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Preface

The sources which comprise this supplemental catalog were selected from those

eliminated in the final data reduction processing. The list of objects which passed

this routine were compiled into the AFGL catalog. Several pieces of private cor-

respondence and articles in the literature indicated that certain sources should have

been included in the AFGL catalok but were not. These sources were subsequently

found in the supplemental list. It was then decided to publish this catalog despite

the high number of false entries because it Is known to contain several real sources

with unusual characteristics ard is expected to have more.

I would like to express my gratitude to Dr. Russell G. Walker of NASA. Ames.

Many of the selection criteria used to obtain the supplemental sources evolved from

our discussions. Mr. Leonard Marcotte deserves particular thanks as his intimate

knowledge of data reduction and computer programming facilitated the data mar.age-

ment. Ilia patience and efficiency were essential in finalizing this catalog.

I. - JAN 5

VY U U1P5tJ9t8iti -...........
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The AFGL Four Color Infrared Sky Survey:
Supplemental Catalog

1. INTRODUCTION

Since 1970 the Air Force Geophysics Laboratory has been engaged in a program

to survey the sky in the 3 to 30 gm spectral region. Preliminary results of the

northern hemisphere portion of the program were published by Walker and Price. I

The preliminary catalog listed positions and magnitudes in one or more colors at

effective wavelengths of 4.2, 11.0, and 19. 8 jm on 3198 entries. These data were
significantly revised with improved sorrce selection criteria and extended to include

the results of two southern hemisphere experiments. These experime'its substituted
a spectral band with a 27.4 im effective wavelength for the one centered at 4.2 pnm.

These revised data hate been presented as a four color catalog of Price and Walker, 2

hereafter referred to as the GL Catalog.
A number of sources which were not included in the revised catblog have sig-

nificant characteristics which make them of interest. This supplemental catalog

contains measurements on the positions and magnitude on 2477 of these sources.

(Rectived for publication 8 July 1977)

I. Walker, IP.G., and Price, S.D. (1975) AFCRL-TR-75-0373.
2. Price, S.D.. and Walker, R.G. (1976) AFGL-TR-76-0208.
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2. SOURCE SEIECTION

A detailed description of the experimental profile and the data reduction is

given by Price and Walker. 2 Briefly-potential sources were selected on the basis

that the measured signal amplitude to noise ratio (S/N) exceeded a threshold value

chosen by adopting an accetable false source rate for a gaussian noise distribution.

The positions were then updated by cross-checking associations of the sources with

objects in the 2. 2 lim survey of Neugebauer and Leightn3 or its extension.
4

The individual measurements on a source observed on several flights were

combined and the signr1 to noise of the individual observations in a common color

were added in quadrature. The sources were then gated to a second, higher

threshold. An expected SIN was calculated for each color and each flight which

scanned a iource and did not re-observe it. A weighted confirrn.tion parameter w•

obtained in each color by summing the weights assigned to the SIN for each flight.

The values of the individual weight were zero if the SIN was less than the lower

threshold, one if the SIN was greater than the upper threshold and a half if the SIN

was between the two values. With the limited exceptions noted by Price and Walker
2

a source was included in the main catalog only if its value of SIN exceeded the upper

threshold and the :,umber of multi-flight observations were greater than the con-

firmation parameter.

This surplemental catalog contains sources not included in the GL catalog which

fall into the following categories-

(I) Sources which exceed a S!N threshold ten percent lower than required for

inclusion in the GL catalog and satisfy the confirmation criterion.

(2) Sources rejected from the GL catalog on the basis of the confirmation cri-

terion which have either observations in the same color on two separate flights or

the number of observations which equals the weighted confirmation pa,-ametp.r.

(3) Sources which are observed at 4. 2 jim and are associated with objects in

the 2.2 A.m survey of Neugebauer and Leighton3 or its extension Neugebauer,
4

(4) Sources associated with variable stars of either late spectral class or

embedded in nebulosity.

In each of these categories sources were eliminated based upon subjective

judgement on the quality of the observation.

The rationale of the first two criteria im that there are inherent inaccuracies

in calculating the statistical parameters usod in source selection. There is the

random measurement error in determining the signal amplitude and the noise.

Positional uncertainties may have resulted in using the wrong detector to determine

3. Neligebnuer, G. , and leighton. H. H. (1)69) Two Micron Sky Survey. A
Preliminary Catalog. NASA-SP-l3047.

4. Neugehauer. G. (1971) Private Communication.
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the expected signal-to-noise ratio fo- the flights which failed to re-observe the

object. In the extreme, a differente of a factor two in th: 3xpected signal-to-noise

could have resulted.

The final three categories select sources associated with objects known, or

suspected to be bright in the infrared.

It is difficult to estimate the number of false entries in the catalog because of

the subjective bias in selecting the entries. It is estimated that 2.5 to 30 percent of

the sources which are included because of their associations may have fortuitous

positional agreement. A possible indication of the false entry rate may be obtained

from the fact that about 370 of the sources which are common with the catalog of

Walker and Price1 and this supplement or the GL catalog have been searched for

with ground based instruments and not found. About 42 percent of the unconfirmed

sources in the GL catalog are located within 5 degrees latitude of the galactic

equator while the 160 unconfirmed sources in the supplement are uniformly dis-

tributed in latitude. Low et al 5 and Lebofsky et al 6 have questioned the reality of the high

galactic laitude sources. On the other hand, to date the ground based searches have

confirmed 16 sources in the supplement.

3. SUPPLEMENTAL CATALOG

The catalog is divided into three sections; the main Table of Observations, the

observing record of Multiply Observed Sources, and a Remarks section. There are

2477 entries with observations of 1872 sources at 4.2 g m, 547 at 11.0 jum, 517 at

19. 8 lim and 31 sources at 27.4 gm. Of the 2477 sources a little more than half,

1318, are associated with IRC objects. An additional 275 sources have variable

star or NGC/IC associations while 884 are unassociated. Only 428 entries have

observations in more than one color, 33 sources have three color observations,

3.1 Contents of Table of Ob1srvations Section (See Appendix A)

Column 1 - Catalog Numbers

The sources are arranved in right ascension. Approximately 25 per-

cent of the supplemental table contains sources which are in common with the CRI.

catalog of Walker and Price. To avoid confusion the CRI. number has been pre-

served with an S, appended. The new sources are numbered serially beginning at
1001S.

5. Low, P.. Kurtz.' R.F., Vrba. F..)., and Rieke. G.II. (107l6 Ap. J. 206:1,153.

6. Lebofqky. M.J.. Kleinmann, S.G., Rleke. G.H., and Low, F.J. (19765 Ap. J.
206,:L,157.
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Columns 2 and 5 Coordinates

The measured right ascension and declination, for epoch 1950, are

given in Columns 2 and 3 respectively. The positions for the multiply observed

sources are averages of the individual positions.

Estimates of the p-sitioual uncertainties in right ascension are given in Col-

umn 4 (labeled EA) to the nearest second of time and for declination to the decimal

min of arc in column 5 (ED). These positional uncertainties are essentially the

effective resolution of a detector transformed from the rocket coordinate system to

celestial coordinates. The elevation error is t 0. 85 or * 3. 55 arc min depending

on whether or not the source was observed to transit the region where the detectors

overlap. The azimuth error corresponds to the error in time in determining the

signal peak (. 3 arc min at the equator). The individual errors were combined with

the rms of the individual positions about the mean for multiply observed sources.

Columns 6 through 9 - Magnitudes

The measured magnittide" snd, in persnthesis, their nonnelate"d orrors

are given in these columns. The 4. 2 Am magnitude and its error is listed in Col-

umn 6, the 11. 0 Am values in Column 7. the 19. 8 Am measurements in Column 8

and Column 9 gives the 27.4 Am valLes.

A blank entry indicates that the source was not detected in that spectral

band. An asterisk designates that the source was not scanned in that color due to

system problems. A less than sign (0l means that all measurements in that color

were in saturation and, therefore, the tabulated value is a lower limit The mag-

nitudes for multiply o'ierved sources are brightness averages of the individual

measurements.

The calibration of the system has been described by Price and Walker. 2

The magnitude errors are a combination of the random errors of measurements and

the calibration error. The relative accuracy was found to be somewhat betterr than

the listed errors.
The adopted fluxes for a zero magnitude star are:

H(4.2MAm) = 3.6X X0"15 Wcm'2 A Mm

H(ll.0 Am) = 8.3 X 10"17 Wcm- 2 Am. 1

H(19.8 Am) a 8.2x 10-18 W cm- 2 JM-1

H(27.4MAm) w 2.2 x 10"18 W cm 2m 1

Columns 10 through 12 - Associations and Comments.

Comments and associations with objects in the IRC, Pright Star and/or

other catalogs which have positional associations with the GL source, are given in

these columns.

The IRC associations in Column 10 are bas-d on positions given by

Neugebaver and L-6,ghton 3 and from an extension of the 2. 2 Mm swirvey (designated

by an E) of Neugebauer. 4 The Bright Star number and the Bayer and Flat istead

designations art from Hoffleit. 7

7. ttoffleit, D. (19641 Catalog of Bright Stars, Yale University Obs. 3rd Ed.
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The associations in Column I I are not inclusive but based on a

hierarchy of catalogs which are ordered by a subjective :s'limate of the Inforrnation

content applicable to the source. Thus, an association with a star in the Dearborne

catalog ranks highly as that source is known to have a red spectrum. The order of

the catalog designation and their references are as follows:

Order Prefix or Designation Reference

I Bayer or Flamstead Hoffleit, D.

2 Variable Star Kukarkin, B.V. et al 8 ' 9

3 DO (Dearborne Ohservatory) Lee, O.J. et al 10 , 1112

4 GC (General Catalog) Boss, B. 13

5 NGC (Revired New General Sulentic, J,., and
Catalog) Tifft, W.G.04

IC (Indcx Catalog) Dryer. .1 T., F_ 15, 16

SHARP Sharpless, S.

RCW Rodgers, A.W. et al18

BRIGHT NEB Lynds, B. T. 19

HFE Hoffman, W. F. et a120

W Westerhout, G.

The Greek letters gi and v are designated MUU and NUU to avoid con-

fusion with variable star designations.

Sources observed to have significant angular extent with respect to

the subtense of the detector are denoted with an EO in Column 12. An EO desii.na-

tion does not necessarily apply to all spectral bands and all observations on a

source, it just indicates that the source was measured as extended in one or more

colors a majority of the times it was observed.
Additional aenociations with the catalogs of Order 5 above, (NGC. IC,

etc), and associations with the Ohio State Radio Catalog, Edition 40 (Dixon)22 are

listed in the remarks spctions and are referred to by an R in Colur t 12.

Columns 13 and 14 - Galactic Coordinates

The galactic longitude and latitude, in the fII and b system, are given

to the nearest degree in Columns 13 and 14 respectlvrly.

Column 15 - Observational Pecord

This nine character wrd represents the observing log for the source.

Each digit represents a flight as follows:

(iLecause of the large number of references -ited above, they will not be listed here.
Set Reference Page , 5 for References 8 through 22.)
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Character No. Greenwich Data Julian Date

1 3 April 1971 241 10;4.'9

2 29 .Tune I1f71 2441131.8

3 29 October 1971 2441253.9

4 18 .anuary 1972 2441334.8

5 15 April 1972 2441422.8

6 18 August 1972 2,141547.9

7 5 I)ecenrber 1972 2441656.7

8 4 September 1974 2442295.4

0 11 September 1974 2442302.6

A 7pero designates that the area containing the source was not sur-

veyed on that flight. D)etcction of a source di ring a flight is represented by a

number in the appruriate , 4•.•.ýctcr. Thc 1ti.e .n! thrnt nunmher is a (otded repre-

sentation of the colors in which the soucce was observed. For the first sever

flights the 4.2 gm nhservation was coded I. the 11.0 Ain, coded 2, and 19.8 It m

coded 4. For the eiphth and ninth flights the 27. 4 ir in *,servation was coded 1

while the 11.0 and 19. 8 p n) detections were coded 2 and 4 respectively. The in-

dividual codes were added producing a unique value which is detailed as follows:

Code Soorce Observed in Spectral Bands

1 4.2 or 2 7 .4 p m

2 11.0 p'i only

3 .1.? pllq I I or 27.4 plus 1I,0 ji,•
4 19.8 inm only

5 4.2 plus 19.8 or 27.4 plus 19.8 p m

6 11.0 and 19.8 gm

7 All three colors

A question mark (?, in one of these columns means that the position

source was scanned but that the noise level was too high for confirmation. A

plus (,) designates that the source was scanned on that flight and its calculated

signal -to-r:Lte ratio was high enomgh to permit the source to he seen in at leest

one or the measured colors hut it was not. Note that a rilus4 on one flight may not

b4 for the same color as a plus on another, but denotes a worst case situation.

3.2 (notenls of Multiple ()tervil Sourres (See Appendlix II)

The individual observations for each of the multiply observed sources are

given in this secti n. The lable is divided into two data tiocks. In each data block,

the rirst column lists the (l;, rtnumhor, the next ftour columns Vive the mnea.;ured

niagnitide at 4. 2, 11 19. H. anol 27. 4 p m repvctivelly along with their , spective

estimated e-rors in rparentheses. -ind the last column Lives the Julian date of obmer-

,atinn. A hlnk etitrv in the magnitude tncluorn denntes thct the .nur'ce wag not

12



detected in that color (the 4 g m column for flights 8 and 9. and the 27 A m column

for the rest of the flights are also blanked). An asterisk (*) Rignhiies that the

source was not scanned in that band due to system problems.

3.3 (otents of Remaurks Section (See Appendix C)

Additional associations of GL sources with "nebular" objects (NGC, IC

and etc. ) and with version RA40 of the Master List of Radio Sources compiled by
Dixon22 are contained in this section. For an association to be made, the catalog

object has to be within the listed right asc-nsion and declination uncertainties from

the G1. Position. The "nebular" associations are listed first then the radio sources

are listed in order of proximity to the GL source.

No attempt has been made to select or prioritize the radio catalog refer-

ences. The data is provided as supplemental information on the GL source. The

abbreviations used in the Remarks section (Appendix C) are defined below and are

taken from the list supplied by Dixon. 22

Reference List From OSU Radio Catalog Version RA4O

Survey
Prefix References

ADG Altenhoff, W.J., Downes, G.S., Goad, L.E., Maxwell, A., and

Rinehart, R. (1970) Astr. Astrophys. Suppl. 1.

BK Beard, M., andKerr, F.J. (1969)Austr. J. Phys. 22:121.

BP Bailey, J.A., and Pooley, G.G. (1968) M.N.R.A.S. 138:51.

BTD Beard, M,, Thomas, B. M., and Day, G.A. (1969) Austr. J. Phys.
Astrophys. Suppl. 11.

B2 Colla, G., Fanti, C., Fanti, R., Ficarra, A.. Formiggini. L.,
Gandolfi, E., Grueff. G., Lari, C., Padrelli, L., Roffi. G.,
Tomasi, P., and Vigotti, M. (1970) Astron. Astrophys. Suppl.
1:281.

B2.2 Colsa. G., Fanti, C., Fanti, R., Ficarra, A., Formiggizi, L.,
Gandolfi, E., Lari, C., Marino, B., Padrielli, L., and

Tomasi, P. (1972) Astron. Astrophys. Suppl. 1-1

B2.3 Colla, G., Fanti, C., Fanti, R., Ficarra, A.. Formiggini. L.,
Gandolfi, F., Larn. C., Marano, B., Padrielli. L.. and
Tomasi, P. (1973) Astron. Astrophys. Suppi. j1:291.

DA Galt. J.A., and Kennedy, J.E.D. (1968) A.J. 73:135.

1)CC Day, G.A.. Cashwell, J.L., and Cooke, D.J. (1972) Austr. J. Phys.
Astrophys. Suppl. 25.

DKM MiIne, D.K. (1971) Austr. J. Phys. 24.

DM Downes, D. , and Maxwell, A. (1966) Ap. J. 146I:653.

DTG Day, G. A.. Thomas, B. M. A., and Goss, W. M. (1969) Austr. J.
Phys. Astrophys._ Suppl. II.

DWC Day, ;.A.. Warne. W.G., and Cooke. D.J. (1970) Austr. J. Phys.
Suppl. 13

FJ Findlay, L.A., and Jones, B. B. (1973) Austr. J. Phys. 26:389.
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Reference List From OSU Radio Catalog Version RA40 (Cont)

Survey
Prefix References

GC Davis. M.N. (1971) A.J. 75:980.

GD Goss, W.M.. and Day, G.A. (1970) Austr. J. Phys. Antrophys.
Suppl 13.

CGoss. W. M.. and Shaver. P.A. (1970)Austr. J. Phys. Astrophys.

HM Hoskins. D.G., and Murdoch, H.S. (1970) Austr. J. Phys. Astro-

phys. Suppl. 15.

HR Hughes. V.A., and Ruutledge. D. (1959) A.J. 74-604.

KES Kesteven. M.J. L. (1968) Aunt. J. Phys. 21: 3 6 9 .

LHE Long, R F., Haseler. F.B.. and Elsmore, B. (1963) M.N.R.A.S.
125:313. Full list not published.

MCI Davies, F.T. et al (1973) Aust. J. Phys., Astrophys. Suppl. 28.

MM Moran. M. (1965) M.N.R.A.S. 129:447.

MSH(1) Mills, B.Y.. SJe". O.B.. and Hill, E.R. (1958) Aunt. J. Phys.
11:350.

MW Wilson, M. (1972) M. N. R. A.S. 158:7.

NK Kawajiri, N. (1970) Pub. Ant. Soc. Japan 22:105.

NRAO Pauling-Toth, 1.1. K. . Wade. C. M. . anti Heeschen, D.S. (1966)
Ap. J. Suppl. 116.

OR-OZ Ehman, J.R.. Dixon. R.S., Ramakrishna. C.M.. and Kraus, J.D.
(1974) A.J. •J_%144.

Rinsland. C.P., Dixon, R.S., Gearhart. M.R., and Kraus, J.D.
(1974) A.J. j, 1129. (References to other portions of the OSU
survey are contained in these articles.)

PRF Foster, P.R. (1961) Ph.D. Dissertation.

PKS Ekers. J. A. (1989) Aust. J. Phys.. Spp. 7. (References to others
PKS surveys contained in this article. I

SG Shaver, P.A.. and Goes. W.M. (1970) Aust. J. Phys. Astrophys.
l 14.77.

TD Thomas. B.M.A., and Day. G.A. (1969) Aust. J. Phys. Astrophys.
Suppl. 11.

VRO Dickel, J.R.. Webber, J.C., Yang. K S.. andStaff (1971) A.J.
76-294. (Additional references to the VRO survey in this article.)

4C(I) Pilkington, J.D.H.. and Scott. J.F. (1965) M.N.R.A.S. 69:183.

4C(2) Gower. J. F. R., Scott, P. F.. and Wills. D. (1967) M. N. R. A. S.
71:49.

4CP Caswell. , . Ph.D. Dissertion (1968) University of Cambridge.

5C(4) Wilson, M.A. G. (1970) M.N. R. A.S. 15 1:1.
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