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A SEARCH FOR FAINT BLUE STARS IN HIGH GALACTIC LATITUDES
I. NINE PSS FIELDS NEAR THE NORTH GALACTIC POLE
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Continuing the survey for faint blue stars at high galactic latitudes of Haro and Luyten, this search was made, following the
Tonantzintla three image method, with the 48” Schmidt telescope of Mt. Palomar. In this first paper, a catalogue of 4431 stars and
84 compact objects found in nine PSS fields scattered around the NGP is presented, with the 1950 positions and the estimated
magnitudes and colour classes.

The catalogue contains also extensive identifications with previous surveys, including some known QSSs; 16 QSS candidates are
proposed; spectra are available for most of the unknown stars brighter than 14 mag.
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INTRODUCTION

Searches for faint blue stars in high galactic latitudes are made using various techniques. Two or three
colour photographic observations on the same plate with Schmidt telescopes are especially profitable. Such
a method was used by Iriarte and Chavira (1957), Chavira (1958, 1959), Haro and Luyten (1962), Luyten
and Sandage (1966), Luyten et al. (1967a, 1967b, 1967c, 1968a, 1968b), Barbieri et al. (1968), Barbieri and
Rosino (1972) and others. Technical data, of course, are somewhat different according to these observers:
number and nature of the used filters, exposure times, telescope.. The purpose of the present survey
was initially to give a continuation near the NGP to the 8746 faint blue star list established by Haro and
Luyten (1962) in the SGP zone. Indeed the plates were obtained by one of us (J.B.) with the same instrument:
the Palomar 48" Schmidt telescope; the same filters — Scott UG1, Wratten no. 12 and no. 47 — with the
same exposure times — respectively 40 min., 4 min., 8§ min., and the same emulsion — 103aD — were used;
finally centres of the plates were identical with those of the Palomar Sky Survey (PSS). In both sets
of observations the lack of time has permitted only to get one plate of every field. '

In fact the weather conditions permitted to get 26 new fields in the SGP zone and only 9 new fields
in the NGP region. However some statistical discussions will be possible, for example concerning the space
distribution of the blue stars in the SGP zone with the PHL fields joined with our own fields, or any
comparison between the number of blue stars found in the SGP and the NGP regions.

Finally, our spectroscopic observations of the brightest stars of our survey have to be added to the
data of the other observers of blue stars at high galactic latitudes: Greenstein (1966), Greenstein and
Sargent (1974), ...

SELECTION OF STARS

An important problem was to calibrate our selection of blue stars: some PHL fields were repeated in
three colours in the course of our programme: SA. 68, PS 2136 0°, PS 2224 0°, PS 23212 0°, PS 21"36 —6°.
Using only the equatorial coordinates because individual charts for identification were not available in the
literature, the search of PHL stars was possible with a variable success according to their colour:

a) The “very definitely blue stars” (table II of Haro and Luyten’s list) could be found easily in most cases:
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90 to 95%. '

b) The percentage of identified “blue stars” (table III) is variable between 60 and 90% according to the

observed fields; identification is not sure for a percentage between 4 and 20%.
¢) The percentage of “bluish or white stars” (table IV) which are identified with a good probability is only

between 30 and 40%. '

A variability in colour or magnitude is probably the cause of non-identification for the PHL stars in the
table II and a substantial part of the PHL stars in the table III. But for the PHL stars in the table IV, the
great subjectivity in the choice and the importance of small variations in the conditions of observation or
changes in sensitivity on the plate are probably the causes of doubtful or impossible identifications. These
difficulties have been already exposed by Haro and Luyten (1962).

Finally this preliminary study has led us to set up the search on the bluest stars (tables IT and III of Haro
and Luyten 1962) which correspond with the colour classes I and IT used in some papers of the series “A Search
for Faint Blue Stars” by Luyten (1952-1969). However blue stars of class III (table IV of Haro and
Luyten 1962) are included in the catalogue but their search is quite incomplete for most fields.

A significant comparison can be made between the numbers of the blue stars found by Haro and Luyten
(tables II and III) and by ourselves (classes I and II) near the SGP. Every set of observations includes 26 PSS
fields with almost the same declinations (8 = — 12°) to eliminate the effects of change in zenithal distance.

The data are given in table 1.

The PHL and PB fields are different but closely interlaced and the good agreement of the homologous
numbers in the table 1 is significant of an excellent correlation between the two surveys.

However some differences have to be pointed out:

Thus, an ambition of Haro and Luyten was to eliminate from their catalogue all extra galactic objects
and stars apparently associated with galaxies or globular clusters and to keep only blue stars representative
of the Halo Population. Later the discovery of quasars and quasi-stellar galaxies (Sandage 1965), especially
among the faintest PHL stars (Sandage and Luyten 1967) was proving their endeavour was unfruitful.
At the same time, the interest for Zwicky’s compact galaxies or Markarian’s objects was growing.

Consequently we have included in the catalogue some non-stellar blue objects but their search is quite
incomplete, the chief purpose being the blue stars of classes I and II. On the other hand the exposure
times used here do not seem quite adapted for the search of the blue compact galaxies: so the UV image
of Markarian’s objects is generally fainter as the yellow image on the three colour plates.

The non-stellar appearance is indicated in the catalogue. Zwicky’s nomenclature according to Sargent
(1970), is used:

“compact object” if diameters are 2"-5";

“moderately compact object” if diameters are 5'-10";

for larger diameters the usual denomination “galaxy” is attributed. All these objects are not counted in
the table 1.

Many blue stars or objects found by other investigations were rediscovered in the present survey. In order
to make more easy an eventual statistical study, all known stars were maintained in the catalogue and a
special effort was made to get all objects or stars published previously. As a principle, for the stars present
in several lists, only one identification is indicated, but occasionally two or more identifications are pointed
out if not yet in the literature. Identification charts were available for Tonantzintla stars (TN), Asiago
(A2 and A3) and Feige stars (F). For the other lists, identical equatorial coordinates, magnitude and colour
with a reasonable approximation were the sole tests for identification.

Known quasi-stellar radio sources are mentioned and possible new identifications of blue stars with radio
sources are proposed. The principal sources for these optical identifications are: A master list of radio sources
(Dixon 1970); and to get more recent data:

The B2 catalogue of radio sources (Colla ez al. 1972, 1973) and also Ohio Survey, VRO Survey, 5C Survey,
NRAO Survey, UTRAO Survey...).
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COLOURS, MAGNITUDES, POSITIONS

No attempt was made to estimate the indices B—V, U—B, U—-V, like Haro and Luyten (1962); the
photoelectric measures of Sandage and Luyten (1967) showed appreciable differences between Haro and
Luyten’s indices and the real values of B—V and U—B and we give only a qualitative estimation of
the colour by the classes I, II, III which are corresponding with tables II, III, IV of Haro and Luyten (1962)
as said previously.

Magnitudes, called B, were estimated from measurements of blue image diameters; the chief calibration
was given by the photoelectric data of SA.68 and SA.57 (Stebbins et al. 1950, Baum (private communications)).
These latter were especially fruitful to get a sequence beyond the 18™ mag. and we express our gratitude
to Dr. W.A. Baum. For some fields, known faint stars permitted to check-off magnitudes, chiefly in Selected
Areas; the corrections to faint star magnitudes given by Stebbins et al. (1950) for SA.57, 61, 68, were applied
to all values of Sears et al. (1930).

Systematic differences of the image diameters with the conditions of seeing are conspicuous and photo-
electric sequences not being available for most fields, practically with the three qualities of plate (good, fair, poor)
used by Haro and Luyten (1962) were related three magnitude-image diameter curves. Such a method does
not permit a large precision; further the Wratten no. 47 filter does not give exactly the photographic
magnitude used by the different authors.

Because of these various considerations, the individual values of B are given only in steps of 0.5 mag.
which correspond with the estimated precision.

The plate limit is reached near 18.5 or 19 mag. according to the observation conditions.

The rectangular X, Y positions were measured with a precision of 0.1 mm — about 7" on Palomar
plates — for the blue stars and the reference stars included in AGK2 and Yale Catalogues. The equatorial
coordinates at the Equinox 1950.0, calculated with the IBM computer of the Paris-Meudon Observatory,
take into account this precision.

Identification charts are not published with the catalogue, but they will be provided on request. Our
own experience permits to assert many blue stars can be easily found with only the coordinates and the
comparison between the E and O prints of the Palomar Sky Survey.
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I. NINE PSS FIELDS NEAR THE NORTH GALACTIC POLE

The initial purpose of this survey was chiefly to observe in the NGP zone a number of PSS fields, in
three colours, comparable with the 49 PHL fields of the SGP zone.

Because of unfavourable weather conditions, the material collected was by far not as extensive as
originally planned.

The nine observed fields are scattered around the NGP and some data for these nine regions are given
in table 2 which requires no further explanation.

The total number of the blue stars — classes I and II — is 2931 with the distribution: class 1=974,
class II=1957. Again there is a very good agreement with the distributions showed by the table 1 for the SGP:

N blue stars class II |

The rate is near 2 in both regions.
N blue stars class 1

But the space density of the blue stars in the region of the NGP seems larger than it is in the region
of the SGP: upon an average 325 blue stars — classes I and II — per PSS field were found for the NGP
and only 132 and 122 for the two surveys of the SGP.

It is to be mentioned the higher galactic latitude for the fields near the NGP: most of them have
b =70°, whereas for the fields near the SGP, generally 50°> |b| >70°. But the same analysis with five PSS
fields near the NGP observed by Luyten and Sandage (1966), Luyten et al. (1967a, 1967b, 1967c, 1968a),
gives a similar result: 367 blue stars — classes I and II — per field and they have a moderate galactic latitude:
respectively 37°, 45°, 56°, 58° and 71°. Finally the effect of the galactic latitude is not proved.

On the contrary the differential extinction at the lower declinations bringing on a general “reddening”
of the stars is certainly a non negligible cause of the missing blue stars when the surveys near the SGP are
using telescopes located in the north hemisphere. This effect was shown by Haro and Luyten (1962) for
8 < —12°, but a real larger concentration of blue stars toward the NGP is not incredible.

The blue stars of class III are not mentioned in the table 2, they are present in the catalogue, but as said
in the introduction, their search was sporadical. For only two fields PS 14"00 +42° and PS 11%16 +30°
a special effort was made to introduce in the catalogue a representative number of these “bluish or white
stars”: respectively 627 and 507 stars.

84 objects with a non-stellar appearance are included in the catalogue; some were previously found by
Markarian (1967), Markarian and Lipovetsky (1974), Zwicky et al. (1961), Zwicky and Herzog (1963, 1966).
Their search has to be seen as quite incomplete. All were checked on PSS prints, however their non-stellar
character remains sometimes uncertain.

About 10 known or suspected quasi-stellar radio-sources were identified and are mentioned in the foot-
notes.

On the other hand, 16 blue stars which have positions very close to known radio sources are proposed
as new QSS candidates and would need spectroscopic confirmation. Their data are gathered in the table 3.
The quality of the radio positions has been taken into account in the setting-up of this list: thus the radio
sources in the Ohio Survey had a right to deviate more from the star positions considering their relative
inaccuracy.

Spectrograms were obtained for most of the new blue stars brighter than 14 magnitude, with different
instruments of the Haute-Provence Observatory:

— Coudé spectrograph of the 193 cm telescope; dispersion 40 Amm.
— Pediscou spectrograph with an image tube at the coudé focus of the 152 cm telescope; dispersion

120 Amm1.

— Chalonge spectrograph (Chalonge et al. 1952) at the Cassegrain focus of the 193 cm and 80 cm telescopes;
dispersion 220 A.mm™! at Hy.

Spectral types are estimated for all observed stars.
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MORE DATA ABOUT OBSERVED FIELDS

PS 13402 +48°. Stars of SA.32 present in the field were used for the calibration of the magnitudes.

PS 10430 +42°. No sequence of known faint stars in this field : an intermediate magnitude-image diameter
curve was used for magnitude estimations (quality fair) as said in the introduction.

PS 1400 +42°. No sequence of known faint stars in this field; the magnitude-image diameter curve of
the field PS 11116+ 30° taken on the same night was used. The large number of blue stars found in this field
seems confirmed by numerous controls on PSS E and O prints.

PS 116 +30°. Stars of SA.55 present in the field were used for the magnitude calibration. This same field
has been observed with an identical technique by Luyten ez al. (1967b). However some differences between
the two surveys warrant the inclusion of this field in the present catalogue:

a) This one contains 40 stars of class I, 140 of class II and more than 400 of class III not included in Luyten’s
list (among them 6 compact objects). The colour of a large number of these new blue stars was checked on
PSS E and O prints, more particularly the class I stars which are easily detected with the Palomar Sky Survey.

b) If the two lists are showing a fair agreement for the colours of the common stars, a systematic difference
for the magnitudes has to be noted: many LB stars are brighter of 0.5 to 1.5 mag., chiefly for B=17.
Photoelectric photometry would be necessary to say which scale is erroneous: it is available only for the radio
source 3C 261 identified with LB 10265 (m=16.6) and PB 2964 (B=18); Sandage (1965) gives V'=18.24,
B-V=+0.24, U-B=—0.56; his measures are in favour of our estimation; but the radio source can be variable,
only one example is insufficient to conclude and the two sets of magnitudes have to be considered.

c) Identifications with previous lists are present only in this paper. They make conspicuous a systematic
error of +3’ in the declination of Tonantzintla stars for this region and this rectification allows to propose
TN 580 = PB 2843 as QSS candidate. The 12 Tonantzintla stars present in this field were found and are included
in the catalogue.

PS 13800 +30°. Stars of SA.57 present in the field were used for the magnitude calibration with the values
of Stebbins et al. (1950) and Baum (private communication). A part of this field was observed by Barbieri
and Rosino (1972). The 45 stars common to both these lists are showing an excellent agreement in magnitude
and colour: the mean difference in magnitude is 0.0 and for 36 stars this difference is equal or smaller
than 0.5 mag. The same remark can be made for the 11 stars of Weistrop’s list (1973) present in the catalogue.
50 Tonantzintla stars are in this field, but only 22 were considered as blue enough to be a part of the catalogue;
most rejected stars were classed “‘violeta” but TN 674, TN 695, TN 697, classed “muy violeta” and which
do not seem blue on the Palomar plate are suspected to be variable stars. TN 670 and TN 687 could not be
identified. The systematic error in declination of the Tonantzintla stars is somewhat smaller: +1’ or +2’.

PS 1418 +30°. No sequence of known faint stars in the field: the magnitude-image diameter curve of
the field PS 13"02+48° taken on the same night was used. Among 32 Tonantzintla stars present in this field,
28 are included in the catalogue and show no systematic error in declination.

The average difference between the magnitudes of Tonantzintla and the magnitudes of this catalogue for
the three latter fields is close to +0.5 mag. in compliance with the value +0.7 mag. given by Kinman (1965)
from photoelectric data.

PS 12800 + 18°. The magnitudes are from SA.80 and the globular cluster NGC 4147 (Sandage and Walker
1955) present in the field.

PS 13436 +18°. No sequence of known faint stars in this field. This one was observed on the same night
as the preceding field but the seeing was not so good and an intermediate magnitude-image diameter curve was
used, like for the field PS 10030 +42°,

PS 12848+ 6°. No sequence of known faint stars in this field. The magnitude-image diameter curve of
PS 11216 + 30° taken on the same night was used.
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THE CATALOGUE

It contains entries for 4515 stars or compact objects, more 4100 of which are new. The nine fields being
scattered around the North Galactic Pole, the blue stars are given for every field successively in the order
of the table 2.

The first column gives our serial number for which the designation PB, from the observer’s name, is
suggested (like PHL designation). The next columns give the 1950 positions, the estimated magnitudes B in
steps of 0.5 mag., the classes according to the colours such as they are described previously. In the last
column, asterisks refer to foot-notes, identifications and numbers of stars previously found are given with the
following symbols:

A2 Barbieri and Rosino (1972)
A3 Barbieri and Benvenuti (1974)
CII  Table IT of Cowley (1958)
F Feige (1958)
G Giclas et al. (1971)
GD  Giclas et al. (1965, 1967)
HZ  Humason and Zwicky (1947)
LB  Luyten (1952 to 1969)
LP Luyten (1970)
LTT Luyten (1961)
M Markarian (1967), Markarian and Lipovetsky (1974)
RMB Rubin er al. (1967)
SSII  Table II of Slettebak and Stock (1959)
TN  Tonantzintla NGP: Iriarte and Chavira (1957), Chavira (1959)
w Weistrop (1973)
ZL.  Zwicky and Luyten (1967)
Other used abbreviations:

CGCG “A Catalogue of Galaxies and Cluster of Galaxies”: Zwicky er al. (1961), Zwicky and
Herzog (1963, 1966)

cp. obj.: compact object

m. cp. obj.: moderately compact object

spectra: U: coudé 193 cm telescope

B: Chalonge’s spectrograph
GD: Pediscou spectrograph (no relation with Giclas stars GD)

Double or multiple stars with a blue component which could be physical systems are indicated in the
foot-notes with the presentation used by Luyten in different papers (e.g. Luyten 1970): successively the
estimated magnitude and colour of the other component, then the position angle and separation. But the
symbols A—-F—G—K-M had to be used for Luyten’s colours a—f~g—k-m, because the computers print only capital
letters; some bright stars have a BD number and a spectral type from AGK2 catalogue. Qualitative directions
substitute for position angles; their purpose is only to make more easy eventual identifications.
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Table 1 A comparison between the PHL and PB Table 2 PSS observed fields
fields
PHL fields PB fields
PS Plate center coordinates (1950) N bl.st.
class I design. el. 1,11
1105 1150 R.A. Dec. 1 b
iTotal number of blue stars (Table 11)
. h m o h m. s o 1} L] L] o
for 26 fields lass I 1 | 13%2" w8 13%06™13 47 29 32 114.6 69.6 165
20 2300 °
7> 2 | 10%30" 42 10 35 33 +41 30 21 176.9 59.3 428
(Table III)
o
3 | 140" 442 14 03 58 +41 31 48 80.5 69.1 853
°
201 234 4 | 11P16™ 430 11 21 05 +29 28 45 201.6 70.6 329
the richest o
[fote1 number of blue stars o yichest one (ps 1™6 +6°) | (25 o0 0°) 5 | 13%0™ 430 13 04 33 +29 29 25 65.4 86.0 403
°
(classes I and 11) 51 56 6 | 14P18" 430" | 1422 08 +29 34 26 4.6 | 69.5 156
for one field the poorest one h_m °
(s 3Pz -12°) | (25 23™36 +6°) 7 | 12%0" 418 12 04 51 +17 28 16 255,0 | 75.8 196
°
8 | 13%36" 118 13 40 35 +17 31 14 356.0 74.5 175
o | 1278 +6° | 125249 +529 03 305.5 68.1 226
Table 3 QSS candidates
FB No PB No
B.A. (1950) Dec. B class B.A, (1950) Dec. B class
[Radio sources [Radio sources
.
193 10°20™15° 20°03.5 17.5 1 3348 13%06™3° 27°24.2 18,5 1
B2 1020 40 10 20 13.8 40 03.5 [UTRAO 1306+274| 13 06 32.99 27 24,153
480 10 37 19 39 58.8 17.5 1 3397 13 10 27 31 28,9 18 1
B2 1037 39 10 37 18.4 39 57.5 B2 1310 31 13 10 28,5 31 27.0
1097 13 56 43 39 18.7 18.5 1 3530 14 09 36 31 36.6 17.5 1
B2 1356 39 13 56 41.4 39 18.3 B2 1409 31 14 09 34.3 31 35.4
2262 11 07 58 30 35.4 18.5 1 3697 14 35 32 31 32,0 18 1 *
B2 1107 30 11 07 59.3 30 35.3 B2 1435 31 14 35 31.3 31 32,2
2452 11 14 24 27 17.0 18.5 11 * 3870 12 08 27 15 14.2 17.5 11
B2 1114 27B-A | 11 14 24.4 27 16.9 ON 114.2 12 08 30 15 13
2568 1118 31 30 56.7 17.5 111 4011 13 33 47 16 31.1 18.5 1
B2 1118 30 11 18 30.4 30 56.8 OP 157 13 33 46 16 36
2823 11 28 03 30 48,1 18 bod 4012 13 33 55 18 15.9 18.5 1
B2 1128 304 11 28 04,1 30 48.4 oP 158 13 33 53 18 18
2843 11 28 31 31 30.7 16.5 I * 4308 12 49 48 +3 32,2 17 11
B2 1128 31 11 28 31.4 31 31.1 ON 083.1 12 49 51 4331

= known (QSS candidates : references are in the catalogue
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