

the source fluxes obtained with ISOGAL and the bright-

est objects detected with IRAC3/4.

Observations at the same longitude, but higher galac-

tic latitudes, produce larger numbers of point sources

than would be expected on the basis of a flat disk (see

Fig. 3). This is due to the warp which moves the mean
position of the disk to positive heights at longitudes

97.5� and 105.6� and to negative heights at l = 254.4�.
A better agreement between observations and model is

achieved with a modification of the average elevation

of the disk in SKY according to formula 20 in López-

Corredoira et al. (2002). The amplitude of the warp

has to be within 20% of that derived by López-Corred-

oira et al. (2002) from 2MASS data in order to be com-
patible with the IRAC1 source counts.

At 24 lm, the agreement between SKY and observa-

tions is only good near the galactic plane. The larger the

value of |b|, the greater becomes the contribution of gal-

axies to the ‘‘point’’ source counts, resulting in an excess

of actually observed objects compared to the model of

our galaxy (see Fig. 4). For a discussion of galaxy counts

as a function of mid-infrared fluxes see Marleau et al.
(2004). We assumed the conversions between Jy and

mag shown in Table 1.

Fig. 2. Comparison of SKY modeled and galactic FLS observed

differential star counts at l = 105.6�, b = 0.3� with IRAC channel 1.

Poisson error bars are shown, appropriate to the actual number of

sources observed in each bin. Diamonds, observed star counts; solid

line, model prediction.
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3.2. Individual fields

3.2.1. Lynds 1188

Fig. 5 shows a three-color image of the field

l = 105.6�, b = 4�. It lies at the edge of the ‘‘Cepheus

bubble’’, a huge dust ring around an OB association

(Ábráham et al., 2000). Two new groups of young stellar

objects (YSOs) were found in this area and identified as

such from their 1–24 lm spectral energy distributions.

The distances derived from CO velocity data from the

Canadian galactic plane survey are 900 and 6700 pc
for the group at higher and lower latitude, respectively.

900 pc is the distance to the Cepheus Bubble (Kun et al.,

1987). The other group of YSOs might lie in the outer

arm (Rebull et al., 2004).

3.2.2. l = 254.4�, b = 0�
The field l = 254.4�, b = 0�, shown in Fig. 6, is a par-

ticularly good example of the potential for new discov-
eries in the galactic FLS. It contains an HII region

which was until now not identified as such and a possi-

ble supernova remnant. The HII region has a diameter

of a few arcmin; its central star is CD-354469. The other

new source is also diffuse and bright in the mid-infrared,

with a radio spectral index of 0 ± 0.2. This indicates that

it is either a Crab-like supernova remnant or an HII re-

gion (Rho et al., 2004).

3.2.3. Lynds 1228

A small group of young stellar objects was discovered

in the map of L1228 that was taken in the galactic FLS.

The fluxes of IRAS sources in this area are too high due

to confusion, but with the data from Spitzer it was pos-

sible to determine reliable spectral energy distributions,

and a diversity of evolutionary states of the disks was
found for the stars in this aggregate (Padgett et al.,

2004).

3.3. Cirrus structure and confusion noise

Table 2 lists the region centers, the sizes of the areas

analyzed, the radial power spectral indices, b, and the

estimated confusion noise in the fields, rcn. The spectral
indices were derived from power law fits of the form

P(k) = P0(k/k0)
�b, where P0 is the power spectrum value

at the fiducial wavenumber, k0. For this work we use

k0 = 0.1 arcsec�1. Error bars in b are formal fit uncer-

tainties. In 7 out of 10 fields, the spectra showed an

obvious break into two power laws, with the difference

in indices being close to unity in 5 cases. This implies

a transition from a 2D to 3D structure in the emitting
regions. See Ingalls et al. (2004) and references therein

for more on the implications of a spectral break. When

two spectral indices were measured, we listed both of the

indices in Table 2, with the low k indices printed above

the high k indices.

The noise due to spatially correlated cirrus emission

or confusion noise, was computed in the observed fields

using a formula based on that derived in Gautier et al.
(1992):

Fig. 3. Comparison of SKY modeled and galactic FLS observed

differential star counts at l = 105.6�, b = 8�with IRAC channel 1. Poisson

error bars are shown, appropriate to the actual number of sources

observed in each bin. Diamonds, observed star counts; solid line, model

prediction for flat disk; dashed line, model prediction for warped disk.

Fig. 4. Comparison of SKY modeled and galactic FLS observed

differential star counts at l = 105.6�, b = 32� with MIPS24. Poisson

error bars are shown, appropriate to the actual number of sources

observed in each bin. Plus signs, observed star counts; solid line, model

prediction for galactic sources only.

Table 1

Zero magnitude fluxes

Channel Wavelength (lm) Flux (Jy)

IRAC1 3.6 277.5

IRAC2 4.5 179.5

IRAC3 5.8 116.6

IRAC4 8.0 63.1

MIPS24 24 7.3
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Here, E0 is a function that depends on the spectral in-

dex, the ratio of aperture size to telescope resolution,

and the ratio of aperture size to separation distance be-

tween source and background measurements. Values of

E0 for various observing configurations, normalized to

k0 = 1 arcmin�1, were tabulated as a function of b in

Fig. 5. Three-color plot of the field l = 105.6�, b = 4� with IRAC and

MIPS: blue = 3.6 lm, green = 8 lm, red = 24 lm. The image is

centered on R.A. 22h17m00s and Dec. +61�33 03600 (J2000) and its size

is roughly 15 0 · 60 0. The two white rectangles indicate the positions of

the newly discovered clusters of young stars in this image, appearing

red. (For interpretation of the references to colour in this figure legend,

the reader is referred to the web version of this article.)

Fig. 6. Three-color plot of the field l = 254.4�, b = 0� with IRAC and

MIPS: blue = 4.5 lm, green = 8 lm, red = 24 lm. The image is cen-

tered on R.A. 18h02m26s and Dec. �23�00 03900 (J2000) and its size is

35 0 · 35 0. There are two HII regions in this image: RCW20 and

G254.4-0.06, the latter of which is newly identified; G254.6-0.1 is either

a supernova remnant or another HII region. North is on top. (For

interpretation of the references to colour in this figure legend, the

reader is referred to the web version of this article.)

Table 2

24 lm spatial statistics of GFLS fields

Field center Approx. size (deg) b rcn (lJy)

G105.6 � 1.3 1.02 · 0.22 �2.31 ± 0.09 8.89

�3.38 ± 0.02 4.67

G105.6 + 0.35 0.68 · 0.25 �3.12 ± 0.03 4.42

G105.6 + 2.0 1.51 · 0.18 �3.00 ± 0.04 6.86

G105.6 + 4.0 0.68 · 0.20 �3.24 ± 0.08 6.81

�4.15 ± 0.04 5.39

G105.6 + 8.0 1.04 · 0.12 �2.19 ± 0.04 2.47

�2.8 ± 0.3 2.57

G105.6 + 16.0 1.51 · 0.25 �2.23 ± 0.03 3.08

�3.18 ± 0.05 4.09

G254.4 � 9.0 0.54 · 0.25 �2.76 ± 0.12 6.73

�3.67 ± 0.03 4.04

G254.4 � 5.0 1.51 · 0.25 �2.45 ± 0.02 3.32

G254.4 � 2.0 0.82 · 0.20 �2.31 ± 0.02 2.38

�3.13 ± 0.10 2.69

G254.4 + 0.0 1.51 · 0.20 �2.66 ± 0.07 37.6

�3.67 ± 0.04 24.7
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Gautier et al. (1992). Here we allow for different values

of k0. In estimating E0 we assumed that the source emis-

sion was measured in an aperture with diameter d, equal

to the size of the MIPS 24 lm beam profile, and the

background is measured in an annulus of radius 4d

and thickness d. Since we normalized our power spectra
to the variance in image surface brightness, this formula

includes a scaling by the source aperture solid angle

pd2/4. For the fields in which we measured a break in

the power spectrum, we calculated separate rcn esti-

mates from the separate power law fits.

Since our data have much higher spatial resolution

than early cirrus surveys with IRAS, we can test predic-

tions of the confusion noise made by extending the
IRAS power spectrum to the small-scale regime. The

24 lm cirrus confusion noise in the fields analyzed

ranges from about 2 to 40 lJy, much higher than the

value rcn = 0.06 lJy predicted for a typical cosmological

field (Dole et al., 2003). This is not surprising, since the

GFLS regions analyzed have strong galactic emission.

To assess the confusion noise in a standard extragalactic

field, we have performed power spectral analysis of the
cirrus emission in the Spitzer 24 lm image observed as

part of the extragalactic first look survey, a 2� · 2� re-

gion centered at R.A. 17h18m00s and Dec. +59�30 00000

(J2000). The derived power spectral index for this field

was b = �2.82 ± 0.01 and the power at k0 = 0.1 arcsec�1

is P0 = 0.223 ± 0.007 MJy sr�1, much lower than in the

galactic survey, where the lowest value measured was

about P0 = 130 MJy sr�1. Using our formula, the confu-
sion noise towards this field is rcn = 0.09 lJy, very close

to the prediction.

4. Discussion

The main aims of the galactic FLS, viz the quick

observing, processing, and release of characteristic views
of our galaxy at mid- and far-infrared wavelengths, has

been achieved. All the data was released to the public on

April 22, 2004, four months after it was taken. The good

agreement between the observed counts of point sources

and SKY from 6m to 15m demonstrates that indeed typ-

ical regions around the galactic plane were selected

which provide reliable information on source densities

and confusion. Even at the large distances from the
galactic center where the observations were made, con-

fusion sets a limit to the detection of point sources in

IRAC1 at 100 lJy � 16.1m (15.6m for IRAC2) in the

galactic plane. Only at latitudes larger than 10� did con-

fusion noise not dominate the sensitivity of the

IRAC1(2) images any more and we came close to the

instrumental limit of 20 lJy � 17.9m (17.4m for IRAC2).

Away from the galactic plane the effect of the warp of
the galactic disk – a displacement to positive heights at

longitudes near 90� – was clearly detected in the source

counts. Shape and amplitude of the warp agree with an

analysis of 2MASS data, after correcting for the fact

that a larger galactocentric distance of the Sun

(8.5 kpc) is assumed in the SKY model.

In the 24 lm GFLS, we measured a range in the spa-

tial power spectral index from about b = �2.2 to �4.2.
The average value was �2.9, similar to the normal index

b = �3.0 used by Gautier et al. (1992) to estimate the

100 lm confusion noise. For some regions the index is

constant from IRAS-accessible scales to the resolution

of MIPS, implying that predictions based on lower res-

olution data are valid on small scales as well. In most re-

gions, however, we detected a break such that the power

spectrum becomes steeper for high wavenumber (small
scales). This is fortuitous from the perspective of extra-

galactic observations since, for a given observational

configuration, the confusion noise decreases when the

cirrus power spectrum steepens.

Although the selection of the fields was not aimed at

targets of particular interest, several new stellar clusters,

HII-regions, and possibly a supernova remnant were

easily detectable in the images. This demonstrates the
great potential for discoveries with Spitzer.
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